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INTRODUCTION

T'he most remarkable achuevement of Colone Trevor Dupuy as a militany
historian was the developmentof the Quantified Tudgment Model { QUM ) and later
the: Tachical Numcrical Deterministic Model {TNDD. Underpinning these models
with a vast amoumt of historical data and with some reasonably quanitifed judgments,
Trevor picneered history’s entry into the world of social and behavioral science, He
took the study of military history out of the realm of story telling and simplistic
interpretation intoa realm of systematic and impartial anadysis ofavailible recordesd
data. Cver the years, the QIM and the TNDM have proven (o be more faithful
representations of what happened in the past or what could occur in fuhare
contempoiary campaigns. Furthermore, historical data provided by The Dupuy
Tngtituke {TLH) is now being used to improve and validate toro US Army combat
simulation models.

Today, intnbute towhat Trevar Dupuy pioneered and in an effort to pursue
what hcwanted toachieve, TDM continues (o amass historical data and strives o refineg
the combatvariables which gointo the TNDM. This newsletter prowides information
om these effouts.

Allofusat TEHN hope thaet this publication will be of wse and interest tovou,
its readers. Y our comments are weloome,

Restwishes,

ik L)
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From the Editor...

This is the fiest newsletter written as part uf the  Support Contract offorts for the
TNDM. This newsletter will come out every two months, and will aderess topics and
subject relatcd to the TNDM and to modeling cembat. It is a product of The Dupuy
Tnstitute, headed by Nicholas Krawciw, Major General, USA, Rtd. General Krawciw
replaced Trevor N. Dupuy as president of the Institute after Trovor's unfortanate death in
Tume of 19U5, Twill be serving as the editor of this newsletter until 1 can enlist n more
qualitied editor to take my place, This newsletter iz intended to be a pesmancot pact of our
support efforts for the TNDM. In the past, Col, Rupuy took care of support activiticsasa
labor of love.

Our support effurts sver the next year will include trying o update the documen-
tation on the mode] and making atleast one revision to the medel, We are also looking to
velablish a regular interface with all the users of the model so as to develop a dialog about
1l8 usage, proflems and future development.

The Tactical Numerical Deterministic Model (TNDM ) was created in 1990 apd
1991 by Col. Dupuy. It was & new model that stemmed from the origing] Quantified
Judgement Maodel {OTM) that Trevor had created in the carly 19705 and documented in
his book Numbers, Predictions and War. The Tactical Numerical Deterministic Modcl
now consists of the following:

l. Computerized verzion 1.85, dated 23 Junc 1994

1. Manualof Rulecs and Procedures, dated October 19604

1 User's Guide, dated Octobor 1094

4. Grnde bo TNDM Versions and Enhancements, dated 1 Angust 1996
{included in this newslatter)

It anvone who has a current support conteact with The Dupuy Institute does not
have the most recent editions of these, please contact me and we will Forward updated
versions to yeu immediatehy.

Texpect this newsletter to cvolve, [am very interested in knowing what you are
looking for and need from the TNDM. 1 hope that Teun improve this newsletter to bettor
Lalfill your needs, but we do nced to know what those needs ane,

Une of the conoepts behind the newsletter is that we are preparing it vsing much
“oft the shelt™ material. In two of the articles of this issue, wie wrote a brief introduction,
cxplainingwhat the attached material is and where it came from. We then reprinted the
material frorn the referenced stody without wny furtherediting. This allows us to minimize
the effort b0 produce the newsletter.

"This first issue is much thicker than oviginally planned. Pareof this is due to the
extensive mutti-page bistory of the versions of the TNDM that José Perez produced. Sinae
this may be a vsaful soures document for some users, itwas inclhuded bero in fes entirety. It
is the only list shirwing the changes to the moded since the documentation was last updared
in Chcrober 1994,

“The Programmer's Cubicle” is intended to be a regular feature, and will address
all the software concerns bronght up by the peopic working with the software. Jost Peree,
the column’s editer, is intimately Eaniliar with the maodel, having programmed the orig-
nal QT and the TNIM., Heis the expert on all programring aspects of the model.

Alsoin thes imsuc we have two papers prepared by David Bongard., The st paper
describes o the TNDM was vsed to support the casualty estimates that we provided for
the Joint Chiefs of Staff{JCS) for the Besnia intervention. Tncluded are the 18 pages from
that report that relate wo the TNDIM. We huve purposely left cut any other material from
the repert, incleding our nal estimates. We may release them al a later date,

T'he second paper i a discussion of how the TNIDM is being uzed o support a

study o the suppressive effects of antillery that 5 betng done by JTHF and T,
I have also added copies of the material that we prepared for a brief study on the
effectiveness of mines tharwe did for the JCS, Prior to this shady, Dhad never looked at how

August 1996 3



the defonsive factors in the TNDM were developed. This
report may he enlightening for the reades.

Tir make sure that cveryone iovolved in thds effort
& given thair due, 'wish toalso thank D, George Daost,
our Chairman of the Board, for suppwaiting the THDM and
Tuis help with The Dupy Tnsticote; JTohn Ketelle, Chair-
i of the Board of Advisos, for his contineed contribu-
fiong and altemative views; our office manager, Yim Zhang;
and Jay Karamales, who prodoced the graphics for this news-
Fetter and the excellemt maps from the Bosnia study thart are
reprinted hers,

We expeet all issues of the newsletier to be at least
20 pages, and knowing the inherent verbosity of most hiseo-
nians, we expect to regularly exceed that, I am also inter-
estod in any letters or contributions you may have for this
newsletter. Asthisis a limited distribution aewslateer, it s
i ponod Lo i which to develop and publish new ideas,

The next issue will include a descripton of the nse
of rines amd forbifications at Kok, including some meg-
surement of their effectivensss; a discussion on the wse of
Lanchester couations in the THNIDM; a discussion of the
weather factors used inversion 1.84 {The Swodish version),
an analysof Goose (ireen vsing TRDM and modom his-
tory; and a discussion of the improvements planned for the
TINTIM.

In future issmes we ars looking at including an ar-
ticle written by Col, Dupuy that has never been published
cailled *Technology and the Human Factor in ¥ar.” T have
alarytalked to D, James Thylor about prodocing an article
or twi, He was the one who developed the application of
the Lanchester equations as used in the TNDA. We will
also have articies on model validation issues, reflacting
“stealth™ in TNDM OLILs, our hirst attempts o creats an

madel of the Air Campaign, and Trevor's original anabysis
of what would be invobved in creating a "Naval QM. Tam
alse bying to get some peaple in the operations rescarch
community o write up a codgue of the TNDM. With
RANLYs permission, I will be assembling a basf desorip-
tion of the RAND Stratepy Assessmont System (RSAS),
KsAShaza Main Theater Warfare Model that isvery simi-
lar in eoncept to the TNDM and uses some factors adepred
frevm the DIM. Finalky, Texpest to be publishing a series of
preliminary papers and having an open discussion on how
we can model low Intensity operaticns, contingency Opera-
Homs, and pracekeeping operations. The TMDM is funda-
mentally designed ko divvimon-level foree-on-foree opema-
tions. Making cstimations for casualties in peacekeoping
operations like Bosnia requires looking at clements other
thian force-om-foree models. We have already started work
on some of these other methodologies.

Finally, thanks to Amold C. Dupuy of NOWVA Pub-
lizztioms, we have armanged for everyone reeeiving this news-
letter to also rocomae a onparof I W Comees.._ How fo De-
fead Serdiders Huseeine - This ook came out 4 days bedore the
start of the Gulf War sar campaignin 1991 and provided the
borwest public estimatesof TS bosses in the Gulf War, These
eshmates were devoloped using the THIDM and iz a very
intocresting hook to read after the war. In exchange for his
tavor, I kave included a copy of his current catalog with this
mailing,

[ the futwee, 1 will serve as the point of contact at
The Dupuy Institatc for all TNDM related questions. Tyon
have eny questions, please call mue at {703} 356-11 51,

il The International THNIM Mewsletter



The TNDM and Casualty ENPN
Forecasting for Bosnia Peacekeeping

by Dave Bongard

Late last autumn, The Dupuy Institute (T
prepared a brief study ahout potenbial crsualties in a
multinatiomal peacckeeping operation in Bosoia, Part of
the scenaric TDI developed for the peacchkecping
opaeration imvobed a relatively larse-scale conventional
attack by indigenous Bosnian Seth or Bosnian Moslem-
Croatan forces agamst TS or NATO forces.

Ag part of the stedy, 15 TMDM rms wers
petformed, each compnsing 3 sub-clomeonts to reflect the
goverming goenario. The scenanosvaned considerably, on
the basis of (1) enemy forees, cither a “heavy brigade ora
“light” brigade; {2} rolling rupeed vs. rolling gentlz terrain;
{3} substantial, minor, and no surprisc, (4) forest vs.
“mixed” vi. open vepetation-ground cover,

[Slides 1 to 5]

The spenanioswere separated Ito o proups: len
covcring an attack on US. TFOR units by a repegade
“heavy” (mechanized} brigade, and five dealing with &
similar attack by a rencgade “light™ {non-motorized
infantry) brigade, with a small mechanized batealion
artached to the brigade. The TS, forces were the samoe inall
L5 scenanios.

[Shides & bo 8|

Each scenario compriscd a tocal of six hours of combat
action, Inthe first ten scenarios, anindipenoas mechanized
brigade attacked a posstion heldby & ULs. company Lask
Force, In the first period (13 minates) the US force
teceived support from adirect-support 24-tuhe M-109A6
155mm howitzer battalion, The second perod, of 45
minubes, saw the arrval of airsapport in the form of 4 F-
16C Hghtera and sn actack helicopter company {7 AH-64D
attack and 4 OH-58D ohseration/reconnaissance helicop-
ters). Lhe third perniod, 5 hours long, covered the
appearance of @ “tank-heavy™ company-sized reaction
force dispatched from brigade headquarters, comprising
14 M-1A2 tanks an M-2A2 mechamzed intantry platooen, 4
section of 2 se-propelled 1 20mm mortars, 4 Avenger AD
HMMWVe, and & “heavy” recon HMBMWYE with
machineguns and 40mm automatic grenads launchers.
That foree had & F-I6C and 4 A-10 aircralt in sopport,
along with asecond attack helizopter conpany.

T1.5. forees recoived # 1.5 Combat Effectivenoss
Value [CEV), reflecling superior docdning, iraining,
leadership, and C31 This could easily be a conservative
estimate, considering the evident 3,040 CEV which
Coalition had over the Iragis during the Euwait War of
January-Febmaany 1881,
| Slide 9]

The indipenous mechanized or “heavy” brigade
pontained about 220 porsonncl. Among s major

weapons were 35 T-72 tanks, 40 BMP-2 type [FVs, 40
tracked APCs, 6 self-propelled and 12 towed 122mm
howdtzems, & 120mm mortars, 4 5A-9 8AMs, and 16 20mm
and 30mm AA puns.

[Slides 10, 12-15]

Theother five scenatios comcermned an aftack by an
mddigencus inTantry brigade against a US strongpoint held
by a standand mechanizzd infantry company tagk force. The
mfantry brigade contained roughly LB personnel, and
disposed of 16 105mm kowitzers, 8 76mim mounbain guns,
21 6Dmm and Simm mertars, 12 20mm AA guns, and a
small mechanized foree with 10 T-72 tanks and 30 TFVs
and APCs. The event sequence for the “light” bripgade
altack iz shightiy different thar in the first 10 scenanios.
Falides 11, 16-18)

The conditions and resuits of the TNDIM runs for
the two scenarios aze outlitied on Slides 19 and 2 Unlike
ordinary TNDM outputs, the data presentesd on those two
glides show only personnel deaths, not simply casnalties,
and furthar show armaored Bghting vehicle Inmses munded
to the nearest whole number. Personnel deaths for the
indigenous, or renegade, forces was calculated by dividing
total personne]l battle casualtics by 3.5 (28.6% KIA),
meaning that S cutofV personnel casualties were wounded.
L1 personnel deathswere ealculated in a similsr fashion,
dividing total personnel battle casualties by & (16.7%
1A, 5o that 5 casvalties in & werewounded. The moch
loweer proportion of fatal TS, batile cacualtiesisdue both
tor widespread employment of kevlar bady ammor, and to
notably supenor trauma and shock treatment in forsard
aid stations, a good belicopter-borne casnalty evacuation
system, and generallvsupenor medical cane. Both of theac
considerations were based on cvaluation of TS, baitle
casualties fom the Kuwait War and Operation JUST
CAUSE in Panama {1559
[Slides 19, 20]

Asthe slides donat provide the complete chsualty
Lpures, but ooly Battde Tatalities (KIAY, a condensed
version of the origmal TINDM resufts s providod here;
armar losses were rounded to the nearest whole number,

The scenarios disclosed several interestmg
results. Past, the indipenows Iorees nover did verywell. In
large measure this was hecause of the 1.5 CEV provided to
ULS. forces, but protably more imporiant was the supedo
weaponry of ULS. horees (ospecially their antitankoweapons
and artillery), alongwith their airpower assets, Tndigenous
foce advances (not shown on these slides) were, whoen they
occurredat all guite mingr (under 230 meaers), Morsover,
their persomnel kssseswore gonerally b tothrec times as
high as those of ULS. units, and the imbalance in armor
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Scenariv  Surprise Topography Coveor
Heawy 1 Substantial Genlle Open

Heawy2  Substantial Genlle Mixed
Heawyd  Substantial Rugged Forest
Heavyd  Minor Rugged Miced
Heawy s  Mone Genile Miad
Heaw &  Mone Genlle Miad
Heawy ¥  None Eenile Forest
Heawy8  MNone Rugged Miad
Heavy %  MNone Rugged Forasl
Heavy 10 MNone Rugged Foras
Light 1 Substantial Rugged Foras
Light 2 Substantial Rugged Forest
Light 3 Mirvar Rugged Forest
Light 4 Miror Gentle Mixed
Light & Mg Rugged Forest

Attacker Defondor
Wieather FParsonne! AFVs  Persomnel AFVs
Clear a7 5 a9 1
Clear 30 1 r 1
Claar 50 4 258 1
Lt Snow 30 2 i 0
Clear T4 3 21 2z
Lt Showe B9 g M 1
Hvy Snow 31 4 8 0
Claar 36 2 16 0
Claar 53 4 14 0
Hvy Show 26 2 7 ]
Clear Tz 4 18 0
SockedIn 54 3 16 0
Socked [n 44 2 13 b}
Clear &2 4 17 0
Socked In 43 2 12 1]

loszes was uspally even higher, Finally, snowy wearher,
alpng with rugged or mors heavily wooded termain, meant
fower casualties all around, and smaller advances.

T'he THDM scenanios, and their analvsis, were
only part of TDTs analyss of potential casualtics for
peacekecping in Bosnia, TDT's analysis also considered
casualties from several other sources: those suffered during

the entry intn Bosnia by road and air, losses to mad
accidents and landmincs during the peacekeeping opoera-
ticn, Josses from small-scals tmrrorist attacks  and
ambushcs, and losses due 10 harcassing fire by mortars.
Wone of these soutoes of cemalties was capable of beings
madellesd by the TNDM, so0 TDI emploved other
methodologiesforthose elemants. 8

List of relevant slides/pages from final report appearing on the following pages:

1. The Tactical Numerical Deterministic Model (THNIDM)
2. General Charactenistics of the TNDM

3. BEssence of the TINIIM

£, Woapon Clarcteristics toe Qperational Lethality Index
a. TNDM Oulputs

6. Deaths Resulting from Renegade Brigade Attacks (section dtle slide)

7. Terrain and Road Net {color map)

8. LL5, Brigade Sector and Bartalion Areas of Operation {color map)

9. L1.5. Company Team Organization and Reinforcement Schedule
A pouple of corrections need to be made on this slide, to wit: the initizl mechanized company TE should have anly
A M-113s, not 7 The reinborcing armored compary TT should have only 8, not 9, F-16C aircraft in support.

10. Rencgade “Teavy” Brigade Organization {(Main Combat Elements)

11. Henepade * Light™ Brigade Otganization (Main Combat F.']l!TI'II‘.IHH.}

13 "Heavy” Renegade Brigade —~HRE) Attack — |
13, “Heavy™ Renegade Brigade - HREP} Attck —2

14. Attack by Heavy Renegadye Brigade on TLS. Company ~colormap)

15 TFOR Support to Tusla (color map)
16" Light™ Renegade Brigade {LRE) Attack —1
17. " Light” Rencgade Brigade {LRB) Attack -2

15 Attack by Light Renepade Brigade on TLS. Company (color map)

& The International TNDM Newsletter
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Gl;-neral Characteristics of the TNDM

* A computer-assisted, humerical, validated model of
combined-arms combat

» A transparent, deterministic simulation

» A closed system; all outcomes reflect effects of all factors
on all inputs

« Human behavioral factors are expressly considered and
represented

« An aggregated model, operated usually at the level of
division or corps

é
THE DUPUY INSTITUTE ;
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Essence of the TNDM

» Basic input: “proving ground” weapons values

» Modified to reflect all identifiable variables

» Environmental (weather and terrain}
« Operational {posture and mobility)
» Behavioral [surprise and effectiveness)

« Combat Power (P} - Wx variables

» P{Attacker) f P(Defender) > 1: Theoretical Success
» P{Attacker) / P{Defender) < 1: Theoretical Fallure

THE DUPUY INSTITUTE
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Weapons Characteristics for Operational
Lethality Index

“Proving Ground” Values

* Rate of fire

+« Number of potential targets per strike

 Effective range (or muzzle velocity)

* Accuracy

« Reliabilty

* Mobile fighting systems (i.e., tanks and aircraft)
- Battlefield mobility
~ Radius of action

= Punishment factor

» Dispersion factor - o
HE DUPUY INSTITUTE

10
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TNDM Outputs

Explicit

Mission success or failure (PA/PD ratio)
Personnel casualties (numbers and rates)

Tank losses and recovery {(numbers and rates)
Artillery and other material losses and recovery
Attacker’'s advance (distance and rate)

Effects of suppression: arfillery and air support
Effects of surprise

NoRLR

Implicit*
1. Human performance in combat
2. Effects of environment

a. Weather

b. Terrain

c. Season/Climate

3. Tactics below those specified in level of aggregation

*Embadded in Qutcome THE DUPUY INSTITUTE
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Deaths Resulting From Renegade Brigade Attacks

lHlustrative Assum

. Dunng the Winter 1995-1996, armed elements within both Bosnian states who

are in opposition to what has happened, form ran&nade Hrlgades intent on
disrupting the peace arrangement by attacking American units.

= One of these brigades is a tank/fmechanized unit on the Bosnian Serb side

Due to the terrain, weather, and its training needs, it could not be ready for
action before Spring 1996.

» The other, a rebel light infantry brigade or a light partiallyr armored Serb brigade,
becomes a threat by mid-Winter.

American forces would have at least an hour’s warning of an
impending attack by the heavy brigade, but might have only 5 to 15

minutes’ warning (virtual surprise) of the attack by one of the light
brigades.

{Note: see the sequence of maps on the following slides)

THE DUPUY INSTITUTE
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Terrain and Road Net
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Objective of

Renegade
Brigade

Objective of
Light Renegade |/
Brigade )

U.S. Brigade Sector and Battalion Areas of Operation

THE DUPUY INSTITUTE
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U.S Company Team Organization and
Reinforcement Schedule

START + 15 min + 1 hour
i i
=l 23 -
T x AH-64
1 4 x Crf=50E 1
F-1& fighi s
{@8) HQ e HQ
7 u M1AZ
4% MIAZ . 1 M113
:ulnl'l'll
K
A% MEC IAPMG
4:mig|m i
Iy M2 Tatad: = M2l Tatala
192 parsonnel 185 parsannel
4 x MIAT T 14 z MIAZ
10k M2 BFY a4 u M2 IFY
. 5x 13 R EY
4 x MW ITY T & Advmen mortor 1 x ACE T &0 msrhEr
) 2 x 121 SN S XM 7 e M121 SPM
1 Bl mvertar S 120mm martar
A8 ¢ AT-4/LANY 2 & AT-4/LAW
YT 10D 2 MATE 40 x M4
Amice B SV B & By HWVNWY 4 & SAW
et 8 x MT03 GL 4 x M0 &L
4 x MED MG
i x Dragon
4 i MPOT 1TV
dx ar
Iuﬂmwu 4:.:“'.5!:,
BReF-18C
| MF:D'FM 43 A0
Diresd Suppo THE DuPUY INSTITUTE
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Renegade “Heavy” Brigade Organization
(Main Combat Elements)

See attached arganizational chart for complete crganization

1 tank battalion.............

oo 32 [-12 tanks

2 mechanized infantry I::attalmns

1 motorized infantry battalion on trucks
1 mixed artillery battalion. ...l

T mortar Batlalion. ..o e e v

1 air defense battalion....

Brigade strength.............

80 BMP/APC infantry
fighting vehicles

6 ssif-propelled 122mm
howitzers

12 towed 122 mm

howitzers

6 120 mm morars

12 81 mm mortars

... & towed 20 mm AA guns

4 twin 30 mm AA guns

4 triple 20 mm AA guns

4 SA-9 surface-to-air
missile launchers

THE DUPLY INSTITUTE
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“Heavy” Renegade Brigade (HRB) Attack (1)

Sequence of Events;
(After the “Heavy” Rensgade Brigade finishes planning its attack on
a US tank/mech infantry company team’s position in the buffer zone)

1. HRB starts moving out from hide areas 30 km east of Banja Luka (H-3)
2. US intelligence reports movement {(H-2)

3. Units in US brigade sector are alerted {H-1)

4. US company team pulls back from outposts to prearranged fighting positions
| (H-45 min)

5. US brigade commander formulates and staris executing one of his prearranged
battle plans. US battalion commander assumes control of action in the battle
area [(H-45 min)

| B. Reaction forces {air, Army aviation, and 3 company team reaction forces) start
i moving out {(H-30 min)

7. HRB begins artillery fire {(H-20 min)
THE DUPUY INSTITUTE

[F TS N,
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“Heavy” Renegade Brigade (HRB) Attack (2)

8. US responds with counter-hattery fire. US Army aviation begins air defense
search and suppression (H-15 min}

9. As leading elements of HRB approach their objective, US artillery and US Army
aviation strikes intensify. IFOR air begins systematic devastation of HRB columns
{(H-15 min) :

10. As the battle is joined in frant of the US company team’s positions, reaction
forces begin their attacks into the flanks of enemy columns while US artillery,
IFOR air, and US Army aviation continue their attacks {H-Hour)

11. Surviving elements of HRB attempt to break contact and te withdraw (H+15 min)

12. Reaction forces sweep battle area and pursue defeated HRE (H+15 until recalled) |

THE DUPUY INSTITUTE
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Renegade “Light” Brigade Organization
{and Main Equipmen

(Possesses 65 miscellansous trucks and jeeps)

3 infantry battalions (bn)............... machine guns, assault rifles
(approx. 500 men per bn) antitank grenade launchers (RPG-7)
shoulder-fired ground-to-air missiles (SA-T)
antitank recoilless rifles {82 mm)

1 towed artillery bn...............ccccieeee - 16 105 mm howitzars
8 7Bmm howitzers

1 medium mortar battery............... 12 81 mm mortars
9 60 mm mortars

1 air defense battery.........oieeeninnee. 4 triple 20 mm AA guns (M-55)
8 20 mm AA guns [M-T5)

Brigade strength.........c.coimnvennne. 1,800

THE DUPUY INSTITUTE
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“Light” Renegade Brigade (LRB) Attack (1)

Sequence of Events:
(After extensive reconnaissance of a selected US tank/mechanized

company team’s positions, operational procedures, and security
habits)

1. At midnight of their attack day (H - 5 hours}, LRB moves out of its dispersed
hide areas.

2, LRB assembles in forward assembly areas by H - 2 hours, occupies nearby
battalion attack positions by H - 1 hour. LRB brings mortars and artillery to
concealed firing positions.

3. LRB begins attack by direct and indirect {mortars and artillery) fire (H = 15 min}

4. LRB assault elements from two battalions begin attack along two axes of
advance {H - 10 min)

5. Defending US company team employs massive direct and indirect fire on
attacking forces now fully visible on thermal sights of M-1 tanks and Bradiey
fighting vehicles.

THE DUPLY INSTITUTE
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“Light” Renegade Brigade (HRB) Attack (2)

6. US quick reaction elements (Apache attack helicopters) arrive over battle
area and engage attacking LRE forces {H - Hour).

7. US baitalion and brigade ground reactlon elements break up LRB assault by
flank attacks (H+15 min to H+30 min). [FOR joins the battle.

8. Pursued by US Army air and ground forces, LRB retreats to cencealed positions
(H+30 min to H+2 hours).

THE DUPUY INSTITUTE

Augzst 1996 23



Attack b! nght Renegade Brigade on U.S. Company
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o= PROGIAMMER"Y CUSiCLE

Guide to TNDM VYersions and Enhancements
by José Perez

This is nert a comprehensive Listing of all the TRDM versions, It does inclode all the versions shipped 1o
clicnts, [talso includes some internal versions wsed only within The Dupuy Institute or its predecessor, L N, Dipay
Assoviates. There are a number of undommented changes; they do not appearin here,

The versions are listed inorder by the release date, not by version number. Some of the verson nombers were
ot recorded, so an arbittary versaen number was assigned when the release date was recorded without a version
rmumber, These versions are indicated by an asterisk ).

In general, versiom rambers used for development arein the form of Xy, Versions shipped to a cliznt am:
esually numbered Xy or Xy, Ooby in the case of the customized version update for Sweden was a version in the form
v uscd,

TNDM version 0.1 Release date: 19 November 1990

Change: Convert TNDM from BASIC into Turbo Paseal,
Noies:

+ Thisversion does not have the capability to handle historical engagements. Since this is a desirable feature, it will be
added when the more basic fentures of the model have been fully implemanted.

* The racthod by which 2 wserverifies that an engagement selected for medification/repnntieontimmation 5 the eoreect
o, 15 clumsy.

» When an engagement is continued, dve days printed in the continuation are meormect, Instead of startingon the day
after the engagement ended, the continuation prints “Day 1. The loss caleulations gre commeet bt this can caose some
confusion.

* If the report frequency is not cvenly divisible into the maximum elapsed time of the engagement, the caleolated
resnlis hooome incorrect. Forexample, if the report frequency is cvery 24 howrs, but the eogagement is running for
only 36 hours, the losses during the last 12 howrs are not computed. The results are correct if the report fregquency is
changed to cvery 12 hours,

» Oinly a tow holp sorcens have baen typed in.

* Ve serfwears used 1o display the help screens has ot been registercad. This causes a Teminder message o appeat al
the vop of the sereen whenover Help s aceessed . There is an alternate software program for displaying the help sereens
that I plan to explore as s00n as possible,

* Afteruaimg help, it is necessary to press the Fsc (Escape) key owice inorder to return to the screen being used.

* Beeause of changes that T made, the entry fields for the CEV and Set-Piecs Factors tor both the X and Y Porcos need
to g0 into an entry screcn that is separate from the manual units entry screcn. Curcently, it s not posgible to change the
CEV o1 Set-Piece Facrors if the analyst is nof cntermg 1 umt mamually.

+ Setting the Weapons Sophistication is not an option.

* When [incorporated the Posture war {Advance Rate) factor table into the model, [had to make several assumplions
in order to make it mateh Dr, Taylor's adaptation of the Postore Table. I am rot entirely sure that my assumprtens wers
correct and it may acconnt for casualty cates being higher than expected.

» This model docs not make albowances tor differences ineertam fackoss over time. For example, the maobility
eqjuation for World Warll engagements should producs lower valucs thun 1980-1990 engagements.

+ This model does not allow the analyst to enter the depth or width of the front.

* “I'his model does not differentiate between Gxed wing and rotary wing aircraft. The loss rates boe all aireraft are
aszumicsd b be the same.

« Casualties are not broken down by branch (Ammor, Infantry, Ardllery and Other).

* This model does not adjust the ¥oss ratcs when there is an extremely largs number of tanks to pesonnel in 2 force.
= The calenlations for nom-battle personnel lnsscs have not deen included.
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TNDM v. 0.2 Release date: 12 Decembar 1950

Additinn: Historical Results coquations have heen added.

Change: The method lywhich an engagement is selected and verified for modification/s e-printfcontinuation has bocn
changed. I the selected engagement is the cormect one, the user only has to press Boter to continue. 151t isnot correct,
the user must press the letier N to sclect another engagement.

Correction: The caleulation of hours elapsed since the enpagement hag been corrceted for continuations,
Change: The report frequency period no tonger has t0 be evenly divisible maximurn duration of the cngagement.
However, this does require additional testng to-verify that it is working propersy.

Change: The help software fus been changed to another product. However, the help softwars has been implemented
only in the Mamn Menu,

Change: It is no longer necessary to press the Ese key twige inveder to return to the screen Deing uscd.

Chanpe: [ have tentatively moved the data catry fields for the CEV and Set Plece Factors 1o a screen scparate Froom the
mianual whits entry sereen. This CEY may now be redundant becanse of other changes thiat wome red uested,

Addition: Weapans Sophistication is now an option. The user must enter a eomplete engagement date in ntderior a
correct Weapons Suphistication factor 6 be assigned.

Addition: The Posture tar (Advanes Rate) factor table has been recreated to match the factors vsed in - Nemibers,
Prediction ard Warfore.

Chamge: The constant wsed to caleulate the Mobility Conseant used in the Mobility Factor equation isset to 20for?
1945, 15 for 1945 - 1960, and 12 for 1960 - present. Weapons Sophistication is now assigmed by year. Surprise is
adjusted by year also,

Changr: The Front Densty caleulation was not workieg propedy. Until Thave de bernmansd why the problem was
occurdng, the user will b eble to eater depthinformation only for historical information, Chtherwise, the user will not
enter the width of the front or the depth of each foree.

Change: Rotary-wing aircraft and fixed-wing aircraft ane now in separate weapons calegories. This will allow the user
oy see a higher loss rie for the more vulnerable helicopters than for fived-wing aircrall.

Change: Casualties are now broken down by branch (Armaor, Infantry, Artillery and Cither).

Change: The Unhalanced Force Factor is now applied when the ratio of tanks to personnel is cxtremehy high or
cxtremehy Tow.

Change: Caloulations for non-hattle losses have been included. However, this requices a com plete engagement date:,
Correction: An errorin the Distanca: caleulation was found and corrected,

Change: The default answer to * Dy yon want to eontinuc this engagement?” was chunged to N. The user has Lo press
the letter Y if the engagement is to be continued.

Correction: An crmor i the Advance Rate caleulation was found and corrected.

Change; The unit TO&E was modified toinclude all infantry weapons inonc catogory. Also, three unmamed cat-
cgoricswere added to allow futare expansion of the TNDM.

Addition: A Surprise Adjustment factorwas added to all surprise factors o reduee the impact Of sueprise in histomical
enggsments,

Change: The Velocity Attrition Factor was added to the Personnel Loss Rate calevlation.

Addition: All Terrain factors, inclheding the Casualty factor, have been addcd.

Addition: All Weather factors, including the Casualty factor, have becn added.

Change: Some modifications were made to the Seasonflimate: table to correct minor crors. Adsa, the Season Casu-
alty Factor was added.

Additivn: The Mission/Posture Armaor Attrition Factor was added to the Acmor Loss Rate calculation.

Addition; All of the terrain types have been implemented.

Change: The option to increass/decrease Combat Intensity has hoen replacesd wath the opticm to moddify the Combat
Prywer, PFersonne] Loss Rate, Armor Loss Rate, Arillery Loss Rares and Avlvance Rate. This may make it unneccssary
to coter a CEV for both forces,

Change: Today's Date is now 4 separave entry field from the Engagement Dratee. The Engapement Date bas been Lot
hlank for the user to fill in. Since some of the caloulations reg uire a correct date, the Engagement Liate musk he
entered,

Change: The X designation has been changed to Attacker and Y has been changed to Defender. However, the Dezfencler
tetains the capability to attack. This should lay the proundwork for s counteruthack m odelin a Faturs version of the
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THDML

Chonge: Coordinates arve entercd as fve-digit numbers with two decimal places.

Change: The Force Mission/Posture options have been put in toone menu, The Static Defenss option has heen
remoeed, The Mission/Posture tables have been revised to reflect thischange,

Chamge: Main Zone was changed to Main Effortin the TINDB User's Guoide,

Change; The description of Delay was changed to “is using delay tactics” in the TNDM Uscr's Guida,

Change: The description of Medium Artillery Fire was changed from $-inch to é-inch in the TNDM User's Guide,
Change: The River/Stream Width Moow now appears even if a Shoreline Valnerability Factorwas not sclected.
Change; Al QLT yFirepower seores in the Forees Database ace now totals rther than averapgss in each weapon
CRISEOTY.

Change: Inthe TO&E Summary, Forees Databare, and Manual Units Entey, “Number of armored, non-fighting
vehicles™ was changed to "Nember of pon-armor tracked vehicles.”

TNDM v. 0.21 Release date: 4 January 1991

Change: This vorsion is compatible with version 0.2, excepe, if a Lighting Leve] of Limited Visibility or Night was
used, it will have to be re-entered,

Change: Losses arc computed for both the strengthlevels (number ot weapons and vehicles) and the OLLseores in
each weapon cateoory, This allowa the user to enter QLT scores for Infan ey Weapon s, Anti-Tank, Artillery, and
Agrcraft, without enterimg the number of weapons in cach of those categories.

Currection: If more than one unit was assigned to cither the attacking or defending force, enly the name of the Jast unit
enteradfseleciad was being printed in the report.

Correction: [f the TOSE for a force was entered manwally, it was not possible wo enter the foree's trucks, tracked
vehickes, organic aireraft amd motonsecks,

Correction: There were two errors in the Foree Strength Caleulations.

Change: Stremath levels, instead of QLI scores, were boeing used.

Correction: The Quantity Factor was not being applicd lo Armor and Infantry,

Change: The size of the data entry field for Armor QLI in the Forces Datubase has been inereased to hold & maxanwm
value of 9,959,000 90,

Correction: In the Manaal Data Entry Screen, the data entry figlds for Trocks were incorrectly 1abeled. The data encry
field for APCs, SPs, and non-fighting tracked vehicles was also mislabeled. The labef for the data entey held for APCs,
5Fs, ctc. has been changed to “APCS, Self-Propelled Weapons Platforms, Tracked Vehicles™

Change: It appears the data cntry field for the CEV in the data entry screen for CEVY and SetTiece Factors is cedun-
dant, The entry for the Set Piece Factor will be meorved o enother sereen i version (03,

Correction: An crror in the Velocity Attrition Factor Table was affecting the Personnel Loss Rate.

Correction: An error in the Standard Advance Kates Fable was producing abnotmally low advance rates when the
attacker had a very lurge PYP ration (greater than 4:1).

Change: The standard armor loss rate has becn changed to 6.0 for the attacker and 3.0 for the defender. The Armor
Loss Rate onginally in the TNDM was producing loss rates thatwere much too high for hoth the attacker and the
defender once the Farce Strength was being caleulated properdy.

Change: The Day/Night Facrors for 24-Howr Period, Night Oniy, Daylight Only, Mixcd Day und Night (kostly Day),
Mixed Day and Night (Mosthy Night) and Mixcd Day and Night (Half Day) are now being used.

Change: At Ameld Dupuy's request, an OLI Datahase has now been implemcnted in the THNDM. This Database is
uscd only for storing QLT scoms, It cannot be wicd to caleulate OLIS for weapots.

Change: When adding a unit to the Force Database or updating an existing unit, the user can use the OLL databasze to
citlculate the QLI scores for each weapon catepory. Howover, this s possible anly if the desired weapons’ OLI have
already been stored in the OLI Database. To wse this feature, the user bas tohave a complete TO&E for the unik,
broken donwn by the weapon categories used in the THDM: Amor, Infuntry, Anti-Fank, Towed Ay, ST Arty, Al
Defense, Fined-Wing Aircraft and Rotary-Wing Aircraft, When a caterony i selected, all the weapons in that categnry
are displayed. The userenters the number of weaponsin the category such as 25 LAVE and STEMGDAZS, and prosses
the Froape Key. The computer will display the originat and new strengths and QLI mthe category, T the user presses
Y, the new values will be assigned to the unit.

Chanpge: The user can row use the DL Database toenter a foree manuwally for eitherthe attackeror the defender, The
procedurc for using the OLI Diastabase to create a foree is identical to the procedurs usad to create 2 unitin the Force
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Dratabwaze,

Addition: A new option, CHANGE ATTACKER'SDEFENDER'S TO&E, has been added 1o the Create Allacking'
Defending Force Menu, Thisoption caon be used to make manuval adjustments tothe foroe’s TOSE.

Carreption; The problem of ingonsistent mesulls when re-ninning an engagement appears to have been cormeeted by the
chenges and corections in the Armor Loss Rate cakulations,

Correction: An error in the ezlculation of Recoverad Aircraft was cavsing laree errors in Foroe Strength, ete.
Correction: When the attacker docs not have sufficient combat power superiority to advance, the attacke Fs position
always pringed as (L0 even if the statting position was not (0.

TNDM v. 0.22  Release date: 5 January 1991

Correction: The only differcnec between this version and version .21 s that version (022 hias been cormicied Lo saws
and read engagemants corractly when running the TWNIDM on a floppy disk. The Runtime error number 905 shouwkd no
longer be ocourring.

TNDM v. 0.23" Relsasa date: 11 January 1991
Addition: Added code to trap any errozs that might oceur and display 3 desaripfive emor message on the sireen,
TNDM v. 0.24" Relsase date: 3 February 19591

Change: Hoad GualingDensity is now listed under Envirenmental factors.

Change: All factors arc prieted out when a detadled report is requesied.

Change: The actual losses foreach time period are displayed in the report.

Change: The vehicle numbers and combat systems nenmbers are counded 1o the nearest whole numbers atter losses
hive hoen subbached.

Change: Aftcr the TNDIM softwane is started, it notsfics the vser of the defaoht locations forthe OLLand Foroe data-
bases,engagementfiles, and the Helpfile. Itthenasks ifthe nserwants to change these locations,

Change: The CEVQ, CEV], and CEVad resolts are now caloulated for historical engapements.

Change: The lavout of the raport has been changed.

Change: The listing of the countries used in selectmg units from the Force database has been sped up. The pawse
should now ke almost unnoticed,

Change: The user is nowe asked if he wants 2 “kmg repott™ imstead of a “detilzd report™,

Change: The vser is now asked it he wants to “print the repont® instead of “*Doyounwant the rosults on the seoeen¥™.
Carrection: The last three lztters of Horse Cavalry werc not displayed in the Forse Trpe Menuo,

Chuange: I one force i inthe Helding postucs, the other sicge 18 automatically st to the Holding posture,

Change: 1If Weapons Sophistication is set to Unknown for one force, it is antomatically set to Unknown for the othcr
sich:.

Change: The descriptions for Shoreline Vulnerability Distance wera changed.

Change: The Clock on Operation in Shoreling Volnertbility was remosved.

Change: When the ermor message prints, it now asks the user to * Notify T N. Dupuy Associates" instead of THNDM
Associates,

Correction: The 151 factor caleulation has been updated to match the calenfation described in the latest copy of the
Rules and Procedures.

Chungr: The Delete Units aption wis changed to prevent any of the values from becoming negative.

Correion: The lones inventory 1or conlinuations was correctod to show the Inventory before the engagementwas
continued. Proviouwsly, the inventory displayed by a continwation was the force at the beginning of the cngagement
Correction; Tf a force is entored manually with only OLI values, the OLIvalues were being dropped.

Correction; When 2 urmit name i5 delzted troena fores, the Bast three characters of the name wers not abvave erased
from the sereen,

Change: The default Madmum duration of an engagement has beon changsd froon 72 howes o 24 howes.

Change: Alltitdes in items such az Road Quality/Density, Force Type, cte. have been changed 10 uppercase.
Change: In the eport, when surprise was seleetes], the surpriser was described as “A Foree™ or [ Force”. This has
been changed to “Atacker Foree® or“Defender Force",

Change: Thtal OLLis now printed in the TNDM ropornt.
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Correction: When a unitwas selected from the Force Database, the aite after it was added to the fome.

Change: When the ueer enters the date of the enpgagement, he will not be allowed to proceed until he has entered a valid
date in the form of (0171991,

Change: When the engapgement start time is entered, the wser will ot be able to continoe untl a valid stantiog tme has
been entered.

TNDM v. 0.3 Release date: 25 March 1991

Addition: 'The analvst now has the option of disabling the iS1and 1D tacters when running an engagement o analvze
weapons performance:,

Change: The menu used to select units to create a force has been changed to perform in the same mannet that the
WCAPONS mEnu periors whin @ unit is being creatcd.

Additlen: The analvst now has the opdon of entering the number of days the attacker ordefendzr has been in combac
immediately prior to the cngagement,

Addition: After setting the width of a over/Stream, the analyst must indicate whether the gverstream 15 fordable oz
unfordable

Correction: Correcied comors in the stoeoeth calewlations.

Correcilon: Corvccted the coror that occurred when trving to print the TINDM results report.

TNDM 1.0 Release date: 9 April 1981

Correction: In enpapements with Surprse, Advance Bate, Yulnerabiliy, Personnel Loss Kate and Armor Loss Kate
wetre calculated incorrectly, This hasheen fixed.

Correction: 4 Shoreline factor i Isted whes this option was not selected.

Correction: Summary of losses showed all values as (.10,

Correction: Dhaplay of attacker personnel strength om the sereen 15 mcorract.

Addition: If a CEV value is entered by the analyst, it is printed in the cngagement report.

Addition: The user can now sclect a fraction of a umit: one-halt, 1.3, ete.

Addition: The user can now enter Attacker or Detender CEY.

Addition: Artillery Loss Rates are now included in the engagement report.

TNDM 1.017 Release date: 14 April 1851

Addition: [have also changed the softeeats o caleolate the engagremant reselis and then ask if the dservants o print
the report. If the answeris I, the results are displayed on the screen, otherwise they are printed.

Correction: The main reason for mostof the errors was that the software was expecting a four-digit year i the starting
date of the engagement. The softwarc has been changed to reguire a four-digit year. I an incorrect date is entercd, the
computer will beep and prevent the user from proceeding until a correct date is entered.

Corrvection; Tn reviewing Jim Tavloc's appmach b the Poreonne] Loss cyuation, [ discovercd that has new table was just
the: Posture Casualty Factor multiplied by the standard casualey rate of 004, Thave changed the Posture Casualty
Factor table to allos for this.

Addition: The title “INPUT DATA" has been inserted into the Results Report. TEwill precede the listng of Envicon-
mental Yariables and Operational Variahles,

Correction: The Adtacker CEY was being printed inthe Combat Poswer factor ligt, Thave added it to the Operational
Vatiables list in the Resultz Report,

Chaoge: “ATTACKER'S TO& E” and "DEFENDER'S TO& E™ have bean changed to “"ATTACKER'S ORDER OF
BATTLE” and “DEFENDER'S ORDER OF BATTLE". Also, the display of the number of units has been changed (o
allow three digits behind the decimal point. This will 2llow the display of unit fractions, such as 00667,

Correction: The ercor that was causing the Attacker Personnel to be set to zero (U) whenever the detenders torces
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were changed orselected, has been correctad.

Change: In the Mobility and Yulnerability Factors Listings, “W/ SURPRISE” has been chan ged " WITHSUR-
PRISE".

Change: The Artillery Loss Rates Listing has been rearranged to group the Towed Factors and the Self-propellad
Factors ogether,

Correction: Correction: The listing of the Attacker and Defender losses bas been corrected.

Correction: The Final Inventory Listine lias een corrected,

TNDM v. 1.02*  Release date: 19 April 1991

Change: The Print option has been changed o ask the user if a pause between pages is requited. IFthe answer i3 Y, the
software wilk pause after cach page is printed and will not print anything else until the Enter key is pressed. This
should allow you to print the results on your Canon printer.

Correclion: The Engagement/Continuation Sclection option was not using the Location Settings to locate engage-
ments and continuations,

Correction: The repetition of countries in the sountry listing has bean cotrectel.

Change: The Loss Rates in the Results Summary have boen ehanged to porcentagss.

Correction: The imcorrect mobility factor was being printed in the Combat Powecr Factors Listing when surprise was
prcsent.

Correetion: The Opposition Factor for PP ratios between 0.1 and (. 15 was being calonlated insormect,

Change: The method by which an engagement is continued has been changed slightly. When an engagement is
comtinued, the continuation will be saved, but the wser will not be asked for 2 new name az thattime, When the
Continuation option is selected, the user will netbe asked wenter o name for the sontinuation yntl 2 ftcr the “Begmn
Continuation” option is sclected, Afier the name is entered, the vser will be asked how many hours the cantinuation
should run.

Change: When anengagementor = continuation of an engagement is run for more than one day, the decailed listing lor
the second and successive days will contain only those fackors that have changed sinee the previous day.

TNDM v. 1.03* Release date: 21 April 1991

Correction: The Print option has been corrected to avoid fecding a new page through the printer, if the zser has asked
far the printer to pause atter printing each page.

Correction: The adjustment to the Opposition Factor caleulation has been corrected so that PP ratios betwoen the
range ofi).]and T.Owill be correet, Lhave not verified the Opposition Factor for PP ratios greater than 1.0.
{orrection: Pam Hilton reported a problem about two wecks agowhen I was in McLean, When the location of the
cngagement files iz set to “A5" and a floppy is not in the A-drive, the TNIIM will not run, I have carrected this
problem. Ancoror message will now appear at the bottom of the serecn asking the user to insert a diskette or o change
the lxcation, The Change Locations entry screen will then appear. 1 a diskette is put into the A-deve, there isno need
o change the location of the cngagement files.

Chunge: A minor change was made to the Historical Yez-or-No question. Twas unable to duplicate the problem which
you expericnocd, but hope that this change will solve the problem for yon.,

TNDM v. 1.04*  Rslease date: 24 April 1891

Change: When Surprisc is in effect, Vulnerability With Surprisc will be printed in the Combat Power Factors list,
Correction: 'The Surprise Effect calcalation has been corrected.

Correctinn: Pam Hilton ceported that it is possible to create engapements with eight-charactar names, such as
TRYMORES, but & is not possible to modify, reprint or continue them,

Change: Pam suggested changing the colors used when editing the Forces Dutabase and the OL1 Database. When o
unit i being edited, when the cursor is on Armor QLI for example, the Armor QLT vitlue has the same color as the rost
ol the screan.

Change: Pam also noted that when an attacking or defending fivres is bring created using the OLT Database, the line
reading * Ese=Exit Return=Select ..." iz not easy to read on the sereen. The area around this line will be cleaned and it
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will now appearin a bo,

Change: The option BXIT has been added to the Create, Modify and Continue Menus, This option will allow the user
b zxit and return to the Main Mcenuwithout saving the engagement.

Change; When Create A Mvew Engapement 18 miyy, the second data entry screen will display the porcentage of spaces
reniining om the disk where the ecngagoment Giles arc being stored,

TNDM v. 1.05" Rslease date: 27 April 1881

Correction: Fixed probleme in calenlating Advance Rate and Distance,
Correctlon: Fived the problem of the beginning and ending inventones being identical in s continnation.

TNDM v. 1.06" Release date; 28 May 1991

Correction: The Reinforeement option does appear to ba workmy,

Change; Added more space for the engagement description in the Make New Engaepement.

Change: In the Clontinue Engagernent option, give user the option of entering s new cngagement descripton,

Chappe: In Modily Engagement, gave the vser the option of changing the name or designation of the engagement orits
description as in the Contioue Engapement option.

Correction: When o fraction of a unit 18 entered to three decimal places and i later deleted, it s possible W only delete
the equivalent of two decimal places.

Additing : Gave user thi option of printing a tea-pape “short report ™.

Correction: Fatigue Factor calvulation was nol working.

Correction: Rooovery of Inst tanks is not boing caloulated.

Correction; Coordinates are not being caleulated properly,

Correction: In small unit engagementswithout an armored component, gol 4 “divide by 2em™ ermor,

Correction: R - R and R/K arc not being caloulated cormectly,

Correction: Rewrote GLI program to fix multitude of emors and vser interface.

TNDMv. 1.5 Release date: 20 July 1991

Addition: The Non-Battle Loss Kate will now be printed after the Personnezl Faceors.

Correcton: There was ar etror in the calculation of Defender Casualties by Branch.

Change: The labels for PP and PP have been changed from Ratio and P’ to B/P Raticamd PP (IMBALANCE)
respectively,

Addition: FY/P (TMBALANCE) el PYF° (SURPRISE) have been added to the TINDM report, Since Surpoise FRsct
13 caloelated before PYP? (SURPRISE) is adjusted when it is greater than 340, it is oot always possible tovenfy that the
Surprise Effect 15 cormect by usmg the values displayed in the report.

Change: The label “Orderof Battde™ has been changed to “Force & Equipment Inventory™ in the TNDM report,
Change: The losses detail has been removed from the Shot Repont. There is 2 Beginning Inventory and a Final
Iventory immediately after the Strength and Power listing,

Change: Most of the changes are visual; ab menus now appear in a box

Change: Alsa, for those using a colot monitor, the colors have bean Ivened up a bit,

Change: The OLToption has been changed to inclode the calonlations of QLD for single weapons and Mobile Fiphting
Machines (MEM). Most of the steps tinvolved are identical to those used m the orzginal OLI program except that this
virsion docs not ask fora le name; the weapon name should be used to descope the weapon, Forexample, 1-80A
womld be gven the full name of “T-B0 1Z3mm with Reactive Armor.”

Change; In the caleulation of zingle weapon OLIs, the anabyst will be asked the weight af the projectile, massile.
meortar, bomb, ete. IT the weight is entered, the analystwill then be asked to scloet the catepoery the weapon Bis: small
arms, machine pun, tank gan, aircraft pun, bomb, etc, Based on the selected category, its e uivalent caliber in millime
ters will be caloulated. The analvest wiil have the option of nsing the caloulatod caliber or entering another valoe. Tfa
weipht of zero is cntered, the analyss will bave to supply the caliber.

Change: In the calculation of single weapon CLTs, the analyst will be piven a list of weapon categornes and their
respective accuracies. Ifthe sclected acouracy is not correct, the analyst will be given the oplicn b coter his ownvalbae.
Change: In the calcolation of single weapon OLIs, the Burst Arveawill be calculated from the caliber forcalibers of
L5mm or greater, Thisversion allows the analvet o chanpe the Burst Ares.

Change: In the calenlation of MFM OLIs, the analyst will not have to enter the Vehicle Punishment Faetor, This
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factor will be caleulated bascd on the MEM s weight

Change: In the caleulation of MEM QLI the analyst will first have to cnter the Gactor for cach of the prirary, second-
ary, eli. weapons. Fresently, thess weapons should all he entered in the category of Infantry Weapons, Cnce thesc
wedpoms are entered, the analyst will select the MFM's weapons from a list of weapons, This should it makc it easier to
citleulube OLLs for aircraft with differenthomb loads and configurations. When the report for an MFM is printed/
displayedd, the factors for the primary, secondary, cte. weapons will not be printed. The analystwill have to ptint the
repartfor that particular weapon if the factors are desined,

Change: Ifa weapon's QLI has already been calcwlated and stored, the Report nption in the OL1 Menu can be nsed o
display or print an individual weapon’s factors and OLL The Report option can also be nsed to print a sumMmary
reportofall Weapons' OLIsin the OLI Dutabase:,

Addidon: Included on the disketie is a file called OLLRPT This Bl s used by the OLI Report aption to print/eisplay
asummary report of the Weapons' OLIL Itcan be used with any versgon of the TNIIM.

Addition: I have createrd a program called CldToNew, This program is desisned to convert the otd OLI datibase fin
use with TNDM version 1.5, Before converting the old OLT database, itwill rename it from OLLDBE o
OLDOLLDAR

TNDM v. 1.51" Release date; 1 August 1981

Correction; THNDOM NI no longer has to be deleted after the TMDM i copied from a hard disk to floppy or vice
VETIEA,

Corvection: Some minor problems in the OLI portion of the software were fixed.

Change: Made new version of DLDTONEWENE {0 update TNDM and 011 databases.

TNDM v. 1.52" Release date: 11 August 1941

Corvection: Remnforeements. After reinforcements were added to a continuation, the reinforcements were not baing
included in the foree imventory.

Correctlon: Division by Zere Error. Allof the equations have been reviewsd and changed to prevent anv equation
with a division operation from dividing by zera,

Change: The Weapons Sophisticution Menw has been modifted to show Istecli and Arab rather than Arab and Arab,

TNDM v, 1.53* Release date: 13 August 1991

Correction; Addition of reinforcements to the defender in a continugtion, The OLIs ofthe reinforcing units wers
added cormectly, but the equipment amounts (amor, infantey, attillery, cte.) were being added o the Mtacker's equip-
ment. Inother words, it the defemderwas given reinforcemonts of 10 fanks with a total QLI of 900K, the detender’s
armor DL increazed by 900, but the defender's tanks did not increase.

TNDM v. 1.6 Release date: 22 September 1991

Change: Added Visibility, Low-light Capability, Power Traverss, Stabilization, Range Finding and Ballistic Computer
factors for the calculation of armored fighting vehicles.

Coreection: The Strength-Size Factor and Opprosition Factor caleulations in the TNDM have been correctad.

Change: The TNDM report has been ehanged to print the Valnerability and Mobility Surprise faclors.

Change: [he "5et Options™ selection in the Main Menu now brings up a menu with the options of Directory Locations,
Color Settings and Reindex Databases.

Change: Updated OLDTONEW.EXE to convert earlier versions of OLI database to the 1.6 version.

32 The Internatianal TNDM Mewsletter



TNDM v, 1.61* Releass date: 7 November 1991

Change: Make OLI data entry more uscr-friendly.

Correction; User was not able to enter a Muzzle Velovity for a weapon,

Change: Option 8, Set Options, will now display another menu that has an aption called “Colar Settings™. This option
allows anyone t change the color sciting of each *“color” wscd in TNDM.

TNDM v, 1.62*  Relessa date: 15 December 1951

Change: Modificd the equation forcalcolating the Mobility Madifier, It now has a sli ghtly higher valoe than it
proviposly did.

TNDM vy, 1.63" Release datz: 12 Janvary 1962

Change: The Air OLI eocfficient in the Mobility caleulation has been changed to 15,

Correction: Item 5 in the DiayMNight Menu was incorrectly labe led “Mixed Diay and Night, Halt Day,” 1t should have
been labeled “Mixed Day and Night, Mostly Wight.” If (tem 5 was szlected, the value for Mostly Night would have been
],

Correction: Itern 3 in the ScasonfClimate Menu was inco rrectly labeled “Tropical.” It should have heen “Seni-
Tropical™.

Correction: Also, item 4, “Tropical™, was not listed as an option. Tf item 3 was selected, the valuss for Semi-Tropical
would have been used; it was not possible for the Tropical values & be used because of this error

TNDM v, 1.64* Release date: 22 January 1892

Chunge: The Air and Artillery OLI coefficients in the Mobility caleulation have been changed ta 20
Change: Alzo, I have made some changes to the help file (TNDMHLP and the database conversion utility
(OLDTONEWEXE, OLDTONEWFPAS),

TNDM v. 1.65* Relsase date: 17 February 1992

Correction: Updated the Aircraft Loss equation.

Correctlon: Corrceted Penctration Iackor equator:.

Correction: Modified the OLIealzylations for missiles to allow a Minimum Arming Range os small as 1 meter.
Change: Changed the Peretration Bactor equation to ealeulute values for penatrations of lesg than I mm.

TNDM v. 1.66* Release date: 5 May 1992

Change: The headings, field labels, ete. have all been sct to chanse to display Personnal, Infantry, Artillery and Horsey
whenever the year of the engagement is 190 or carlicr,

Addition: When I'.!E'I.IEI..I.]D.E[T'IE; the OLI for an armored ﬁght[ng vahicle, reduce 'ipl'.‘-Elﬂ b} 10 % and ?'l'l"l'l'l'i'ilj" |."_'|-' 107% when
the vehicle weighs more than 60 tons.

TNDM v. 1.67" Release date: 12 May 1992

Chunge: Advance rate is now calculated as: Advance Rate = 1.6*Srfme *tm *hm * RO*RD * St * uar * dno * Su
h i

Change: The casualty rate is now culeulated as: Casualy Rate = CM* N *ue* DEVY * Sn " op“te* et he*ze* vl
*ShD " dn * ff

Chanpe: The standard tank 1088 rate is now caloulated as: ) for the ateacker, 4.00% the attucker’s personnel casualty
rate; and b} forthe defender, 1.5 * the defender's personnel casvaloy rae.

TNDM v. 1.54  Ralease date: 13 August 1982

When this version was icleased for intornal evaluation, T refermed to the docume ntation for version 1,55 and it was
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mislancled as version 1.54. It probably should have been labeled as vemsion 1.68. Tomaintain comsstency, the
auimbaring sequence tor follow-on versions uses 1.54 as the starting bass,

Change! Correcilon: Tt has a numberof problems, but all the comections and changes to the OL1 caleulations have
heen made. For the porposes of addinpfupdating weapan OLIs, it should munwithout any problems,

Mate: Ifvou wish to ron an engagement, do not attempt to use any of the Manoval Units options when ercating a force, |
am in the process of revising these options and none of the changes appearto work rcliably at this time.

Additions: As & result of suggestions and requests made by K1DA (Rorean Institute for Detense Analyses), somc
options have been added to several menus and menus bave been added to the OLT scetion.

THNDM v. 1.541* Release date: 28 August 1992

Change; Change the x, y conrdinates to hold d-digit numbers.

Change: When creating an cngigenent, make it possible (o backup W a previous menu.

Addition: Add Morth Korea and South Korea to the Weapons Sophisncation Menus.:

Corvection: Fix PageUp and PageDown when creating a vnit manually and using the OLLdatabase.

Change: When creating or updating a unit’s OLIs, savc the onginal QLI valve and give analyst the option of adding the
new OLT 1o the original OLL or replacing the oid QLL

Change: When cteating 2 unit, save the Table of Byuipment for each category, but only in the Force Menu.
Addition: When ceeating an engagenent, if a unit is created manally, give the analyst the option of saving it oo the
force dutabase.

Addition: Add the option to save an cngagement when creating an engagement.

Correction: When an cngagement tuns for 48 hours, why don’t the resubis for sceond 24 howr perod peint?
Change: Why ane there several weapons with the same name, such as 31mm nrarlars, that have different (LI
Dsplay the Country name B helpdistinguish weapons with similar names bt difforent CHLIs,

Change: In the GLIcaleulation, use the Weight of Bomb/Warhcad only for bumbs and rocket/missle warheads,
Correction: The Rate of Fiwe caloulation isincormeet.

Change: Change ER in the OLI Rate of Fire tables to display as * Estimated Range.”

Change: Make it possible to backup toa previons menu when entering a weapon’s factors.

Change: Change the default value for the Rate of Fire Multiplicr to 1.0,

Change: Use the Rules of Thumb Table onbrwhen cyclic ratc of fire s used.

Addition: When creating an MFM, obtain the rate of fire tor the primary weapon from the OLIdatabase. Allow the
anulyst to overnde this value,

Change: In the Force menn, PageUp/PajeDown are too sloe when moving through the weapons List for any weapon
catogory.

Addition: Should the user foreet bo select any units for an engagemant, either prompt the wser for stmcker/defender
units or avoid “divide by zero®” crrars when dividing by zero personnel.

Clorrection: Correct the ermor that occurs when nen-standard date formabs are wsed. Tser should be able 1o use any
daute format regardless of how computer is set ap. Not sure that it works properdy.

Addition: Add an Exit/ Abartoption to the OLI manus,

Correction; Use the Rate of Fine multiplier anly for automatic weapons in the OLI calenlation.

Currection; For the Rate of Fire Multiplier, use the table on page C-14 of the Rules and Procedures Manoal,
Change: Forcalibora of less than 15 oom, calculate the burst area.

TNDM v. 1.542" Releass date: 21 September 1992
Correction: A numberof errors in the TNDM softwars were diseovered in the procoss of upsdating the Uset's Manual

TNDM v. 1.543" Release date: 7 November 1992

Currection: Beinforeements sre noa addad in before the results for an engagement continoation are caleulated.
Change: The QL1 Weapons” Sumrmary Report tas beer modificd to print the weapon type and nation,
Change: The Screen Display of reports hasbeen modificd. The changes are cosmetic and do not affoctits opemhon.
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TNDM v. 1.544" Release date: 17 November 1992

Change: “CEVY™ was changed 1o “CEVL.

Change: The Combat Power Factors, Artrition Kate Factors, etc. are now printed between the Historicn | Fuotors and
thie Uity List.

Correction: CEV1is now calculated as the square rool of Casualtizs s /(0.01 * Pesonnelny

Change: B/E was being printed as P7/F"”, This has been changed to R*/R” and has been moved atter Historical
Results,

Correctiom: Incorrect FYE This has be2n corrected and the calculated PYF matches the results which vou oblained
rrLanally.

Correctlon: When an engagement is continuead, the final inventory was not being saved.

TNDM v. 1.545* Release date: 21 January 1993

Change: Modified menuw svstem to allow analyst to translate menuoptions, help, ete, with affecting calculations,

THNDM v. 1.55* Release date: 14 March 1893

Correction: TMa new unit is crealed using the OLI database, all of the OLT scores of weapons in cach cabomory ane
lumiped opether and saved indo the category.

TNDM v. 1.59891" Release date: 1 August 1993

Thisversion of the TNDM was used vo evaluale changes in the QLT caleylations for Armored Fighting Vehicles in the
TWDW sottware. A nomber of changes were made to follow-on versions, One sct of changes includsd making it
possthle for the analyst o modily Bactors that are normally not wser-accesgible. The bulk ol the analysis and evaleatomn
wis pertormed by Chip Sayers.

Change: Battlefield Mobility Factor = 00035 * SORT[ (HomepowerMeight) * Speed / Ground Pressure], where
SORT = square root of

Change: Vchicle Punishment Factor = Weight /(2 * Height * Lenggh)

Change: Radius Factor =1.1 * Radius

Change: Vehicle Supply Factor = SQRL| 6 * Load /{{¢ * Load) + Finng Rate of Primacy Yeapon) |, where 5QK1 =
square ront of

Change; Both the Batlchold Maobility Multipher {0,035) and the Radies Faceor Multiphier (0.1) can be changer] when
aweapon's OLLis caleulated. Please note the Radius Multiplier for other weapons has been given a value of 0,14,
Addition: All of the new tactors {Height, Lenpth, Ground Pressure and Homepower) can be entered in the Weipght
option of Armored Vehicles, Height, Length and Ground Pressurc must be valucs between G001 and 100.0; Horse-
prrwer romst b hoebwecesn €.001 and 10,60

Correction; Tn a recent letter, Trevor mentioned that Dave Bongard had cocountered ancrror in the Yehicle Prnch-
ment Factor (YWPF): all vehicles were being given a VPP of L.

Aldition: You will note that one of the changes in thisversion is the appearance of a Comment box on the QLT screen,
£ vou wish toenter o comment for 8 weapon, select the Comment gption. When the Commaent box appears, coter your
comments and press the Control-End keys, Pressthe F1 key to got an explanatiom of the Comment editing commands.
Change: When cotering a new weapon, set all the applicable factors to a defanlt valuc, Thiswill slloms the anolyst to
skip items that are rarely used, such as the Naval Gunfire Factor,

Addition: Audd the ability to create a new weapen by copying the QL] factors of an existing woapan imto a new weapon
and then modifying them to fit the now weapon. This would be uscful for enlering weapons that are wpdaked models or

August 1996



vanations on clder weapons.

Addition: Add the ability to add new weapons to an OLL dacabase by copying them to a floppy, taking the floppy 1o
another computer and then adding the new weapons trom a Aopyny.

Change: Change View to [istal] factors in all weapons.

Change: On Armoced Fighting Vehicles, allow the selection of Reactive Armor as either an add-on to the existing
armir vpe or a8 the only armor type.

Change: When using the Search option, make it go to the top automatically if last record is reached.

Change: When entering MFM Components, do not ask it the weapon is an MEM Component twice.

Change: Attacker Mision. Remanve the guestion “Is this an All-out Attack?, Change Main Elfort to Al-out Attack,

TNDM v. 1.551* Ralease date: 16 August 1903

Corvection: Dave Bongard reporied getting an “Tnvalid floating point” etror message. The error messape “Invalid
tleating point operation™ uswally mesns a calcolation in an equation is generating a oumber too lurge for the computer
tohold. The only solution was to break up the Combat Strength caleulations inti several steps, one for each of the
weapon categornices (Armor, [nfantry, Anti-tank, etc.).

Correction: Uscris unable to enter a starting time bater than 0959 when ereating an engagement.

Correction: Found that if the defender in ahistorical engagement was given a negative advance (for cxample, if the
attacker advanced 20 kilomcters, the defender advanced - 20 kilometers), the Spatial Effect equation cavsed the
“Invalid floating point operation” moessage to appear, The Spatial Effcct cquation had to be re-written toignore
negative numbces when using the square root operation.

TNDM v. 1.552* Release date: 20 August 1983

Correction: Dave Hongard reported getting eror 215 {Arithmetic overllow ervar)y when trying to print ot @ngapement
report. I the problem re-oecurs, there is a work-around solution, When the Print options appezr on the screen
(Fereen, Prnter, Filc), scloct File. Then enter a file mame tosave the engagement report, such as ANTIETAM RPT,
o print the report, exit from TNDM and then enter the command: TYPE ANTIETAM RPT =LPT1; This will
cause the contents of the tile ANTIETAM RFPT to be printed.

MNote: Unable trr recreake the problem cncoumtered when entering fractional Mission Accomplishment scores.

TNDM v. 1.57  Release date: 11 October 1953

Thisversion was customized for National Defence Research Establishment of Sweden, The most currc nt version is
L5371, but I was unable to find a record of the chungesfeorrestions made for 1.571.

Addition: Add three (3} wezther conditions; Sunshine, deep snow; Overcase, deep sow: and Blizzard, deep snow. In
other versions of the TNDM, when calcolating the Non-Battle Losses, T have comsidens] “Wet, Fleavy, Tompe rate™
weather o indicate tropical conditions. This is the only “tropical” condition remaining in the Swedish version of the
TN, Becawse they asked to replace the “Wet, Heavy, .. weather conditions with variations om “Hoeavy Soow™ and
remove sny dealing with tropical conditions, Tdo not know iF this is siill appropdate. However, it will remain in their
version of the THMTIM unless vou or they indicate otherwise,
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TNDM v. 1.582% 30 November 1993

Apain, this js the verzsion sevies that Chip Sayers was using toevaluate changes to the QL] ealoubations for Armoeed
Fighting velieles. He expanded hiswork te inclede aircratt.

Change; Change “Range” o " Radivs” for airgraf,

Change: Make the Ajreraft Attack Factor 2 valuc eotered by the analyst, rather than caleulating it from the air speed.
Change; The Ajrcratt Vuinerability Factor should be avalus enteced by the analysl.

Correction: For helicopters, calenlate the Radios of Action Factor as 01656 x Square Root of the radius.

Chanpe: Forvehicles, calculate the Radius of Action Factor as (.14 x Square oot of the range.

Change: For Iixed-wing aircrafl, calealate the Badios of Action Factor as the Square Rootof (L0656 « the radiug).
Change: For armored fighting vehicles, give the analyst the option of applying the Square Root to the Battlefizld
Mdnlity Factor, Radies of Actiom Factor, Vehide Protection/Punishmoent Factor and the Vehicle Sopply Factor.
Flease note that Vehicle Supply Factor is the result of 4 Square Root operation.

Change: For armored fizhting wehicles, give the analyst the opticn of changing the modiliers vsed tocalculate the
Battlefield Mohility Factor, Radius of Action Factor, Vehicle Pratection/Tunishment Factor and Vehicle Supply
Fubor.

Change: Tocheoge the numberof moundabombes rocketsei., carnied by an airerall, edit the list of weapons mounted
om the aircraft. The nght-hand column contaims the number of rounds, ete, forcach wespon, Changing that nomber
will change the weapon's OLL

Mote: Toenter a comment about & weapon, select the comment option on the menu. Tipe yvour comments in the box
that appears on the sceeen, When vou are done, press the Crirl-End or Ceel-W kewvs to save vour comment. youdonot
want to save the comment, press the Escape key. If you want additional information about how to usc the comment
b, press the F1 key when the cotmment boX appeats on the screet.

Change: bake it possible to change the modiber Tor the Adrcratt Kadius of Action Factor.

TNDM v. 1.593* Release date; 31 January 19584

Change: Modified the Vehicle Sepply Factor caleulation to apply the square root operation onlywhen selected,
Addition: Added a multiplicr for the Vehiele Punishment/Protection Factor.

Change: Modified the Radios of Action Factor 5o that changes to it will “thold” uatl itis changed again. Tlease note
that the value of the Radius of Action Factor @s net the same for Aarmored Fighting Vehocles and Aarcraft; yonowdll hevs
tomvakie sure that the value is cormectwhen caleulating the QLT for an Aircraft,

Change: The Visiihty Factor now defaolts to 0.9,

Change; The Vehick: Punishment/Protection Factor has been changed o 2llow the nse of a multiplier.

Change: If the Armor Type is Super Hawl, the Mobility and Specd values will be leftas s, Previovsly, these values
wele reduced by 1005% whenever Super Haod armor was selected.

TNDM v. 1.594* Release date: 11 April 1894

Change: The second muoltiplication of the Armor Tvpe has heen ramoved.

Chaoge: Dhsabled error checkingbecause ot a problem reported by Clup Sayers. 1hewe bocn unalda to duplicats the
prohlem that he cxperienoed with the T-80 MBET with 125w gun; itmay be related to some ermr checking in the
soltware,

THMDM v. 1.595" Release date: 12 June 1994

Additiom: The now factos have been [ebeled ses “horale,” Morale 15 i the Bate Factors Menu and is applied to the
Combat Power caleulation in the same manner as the CEW

TNDM v. 1.81 Release date: 17 August 1994

The lastvorsion update sent to Chip Sayers was LS, Thiswas in the series used to evaluate changes o the OLI calcula-
tions. 1was unable to tind any documentation that identificd when version |8 was released, Yersion 18] merges e
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changes made by Chip Sayerswith the mainstrezm version of the THDM.

Change: The lower limit for Ratc of Advance modifier has been changsd fromi.5 0.1

Correction: The software has been correctad toallow the times throughout the whols 24-hour clock.

Change: For mobile fighting machines, the listing of the weapons moumnted on the MPM has been improved so that the
weapons do not have o be re-selected each time that en MFM's weapons are chanped.

Change: Armor OLT ealeulaticns Bave been medified to include horseposecr, ground pressure, helght and lengeth as
faLctome.

Addition: Comments about cach weapon can now be entered. The commend for savinga comment is CTRL-W: pross
the Control key, hold it down and then press the W key, To get a description of the other [unctions that can be used
while editing a comment, press the F1 key while editing a comment.

TNDM v. 1.82% Release date; 23 October 1994

This version i3 probably numbered cormeetly, bot the dommentation did not veriby it.

Correction: Fixed the problem that Dave Bongard found in the printouts of engapements. The label for Anti-Alr
Dizfense was in the wrong place; it was appearing where Torved Artillery should have been and the SP Artillery lakel
Wik appearing wheno Anti-Adr Defense should have been.

Change: The Radius of Acticn equation uscd for Armored Fighting Vehicles (ATV ) is the samw one psed for other
Mubile Fighting Machines (MFM). The changesthat were made to the Radivs of Action equation atfects all MEMs.

TNDM v. 1.83* Release date: 31 December 1994

This version is probably numbered correetly, bul the documentaton d2d not venfy it

Correction: Division by zero crror when munning an OLI report.

Comrection: In the QLI menu, nothing happened when Previouswas selected.
Correction: In the QLI menu, noting happoncd whon Scarch was selegizd,
Corvection: In the OLI meany, Clean seeims to run forever,

Corvection: In the Foree menu, nothing happens when Beport is selected.
Cocrection: In the Foreo menu, nothing happens when MNext is selected.
Carvectlon; In the Force menu, nothing happens when Previoos s selectoed,
Corvection; In the Force Menu, Clean seams ko tun lorever,

TNDM v. 1.831* Release date: 20 January 1995

Correction: The appearance of "4 =" before Shoreline Vulnerability is an error that I forgot to correct cardier.
Correction: The starting point in the report indicates the original starting point in the beginning engagement, not the
stiartimy point tor the cureent engagement. Thave corrected this to show the etarting position for the continuation aller
the otiginal starting posibon..

Changed: Prior Days of Combat has been modified to inchuded Elapsed Time, Elapscd Time is hows of combat that
pecurred before the contmuation, Frer Days of Combat is days of combat that oeoerred before the first cngapement,
Correction: "The reasen that Location and “lotal Distance Advanced on page 3 did not match the start location on page
1 i that start location indicatcs the starting position for the first cngagement. The corrcetion made to show the starting
point of the contingation corraces this problem.

Change: The Results Summary printed at the bepinning of the report 18 only for the ficst day. There is currently noway
of calculating a Results Summary for the entire engagement becanse results are calculated for each 24-hour petriod.
Thez reeport has been modificd to print a Roesults Summar y for cach peood ofcombat

TNDM v. 1.832" Release date: 1 February 1995

Correction; T, [N, Dupuy reported an ermmor that oecurred when toving to ron an engagementwhich was created with an
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carlier version of the TNIYM,

TNDM v, 1.84  Release date: 23 June 1996

Unable to modify or re-print an engagement afier it has been sived. Fixad

Dekete all of the Ales ending in INT»

Anti-tank factor is not being caleulated correctly. Fixed

Modified calculation to limit IGI to the tange of 1.0 -2.5

Mahbility factor is not being caleulated correctty. Needs additionul research.

Equation in the software js not the same as that used to calculate the esults manvally. Sze #1 holow.

Vulnerability factor is not being calcolated correctly, Needs additional reseureh

Equation in the software i3 not the same as that wsed to calculate the results manually. See #2 below.

Onder of weapon typesin enpagement report is inoorrect. Fixed; this proble mwas fixed in version 1.82.

Whan entering manual units, program tracks weapons entered, but almvays reports total score as 0. When user presses
ESCto exil, the system asks " Do yow want to add this to your previcus score”?™ User assumes Y, resulting in doublingy
tripling/ets of score. Fixed.

Remewved the question “Do you want to add this t your provious seote™ I is assumed that user will want o replagce
the existing OLIseorc for this weapon type.

Faliting of manval units has been modified to allow the uscr to modify weapon counts, remove weapons or add other
WEAPONS,

When enteting manwal units, progeam docs not clear buffer even if a new unit is added, Fixed.

wWhen cditing manual units, valuesin the summary first serecn do not change when inve oy i3 nendified, cven if
inventory is changed manuplly from the menu. Fixed.

Valaes in factor tables do not always match factors listed in printed. Example:; Terrain, Rugged Bare has an RM vslue
of (L5, bt 0,615 in the printont. Requires additional rescarch,

Comparison of terrain table in software shows that it has more terrain types that in the Febiuary 1991 Rubes &
Procedores Manual. Factorvalues arc also different. See #3 below.

Ranges check crror #202 at (0328 1 B2, (02 F3AAE and IN2FSB1E Unable to duplicate; requercs additional testing.
Long Report does not always print the Attacker and Defender losses near the end of the report. Neod an cxammile to
tix the problem,

When cntering units from the Foree database, if user adds one o more units, then pages up or down and returns to the
uriginal unit list soreen, the numbers of the units are too far to the left Fised.

1. The Mohility equation currently in the TNDM software is:

_(Na + 1Mo + Wia +200Wea + 20Wya) % vma [ Na
 (Nd + 12d + Wid +20Wed + 20Wyd) x vind | Nd

where 12 ig replaced by 15 if year is before 1970 0r by 204 the vear is before 1950,

2. The Vulncrahility equation comrently in the TMDM software is:
Ifﬂ' = j\I'I:{ x '-['rvl.' 'IF Ilu'ui H 1'.'% }: }J'-'I_, K l'Ml;u
¥

3. Factor Tables. Some chanpges were made to the Termain Fecror Table around the time that the cistornized version of
the TN DM was made tor the Swedes. Some additional changes were also made far the Gulf War analvscs, such as
adding acklitional desert termain types.

TNDM v, 1.85  Releasa date: 22 June 1986

Currection: Col. Wagner, South Africe Army Collegr, repores that creor 200 (Diavision by wero) ooeurs consistently
when the Calcolate QLI option is selected while Irying to edita weapon, @
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The TNDM and

Simulating Suppression
by Dave Bongard

The Dupuy Institube, in partnecship with JHE, Inc.
of Vienna, Va, secured a confract with the Field Bleoment of
the Huoman Rescarch Laboratony-Human Resources Engi-
neering Directorate (HRL-HREDY) at Fot Sill, OK, purtof
the Field Artiliery Schoel there, The purpose of the con-
tract, awarded io late 1993, was to examine the mechanism
and clects of hattleficld suppression (Phase 1), with a fur-
ther goal of providing one or more computer combat mod-
clscurrently used by the LS. Avmy wilh a mechanism simu-
lating suppression incombat {Phasc 11}, Phase 1was com-
pleted with the subrmsgsion of the final report to HRL-
HEED in Movember 1994, Phusc I bepan in late spring
1995, is shill in progress and due to be completed in Dieocm-
bier this year

The contrai coneept to this study s that of “sup-
pression”. Suppression may be defined as the transitore or
temporary degradation of oporation capability of an indi-
vidual ar military unet, =% 2 r@sult of the proximity of im pact
of kastile Grepower, Thigincludes both peychological and
physical cffects impaining normal combat performance of
individuals or units who have not been rendered casualties
Wy the firepower impact, In pithier terms, it is the non-
lethal effcet of firepower, especially from indirect fire, on
individuals and units in combat.

The methodolopy empleyed for Phase Twas to ex-
amine a number of battles from both the Pacific and Burg-
pean=Mediterranean theaters in Waorld War [T, The battles
examincd were mostly divigonal-level, and wers separated
into “high suppression’™ (with large quantities of artillery
and airsupport tor gne sice, usually the attacker ) and “low
suppression” engagements, Comparing the computcd CEVYs
foor high suppression enpagements with the CEVs for low
suppression engagements would provide s comrelation be-
twoen CEY and firepower supariotity, thus demonstrating
both that suppression existed ax a battleficld phenomena,
and that it conld bz quantified.

The battles examined wore limited to World War
IT ergagements for two main reasons. Birst was the issoe of
dats availubility: engagemants since 1945 often do not have
degentor usehy] primaoy-sounce materl oo bothsides, such
s the cise of the Korzan War {1950-23) and the Iran-1rag
{I'SIE_‘.-E‘;'] or Fyarait wears (1990-01 k. Saeniwl was the issue
of relovance, since it was more likely that the costome
would accept World War I data than anything earier.

Acordingly, a total of over forty engamemonts wazre
examined, listed hete;

Europeon

Low suppression

1) Sele-Calore, Lis 45th Int Dhiv {12-13 Sep 144.3)

2) Caiazzo

3) Santa Maria Infante, US Xfth Inf Div {12-13 May 1944}
43 San Martino, LIS 85th In Tiee {12-13 May 1244)

5) Velletri, US 36th Inf Div {+) (26 May 1944)

&) Campoleones Station, 1S 3dth & 45th Int Disrs (26-28
May 1944)

Tt Fosse di Campoleone, 45th Int & 15t Armd Divs (28-31
May 1944}

By Krinkelt-Rocherath, US st & 990k Inf Dive (1617 D
TOad)

Oy Saver River, US 4th Inf Dav {~/-+) {16-17 Die 1944

10} Celles, US 2d Arm Div (+) 24-25 Do 1944)

High suppression

11} Anzic Breakout, US Ist Arm DHv (23 May 1944)

12y Cisterna IT, US 3d Tnf Div (23 May 1044}

13) GOODWOOD, UK 1 & VI Comes ( Lstday: 18 Jul
1%44)

14y COBRA-5t Lo, US VI Corps {1st day: 25 Jul 19443
15y Boulowgne, Cin 3d Inf Dev [+ (19 Sep 1944 )

16y Assemsors, TR CCR/4th Arm Div (26 Dec 1944

IV VERTTARLE, 11K 330X Corps [ 1st day: B Feb 1545)
18) Roer River 1, US XTX Corps {1st day: 23 Feb 1943)
19) Roer River 2, US XHI Corps {1st day: 23 Foh 1945)

Pacific

Low suppression

207 Eniwetol, US 106th Inf Reg't {2d day: 20 Feb 1944%)
21) Eniwerek, US 106tk Int Reg't {3d day: 21 Feh 1944,
22% Parry, US 22d Marine Reg't (4) (22 Feb 1244}

23y Towokina Point, US XTV Corps (10-11 Mar 15944
24) Tomb Hill-Owka, US Ytk Int Die (9-11 Apr 1943)
25} Kochi Ridge-Onaga A, US 7th Lnf Div (2527 Apr 1045)
261 Kochi Ridge-Onaga B, US 7th Int Div (25-29 Apr 19435)
27) Eochi Ridge-Onaga ©, US 7th InT Div {30 Apre-1 May
1945

28) Kochi Ridge-Onaga D, TS Tth Inf Div [2-3 hay 1945)
291 Shuri East Flank A, US 96th Ini v {1 1-13 May 1745)
3(H Shuri Bast Flank B, U8 $oth Inf Div (14-18 May 1'445)
31} Shuri Bast Flank C, US 96th [nf Div (20-21 May 1943)

' Althowogh the initial assault on Eniwetok Island was 4 “high
sapprossion” hattle, with extensive nir and naval punfire sup-
port, the 2d and 3d days (which wers treated as separate
engagements because of LS. reinforcements) wors relatively
“lowe-suppression”™ with minos dir swppott 2od only 1 destroyer
for naval gunfire support.
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32y Shuri Envelopment 1, US Tth In Div (20-23 May
1945)

A3} Advanece o Yaczu-Dake, US 96th Inf Div (6-9 June
1945)

34) Yaezu-Dake I, US 96th Inf Div (10-11 June 1945)

High suppression

35y Tarawa, elements TS 2d Manne Div (20 Nov 1943)
30} Roi-Namur, US 4th Marine Div (31 Jan 1944}

37} Kwajalein, US 7th Inf Div (1 Feb 1944)

38) Engebi, US 1 & 2/22d Marine Reg’t {15 Feb 1944)
30 Eniwetok, US 1 & 3/106th Inf Reg't (19 Feb 1944)
410} Saipan, US 2d & 4th Marine Divs (13 Jun 1944)
41) Guam-Asan (N}, US 3d Marine Div (21 Jul 1944)
42) Guam-Apgat (5), US 1st Prov Marine Bde (21 Jul
1944)

43) Tinian, US 2d & 4th Marine Divs (24 Jul 1944)
44) Iwo Jima, US 4th & Sth Marine Divs (19 Feb 1945)

The results of these TNDM engapement analyses

are appended to this article as a series of tables. &

Key to tables:

Engmt name — engagement name

Srec — successful side, or winner

NagiNdf — number of attackers (personnel) divided by
number of defenders Historical results (what actually
happened)

A cay — attacking force casualties per day

D cas — defending force caspalties per day

FoatC0edfC — ratio of casvalties (in pereent) of attack-
ing force to casualties (in percent) of defending foree

0 ady — distances advanced by attackens, in kilometers
FatiPdf — attacking {orce Combat Power divided by
defender Combat Fower

THNDM results (what the model said would happen, with
historical inputs) —same categones as in *Historical
resulis”

CEV — maodel-caleulated Combat Effectivensess Value for
atcacking force

CECERay — numernical difference bebween averige
attacker’s CEY and engagement CEV {only for high
SUPPFESKION Engagements)

N Atk —number of personnel in attacking foree

N Dfnd — number of personnel in defending force

P A — Combat Power of attacking force

P Def — Combat Power of detending force

PN At — Combat Power per individual in attacking
force

I’.I'NDEJF— Combat Power per individeal in defending
foroe

Pg/N A — Combat Power of Artillery per individual
attacker

PyiN A — Combat Power of Air Support per individual
attacker

FPre— “gxeess firepower”, measured in Combat Power
(P)

PeyiN A — Combat Power of Artillery and Air Support
perindividual attzcker

Pyg AP I — Combat Power of Attacker Artillery and
Adr Support divided by Defender’s Combat Power
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How the TNDM

Measures Fortifications
by Christopher A. Lawrence

In April of this year, members of the Joint Chiefs
of Staff (JOS) requested that we prepare a study on the mili-
tary impact of the international convention 1o ban anti-per-
sonmel mines, Our first draft was delivered within eight
days of the request, with further material submitted later,
We also prepared considerable analysis after that, but no
further work was contracted for, as a decision had been
made by the President on the subject. We therefore ceased
work on this effort.

As part of this effort, we attempted to usc the
TNDM to measure the impact of fighting conventional ac-
tions with AP mines and without AP mines. This led me to
first conduct an analysis of how mines are modeled within
the TNDM. I prepared two brief papers on the subject. One
wits tithed " Estimating the Impact of Mines as Measured by

the TNDM™ and the other was called “Estimating the Im-
pact of Mines on Force Vulnerability as Measured by the
THNDM",

The first paper was included in our report “Mili-
tary Conscquences of Landmine Restrictions™ as part of
Attachment 2, “TNDM Analysis,” to our report. We may
issue out the resultsof this analysis at a later date.

The second paper was not included in our report
as it was too esoteric and inconclusive for any deliverable
product. We have included it here just 1o spark some inter-
est in understanding the internal workings of the model.
Quite simply, until now, I had never bothered to look at
how the TNIDM measures vulnerability, There arc snme
surprisingly sophisticated, if not idiosyncratic, formulations
in this model. &

Estimating the Impact of Mines as Measured by the TNDM
5 April 1996

1. The measurements for fortification and defense factors
that arg used in the TNDM comes from a study done for the
US Army Concepts Analysis Agency called  Historical Evalu-
iiton af Barrier Effectiveness prepared in March 1974,

2. The study confirmed Clausewitz's assertion that “the
defense is the stronger form of conducting war” and indi-
cated that the combat capabilities of a military foree is en-
hanced, or multiplied by a factor ranging from 1.15 to 1.6,
depending upon the extent to which the defensive position
has been prepared or fortified.

3. According to the study, the preparation of the defensive
position involves four major kinds of efforts:
1. The construction of entrenchments and other
forms of field fortifications.
2. The preparation of demolitions to block pas
sage of roads, defiles, or bridges
3. The preparations of various forms of constructed
obstacles to block limited or broad avenues of
movement.
4, The emplacement of mines or other explosive
charges to impeded hostile progress across oth
crwise favorable, generally broad, avenues of
movement.

4. The study claimed that the historical records did not
provided any direct evidence of the relative contribution of
cach of the four components, but the study claimed that
field fortifications made up half of the defensive value, It
claimed that the defensive value of the other three compo-
nents (mines, obstacles and demolitions) are approximately
equal

5. When a defense is fully developed, the total bonus is
60%, Of these field fortifications account for 30%, demo-
litions account for 105, mines account for 10%, and con-
structed obstacles account for 109, This ratio only applies
after all have been fortified.

6. In Numbers, Predictions and Wars | the following posture
table is uscd:

Force Strength ~ Vulnerability
Attack 1.0 1.0
Defense (hasty) 1.3 0.7
Defense (prepared) 1.5 0.6
Defense (fortified) 1.6 0.5
Withdrawal 1.15 .85
Delay 1.2 0.65
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7. Infigure V-24 of the study, the component parts of the defensive value are:

Field
Valuoe Demo. Mines Obstacles Fortifications
Withdrawal 1.15 0.055 0.05 0.0225 0.0225
Delay 12 0.07 (.06 0,035 0.035
Hasty 1.3 0.09 0.08 0.06 0.07
Prepared L5 0.1 0.1 .1 0.2
Fortified 1.6 0.1 0.1 1 0.3

Nove: all these figures are hivpothetical, and none are direcily supponied by data.

8. Therefore, making an assumption, collaborated by measures of effectiveness derived from historic data (see Attach-
ment 4), that AP mines and booby traps make up half of the mine effects acoounted for, the reduction in defensive posture
values for the following postures are;

id Degradation Mew Percent
Value Amount Value Degradation
Withdrawal: 1.15 M3* 1.12 2.6 %
Delay: 1.2 03 1.17 25%
Hasty: 1.3 4 1.26 1%
Prepared: 1.5 05 1.45 3%
Fortified: 1.6 05 1.55 1%

* rounded up to the nearest .01,

9. While booby-traps arc used to some cxtent in protecting barniers and obstacles, the measurable impact on conventional
eombat is considered low enough to be entirely ignored for purposes of this study. &
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Estimating the Impact of Mines on Force Vulnerability as

Measured by the TNDM
5 April 1996

1. The measurements for fortification and defense factors
that are used in the TNDM comes from a study done for the

US Army Concepis Analysis Agencycalled Histovical Evil-
ation of Barrier Effectivencss prepared in March 1974,

2. Thisstudy does not address the vulnerability factors that

are used in the TNDM. Itonly addresses the defense fac-

tors. Mo study has been located that discosses how the vul-

nerability factors were derived. In Numbers, Predictions and
War, Col. Dupuy states that the formula concerning valner-
ability came from considerable experimentation with WWII
data. In that formula, the posture valnerability factor (some

number one or smaller) was divided by the terrain factor
for the defensive posture (some number 1 or greater). In the

case of attackers, this posture factor isone.

3, The end result of this formulation is intuitively that
people in defense suffered lower losses if all other factors
were equal. Also, people defending in rough terrain suf-
fered lower losses than those that are not. The two reduc-
tions in vulnerability were multiplied together, There was
then a second formula that effectively reduces the impact of
the casualty reduction by some amount tied to the firepower
scores of the weapons for a side. It also reverses the valuve of
the numbers so that more volnerable forees have a smaller
multiplicr and therefore a lower firepower score. This mul-

tiplier is then applied to the firepower scores for each side
in determining the victor, and later the opposing sides vul-
nerability modifier is used o reduce casualtics. The rea-
soning behind these last three steps are not folly under-
stood.

5. In Nurmbers, Predictions and Wars , the following posture
table is used:
Force Strength  Vulnerability

Atlack L0 1.0
Defense {hasty) 1.3 0.7
Defense {prepared) 15 0.6
Defense (fortified) 1.6 0.5
Withdrawal 1.15 0.85
Delay 1.2 0.65

6. The reductions in vulnerability scores for hasty, pre-
pared and fortified postures seems to be tied, and probably
should be tied to the amount of entrenching that has been
done. The lower vulnerability for withdrawal and delay
appear 1ohe clearly ticd to the posture and have nothing to
dowith mines,

7. Therefore, no modifications need to be made to the
wulnerability factors to acoount for banning AP {or for that

matter AT) mines. &
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From the Editor...

I assume that everyone has received his or her first International TNDM News-
letter and read it cover to cover with great enthusiasm. I know at least one person opened
up the front cover, as I received an e-mail message pointing out a typo in our masthead.
The first issue was thicker than I planned, as José Perez surprised me with the detailed
modification listing for the TNDM. This newsletter is more typical of what you will see
in the future. It is again thicker than we expected, but has three times the articles.

As we promised when we first started marketing our support contracts, we are
looking at updating the TNDM. We have begun work, as part of our contract on the
effects of artillery suppression, to develop a logistics module for the TNDM. My first
draft of the concept behind this module is attached. I would like to thank José Perez for
providing me with useful comments. I would be very interested in hearing commentary
on my plans to develop a logistics module. We intend to do some basic background
research on the subject during October and November, and start working on the archi-
tecture of the module in December. I am guardedly optimistic that we can have a func-
tional module in January or February. We shall see. We will keep you informed of the
progress on this effort through the newsletter.

The first article in this newsletter, by Dave Bongard, is an attempt to analyze a
modern battalion—level battle. In the original conception of the Quantified Judgement
Model (the predecessor to the TNDM), the idea was to use it as a tool to analyze his-
torical engagements. This was referred to as the Quantified Judgement Method of Analy-
sis of Historical Combat Data (QJMA). This ability to analyze a historical battle lead
to the QJM, which was essentially using the historical model as a predictive tool. As one
can see from this article, if one assumed that the Argentine Army was the equal to the
British, then one could not have correctly predicted the outcome of Goose Green. If
one assigned the British a CEV of 3, then one gets a reasonable predictor, even if the
advance rates are too slow and casualties for both sides are too high by a factor of two.
In these cases I am referring to only the first two runs of the TNDM.

Additional improvements to the analysis can be made “after the fact,” as was
done here with the recording of the Milans as anti-infantry weapons. But unless the
analyst is particularly clever, this modification is not one that would have been seen
when using the model for predictions.

The assignment of a CEV for the engaged sides is necessary for producing rea-
sonable predictions. If you look at If War Comes: How to Defeat Saddam Hussien, which
we included in our first issue, you will note that at the beginning of the analysis, Trevor
Dupuy assigned a CEV of 3 to the US relative to the Iraqis. He stated that this was a
conservative estimate and felt in private that it was a very conservative estimate. Tradi-
tionally, the Iraqi army has been one of the worst of all the armies that Israel engaged,
and this was the basis for Trevor’s analysis. The performance of the Iraqi army during
the Iran-Iraq War had done nothing to change this opinion.

I believe that there needs to be a more rigorous methodology for developing
CEVs. Right now, they can be determined only after the fact. As a predictive tool, you
end up having to make a judgement call based upon past performance, plus any adjust-
ments based upon changes to the military system, combat experience, and training re-
gimes. While one should never underestimate the enemyj, it is completely unjustified to
assume that the average Iraqi soldier has the same level of skill, training, motivation
and combat effectiveness as the professional US volunteer troops. If all other factors
are equal, one should expect that a conscript army will be inferior to a volunteer army.
This is true for British and Argentines, US and Iraqis, and almost certainly true for the
US Army of the 80s and the Soviet Armies of the 80s (I am trying to provoke someone
to write a letter). To assume that two armies with very different recruitment systems,
doctrine, motivation, societies, etc. are the same is clearly in error. This, I believe, is the
most common error in the combat modeling business.

(cont.)
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This whole discussion will eventually lead to me
produce an article in this newsletter on how to predict a
CEV for an army and a proposal for a more rigorous
methodology for developing a CEV.

We also have in this issue two more articles by
Dave Bongard. This includes a description of how to read
a TNDM printout and a discussion of the weather fac-
tors that we inserted in the TNDM version 1.84 for
Nicklas Zetterling of Sweden. This article was faxed to
Mr. Zetterling for comment before we published it. I be-
lieve he volunteered to make a contribution to a later
issue of the newsletter on how he developed these fac-
tors. He has done considerable analysis of arctic battles,
particularly the WWII battles around Petsamo. I look
forward to seeing what he has.

Seeing how Dave Bongard has written many of
the articles in the first two issues of the newsletter, I fig-
ured it was time to introduce him. So, as a regular fea-
ture of the newsletter, we are adding a “Who is TDI”
section that will introduce the reader to the people who
make up the Dupuy Institute and are writing these ar-
ticles. Dave was unable to produce a satisfactory recent
photo of himself for the article, so we substituted some-
thing appropriate.

I have prepared six short articles for this news-
letter. Three of these describe the plans for model de-
velopment that we are looking at for the TNDM. These
are the articles on our planned improvements for the
TNDM, the logistics module for the TNDM, and our test
of changing the rates of fire in the TNDM. As you are
the users of the TNDM, I am very interested in what you
consider to be important, what are the shortfalls in the
models and where do we need to make improvements.
Please feel free to forward any comments or criticisms
that you have.

The next article is on our plans for validating
the TNDM at the battalion level. In writing this article, I
ended up with long discursion on the original QJM. So I
decided to unclutter my text and make a new article,
thereby cluttering up the newsletter. This resulted in the
article on validation of the QJM. Finally, there is a brief
article on the Velocity Attrition Factor used in the
TNDM.

Finally, José Perez has prepared an article de-
scribing how to modify the menu’s in the TNDM so you
can convert them to another language. Not all users of
the TNDM are fluent in English, and there is an easy
methodology for converting the menu’s into your native
language.

In the last issue, I promised to include a descrip-
tion of the use of mines and fortifications at Kursk and
an article on the use of Lanchester Equations in the
TNDM. Unfortunately, I was furiously trying to com-
plete the Kursk database during September and have a
backlog of work to do on the Suppression contract. There-

fore these articles are delayed until one of the later is-
sues.

The next issue will address dispersion and how
attrition is calculated. We will take a look at issues re-
lated to our battalion-level validation, including the ef-
fects of unit size and time on the attrition calculations.
We will also be looking at how to reflect “stealth” in
TNDM OLIs, providing a description of the Modern
Contingency Operation Database (MCODB), and will
present a paper I've been developing on how to model
operations other than war (OOTW—a phase I do not
like, but is the currently in vogue buzz-word in the US
defense community).

The fourth issue will contain an article on our
initial attempts to create a model of the Air Campaign.
We hope to publish the results of our validation of the
TNDM as a battalion—level model. One could say that
Goose Green—Darwin article is the start of this effort. It
will also include an article on the use of the Lanchester
equations in the TNDM.

Issue 5 will focus on the modeling of tanks and
armored warfare. This will include the article on the use
of mines and fortifications at Kursk. The sixth issue will
include an article written by Trevor Dupuy that has never
before been published, entitled Technology and the Hu-
man Factor in War.

Again, thanks to Arnold C. Dupuy of NOVA
Publications, we have arranged for everyone receiving
this newsletter to also receive a copy of Future Wars. This
book was written back in 1992 as an attempt to analyze
some of the potential conflicts of the would. Apparently
it received some press in Japan due to the postulated use
of the Japanese air force in a future Korean War.

That is all for this issue. If you have any ques-
tions, please contact me. Addresses, e-mail addresses, and

phone numbers are in the masthead. @

e
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A TNDM Analysis of &
Goose Green—-Darwin, 28 May 1982

1T
=

by Dave Bongard

The Battle of Goose Green, or more properly
Goose Green—Darwin, was the first land action of the
Falklands War of spring 1982. It was a resounding Brit-
ish success, and a severe shock to Argentinean morale. It
was also welcome good news to a British public weary of
naval mishaps and relatively heavy losses at sea. Although
the main British objective in land operations was the lib-
eration of Stanley, the capture of Goose Green—-Darwin
was an important intermediate step, as it secured a valu-
able airfield and screened the southern flank of the east-
ward cross-country British advance on Stanley.

My initial analysis of the battle (about which
more will be detailed below) showed that the TNDM
could not, at first pass, recreate the battle, even with care-
fully selected environmental and weather conditions. I
thought I might have found the “exception to the rule,”
which the TNDM could not simulate. The following ar-
ticle is an evaluation of the TNDM analysis and how I
was later able to improve it to more closely reflect real-
ity.

The British attack on the Argentinean force at
Goose Green and Darwin settlements on East Falkland
was a classic light infantry assault on a prepared position
held by numerically superior forces. The 2d Battalion,
the Parachute Regiment made its assault from the north,
starting about 0300, well before first light. The “2d Paras”
comprised about 550 officers and men, equipped with two
81mm mortars,' 12 Milan ATGM launchers (the normal
allotment was 16), an assortment of other infantry weap-
ons (twice the usual allowance of GPMGs, with LAWs,
Carl Gustav rockets, and rifles),? and supported by half
of 8 Battery of the 29th Commando Regiment, R.A., with
three 105Smm Light Guns. The Paras were also supported
by fire from the frigate HMS Arrow’s 4.5" gun (this was
sporadic, since the ammunition feed system broke down),
and eventually by three Sea Harrier sorties.

Their attack moved south, with Darwin as their
initial objective, and Goose Green itself as the ultimate
goal. The Argentinean defenders were well dug—in, al-

! The choice the Paras faced, because of lack of transport, was
either to have all eight mortars and almost no ammunition, or
two mortars with almost as much ammo as they needed. Sensi-
bly, they opted for the second choice, albeit not without some
grumbling. British transport assets, especially helicopters, were
stretched to, and past, the limit during the campaign.

2 The 2d Battalion, The Parachute Regiment was authorized
one 51mm mortar with each infantry platoon (30-32 men and 1
officer), but these had been left at San Carlos, with six of the
81mm mortars, to save weight.

though before the battle the Paras had been told that
there were only about 500-700 of them. Between the
completion of their approach march in the early hours
of 27 May and the start of the battle a day later, the Paras
learned that there were really twice as many, some 1,300
to 1,400. This force comprised the 12th Infantry Regi-
ment, reinforced late on 27 May by elements of the 25th
Infantry Regiment, brought in by helicopter, along with
150-200 Argentinean Air Force personnel assigned to
the airstrip, the three Pucara strike aircraft based there
(these departed hastily soon after the attack began), and
the defending antiaircraft battery.

The Paras’ advance encountered unexpectedly
heavy resistance as dawn broke. The Argentinean infan-
try blazed away, not very accurately, with rifles,
machineguns, grenade launchers, and recoilless rifles
from their forward entrenched positions. From the Ar-
gentine main and headquarters positions around Goose
Green came fire from their 81mm and 120mm mortars,
and the battery of M-56 105mm howitzers assigned to
the garrison.’ Although resolute, the Argentinean defense
was only haphazardly coordinated. The British attack was
further hampered when their mortars ceased fire because
of ammunition exhaustion just after 0900, after HMS
Arrow’s gun had ceased firing about 0830. Eager to main-
tain momentum and keep the attack moving, Col.
Herbert Jones (almost universally known as “H”), com-
mander of 2d Battalion, personally led an attack against
a troublesome strong-point threatening B Company’s line
of advance. Although the assault was successful, Jones was
mortally wounded and died a few minutes later, just af-
ter 0930.* Command then passed to Major Chris Keeble,
the battalion’s executive officer. Keeble also wanted to
maintain impetus, and called for the support company’s
Milans and machineguns to be shifted forward to the hills
east of Boca House.

The Paras continued their attack, making their
way forward to the south with dogged determination.
They overran position after position held by the 12th
Regiment, either capturing or killing the defenders in
place (usually with rocket rounds), or driving them south-
ward to the next position. The Argentineans mounted

3 The battery in question had four M-56s, but one was out of
action before the battle began.
4 Lt. Col. Jones was awarded a posthumous Victoria Cross, one
of two such given for valor during the Falklands War; the other
went to Sgt. Ian John, 3d Battalion, The Parachute Regiment,
killed in fighting on Mt. Kent.

October 1996 5



Camilla Creek

nd Paras af owe 3

2 Para arrives from 8 Battery

Goos een—narw, Sussex Mountains (3 x 105mm guns)
28'May 1982

ZCo . 1000 27 May:
arrarrockiey C Coy patrol clears route &

=P B Coy to start lines v

Crosland 2200 27 May: AY

C Coy k Rest of Bn follows >

Jenner ¢
=P D Coy 2x 81

N A2 x 81mm mortars
» C Coy + A (out of ammo at 0900)

plt A Coy
|:| Minefield

oy: 0320

Hill or High Ground

AAAA Argentine Defense Line

27 May: OPs
28 May: Fire Base
o GRS
0 Miles 1 Seel ) bDe Y,

=]
N
[

1
Kilometers

||
\@!e House

HMS Arrow shells
Argentine positions;
withdraws before dawn

0500/ A GOy finds
n@oppodition

Corpnation-RPeint

1115: B Coy pinne
by MG; D Coy outflan

Boca Hoysg B A‘{ <

(ruins)

=X

Darwii
RN S /|Darwin

A Coy pinned down

by heavy MG fire; g/e\fsogP
LtCol Jones KIA; . battle
Keeble takes command

1000 29 Ma
Air Commodore Pedroza
surrenders to Keeble

schoolhouse

4%
/,::

Dusk: Attack by 3 Harriers

The International TNDM Newsletter



no local counterattacks, apparently impressed enough
with British firepower not to want to leave their trenches.
The British were supported by effective direct fire from
the Support Company’s Milan ATGMs, which eliminated
anumber of Argentinean bunkers and positions. By mid—
afternoon, the Paras had reached the edge of the airfield
(in the process temporarily silencing the Argentine au-
tomatic antiaircraft cannon, and captured the school-
house. By this time, the Paras had captured some 74
Argentinean officers and men, about half of them
wounded, and had counted over 20 corpses in positions
they had captured.

As dusk was about to fall, an Argentinean air
strike, comprising two A—4K Skyhawks followed within
a moments by a pair of Pucara light strike—trainer air-
craft, hit the British positions but caused little damage.
Barely had these aircraft departed when three RN Sea
Harriers came in from the west, making an almost surgi-
cally precise strike against the Argentine antiaircraft guns
and other positions near the airfield and Goose Green
settlement. As darkness fell, the weary Paras drew back
from the edge of Goose Green settlement into the dead
ground beyond the ridges, and settled down for a cold
night in the open. Firing died away between 1800 and
1900. By early evening, Argentinean resistance was con-
fined to a small lodgement near Goose Green settlement
proper and the eastern edge of the airfield: it was a tiny
area, barely a square kilometer, into which to cram over
1,100 military personnel and over 100 local civilians.

Although Major Keeble planned on renewing
the battle next day (29 May), and there was some scat-
tered firing during the night, this effectively the end of
the Battle of Goose Green. Keeble’s call for reinforce-
ments brought him the rest of 8§ Battery and 2,000 rounds
of ammunition (all 840 of the initial allotment had been
used), the 2d Para’s other six 81lmm mortars and addi-
tional mortar rounds, and several BV-200 tracked over—
snow vehicles, borrowed from the Royal Marines. The
following morning, before the attack was to begin at 0900,
Keeble and Captain Rod Bell of the Royal Marines (who
spoke fluent Spanish) undertook to negotiate the
Argentineans’ surrender. The Argentineans had been
badly shaken by the previous day’s fighting, expected no
relief, and were not ready to die in a hopeless fight. They
also believed they were facing most of a brigade, or at
least two or three battalions. After a few delays, partly
occasioned by difficulties coordinating the Air Force and
Army surrenders, over 1,050 Argentineans marched out
to lay down their arms. By a little after 1000 hours on 29
May, Goose Green and its grateful 112 civilian inhabit-
ants were back in British hands.

I spent some time considering the terrain and
weather conditions to get them to mesh with the TNDM.
After some crude experimentation, and looking at other
engagements, I chose Rolling—Gentle-Bare terrain (the
ground is actually densely covered with gorse and scrub,

sometimes punctuated with rocky outcroppings, but little
vegetation is over 1 meter (40 inches) high. I also de-
cided on Dry—Overcast-Extreme Cold weather. The tem-
peratures were actually a little above freezing, with spo-
radic drizzle early in the fighting, but the “Extreme Cold”
would limit everybody’s efficiency, as seemed to have
happened in the historical engagement.

Finally, there was the thorny issue of casualties.
The Argentineans, naturally enough, have been reluctant
to admit that their superior forces were beaten by a small
force of light infantrymen, and they have not been forth-
coming with casualty figures. The Argentineans officially
admit to 131 killed and wounded, and the British re-
corded that they had captured 74 Argentine soldiers be-
fore the garrison surrendered (about half of these were
wounded), so a round figure of 200 Argentine casualties
is reasonable, and perhaps a trifle low, since the “offi-
cial” Argentinean casualties do not count Air Force per-
sonnel killed or wounded. The British, by comparison,
counted 18 dead (16 paras, one Royal Marine helicopter
pilot, and one engineer) and 33 wounded, for a total of
51 casualties.

One consideration which stood out in my mind
was the effect on the ground fighting of the four
Argentinean antiaircraft guns. Variously noted as twin
20mm or 35mm weapons, they were employed with con-
siderable effect against British troops, who took some
care to stay off the crests of ridges. I decided to count
them as two German Rh-202 twin 20mm guns, and two
Swiss GDF-002 twin 35mm guns. After further consid-
eration, I decided to count half the guns, one Rh-202
and one GDF-002, as infantry weapons, manually add-
ing two additional systems and the appropriate OLI to-
tal to the Argentine infantry weapons figures.

My first efforts, though, which I performed over
the course of several weeks in the summer and autumn
of 1995, were frustrating (see pp. 9-14, for GOOSEG1A
and GOOSEG1B). Notably, the TNDM indicated the
British should suffer about three times the casualties they
had actually lost. Moreover, the British had grave diffi-
culty advancing any distance at all, never mind the eight
or ten kilometers they covered from their first contact
with Argentine defenders. Even when the British were
granted a relatively high CEV of 3.0 (see pp. 11 and 13),
their losses were still too high, and their advance was
barely 2600 meters. If the Paras had made only such an
advance, they would have halted for the day just north of
Boca House, which they historically reached about 0830,
five and a half hours into the assault.

Unhappy with these results, I began to consider
changes. First, I decided that although I was counting the
battle as 24 hours long, this was an inaccurate represen-
tation. The British began their attack about 0300 on the
28th, and firing generally died away after 1800-1900 or
so that evening, so the actual “shooting” part of the battle
was a matter of 15-16 hours, not 24. On the other hand,

October 1996 7



shortening the battle would reduce the British advance
rate, but after mulling the issue over for a while I opted
for the 15-hour battle for my next runs.

I had spent some time thinking about the U.S.
M-72 LAW (light antitank weapon), a disposable 66mm
rocket used for use against enemy armored vehicles as
well as bunkers and pillboxes. As far as the TNDM is
concerned, the LAW is counted as an antitank weapons
when fired at armor, but as an infantry weapon when fired
at bunkers or pillboxes. Subsequently re-reading
Hastings’ account of the battle, I was struck by the fact
that British took out a number of troublesome Argen-
tine positions with Milan antitank missiles, and with Swed-
ish-made Carl Gustav 84mm antitank rockets. This is
echoed in other books on the Falklands War, notably gar-
nering an entire chapter’s coverage in Falklands Armoury,
ed. Mark Dartford; Poole, Dorset: Blandford Press, 1985.
Reflecting also on what I had done with the Argentinean
air defense guns, I realized I needed to count the bulk of
British AT assets as infantry weapons. Since the 2d Paras
were using Milans and Carl Gustavs (and LAWs, too)
just like the U.S. Marines used LAWs, I defined the Milan
and Carl Gustav as infantry weapons alongside their an-
titank definitions. I also simply borrowed the redefined
M-72 from the U.S. Infantry weapons listing. I kept 4 of
the 16 British Carl Gustavs defined as AT weapons,
mostly to account for relative lack of training and expe-
rience using them as infantry weapons.

Eureka! Redefining the LAW, Carl Gustav, and
Milan as infantry weapons raised the total British infan-
try-artillery OLI from 971.7 (pp. 10, 13) to 1971.28 (pp.
16, 19). This alteration gave the British the force-ratio
level needed to achieve something closer to the histori-
cal result with the model, and indicated a reasonably close
battle even before I applied a British CEV (p. 15). Once
I applied a CEV for the British of 2.6 (derived from the
top of p. 16), the British actually won. The casualty rates
were about 8% too high for both the British, and about
10% too low for the Argentineans, but were at least in

the ballpark. The advance rate was not fast enough ei-
ther (just over 3 km per day, rather than the actual 8.5
to 10), but on the other hand the British actually moved
forward a significant distance.

The basic equipment and manpower strengths
for the adversaries are readily discerned from the print-
outs. The details of armament for the two forces are
described in the table below.

Argentine air support comprised two A—4D sor-
ties, and two Pucara sorties; the British had three Sea
Harrier sorties, one armed with rockets and two with clus-
ter bombs. British naval gunfire support, counted as self-
propelled artillery, represents HMS Arrow’s single 4.5"
(114mm) gun. The personnel figures above include air-
Crew.

The fact that the TNDM did only a fair-to-mar-
ginal job of recreating the Battle of Goose Green is prob-
ably attributable to several factors. First, as a small-scale
engagement, luck or blind chance played a proportion-
ally greater role than it would have in a division-level or
even a brigade-level battle. Second, while the
Argentineans put up a pretty stout resistance, they were
overwhelmed by superior British leadership, training, and
esprit de corps. It is worth noting that the Argentinean
troops mounted no local counterattacks, and fought al-
most entirely from their positions, effectively waging a
passive defense and leaving the initiative completely to
the British. British leadership at all levels was deter-
mined, flexible, and effective, providing the Paras with a
crucial edge. Third, the British made a major effort to
keep their forces mobile and moving forward; Jones,
Keeble, and the company commanders all led from the
front, and the decision to leave behind the 51mm mor-
tars was taken to lighten loads and enhance mobility. To-
gether these factors, which can be reflected only partially
within the TNDM, produced the historical battle of

Goose Green. &

British Argentinean

548 personnel

1,324 personnel

380 x L1A1 rifles

650 x FN-FAL rifles

76 x L8A2 GPMGs

90 x LMGs

24 x M66 LAW RLs

18 x FN-MAG MMGs

16 x Carl Gustav AT RLs

8 x M-2 HB .50cal HMGs

12 x M79 40mm GLs

18 x 40mm GLs

12 x Milan ATGMs

8 x 81mm mortars

2 X 81mm mortars

4 x 120mm mortars

3 x 105mm light guns

12 x M40A1 106mm RRs

6 x Blowpipe SAMs

3 x 105mm M56 howitzers

2 x Rh-202 twin 20mm AA guns

2 X GDF-002 twin 35mm AA guns
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/12/1996

ENGAGEMENT FILENAME: GOOSEG1A ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: Attack by 2d/Para on 12th Inf
Reg’t (+) at Darwin-Goose Green; std wpns evaltn
STARTING DATE OF ENGAGEMENT: 05/28/1982

STARTING TIME OF ENGAGEMENT: 0300

ATTACKER: 2d Bn/Para Reg’t

DEFENDER: 12th Inf Reg’'t (+)

ATTACKER’S STARTING POINT (X, Y): 0.00, 11.00
ATTACKER’S OBJECTIVE (X, Y): 0.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER
COMBAT POWER RATIO 0.753 1.327
WINNER XXXXXX
DISTANCE ADVANCED 0.000
ADVANCE RATE (KM/DAY) 0.000
CASUALTIES 143.683 114.166
% CASUALTIES/DAY 26.219 8.623
TANK LOSSES 0.000 0.000
% TANK LOSSES/DAY 0.000 0.000

PROGRAM-CONTROL VARIABLES

TIME STEP FOR ATTRITION CALCULATION: 24.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 24.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 24.000 HOURS

INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA
ENVIRONMENTAL VARIABLES
LIGHTING LEVEL: 24-HOUR PERIOD
TERRAIN TYPE: ROLLING-GENTLE-BARE
WEATHER CONDITION: DRY-OVERCAST-EXTREME COLD

CLIMATE/SEASON OF YEAR: TEMPERATE

ROAD QUALITY: POOR ROADS

ROAD DENSITY: SPARSE

OPERATIONAL VARIABLES

ATTACKER’S MISSION: ATTACK (NORMAL)

DEFENDER’S MISSION: PREPARED DEFENSE
ATTACKER’S WEAPONS SOPHISTICATION: BRITISH/FRENCH/NATO
DEFENDER’S WEAPONS SOPHISTICATION: GERMAN/SWEDISH/S. KOREA

FORCE TYPE: INFANTRY
NEITHER SIDE HAS AIR SUPERIORITY
SURPRISE LEVEL: NO SURPRISE

PRIOR DAYS OF COMBAT - ATTACKER: 0.00
PRIOR DAYS OF COMBAT - DEFENDER: 0.00
Shoreline Vulnerability not applied

HISTORICAL FACTORS ATTACKER DEFENDER
CASUALTIES/DAY 51.000 200.000

ARMOR LOSSES/DAY 0.000 0.000

MISSION ACCOMPLISHMENT 8.000 2.000
DISTANCE ADVANCED/RETIRED 10.500 -10.500
DEPTH 3.000 9.000
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EQUATION MODIFIERS ATTACKER

COMBAT POWER: 1.000
ATTRITION RATE: 1.000

TOWED ARTILLERY RATE: 1.000
SP ARTILLERY RATE: 1.000
ADVANCE RATE: 1.000

SET PIECE FACTORS: 1.000

ATTACKER’S ORDER OF BATTLE

1.000 2d Bn/Para Reg’t w/std AT of UK
1.000 Goose Green NGS & Air of UK

DEFENDER’S ORDER OF BATTLE

DEFENDER

N

.000
.000
.000
.000

1.000

1.000 12th Inf Reg’t (+), GGr/D of ARGENTNA
1.000 Goose Grn Air Sppt of ARGENTNA

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL............

NUMBERS OF COMBAT SYSTEMS

AYMOT ¢ v ot ettt et e et e e e 0 0
Infantry....ooeiiiiiiiieiinnn. 450 748
Anti-Tank......oveiiiiiinnnan. 48 12
Towed Artillery............o.... 3 3
Self-Propelled Artillery....... 1 0
Anti-Adr......oiiiiiiiiiiii, 8 10
Fixed-Wing Aircraft............ 3 4
Rotary-Wing Aircraft........... 0 0
TOTAL OLI
NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vi i i ittt i 4 12
Tracked Vehicles............... 0 0
Fixed-Wing Aircraft............ 3 4
Rotary-Wing Aircraft........... 2 0
Motorcycles....o.ooiiiiiieinnnn. 0 4

548 1324
ATTACKER DEFENDER
SCORES
0.000 0.000
395.420 1940.700
1116.000 432.000
576.000 345.000
280.000 0.000
352.000 606.000
1233.000 464.000
0.000 0.000
3952 3788

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 24.000 HOURS OF COMBAT

(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS

FORCE STRENGTHS............ 2468.
FORCE RATIO.......cvvivnn.. 0.

COMBAT POWER (P)........... 3816.
P/P RATIO. .t ivietieeennenn 0.
SPATIAL EFFECT............. 1.
CASUALTY EFFECT............ -2
HISTORICAL RESULT.......... 10
R/R. et i i i et 3
CEVE. .o it 4
CEVI. . ittt 1
CEVad. .o, 2

TIME AND SPACE

ADVANCE RATE (km/day) : 0.
LOCATION (x, y): 0.
TOTAL DISTANCE (km): 0.

430
730

735
753
661

.093
.208
.403
.517
.386
.951

000
000
000

3380.487
1.369

5066.634
1.327
1.850

O O O O WwWw

.490
.000
.294
.221
722
L4772

11.000
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FINAL INVENTORY ATTACKER DEFENDER
NUMBER OF PERSONNEL 404 1210

ATTACKER DEFENDER

NUMBERS OF COMBAT SYSTEMS SCORES
728 11T ol 0 0 0.000 0.000
Infantry..... oo, 332 684 291.743 1773.357
Anti-Tank......ooeviiiiinnnn. 35 11 823.391 394.749
Towed Artillery............o.... 3 3 542.014 338.834
Self-Propelled Artillery....... 1 0 240.508 0.000
Anti-Adr.... ..o, 6 9 259.708 553.746
Fixed-Wing Aircraft............ 1 3 220.107 330.872
Rotary-Wing Aircraft........... 0 0 0.000 0.000

TOTAL OLI 2377 3392

NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vviiii ittt
Tracked Vehicles...............
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........
Motorcycles.....ooiiiiiieinnnn.

o O O W
S O W o

R R R R 3

* End of report *
R R 3
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved

09/12/1996

Version:

ENGAGEMENT FILENAME: GOOSEG1B ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: Attack by 2d/Para on 12th Inf
Reg’t (+) at Darwin-Goose Gr; std wpns, UK CEV=3.0
STARTING DATE OF ENGAGEMENT: 05/28/1982
STARTING TIME OF ENGAGEMENT: 0300

ATTACKER: 2d Bn/Para Reg’t
DEFENDER: 12th Inf Reg’'t (+)
ATTACKER’S STARTING POINT (X, Y): 0.00, 11.00
ATTACKER’S OBJECTIVE (X, Y): 0.00, 0.00
RESULTS SUMMARY
ATTACKER DEFENDER
COMBAT POWER RATIO 2.260 0.442
WINNER XXXXXX
DISTANCE ADVANCED 2.696
ADVANCE RATE (KM/DAY) 2.696
CASUALTIES 92.325 278.889
% CASUALTIES/DAY 16.848 21.064
TANK LOSSES 0.000 0.000
% TANK LOSSES/DAY 0.000 0.000

PROGRAM-CONTROL VARIABLES

TIME STEP FOR ATTRITION CALCULATION:

TIME STEP FOR PRINT OUT OF

MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT:

24.0000 HOURS
24.0000 HOURS
24.000 HOURS

RESULTS:

INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES

LIGHTING LEVEL:
TERRAIN TYPE:
WEATHER CONDITION:

24-HOUR PERIOD
ROLLING-GENTLE-BARE
DRY-OVERCAST-EXTREME COLD

CLIMATE/SEASON OF YEAR: TEMPERATE
ROAD QUALITY: POOR ROADS
ROAD DENSITY: SPARSE

OPERATIONAL VARIABLES

ATTACKER’S MISSION: ATTACK (NORMAL)
DEFENDER’S MISSION: PREPARED DEFENSE
ATTACKER’S WEAPONS SOPHISTICATION: BRITISH/FRENCH/NATO
DEFENDER’S WEAPONS SOPHISTICATION: GERMAN/SWEDISH/S. KOREA
FORCE TYPE: INFANTRY

NEITHER SIDE HAS AIR SUPERIORITY

SURPRISE LEVEL:
PRIOR DAYS OF COMBAT - ATTACKER:
PRIOR DAYS OF COMBAT - DEFENDER:

NO SURPRISE
0.00
0.00

Shoreline Vulnerability not applied

ATTACKER CEV:

HISTORICAL FACTORS

3.000

ATTACKER DEFENDER

CASUALTIES/DAY 51.000 200.000

ARMOR LOSSES/DAY 0.000 0.000

MISSION ACCOMPLISHMENT 8.000 2.000
DISTANCE ADVANCED/RETIRED 10.500 -10.500
DEPTH 3.000 9.000
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EQUATION MODIFIERS ATTACKER DEFENDER

COMBAT POWER: 1.000 1.000

ATTRITION RATE: 1.000 1.000

TOWED ARTILLERY RATE: 1.000 1.000

SP ARTILLERY RATE: 1.000 1.000
ADVANCE RATE: 1.000

SET PIECE FACTORS: 1.000 1.000

ATTACKER’S ORDER OF BATTLE

1.000 2d Bn/Para Reg’t w/std AT of UK
1.000 Goose Green NGS & Air of UK

DEFENDER’S ORDER OF BATTLE
1.000 12th Inf Reg’t (+), GGr/D of ARGENTNA

1.000 Goose Grn Air Sppt of ARGENTNA

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL............ 548 1324
ATTACKER DEFENDER

NUMBERS OF COMBAT SYSTEMS SCORES
728 11T ol 0 0 0.000 0.000
Infantry.....oooiiiiiiii. 450 748 395.420 1940.700
Anti-Tank......ooeviiiiinnnan. 48 12 1116.000 432.000
Towed Artillery...........o.... 3 3 576.000 345.000
Self-Propelled Artillery....... 1 0 280.000 0.000
Anti-Adr......oiiiiiiiiiiiin, 8 10 352.000 606.000
Fixed-Wing Aircraft............ 3 4 1233.000 464.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000

TOTAL OLI 3952 3788

NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vv it ittt i 4 12
Tracked Vehicles............... 0 0
Fixed-Wing Aircraft............ 3 4
Rotary-Wing Aircraft........... 2 0
Motorcycles. ..., 0 4

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 24.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
FORCE STRENGTHS............ 2468.430 3380.487
FORCE RATIO.......cvvvnn.. 0.730 1.369

POWER POTENTIAL

COMBAT POWER (P)........... 11450.206 5066.634
P/P RATIO. .. iiiiiiinnennnn 2.260 0.442
SPATIAL EFFECT............. 1.661 1.850
CASUALTY EFFECT............ -2.093 -3.490
HISTORICAL RESULT.......... 10.208 3.000
0 3.403 0.294
[ 1.506 0.664
[ 2.702 0.370
CEVad.....ovviiiiiinnn.. 2.104 0.517

TIME AND SPACE

ADVANCE RATE (km/day) : 2.696
LOCATION (x, y): 0.000 8.304
TOTAL DISTANCE (km): 2.696

October 1996



FINAL INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL 456 1
ATTACKER
NUMBERS OF COMBAT SYSTEMS SCORES
728 11T e ol 0 0 0.000
Infantry..... oo 374 590 328.801
Anti-Tank......ooeviiiiinnnn. 40 9 927.980
Towed Artillery............o.... 3 3 555.133
Self-Propelled Artillery....... 1 0 255.326
Anti-Adr.....oiiiiiiiiiiiii, 7 7 292.696
Fixed-Wing Aircraft............ 1 2 433.429
Rotary-Wing Aircraft........... 0 0 0.000
TOTAL OLI 2793
NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vvi ittt i, 4 11
Tracked Vehicles............... 0 0
Fixed-Wing Aircraft............ 1 2
Rotary-Wing Aircraft........... 0 0
Motorcycles. ..., 0 4

R R R R R

* End of report *
KAKK KKK KKK KKK KKK KK

045

DEFENDER

1531.
341.
321.

424.
191.

2810

.000
908
003
367
.000
995
116
.000
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)

Compiled

12 March 1995

Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/12/1996

ENGAGEMENT FILENAME: GOOSEG2A

ANALYST: D L Bongard

ENGAGEMENT DESCRIPTION: Attack by 2d/Para on 12th Inf
Reg’t (+) at Goose Gr, w/mod wpns evaltn, 15 hours
STARTING DATE OF ENGAGEMENT: 05/28/1982

STARTING TIME OF ENGAGEMENT: 0300

ATTACKER: 2d Bn/Para Reg’t

DEFENDER: 12th Inf
ATTACKER’S STARTING POINT (X, Y): 0.00,
ATTACKER’S OBJECTIVE (X, Y): 0.00,

Reg’t (+)
11.00
0.00

RESULTS SUMMARY

ATTACKER DEFENDER
COMBAT POWER RATIO 0.966 1.035
WINNER XXXXXX
DISTANCE ADVANCED 0.000
ADVANCE RATE (KM/DAY) 0.000
CASUALTIES 78.632 76.367
% CASUALTIES/DAY 22.958 9.229
TANK LOSSES 0.000 0.000
% TANK LOSSES/DAY 0.000 0.000
PROGRAM-CONTROL VARIABLES
TIME STEP FOR ATTRITION CALCULATION: 15.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 15.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 15.000 HOURS

INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES
LIGHTING LEVEL: 24-HOUR PERIOD
TERRAIN TYPE: ROLLING-GENTLE-BARE
WEATHER CONDITION: DRY-OVERCAST-EXTREME COLD
CLIMATE/SEASON OF YEAR: TEMPERATE
ROAD QUALITY: POOR ROADS
ROAD DENSITY: SPARSE

OPERATIONAL VARIABLES

ATTACKER’S MISSION:

DEFENDER’S MISSION:

ATTACKER’S WEAPONS SOPHISTICATION:
DEFENDER’S WEAPONS SOPHISTICATION:
FORCE TYPE:

ATTACK (NORMAL)
PREPARED DEFENSE
BRITISH/FRENCH/NATO
GERMAN/SWEDISH/S. KOREA
INFANTRY

NEITHER SIDE HAS AIR SUPERIORITY

SURPRISE LEVEL:
PRIOR DAYS OF COMBAT - ATTACKER:
PRIOR DAYS OF COMBAT - DEFENDER:

NO SURPRISE
0.00
0.00

Shoreline Vulnerability not applied

HISTORICAL FACTORS

CASUALTIES/DAY

ARMOR LOSSES/DAY

MISSION ACCOMPLISHMENT
DISTANCE ADVANCED/RETIRED
DEPTH

ATTACKER DEFENDER
51.000 200.000
0.000 0.000
8.000 2.000
10.500 -10.500
3.000 9.000

October 1996
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EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:

TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

ATTACKER DEFENDER
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000

1.000 1.000

ATTACKER’S ORDER OF BATTLE

1.000 Goose Green NGS & Air of UK
1.000 2d Bn/Para Reg’t w/mod AT of UK

DEFENDER’S ORDER OF BATTLE

1.000 12th Inf Reg’t (+), GGr/D of ARGENTNA

1.000 Goose Grn Air Sppt

of ARGENTNA

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL............ 548 1324
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
ArMOT e i ittt ittt i i 0 0 0.000 0.000
Infantry..... oo, 514 748 1395.280 1940.700
Anti-Tank.......oiiiiiiiinnnn. 4 12 72.000 432.000
Towed Artillery.........cooevn.. 3 3 576.000 345.000
Self-Propelled Artillery....... 1 0 280.000 0.000
Anti-Alr. ... .o, 8 10 352.000 606.000
Fixed-Wing Aircraft............ 3 4 1233.000 464.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 3908 3788

NUMBERS OF MOBILITY ELEMENTS

TrUCKS . ettt it i i i i i
Tracked Vehicles...............
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........
Motorcycles. . vove it i,

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER

FORCE STRENGTHS............
FORCE RATIO........ovvinn..

COMBAT POWER (P)...........
P/P RATIO. e it viiiiiinnnnnn.
SPATIAL EFFECT.............

oON WO
SO B ON

15.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
2896.297 3380.487
0.857 1.167

POWER POTENTIAL

4813.419 4981.910
0.966 1.035
1.799 1.708

-2.047 -3.464
10.507 3.000
3.502 0.286
3.625 0.276
1.532 0.653
2.578 0.464

TIME AND SPACE

ADVANCE RATE (km/day) : 0.000

LOCATION (x, y):
TOTAL DISTANCE

0.000 11.000

(km) : 0.000
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FINAL INVENTORY
NUMBER OF PERSONNEL

NUMBERS OF COMBAT SYSTEMS

Infantry..... oo, 44
Anti-Tank........iiiiiiiinn.
Towed Artillery.........c.oovu..
Self-Propelled Artillery.......
Anti-Alr.. ...,
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........

TOTAL OLI

O JdJF WWwoOo

ATTACKER DEFENDER

469

705
11

o W w

1248

ATTACKER

0.
1195.
61.
558.
259.
301.
512.
0.

2888

NUMBERS OF MOBILITY ELEMENTS

TrUCKS . ettt it i i i i i
Tracked Vehicles...............
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........
Motorcycles. . vove it i,

R S

* End of report *
R 3

4

o O - O

000
072
669
430
134
492
603
000

SO W o N

DEFENDER

SCORES

0.
1828.
407.
340.
0.
571.
371.
0.

3519

000
763
083
925
000
047
334
000

October 1996
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/12/1996

ENGAGEMENT FILENAME: GOOSEG2B ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: Attack by 2d/Para on 12th Inf
Reg’t (+) at Darwin-Goose Gr; mod wpns, UK CEV=2.8
STARTING DATE OF ENGAGEMENT: 05/28/1982
STARTING TIME OF ENGAGEMENT: 0300
ATTACKER: 2d Bn/Para Reg’t
DEFENDER: 12th Inf Reg’t (+)
ATTACKER’S STARTING POINT (X, Y): 0.00, 11.00
ATTACKER’S OBJECTIVE (X, Y): 0.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER

COMBAT POWER RATIO 2.512 0.398
WINNER XXXXXX
DISTANCE ADVANCED 1.782
ADVANCE RATE (KM/DAY) 2.851

CASUALTIES 55.659 180.038

% CASUALTIES/DAY 16.251 21.757

TANK LOSSES 0.000 0.000

% TANK LOSSES/DAY 0.000 0.000

PROGRAM-CONTROL VARIABLES

TIME STEP FOR ATTRITION CALCULATION: 15.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 15.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 15.000 HOURS

INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES
LIGHTING LEVEL: 24-HOUR PERIOD
TERRAIN TYPE: ROLLING-GENTLE-BARE
WEATHER CONDITION: DRY-OVERCAST-EXTREME COLD
CLIMATE/SEASON OF YEAR: TEMPERATE
ROAD QUALITY: POOR ROADS
ROAD DENSITY: SPARSE

OPERATIONAL VARIABLES
ATTACKER’S MISSION: ATTACK (NORMAL)
DEFENDER’S MISSION: PREPARED DEFENSE
ATTACKER’S WEAPONS SOPHISTICATION: BRITISH/FRENCH/NATO
DEFENDER’S WEAPONS SOPHISTICATION: GERMAN/SWEDISH/S. KOREA
FORCE TYPE: INFANTRY
NEITHER SIDE HAS AIR SUPERIORITY
SURPRISE LEVEL: NO SURPRISE
PRIOR DAYS OF COMBAT - ATTACKER: 0.00
PRIOR DAYS OF COMBAT - DEFENDER: 0.00
Shoreline Vulnerability not applied
ATTACKER CEV: 2.600

HISTORICAL FACTORS ATTACKER DEFENDER
CASUALTIES/DAY 51.000 200.000
ARMOR LOSSES/DAY 0.000 0.000
MISSION ACCOMPLISHMENT 8.000 2.000
DISTANCE ADVANCED/RETIRED 10.500 -10.500
DEPTH 3.000 9.000
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EQUATION MODIFIERS ATTACKER DEFENDER

COMBAT POWER: 1.000 1.000

ATTRITION RATE: 1.000 1.000

TOWED ARTILLERY RATE: 1.000 1.000

SP ARTILLERY RATE: 1.000 1.000

ADVANCE RATE: 1.000

SET PIECE FACTORS: 1.000 1.000
ATTACKER’ S ORDER OF BATTLE

1.000 Goose Green NGS & Air of UK

1.000 2d Bn/Para Reg’t w/mod AT of UK

DEFENDER’S ORDER OF BATTLE

1.000 12th Inf Reg’t

(+),

1.000 Goose Grn Air Sppt

GGr/D of ARGENTNA

of ARGENTNA

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER
548

NUMBER OF PERSONNEL.........

NUMBERS OF COMBAT SYSTEMS

Infantry..... oo, 51
Anti-Tank.......oiiiiiiiinnnn.
Towed Artillery.........c.oovu..
Self-Propelled Artillery.......
Anti-Alr.. ...,
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........
TOTAL OLI

O W o Wb b O

748
12

NUMBERS OF MOBILITY ELEMENTS

TrUCKS . e ittt i i i i i
Tracked Vehicles............
Fixed-Wing Aircraft.........
Rotary-Wing Aircraft........
Motorcycles. . vuvvei i

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER

FORCE STRENGTHS............
FORCE RATIO........ovvinn..

COMBAT POWER (P)...........
P/P RATIO. et i iiiiiiinennnn.
SPATIAL EFFECT.............

oON WO

1324

ATTACKER DEFENDER

SCORES

0.000 0.000
1395.280 1940.700
72.000 432.000
576.000 345.000
280.000 0.000
352.000 606.000
1233.000 464.000
0.000 0.000

3908 3788

SO B ON

15.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS

2896
0

.297
.857

3380.487
1.167

POWER POTENTIAL

12514.

2.

1.

-2.

10.

3.

1.394
2.

2.095

888
512
799
047
507
502

796

4981.910
0.398
1.708

.464

.000

.286

717

.358

.537

O OO O WwWw

TIME AND SPACE

ADVANCE RATE (km/day) :

LOCATION (x, y):

0

TOTAL DISTANCE (km):

.000

2.851

1.782
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FINAL INVENTORY
NUMBER OF PERSONNEL

NUMBERS OF COMBAT SYSTEMS

Infantry..... . oo, 46
Anti-Tank.......oiiiiiiiinnn.
Towed Artillery.........cooeun..
Self-Propelled Artillery.......
Anti-Alr.... .ot
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........
TOTAL OLI

ON JI - Wb DNDO

ATTACKER DEFENDER

646
10

o N

492

1144

ATTACKER

0.000
1253.566
64.687
563.793
265.400
316.248
672.020
0.000
3136

NUMBERS OF MOBILITY ELEMENTS

TrUCKS . ettt it i i i i i i
Tracked Vehicles...............
Fixed-Wing Aircraft............
Rotary-Wing Aircraft...........
Motorcycles. . vove it i,

R R S

* End of report *
R S

4

o R N O

S O N O

DEFENDER
SCORES
0.000
1676.803
373.256
330.199
0.000
486.696
268.214
0.000
3135
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/12/1996

ENGAGEMENT FILENAME: GOOSEG2C ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: Attack by 2d/Para on 12th Inf
Reg’t (+), Goose Gr, w/mod wpns, UK CEV=4.5, 15 hr

STARTING DATE OF ENGAGEMENT: 05/28/1982

STARTING TIME OF ENGAGEMENT: 0300
ATTACKER: 2d Bn/Para Reg’t
DEFENDER: 12th Inf Reg’t (+)

ATTACKER’S STARTING POINT (X, Y): 0.00, 11.00
ATTACKER’S OBJECTIVE (X, Y): 0.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER

COMBAT POWER RATIO 3.532 0.283
WINNER XXXXXX
DISTANCE ADVANCED 2.381
ADVANCE RATE (KM/DAY) 3.810

CASUALTIES 49.042 196.828

% CASUALTIES/DAY 14.319 23.786

TANK LOSSES 0.000 0.000

% TANK LOSSES/DAY 0.000 0.000

PROGRAM-CONTROL VARIABLES

TIME STEP FOR ATTRITION CALCULATION: 15.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 15.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 15.000 HOURS

INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES

LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES
ATTACKER’S MISSION:
DEFENDER’S MISSION:
ATTACKER’S WEAPONS SOPHISTICATION:
DEFENDER’S WEAPONS SOPHISTICATION:
FORCE TYPE:

NEITHER SIDE HAS AIR
SURPRISE LEVEL:
PRIOR DAYS OF COMBAT - ATTACKER:
PRIOR DAYS OF COMBAT - DEFENDER:

24-HOUR PERIOD
ROLLING-GENTLE-BARE
DRY-OVERCAST-EXTREME COLD
TEMPERATE

POOR ROADS

SPARSE

ATTACK (NORMAL)
PREPARED DEFENSE
BRITISH/FRENCH/NATO
GERMAN/SWEDISH/S. KOREA
INFANTRY

Shoreline Vulnerability not applied

ATTACKER CEV:

HISTORICAL FACTORS

CASUALTIES/DAY

ARMOR LOSSES/DAY

MISSION ACCOMPLISHMENT
DISTANCE ADVANCED/RETIRED
DEPTH

SUPERIORITY
NO SURPRISE
0.00
0.00
4.500
ATTACKER DEFENDER
51.000 200.000
0.000 0.000
8.000 2.000
10.500 -10.500
3.000 9.000
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EQUATION MODIFIERS ATTACKER DEFENDER

COMBAT POWER: 1.000 1.000

ATTRITION RATE: 1.000 1.000

TOWED ARTILLERY RATE: 1.000 1.000

SP ARTILLERY RATE: 1.000 1.000
ADVANCE RATE: 1.000

SET PIECE FACTORS: 1.000 1.000

ATTACKER’S ORDER OF BATTLE

1.000 Goose Green NGS & Air of UK
1.000 2d Bn/Para Reg’t w/mod AT of UK

DEFENDER’S ORDER OF BATTLE
1.000 12th Inf Reg’t (+), GGr/D of ARGENTNA

1.000 Goose Grn Air Sppt of ARGENTNA

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER
NUMBER OF PERSONNEL............ 548 1324
ATTACKER DEFENDER

NUMBERS OF COMBAT SYSTEMS SCORES
728 11T e ol 0 0 0.000 0.000
Infantry.....ooiiiiiiiii. 514 748 1395.280 1940.700
Anti-Tank......ooeviiiiinnnan. 4 12 72.000 432.000
Towed Artillery............o.... 3 3 576.000 345.000
Self-Propelled Artillery....... 1 0 280.000 0.000
Anti-Air.....ooiiiiiiiiiiii, 8 10 352.000 606.000
Fixed-Wing Aircraft............ 3 4 1233.000 464.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 3908 3788
NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vv ittt i, 4 12
Tracked Vehicles............... 0 0
Fixed-Wing Aircraft............ 3 4
Rotary-Wing Aircraft........... 2 0
Motorcycles. ..., 0 4

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 15.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
FORCE STRENGTHS............ 2896.297 3380.487
FORCE RATIO.......ccvivnn.. 0.857 1.167

POWER POTENTIAL

COMBAT POWER (P)........... 21660.384 4981.910
P/P RATIO. .t iiiiiiinnennnn 4.348 0.230
P’ /P’ IMBALANCE............ 3.532 0.283
SPATIAL EFFECT............. 1.799 1.708
CASUALTY EFFECT............ -2.047 -3.464
HISTORICAL RESULT.......... 10.507 3.000
R/R i 3.502 0.286
CEVE. .t 0.992 1.009
[ 3.114 0.321
CEVad.....ovviiiiiininn.. 2.053 0.665

TIME AND SPACE

ADVANCE RATE (km/day) : 3.810
LOCATION (x, y): 0.000 8.619
TOTAL DISTANCE (km): 2.381
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FINAL INVENTORY ATTACKER DEFENDER
NUMBER OF PERSONNEL 499 1127

NUMBERS OF COMBAT SYSTEMS

AYMOT ¢ v ot ettt et e et ee e e 0 0
Infantry....ooeiiiiiiiiinnn. 468 637
Anti-Tank......ooeviiiiinnnan. 4 10
Towed Artillery............c.... 3 3
Self-Propelled Artillery....... 1 0
Anti-Adr.... ..., 7 8
Fixed-Wing Aircraft............ 2 2
Rotary-Wing Aircraft........... 0 0
TOTAL OLI
NUMBERS OF MOBILITY ELEMENTS
TrucksS. ..o vviiii ittt i, 4 11
Tracked Vehicles............... 0 0
Fixed-Wing Aircraft............ 2 2
Rotary-Wing Aircraft........... 1 0
Motorcycles. ..., 0 4

R R 3

* End of report *
R R 3

ATTACKER

0.
1270.
65.
565.
267.
320.
724.

3214

SCORES
000
412
556
300
177
498
827
.000

DEFENDER

3078

.000
1652.

367.

328.
.000
476.
253.
.000

192
778
738

021
747
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How To Read A TNDM

i Ba N
D
ENDM)
A\ 4
LET
- ETTER

Printout in One Easy Lesson
by Dave Bongard

Since it is likely that at least some of the readers
of The TNDM Newsletter have not had the benefit of Col.
Dupuy’s, or TDI’s, introductory instruction course on how
to use the TNDM, it seemed a good idea to provide an
introduction for them, so that they will know what they
are looking at when examining TNDM printouts. This
will also serve as a “refresher course” for the rest of us.

The printout page and line numbers are keyed
to the three— or four—page printout produced by any stan-
dard computer printer. The TNDM printouts in this
Newsletter issue have had their format altered to allow
more lines per page, so the article material and printout
reproductions do not match by line number or page.
Match the text of each line to resolve any confusion.

TNDM printouts comprise three pages, some-
times expanding to four if the TNDM run is being used
for analysis of a historical engagement. Since the print-
outs included in this issue of the Newsletter are for a his-
torical engagement, that will be the model used here.

The first page comprises four main parts. From
top to bottom, these are (1) a 5-line heading, (2) an 11-
line engagement description, (3) a 15-line result sum-
mary, and (4) a 16-line Input Data section. The heading
identifies the TNDM itself, which version was utilized
for the engagement, and the date the engagement run
was performed. The engagement description includes the
8—character engagement filename, the analyst’s name (or
initials), a brief description of the engagement, the date
and time when the engagement began, the names of the
attacking and defending forces, and the position of the
battle-line at the start of the engagement. The results
summary indicates winner (a line of six Xs, [ XXXXXX])
under the attacker or defender, or between them, indi-
cating a draw of some sort, with distance advanced (if
any) by day and total, total personnel and AFV casual-
ties for both sides, and as a percentage of the total force,
standardized for a 24-hour engagement. This is followed
by a description of how long the engagement lasted. The
input data specifies lighting, terrain, weather condition
and season, road net density and quality, attacker’s and
defender’s mission, both sides’ weapons sophistication,
the attacker’s force type (armored, mechanized, leg in-
fantry, or horsed cavalry), and level of surprise.

The second page contains four sections (three if
the engagement is not used for historical analysis), not
counting three lines at the top which conclude the Input
Data section from page 1. If one side or the other has
been given a CEV (Combat Effectiveness Value), that
will appear immediately beneath these three lines. From

top to bottom, the sections on Page 2 are (1) a 6-line
Historical Factors section, (2) a 7-line Equation Modi-
fiers section, (3) a 4— to 10— or 12-line Order of Battle
section, and (4) 10-15 lines of Force and Equipment In-
ventory, continued on page 3. The Historical Factors
describe what actually happened in the original, real-
world engagement, counting total personnel casualties,
AFV losses, mission accomplishment (on a 1-10 scale),
distance advanced, and depth of starting positions. The
Equation Modifiers show six factors which may be ap-
plied to one or both sides, on the basis of the analyst’s
assessment of the situation being modeled. The Order of
Battle lists the Attacker’s main component units, fol-
lowed by the Defender’s. The Force and Equipment In-
ventory section lists aggregate Personnel and Combat
Systems (e.g., weapons) strengths for both sides, attack-
ers on the left, with the applicable total OLI values on
the far right of the page. Beneath the Combat Systems
totals is Number of Mobility Elements, totalling the num-
ber of trucks (and other wheeled vehicles), non-armor
tracked vehicles, fixed-wing aircraft, rotary-wing aircraft
(helicopters), and motorcycles present with each side. This
Mobility Elements section often continues on Page 3.
The third page of the TNDM printout contains
two principal sections, following the handful of lines at
the top of the page completing the Forces and Equip-
ment Inventory. First is the 17-line Snapshot of Battle-
field Outcome, and then the 18-line Final Inventory (of
Personnel, Combat Systems, and Equipment). The
“Snapshot of Battlefield Outcome” first specifies the time
in the engagement at which the results apply, i.e. after 24
hours, or 8 hours, or some other period (this is specified
by the scenario designer-cum-analyst when creating the
engagement). Next, the “Snapshot” shows the Force
Strength (total OLI) for each side, and then proceeds to
the Combat Power (P) figures, which are the Force
Strengths modified by terrain, weather, and other envi-
ronmental conditions. The “Spatial Effect” line indicates
the relative achievement of both sides in terms of gain-
ing or holding terrain, while the “Casualty Effect” shows
each side’s relative effectiveness in causing enemy losses.
The “Historical Result” is a numerical evaluation of rela-
tive mission accomplishment for both sides, basically
ranging from 0 to 10. A result under 5 indicates defeat,
while a result over 5 indicates victory. The sum of these
three measures (Spatial and Casualty Effect, and His-
torical Result) are combined to produce the R/R result
(a comparison of relative battlefield achievement). Fi-
nally, the “Snapshot” shows three methods of measuring
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CEV. The first is CEVt, which relates R/R to P/P to yield
a CEV, while the calculation of CEVI derives from a com-
parison of the casualty-inflicting capacity of each side.
CEVad is the average of the two methods, and is gener-
ally the best guide for determining CEV in a historical
engagement.

At the bottom of the “Snapshot” section are four
lines titled “Time and Space”, detailing the movement
of the front line in relation to the attacker’s objective.
Following these lines is a rundown of the personnel, com-
bat system, and equipment inventories, identical in for-
mat to that on Page 2, but showing the situation at the
end of the engagement period. (It is possible, by choos-
ing an attrition calculation period shorter than the en-
gagement period, to produce multiple “inventory re-
ports” within an engagement printout.) This section ends
the TNDM printout, which is further distinguished by
the asterix-box enclosed “End of report” message.

Line-by-Line Description of TNDM Printout

This is a more detailed, line-by-line description
of a standard TNDM printout for a historical engage-
ment. Where possible, the formulae for calculations have
been provided, and the line descriptions are also tied to
TNDM input screens, where appropriate. Line descrip-
tions in quoatation marks, as “Results Summary” are
drawn verbatim from the printout. Numerical output cal-
culations are shown to three significant figures.

Page 1
line 1: title
line 2: compilation date for TNDM version employed
line 3: TNDM version numerical designation (e.g., 1.82),
copyright dates
line 4: “All rights reserved”
line 5: date engagement analysis performed
2-line gap
line 6: Engagement filename, and Analyst’s name or
initials
1-line gap
lines 7-8: Engagement description
line 9: Starting Date of Engagement (numerical, month/
day/year)
line 10: Starting Time of Engagement (24-hour/Military
time)
line 11: Attacking unit designation; e.g., 1st Inf Div (+)
line 12: Defending unit designation
line 13: Attacker’s starting point (center of attacker’s FEBA
or FLOT), by “x” and “y” coordinates, in
kilometers
line 14: Attacker’s objective
1-line gap
line 15: “RESULTS SUMMARY”
2-line gap
line 16: “ATTACKER” and “DEFENDER” column labels for
next 8 lines
line 17: Combat Power ratio; attacker combat power/
defender combat power under “ATTACKER”, and
reciprocal of that ratio under “DEFENDER”

line 18: Winner indicator: six-X synbol (XXXXXX)
under “ATTACKER” or “DEFENDER?”, or in
between, indicating a draw and a combat power
ratio of close to 1.0.

Distance Advanced (under “ATTACKER” only)
during engagement period, in kilometers

Advance Rate (Km/Day); Distance Advanced/
Engagement duration in days

Casualties; Total personnel losses, in killed,
wounded, missing, captured, and disease/NBI
(cause and degree unspecified)

line 19:

line 20:

line 21:

line 22: “% CASUALTIES/DAY”; [(Casualties/
Engagement duration in days)/Force personnel
strength] x 100.

line 23: Tank losses; total AFV losses

line 24: “% TANK LOSSES/DAY”; by similar formula to
line 22.

1-line gap

line 25: “PROGRAM-CONTROL VARIABLES”

line 26: “TIME STEP FOR ATTRITION  CALCULA-
TION:” (how often, in hours, the TNDM calcu-
lates combat losses and adjusts inventories and
total OLIs)

line 27: “TIME STEP FOR PRINTOUT OF RESULTS:”

(how often, in hours, the TNDM prodcues a report
of forces status and combat results)

line 28: “MAXIMUM ELAPSED TIME FOR SIMULATED
COMBAT ENGAGEMENT:” (maximum duration,
in hours, of engagement; should not be less than val
ues in lines 26 or 27.

line 29: “INTERMEDIATE RESULTS WILL NOT BE
PRINTED OUT?”; this is the default setting, if it
is changed, intermediate results and a greatly de-
tailed report of input factors will be reported
2-line gap
line 30: “INPUT DATA”
1-line gap

line 31: “ENVIRONMENTAL VARIABLES”

line 32: “LIGHTING LEVEL.:” verbal description of
lighting, from LIGHTING LEVELS FOR EN-
GAGEMENT Menu (Figure 9, TNDM User’s

Guide, p. 21)

line 33: “TERRAIN TYPE:” verbal description of terrain, from
TERRAIN TYPE FOR ENGAGEMENT Menu
(Figure 10, TNDM User’s Guide, p. 21)

“WEATHER CONDITION:” verbal description of
weather, from WEATHER CONDITION FOR EN-
GAGEMENT Menu (Figure 11, TNDM User’s Guide,
p- 22)

“CLIMATE/SEASON OF YEAR:” from CLIMATE
OF ENGAGEMENT Menu (Figure 12, TNDM User’s
Guide, p. 22)

“ROAD QUALITY:” from ROAD QUALITY
Menu (Figure 21, TNDM User’s Guide, p. 26)—
road quality may be good, mediocre, or poor

“ROAD DENSITY:” from ROAD DENSITY
Menu (Figure 22, TNDM User’s Guide, p. 26)
—road density may be European standard, moderate,
or sparse
2-line gap

line 37: “OPERATIONAL VARIABLES”

line 38: “ATTACKER’S MISSION:” from ATTACKER

MISSION IN ENGAGEMENT Menu (Figure 14,

line 33:

line 34:

line 35:

line 36:
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TNDM User’s Guide, p. 23)

“DEFENDER’S MISSION:” from DEFENDER
MISSION IN ENGAGEMENT Menu (Figure 15,
TNDM User’s Guide, p. 24)

“ATTACKER’S WEAPONS SOPHISTICATION:”
from ATTACKER WEAPONS SOPHISTICATION
Menu (Figure 16, TNDM User’s Guide, p. 24)

“DEFENDER’S WEAPONS SOPHISTICATION:”
from DEFENDER WEAPONS SOPHISTICATION
Menu, identical to ATTACKER’S (Figure 16, TNDM
User’s Guide)

“FORCE TYPE” for Attacker, from ATTACKER
FORCE TYPE Menu (Figure 7, TNDM User’s
Guide, p. 20)

“... AIR SUPERIORITY” indicating ATTACKER,
DEFENDER, or NEITHER SIDE has air superior-
ity, from AIR SUPERIORITY IN ENGAGEMENT
Menu (Figure 17, TNDM User’s Guide, p. 25)

“SURPRISE LEVEL:” indicating which side (if any)
has surprise, and how much, from LEVEL OF SUR-
PRISE Menu (Figures 23 and 24, TNDM User’s Guide,
p. 27)

line 39:

line 40:

line 41:

line 42:

line 43:

line 44:

Page 2

line 1: “PRIOR DAYS OF COMBAT - ATTACKER:”

line 2: “PRIOR DAYS OF COMBAT—DEFENDER:” both
of these provided through FATIGUE FACTORS
Menu (Figure 25, TNDM User’s Guide, p. 27)

line 3: Shoreline Vulnerability; recapitulates information
entered in SHORELINE VULNERABILITY:
WATER/BEACH OBSTACLES, SHORELINE
VULNERABILITY TYPE, and RIVER/STREAM
WIDTH Menus (Figures 18-20, TNDM User’s Guide,
pp. 25-26)

line 4: ATTACKER CEV (provided only if Attacker CEV
does not equal 1.0)

2-line gap
line 5: “HISTORICAL FACTORS—ATTACKER...
DEFENDER”
line 6: “CASUALTIES/DAY” for both sides, from historical
data
line 7: “ARMOR LOSSES/DAY” for both sides, from histori-
cal data

line 8: “MISSION ACCOMPLISHMENT” for both sides,
judgement of analyst within broad limits, on a 0-10
scale

line 9: “DISTANCE ADVANCED/RETIRED” for both
sides, in kilometers, with retire indicated as a negative
number (e.g., -6.5)

line 10: “DEPTH?” of position for both sides, in kilometers. All
these values would be entered in the ATTACKER and
DEFENDER HISTORICAL FACTORS Menus (Fig-
ure 26, TNDM User’s Guide, p. 28). If the engage-
ment is not historical, none of lines 5-10 will appear in
the printout.

2-line gap

line 11: “EQUATION MODIFIERS: ATTACKER... DE-

FENDER”
1-line gap

line 12: “COMBAT POWER” modifier for either or both
sides

line 13: “ATTRITION RATE”; personnel attrition modifier
for erither/both sides

line 14: “TOWED ARTILLERY RATE”; loss rate
modifier for towed artillery, either or both sides
line 15: “SP ARTILLERY RATE”: loss rate modifier for
SP Artillery, either or both sides
line 16: “ADVANCE RATE” modifier for Attacker only
line 17: “SET PIECE FACTORS?” entered for either side
(but NOT both), ranging from 1.0 to 2.0, reflecting
preparation for engagement. These factors and their
employment is described in more detail on p. 37 of
the TNDM User’s Guide.
2-line gap
line 18: “ATTACKER’S ORDER OF BATTLE”
1-line gap
line 19+: Listing of Attacker units, with number present,
description or name, and nationality/country of ori-
gin. At least one unit will be listed.
1-line gap
line 20: “DEFENDER’S ORDER OF BATTLE”
1-line gap
line 21+: Listing of Defender units, with number
present, description or name, and nationality/coun-
try of origin. At least one unit will be listed.
2-line gap
line 22: “FORCE’S EQUIPMENT INVENTORY:
ATTACKER...DEFENDER”
line 23: “NUMBER OF PERSONNEL...” number of
personnel with each force, under appropriate column
heading, e.g. 26745 or 3450.
“ATTACKER DEFENDER?” on right margin, des-
ignating OLI columns
“NUMBERS OF COMBAT SYSTEMS... SCORES”
“Armor....” number of armor/AFV combat systems,
with combined OLI scores under ATTACKER/
DEFENDER/ SCORES on far right
“Infantry....” number of Infantry weapon combat sys-
tems, with combined OLI scores under ATTACKER
DEFENDER/ SCORES on far right
“Anti-tank....” number of antitank combat systems,
with combined OLI scores under ATTACKER/
DEFENDER/ SCORES on far right
“Towed Artillery....” number of towed tube artillery,
MRL, or surface-to-surface missile systems, with
combined OLI scores under ATTACKER/
DEFENDER/ SCORES on far right
“Self-Propelled Artillery....” number of self-propelled
artillery systems, with combined OLI scores under
ATTACKER/ DEFENDER/SCORES on far right
“Anti-Air....” number of SAM, AA gun, and other AD
systems, with combined OLI scores under AT-
TACKER/ DEFENDER/ SCORES on far right
line 32: “Fixed—Wing Aircraft....” number of conventional fixed—
wing aircraft combat systems, with combined OLI
scores under ATTACKER/ DEFENDER/SCORES
on far right
line 33: “Rotary—Wing Aircraft....” number of rotary—wing
aircraft or helicopter combat systems, with combined
OLI scores under ATTACKER/DEFENDER/
SCORES on far right
line 34: “TOTAL OLI” shows, at far right, total OLI figures
for ATTACKER and DEFENDER rounded to
nearest whole number
1-line gap
line 35: “NUMBER OF MOBILITY ELEMENTS”

line 24:

line 25:

line 26:

line 27:

line 28:

line 29:

line 30:

line 31:
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line 36: “Trucks....” number of wheeled transport vehicles, in
columns headed by line 25

line 37: “Tracked Vehicles....” number of non-AFV tracked
vehicles, including but not limited to APCs, trac-
tors, SP Artillery, etc.

line 38: “Fixed—Wing Aircraft....” number of fixed-wing air-
craft; this number cannot be less than that entered for
line 32 above, but may include unarmed liaison and/or
transport aircraft

Page 3
line 1: “Rotary-Wing Aircraft....” number of helicopters; this
total cannot be less than that entered for line 33, but
may include unarmed liaison or transport helicopters
line 2: “Motorcycles....” number of motorcycles
2-line gap
line 3: “SNAPSHOT OF BATTLEFIELD OUTCOME
AFTER __ .000 HOURS OF COMBAT”; number
of hours determined by selection of TIME STEP FOR
PRINTOUT OF RESULTS (see Printout p. 1, line
27)
line 4: “(__ TIME-STEP OF CALCULATION)”; number
printed here is determined by collation of Printout p.
1, lines 26 and 27)
1-line gap
line 5: “FORCE STRENGTHS”
line 6: “FORCE STRENGTHS....” show each force’s total
OLIs, modified by terrain, weather, and season
factors, with ATTACKER on left and DEFENDER
on right
line 7: “FORCE RATIOS....” shows Attacker Force Strength/
Defender Force Strength on the left, with reciprocal
(Defender/Attacker) on the right
1-line gap
line 8: “POWER POTENTIAL?
line 9: “COMBAT POWER....” (abbreviated P) shows the
Force Strength (S), modified by mobility, vulnerabil-
ity, posture, and CEV; ATTACKER on left, DE-
FENDER on right
line 10: “P/P RATIO....” shows P attacker/P defender in the
ATTACKER column (left), and the reciprocal
(P defender/P attacker) on the right
line 11: “P’/P’ IMBALANCE....” shows the ratio with P
modified by non-CEV behavioral factors (including,
but not limited to, morale and fatigue)
line 12: “SPATIAL EFFECTIVENESS....” measures the
ability of each side to seize or hold ground, according
to the following formulae (TNDM Manual, D.2.(a).(2),
pp. D-2, D-3):

Attacker Spatial Eff’'ness = SQRT [((Sa x Usa)/(Sd
x Usd)) x (4Q + Dd)/3Da]

Defender Spatial Eff’ness = SQRT [((Sd x Usd)/(Sa
x Usa)) x (4Q x Da)/3Dd]

For explanation of abbreviations and symbology, see
list at end of article.

line 13: “CASUALTY EFFECTIVENESS....” measures the
ability of each sude to inflict losses on the enemy,
according to the following formulae (TNDM Manual,
D.2.(a).(3), p. D-3):

Attacker Casualty Effectiveness = vd? [SQRT ((Casd
x Usa/Sd)/(Casa x Usd/Sa)) - SQRT (100 Casa/Na)]

Defender Casualty Effectiveness = va? [SQRT ((Casa
x Usd/Sa)/(Casd x Usa/Sd)) - SQORT (100 Casd/Nd)]

line 14: “HISTORICAL RESULT....” shows the model’s
evaluation of the engagement results (see Printout p.
2, line 8)

line 15: “R/R....” shows the comparison of attacker’s and
defender’s results, where each side’s results score
is the sum of Esp (Spatial Effectivess), Ecas (Ca-
sualty Effectiveness), and the historically—derived
Mission Factor (MF), from line 14 above.

line 16: “CEVt....” shows the CEV as calculated on the basis of
battlefield results, according to the following formula
(TNDM Manual, D.3.(b).(3), p. D-5):

CEVt = (R/R)/(P’/P) or = (R/R)/(P/P)

line 17: “CEVL....” shows the CEV calculated on the basis
of comparative effective lethality, according to the
following formula (TNDM Manual, C.4.(f).(2), pp.
C-41, C-42, C-43):

CEVI = SQRT (La/Ld), where
La = [Ka/(Usa x rua x hua x zua x (SQRT tza))],
and
Ld = [(Kd/(Usd x rud x hud x zua x (SQRT tzd))]

CEVt and CEVI are calculated for the attacker, and
the reciprocal is shown as the defender’s CEV.

line 18: “CEVad....” shows the average of CEVt and CEVL
Since this is an airthmetical mean calculated to only
3 significant figures, it is possible to have non—
reciprocal scores for Attacker’s and Defender’s
CEVad, and even to have both scores greater than
1.0.
1-line gap
line 19: “TIME AND SPACE”
line 20: “ADVANCE RATE (km/day):” shows distance ad-
vanced by attacker during average 24-hour period
line 21: “LOCATION (x, y):” shows current location of
center of FEBA or Attacker’s FLOT. This relates
to the starting location, Printout p. 1, line 13.
line 22: “TOTAL DISTANCE (km):” shows total distance
advanced by attacking force during the engagement
2-line gap
line 23: “FINAL INVENTORY ATTACKER... DEFENDER”
line 24: “NUMBERS OF PERSONNEL, with total personnel
remaining with each force under Attacker and De-
fender headings from line 23.
“ATTACKER DEFENDER?” identifiers for combined
OLI scores from inventory
“NUMBER OF COMBAT SYSTEMS SCORES”
“Armor....” number of armor/AFV combat systems,
with combined OLI scores under ATTACKER/
DEFENDER/ SCORES on far right
“Infantry....” number of Infantry weapon combat sys-
tems, with combined OLI scores under ATTACKER/
DEFENDER/ SCORES on far right

line 25:

line 26:
line 27:

line 28:
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line 29: “Anti-tank....” number of antitank combat systems,
with combined OLI scores under ATTACKER/DE-
FENDER/ SCORES on far right

line 30: “Towed Artillery....” number of towed tube artillery,
MRL, or surface-to-surface missile systems, with
combined OLI scores under ATTACKER/DE-
FENDER/ SCORES on far right

line 31: “Self-Propelled Artillery....” number of self—propelled
artillery systems, with combined OLI scores under
ATTACKER/DEFENDER/SCORES on far right

line 32: “Anti-Air....” number of SAM, AA gun, and other AD
systems, with combined OLI scores under AT-
TACKER/DEFENDER/ SCORES on far right

line 33: “Fixed—Wing Aircraft....” number of conventional fixed—
wing aircraft combat systems, with combined OLI
scores under ATTACKER/DEFENDER/SCORES
on far right

line 34: “Rotary—Wing Aircraft....” number of rotary—wing
aircraft or helicopter combat systems, with combined
OLI scores under ATTACKER/DEFENDER/
SCORES on far right

line 35: “TOTAL OLI” shows, at far right, total OLI figures
for ATTACKER and DEFENDER rounded to
nearest whole number

1-line gap

line 36: “NUMBER OF MOBILITY ELEMENTS”

line 37: “Trucks....” number of wheeled transport vehicles, in
columns headed by line 26

line 38: “Tracked Vehicles....” number of non-AFV tracked
vehicles, including but not limited to APCs, tractors,
SP Artillery, etc.

line 39: “Fixed-Wing Aircraft....” number of fixed—wing air-
craft; this number cannot be less than that entered for
line 32 above, but may include unarmed liaison and/or
transport aircraft

line 40: “Rotary—Wing Aircraft....” number of helicopters; this
total cannot be less than that entered for line 33, but
may include unarmed liaison or transport helicopters

line 41: “Motorcycles....” number of motorcycles

1-line gap

End of Report message, in asterisked box. &

GLOSSARY OF Symbols and Abbreviations for the
TNDM Printout
from TNDM Manual, Appendix A, pp. A-1 to A-5

a = attacker identifier

Cas = casualty effectiveness (enemy casualties in
flicted per 100 friendly personnel

CEV = relative Combat Effectiveness Value

CEVI CEV (Lethality)

CEVt = CEV (TNDM)

d = defender identifier

esp = spatial effectiveness

h = weather factor

hu = weather factor (posture)

K = hit rate per 1,000

L = Lethality

N = number of personnel

P = Combat Power

R = Result(s)

r = terrain

ru = terrain Factor (posture, defensive position)

S = Force Strength

Sa = Force Strength (attacker)

Sd = Force Strength (defender)

tz = strength-size factor

tza = attacker strength-size factor

tzd = defender strength-size factor

Us = posture factor (for force strength, S)

Usa = attacker posture factor (force strength)

Usd = defender posture factor (force strength)

z = season factor

zu = season factor (posture)
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ke PROCRAMMER'DY CUSICLE

Modifying Menus and Screens in the TNDM

by José Perez

One recent modification to the TNDM software
was the addition of the ability to modify the text of menus
and screens. This was added to allow users to convert the
text of the menus into their native languages. The User’s
Guide discusses how a user can modify existing menus,
but it does not discuss the technical issues behind this
menu system. This article discusses the organization and
mechanics of TNDM’s menu system.

1. DATABASE
The heart of the menu system is a database called
RESOURCE.DBF. It contains the following fields:

Field Type Length Description

Number Numeric 6 An ID number used as an
identifier when the file
TNCONST.PAS is created.

Text Memo 10 The text of the menu options
or screen labels.

Max_Size Numeric 6 The maximum width of the text
displayed on the screen. Not
currently in use.

Nome  Character 25 A unique name, with no spaces, used
when the file TNCONST.PAS is

created.

2. USAGE

The field Number is used as follows:

Range Use

1- 1,999  Helpscreens
2,000 - 2,999  Menus
3,000 - 3,999  Yes-Nodialog boxes
4,000 - 4,999  Error message dialog boxes
5,000 - 5,999  Information message dialog boxes
6,000 - 6,999 Pickmenu titles
7,000 - 7,999 Data entry screens
8,000 - 8,999  Screenftitles
9,000 - 9,999 Picklisttitles
10,000 - 10,999 Reportlabels

2.1 Usage—Help

The Help Screen range contains ID numbers for
various help screens.
These are found in the file TNCONST.PAS. They are the
only ID numbers not actually stored in
RESOURCE.DBF.

2.2 Usage—Menus

You may notice that in each range, numbers are
assigned sequentially, except in the Menus range (2,000 -
2,999). The odd—numbered numbers are for menu hints
that display at the bottom of the page when a menu option
is highlighted. The even—numbered numbers are for the
actual menu lists. For example, the Main Menu is number
2000 and its menu hints are listed in item number 2001.

Each Menu item has a Name. That name has the
format of mcXXX, where XXX is a unique descriptive
word or phrase without any spaces in it. Once this name is
assigned, it cannot be changed as it is used by the software.
If the name is changed and TNCONST.PAS is
regenerated, it will not be possible to recompile any
module which references that name.

The format of a Menu item is:

Title
1 = first line
2 = second line

3 = third line
4 = fourth line, etc.
X = Exit

The Main Menu contains the following:
MAIN MENU
1 = Create An Engagement
2 = Modify An Engagement
3 = Reprint An Engagement
4 = Continue An Engagement
5 = Update Forces Database
6 = Update OLI Database
S = Select Options
X = Exit

The title is not centered as it is automatically
centered when the menu is displayed. The number of
menu options listed must match the number of options
expected by the program. If there are too many options,
the extra options will be ignored. If there are too few, the
user will not be able to exit from the menu.

The Menu Hints for the Main Menu contain the
following:

Change the forces or factors in an engagement.
Reprint an engagement’s results.

Continue an engagement for additional time periods.
Change or add units to the Force Database.

Change or add weapons to the OLI Database.
Change database locations, color selections, reindex databases, etc.

Exit to the DOS prompt.
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Each line in the Menu Hint corresponds to a
menu option in the Menu. Menu hints are not required,
but if a Menu Hint are not created for a Menu, the
corresponding ID Number may not be used for a Menu.

2.3 Usage—Yes—No Dialog Boxes

Yes—No Dialog Boxes are boxes that popup on
the screen when the program prompts the user to select
Yes or No. They are numbered sequentially in the range
of 3,000-3,999. Like a Menu, each Yes—No dialog box
has a name. The name has the format ycXXX, where
XXX is a unique word or phrase without any spaces.

A typical Yes—No dialog box is ycUseAnother,
which appears when the user is told that a filename is in
use and is asked if the file should be overwritten with new
contents.

Filename is already in use.
DO YOU WANT TO OVERWRITE IT (Y/N)?2

2.4 Usage—Error Message Dialog Boxes

Error Message Dialog Boxes are boxes that
popup on the screen when the program alerts the user
about a problem and suggests a method for solving it.
They are numbered sequentially in the range of 4,000-
4,999. Like a Menu, each Error Message dialog box has a
name. The name has the format dcXXX, where XXX is a
unique word or phrase without any spaces.

A typical Error Message dialog box is dcInUse,
which appears when the user is told that a filename is in
use and is told to try using another name. This message
appears when a filename must be unique and cannot be
overwritten.

This filename is already in use. Try another.

2.5 Usage—Information Message Dialog Boxes

Information Message Dialog Boxes are dual-
purpose boxes that popup on the screen to either alert the
user about a problem or to inform the user about the
status of an action. They are numbered sequentially in the
range of 5,000-5,999. Like a Menu, each Information
Message dialog box has a name. The name has the format
dcXXX, where XXX is a unique word or phrase without
any spaces.

A typical Information Message dialog box is
dcCalculating, which appears after the user has selected
the Print Engagement option.

Now calculating the engagement outcome...

2.6 Usage—Pickmenu Titles

Pickmenu Titles are used as the title for a picklist
of items that is generated by the software. In a pickmenu,
only one item can be selected by the user. Pickmenu Titles
are numbered sequentially in the range of 6,000-6,999.
Like a Menu, each Pickmenu Title has a name. The name

has the format pcXXX, where XXX is a unique word or
phrase without any spaces. There are two types of
Pickmenu Titles: single—purpose and multi—purpose.
The single—purpose pickmenu title contains only one
title; the multi-purpose pickmenu title contains a list of
possible titles.

A typical single—purpose pickmenu title is
pcEngagementFiles, which appears after the user has
selected the Modify An Engagement option.

Engagement Period Description

A typical multi-purpose pickmenu title is
pcCombatSystems, which is used to select a title for
displaying a list of a particular type of weapon systems,
such as Armored Fighting Vehicles or Fixed-Wing
Aircraft.

Armor

Infantry

Anti-Tank

Towed Artillery
Self-Propelled Artillery
Anti-Air

Fixed-Wing Aircraft
Rotary-Wing Aircraft
Combat System #1
Combat System #?2
Combat System #3

2.7 Usage—Data Entry Screens

Data Entry Screens are used as to display a Data
Entry Screen title and the label for each item that is
displayed or can be entered by the user. They are
numbered sequentially in the range of 7,000-7,999. Like
a Menu, each Data Entry Screen has a name. The name
has the format scXXX, where XXX is a unique word or
phrase without any spaces.

A typical Data Entry Screen is scPreviousNew,
which appears when the user is manually changing the
Strength or OLI of a weapon system category in a unit.

Previous Strength:
Previous OLI:

New Strength:
New OLI:

An important characteristic of Data Entry
Screens is that the elements listed in it appear in the order
that they are accessed or displayed. Also, the listed
elements might appear on a screen in more than one
column. Thus, when scPreviousNew is displayed, the four
elements are listed in two columns.

2.8 Usage—Screen Titles

Screen Titles are used as to display a Screen Title
for a displaying a list of items. They are numbered
sequentially in the range of 8,000-8,999. Like a Menu,
each Screen Title has a name. The name has the format
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tcXXX, where XXX is a unique word or phrase without
any spaces.

A typical Data Entry Screen is tcWeaponsList,
which appears when the user is selects weapons from the
OLI database to create or update the Strength or OLI of
a weapon system category in a unit.

WEAPONS OLISCORE  #
2.9 Usage—PicKklist Titles

Picklist Titles are used as to display a picklist
title. Unlike pickmenus, picklist enable the user to select
several different items. They are numbered sequentially
in the range of 9,000-9,999. Like a Menu, each Picklist
Title has a name. The name has the format pcXXX,
where XXX is a unique word or phrase without any
spaces. There are two
types of Picklist Titles: single—purpose and multi—
purpose. The single—purpose picklist title contains only
one title; the multi—purpose picklist title contains a list of
possible titles.

A typical single-purpose Picklist Title is
pcWeaponListTitle, which appear when the user is
selecting a weapon system category of a unit to create or
update.

SELECT WEAPON CATEGORY

2.10 Usage—Report Titles

Report Titles are used as to display a field or
column labels in report. They are numbered sequentially
in the range of 10,000-10,999. Like a Menu, each Report
Title has aname. The name has the format rcXXX, where
XXX is a unique word or phrase without any spaces.

A typical single-purpose Report Title is
rcOLIReportHeading, which is used when an OLI report

is printed for a weapon.
TNDM WEAPONS VALUES
OPERATIONAL LETHALITY INDEX
Weapon System:
Analyst:
Date:
Security Classification:

3. GENERATING AN UPDATED TNCONST.PAS

There are only two reasons for creating a new
version of TNCONST.PAS:

* a)some new ID numbers and names were added to
RESOURCE.DBF; or
* b) an ID number or name was changed.

To create a new version of TNCONST.PAS,
select “Set Options” in the Main Menu. In the
Maintenance Menu, select “Edit Resource File.” Next,
select the “Report” option. After TNCONST.PAS has
been created, a message will be displayed saying that it
was created. An error message will appear saying that
REPORT.RPT could not be found. Ignore the error
message.

4. CONCLUSION

The reason that this system was originally
created was to make it easier for users of the TNDM to
translate menus, data entry screens, etc. without having to
recompile the software. It also makes it easier to fix
spelling errors, change titles and labels, and so forth
without requiring the services of a programmer.

Unfortunately, not all of the menus and data
entry screens in the TNDM software have been converted
to take advantage of this system. As time allows, this work

will continue. ®
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TNDM Weather Factors:

The Swedish Version, TNDM 1.84
by Dave Bongard

In the original QJM, as described in Numbers,
Prediction and War (1979; paperback reprint 1985),
weather effects consisted of five factors, for each of 12
weather conditions. The five factors, generally labeled
as h for weather-related, are A-m (mobility), h-ua (at-
tack), h-wg (artillery, which also applies to air defense
weapons), A-wy (air support), and A-wi (tanks and
AFVs).

The Swedes (properly, Mr. Niklas Zetterling of
the Swedish National Defense Research Establishment
(NDRE), in a fax letter to Col. Dupuy of 24 September
1993, suggested three additional “characteristics” for
weather effects: Sunny, Deep Snow; Overcast, Deep
Snow; and Blizzard, Deep Snow. These are shown above
as lines a., b., and c., respectively. Col. Dupuy evidently
accepted the new “h factors” at face value, although he
noted in his reply fax to Mr. Zetterling (24 September

1993) that the £ y values (for aircraft) in Sun-

Characteristic ] Bz R R (K788 1)ine and Overcast conditions intuitively
1. Dry Sunny Hot 0.9 1.0 1.0 1.0 0.9 d “a little 1 » while the A i val

2. Dry Sunny Temp 1.0 1.0 1.0 1.0 10 |seemed “a little low,” while the & 1 values
3. Dry Sunny Cold 0.9 0.9 0.9 10 0.9 |(tanks and AFVs) for seemed “a little high.”
4. Dry Overcast Hot 1.0 1.0 1.0 0.7 1.0 These “Deep Snow” factors are modi-
5. Dry Overcast Temp 1.0 1.0 1.0 0.7 1.0 [fications of the factors already employed for
6. Dry Overcast Cold 0.9 0.9 0.9 0.7 08 IWet Light Cold and Wet Heavy Cold, both
7. Wet Light Hot 0.9 {29 29 L 0.5 conditions understood to mean snowfall.
8. Wet Light Temp 0.8 0.9 1.0 0.5 0.7 £ f the Snow” val

9. Wet Light Cold 0.8 0.9 1.0 0.5 0.7 | Many if not most of the “Deep Snow” values
10. Wet Heavy Hot 05 0.6 0.2 0.2 0.6 |are clear extrapolations of the existing QJM/
11. Wet Heavy Temp 0.6 0.7 0.9 0.2 0.5 |TNDM Weather Factors.

12. Wet Heavy Cold 0.5 06 0.8 0.2 0.5 Mr. Zetterling essentially agreed with

The original QJM material is reproduced below,
from p. 229 (Appendix A, Table 2: Weather Factors [A]).

In the TNDM Manual, the numbers are un-
changed, appearing on p. B-4 of Appendix B (Tables).
The identifiers for the factors have been shortened to
one letter (m for mobility, a for attack, g for artillery, y
for air support, and i for tanks and AFVs), and a sixth
has been added, ¢ for casualties.

Col. Dupuy in his reply to Col. Dupuy’s fax (27 Septem-
ber 1993), noting that the values were drawn from Swed-
ish Army officers’ experience with arctic operations, pre-
sumably during maneuvers and exercises. The impres-
sion which the author received from the correspondence
is that while Mr. Zetterling agreed with Col. Dupuy’s
assessment that the 4 y values were a little low and the 4
i values a bit high, he was reluctant to endorse any

changes, due to the manner in

Characteristic hm ha hg h hi hc which the values had been de-
1. Dry Sunny Hot 0.9 1.0 1.0 1.0 0.9 0.8 termined, through “field expe-
2. Dry Sunny Temp 1.0 1.0 1.0 1.0 1.0 1.0 rience” in the Swedish Army
3. Dry Sunny Cold 0.9 0.9 0.9 1.0 0.9 0.7 The final form of the Swedish
4. Dry Overcast Hot 1.0 1.0 1.0 0.7 1.0 0.9 “j values” is uncertain, but
5. Dry Overcast Temp 1.0 1.0 1.0 0.7 1.0 1.0
6. Dry Overcast Cold 0.9 0.9 0.9 07 0.8 06 | Presumably closely follows
7. Wet Light Hot 0.9 0.9 0.9 0.7 0.5 0.7 | thefactors described above.
8. Wet Light Temp 0.8 0.9 1.0 0.5 0.7 0.7 Those values were incorpo-
9. Wet Light Cold 0.8 0.9 1.0 0.5 0.7 0.4 rated into TNDM 1.84 when
10. Wet Heavy Hot 0.5 0.6 0.2 0.2 0.6 0.5 the Swedish NDRE was sent a
11. Wet Heavy Temp 0.6 0.7 0.9 0.2 0.5 0.5 new disk including the neces-
12. Wet Heavy Cold 0.5 0.6 0.8 0.2 0.5 0.3 sary modifications to the
TNDM program, together
a. Sunny Deep Snow 0.65 0.75 0.65 0.65 0.65 0.50 with supporting documents, via
b. Overcast Deep Snow 0.65 0.75 0.65 0.45 0.65 0.50 Overnight mail. on 1 November
c. Blizzard Deep Snow 0.50 0.75 0.30 0.15 0.45 0.30 >

1993. @
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David Bongard

David L. Bongard received a B.A. in History
with Honors from the Honors Tutorial College of Ohio
University in June 1980, and received a B.A. in Political
Science from O.U.’s College of Arts and Sciences in
March 1981. Mr. Bongard received a M.A. in History
from the University of Maryland in December 1985. For
both of his History degrees, Mr. Bongard concentrated
on military history in Early Modern Europe. His under-
graduate honors thesis was entitled Theory and Practice
of the Renaissance Art of War, 1494-1525, while his
master’s thesis bears the title Army of the King: Organi-
zation and Combat Effectiveness in the French Army, 1450-
1560.

Mr. Bongard began working for Data Memory
Systems, Inc. in February 1986. DMSi was Trevor N.
Dupuy’s previous historically-oriented research and con-
sulting organization. Unlike TDI, it was a (theoretically)
for—profit company which primarily performed contract
work for various sub-agencies of the Department of De-
fense, but also did some writing for publication. While
he was with DMSi, Mr. Bongard was a co—author, with
Col. Trevor N. Dupuy and Curt Johnson, of the
HarperCollins Encyclopedia of Military Biography, and was
Associate Managing Editor for the International Military
and Defense Encyclopedia, published by Brassey’s (US)
in 1992. In addition to these writing efforts, Mr. Bongard
worked on several other projects, including the history
of the U.S. Army’s Operational Test and Evaluation
Agency (USAOTEA), as well as studies on “The Rela-
tionship Between Technological Trends and the Size and
Composition of Armies,” “Examination of Historical Air
Defense Performance,” and “Long War Issue Papers.”

Mr. Bongard left
DMSi in late July 1990 to
work with Col. Dupuy on the
final stages of the International
Military and Defense Encyclo-
pedia effort. He co-wrote, with
Dupuy, Curt Johnson, and
Arnold Dupuy, a book on the
Kuwait War entitled How to
Defeat Saddam Hussein, which
enjoyed a one-week sojourn on
the New York Times bestseller list in late February 1991.
Mr. Bongard contributed to Col. Dupuy’s book Future
Wars (published in Great Britain in 1992, and in the U.S.
in 1993), drafting four chapters. Mr. Bongard also co-
authored, with Col. Dupuy and Richard C. Anderson,
Hitler’s Last Gamble, an account of the Battle of the Bulge
based on primary source material, published in Novem-
ber 1994 just prior to the 50th anniversary of the battle.
Mr. Bongard is currently working on phase two of a
three—part study of Suppression for the Field Artillery
School. He has taken part in TDI’s Air Combat Histori-
cal Data Study for the Air Command and Staff College
at Maxwell AFB, and in phase one of the Suppression
Study. He also took part in several smaller TDI projects,
among them serving as project manager for preparation
of the Fourth Edition of the Harper Encyclopedia of Mili-
tary History, by R. Ernest and Trevor N. Dupuy, published
in 1993.

Mr. Bongard admits to an enthusiasm for com-
mercial, or “hobby” wargames, which he has been play-
ing since 1970. He is also partial to an assortment of his-
torical periods and interests, including Bronze Age Medi-
terranean history, West Africa just before major contact
with Europeans (1250-1600), European history from the
Early Renaissance through the late 17th century, Japan
during the Sengoku Jidai, or “Age of the Country at War”
(1467-1615), the Spanish Civil War, and the Japanese

Army in World War II. @
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Planned Improvements

to the TNDM

by Christopher A. Lawrence

We are currently looking at making a major im-
provement to the TNDM to address logistics. As part of
that improvement effort, I intend to also make a number of
minor changes to the model. I do have an agenda for the
improvement of the model.

Back in fall of 1994, Trevor appointed me his “prin-
cipal policy and marketing support assistant” for the TNDM.
As Iwas up to my ears in work on Kursk at the time, I did as
little as possible on the TNDM other than stay abreast of
what Trevor was doing. In early 1995, I decided to take a
more active role and began to organized a complete re—
validation and audit of the TNDM, as I felt this would be
helpful. Work stopped on this after Trevor’s death. It has
now been restarted with our effort to validate the model
for battalion—level engagements.

In April of this year, I decided to assemble a mas-
ter list of what improvements people felt needed to be made
for the TNDM. There was correspondence documenting
what changes Trevor had felt were needed to improve the
TNDM, and there had been many ideas discussed over the
last few years, but nobody had put together any type of mas-
ter plan. I therefore assembled all of Trevor’s old comments
and letters, and the suggestions from a number of people
familiar with the model from both inside and outside of TDI.
The final list, in rough order of priority is provided below.
It contains recommendations from Trevor, José Perez, Dave
Bongard, Dr. Brian McCue, Dr. George Daoust, and of
course, me.

I have first listed the changes that I am currently
planning on implementing in the next revision of the model,
which I expect to come out sometime in spring of 1997. It
consists of one major change (the logistics module) and a
number of small ones. Next I list all the easy—-to—do changes
that are high priority and then the ones that are of lower
priority. Then I list all the major changes that I would like
see made on the model, both high priority and low priority.
Of course, priorities can change at the request of our cus-
tomers. Priorities can really change if funding is provided
to make those changes.

I am interested in hearing from all of our users as
to what changes they would suggest need to made to the
model and what changes they consider to be important.

CHANGES INTENDED FOR THE NEXT REVISION:

1. Develop a draft logistics package.

2. Show only the defender’s missions in the list of Defender’s
missions.

3. Make it possible to delete an engagement.

4. Make saving an engagement optional.

5. Make is possible to counterattack.

6. Allow user to choose own dispersions factor.

7. Allow user to create forces with both horses and motor
vehicles.

8. When CEV is an initial input, that value should be con-
sidered when calculating new CEV.

9. Print out a one—page result sheet.

Also Underway: Validate model for battalion-level use.

FUTURE CHANGES:

Minor Tasks (High priority):

1. Needs to be re—validated to the QJM Database.
2. Needs to store engagements in a database.

Minor Tasks (Low priority):

1. The vulnerability formulae need to be reviewed.

2. Need to do an audit of software to model design.

3. Need to look into whether the model under—predicts
high casualty days and over—predicts low casualty days.

4. Review and integrate the Swedish arctic values into the
model.

5. Add a stealth factor to show the impact of stealth on
weapons, especially AFVs, planes, and helicopters (adjust
size?).

6. Make a more comprehensive help file.

7. Track individual unit strength during an engagement.
8. Modify model to run in Windows.

9. Address fanaticism.

10. Develop guidance on terrain and weather values.

Major Tasks (High priority):

1. Address battalion-level combat.

. Add a graphics package, including mapping capability.

. Revise to be used as a training tool.

. Address low intensity combat.

. Develop rules for battle termination.

. Provide user guidance for CEVs.

. Add a tank/antitank loop:
* Would not use firepower scores (OLIs)
* Would account for relative differences in weapon
performance.
* Would add a detailed tank breakdown, destroyed vs
damaged, recovery and repair calculations for multi—
day battles.

MAJOR TASKS (Low Priority):

1. Update documentation.

2. Add air campaign module.

3. Add electronic warfare subroutine.

4. Allow user to show trends in military affairs.

5. Make it mathematically coherent.

6. Add sector/theater capability. ®
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Model for the TNDM

by Christopher A. Lawrence

Attached are the discussion notes for my plans
to develop a logistics module for the TNDM. This is con-
ceived as a “plug—in” type module that will modify the
firepower scores of the units involved in an engagement.
All other functions of the TNDM will remain the same.
We have already begun testing this idea, as shown in the
article “Testing the TNDM—What Happens When the
Rate of Fire Goes to Zero.” For various reasons, I de-
cided to keep this write-up in its original discussion note
form, as opposed to making it a flowing lucid text (if
that is possible). This article is an update to the 13 Au-
gust letter that was sent out to some of the recipients of
the newsletter. José Perez provided some additional use-
ful comments.

Points of Discussion:
1. The OLI is derived from a type of firepower score.
2. The firepower score as used is the TNDM is not
only a measure of the “firepower” capability of a par-
ticular weapon, but also its intrinsic combat capability.
This is especially noticeable with weapons platforms like
the tank, where the gun power is modified extensively
by other factors, and the vehicle maintains a firepower
score even with a rate of fire of zero.

3. There is no accounting for logistics in the TNDM.
It is considered one of the “intangibles.”

4. The TNDM is easily amenable to a logistics mod-
ule. This will be designed as a simple plug—in feature
that modifies firepower scores.

5. The existence of a logistics module will allow us to
play air interdiction, deep-strike, attacks on command
and control (partially), etc.

6. It may replace the primary and secondary attacks as
currently defined in the model.

7. The input factors for the logistics modules will be
the number of rounds for each major gun type. Rounds
will be measured by number, not weight.

8. Round types can also be used. For example, AT and
HE rounds could be tracked separately, forcing differ-
ence scores for the AT part of the calculations, if there
were a significant difference in the availability of AT
rounds compared to HE rounds. For certain high veloc-
ity rounds of limited production (like some of the Ger-
man AT rounds during WWII), this could be significant
as the antitank performance varied widely with the
round used. This would be reflected by using a different
muzzle velocity for each of the different round types.
This will also allow us to address the rather limited but

more effective smart munitions of today. This is a re-
finement that may be best addressed later. It will result
in different ammunition types having different OLI
scores.

9. The current OLIs will need to be normalized to a
certain number of rounds per gun. This will be the baseline
figure where if you have this amount of ammunition
available (at the division level?) then the OLI will be
used as is (unmodified).

10. This baseline figure (known as baseline load) should
be a range, fairly wide, to indicate that only significant
surpluses or shortages have an immediate effect on com-
bat. It also would allow many of the existing “TNDM
Database” battles to be run without using the logistics
module.

11. The baseline load amount may be best put as a form
of “basic load” or “standard issue” which would properly
reflect the doctrine of the army. The range might be 0.6
to 2 times basic load for normal usage.

12. Levels below this baseline load reduce the OLIs. It
is suspected that this reduction will not be linear. There
will be a clear bottom limit (“0” ammunition does not
equal “0” combat capability). Furthermore, it is expected
that units historically have been careful about using their
last few remaining rounds.

13. Levels above this baseline load increase the OLIs.
It is suspected that this increase will not be linear. There
will be a clear upper limit (“infinite” ammunition does
not equal “infinite” combat capability). This upper limit
of effect may be further constrained by the maximum
amount a gun can fire in a day. This constraint may not
be a factor in the model.

14. The change in OLIs can be done in one of two ways:

* Change the rate of fire of the guns, or
* Change the overall OLI by a multiplier.
15. The following new input values will need to be cre-
ated to account for ammunition:
to OLI database:
* Maximum round fired per day
to the Unit database:
* Basic load (in rounds) x no. of guns for each type
to Logistics Module:
* Number of Rounds by type
* Daily ammunition usage rate by type and by battle
intensity.
* Expected length of battle until resupply.
* Baseline load for each gun time
- Upper limit
- Lower limit
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16. The following calculations will need to be done in

the logistics module:

* Effect on rate of fire (or OLI) of ammo surplus

* Effect on rate of fire (or OLI) of ammo shortage

* Ammunition usage

* Alternate ammunition usage

* Ammunition conservence calculation

* Emergency ammunition request process

* Ammunition shortage breakpoint calculation

17. Ammunition requirements will deal with all
weapon types, including small arms. Some provision will
have to made to deal with mines. This will include all
class V supplies.

18. Will need to add a methodology to address POL
(Petroleum, oil and lubricants). Right now, it is conceived
that this will address four types of POL: Gasoline, Die-
sel, Special Fuels, and Other POL. This will be measured
in liters (vice weight) and includes all class I1I supplies.

19. Fuel usage will be based upon a three factors: con-
stant daily use (modified by weather), distance unit
moved (modified by weather and terrain), and effects of
combat.

20. The effects of combat are broken into two parts:
additional fuel consumed because of combat activity
(modified by weather, terrain, season and day/night) and
additional fuel lost because of combat losses (from attri-
tion and related to retreat).

21. “Subsistence Supply” will have to be considered. It
will have a weight in tons of dry goods, and a volume in
liters of wet goods. The amount of material consumed
will be modified by activity level (out of contact, inac-
tive or active), weather and season. This will include all
class I supplies.

22. “Other Supplies” will have to be considered. It will
have a weight in tons of dry goods. The amount of other
materials consumed will be modified by activity level (out
of contact, inactive or active), weather and season.

23. Division—level resupply will have to be factored in.
Each division will have a wet and dry transport capacity.
In the case of ammunition, the shells will have to be con-
verted to a packed weight for calculating transport. This
transport capacity can be supplemented from outside the
division, but will probably have to be done outside of the
module by the analyst. This transport capacity will serve
a limit to how fast a unit (i.e., a battalion) within that
division can be resupplied. Resupply calculations beyond
division are not being considered at this point.

24. Attrition will have to be calculated against the sup-
ply capacity of a division.

25. The model must be able to also accept actual his-
torical ammunition and fuel usage figures and conduct
the engagement using them.

26. Attached are:

* Definitions & Detailed Descriptions
* Supply Classes
* Supply Expenditure per Day, in Tons
27. 1o be continued....... ®

DEFINITIONS & DETAILED DESCRIPTIONS:

Alternate Ammunition Usage: Many weapons have a significant
dual-use capability, including tanks, AT guns and AA guns. If
there is limited number of their primary targets available, then
they may be used at an alternate target. This may result in tanks
and AT guns firing mostly HE rounds (as was the case in much of
WWII).

Ammunition Conservence Calculation: The reduced rate of fire
created by the desire to conserve ammunition because the on—
hand ammunition is low and resupply is not expected shortly. This
will probably have to be a modifier table that is determined by
“judgement.”

Ammunition Shortage Breakpoint Calculation: If a unit is low on
ammunition, it will need to terminate the battle. This will be the
methodology for calculating that effect.

Baseline Load: Two numerical figures of rounds per gun. Any on-
hand ammunition supply that is at or between these two figures
makes no change to the OLIs of the unit. Any average rounds per
gun figure lower than the lowest figure will produce a reduction
in the OLIs of the gun, while any figure above the higher figure
will produce an increase in the OLIs.

Basic Load: This is the number of rounds per gun that a combat
unit carries with it in accordance with that army’s doctrine. This
number may differ at the battalion level from the division level.
Diesel: This is standard diesel fuel. This is also considered in the
US Army to be part of Class III Supply.

Dry Transport Capacity: This is the total metric tons of material
that can be transported by normal transport vehicles/ methods.
Emergency Ammunition Request Process: If the module is oper-
ating with a division—level supply system and battalion-level com-
bat, then some system of prioritizing resupply based upon short-
ages needs to be determined. This will probably be a later design
feature.

Gasoline: This is standard automobile fuel of 80 to 100 octane.
Considered in the US Army to be part of Class III Supply.
Other POL: This is all the petroleum, oils and lubricants that are
not directly consumed to move a vehicle. It includes such items as
engine oil, transmission oil, an d grease. It is expected that its
consumption rate will effectively be a constant, regardless of con-
ditions or unit operations. This is also considered in the US Army
to be part of Class III Supply. This, along with Gasoline, Diesel,
and Special Fuels make up the entire components of what the US
Army refers to as Class III Supply.

Other Supplies: This is anything that is not Class I (subsistence),
class IIT (POL) or class V (Ammunition) Supplies. Includes, in the
modern US system, class II, VI, VII, VIII, IX and X supplies.
Round: 1 fully loaded round, including propellant as loaded into
the rear of the gun. In the case of mortars and other weapons with
a separate firing charge, only the bomb will be counted for ammu-
nition firing, but for any transportation portion, the weight of
that bomb will be multiplied by a factor to account for the average
weight of a firing charge.

Special Fuels: This is any fuel that is fairly unique, is used to move
vehicles, and is not gasoline or diesel fuel. Aviation gasoline and
other similar high—octane fuels would be included in this category.
Considered in the US Army to be part of Class III Supply.
Subsistence Supplies: This is all food and water that is needed to
keep a unit operating. The primary component (in weight) for
daily consumption will be food and water. This is the same as the
modern US Class I Supplies.

Wet Transport Capacity: This is the total liters of fuel, water or
other liquid substance that can be transported. This may need to
be broken down into two further categories, due to the problems
and the rarities of using fuel tank trucks to transport water and
vice versa. For water, 1 liter = 1 kilogram of weight.
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Sources: US Army, FM 63-3], Combat Service
Support Operations—Corps (Washington DC: US
Dept of the Army, August 1985), pp. 2-25 and 2-
28; US Army FM 105-5-1, Operational Terms and

Subsistence, including rations and gratuitous health and | Symbols (Washington DC: US Dept of the Army,

Old US and
Modern NATO Modern US
Supply Class Supply Class Description

I 1
welfare items.

11 11 Clothing, individual equipment, tentage, tool sets and kits,
administrative and housekeeping supplies and equipment;
includes all equipment, other than principal items, pre-
scribed in authorization/allowance tables and items of]
supply (not including repair parts).

111 11 Petroleum, oil, and lubricants (POL), including fuels of all
types, compressed gas, coolants and antifreeze, and solid
fuels.

v v Construction materials, including installed equipment and
fortification/barrier materials.

v v Ammunition of all types, including explosives, chemical,
radiological, and special weapons; also fuzes, detonators,
rockets, pyrotechnics, and related items.

I VI Personal demand items (nonmilitary sale items), available
through a post exchange.

11 viI Major end items; equipment ready for its intended use, such
as tanks, artillery pieces, mobile machine shops, vehicles.

11 VIII All medical supplies, including repair parts peculiar to
medical users.

11 IX Repair parts and components of all types (except medical),
including kits, assemblies, etc., required for maintenance of]
all equipment.

v X Materials for nonmilitary programs such as agricultural and
economic development if not included in classes V to IX.

October 1985), p. 1-14 and Appendix C.

MODE: Attack Pursuit Reserve
DIVISION:
1953 Armored 702 total 351 total 136 total
Subsistence 43 45 43
Fuel/POL 111 187 46
Ammunition 401 70 -
Other 147 49 46
1953 Infantry 589 total 314 total 111 total
Subsistence 51 53 51
Fuel/POL 74 144 21
Ammunition 418 73 -
Other 46 44 39
1990 Mechanized 2,743 total 2,079 557
Subsistence 46 48 46
Sources: US Army FM 101-10; US Army FM-101-1/
2 Staff Officers’ Field Manual: Organizational, Fuel/POL 1401 1,746 408
Technical and Logistical Data Planning Factors (vol. .- }
2) (Washington DC: US Dept of the Army, Oct AT AT 1002 175
1987), pp. 2-0 to 2-180. Other 294 110 97
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Testing the TNDM:

What Happens When the Rate of Fire Goes t0 Zero
by Christopher A. Lawrence

As we have discussed elsewhere in this newslet-
ter, TDI is beginning to work on developing a logistics
module for the TNDM. It is expected that in its final
form, the logistics module will serve as a mechanism to
increase or decrease the OLIs. This can be done in one of
two ways, either multiply the OLIs by a predetermined
factor based upon the amount of ammunition either
available or used, or multiply the rate of fire by a prede-
termined factor based upon the amount of ammunition
either available or used. Changing the rate of fire, of
course, changes the OLIs. To see the impact of this was
on the model, TDI conducted eight different TNDM runs.
One was of a WWIlI-era, theoretical US reinforced ar-
mored division attacking a German panzer division. This
was the standard US “light” armored division, with three
attached battalions (not unusual), one of self—propelled
tank destroyers, one antiaircraft artillery automatic weap-
ons battalion, and one cavalry squadron. The opposing
panzer division was a typical Wermacht panzer division
at authorized strength. See Dave Bongard’s attached ex-
planation for more detail.

Next the same two units were used, except the
rates of fire of all the weapons of the panzer division were
set at zero, under the assumption that this would be the
result of running out of ammunition. In the third run,
the rate of fire of the panzer division was doubled to
measure the defensive impact of an abundance of am-
munition. Finally, the rate of ammunition of the US ar-
mored division was doubled, to measure the offensive
impact of an abundance of ammunition.

As aresult of reviewing those runs, we conducted
another four runs, this time of a reinforced US infantry
division attacking a German infantry division. This was
done primarily to test the results without a preponder-
ance of armor on either side. Again the same four runs
were made.

This model was never designed or validated to
operate in this mode. It must be stressed that this is sim-
ply a test to see what the outcome of such a change to the
model architecture would be in the extreme cases.

As can be seen from “LOGSTC1”, the US ar-
mored division defeats the German panzer division as a
result of developing a combat power advantage of 1.731
to 1. This results in the US division advancing 9 kilome-
ters per day, and suffering over 230 casualties and 18
tanks. The Germans lose over 560 people and 15 tanks.
At the end of the day, the combat power ratio between
the two forces has increased to over 2 to 1, meaning that

if the battle continues in its current form, the German
division will be driven further back and continue to suf-
fer an unfavorable casualty exchange loss rate.

In the second test, the rates of fire of the panzer
division were reduced to zero. This effectively reduced
its armor OLI to half, its infantry OLI to one—fifth, and
the rest to zero. The combat ratio for this engagement is
5.5 to 1 and results in the US armored division advanc-
ing almost 43 kilometers, while losing less then 70 people
and 3 or 4 tanks. The German panzer division loses a
little over 400 people and 15 tanks. While this is not an
unrealistic result, it may only be indicative of the quirks
within the model. The model was not designed to func-
tion with rates of fire of zero. The only reason the panzer
division has any significant combat power is that reduc-
ing the firepower of a tank to zero results in it maintain-
ing half of its combat strength. This is probably not a
justifiable outcome.

In the third test, the rates of fire of the German
panzer division were doubled. This effectively doubled
the firepower scores of all the German weapons except
for the armor and infantry scores, which only went up
40% for the armor and around 80% for the infantry.
This changes the combat power ratio to 1.35 to 1 in fa-
vor of the Germans, stopping all US advance and result-
ing in around 420 casualties for the US and around 480
for the Germans. The US armor losses were 38 and the
German armor losses were 11.

Finally, we did a fourth test of this scenario in
which the rates of fire of the US armored division were
doubled. This effectively doubled the firepower scores
of all the US weapons except for armor and infantry. The
armor went up only 35%, while the infantry went up only
55%. Overall, the US OLIs went up a little over 50%.
This increased the combat power ratio to 3.263 to 1 in
favor of the US, resulting in a US advance of almost 22
kilometers, with around 90 casualties for the US and
around 350 casualties for the Germans.

This effect on the OLIs is summarized in the
brief piece by Dave Bongard “TNDM OBs for WWII
Division Engagement: Logistical Analysis.” It became
clear from this analysis that any attempt to adjust the
OLIs by changing the rate of fire was going to force a
redesign of the way that armor is calculated. While this
is a major hindrance to using this methodology to mea-
sure the impact on logistics, I still didn’t feel that I had
properly “crash-tested” the model. Therefore we did
the same procedure using a WWII US infantry division
versus a 1944 German infantry division.
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The US infantry division is reinforced with a
towed tank destroyer battalion. All other conditions were
the same as in the previous test, except Road Quality was
Mediocre instead of Good. See Dave Bongard’s analysis
“Order of Battle: US Infantry Division vs German In-
fantry Division” for details as to what each side had.

As can be seen from “LOGSTCA”, the US in-
fantry division does not defeat the German infantry di-
vision. The German infantry division has a combat power
advantage of 1.1 to 1 over the US division. This results
in the US division not advancing, and suffering over 500
casualties and 5 “tanks” (meaning AFVs, including ar-
mored cars and half-tracks). The Germans lose over 450
people and two “tanks.”

In the second test, the rates of fire of the Ger-
man division were reduced to zero. This effectively re-
duced its total OLI to one sixtieth of its previous value.
The combat ratio for this engagement is over 15 to 1 and
results in the US division advancing almost 20 kilome-
ters while losing less then 110 people and no “tanks.”
The German division loses a little over 650 people and 4
“tanks.”

In the third test, the rates of fire of the German
division were doubled. This effectively doubled the fire-
power scores of all the German weapons except for the
armor scores, which only went up only 30%. Overall, the
unit’s OLI is effectively doubled. This changes the com-
bat power ratio to 3.249 to 1 in favor of the Germans,
stopping all US advance and resulting in around 800 ca-
sualties for the US and around 300 for the Germans. The
US armor losses were 11 “tanks” and the German armor
losses were one “tank.”

Finally, we ran a fourth test of this scenario
wherein the rates of fire of the US division were doubled.
This effectively doubled the firepower scores of all the
US weapons except for Armor, which only went up
around 35%. Overall the US OLIs effectively doubled.
This increased the combat power ratio to 2.892 to 1 in
favor of the US, resulting in a US advance of almost 8
kilometers, with around 300 casualties for the US and
around 680 casualties for the Germans.

The table below contains a summary:

As a result of these tests, I concluded that modi-
fying the rate of fire shortfalls and abundance of muni-
tions is not the correct way to proceed. I was already bi-
ased against this approach before I started, but wanted
to look at it anyway. There were three basic reasons for
this bias. First, during an ammunition shortage, a unit
will not uniformly reduce rates of fire, or ammunition
expenditure. Instead, a unit will reduce spurious and ha-
rassing fire, and instead try to conserve its ammo for the
more critical situations. During those critical situations,
like when they are about to overrun, they will fire those
guns at the highest practical rate.

Second, in battle, a gun rarely fires at its sus-
tained rate of fire for any extended period of time. It
will fire at its rate of fire for brief periods of time at
critical moments in the battle. At other times, especially
with harassing fire, it will fire briefly at whatever rate
that they wish. Usually, most guns in battle are silent
throughout most of the day. An abundance in ammuni-
tion will mean more harassing, blind fire, recon by fire
and other missions, which do not have the highest com-
bat utility.

Therefore, directly modifying the rates of fire
upward or downward provides a linear effect to the short-
age or surplus of ammunition that is not there.

The third reason, which will be discussed in more
depth in a future issue, is that I have some reservations
about the rate of fire calculations used to create the OLIs.
In fact, I have doubts that the basic firepower construct
used in many combat models of Rate of Fire x Effect of a
Single Round = Firepower is correct. I will discuss this
argument in more depth in a future issue, but suffice it
to say that if I modify rate of fire to show the impact on
logistics, I do not believe I am modifying the correct fac-
tor.

Finally, this analysis created a fourth reason,
which is if I do modify the rates of fire to reflect the im-
pact of ammunition shortages and abundances, then I
have to change the way armored vehicles are calculated.
This complicates my life.

Therefore, unless someone can make a compel-
ling argument otherwise, I intend to have the logistics
module modify the OLIs of the weapons, instead of

changing the Rates of Fire. @
US vs German German | Rate of
Scenario Ratio US Losses | Losses | Advance Remarks
1 1.7to 1 240 570 9| Base Case
2 5.5t0 1 70 410 43| German ROF =0
3 1014 420 480 0| German ROF x2
4 3.3t01 90 350 22| US ROF x2
5 1to 1.1 510 460 0| Base Case
6 15.7to 1 110 650 20| German ROF =0
7 1t03.2 800 310 0| German ROF x2
8 2.0to 1 300 680 8 US ROF x2
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TNDM OBs for WWII
Divisional Engagement:

Logistical Analysis
by Dave Bongard

At Chris’ behest I have researched OLIs for stan-  an OLI derived from both onboard weapons and punish-

dard World War II weapons with the standard TNDM ment factor, a ROF of 0 gives a weapon an OLI of 0,

Rates of Fire (RsOF), with a ROF of 0, and with a while a doubled ROF doubles a weapon’s OLI. In the

doubled ROF For anything aside from AFVs, which have case of AFVsit’s a little more complicated, but the gen-
eral trend is there.

SdKfz-250

SdKfz-251 21 18 22
SdKfz-250/9 42 14 58
SdKfz-234/1 132 72 179
SdKfz-234/3 264 69 379
PzKw-IVH 219 94 316
PzKw-VG 392 241 511
JgPz-38(t) 125 37 179
JgPz-1V(K) 180 76 260
JgPz-1V(l) 183 77 263
StuG-111G 152 65 204
HT 75 AG, 251/9 145 22 256
M-3A1 HT 31 28 32
M-8 101 32 147
M-20 Scout 28 26 30
M-4A2 292 167 390
M-4(76) 319 167 422
M-4(105) 380 165 510
M-5A1 86 50 112
M-8 HMC 191 64 287
M-10 GMC TD 335 178 444
M-36 GMC TD 400 179 556
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Order of Battle:
US Reinforced Armored Division vs German Panzer Division

Essentially, no German panzer division followed  assortment of weapon and vehicles. The US force is a
exactly the same TO&E, although the general pattern standard “light” armored division, with three attached
was similar. For the sake of argument, this scenario as-  battalions: one of self-propelled TDs, one of antiaircraft
sumes an up-to-snuff German Army (not SS) panzer automatic weapons, and one non-divisional cavalry
division, with a personnel strength of 14,300 and the usual ~ squadron.

ltem _________|German | _US__|Attached | Total |

Personnel 14,300 10,608 2,141 12,749
Rifles 8,104 2,036 860 2,896
Carbines/ARs 1,182 5,228 816 6,044
SMGs 1,624 2,803 333 3,136
BARs/LMGs 1,157 69 69
MMGs 64 396 104 500
.50cal HMGs 404 87 491
60mm Mortars 63 27 920
81mm Mortars +SP 40+ 6 30 + 18 +3 30+21
120mm Mortars 16
Bazookas/PzSchreck 200 607 93 700
Panzerfausts 500
57mm/75mm AT Guns 12 30 30
M-3 / SdKfz-251 HT 45 451 48 499
SdKfz-250 Lt HT 115
M-8 / SdKfz-234/1 13 54 46 100
M-20 / SdKfz-250/9 13 30 30
M-8 H/ SdKfz-234/3 3 17 6 23
M5A1 Lt Tank 77 17 94
M-7 / Wespe 12 54 54
Hummel 6
sIGT +SP 6+6
SdKfz-251/9 SP 75How 15
T 105mm How 12
T 150mm How 8
T 105mm FG 4
M-4A2 /| PzKw IVH 52 132 132
M-4(76) / PzKw VG 51 36 36
M-4(105) 18 18
M-10/ JgPz IV (1) 21 36 36
M-15 / 20mmx4 SPAA 6 16 16
M-16 / 20mm SPAA 12 16 16
T 20mm AA 37
37mm SPAA 8
88mm AA 8
Other tracked 8 33 6 39
Motor vehicles 2,328 1,134 241 1,375
Motorcycles 480
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Order of Battle:
US Reinforced Infantry Division vs German Infantry Division

The US infantry division portrayed here is a single standard towed TD battalion. Their German op-
standard full-strength infantry division in the ETO, or- position comprises a putatively full-strength infantery
ganized under the July 1943 TO&E. It is reinforced by a  division Type 44.

ltem __________|German | _US__|Attached| Total _

Personnel 12,352 14,253 15,050
Rifles 8,040 6,349 1 1 7 6,466
Carbines/ARs 1,029 5,204 360 5,564
SMGs 1,503 90 298 388
BARs/LMGs 556 405 405
MMGs 90 211 104 315
.50cal HMGs 250 87 337
60mm Mortars 90 27 117
81mm Mortars 48 54 54
120mm Mortars 28

Bazookas/PzSchreck 108 558 93 651
Panzerfausts 324

57mm AT Guns 57 57
75mm / 76.2mm AT Guns 21 36 36
Hetzer SP AT 14

M-3 / SdKfz-251 HT 5 36 41
M-8 13 4 17
M-20 10 10
sIG 150mm Towed 6

lelG 75mm Towed 18

T 105mm Inf How 18 18
T 105mm How 36 36 36
T 150mm/155mm How 12 12 12
37mm Towed AA 12

Other tracked 3 3
Motor Vehicles 615 1362 89 1,451
H-DR vehicles 1,466 11 11
Motorcycles 168

Bicycles 162

As with the Armored/Panzer division logisitics with doubled ROF vs German standard, and US stan-
scenarios, there will be four engagements: US attacking dard attacking German ROF=0, standard, and ROF x2.
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/10/1996

ENGAGEMENT FILENAME: LOGSTC1 ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: U.S. Lt Armd Div (+) attack on
German std PzD, nominal conditions
STARTING DATE OF ENGAGEMENT : 09/15/1944
STARTING TIME OF ENGAGEMENT : 0700
ATTACKER: WW2 Lt Armd Div (+)
DEFENDER: WW2 std PzD
ATTACKER’S STARTING POINT (X, Y): 0.00, 0.00
ATTACKER’S OBJECTIVE (X, Y): 20.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER

COMBAT POWER RATIO 1.731 0.578
WINNER XXXXXX
DISTANCE ADVANCED 8.976
ADVANCE RATE (KM/DAY) 8.976

CASUALTIES 238.162 565.536

% CASUALTIES/DAY 1.868 3.955

TANK LOSSES 24.945 14.640

% TANK LOSSES/DAY 5.319 8.714

PROGRAM-CONTROL VARIABLES
TIME STEP FOR ATTRITION CALCULATION: 24.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 24.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 24.000 HOURS
INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES

LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES
ATTACKER’S MISS
DEFENDER’S MISS

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

GOOD ROADS

EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE

ATTACKER’S WEAPONS SOPHISTICATION: US
DEFENDER’S WEAPONS SOPHISTICATION: GERMAN/SWEDISH/S. KOREA
FORCE TYPE: ARMORED
NEITHER SIDE HAS AIR SUPERIORITY
SURPRISE LEVEL: NO SURPRISE
PRIOR DAYS OF COMBAT - ATTACKER: 0.00
PRIOR DAYS OF COMBAT - DEFENDER: 0.00

Shoreline Vulne

rability not applied

EQUATION MODIFIERS ATTACKER DEFENDER

COMBAT POWER: 1.000 1.000

ATTRITION RATE: 1.000 1.000

TOWED ARTILLERY RATE: 1.000 1.000

SP ARTILLERY RATE: 1.000 1.000
ADVANCE RATE: 1.000

SET PIECE FACTORS: 1.000 1.000
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ATTACKER’S ORDER OF BATTLE
1.000 WWw2 Light AD (+) of USA
DEFENDER’S ORDER OF BATTLE

1.000 WW2 std Army PzD of GERMANY

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL............ 12749 14300
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
2 11 469 168 92665.000 40270.000
Infantry.....ooiiiiiiiii. 13803 12354 30227.465 13510.834
Anti-Tank......ooeviiiiinnnn. 730 712 17350.000 6857.500
Towed Artillery............o.... 0 30 0.000 6938.000
Self-Propelled Artillery....... 54 24 12042.000 5694.000
Anti-Adr.... ..., 32 71 942.960 3361.000
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 153227 76631

NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vvi ittt i 1375 2328
Tracked Vehicles............... 93 24
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
Motorcycles. ... iiiiieinnnn. 0 480

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 24.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
FORCE STRENGTHS............ 138630.005 63757.796
FORCE RATIO.......ccvivnn.. 2.174 0.460

POWER POTENTIAL
COMBAT POWER (P)........... 153336.040 88562.246
P/P RATIO. .t vt ieineennenn 1.731 0.578

TIME AND SPACE

ADVANCE RATE (km/day) : 8.976
LOCATION (x, y): 8.976 0.000
TOTAL DISTANCE (km): 8.976

FINAL INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL 12511 13734
ATTACKER DEFENDER

NUMBERS OF COMBAT SYSTEMS SCORES
28 11 444 153 87736.365 36760.713
Infantry.....ooiiiiiiiii. 13545 11865 29662.791 12976.508
Anti-Tank......oveviiiiinnnn. 716 684 17025.888 6586.300
Towed Artillery............c.... 0 30 0.000 6882.234
Self-Propelled Artillery....... 53 24 11928.993 5580.271
Anti-Adr......oiiiiiiiiiiii, 31 68 925.345 3228.079
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000

TOTAL OLI 147279 72014

NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vviiii i it i, 1362 2282
Tracked Vehicles............... 88 22
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
Motorcycles.....ouiiiiiieinnnn. 0 471

R R 3

* End of report *
R R 3
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/10/1996

ENGAGEMENT FILENAME: LOGSTC2 ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: U.S. Lt Armd Div (+) attack on
German std PzD w/ROF=0, other conditions nominal
STARTING DATE OF ENGAGEMENT : 09/15/1944
STARTING TIME OF ENGAGEMENT : 0700
ATTACKER: WW2 Lt Armd Div (+)
DEFENDER: WW2 std PzD
ATTACKER’S STARTING POINT (X, Y): 0.00, 0.00
ATTACKER’S OBJECTIVE (X, Y): 20.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER

COMBAT POWER RATIO 5.507 0.182
WINNER XXXXXX
DISTANCE ADVANCED 42.840
ADVANCE RATE (KM/DAY) 42.840

CASUALTIES 67.030 414.633

% CASUALTIES/DAY 0.526 2.900

TANK LOSSES 7.021 15.062

% TANK LOSSES/DAY 1.497 8.965

PROGRAM-CONTROL VARIABLES
TIME STEP FOR ATTRITION CALCULATION: 24.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 24.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 24.000 HOURS
INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES

LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES
ATTACKER’S MISS
DEFENDER’S MISS
ATTACKER’S WEAPONS SOPHISTICAT
DEFENDER’S WEAPONS SOPHISTICAT
FORCE T
NEITHER SIDE HAS AIR SUPERIORI
SURPRISE LE
PRIOR DAYS OF COMBAT - ATTAC
PRIOR DAYS OF COMBAT - DEFEN
Shoreline Vulne

EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:

TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

GOOD ROADS

EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE
ION: US

ION: GERMAN/SWEDISH/S. KOREA

YPE: ARMORED

TY

VEL: NO SURPRISE

KER: 0.00

DER: 0.00

rability not applied

ATTACKER DEFENDER

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000
1.000 1.000
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Towed Artillery

Motorcycles

FORCE STRENGTHS
FORCE RATIO

COMBAT POWER

Towed Artillery

Motorcycles

ATTACKER’S ORDER OF BATTLE
1.000 WWw2 Light AD (+) of USA
DEFENDER’S ORDER OF BATTLE

1.000 WW2 std Army PzD w/ROFs=0 of GERMANY

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 24.000 HOURS OF COMBAT

(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
............ 138630.005 19691.850
7.040 0.142

POWER POTENTIAL

(= N 298002.722 20841.104

14.299 0.070
............ 5.507 0.182

TIME AND SPACE

ADVANCE RATE (km/day) : 42.840
LOCATION (x, y): 42.840 0.000
TOTAL DISTANCE (km): 42.840

FINAL INVENTORY ATTACKER DEFENDER

R R R S

* End of report *
R R R 3

NUMBER OF PERSONNEL............ 12749 14300
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
.......................... 469 168 92665.000 20451.000
....................... 13803 12354 30227.465 2565.000
...................... 730 712 17350.000 0.000
................ 0 30 0.000 0.000
Self-Propelled Artillery....... 54 24 12042.000 0.000
....................... 32 71 942.960 0.000
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 153227 23016
NUMBERS OF MOBILITY ELEMENTS
......................... 1375 2328
Tracked Vehicles............... 93 24
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
.................... 0 480

NUMBER OF PERSONNEL 12682 13885
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
.......................... 462 153 91277.855 18617.468
....................... 13730 11996 30068.540 2490.627
...................... 726 691 17258.780 0.000
................ 0 30 0.000 0.000
Self-Propelled Artillery....... 54 24 12010.302 0.000
....................... 32 69 938.002 0.000
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 151553 21108
NUMBERS OF MOBILITY ELEMENTS
......................... 1371 2294
Tracked Vehicles............... 92 22
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
.................... 0 473
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TACTICAL NUMERICAL DETERMINISTIC MODEL
Compiled 12 March 1995

Version: 1.85 Copyright (c) 1990-1995 T.

All rights reserved

ENGAGEMENT F

German std PzD

ATTACKER’S STARTING POINT
ATTACKER’S OBJECTIVE

COMBAT POWER RATIO
WINNER

DISTANCE ADVANCED
ADVANCE RATE (KM/DAY)
CASUALTIES

% CASUALTIES/DAY

TANK LOSSES

09/10/1996

ILENAME: LOGSTC3

(TNDM)

N. Dupuy

ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: U.S. Lt Armd Div

(+) attack on

w/ROFs x2; other cndtns nominal
STARTING DATE OF ENGAGEMENT: 09/15/1944
STARTING TIME OF ENGAGEMENT: 0700

ATTACKER: WW2 Lt Armd Div (+)
DEFENDER: WW2 std PzD
(X, Y): 0.00, 0.00
(X, Y): 20.00, 0.00
RESULTS SUMMARY
ATTACKER DEFENDER
0.739 1.353
XXXXXX
0.000
0.000
418.997 479.093
3.287 3.350
43.886 10.510
9.357 6.256

% TANK LOSSES/DAY

PROGRAM-CONTROL VARIABLES
TIME STEP FOR
TIME STEP FO

ATTRITION CALCULATION:
R PRINT OUT OF RESULTS:

MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT:

INTERMEDIATE RESULTS

ENVIRONMENTAL VARIABLES
LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES
ATTACKER’S MISS
DEFENDER’S MISS
ATTACKER’S WEAPONS SOPHISTICAT
DEFENDER’S WEAPONS SOPHISTICAT
FORCE T
NEITHER SIDE HAS AIR SUPERIORI
SURPRISE LE
PRIOR DAYS OF COMBAT - ATTAC

WILL NOT BE PRINTED OUT

INPUT DATA

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

GOOD ROADS

EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE
ION: US

PRIOR DAYS OF COMBAT - DEFENDER: 0.00

Shoreline Vulne

EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:

TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

24.0000 HOURS
24.0000 HOURS
24.000 HOURS

ION: GERMAN/SWEDISH/S. KOREA

YPE: ARMORED

TY

VEL: NO SURPRISE

KER: 0.00

rability not applied

ATTACKER DEFENDER

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000
1.000 1.000
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ATTACKER’S ORDER OF BATTLE

1.000 WWw2 Light AD (+) of USA

DEFENDER’S ORDER OF BATTLE

1.000 WW2 std Army PzD w/ROF x2 of GERMANY

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER
NUMBER OF PERSONNEL............ 12749 14300

NUMBERS OF COMBAT SYSTEMS

728 11T ol 469 168
Infantry....ooeiiiiiiiiinnn. 13803 12354
Anti-Tank......oooviiiiinnnan. 730 712
Towed Artillery...........o.... 0 30
Self-Propelled Artillery....... 54 24
Anti-Adr.... ..o, 32 71
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
TOTAL OLI

NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vvi i ittt i 1375 2328
Tracked Vehicles............... 93 24
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
Motorcycles. ..., 0 480

ATTACKER

153227

SCORES
92665.
30227.
17350.

0.
12042.
942.
0.

0.

000
465
000
000
000
960
000
000

DEFENDER

56074.
24136.
13715.
13876.
11388.
6722.
0.

0.

125912

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 24.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS

FORCE STRENGTHS............ 138630.005 104122.991

FORCE RATIO.......cvvvnn.. 1.331

POWER POTENTIAL

0.751

COMBAT POWER (P)........... 118999.978 160952.599

P/P RATIO. .t iiiiiiiinnennnn 0.739

TIME AND SPACE

ADVANCE RATE (km/day) : 0.000
LOCATION (x, y): 0.000
TOTAL DISTANCE (km): 0.000

FINAL INVENTORY ATTACKER DEFENDER
NUMBER OF PERSONNEL 12330 13821

NUMBERS OF COMBAT SYSTEMS

AYMOT ¢ v ottt ettt et e e e 425 157
Infantry....ooeiiiiiiiiiinnn. 13349 11940
Anti-Tank......oeviiiiinnnan. 706 688
Towed Artillery...........o.... 0 30
Self-Propelled Artillery....... 53 24
Anti-Adr......oiiiiiiiiiiii, 31 69
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
TOTAL OLI

NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vv i i ittt i 1352 2289
Tracked Vehicles............... 84 22
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
Motorcycles.....ooiiiiiieinnnn. 0 472

R R R R 3

* End of report *
R R R 3

1.353

ATTACKER

142762

SCORES
83994.
29234.
16779.

0.
11842.
911.
0.

0.

082
038
791
000
466
970
000
000

000
668
000
000
000
000
000
000

DEFENDER

52565.
23328.
13255.
13781.
11195.
6496.
0.

0.

120624

926
016
506
751
609
793
000
000
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/10/1996

ENGAGEMENT FILENAME: LOGSTC4 ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: U.S. Lt Armd Div w/ROFx2 attack
on German std PzD, other conditions nominal
STARTING DATE OF ENGAGEMENT : 09/15/1944
STARTING TIME OF ENGAGEMENT: 0700
ATTACKER: WW2 Lt Armd Div (+)
DEFENDER: WW2 std PzD
ATTACKER’S STARTING POINT (X, Y): 0.00, 0.00
ATTACKER’S OBJECTIVE (X, Y): 20.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER
COMBAT POWER RATIO 3.263 0.306
WINNER XXXXXX
DISTANCE ADVANCED 21.930
ADVANCE RATE (KM/DAY) 21.930
CASUALTIES 92.503 345.476
% CASUALTIES/DAY 0.726 2.416
TANK LOSSES 9.689 10.761
% TANK LOSSES/DAY 2.066 6.405
PROGRAM-CONTROL VARIABLES
TIME STEP FOR ATTRITION CALCULATION: 24.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 24.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 24.000 HOURS

INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES

LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

GOOD ROADS

EUROPEAN STANDARD

OPERATIONAL VARIABLES
ATTACKER’S MISSION: ATTACK (NORMAL)
DEFENDER’S MISSION: HASTY DEFENSE
ATTACKER’ S WEAPONS SOPHISTICATION: us
DEFENDER’ S WEAPONS SOPHISTICATION: GERMAN/SWEDISH/S. KOREA
FORCE TYPE: ARMORED
NEITHER SIDE HAS AIR SUPERIORITY
SURPRISE LEVEL: NO SURPRISE
PRIOR DAYS OF COMBAT - ATTACKER: 0.00
PRIOR DAYS OF COMBAT - DEFENDER: 0.00
Shoreline Vulnerability not applied

EQUATION MODIFIERS ATTACKER DEFENDER

COMBAT POWER: 1.000 1.000

ATTRITION RATE: 1.000 1.000

TOWED ARTILLERY RATE: 1.000 1.000

SP ARTILLERY RATE: 1.000 1.000
ADVANCE RATE: 1.000

SET PIECE FACTORS: 1.000 1.000
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FORCE & EQUI

ATTACKER’S ORDER OF BATTLE
1.000 WWw2 Light AD (+) of USA
DEFENDER’S ORDER OF BATTLE

1.000 WW2 std Army PzD of GERMANY

PMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL............ 12749 14300
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
2 11 469 168 124565.000 40270.000
Infantry.....ooiiiiiiiii. 13803 12354 46906.930 13510.834
Anti-Tank......ooeviiiiinnnn. 730 712 34700.000 6857.500
Towed Artillery............o.... 0 30 0.000 6938.000
Self-Propelled Artillery....... 54 24 24084.000 5694.000
Anti-Adr.... ..., 32 71 1885.920 3361.000
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 232142 76631
NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vvi ittt i 1375 2328
Tracked Vehicles............... 93 24
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
Motorcycles. ... iiiiieinnnn. 0 480

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER 24.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
FORCE RATIO....

COMBAT POWER (P
P/P RATIO......
P’ /P’ IMBALANCE

FORCE STRENGTHS
............ 209284.539 63757.796
............ 3.282 0.305

POWER POTENTIAL

) 302701.586 84174.173
............ 3.596 0.278
............ 3.263 0.306

TIME AND SPACE

ADVANCE RATE (km/day) : 21.930
LOCATION (x, y): 21.930 0.000
TOTAL DISTANCE (km): 21.930

FINAL INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL 12656 13955
ATTACKER DEFENDER

NUMBERS OF COMBAT SYSTEMS SCORES
28 11 459 157 121991.685 37690.651
Infantry.....ooiiiiiiiii. 13703 12056 46566.585 13184.424
Anti-Tank......ooeiiiiiiinnnn. 725 695 34448.226 6691.829
Towed Artillery............c.... 0 30 0.000 6904.148
Self-Propelled Artillery....... 54 24 23996.467 5624.798
Anti-Adr......oiiiiiiiiiiii, 32 69 1872.236 3279.801
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000

TOTAL OLI 228875 73376
NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vv i i ittt i 1370 2300
Tracked Vehicles............... 91 22
Fixed-Wing Aircraft............ 0 0
Rotary-Wing Aircraft........... 0 0
Motorcycles.....ooiiiiiieinnnn. 0 474

R R R S

* End of report *
R R R 3
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TACTICAL NUMERICAL DETERMINISTIC MODEL
Compiled 12 March 1995

Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy

All rights reserved

ENGAGEMENT F

09/18/1996

ILENAME: LOGSTCA

ENGAGEMENT DESCRIPTION: Attack by U.S.
Inf Div; all nominal conditions
STARTING DATE OF ENGAGEMENT : 09/10/1944
STARTING TIME OF ENGAGEMENT : 0600

German Typ-44

(TNDM)

ANALYST: D L Bongard

Inf Div against

ATTACKER: U.S. WW2 Inf Div (+)

DEFENDER: Ger WW2 T-44 Inf Div
ATTACKER’S STARTING POINT (X, Y): 0.00, 0.00
ATTACKER’S OBJECTIVE (X, Y): 15.00, 0.00

COMBAT POWER RATIO
WINNER

DISTANCE ADVANCED
ADVANCE RATE (KM/DAY)
CASUALTIES

% CASUALTIES/DAY

TANK LOSSES

% TANK LOSSES/DAY

PROGRAM-CONTROL VARIABLES

TIME STEP FOR

TIME STEP FO

MAXIMUM ELAPSED TIME FOR SIMUL
INTERMEDIATE RESULTS

ENVIRONMENTAL VARIABLES
LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES

ATTACKER’S MISS
DEFENDER’S MISS
ATTACKER’S WEAPONS SOPHISTICAT
DEFENDER’S WEAPONS SOPHISTICAT
FORCE T

ATTACKER HAS AIR SUPERIORITY
SURPRISE LE
PRIOR DAYS OF COMBAT - ATTAC

RESULTS SUMMARY

ATTACKER DEFENDER
0.909 1.100
XXXXXX

0.000

0.000
509.295 458.307
3.384 3.710
5.443 1.461
20.160 10.435

ATTRITION CALCULATION:
R PRINT OUT OF RESULTS:
ATED COMBAT ENGAGEMENT:

WILL NOT BE PRINTED OUT

INPUT DATA

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

MEDIOCRE ROADS
EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE
ION: US

PRIOR DAYS OF COMBAT - DEFENDER: 0.00

Shoreline Vulne
DEFENDER

EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:

TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

24.0000 HOURS
24.0000 HOURS
24.000 HOURS

ION: GERMAN/SWEDISH/S. KOREA

YPE: INFANTRY

VEL: NO SURPRISE

KER: 0.00

rability not applied

CEV: 1.200

ATTACKER DEFENDER

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000
1.000 1.000
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ATTACKER’S ORDER OF BATTLE

1.000 WW2 Inf Div w/twd TD bn

of USA

DEFENDER’S ORDER OF BATTLE

1.000 WwW2 Typ-44 Inf Div

of GERMANY

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL........

NUMBERS OF COMBAT SYSTEMS

Infantry...ooeeiiiieen
Anti-Tank......covveienn.
Towed Artillery............
Self-Propelled Artillery...

Fixed-Wing Aircraft........
Rotary-Wing Aircraft.......
TOTAL OLI

NUMBERS OF MOBILITY ELEMENTS

Fixed-Wing Aircraft........
Rotary-Wing Aircraft.......
Motorcycles

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER

FORCE STRENGTHS
FORCE RATIO.......cvivnn..

COMBAT POWER
P/P RATIO. .t it ieieeeneenn

ADVANCE RATE (km/day) :
LOCATION (x, y):
TOTAL DISTANCE (km):

24.000 HOURS OF COMBAT
(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS

39843.011 25835.107
1.542 0.648
POWER POTENTIAL
33102.267 36404.758
0.909 1.100
TIME AND SPACE
0.000
0.000 0.000
0.000

FINAL INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL

NUMBERS OF COMBAT SYSTEMS

Infantry...ooeeeiiineenn
Anti-Tank..........coion..

Towed Artillery.............
Self-Propelled Artillery....
Anti-Adr..... .o
Fixed-Wing Aircraft.........
Rotary-Wing Aircraft........

TOTAL OLI

NUMBERS OF MOBILITY ELEMENTS

Trucks
Tracked Vehicles

Fixed-Wing Aircraft.........
Rotary-Wing Aircraft........

Motorcycles

R R 3

* End of report *
R R S

e 15050 12352
ATTACKER DEFENDER
SCORES
e 27 14 2082.000 1946.000
e 13660 11294 15828.015 12588.812
e 651 453 20589.000 5429.268
e 66 72 14478.000 13314.000
e 0 0 0.000 0.000
e 0 12 0.000 852.000
e 0 0 0.000 0.000
e 0 0 0.000 0.000
52977 34130
e 1451 1348
e 3 0
e 10 0
e 0 0
e 11 168

14541 11894
ATTACKER DEFENDER
SCORES
e 22 13 1662.265 1742.926
e 13198 10875 15292.392 12121.719
e 629 436 19892.264 5227.821
. 65 71 14358.872 13213.700
. 0 0 0.000 0.000
. 0 12 0.000 820.388
. 0 0 0.000 0.000
. 0 0 0.000 0.000
51206 33127
. 1426 1323
. 2 0
. 10 0
. 0 0
. 11 165
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TACTICAL NUMERICAL DETERMINISTIC MODEL

C
Version: 1.85

ENGAGEMENT F
ENGAGEMENT DESC
German Typ-44

ompiled 12 March 1995

(TNDM)

Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved

09/18/1996

ILENAME: LOGSTCB
RIPTION: Attack by U.S.
Inf Div w/ROF = 0

STARTING DATE OF ENGAGEMENT: 09/10/1944
STARTING TIME OF ENGAGEMENT: 0600
TTACKER: U.S. WW2 Inf Div (+)

A

D

ATTACKER’S STARTING POINT
ATTACKER’S OBJECTIVE

COMBAT POWER RATIO
WINNER

DISTANCE ADVANCED
ADVANCE RATE (KM/DAY)
CASUALTIES

% CASUALTIES/DAY

TANK LOSSES

% TANK LOSSES/DAY

PROGRAM-CONTROL VARIABLES

TIME STEP FOR

TIME STEP FO

MAXIMUM ELAPSED TIME FOR SIMUL
INTERMEDIATE RESULTS

ENVIRONMENTAL VARIABLES
LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES

ATTACKER’S MISS
DEFENDER’S MISS
ATTACKER’S WEAPONS SOPHISTICAT
DEFENDER’S WEAPONS SOPHISTICAT
FORCE T

ATTACKER HAS AIR SUPERIORITY
SURPRISE LE
PRIOR DAYS OF COMBAT - ATTAC
PRIOR DAYS OF COMBAT - DEFEN
Shoreline Vulne
DEFENDER

EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:
TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

ANALYST: D L Bongard

Inf Div against

EFENDER: Ger WW2 T-44 Inf Div
(X, Y): 0.00, 0.00
(X, Y): 15.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER
15.694 0.064
XXXXXX
19.584
19.584

107.767 652.514
0.716 5.283
0.696 2.080
2.578 14.857

ATTRITION CALCULATION:
R PRINT OUT OF RESULTS:
ATED COMBAT ENGAGEMENT:

WILL NOT BE PRINTED OUT

INPUT DATA

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

MEDIOCRE ROADS
EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE
ION: US

24.0000 HOURS
24.0000 HOURS
24.000 HOURS

ION: GERMAN/SWEDISH/S. KOREA

YPE: INFANTRY

VEL: NO SURPRISE

KER: 0.00

DER: 0.00

rability not applied

CEV: 1.200

ATTACKER DEFENDER

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000
1.000 1.000
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1.000 w

1.000 w

FORCE & EQUIPMENT INV
NUMBER OF PERSONNEL.....

NUMBERS OF COMBAT

Infantry..... .o
Anti-Tank........covou.
Towed Artillery.........
Self-Propelled Artillery

Fixed-Wing Aircraft.....
Rotary-Wing Aircraft....
TOTAL O

NUMBERS OF MOBILITY EL

Fixed-Wing Aircraft.....
Rotary-Wing Aircraft....
Motorcycles.............

SNAPSHOT OF BATTLEFIEL

FORCE STRENGTHS.........
FORCE RATIO.............

COMBAT POWER (P)........
P/P RATIO. ..o vivnennnn.
P’ /P’ IMBALANCE.........

ADVANCE RATE (km/da
LOCATION (x,
TOTAL DISTANCE (ki

FINAL INV.
NUMBER OF PERSONNE

NUMBERS OF COMBAT

Infantry..... .o
Anti-Tank........covon.n
Towed Artillery.........
Self-Propelled Artillery
Anti-Adr.......... ..
Fixed-Wing Aircraft.....
Rotary-Wing Aircraft....

TOTAL O

NUMBERS OF MOBILI
Trucks......coviiinnn.
Tracked Vehicles........
Fixed-Wing Aircraft.....
Rotary-Wing Aircraft....
Motorcycles.............

ATTACKER’S ORDER OF BATTLE

W2 Inf Div w/twd TD bn of USA
DEFENDER’S ORDER OF BATTLE

W2 Typ-44 Inf Div of GERMANY

ENTORY ATTACKER DEFENDER
....... 15050 12352

ATTACKER DEFENDER

SYSTEMS SCORES
....... 27 14 2082.000
....... 13660 11294 15828.015
....... 651 453 20589.000
....... 66 72 14478.000
....... 0 0 0.000
....... 0 12 0.000
....... 0 0 0.000
....... 0 0 0.000
LI 52977
EMENTS
....... 1451 1348
....... 3 0
....... 10 0
....... 0 0
....... 11 168

D OUTCOME AFTER 24.000 HOURS OF COMBAT

54

6.

000

0.000

o O O O O O o

(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
. 39213.011 464.100
. 84.493 0.012

POWER POTENTIAL

. 107031.732 564.717
. 189.532 0.005
. 15.694 0.064

TIME AND SPACE
) : 19.584
) : 19.584 0.000
m) : 19.584

ENTORY ATTACKER DEFENDER
L 14942 11699

.000
.000
.000
.000
.000
.000

ATTACKER DEFENDER

SYSTEMS SCORES
....... 26 12 2028.330
....... 13562 10697 15714.677
....... 646 429 20441.571
....... 66 71 14453.051
....... 0 0 0.000
....... 0 11 0.000
....... 0 0 0.000
....... 0 0 0.000
LI 52638

TY ELEMENTS

....... 1446 1312
....... 3 0
....... 10 0
....... 0 0
....... 11 164

R R R 3

* End of report *
R R R 3
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4.

878

0.000

U O O O O o o

.000
.000
.000
.000
.000
.000
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TACTICAL NUMERICAL DETERMINISTIC MODEL

C

ompiled 12 March 1995

(TNDM)

Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved

ENGAGEMENT F

09/18/1996

ILENAME: LOGSTC-C

ENGAGEMENT DESCRIPTION: Attack by U.S.

German Typ-44

STARTING DATE OF ENGAGEMENT:

Inf Div, w/ROF x 2
09/10/1944

STARTING TIME OF ENGAGEMENT: 0600

ANALYST: D L Bongard

Inf Div against

ATTACKER: U.S. WW2 Inf Div (+)

DEFENDER: Ger WW2 T-44 Inf Div
ATTACKER’S STARTING POINT (X, Y): 0.00, 0.00
ATTACKER’S OBJECTIVE (X, Y): 15.00, 0.00

COMBAT POWER RATIO
WINNER

DISTANCE ADVANCED
ADVANCE RATE (KM/DAY)
CASUALTIES

% CASUALTIES/DAY

TANK LOSSES

% TANK LOSSES/DAY

PROGRAM-CONTROL VARIABLES

TIME STEP FOR

TIME STEP FO

MAXIMUM ELAPSED TIME FOR SIMUL
INTERMEDIATE RESULTS

ENVIRONMENTAL VARIABLES
LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES

ATTACKER’S MISS
DEFENDER’S MISS
ATTACKER’S WEAPONS SOPHISTICAT
DEFENDER’S WEAPONS SOPHISTICAT
FORCE T

ATTACKER HAS AIR SUPERIORITY
SURPRISE LE
PRIOR DAYS OF COMBAT - ATTAC

RESULTS SUMMARY

ATTACKER DEFENDER
0.308 3.249
XXXXXX

0.000

0.000
803.722 305.954
5.340 2.477
10.803 0.903
40.012 6.450

ATTRITION CALCULATION:
R PRINT OUT OF RESULTS:
ATED COMBAT ENGAGEMENT:

WILL NOT BE PRINTED OUT

INPUT DATA

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

MEDIOCRE ROADS
EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE
ION: US

PRIOR DAYS OF COMBAT - DEFENDER: 0.00

Shoreline Vulne
DEFENDER

EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:

TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

24.0000 HOURS
24.0000 HOURS
24.000 HOURS

ION: GERMAN/SWEDISH/S. KOREA

YPE: INFANTRY

VEL: NO SURPRISE

KER: 0.00

rability not applied

CEV: 1.200

ATTACKER DEFENDER

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000
1.000 1.000
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ATTACKER’S ORDER OF BATTLE

1.000 WW2 Inf Div w/twd TD bn

of USA

DEFENDER’S ORDER OF BATTLE

1.000 WwW2 Typ-44 Inf Div

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL............ 15050

NUMBERS OF COMBAT SYSTEMS

AYMOT ¢ v vt ettt et e et e e e 27
Infantry....cooeiiiiiiiiiiinnn. 13660
Anti-Tank......ooeviiiiinnnn. 651
Towed Artillery...........o.... 66
Self-Propelled Artillery....... 0
Anti-Adr......oiiiiiiiiiiii, 0
Fixed-Wing Aircraft............ 0
Rotary-Wing Aircraft........... 0
TOTAL OLI

NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vvi ittt i 1451
Tracked Vehicles............... 3
Fixed-Wing Aircraft............ 10
Rotary-Wing Aircraft........... 0
Motorcycles. ..., 11

SNAPSHOT OF BATTLEFIELD OUTCOME AFTER
(

FORCE STRENGTHS

FORCE STRENGTHS............ 40113.911
FORCE RATIO.......cvivnn.. 0.809

POWER POTENTIAL

COMBAT POWER (P)........... 24505.852
P/P RATIO. .t iiiiiiiinnennnn 0.281
P’ /P’ IMBALANCE............ 0.308

TIME AND SPACE

ADVANCE RATE (km/day) : 0.000
LOCATION (x, y): 0.000
TOTAL DISTANCE (km): 0.000

12352

14
11294
453
72

12

1348
0

0

0
168

49

87

FINAL INVENTORY ATTACKER DEFENDER

NUMBER OF PERSONNEL 14246

NUMBERS OF COMBAT SYSTEMS

728 11T e ol 16
Infantry....cooeiiiiiiiiiiinnn. 12931
Anti-Tank......ooeviiiiinnnn. 616
Towed Artillery...........o.... 65
Self-Propelled Artillery....... 0
Anti-Adr.... ..., 0
Fixed-Wing Aircraft............ 0
Rotary-Wing Aircraft........... 0

TOTAL OLI

NUMBERS OF MOBILITY ELEMENTS

TrucksS. .o vv i i ittt i 1412
Tracked Vehicles............... 2
Fixed-Wing Aircraft............ 10
Rotary-Wing Aircraft........... 0
Motorcycles.....ouiiiiiieinnnn. 11

12046

13
11014
442
72

12

1331
0

0

0
166

R R R 3

* End of report *
R R R 3

of GERMANY

ATTACKER

590.915
1.236

225.975
3.559
3.249

SCORES
2082.
15828.
20589.
14478.
.000
.000
.000
.000

000
015
000
000

24.000 HOURS OF COMBAT
1 TIME STEP OF CALCULATION)

ATTACKER

SCORES
1248.
14982.
19489.
14288.
.000
.000
.000
.000

945
745
4717
550

2548.
25177.
10858.
26628.

0.
1704.
0.
0.

66916

2383.
24553.
10589.
26494.

0.
le61.
0.
0.

65684

DEFENDER

000
624
536
000
000
000
000
000

DEFENDER

659
984
574
760
000
793
000
000
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TACTICAL NUMERICAL DETERMINISTIC MODEL (TNDM)
Compiled 12 March 1995
Version: 1.85 Copyright (c) 1990-1995 T. N. Dupuy
All rights reserved
09/18/1996

ENGAGEMENT FILENAME: LOGSTCD ANALYST: D L Bongard
ENGAGEMENT DESCRIPTION: Attack by U.S. Inf Div w/ROF x
2, vs. German Typ-44 Inf Div
STARTING DATE OF ENGAGEMENT: 09/10/1944
STARTING TIME OF ENGAGEMENT: 0600
ATTACKER: U.S. WW2 Inf Div (+)
DEFENDER: Ger WW2 T-44 Inf Div
ATTACKER’S STARTING POINT (X, Y): 0.00, 0.00
ATTACKER’S OBJECTIVE (X, Y): 15.00, 0.00

RESULTS SUMMARY

ATTACKER DEFENDER

COMBAT POWER RATIO 2.892 0.346
WINNER XXXXXX
DISTANCE ADVANCED 7.964
ADVANCE RATE (KM/DAY) 7.964

CASUALTIES 295.945 683.043

% CASUALTIES/DAY 1.966 5.530

TANK LOSSES 2.812 2.177

% TANK LOSSES/DAY 10.416 15.553

PROGRAM-CONTROL VARIABLES
TIME STEP FOR ATTRITION CALCULATION: 24.0000 HOURS
TIME STEP FOR PRINT OUT OF RESULTS: 24.0000 HOURS
MAXIMUM ELAPSED TIME FOR SIMULATED COMBAT ENGAGEMENT: 24.000 HOURS
INTERMEDIATE RESULTS WILL NOT BE PRINTED OUT

INPUT DATA

ENVIRONMENTAL VARIABLES

LIGHTING LEVEL:

TERRAIN TYPE:

WEATHER CONDITION:
CLIMATE/SEASON OF YEAR:
ROAD QUALITY:

ROAD DENSITY:

OPERATIONAL VARIABLES

ATTACKER’S MISS
DEFENDER’S MISS
ATTACKER’S WEAPONS SOPHISTICAT
DEFENDER’S WEAPONS SOPHISTICAT
FORCE T

ATTACKER HAS AIR SUPERIORITY
SURPRISE LE
PRIOR DAYS OF COMBAT - ATTAC
PRIOR DAYS OF COMBAT - DEFEN
Shoreline Vulne
DEFENDER

EQUATION MODIFIERS

COMBAT POWER:
ATTRITION RATE:

TOWED ARTILLERY RATE:
SP ARTILLERY RATE:
ADVANCE RATE:

SET PIECE FACTORS:

24-HOUR PERIOD
ROLLING-GENTLE-MIXED
DRY-OVERCAST-TEMPERATE
TEMPERATE

MEDIOCRE ROADS
EUROPEAN STANDARD

ION: ATTACK (NORMAL)
ION: HASTY DEFENSE
ION: US

ION: GERMAN/SWEDISH/S. KOREA

YPE: INFANTRY

VEL: NO SURPRISE

KER: 0.00

DER: 0.00

rability not applied

CEV: 1.200

ATTACKER DEFENDER

1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000
1.000 1.000
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ATTACKER’S ORDER OF BATTLE

1.000 WW2 Inf Div w/twd TD bn

of USA

DEFENDER’S ORDER OF BATTLE

1.000 WwW2 Typ-44 Inf Div

FORCE & EQUIPMENT INVENTORY ATTACKER DEFENDER

of GERMANY

NUMBER OF PERSONNEL............ 15050 12352
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
AYMOT ¢ v v vt vttt ittt it eeenen e 27 14 2799.000 1946.000
Infantry.....ooviiiiiiiii. 13660 11294 31656.030 12588.812
Anti-Tank......ooeviiiiinnnn. 651 453 41178.000 5429.268
Towed Artillery................ 66 72 28956.000 13314.000
Self-Propelled Artillery....... 0 0 0.000 0.000
Anti-Adr......oiiiiiiiiiiii, 0 12 0.000 852.000
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 104589 34130
NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vvi ittt i 1451 1348
Tracked Vehicles............... 3 0
Fixed-Wing Aircraft............ 10 0
Rotary-Wing Aircraft........... 0 0
Motorcycles. ..., 11 168

SNAPSHOT OF BATTLEFIEL

FORCE STRENGTHS.........
FORCE RATIO.............

D OUTCOME AFTER 24.000 HOURS OF COMBAT

(1 TIME STEP OF CALCULATION)

FORCE STRENGTHS
. 77603.661 26157.757
. 2.967 0.337

POWER POTENTIAL

COMBAT POWER (P)....uvunn.. 104594.412 36169.387
P/P RATIO. .t it ieieeeneenn 2.892 0.346
TIME AND SPACE
ADVANCE RATE (km/day) : 7.964
LOCATION (x, y): 7.964 0.000
TOTAL DISTANCE (km) : 7.964
FINAL INVENTORY ATTACKER DEFENDER
NUMBER OF PERSONNEL 14754 11669
ATTACKER DEFENDER
NUMBERS OF COMBAT SYSTEMS SCORES
28 11 24 12 2507.446 1643.346
Infantry.....ooviiiiiiii. 13391 10669 31033.542 11892.674
Anti-Tank......ovuiiiiiinnnan. 638 428 40368.271 5129.039
Towed Artillery................ 66 71 28818.312 13163.383
Self-Propelled Artillery....... 0 0 0.000 0.000
Anti-Adr......oiiiiiiiiiiii, 0 11 0.000 804.886
Fixed-Wing Aircraft............ 0 0 0.000 0.000
Rotary-Wing Aircraft........... 0 0 0.000 0.000
TOTAL OLI 102728 32633
NUMBERS OF MOBILITY ELEMENTS
TrucksS. .o vvi ittt i 1437 1311
Tracked Vehicles............... 3 0
Fixed-Wing Aircraft............ 10 0
Rotary-Wing Aircraft........... 0 0
Motorcycles....o.ouiiiiieinnnn. 11 163

R R 3

* End of report *
R R S
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Validation of the TNDM

@ Eg&qis D i 1)
AN
L

[ 2

at Battalion Level
by Christopher A. Lawrence

The original QJM (Quantified Judgement
Model) was created and validated using primarily divi-
sion-level engagements from WWII and the 1967 and
1973 Mid-East Wars. For a number of reasons, we are
now using the TNDM for analyzing more lower level en-
gagements. We expect, with the changed environment in
the world, this trend to continue.

The model, while designed to handle battalion—
level engagements, was never validated for those size en-
gagements. There were only 16 engagements in the origi-
nal QJM Database with less than 5,000 people on one
side, and only one with less than 2,000 people on a side.
The sixteen smallest engagements are:

1973 Mid-East Mt. Hermon | 2,692 1,583 *
1973 Mid-East Canal Assault (S) 22,850 3,020
WWII (1943) Monte Maggiore 5,551 3,288 *
WWII (1943) Monte Camino Il1 20,744 3,288
1967 Mid-East Bir Gifgafa 3,600 3,500 *
1973 Mid-East Kuneitra 17,750 3,630
WWII (1944) |l Giogo Pass 15,721 3,700
WWII (1943)  Port of Salerno 12,917 4,250
WWII (1943)  Amphitheater 12,917 4,250
1967 Mid-East Rawiyeh 5,350 4,350
1973 Mid-East Canal Assault (N) 29,490 4,455
WWII (1944)  Carrocetto 26,490 4,515
WWII (1944) Monte Grande 13,095 4,563
1973 Mid-East Mt. Hermon |l 5,700 4,750
1973 Mid-East Mt. Hermon llI 11,400 4,750
1973 Mid-East Rafid 19,525 4,958

While it is not unusual in the operations research com-
munity to use unvalidated models of combat, it is a very
poor practice. As TDI is starting to use this model for
battalion-level engagements, it is time it was formally
validated for that use. A model that is validated at one
level of combat is not validated to represent sizes, types
and forms of combat to which it has not been tested.

TDI is undertaking a battalion—level validation
effort for the TNDM. We intend to publish the material
used and the results of the validation in the International
TNDM Newsletter. As part of this battalion-level vali-
dation we will also be looking at a number of company-
level engagements. Right now, my intention is to simply
just throw all the engagements into the same hopper and
see what comes out.

By battalion-level, I mean any operation con-
sisting of the equivalent of two or less reinforced battal-
ions on one side. Three or more battalions imply a regi-

ment or brigade-level operation. A battalion in combat
can range widely in strength, but that usually does not
have an authorized strength in excess of 900. Therefore,
the upper limit for a battalion-level engagement is 2,000
people, while its lower limit can easily go below 500
people. Only one engagement in the original QJM Da-
tabase fits that definition of a battalion-level engage-
ment. But the companies of HERO, DMSI, TND & As-
sociates, and TDI (all companies founded by Trevor N.
Dupuy) have examined a number of small engagements
over the years. HERO assembled 23 WWI engagements
for the Land Warfare Database (LWDB), TDI has done
15 WWII small unit actions for the Suppression contract
and Dave Bongard has assembled four others from that
period for the Pacific, DMSI did 14 battalion-level en-
gagements from Vietnam for a study on low intensity
conflict 10 years ago, and Dave Bongard has been inde-
pendently looking into the Falkland Islands War and
other post—-WWII sources to locate 10 more engagements,
and we have three engagements that Trevor N. Dupuy
did for South Africa. We added two other World War 11
engagements and the three smallest engagements from
the list to the left (those marked with an asterisk). This
gives us a list of 74 additional engagements that can be
used to test the TNDM.

The smallest of these engagements is 220 people on
both sides (100 vs 120), while the largest engagement on
this list is 5,336 versus 3,270 or 8,679 vs 725. These 74
engagements consist of 23 engagements from WWI, 22
from WWII, and 29 post-1945 engagements. There are
three engagements where both sides have over 3,000 men
and 3 more where both sides are above 2,000 men. In the
other 68 engagements, at least one side is below 2,000,
while in 50 of the engagements, both sides are below
2,000.

This leaves the following force sizes to be tested:

0- 199 19
200 - 499 25
500 - 999 41

1000 - 1499 14
1500 - 1999 19
2000 - 2499
2500 - 2999
3000 - 3499
3500 - 3999
4000 - 4999
5000 - 5999
6000 - 9000

— OO M NMNOOSMN
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These engagements have been “randomly” se-
lected in the sense that the researchers grabbed what-
ever had been done and whatever else was conveniently
available. It is not a proper random selection, in the sense
that every war in this century was analyzed and a repre-
sentative number of engagements was taken from each
conflict. This is not practical, so we settle for less than
perfect data selection. Furthermore, as many of these con-
flicts are with countries that do not have open archives
(and in many cases limited unit records) some of the op-
posing forces strength and losses had to be estimated. This
is especially true with the Viet Nam engagements. It is

hoped that the errors in estimation deviate equally on
both sides of the norm, but there is no way of knowing
that until countries like the People’s Republic of China
and Vietnam open up their archives for free indepen-
dent research.

TDI intends to continue to look for battalion—
level and smaller engagements for analysis, and may add
to this data base over time. If some of our readers have
any other data assembled, we would be interested in see-
ing it. In the next issue we will publish the preliminary

results of our validation. &

Battalion Level Engagements
Date | Attacker _|AttN __|A Cas _|Defender ____|DefN _|D Cas _|Source |

World War |

Yvonne-Odette | 13-14 Apr 1918 StGr Grethe 3702
Cantigny 28 May 1918  28th IRgt 8679
Hill 142 6 Jun 1918 5 Mar Rgt-  |2913
West Wd | 6 Jun 1918 3/5 Mar (-) |1740
Bourschs | 6 Jun 1918 6 Mar Rgt- 2753
West Wd Il 11Jun 1918  2/5 Mar (+) |3349

N Wood | 12Jun 1918  3/5 Mar (+) 1747
Bourschs Il 13 Jun 1918 109 IR -/+ 3690

N Wood Il 21 Jun 1918 1/7 IR 1697

N Wood Il 23 Jun 1918  3/5 Mar (+) 1256

N Wood IV 25Jun 1918  3/5 Mar (+) 1453
St. Amand F 18 Jul 1918 2/28 IR (+) 1150 Tk
Beaupre F 18 Jul 1918 2/23 IR (+) 4480 LT
Chaudun 18 Jul 1918 3/18 IR (+) [1611
Berzy le Sec 21 Jul 1918 28 IR +/- 4000
Bouzancy Rdg 21 Jul 1918 18 IR +/- 5300
Medeah Far 3 Oct 1918 2/9 IRgt 1921 LT
Essen Hook 3 Oct 1918 1/5 Mar (+) (1420 LT
Exermont-M 4 Oct 1918 18 IR (+) 5336 LT
Mayache Rv 4 Oct 1918 26 IR (+) 5427 LT
Le Neuville 4 Oct 1918 28 IR (+) 5365
Remy-Aillicourt | 6-7 Nov 1918 1/16 IR 1210
Hill 252 7 Nov 1918 16 IR -/+ 1989
World War Il

Wake Il 23 Dec 1941 | SNLF (+) 1500
Makin Raid 25 Aug 1942 2 MarRdrBn+221
Tenaru River 18 Aug 1942 Ichiki Force (770
Edson's Ridge 13 Sep 1942  Kawaguchi F 4000
Chouigi Pass 26 Nov 1942 190 Pz Bn 465 Tk
Mte Maggio 2-3 Dec 1943 |36 Inf Div- 5551
Engebi Is 18 Feb 1944 22 MarRgt - 4125
Eniwetok 17 Dec 1944 106 IRgt -/+ |2600
Lausdell XRds |20 Feb 1944  KG Miiller | 3300
Assenois 26 Dec 1944 | CCB/4 AD 1796 Tk
VER 7BWx 8 Feb 1945 7 BW/51 1D |800
VER 57Gx 8 Feb 1945 5/7 Gordons | 800
VER 1BWx 8 Feb 1945 1 Black W 800
VER HLIx 8 Feb 1945 1 HLI/53 ID 800
VER 4RWx 8 Feb 1945 4 R Wel Fus 800
VER 10Bx 8 Feb 1945 1 Ox&Bucks 800
VER 2GHx 8 Feb 1945 2 GH/15 1D 800
VER 9Cx 8 Feb 1945 9 Camerons 800
VER 2ASx 8 Feb 1945 2 A&S Hidrs 1800
VER XHLx 8 Feb 1945 10 HLI 800
VER RDMx 8 Feb 1945 RdM/2d C ID 800
VER CHx 8 Feb 1945 Cal Hidrs 800

Note that in the above table, for World War II, German, Japanese, and
Axis forces are listed in italics, while US, British, and Allied forces are
listed in regular typeface. Also, in the VERITABLE engagements, the 5/

71 1&L/9 IRgt 650 71 n
300 /17272 IR 725 386 n
383 11/273 IR+ 2458 471 n
361 1/461 IR 1121 54 n
343 1l/461 IR 1352 186 n
279 1/461 IR+ 1798 541 n
167 1l/110 GrR 1952 293 n
138/3/5 Mar (+) 2629 107 n
192 111/347 IR+ 1428 18 n
133/1/347 IR 1565 19 n
273 1/347 IR 1546 437 n
120 11/396 IRgt 400 400 n
125 11l/219 IR 565 181 n
130 /1/109 BGrR+ 800 500 n
210 109 IR +/- 350 116 n
350 11/62 JgrR 554 276 n
247 1/235 ResIR 155 83 n
140/ 2/KoInLSAbt 216 120 n
352 elm 3 GdIR+ 3270 196 n
376 11/170 IR+ 1899 114 n
340 I/111 IR+ 1940 61 n

25 6 ResJgrBn+ 296 30 n
110/ 714 Res ID- 1655 182 n

? det 1 MDBn 430 ?
40?/1co(-) 83 70
700 1&2/1st Mar 1600 80

1200 1 MarRBn+ 980 200

40 elms 1 AD 188 15

n

T

T

T

n

15 PGD & 29 PD 3288 Q

303 7st AmBde- 1276 1240 T
202 1st AmBde- 1350 450 T
400 1/9 Inf (+) 600 400 T
80 FusAbt 26+ 614 470 T
33/1co/84 ID 150 10 T
35/1.5 cos/84 ID 220 12 T
22 /1.5 cos/84 1D 220 20 T
14/ 1 F Co/84 1D 150 15 T
201 F Co/84 ID 150 15 T
111 F Co/84 1D 150 15 T
21/1F Co/84 ID 150 10 T
41 1 F Co/84 1D 300 20 T
46 2.5 cos/84 ID 370 32 T
42 2.5 cos R/84 ID 380 32 T
20/1 co/84 ID 150 15 T
44 3 cos/84 1D 450 40 T

7th Gordons’ action continues the assault of the 7th Black Watch, and that
the 9th Cameronians assumed the attack begun by the 2d Gordon High-
landers.
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Name Date Attacker Att N A Cas Defender Def N D Cas Source
Post-1945

Tu-Vu 9 Sep 1951 312 VMD -/+ 5000 12002 Mor cos + 420 250|T
Ninh Binh 29 Jun 1954 elms GM.2 850 20|VM bn TF 475 285|Q+
Cau Lanh 28 Aug 1963 AR/CIDG TF 500 3|VC company - 60 36|Q+
Cai Nuoc 10 Sep 1963 VC 306 IBn 500 16/ARVN co TF 150 60|Q+
ZDBO050.. 10 Sep 1963 Sct/42 IR 100 0/VC company 120 49|Q+
|Mapu 27 Apr 1966 Indo. Bn 200 53|B/2/Para 75 71Q+
Long Tan 18 Aug 1966 VC Force 1500 700|6 RoyAusRgt+ 900 39|Q+
Hill 450 10 Nov 1966 2/502 1Bn 850 20|NVA 5/95 IRgt 214 131]Q+
PrekKlok 1 28 Feb 1967 VC Bn TF 500 292|B/1/6 164 53|Q+
PrekKlok 2 10 Mar 1967 VC 272 IR- 1000 354|2/2+,11D 1600 41|Q+
Buell 1l 10 Mar 1967 NVA 273 IR 2800 553|3/22-, 25 ID 400 27|Q+
ApBauBang 2 |1 Mar 1967 VS 2726 IR 900 403|A/3/5Cav 150 66/Q+
Bir Gigafa 8 Jun 1967 Eg 4 ArmD 3600 Is Tal Div 3500 Q
Lo Giang 1 2 Feb 1968 NVA co TF 350 136/B/1/6 120 32|Q+
Lo Giang 2 3 Feb 1968 1/6 Amcl ID 500 47|NVA bn TF 800 403|Q+
Nui BaDen |18 Aug 1968 VC Force 400 32|elm 251D 180 28|Q+
Mt Hermon | |8 Oct 1973 S Para Bde 2692 Is 1 Inf Bde 1683 Q
Goose Grn 28 May 1982 2/Para Regt 550 51]12 IRgt (+) 1300 200|T
Mt Harriet 11 Jun 1982 42 RMCdo 600 12|elms Arg Ar 400+ 100|n
Two Sisters |11 Jun 1982 45 RMCdo 600 14|elms Arg Ar 300? 20|n
Mt Longdon |11 Jun 1982 3/Para Rgt 550 70|7 IRgt (+) 8007 120+|n
Tumbledown |12 Jun 1982 2/Scots Gds 700 42elm 5 MBn+ 300 100?|n
Wireless R 12 Jun 1982 2/Para Rgt 660 14|Arg Inf R 650 60| T
Salinas 25-26 Oct 1983 |US Rangers 900 ?|Cubans/GARM 300 20?|n
Pearls AF 25 Oct 1983 USMC BLT 850+ 2|Gren mil co. 30 5T
Lomba 10 Mar 1987 61 MczBn 1199 9|FAPLA 47 Bde 2284 120|T
Cuatir R. 13 Jan 1988 RSA 20 Bde 2706 23|FAPLA 21 Bde 2329 150|T
|Lipanda 14 Feb 1988 4 SAl Rgt 1212 2|FAPLA 59 Bde 2263 300|T
TF Bayonet |20 Dec 1989 5 MczD TF ? ?|Pan NG 400 ?n

Tu-Vu is described in some detail in Fall’s Street With-
out Joy (pp. 51-53). The remaining Indochina/SE Asia engage-
ments listed here are drawn from a QJM-based analysis of low—
intensity operations (HERO Report 124, Feb 1988).

The coding for source and validation status, on the
extreme right of each engagement line in the D Cas column, is
as follows:

* n indicates an engagement which has not been em-

ployed for validation, but for which good data exists

for both sides (35 total).

* Q indicates an engagement which was part of the

original QJM database (3 total).

* Q+ indicates an engagement which was analyzed

as part of the QJM low—intensity combat study in 1988

(14 total).

* T indicates an engagement analyzed with the TNDM

(20 total).

October 1996 61



Validation of the

NEWSLETTER
SSWE S

Quantified Judgement Model (QJ M)

by Christopher A. Lawrence

The original QJM came about from a study
funded in 1969 by the US Air Force on exploring the use
of historical data in evaluating military effectiveness.
While that study was underway, the British Defence Op-
erational Analysis Establishment (DOAE) asked HERO
to analyze the relationship of tactical air support to land
combat. This analysis focused entirely on 60 division—
sized engagements in the Amercian 5th Army Area in
Italy from September 1943 to June 1944. From this data,
HERO developed the weapons values and assigned val-
ues for the combat variable effects by using a Delphic
process. These factors were then related to each other so
as to match the outcomes of the campaign. This gener-
ated the Quantified Judgement Method of Analysis of
Historical Combat Data (QJMA). It was designed as a
method of analyzing the impact of the air campaign on
the ground, and it was from that point that it developed
into a model of combat. This model, now known as the
QJM (Quantified Judgement Model) was developed
from a curve-fitting exercise to fit 60 division-level
engagments in one small theater of WWII. This model
was in it first form by the end of 1971.

In comparison, in 1971, a officer in Strategic
Analysis Group (STAG) feed the compiled data into the
Army’s theater—level model, ATLAS, and came up with
a considerably worse correlation in the outcomes. Of
course, at this point, the QJM, designed from 60 battles,
was self-validating when tested to those same 60 battles.
But, in 1972 and 1973, HERO did two additional stud-
ies, one on advance rates in combat and on the effective-
ness of barriers in combat. This resulted in data being
generated in 21 additional engagements. These 21 en-
gagements, mostly from France 1944, were then used to
validate the model, with similar, but not quite as good
results as were obtained from the initial 60 engagements.

As of mid-1973, the QJM existed as a model
that could be used with reasonable comfort for predict-
ing the outcomes of combat of US and British forces ver-
sus Germans in WWIL. There was also some reason to
believe that it was a reasonable predictor of Eastern
Front operations, but the lack of access to primary source
Soviet data did not allow one much confidence in the data.
In 1973-74, HERO was asked to develop the OLlIs it
was using for its WWII combat model to the present
(1970s era) weapons. This was done, and they also ex-
tended them to the past. They also used these values to
conduct theoretical NATO versus Warsaw Pact engage-
ments. As a result of this work, additional improvements
were made to the model, including revised weather ef-
fects tables.

Meanwhile, the Yom Kippur war occurred in the
Middle East in October 1973. In the fall of 1975, Trevor
N. Dupuy and colleagues attended a series of symposia
in Israel and Egypt on the war. From this, Trevor devel-
oped an extensive collection of contacts in the middle
east in Israel, Syria, Jordan and Egypt. This included
friendships with a number of Eqyptian generals and pub-
lishing their books on the war by HERO books. It was
also during this time that Trevor met then Lt. Col. Nicho-
las Krawciw, who was attached to the UN Truce Supervi-
sion Organization during the 1973 War. General Krawciw
now heads the Dupuy Institute.

As a result of these contacts, Trevor and his re-
search team assembled and estimated data for 20 1967
division-level engagements and 33 1973 division-level
engagements. Additional work on this was funded by the
US government in 1975 and 1976. These additional 53
engagements were then used to validate the model as a
tool for predicting modern combat. At this point, the
model validation data base consisted of 134 battles: the
60 originally used to design the model and the 74 used to
validate it in two different iterations. Model improve-
ments did continue throughout this process as a result of
additional lessons learned.

At this point, the QJM developed a some atten-
tion and respect from certain members of the US de-
fense department operations research community. This
was primarly as a result of its ability to predict the out-
come of the 1973 Arab-Israeli battle, something that
many other models in the operations research commu-
nity were having a problem doing. But a significant por-
tion of the community continued (and have continued)
to oppose it, mostly based upon strongly—felt convictions
on the theory of how combat models should be devel-
oped and concerns over the relevence of historical data.

Finally, during the 1970s some additional battles
were developed and analyzed, including selected engage-
ments from the Napoleonic Wars, Civil Wars, World War
I, the Korean War, and a few additional Wold War II en-
gagements to result in a QJM Database of 149 division—
level engagements. The engagements that made up this
QJM Data Base* are listed in the table on the next page.

In 1977, the model, data and methodology were
assembled into a book called Numbers, Predictions, and
War and published. It was reprinted in 1985, unchanged

*The QJM Database consists of those battles that were used to
test and validate the QJM. There also exists the less detailed
Land Warfare Database of over 600 battles from the 30 Years
War to present.
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except to add in an analysis of the 1982 fight in the Bekaa
Valley. In 1978, the results of his research into the
Middle East Wars were published in his book Elusive Vic-
tory. This effectively completed the public presentation
of the model, its validation, and the data used for it.

In 1979 the improved QJM was revalidated to
66 engagements from the QJM Database. This included
35 of the 81 World War II engagements, 5 new engage-
ments from World War II, and 26 from the 1973 Middle
East War. This new validation effort considered four
outputs: success/failure, movement rates, personnel ca-
sualties, and tank losses. The QJM predicted success/fail-
ure correctly for 85% of the engagements, movement
rates with a 15% error, and personnel attrition with a
40% error or less. The error rate for tank losses was
around 80%, with the model consistently underestimat-
ing tank losses because of the input being AFVs while
the output (losses) was tanks (oops!). This was corrected.

In the early 1980s the model was programmed
into BASIC to be used on a PC by José Perez. It was then
reprogrammed into Pascal in 1987-88 by one of the cus-
tomers at their expense. Finally, Trevor’s book Under-
standing War on his theory of combat was published in
1987. This book analyzed combat using both the QJIM
and the Land Warfare Database. In the back of this book,
he published the summary of the reuslts of 94 World War
II battles and 52 engagments from the Arab-Israeli Wars.
Six more World War II battles had been added to the
QJM database and one removed from the Arab-Israeli
listing. Furthermore, the outputs had changed some for
most battles from the outputs published in 1977. This

(War | Campaign ___|Opposing Forces _|# of Baitcs

Napoleonic French vs Allies
Amer. Civil War Union vs Confederate 2
WWI Somme 1918 UK vs German 2
Megiddo 1918 UK vs Turkey 1
WWII France 1940 French vs German 1
Russian 1941 USSR vs German 1
Malayan 1941 UK vs Japan 1
Russian 1943 USSR vs German 3
Italian 1943-44 ' US/UK vs German 61
France 1944 US vs German 20
Manchuria 1945 USSR vs Japan 1
Korea Korea 1950 NKPA vs ROK 1
1967 Mideast Egyptian Front | Israel vs Egypt 10
Egyptian Front Israel vs PLO 1
Jordanian Front Israel vs Jordan 5
Golan Heights  |Israel vs Syria 4
1973 Mideast Egyptian Front | Israel vs Egypt 16
Golan Heights  |Israel vs Syria 14
Golan Heights  |Israel vs Iraq
Golan Heights  Israel vs Jordan 1

means, without any such announcement of such, that
Trevor had retested all the battles and re-validated the
changes to the model to the original battle data. I am not
aware that this was done as a formal process, but suspect
it was done over time as “a matter of course.”

Model evolution on the QJM stopped when
Trevor left DMSI in 1990. He then created the TNDM,
using the work on Lanchester equations done by Dr.
James Taylor of the Naval Post—-Graduate School and a
revised AFV scoring system developed by W. “Chip”
Sayers. The model was programmed in Turbo Pascal by

José Perez. @
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Factor

The Velocity Attrition Factor

ANDM)

by Christopher A. Lawrence

In April of this year, I was assembling a list of
validated models. One of the people that I called on was
Dr. Brian McCue, formally of the Congressional Office
of Technology Assesment. In particular, I was trying to
locate the phone number of Dr. Joshua Epstein to find
out what validation efforts was done with his model. Brian
said to me at the time that there were many interesting
elements in the “much-maligned Joshua Epstein model.”
One element, which Brian claimed to have seen in no
other mode, was that the defender recieved some ben-
efit from retreating, which was reduced casualties. He
claimed that he knew of no other model that did that.
Retreat was simply an output in these models, like casu-
alties, winner/loser, and equipment lost. I opined at the
time that the TNDM did that, but when I went into Num-
bers, Predictions, and War to prove it, I could not find
any such effect. This puzzled me, as I instinctually knew
that casualties went down as the defender retreated, as-
suming no units were isolated or broken through and
though that Trevor had included that in the model.

Last month, after Dave Bongard ran a series of
runs for me, I realized that this effect was showing up in
the results of the runs (see my article on “What Happens
When the Rate of Fire Goes to Zero” for copies of those
runs). This caused me to look back into Numbers, Pre-
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dictions, and War, and again no luck. I then had Dave
look into José Perez’s list of model changes to the TNDM
that was included in the last newsletter, and there under
TNDM v. 0.2 was listed that “The Velocity Attrition
Factor was added to the Personnel Loss Rate calculation.”
Sure enough, a look into the TNDM manuals produced
the table attached to this article.

As I said in the last issue, I am constantly sur-
prised by the degree of sophistication I keep finding in
this relatively simple model. Unfortunately, I do not
know when this change was inserted into the model, as
documented changes to the old QJM are filed who knows
where, but I suspect the change was placed into the QJM
sometime between 1978 and 1986. This relationship be-
tween casualties and advance rates is not discussed in
Trevor’s book Understanding War in 1987, but from look-
ing at his chapter “Advance Rates in combat,” it does
appear that he had looked at this subject by the time he
published, even if he neglected to write about the rela-
tionship. I do not know the basis for the factors chosen,
but I can only assume that it was “reasonable judgement”
based upon measured outcomes.

Therefore, Brian, here is the second model
where the defender gains something from retreating. For

that matter, so does the attacker. &

Velocity Factor (vi)

Effect on Casualties

13 14 15 16 17 18 19 20 21 22 23 24 25

Velocity (km/day)
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From the Editor...

For those of you who have an annual support contract with us, you will be
receiving ina couple of weeks the latest version of the TNDM, version 1.86. Itincorporates
the first changes to the TNDM done without the involvement of Trevor Dupuy. They are
all minor changes. See the article at the end of this newsletter for a more detailed
description. We are still planning an improvement to the TNDM in 1997 to include a
logistics module.

We suffered from a unique problem in this issue: we had too many articles. Asa
result of our battalion—level validation effort, I had developed a considerable mass of data
and graphs. I had planned to publish all of these in this issue, but my plan went by the
wayside when Icalled up Jay Karamales and asked him how long would it take to draw up
99 graphs. Therefore, we slimmed down the issue to a more manageable size and will
publish the work we've been doing on the battalion-level validation in the next issue, This
may bump the articles we've been preparing on the DACM (Dupuy Air Combat Model),
but [ suspect not.

In thisissue [ carry the burden of writing most of the articles. These articles came
about from our attempts to use the TNDM beyond its validated design. There are two
articles related to Operations Other Than War (OOTW—I really do dislike this term).
These came out of our attempt to estimate casualtics in Bosnia and a trip I made out tothe
Naval Post-Graduate School and RAND a few months ago. The battalion-level
validation and modeling operations other than war are interrelated, as 1 believe that
making predictions for many of our future operations is going to require the use of a
battalion-level model. The QJM was fundamentally a division-level model, and we hope
that we can validate (or change) the TNDM to be used as a battalion-level combat model.,
All this came about because of my concerns about using the TNDM for making casualty
estimates for the Bosnia operation back in November of 1995. While the use of the TNDM
was only a small part of that study (and that part was published in the first issue of the
newsletter), [became concerned that we were using a model outside of its designed and
tested parameters. Even though Col. Dupuy had designed and tested the model to do
battalion-level combat, he had never validated it for such.

We recently examined using the TNDM to test the battle of Gettysburg, Thisled
to the articles on dispersion and calculating attrition. Our ongoing battalion-level
validation effort has caused to me look into areas where the model may give us some
problemswith accurate forecasts, This generated the articles on time and the TNDM and
José Perez's article on unit size.

For the sake of stylistic variety, we have included an article by Richard Anderson.
When Rich suggested the idea to me, all I could think of was the afternoon I wasted
pigeon-holed by a guy at a party who insisted on explaining to me all the intricacies of
chaos theory. For those who were so lucky as to miss chaos theory, it is fashionably
presented in the film Jurassic Park. Obviously, the movie provides clear validation of the
theory. In thisissue, we provide our own contribution to the development of chaos theory
with Rich’s article, “The Butterfly Effect in History.” For those few who might have
missed Jurassic Park, the “butterfly effect” refers to the effect created in aircurrentsby one
butterfly flapping its wings. This change in the air currents could set of a series of small
changes in the atmosphere that eventually could build up to a full scale hurricane
elsewhere in the world. Personally, Lalways think about the butterfly that the time traveler
stepped onin Ray Bradbury'sshort story “ A Sound of Thunder.” It is amazing how much
impact a butterfly can have. Just to show that we are on the cutting edge of western
intellectual thought, we have identified our own butterfly effect in history, where the
actions of one insignificant colonial militia major, our very own G. Washington, plunges
the world into 200 years of chaos and darkness, Pretty frightening. T am sure a lot of
butterflies were disturbed in the process.

As José Perezis the programmerwho wrote the code for the TNDM and code for
the original computerized version of the QIM, it is now time to introduce him. Again,

fcont.}
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when it came time to get a portrait, like Mr. Bongard, Mr.
Perez just wouldn't ante one up, sowe felt free to substitute
our own, in this case that of Blaise Pascal, father of modem
computing.

Finally, we have updates on our improvement
program for the TNDM. In the next issue, we will provide
an update on our battalion-level validation effort.

The next issue will also contain an article on our
initial attempts to create a model of the Air Campaign. We
will be publishing the results of our validation of the
TNDM as a battalion-level model and a series of support
articles. We may include the article on the use of the
Lanchester Equations in the TNDM, but I would not be
surprised if it slides out to a later issue,

The fifth issue will focus on the modeling of tanks
and armored warfare. This will include the article on the
use of mines and fortifications at Kursk. We also have a set
of tables prepared by Richard Anderson on the effects of
artillery on tanks. They are quite startling. Also, we hope to
have a cover article by Jay Karamales from his tank/
antitank studies. His new book.Against the Panzers, a study
of eight World War I1 battles in which American infantry
defended against German tank attacks, isavailable through
NOVA Publications.

The sixth issue will include an article written by
Trevor N. Dupuy that has never been published called
“Technology and the Human Factor in War.”

Finally, Niklas Zetterling of the Swedish War
College has volunteered to prepare as article on re-
calculating CEVs for the World War IT battlesin Italy, He

told me that the article would imply criticism of some of
Trevor Dupuy'swork and research, This is not a problem.
In fact, at the suggestion and encouragement of Dr. Paul
Berenson, Scientific Advisor to TRADOC, 1 encourage
anyone receiving this newsletter towrite up their criticisms
of the QIM/TNDM, no matter how condemning, Quite
simply, over the years, T have heard many complaints about
the model. Far too many of them have been general
condemnations (“The model is justwrong,” “the modelis a
fraud,” or my personal favorite “Trevor Dupuy just makes
up his data.”). | have never seen a thoughtful criticism of
the model. [ would love to see a written criticism and
promise to publish such a criticism no matter how
derogatory it is of the model, of Trevor, or for that matter,
of me. 5o please, if you have some suggestions for
improvement, constructive criticisms, or even vicious
critical analysis, please send it in.

This is not toimply that I (or TDI) worships at the
alterofthe TNDM. 1amwell aware of its shortcomings and
faults. This is part of the reason why [ am validating it for
battalion-level use and why 1 have a listed program of
improvements. The purpose of this newsletter is not be a
slick advertising medium. It is to be an open forum for
discussion on how the model works and how to make it
better.

That is all for now. If you have any questions,
please contact me. Addresses, E-mail addresses, and phone
numbers are in the masthead. &

e
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Modeling Operations Other @
Than War (OOTW)

by Christopher A. Lawrence

How war is fought is a subject that has been seri-
ously studied for the last 200 years, was first analyzed well
over 2000 years ago, and has been studied in great detail by
the analytic community for the last 50+ years. Yet, we are
still struggling to come up with force—on-force combat
models in which everyone has confidence. Furthermore, in
sthe US, most combat models were basically designed to
analyze a potential Soviet attack on Europe.

Direct conflict with Russia in a conventional war
in Europe is highly unlikely anytime in the near or even
more distant future. The US is entering a phase in its his-
tory where the pattern and nature of conflicts in which it
will be involved will be mostly small insurgencies, minor
contingency operations, and peacckeeping operations.

Ignoring nuclear war, it is possible for the US to
end up in three different types of conflict. Firstis a conven-
tional war (e.g., Korea 1950-1953 and the Persian Gulf
War 1991), probably with opponents from the third world.
The second is a full-scale guerilla war (e.g., Vietnam). This
15 not a very likely scenano due to the lack of a Cold War to
fuel such a conflict at the levels of intensity that we have
seen in the past. The third would be a “low-intensity” con-
flict, ranging from peacekeeping to small insurgencies. Note
that I clearly differentiate between large insurgencies (¢.g.
Vietnam, Afghanistan, Greek Civil War, Algeria) and the
smaller efforts that are often intertwined with other types of
operations (including peacekeeping).

While the current models are designed to simulate
a hot war, often at an aggregation of division vs division,
there is no real set of models, methodologies, or procedures
to predict the type of conflicts in which we will be primarily
involved over the next 20 to 50 years. This became obvious
to TDI when we were called upon to provide an estimate of
LS losses in Bosnia for JOS. Not only was our estimate very
much on the mark, but rumor has it, we were the only orga-
nization even in the ball park. According to the rumor |
heard, nobody else had na estimate of less than 100 killed. 1
would be interested if anyone out there could confirm or
refute this ramor.

This Bosnia work has led to me consider what is
needed to really predict casualues for all US operations in
the future. Such a program must have a model o predict
conventional combat outcome (we at TDI, of course, feel
we have a perfectly good model for that in the TNDM). We
also must have a model that can predict a full-scale guerilla
war. Both of these models must take into account the differ-

ences in training, experience, and motivation of the forces
involved,

Then [ believe another model will be needed that
can be used to predict lower levels of intensity of combat.
This model will also need to have some mechanism for
considering “activity levels” and “propensity to resort to
violence.” In most of these operations other than war, the
potential combat power available is not an accurate mea-
surement of the actual combat power used. The peacekeep-
ing operation in Bosnia is a perfect example of that, where
the IFOR was inserted between three very well armed forees,
vet little actual conflict occurred.

This leads to the necessity of developing a model
that will predict the possibilitics of the “indigenous” forces
partaking in violence and the degree of such violence to
which they partake. Similar work was done in the 1960s,
trying to measure the likelihood of rebellion or the prob-
ahility of political violence. It may be time to blow the dust
off the work by Dr. Ted Gurr, Drs. Feierhabend, the infa-
mous Project Camelot, and other such work, and use thisas
astarting point for new models on predicting political vio-
kence.

Oddly enough, I know of no model that will pre-
dict discase and non-battle injuries (DNBI). In the casu-
alty-sensitive environment in the US, these predictions are
important, and in a number of operations, like Bosnia, make
up the majority of losses. This is a relatively simply task and
needs to be done. Also, as some of these operations are
political ly sensitive, some form of model or methodology
for estimating collateral losses, including civilian casual-
ties, needs to be done. It somehow needs to address the
rules of engagement, as this can change the possibility of
civilian losses. If one does not think that civilian casualties
are a major issue or problem in these contingency opera-
tions, Lonly have to remind people that one of the ten bloodi-
est air disasters in history occurred when the USS Vincennes
accidently shot down an Iranian airliner during our naval
deployment in the Gulf in 1988,

Finally, not all armies are equal. [ think the Gulf
War clearly proved this point. Therefore, there must be
some systematic method of measuring how good an army
will be. This is not the difference in weapons. Currently at
T we estimate what these differences are based upon past
performance and judgement, but we have no systematic
methodology for making such a prediction. Since much of
the US combat modeling community has not even at-
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tempted to address this necd, there is no methodology of
measuring the relative performance between armies. In most
combat models in the US, any untrained conscript or mili-
tia force is treated as the equal to the US career—oriented
professional forces. This is absurd,

I'have assembled a list of the forms of models and
constructs that would be needed to address most of the ques-
tions asked in terms of expected casualties on a given opera-
tion,

I. Conventional War Model
A. Must consider air
B. Must consider combat performance differences
C. Must address future technology

1. Guerilla War Model
A, Will probably need a Bn-level combat model
1. Must consider combat performance differences
B. Must consider “activity levels™
C. Must address future technology

H1I. Low Intensity Combat Model
A, May need a Bn-level combat model
1. Must consider combat performance differences
B. Must consider “activity levels”
C. Must consider “propensity to resort to violence™
D. Must address future technology

IV. Indigenous Forces Model
A. Propensity to rebel
B. Propensity to activity
C. Propensity to resort to violence

¥. Other Losses Model
A, Accidents and DNEI
B. Friendly fire
C. Must address future technologics

V1. Collateral Losses Model
A. Civilian losses
B. Damage to terrain
C. Must address rules of engagement
D. Must address future technologies

VII. Combat Performance model
A. Methodology for measuring combat performance
as a dependent variable.
B. Development of measurement of independent vari-
ables.

C. Product would be a rating of all current armies. &

i) The International TNDM Newsletter



The Modern Contingency @&
Operations Database (MCODB)

by Christopher A. Lawrence

The Modern Contingency Operations Database
(MCODB) was created in October and November of 1995
by The Dupuy Institute for the express purpose of helping
estimate of US casualties in the projected Bosnia peace-
keeping operation. It consists of 45 fields that track such
data as strength, losses, tanks, weather, means of insertion,
length of operations, type of operation, ete. It currently con-
sists of 144 contingencies and minor insurgencies. It con-
tains data on 92 different operations, 14 different campaigns
within those operations, 35 engagements, and three “inci-
dents.” All data is from military operations that occurred
after WWIL Much of the data originally came from a 1985
Historical Evaluation Research Organization (HERO)
report called Caswalty Estimates for Contingency Opera-
tions (CEC). As we were specifically looking at a peace-
keeping operation in Bosnia, TDI also gathered the data for
all the UN peace-keeping operations. Additional data and
operations were added from other readily available sources,

The database specifically excludes 12 major wars
and insurgencies that have occurred since WWIL The ex-
cluded wars are the Chinese Civil War, the Korean War, the
French Indo-China War, the Algerian War of Independence,
the three Arab-Israeli Wars (1956, 1967 and 1973), two
India-Pakistan Wars (1965 and 1971), the Vietnam War
(1965-1973), the Iran-Iraq War and the Persian Gulf War
of 1991, In essence, we excluded any large conventional
wars and large well-developed guerilla wars (with conven-
tional elements) much beyond the size and scope of the
Bosnian peacekeeping effort. Large guerilla wars, like Af-
ghanistan and the Greek Civil War, were included in the
database.

In the actual Bosnia study we analyzed 90 opera-
tions. These included:

= All 38 UN Peacekeeping Operations

* 4 Other Peacekeeping Operations (all in Lebanon)

* 16 Interventions (including Hungary, 1956)

* 10 Insurgencies (including Afghanistan)

* 10 Evacuation and Rescue Operations

= 4 Military Assistance Efforts (including Vietnam,
1961-1964)

= 4 Police Actions (including Northern Ireland)

= 3 Raids

* 1 Conventional War (Falklands)

The operations chosen for analysis were not ran-
domly selected. We selected those operations forwhich data
were quickly and easily available. Since 1945 there have
been well over 300 wars, minor contingencies, extended
insurgencies, and peacekeeping operations. This is certainly
a representative sampling, although it could be slightly
skewed,

The database was quickly assembled from mostly
secondary sources under a tight schedule so as to meet JCS
requirements. TDI thinks that this database is a very useful
research tool and would like to expand it to make it more
comprehensive, and would like to do more extensive re-
scarch into the operations already in the database. TDI
would like to develop a complete database on all military
operations since WWIL.

Itis now possible, by using an update to our Mod-
em Contingency Operations Database and some basic sta-
tistical and regression analysis, to create an expert system
for PCs to provide a casualty estimate for contingency op-
erations. &
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The Butterfly Effect

in History

(or How George Washington Triggered Two Centuries of Warfare)

by Richard Anderson

On 31 October 1753 Robert Dinwiddie, the Gov-
emor of Virginia—alarmed by the growing influx of French
colonists into the Ohio River Valley—sent Major George
Washington on a mission to deliver a demand that the
French withdraw from the region. The French refused the
demand and accused the twenty-one year—old major of be-
ing responsible for the murder of some of their men.

Governor Dinwiddie ordered the newly promoted
Licutenant Colonel Washington to lead a military expedi-
tion to establish a Bratish presence at the confluence of the
Monongahela and the Allegheny rivers. Unfortunately the
French had stolen a march on the colonists, building Fort
Dusquesne (present day Pittsburgh) at the site. Washington
decided to build his own refuge nearby at Great Meadows
which he called Fort Necessity (a clear indication of his
frame of mind). The French resolved to drive him out of
what they had—at least by squatter’s rights—firmly estab-
lished as their own territory. Washington decided to open
hostilitics with the French rather than withdrawing. He was
initially successful, defeating the French on 28 May, but
was then forced to seek refuge in Fort Necessity, which he
surrendered on 3 July 1754. This minor event, precipitated
by the rashness of a young and inexperienced militia of-
ficer, catapulted the world into two centuries of conflict,
resulting in the deaths of millions.

The sequence of events that resulted from
Washington's actions are—in outline—something like this:

1754 - George Washington's decision to be-
gin open hostilities with the French colonists
in North America—an action that probably
exceeded his orders from Governor
Dinwiddie—precipitated a de facio state of
war between Britain and France. The French
Kingwas rightfully offended by the attack on
his forces by Washington's Virginians and was
concerned for the safety of his subjects in
Amenca. Asa result France dispatched troops
to reinforce the garrison of French Canada.
The convoy was intercepted and—without
provocation—attacked by the British Navy.
In retaliation the French attacked and seized
Majorca from the British, The final result was
a declaration of war between France and En-
gland, which rapidly embroiled their allies
and various opportunistic minor monarchs,
such as Frederick the Great of Prussia, in what
came 1o be known as the Seven Years War.,

1763 — The Seven Years War ended with little
result except for the ceding of Canada by
France to England. However, France was left
with a burning desire to revenge itself upon
Britain. Both nations were left with a crip-
pling war debt. In an effort to reduce their
debt the British Crown made the request that
the American Colonics pay a fair share of the
cost of their own protection. The colonists
did not like this.

1775 - Ongoing disputes between the Crown
and the Colonies over the cost of defending
the colonists erupted into open rebellion in
New England. By 1778 the French sensed an
opportunity to get back at their old enemy
and openly sided with the Americans, sup-
plying vast sums of money, arms, troops, and
ships to the war.

1783 - The American Revolution ended with
little result except for the establishment of a
new, weak, and debt-ridden nation in
America. France had succeeded in humbling
its old enemy—and had bankrupted itself at
the same time.

1789~ The French economy, unable to stand
the strain of being at war for fifteen of the
preceding twenty-six years, collapsed. Revo-
lutionaries, inspired by the example of the
American colonists, overthrew and then ex-
ecuted the French King, This antagonized the
other crowned heads of Europe who set to
work to crush the rebellion,

1805 — The crowned heads of Europe united
to defeat Napoleon Bonaparte, who had the
gall to promote himself as a crowned head of
Europe by declaring himself Emperor of the
French. Napoleon responded by crushing the
other crowned heads in battle and remaking
the map of Europe. He dismantled the Holy
Roman Empire and created new kingdoms
in Germany by unifying the crazy-quilt of
minor principalities into a new Confedera-
tion of the Rhine. Napoleon’s growing influ-
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ence in Germany led to war with Prussia—
which was swiftly humiliated by Napoleon.
As a result, a burning desire for revenge be-
gan to grow in Prussia. “Burning Desires for
Revenge™ became a major theme in Franco-
Prussian relations for the next 134 years,

1814 - Prussia, as part of an allied coalition,
participated in the humiliation of France. The
French monarchy was reestablished, but re-
mained unpopular. Prussia seized most of
MNapoleon's Confederation of the Rhine,
threatening the control by Austria of Ger-
man politics. Prussia’s increased power and
prestige spurred by a growing Prussian na-
tionalism combined to lead to the rise of a
unified German State.

1945 - Germany was crushed by the Allied
nations of Europe. The Soviet Union estab-
lished a group of puppet states on its borders
with Europe as a defensive buffer. This and
other exhibitions of paranoia and repressive
control on the part of the Soviet State and its
leaders alienated the Soviets erstwhile West-
e Allies, leading to the first Cold War,

1991 - The Soviet Union's economy col-
lapsed, precipitating a reunification of Ger-
many. The United States became the sole in-
ternational superpower. George Wash-
ington’s actions in 1754 continued to drive
world events,

Thus, it can easily be demonstrated that George
Washington, the “Father of His Country,” was also the fa-
ther of over two centuries of European and world

conflict...or perhaps it was all Robert Dinwiddie’s fault. &

1830 - Periodic “Jacobin™ revolutions swept
through Europe, culminating in the Revolu-

tions of 1848, The revolutionaries were in-
spired by the American and French examples
and had strong democratic and socialistic
overtones. The tamult of these two decades
directly influenced the work of Karl Marx
and Frederich Engels, leading to the rise of
the communist idealogy.

1866 — The long simmering dispute over con-
trol of Germany between Prussia and Aus-
tria erupted into open war. Austria was
crushed. France became alarmed by the new
Prussian strength and the popinjay Emperor
Napoleon III (grandnephew of Napoleon)
hoped for an opportunity to reestablish
French prestige in Europe.

1870 — Napoleon [II's military pretensions
lost him his crown to the Prussians. Kaiser
Wilhelm I then took the opportunity 1o es-
tablish a German Empire under Prussian
control. A burning desire for revenge began
to grow France,

1914 — World War I began in part due to the
growing animosity between France and
Prussia and the maze of alliances that they
had created. The results again devastated
Europe, humbled Germany, and sparked the
Bolshevik Revolution in Russia. A burning

desire for revenge began to grow in Germany.

1939 - The Germans' burning desire for re-
venge, continuing economic hardship in much
of Europe caused by the devastation of the
war and its aftermath, and fear of Bolshevism
again caused the outbreak of war.
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Dispersion is Not Played

in the TNDM

by Christopher A. Lawrence

The TNDM does not play dispersion. When the
analyst is asked in the OLI menu to pick a period, this
action has no effect on the model’s output. Dispersion ex-
1585 only in the model as a theoretical construct and expla-
nation, but docs not actually change any resultsof the model.

The user encounters the request to set the disper-
sion in the OLI menu. Weapons effects are measured by
TLIs (Theoretical Lethality Indices). Itis a numerical value
that measures the theoretical number of people that would
be killed in a 100 yard by 100 yard box of people, each
person occupying 1 square yard, The OLI {Operational
Lethality Index) is created by dividing that number by a
value to represent the appropriate historical period. When
the user pulls up the OLI menu, the user is asked to select
the historical period in which that battle occurred. This
process has led many people to assume that the model was
adjusting casualties depending on historical period. It does
not, and there is no mechanism currently within the model
that does this.

Quite simply, casualty calculations, advance rates,
and who wins or loses are determined by other factors. One
of these factors is the force ratio. The force ratio is deter-
mined by comparing the cumulative relevant OLIs from
one side to the opposing side. As both sides are divided by
the same dispersion factor, then there is no mathematical
effect on the ratios, as both sides have the same denomina-
tor. One can test this by pulling up any modern era battle

they have already run, calculate the OLIs using the disper-
sion value from a different historical period, and rerun the
engagement. The result will be the same. The only differ-
ences will be caused by the rounding of numbers, as mod-
ern weapons have very large TLIs, and if they are not di-
vided by modem dispersion factors, can result in large OLIs.
The TNDM can be run based upon TLIs with no impact in
the results.

So, while Col, Dupuy talked a lot about dispersion
rates, they had no impact on the model results. This means
that there will no difference in the rate of casualties from
WWI, to WWII, to the Arab-Israeli Wars, to now, This
would be true if the rate that dispersion has increased is
cqual to the rate of the increase in lethality, This appearsto
be the case from WWII to the present. It does appear to
have been the case with WWIL The battalion-level valida-
tion we are conducting will determine if this creates a prob-
lem as roughly 1/3 of the battles are from WWI, 1/3 from
WWIL, and 1/3 post-WWIL.

We could modify the model to delete the mention
of dispersion entirely. My suspicion is that it was to play a
significant role in the original version of the model, includ-
ing calculations of frontage and depth of the battlefield (see
pages 28-30 in Numbers, Predictions, and War), but evolu-

tion of the model has left it a useless appendage. @
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How Attrition is Calculated ¢

in the QJM vs the TNDM

by Christopher A. Lawrence

There are two different attrition calculations in
the QJM, one for post—1900 battles and one for pre—1900
battles. For post—1900 battles, the QJM methodology from
Numbers, Predictions, and War was basically:

(Standard rate in percent*) x (factor based on force size) x
(factor based upon mission) x (opposition factor based on
foree ratios) x (day/night) x (special conditions**) = percent
losses.

* Different for attacker (2.87%) and defender (1.5%)
** WWI and certain forces in WWII and Korea

For the attacker the highest this percent can be in one day is
13.44% not counting the special conditions, and the high-
est it can be for the defender is 5. 767,

The current TNDM methodology is:

(Standard personnel loss factor*) x (number of people) x
(factor based upon posture/mission) x (CEV of opponent, up
to 1.5) x (factor for surprise) x {opposition factor based on
force ratios) x (factor based on force size) x (factor based on
terrain} x (factor based upon weather) x (factor based upon
season) x (factor based upon rate of advanee) x (factor based
upon amphibious and river crossings) x (day/night) x (factor
based upon daily fatigue) = Number of casualties

* Different for attacker {04) and defender (06)

The special conditions mentioned in Numbers, Predictions,
and War are not accounted for here, although it is possible
to insert them, if required.

All these tables have been revised and refined from Num-
bers, Predictions, and War

In Numbers, Prediciions, and War, the highest mul-
tiplier for size was 2.0, and this was for forces of less than
3,000 men. From 5,000 to 10,000 is 1.5 and from 10,000 to
20,000 is 1.0. This formulation certainly fit the data towhich
the model was validated. The current model has the follow-
ing table for values below 15,000 men (which is 1.0):

12,500 - 15,000: 1.1 2,000- 4,000: 25

10,000 - 12,500: 1.15 1,000 - 2,000: 5
8,000 -10,000: 1.2 500- 1,000: 8
6,000- 8,000 14 Fewer than 500: 20
4.000- 6000: 1.8

The highest percent losses the attacker can suffer
in a force of greater than 15,000 men in one day is “over”
100%. If one leaves out three large multipliers for special
conditions—surprise, amphibious assault, and CEV—then
the maximum percent losses is 18%. The multiplier for
complete surprise is 2.5 (although this degraded by histori-
cal periad), 2.00 for amphibious attack across a beach, and
1.5 for enemy having a noticeable superior CEVs. In the
case of the defender, leaving out these three factors, the
maximum percent casualtics is 21.6% a day.

This means at force strengths of less than 2,000 it
would be possible for units to suffer 1009 losses without
adding in conditions like surprise.

The following tables have been modified from the
originals in Numbers, Predictions, and War to include a ca-
sualty factor, among other modifications:

Table 142" Terrain Factors

Table 243™ Weather Factors

Table 3/~4™ Season Factors

Table 5™6™ Pasture Factors

Table 69" Shoreline Vulnerability
Table 9/11™: Surprise

The following tables have also been modified from
the original QJM as outlined in Numbers, Predictions, and

Wirr:
Table “17: OLI's
Table “13": Advance Rates
Table “16™: Opposition Factor
Table “17™: Strength/Size Attrition Factors
Table “20™: Maximum Depth Factor

The following tables have remained the same:
Table 47/5™: Effects of Air Superiority
Table 7/12": Morale Factors
Table &M19™: Mission Accomplishment
Table*14™: Road Quality Factors
Table “15": River or Stream Factor

The following new tables have been added:
Table “7™ Qualitative Significance of Quantity
Table “8"; Weapons Sophistication
Table “107: Fatigue Factors
Table “18™; Vielocity Factor
Tabhle “20™: Maximum Depth Factor

(cont.)
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The following tables has been deleted and the ef-
fect subsumed into another table:

unnumbered: Mission Factor
unnumbened: Minefield Factors

The table numbers in quotes are the TNDM table
numbers, the other table numbers are the numbers from
Numbers, Predictions, and War.

As far as I can tell, Table 20 “Maximum Depth
Factor” has a very limited impact on the model outcomes.
Table 1, “OLIs,” has no impact on model outcomes.

I have developed a bad habit, if [ want to under-
stand or know something about the TNDM, to grab my
copy of Numbers, Predictions, and War for reference, As
shown by these attrition calculations, the model has devel-
oped enough from its original form that the book is no
longer a good description of the model. The TNDM has
added in an additional level of sophistication that was not
in the QIM.

The TNDM does not have any procedure for cal-
culating combat from before 1900. In fact, the TNDM is
not intended to be used in its current form for any combat

before WWIL. &
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How Historical Attrition is

Calculated by the QJM

by Christopher A. Lawrence

Curt Johnson, formerly the vice—president of
HERO, suggested that we could use the TNDM to test the
Hunt versus Hancock controversy over the use of Union
artillery to stop Pickett's charge during the Battle of
Gettysburg. This led Dave Bongard and me to do a “quickie”
test of Picket's charge using the TNDM. This is what led us
to analyze how the attrition results were used and how dis-
persion affected the casualties recorded by the model. This
in turn led me to look at how the QIJM modeled pre—1900
combat. The TNDM does not model combat before 1900
{really, it is not designed for use before WWII).

For actions before 1900, the QJM was only vali-
dated to two Napoleonic and two Civil War battles (and
only three WWI battles). Everything else was after 1900,
For the pre—1900 battles, the Numbers, Predictions, and
War attrition methodology was basically:

{Standard rate in percent for year for either winner or loser)
x (force size) = percent losses.

Average Daily Battle Casualty

In effect there are only three variables: year, force
size, and winnerfloser. The calculations of force ratio
(modificd by all the other factors) only determines who
wins or loses, not what the losses are. Therefore, the Con-
federates in Pickett's charge would suffer the same losses
whether the Union had a large amount of effective artillery
or none at all, as long as the Confederates lost the battle,
Only if they won would they suffer less losses.

While the pre~1900 calculations fit the cight data
points (remember there are two results for each battle, one
for each side), I do not consider this sufficient validation to
be comfortable with using the model before 1900, T know
of no changes or improvements made to this methodology,
unlike what has been done with the post-1900 methodol-
Ogy.

1 do not feel comfortable with any of the TNDM
results from before WWIL I think there would be value in
testing and properly developing the TNDM to pre-1900
battles, with the American Civil war being my first choice,
but this is not currently on my list of mode! improvements. @
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Time and the TNDM

by Christopher A. Lawrence
Combat models are designed to operate within their 8 Additional WWII engagements

design parameters, but sometimes we forget what those are.  less than 6 hours 0
A model can only be expected to perform well in those ~ 1es8 than 12 hours 0
areas for which it was designed in and those areas where it ]":f tham 15 hos 0
has been tested (meaning validated), Since mostof thecom- 12”30 hours () 44) :
bat models used in the US Department of Defense havenot - o o0 (0 ( daﬁj 3
been validated, this leaves open the question as towhat 4 days 0
their parameters might be. In the case of the TNDM, if the 5 days 1
model is not giving a reasonable result, then you mustask, 6 days 0
is it because the model is being operated outside of itspa- 7 days 1
rameters? The parameters of the model are pretty well de- & days 1
fined by the 149 engagements of the QJM Database towhich
it was validated. 7 Pre-WWII engagements
One of the arcas where there isa problem with the  less than 6 hours 0
TNDM is that while the analyst is capable of runninga  less than 12 hours 0
battle over any time period, the model was fundamentally ~ 'ess than 18 hours 2
validated to run 1 to 3 days engagements. This means that 18 - 36 hours (1 day) 3
there should be a reduced confidence in the results of any 36 - 60 hours (2 days) :
B - B4 hours (3 days) 1
engagement of less than 24 hours or over three days. The days 0
actual number of days used for cach engagement in the origi- 5 gay, 0
nal QJM data base is shown below: 6 days 1
7 days 0
8 days 1]
9 days 1
less than 6 hours 0
less than 12 hours 0 53 1967/1973 Arab-Israeli Wars
less than 18 hours 0 less than 6 hours 0
18 - 36 hours (1 day) 3 less than 12 hours 0
36 - 60 hours (2 days) o less than 18 hours 0
60 - 84 hours (3 days) n 18 - 36 hours (1 day) 27
4 days 4 36 - 60 hours (2 days) 20
5 days 2 60 - 84 hours (3 days) 3
6 days I 4 days 1
21 Addi SUMMATION (149 engagements):
less than & hours 0 less than 6 hours 0
less than 12 hours 0 less than 12 hours 0
less than 18 hours 0 less than 18 hours 0
18 - 36 hours (1 day) 3 18 - 36 hours (1 day) 39
26 = 6l hours (2 days) T 36 - 60 hours (2 days) 54
60 - 84 hours (3 days) 2 6l - 84 hours (3 days) k¥l
4 days 2 4 days 7
5 days 1 5 days 4
6 days 1 & days 3
7 days 0 7 days 1
8 days 1 8 days 2
9 days 1 9 days 2

By comparison, the 75 battalion level engagements that we
are using tovalidate the TNDM for battalion-level engage-
ments occur over the following time periods:
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=level
less than 6 hours
less than 12 hours
less than 18 hours
18 - 36 hours (1 day)
36 - 60 hours (2 days)

=D ) W

n-level e ments:
less than 6 hours
less than 12 hours
less than 18 hours
18 - 36 hours (1 day)
36 - 60 hours (2 days)

Post-WWII Battalion-level engagements:
less than 6 hours 1

less than 12 hours
less than 18 hours

18 - 36 hours (1 day)
36 - 60 hours {2 days)

Lol I =

—Ld e 5O Ly

SUMMATION AND COMPARISON:
Battalion-level QJM

less than 6 hours 27 0

less than 12 hours 21 0

less than 18 hours 20 0

18 - 36 hours (1 day) 39

36 - 60 hours (2 days) 54

60 - 84 hours (3 days)

4 days

Sdays

6 days

T days

8 days
9 days

S oo = LA
T TR,

149

|
LA

Three of the engagements used in the battalion-
level validation are from the QJM database.

We did run sample engagements of 24 hours, 12
hours, & hours and 3 hours. The results of the 12-hour run
was literally ¥: the casualties and % of the advance for the
24-hour run. The same straight dividing effect was true for
the 3-and 6~hour runs. For increments less than 24 hours
the model just divided the results by the number of hours.
As Dave Bongard pointed out to me, there are various light-
ing choices, including daylight and night, and these could
vary the results some if used. But the impact for daylight
would be 1.1 additional casualties and the reduction for
nightis.7or .8.

The problem is that briefer battles will result in
higher casualties per hour than extended barttles. Also, in
any extended battle, there are intense periods and un—in-
tense penods, with the model giving the average result of
those periods. For battles of less than 24 hours, there tends
tobe only intense periods. Therefore, it should be expected
that battles lasting 3 hours should have more than 16 the
losses of a 24 hours battle, This will be tested during the
battalion-level validation.

Forbattles in excess of one day, there is a table in
the TNDM that reduces the overall casualties and advance

rate over time to account for fatigue. L
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The Effects of Dispersion

on Combat
by Christopher A. Lawrence

The TNDM does not play dispersion. But it is clear
that dispersion has continued to increase over time, and
this must have some effect on combat. This effect was iden-
tified by Trevor N. Dupuy in his various writings, starting
with the Evolution of Weapons and Warfare. His graph in
Understanding War of the battle casualties trends over time
is presented here as Figure 1. As dispersion changes over
time (dramatically), one would expect the casualties would
change over time. I therefore went back to the Land War-
fare Database (the 605 engagement version) and proceeded
to look at casuvalties over time and dispersion from every
angle that I could.

Figure 1: Avera%gsnaily Battle
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Teventually realized that [ was going to need some
better definition of the time periods I was measuring to, as
measuring by years scattered the data, measuring by cen-
tury assembled the data in too gross a manner, and measur-
ing by war left a confusing picture due to the number of
small wars with only two or three battles in them in the
Land Warfare Database. I eventually defined the wars into

To give some idea of how representative the battles
listed in the LWDB were for covering the period, I have in-
cluded a count of the number of battles listed in Michael
Clodfelter’s two-volume book Warfare and Armed Conflici,
1618-199]. In the case of WWI, WWII and later, battles
tend to be defined as a divisional-level engagement, and there
were literally tens of thousands of those.

[ then tested my data again looking at the 14 wars
that Idefined:

* Average Strength by War (Figure 2)

* Average Losses by War (Figure 3)

* PercentLosses Per Day By War (Figure 4)

* Average People Per Km By War (Figure 5)

* Losses per Kilometer of Front by War (Figure 6)

* Strength and Losses Per Km of Front By War (Figure 7)
* Ratio of Strength and Losses per Km of Front by War
(Figure 8)

* Ratio of Strength and Losses per Km of Front by Cen-
tury {Figure 9)

A review of average strengths over time by
century and by war showed no surprises (see Figure 2). Up
through around 1900, battles were easy to define: they were
one- to three—day affairs between clearly defined forces ata
locale. The forces had a clear left flank and right flank that
was not bounded by other friendly forces. After 1900 (and in
a few cases before), warfare was fought on continuous fronts

Figure 2: Average Strengths by War
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with a *battle’ often being a large multi-corps operations. Itis
ni longer clearly understood what is meant by a battle, as the
forces, area covered, and duration can vary widely. For the
LWDB, each battle was defined as the analyst wished., In the
case of WWI, there are a lot of very large battles which drive
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* Includes 1 battle before 1650
** Includes Balkan Wars and Russo-Polish War
*** Includes 1 Spanish Civil War Battle and several Russo-Japanese en-

*=** The only post-WWII battles the LWDB looks at is the Arab-Israeli
Wars from 1967-1975, It leaves out the Korean War and the Vietnam
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the average battle size up. In the case of the WWIL there are
a kot of division-level battles, which bring the average down.
In the case of the Arab-Israeli Wars, there are nothing but
division and brigade-level battles, which bring the average
down.

The interesting point to notice is that the average
attacker strength in the 16th and 17th century is lower than
the average defender strength. Later it is higher. This may
be due to anomalies in our data selection.

Average losses by war (see Figure 3) suffers from
the same battle definition problem.

Figure 3: Average Losses by War
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Percent losses per day (see Figure 4) is a useful
comparison through the end of the 19th Century. After that,
the battles get longer and the definition of a duration of the
battle is up to the analyst. Note the very clear and definite
downward pattern of percent losses per day from the Napo-
leonic Wars through the Arab-Israeli Wars. Here is a very
clear indication of the effects of dispersion, It would appear
that from the 1600s to the 1800s the pattern was effectively
constant and level, then declines in a very systematic pat-
tern. This partially contradicts Trevor Dupuy’s writings and
graphs (see Figure 1). It does appear that after this period of
decline, that the percent losses per day are being set at a
new, much lower plateau. Percent losses per day by war is
attached.

Figure 4: Percent Losses per Day by War
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Looking at the actual subject of dispersion, the dis-
persion of people (measured in people per kilometer of
front) remained relatively constant from 1600 through the
American Civil War (see Figare 5). Trevor Dupuy defined
dispersion as the number of people in a box-like area. Un-
fortunately, I do not know how to measure that. I can clearly
identify the left and right of a unit, but it is more difficult to
tell how deep it is. Furthermore, density of occupation of
this box is far from uniform, with a very forward bias, By the
same token, fired delivered into this box is also not uni-
form, with a very forward bias. Therefore, [ am quite com-

fortable measuring dispersion based upon unit frontage,
more s0 than by front multiplied by depth.

- Figure 5: Average People per Kilometer by War
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MNote, when comparing the Napoleonic Wars to
the American Civil War, that the dispersion remains about
the same. Yet, if you look at the average casualties (Figure
3)and the average percent casualties per day (Figure 4), it is
clear that the rate of casualty accumulation is lower in the
American Civil War (this again partially contradicts Dupuy’s
writings). There is no question that with the advent of the
Minié ball, allowing for rapid-fire rifled muskets, the abil-
ity to deliver accurate firepower increased.

As you will also note, the average people per linear
km between WWI an WWII differs by a factor of a little
over 1.5 to 1. Yet the actual difference in casualties (see
Figure 4) is much greater, While one can just postulate that
the difference is the change in dispersion squared (basically
Dupuy's approach), this does not seem to explain the com-
plete difference, especially the difference between the Na-
poleonic Wars and the Civil Wars.

Instead of discussing dispersion, we should be dis-
cussing “casualty reduction efforts.” This basically con-
sists of three elements:

* Dispersion (D)
* Increased engagement ranges (R)
* More individual use of cover and concealment (C&C).

These three factors together, result in the reduced
chance to hit. They are also partially interrelated, as one
cannot make more individual use of cover and conceal-
ment unless one is allowed to disperse. So, therefore, the
need for cover and concealment increases the desire to dis-
perse and the process of dispersing allows one to use more
cover and concealment.

Command and control are integrated into this con-
struct as being something that allows dispersion, and dis-
persion creates the need for better command control. There-
fore, improved command and control in this construct does
not operate as a force modifier, but enables a force to dis-
perse.

Intelligence becomes more necessary as the op-
posing forces use cover and concealment and the ranges of
engagement increase. By the same token, improved intelli-
gence allows you to increase the range of engagement and
forces the enemy to use better concealment.

This whole construct could be represented by the
diagram at the top of the next page.
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Mow, I may have said the obvious here, but this
construct is probably provable in each individual element,
and the overall outcome is measurable. Each individual
connection between these boxes may also be measurable.

Therefore, to measure the effects of reduced chance
to hit, one would need to measure the following formulae
(assuming these formulae are close to being correct):

(K* AD) + (K* AC&C) + (K* AR) = H
(K* AC2) = AD

(K * AD) = AC&C

(K * AW) + (K * Al) = AR

K = a constant

A = the change in..... (alias “Delta™)
D = dispersion

C&C = Cover & Concealment

R = Engagement Range

W = Weapon's Characteristics

Also, certain actions lead to a desire for certain
technological and system improvements. This includes ef-
fect of increased dispersion leading to a need for better
C&Cand increased range leading to a need for better intel-
ligence., I am not sure these are measurable.

I have also shown in the diagram how the ¢nemy
impacts upon this. There is also an interrelated mirmor im-
age of this construct for the other side.

I am focusing on this because [ really want to come
up with some means of measuring the effects of a “revolu-
tion in warfare.” The last 400 years of human history have
given us more revolutionary inventions impacting war than
we can reasonably expect to see in the next 100 years. In
particular, I would like to measure the impact of increased
weapon accuracy, improved intelligence, and improved C2
on combat.

For the purposes of the TNDM, I would very spe-
cifically like to work out an attrition multiplier for battles

before WWII (and theoretically after WWIT) based upon
reduced chance to be hit (“dispersion™). For example, Dave
Bongard is currently using an attrition multiplier of 4 for
his WWI engagements that he is running for the battalion—
level validation data base. No one can point to a piece of
paper saying this is the value that should be used. Dave
picked this value based upon experience and familiarity
with the period.

Figure &: Losses per Kilometer of Front by War
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Thave also attached Average Losses per Kilometer
of Front by War (see Figure 6 above), and a summary chart
showing the two on the same chart (see Figure 7 above).

The values from these charts are:
[TETE A, LR TS F i
161810 8329 2183 a8
T A L7 Lo ) T2
16542 D T.a02 2803 27
T A 513 BB
16880 1134 1830 G2
TIEA P B
16D 14 865 2 ar
TTEA = I - T3
G0 B.747 1.2 51
TTEA 4551 L 1))

17750
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The TNDM sets WWII dispersion factor at 3,000
{(which I gather translates into 30,000 men per square kilo-
meter). The above data shows a linear dispersion per kilo-
meter of 2,992 men, so this number parallels Dupuy’s fig-
ures,

‘The final chart I have included is the Ratio of
Strength and Losses per Km of Front by War (Figure 8).
Each line on the bar graph measures the average ratio of
strength over casualties for either the attacker or defender.
Being a ratio, unusual outcomes resulted in some really
unusually high ratios. I took the liberty of taking out six
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data points because they appeared unusually lop-sided.
Three of these points are from the English Civil War and
were way out of line with everything else. These were the
three Scottish battles where you had a small group of mostly
sword-armed troops defeating a “modern” army. Also,
Walcourt (1689), Front Royal (1862), and Calbritto (1943)
were removed. [also have included the same chart, excepit
by century (Figure 9).
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Again, one sees a consistency in results in over 300+
years of war, in this case going all the way through WWI,
then sees an entirely different pattern with WWII and the
Arab-Isracli Wars.

A very tentative set of conclusions from all this is:
1. Dispersion has been relatively constant and driven by
factors other than firepower from 1600-1815.
2. Since the Napoleonic Wars, units have increasingly
dispersed (found ways to reduce their chance to be hit)in
response to increased lethality of weapons,
3. Asa result of this increased dispersion, casualtiesina
given space have declined.
4. The ratio of this decline in casualties over area have
been roughly proportional to the strength over an area
from 1600 through WWIL. Starting with WWIL, it appears

that people have dispersed faster than weapons lethality,
and this trend has continued.
3. In effect, people dispersed in direct relation to in-
creased firepower from 1815 through 1920, and then af-
ter that time dispersed faster than the increase in lethal-
ity.
6. Itappears that since WWII, people have gone back to
dispersing (reducing their chance to be hit) at the same
rate that firepower is increasing.
7. Effectively, there are four patterns of casualties in
modern war:
Period 1 (1600 - 1815): Period of Stability
Short battles
Short frontages
High attrition per day
Constant dispersion
Dispersion decreasing slightly after late 1700s
Attrition decreasing slightly after mid-1700s,
Period 2 (1816 - 1905): Period of Adjustment
Longer battles
Longer frontages
Lower attrition per day
[ncreasing dispersion
Dispersion increasing slightly faster than lethality
Period 3 (1912 - 1920): Period of Transition
Long Battles
Continuous Frontages
Lower attrition per day
Increasing dispersion
Relative lethality per km similar to past, but lower
Dispersion increasing slightly faster than lethality
Period 4 (1937 - present): Modern Warfare
Long Battles
Continuous Frontages
Low Attrition per day
High dispersion (perhaps constant?)
Relatively lethality per km much lower than the past
Dispersion increased much faster than lethality going
into the period.
Dispersion increased at the same rate as lethality
within the period.

So the question is whether warfare of the next 50
yearswill see a new “period of adjustment,” where the rate
of dispersion (and other factors) adjusts in direct propor-
tion to increased lethality, or will there be a significant
change in the nature of war?

MNote that when [ use the word “dispersion” above,
I often mean “reduced chance to be hit,” which consists of
dispersion, increased engagement ranges, and use of cover
& concealment.

One of the reasons I wandered into this subject
was to see if the TNDM can be used for predicting combat
before WWIL I then spent the next few days attempting to
find some correlation between dispersion and casualties.
Using the data on historical dispersion provided above, [
created a mathematical formulation and tested that against
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the actual historical data points, and could not get any type
of fit.

I then looked at the length of battles over time, at one—
day battles, and attempted to find a pattern. [ could find
none. I also looked at other permutations, but did not keep
a record of my attempts. [ then looked through the work
done by Dean Hartley (Oakridge) with the LWDB and
called Paul Davis (RAND) to see if there was anyone who
had found any correlation between dispersion and casual-
ties, and they had not noted any.

It became clear to me that if there is any such cor-
relation, it is buried so deep in the data that it cannot be
found by any casual search. I suspect that I can find a math-
ematical correlation between weapon lethality, reduced
chance to hit (including dispersion), and casualties. This
would require some improvement to the data, some sys-
tematic measure of weapons lethality, and some serious
regression analysis, I unfortunately cannot pursue this at
this time.

Finally, for reference, I have attached two charts
showing the duration of the battles in the LWDB in days
{Figure 10, Duration of Battles over Time and Figure 11, A

Count of the Duration of Battles by War). i

Figure 10: Duration of Battles Over Time
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TDI Profile:
José Perez

José M. Perez received a BS in Political Science
from the Massachusets Institute of Technology in June 1979
and a MS in Political Science from MIT in February 1983,
For both of his Political Science degrees, Mr. Perez con-
centrated on Defense and Arms Control. His undergradu-
ate thesiswas “Defense Planning: An Analysis of the Taft
White Paper on Defense™ and his master's thesis was “War
Games as a Military Decision-making Tool in Operations
and Planning.”

Mr. Perez worked for Data Memory Systems, Inc.
(DMS1) from November 1984 through December 1985, At
the time, DXMSi was a research and consulting firm owned
and operated by Col. Trevor N. Dupuy. While at DMSi, Mr.
Perez worked with Col. Dupuy to enhance and refine the
QIM sofrware. Initially, the software was written in BA-
SIC, running on an Apple I1. Dunng the summer of 1985, it
was converted to run on the [BM PC.

After his departure from DMSi, Mr. Perez contin-
ued to perform the maintenance and enhancement of the
QIM software. After Col. Dupuy left DMSi to found T: N.

Dupuy Associates, which then
became The Dupuy Institute
(TD), Mr. Perez became in-
volved in the development of
The Numerncal Deterministic
Model (TNDM) software. The
original concept softwane was
written by Dr., James Taylor; it
was converted into Pascal by Mr.
Perez. Mr. Perez is one of the
owners of the TNDM.

Mr. Perez has continued to work with improve-
ments o the model made by the Dupuy Institute and was
involved in the installation of the model at the Korean In-
stitute for Defense Analysis (KIDA).

Mr. Perez currently lives in Massachusetts and his
work on the development of the TNDM continues on a
consultant basis and as a labor of love, He currently works
asa network administrator for a relocation consulting com-

pany.
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Exactly How the Unit Size Modifiers

Are Calculated
by José Perez

As noted in my first column, many changes have
been made to the TNDM since its inception. Some of those
changes were notwell documented and do not appearin the
revision history (TNDM Newsletter, vol. 1, no. 1). One of
these undocumented changes involves the Strength/Size
Factor.

The Personnel Strengthy/Size factor as documented
in the Rules and Procedures Manual is a table containing
ranges of personnel and the factor value associated with
each range. However, in the summer of 1991, Col. Dupuy
expressed some dissatisfaction with this since it meant that
a minor change in the number of personnel could result in
alarge change in the factor value. For example, the value for
the range of 500-1,000 is &; the value for 1,000-2,000 is 5
{from Table 17, Strength/Size Factors, The TNDM Manual
of Rules and Procedures, February 1991). If personnel
strength for one side was changed from 999 to 1,000, that
side’s Personnel Strength/Size factor would change from 8
to 5.

Some research on small unit engagements had also
revealed that the values for smaller units (less than 5,000)
produced casualty rates that were too low. The table was
revised to increase the factor values for small units. A by-
product of this work was that a graph of the new values was
smoother (see columns A and B in the table below) than the
old values.

Col. Dupuy then asked Dr. James Taylor to de-
velop an equation that would duplicate the table but give
values for any personnel strength. The result was the fol-
lowing equation:

iz = 20, when Personnel < 500

iz = (9501.9/Personnel) - 0.00375, when 500 < = Person-
nel <= 400,000

iz = 0.2, when Personnel = 400,000

However, the results generated by the equation did
not match the table exactly (sce column C for the error).
But since it generated a graph that has the same shape as the
table, the next step was to develop a method to correct the
results.

‘The simplest way to do this was to create an equa-
tion that calculates the error adjustment between each range
(300-333, 333-567, 567600, ¢tc.). The new equation is:

1z = 20, when Personnel < 500

tz = (9501.9/Personnel) - 0,00375 - (M * Personnel + B),
when 500 < = Personnel <= 400,000

tz = 0.2, when Personnel = 400,000

where M and B are found in the table on the next page.
M and B were derived using basic algebra:

Given two points (x1, y1) and (x2, y2), the equation for a
line between them is

y=(M*x)+B,

where
x1 and x2 are personnel strengths;
y1 and y2 are the errors between the equation and
the table; _
M= (y2-v1)/(x2-x1)and
B=yl-(M*xl)=y2-(M*x2).

0 Strength/Size Afirition Factors {iz)
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An Update:

Planned Improvements to the TNDM

by Christopher A. Lawrence

TDT has decided that there are sufficient changes
towarrant creating an interim version of the TNDM. This
will be version 1.86.

We will be making a major improvement to the
TNDM to address logistics but this will not take place until
early 1997, As part of that improvement effort, lintended
to make a number of minor changes to the model. We de-
cided to make those minor changes now. The new features
in version 1.86 are:

* Show only the defender’s missions in the list of
Defender’s Missions.

* Make it possible to delete an engagement.

* Make saving an engagement optional.

* Print out a one-page result sheet

* Correct an error in the velocity attrition table.

* Correct the Find/Search functions in the OLI DB Menu,
* Allow user to change own dispersion factor,

T have listed below the changes that [ am currently
planning on implementing in the next revision of the model,
which [ expect to come out sometime in spring of 1997. Tt
consists of the changes required for the logistics module,
The lists after that consist of all the easy changes that are
high priority and then the ones that are of lower priority.
Then I List all the major changes that I'would like see made
to the model, both high priority and low priority. The “Fu-
ture Changes” lists was not changed from the previous news-
letter,

CHANGES INTENDED FOR THE LOGISTICS MOD-
ULE REVISION (Version 2.0):

1. Develop a draft logistics package.

2. Make is possible to counterattack.

3. Allow user to create forces with both horses and motor
vihicles.

4. When CEV is an initial input, that value should be con-
sidered when calculating new CEV.

ALSO UNDERWAY: Validate model for battalion-level use.

FUTURE CHANGES:

MINOR TASKS (High priority):
1. Re-validate the model to the QJM Database.
2. Store engagements in a database.

MINOR TASKS (Low priority):
1. The vulnerability formulae need to be reviewed.

2. Audit the software to the model design.

3. Determine whether the model under—predicts high casu-
alty days and over—predicts low casualty days.

4. Review and integrate the Swedish arctic values into the
model.

5. Add a stealth factor to show the impact of stealth on
weapons, especially AFVs, planes, and helicopters (adjust
size?).

6. Make a more comprehensive help file.

7. Track individual unit strengths during an engagement.
8. Modify model to run in Windows.

9. Address fanaticism.

10. Develop guidance on terrain and weather values,

MAJOR TASKS (High priority):

1. Address battalion-level combat.

2. Develop graphics package, including mapping functions.

3. Add functions to allow the model to be used as a training

tool,

4. Address low intensity combat.

3. Develop rules for battle termination.

6. Provide user guidance for CEVs.

7. Add a tank/antitank loop, including:
* Eliminate use of firepower scores (OLI's)
* Account for relative differences in weapon performance.
* Add tank breakdowns, destroyed vs damaged differen-
tiation, and recovery and repair calculations for multi-
day battles.

MAJOR TASKS (Low Priority):

1. Update documentation.

2. Develop an aircampaign module.

3. Add an electronic warfare subroutine.

4. Allow user to show trends in military affairs.
3. Make the model mathematically coherent

6. Add sector/theater modeling capability.
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INTRODUCTION

In tribute to what Trevor Dupuy pioneered and in an effort to pursue what he wanted 1w
achieve, TDI continues to amass historical data and sirives to refine the combat variables which
go into the TNDM. In this fourth issue of our newsletter Christopher Lawrence, Dave Bongard,
Richard Anderson, and Jay Karamales continue to provide information on these efforts.

As you, our readers, survey the pages of this issue, you may be curious about the total
scope of work of TDI. The paragraphs below outline what is missing in applied military history
and what TDI is doing to shore up that deficiency. In other words, here is our core capability:

|. TDI provides independent, objective, historically-based analyses of modemn mili-
tary campaigns. Operations research, as developed during and right afier World War 11, was
based on recorded, detailed data from battles. It is now nearly extinet. It has been supplanted by
weapons and systems effecis and performance analyses totally devoid of human factors consid-
erations. As a result the Services, particularly the Army, have only partial answers for the devel-
opment of operational concepts, battle doctrine, weapons requirements, and organizations, Simi-
larly, because they were not historically validated, the Service models and simulations are skewed.
Striving for only measured weapons effects and technical systems capabilities, they miss (or
significantly distort) the impact of leadership, training, organization, and psychological factors
(such as fear of death) on military units in contact.

2. Over the years, TDI, a successor organization 1o the Historical Evaluation and Re-
search Organization (HERO), both founded by the late Colonel Trevor N. Dupuy, has compiled
a large database from modern military campaigns and baitles. Using Colonel Dupuy’s method-
ologies and some new techniques, TDI has developed the following capabilities:

a. Comparison of fighting capabilities of opposing forces (systemic strengths and weaknesses)
based on:

(1) Command and organizational arrangements, leadership, force structure, intelligence,

and logistics;

{2} Training, cultural and psychological profiles, and flow of information;

(3) Doctrinal flexibility or constraints in utilizing new weapons and technologies.
b. Validation of models or simulations and of scenarios for field exercizes. Validation is a
process, based on historical data and trends, that assists in determining whether a scenario,
model, or simulation is an accurate representation of the real world. TDI has the capability to
do this independently or 1o provide primary source historical data for agency in-house valida-
lions,
¢. Estimating casualties for combat or other operations.
d. Providing lessons learned from studies of cause and effect chains among responsible play-
ers at the political, theater, operational, and tactical levels.
e. Analysis of group behavior (impact of various combat activities on units) and other human
factors (historically-based aggregate measure of leadership, training, morale, organizational
capacity, and cultural characteristics) in modern battles.
f. Studies, based on historic trends and experiential data, of the specific impact on combat
caused by new technology and the improvement in weapons. This enables projections of ways
in which future wars should be fought and understanding of what elements constitute “force
multipliers.”

3. The capabilities listed above merge operations research with historical trends, actual combat
data, and real world perspectives creating applied military history in its most useful sense.

y
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From the Editor...

This issue is a hodgepodge of articles. A few months ago, | carefully laid out plans
for all the future issues, starting with this issue, to be organized around definite themes.
The previous issue was also intended to be slightly thematic, except that | had to reduce the
number of graphs {(meaning the number of anticles) so as to get the issue out sometime in
1996. This issue was intended to be built around the Dupuy Air Campaign Model (DACM),
but several things occurred that worked against this plan, First, | was left with a collection
of articles intended for the last newsletier (“article overflow™) that | wanted to print. Sec-
ond, and more significantly, an informal memo I wrote in 1994 suddenly got widely distrib-
uted within the US Army combat modeling community. This memo was intended for my
future thematic issue on model validation (carefully planned to be the October 1997 issue),
but the memo and issue are current now, so the thematic issue plans are temporarily re-
shuffled and we are going to talk about model validation in this issue.

Model validation has been discussed in the industiry for over 20 years, In this
decade, there was been some progress towards validation of models in the US Army, but
from my point of view, not nearly enough. My experience with validation is as a “hands—
on” expert. | was the program manager for two validation databases, the Ardennes Cam-
paign Simulation Data Base (ACSDB) and the Kursk Data Base (KDB). In addition, [ have
directed the creation of the Battalion-Level Operations Database (BLODB). The real worker
on that is Dave Bongard. | have then used that database 1o start a validation of the TNDM
for battalion—level combat. This means that 1 have been involved in some way with three
validation efforts, so | feel as qualified as anyone to discuss validation issues.

Enclosed in this issue is a letter from Paul Berenson of the US Army Training and
Doctrine Command (TRADOC) to the “whole world” asking if validation is being done.
This came about because of a phone conversation we had in December 1996 in which 1
stated in passing that “of course, none of these models has been validated.” Dr. Berenson
asked me if | had something | could send him on that, and indeed 1 did have a two old
memaos that 1 had written two years earlier to Dr. Brian McCue when he was at the Office of
Technology Assessment (OTA) and to Trevor Dupuy. I then attached a cover letter to it and
faxed it to him. After reading them, he asked me if it was okav to send them out, and 1 said
it was. In January, | realized that they had been sent to the “whole world.”

Upon re-reading them, | would have to say that the tone is a little harsher than |
would like to take in a public letter, but then they were written as private letters. Hopefully
no one was offended by the tone. Regardless of how sweet and sugary | might rewrite them,
the basic ideas presented would be the same.

In my first memo, 1 state that | had no comment on the subject of accreditation.
This is no longer the case. 1 have therefore enclosed an article on accreditation to clarify my
position, or perhaps just my understanding, of this issue. 1 have also included an article on
validation addressing the problems of validating models 1o other models, test data, or range
data. This is in direct response to a statement in Dr. Berenson's memo, | have enclosed the
late Trevor N. Dupuy's paper on validation that he presented at a MORS mini-symposium.
We did not edit this paper, and it is included as is. | actually find he overstates the “fuzziness”
of historical combat data. With proper research and selection of the battles, it isn't very
fuzzy at all. I can certainly get figures like strengths and casualties to within 20%.

Also enclosed in this issue is the work we are doing on the battalion-level valida-
tion. The original data for the 74 battalion-level combats were assembled by Dave Bongard
from secondary sources. I, as much as anyone, am aware that we should use primary source
wherever possible, but since primary source research is expensive, and no one has bud-
geted for us o do this, we either had to use secondary sources or do nothing. | chose 1o do
something.

Afler Mr. Bongard had assembled the battles, | put them in a database format so |
could look at and test the data. Initially [ just wanted to see if the data that we were getting
from the battalion—level battles behaved significantly different than what we had gotten
from division—level data. 1 got a little carried away with these tests and the four articles in

{oont. )

The International TNDM MNewsletter



this newsletter are the result. Hopefully there is much of in-
terest there, A note of warning: the data on some of the en-
gagements have not been finalized, and for the validation
some of the data have been corrected. 1 do not believe this
makes any significant difference in my analysis of the data.

In the meantime, Mr, Bongard ran these engage-
ments through the TNDM to see how they would come out.
In the process, we added two more engagements, as we had
situations in Tenaru River and Bir Gifgafa in which the de-
fender made a significant counterattack with reinforcements
during the battle. Instead of running it as one battle, Dave
chose to break it into two separate engagements. This re-
sulted in our having 76 engagements. | am now comparing
the results of these 76 runs with the historical outcomes. Our
conclusions will be printed in the next issue.

We have therefore included a revised listing of the
76 battles used in the validation effort. This is an update
from the list in Volume |, Number 2 of this newsletter. Also,
as we suspect that we will be making some changes to the
THNDM as a result of this validation effort, we have started
preparing a second collection of 112 battalion—level engage-
ments with which to recheck our revised model. This list is
also included in the newsletter. You will note a number of
obscure and unusual engagements. [ believe if you test some-
thing, you should test it like you are trying to make it fail, so
we let Mr. Bongard pick any engagements he desired. | may
regret this.

For the Programmer’s Cubicle, we have an article
from José about using the TNDM in Windows 3.1 and Win-
dows 95, Only those who have version 1.86 of the TNDM
can access it in Windows 95, We have looked at making the
model run with a Windows—type interface, but that change
is a lintle more difficult

For “Whao is TDI™ we have uncovered some back-
ground on Richard Anderson, who provided the article in
the last issue on the Butterfly Effect. Again, pictures of his-
torians are rare, but if you look at the cover of this issue you
will see a picture of one of his workstations.

The next issue will contain the article on our initial
attempts to create a model of the Air Campaign. We will be
publishing the results of our validation of the TNDM as a
baitalion=level model.

The sixth issue will focus on the modeling of tanks
and armored warfare. This will include the article on the use
of mines and fortifications at Kursk. We also have a set of
tables prepared by Richard Anderson on the effects of artil-
lery on tanks. They are quite startling. Also, we hope to have
a cover article by Jay Karamales from his tank/antitank stud-
ies. His new book Apainst the Panzers is now a featured
selection for the Military Book Club.

The first issue of the second year of publication
will include an article written by Trevor M. Dupuy that was
never before published called “Technology and the Human
Factors in War”,

I am still awaiting articles from outside TDI and
eagerly check my mailbox in hope of finding one. 1 also
haven't yet seen any well-considered criticism of the model.

I will publish any that [ see. | am also looking for any sug-
gestions for improvement.

That is all for now., If you have any questions, please
contact me. Addresses and phone numbers are in the mast-
head. &

e
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Validation Letters

Dr. Paul Berenson and Christopher A. Lawrence

DEPARTMENT OF THE ARMY
HEADGUARTERS UNITED STATES ARMY TRAINING AND DOCTRINE COMMAND
CFFICE OF THE COMMANDING GENERAL
FORT MONROE, VIRGINIA 23551-5000

MEPLY TO
ATTENTHOH OF

ATCG-B 21 Jan 27

MEMORANDUM FOR

Mike Bauman, Director, 'TRADOC Analysis Center

Edgar Vandiver III, Director, USA ConcepLs Analysis Agency

John MeCarthy, Director, US Army Materiel Systems Analysis
Actcivity

SUBJECT: Validation

Enclosure states that "Validation of models is not being
done, ragardless of what tha regulations say." If the statement
is truas, it seriouely limits the applications of such models.

The enclogure discusses why this starement is made, so I
won't repeat the supporting raticnale. You may be aware of the
arguments in the enclosure.

I understood that validation was reguired for all models, as
it should ba. If wvalidation cthrough comparisong with properly
validated models, or combat, NTC, or test data is not being done,
how do we ensure that users are aware of the limitations of the
models, and how it is appropriate to use esach model? The

arqument that models are implicitly validated by widespread use
isn't wvalid.

Do we need to change the policy govarning model validation?
Should we ask MORS to review the status of validacions, and make
recommendations for improvement?

Would appreciate a response.

Dol

Enclasure PRAUL J. BEREMNECH
Scientific Advisor to the CG

DISTRIBUTION:

LTG Miller Mr Hartman

Mr Hollis Mr Riente

Dr Davis Mr Fox

Dr Fallin Mr LaRocque

Mr Fisette Mr Resnick
=
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8 December 1996

To: Dr. Paul Berenson, TRADOC
From: Chris Lawrence
Subject: Validation

Lyear Dir. Berenson,

Back in the middle of 1994, | was involved in the
issues of Validation, Verification and Assurance (VVA),
partially because of my work with the Congressional Office
of Technology Assessment (OTA) and partially because of
my role as the creator of two historical validation databases.
Although my opinions have changed slightly (but only
slightlv) on the subject, | will forward to you the material |
generated at that time. They include:

1. Letter to Dr. Brian McCue (OTA) dated 22 June 1994 of
5 pages.

2, Internal memaorandum to Trevor Dupuy dated 28 July
1994 of 2 pages addressing some of his disagreements with
my letter to Dr. Brian McCue.

According to what 1 know, only the following validations
have been done:

Atlas (using 1940 Campaign in the West)

Vector (using undocumented turning runs)

QM {by HERO using WWII and middle-east data)
Drr. Janice Fain’s model (using HERO data)

CEM (by CAA using Ardennes Data Base)
SIMNET/JANUS (by IDA using 73 Easting data)
By Dr. Ralph Tom using exercises

FTLM (by Martin-Marietta/Oak Ridge)

TWISP (Korean data)

Ll I O

I am being polite in calling some of these valida-
tions. The only two validations [ put a lot of credence in is
the QJM validation in the 1970°s and the CEM validation
using Ardennes data that was completed last vear, The Atlas
validation of the France 1940 campaign is rumored to have
resulted in the France winning and the analysts concluded
that history has no relevance for modern combat. 1 don’t
know how valid this rumor is. The Vector validation used
undocumented tuning runs to make sure the data fit accord-
ing to Dr. James Taylor of the Naval Post-Graduate school.
He has the documentation on that. The SIMNET/JANUS
lest is very strange because in the batle they choose, one
side could not see or hit the other side. This resulis in the
battle being a one-sided live fire exercise. Even then, my
conclusion from reading the report was that the model was
not validated, but indeed was sorely in error on such basic
items as S5PKs and ammunition expenditure. FTLM has not
been validated at all, but was simply a verification that was
decreed to be a validation in the introduction of the report,
even though the body of the report says otherwise. | forget
who and what is the background on TWISP, but of course,

one cannot get accurate Korean War data for the opposing
side. I need to research this one better. Dr. Janice Fain also
did some validation effort on a combat model she was work-
ing on some time in the 70s and also Dr. Ralph Tom’s vali-
dated his model of man—to-man combat in defending a
nuclear storage facility by conducting a series of field exer-
cises.

| did bounce this list by Paul Davis of RAND sev-
eral months ago, and his was not able to add any other vali-
dations to the list. | know that cerfain major models have
never been validated, This includes JTLS (Joint Theater Level
Simulation), that is used down in your neck of the woods by
the Joint Warfare Center. You may want to wander over there
and check this out for yourself. Validation of models is not
being done, regardless of what the regulations say. This re-
quirement will not be followed until such time as it is en-
forced by a policeman with a very big stick.

If you have any more questions, please call me at
(T03) 356-1151.

Sincerely,
Christopher A. Lawrence
Executive Director

22 June 1994
Dear Brian,

Thank vou for the opportunity to attend the OTA
review committee. | found the discussions on VVA to be
particularly interesting. I found it frustrating that the panel-
ists, who in some cases had clearly divergent views on the
subject, neither stressed these views or debated the differem
points. There was actually nothing | would have liked to do
more than leap into these discussions. As it would have been
inappropriate for me to so, | remained quiet. But, over time,
my thinking on the subject of VVA and the scientific pro-
cess of combat modeling have clearly crystallized into a
strong opinion that | would like to take this opportunity to
express in writing for the first time,

Verification, Validation and Assurance (VVA):

. VVA = QA, (Validation, verification and assur-
ance equals quality assurance). In any production facility
working on a government deliverable (say for example,
General Dynamics Convair Division working on the cruise
missiles), QA is an independent discipline with a very spe-
cific function. There are people specially trained for it, they
are in a department under a separate vice-president, quite
independent from the production and program personnel,
and usually have some authority 1o review, approve, or re-
ject the products being produced by the rest of the company.
This QA function in large facilities is further supplemented
hy an in-house DCAS representative who is also a QA spe-
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cialist representing the government, One estimate | heard
was that QA usually made up 15 of the cost of an engineer-
ing project.

The Verification part of VVA is simply that QA
step, which currently does not systematically exist for mod-
eling. Verification should be planned as a on-going effort in
any major modeling project, should be done by personnel
independent of the project, and should have adequate money
set aside to conduct the verification. While there is no need
to place a hard and fast budget figure for VVA nor cenify
VWA engineers, the Defense Department needs to establish
the habit (culture?) of conducting an independent verifica-
tion is for every major modeling effort. The requirement to
do this and certain minimum goals or standards should be
clearly spelled out in internal DOD regulations. As there is
no use in having a rule without an enforcer, some office
should be assigned responsibility to make sure that VVA is
conducted for every major modeling effor,

2. Validation needs to be done for all major models
that are used in any predictive mode. This certainly includes
JANUS, CEM, JTLS etc. Models used to develop “intellec-
tual insights” do not need to be validated, but should not be
used for any other purpose. [ cannot think of a single model
that is used simply to develop “intellectual insight.” Cer-
tainly any model that will be predicting war outcomes, or
forecasting ammunition expenditures needs to be validated.

3. Validation must be done by or with the help of
an independent organization. This organization's indepen-
dence is more important for validation than it is for verifica-
tion. During a verification effort, at least the “verifier” and
the project personnel will usually have a common goal of
making sure the work was done correctly. In a validation
cffort, there may be no common ground and widely differ-
ent perceptions of what is correct.

4. For models forecasting combat results (casual-
ties, ammunition expenditures, or whatever), they must be
able w be validated to history in addition 1o any other vali-
dation tests that may be appropriate.

Amid all the discussions of high tech weapons, what
is often overlooked is that most of the weapons currently
used are either updated WWII type weapons, or linear de-
scendants of such, The organizations employing those weap-
ons are structurally and doctrinally linear descendants of the
WWII US Army organizations, and the personnel using them
are similar (and in some case direct descendants) of the people
who used them in WWIIL. When doing a simulation of mod-
ern combal, the majority of the elements employed are simi-
lar and directly descendent from those elements used in
WWIL As such, any model for future combat, if the high
tech weapons are stripped out, should be an entirely adequate
model of WWII combat, If such a model cannot model WWII
combat with is low-tech weapons, then one must question
its ability to model any combat. While being able (0 model
the past does not prove that it can model the future, not be-

ing able to model the past raises serious question whether
the model can model anything.

The other main objection | hear to using historical
data for validation is that combat is stochastic and that a
battle represents just one point on the curve of possibilities.
This is a semantic argument that is not looking deep enough
into the subject.

Let us assume for a moment that the actions of any
one person is unpredictable. If these people behave with any
patterns, any norms or any societal conditioning, then there
will be norms and patterns of behavior that will appear across
most groups of people. Combat is conducted with groups of
these people. If 1 have 10,000 people in a unit, these groups
of people should behave in some definable patterns. Even if
the paitterns are weak, the sheer size of the samples should
provide a bell-curve of possible results, and a range of ex-
pected resulis. IT 1 have 10,000 of these unpredictable people
engage 1,000 opposing unpredictable people, the difference
in the ratios should alone produce a result that is different
than pure chance.

If | give these people a little training, a little target
practice, organize them in units, provide them with a doc-
trine, then their unpredictability declines considerably. If fact,
| would expect that while I still could not predict the actions
of individuals, nor those of their commanders, if a placed
them in combat against 10,000 untrained unpredictable
people, | would more often than not get an expecied result,

While one cannot rule out the role of the individual
in combat, especially as a commander, and while one can-
not rule out the occasionally significant and unpredictable
events, on most days with most units, you can expect a pre-
dictable result from combat. With large numbers of indi-
viduals, combat is deterministic with stochastic elements.
This is considerably different than considering combat sto-
chastic.

As you know, | have been in charge of assembling
one data base of the Ardennes Campaign for the US Army
Concepts Analysis Agency and am currently program man-
ager for the second campaign data base to be assembled for
them on the Battle of Kursk. In your viewgraphs presented
today, you summarized the stochastic argument against vali-
dation as “N=1" As best as | can understand the argument
{and in all honestly, | neither understand nor appreciate this
argument), there is no value in validating a model to a his-
torical campaign because there is only one known outcome
out of many possible ones. I can only project from this argu-
ment that the person would only find a historical validation
useful if we validated the model 10 a statistically significant
sample of hundreds of campaigns.

But, an engagement consists of large numbers of
men involved on each side. This aggregated data (the en-
gagement) is repeated multiple times in a division in a day.
This probably makes the division versus division battles
somewhat deterministic. In the campaign data bases | have
assembled, the division has been the basic unit that is
“tracked” in the data base. In the case of the Ardennes Cam-
paign Simulation Data Base, there are 79 divisions involved
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ing combat over 30 days. Assuming that one division faces
its equivalent to two-sided combat, then the data base has
around 2,200 division days of combat to build the “prob-
ability curve™ out of. This creates a number far larger than
“MN=1". For the Kursk data base, | estimate when it is com-
plete there will be another 1,000 division days to work from,
in addition to a large number of independent regiments and
brigades. There are also other historical data bases to draw
from besides these two, So in addition to validating the model
lo the data base, vou also validate it to the individual com-
bats, the aggregated combats and the means and modes of
selected combats under selected conditions. In the case of
the two campaigns, they were both fairly one sided. 1 would
be surprised if any model would have the Germans roaring
across the Meuse and on towards Brussels or the Germans
slicing through the mass of Soviet units and penetrating 1o
Oboyan, let alone all the way to Kursk. In both of these cam-
paigns, the “N=I" result that came about was pretty much
what you would expect given the starting forces.

5. Finally, probably the best way to execute effec-
tive VVA is to establish a separate agency within DOD (or
each service) in charge of assisting in VVA cfforts for all
major models in the armed forces (or its individual service).
This agency should be manned with people knowledgeable
in the field and should be organizationally separate from any
command producing or relying on models.

One of the problems involved in validating any
model is that considerable time is required to learn the model,
and some time is required to run it As the experts are the
people who designed it, and often they are the only ones
knowledgeable to run it, than all VVA efforts should be a
cooperative effort using a mixed staff of people from the
VVA agency and the actual modelers who designed it. Need-
less to sav, the report or analysis of the validation effort
should be produced by the VVA Agency, vice the operating
agency.

| doubt anything less than this will produce effec-
tive validation. The issue of validation has been discussed in
the industry now for at least 20 vears. To date, I only know
of two validation efforts (both US Amy). One appears seri-
ously flawed and the other one | do not have the ability to
validate (even though it used the Ardennes Data Base that |
helped to assemble). Neither were done by an independent
agency from the model’s regular user. There is a point that
o get anything done, one must quit discussing the details of
how it should be done, and simply assign someone to do it,
and give them the authority and resources to go forward.

6. I have no comments on the subject of assurance.
THE SCIENTIFIC METHOD AND MODELING:

1. The fundamental problem with the models be-
ing built for the purpose of forecasting is that no one has
ever systematically assembled and analyzed the data on com-
bat. Therefore, we don"t know what really happens and what

is really true. Even “sciences” as sofl as ecconomics have a
“Law of Supply and Demand” (although it is certainly not a
“law™). Military seience does not know for certain if morale
i5 to material as three is to one. Although most serious stu-
dents realize this is probably true, it has neither been proven
nor measured. The same for “defense is the stronger form off
combat”, the effects of suppression, the causes of breakpoints,
the degradation effects of the combat environment, etc. None
of the basic pieces that make up a model have been system-
atically proven or measured.

2. The models therefore are not built upon any es-
tablished, accepted and provable pieces of data. In effect, all
models are simply somebody’s assumptions, guesses and
judgements, that have been quantified and buried in com-
puter code.

3. There is no lack of data o work from. It is com-
plex, hard to assemble, and time-consuming to assemble and
analyze (read “expensive™). But data does exist on combat,
combat operations and the effects of combat, and exists in
large amounts, although not always in the form that the user
desires.

4, Combat data is difficult to analyze. It has a wide
range of variability, has stochastic elements to it, has a very
high number of significant independent variables, and those
“independent” variables often cross correlate with cach other.
It is a very complex problem, probably more difficult 1o solve
than sending a man to the moon,

5. To develop a base from which to build combat
models from requires some form of understood norms, hy-
potheses and theories established and supported by data. To
attempt to build a model without such a base is nothing less
than quantifying opinion.

6. To build such a base requires “pure research™ or
“pure science”. In the practical world, these means that some
agency needs to fund one or more groups to assemble the
large amount of data required to analyze this complex prob-
lem. This data needs to then be analyzed by one or more
groups (the same or different groups) to identify patterns
and norms. They may even be able 1o support such notions
as “moral is to material as 2.76 is w0 1™,

7. To conduct such research required a steady multi-
year funding effort among one or more research groups for
the purpose of having them discover anything that is discov-
erable from this data. This large effort would eventually over
time and repeated testing, determine what is knowable. What
is then knowable could be incorporated in the model de-
signs, reducing the judgement and increasing the quality.

Sincerely,
Chris Lawrence
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28 July 1994

To: Trevor
From: Chris
Subject: VVA

1. Thanks for taking a look over my write-up. | will prob-
ably have one on John Kettelle's paper, which 1 found very
interesting, in a couple of more days.

2, To clarify a point, [ do not feel that validation is more
important than verification. 1 just realize that the resistance
to validation in the community will be much higher than the
resistance 10 verification. In fact, 1 suspect most organiza-
tions will set up a verification program, label it “VVA"™ and
claim that they have taken care of all validation, verification
and assurance,

3. There is considerable resistance to validation within the
community. I have encountered it in CAA and heard similar
arguments put forward at the OTA meeting. While there may
be some intellectual validity to their arguments (although |
have yet to see any), and they may sincerely believe in what
they say, the result of their arguments is to torpedo any vali-
dation efforts.

4. There are already software quality assurance (QA) proce-
dures, software documentation standards, and software con-
figuration management standards. These, if properly imple-
mented, make it possible to do the verification of the soft-
ware within the models. Any really good software QA pro-
cess should also determine whether or not the software does
what it was written to do. This is the essence of verification.
The problems of verification can be solved by using estab-
lished industry QA procedures. 1 suspect, as many of these
models are made by “paper shops”™ and FFRDC's, they are
not used to operating under a formal QA system the same
way as hardware manufacturers are, and therefore this is not
being done.

5. If an organization has a good internal, aggressive, inde-
pendent QA organization, then verification should not be a
problem. It is in the long term interest of the program man-
agers, model designers, and the QA people to conduct the
verification properly. Of course, it may not be in their short-
term interest (schedule and budget!). But validation must be
conducted by an outside and independent agency, for if the
model 15 really bad, it is not in interest of the using or de-
signing organization to confirm this.

6. So, it is not that | consider validation more important, but
it is just that the only way to get a proper validation program
going will be to create an independent agency for such.
Socrates’ “gadfly™ as it is. An independent agency to do veri-
fication is not necessary, although it would be helpful. The
real danger is that these organizations will set up verifica-

tion efforts disguised as VVA and effectively bury the very
necessary validation efforts that should be done,

7. As for Brian, | would recommend that you write him. 1
believe Dr. McCue is already aware of my opinions. 1 think
I discussed it with him several vears ago. | suspect he also
knows your position. Finally, | suspect that his position is
not far from ours, if he is not already in agreement. The real
question for him is whether an OTA report is the proper fo-
rum to raise this isswe. My recommendation to him would
be o add an appendix to the OTA report (perhaps to Linda
Voss' paper) detailing the reasons, recommendations, and
how a truly independent VV A agency would be established.
If OTA wishes to pursue such an recommendation, than it
would probably be useful to obtain support and signatures
from other people within the community.

8. If an OTA report is not the proper forum, than perhaps
vou should prepare an independent “report™ for Congress,
obtaining support and signatures from other major names in
the community.

9. I'll probably provide a copy of this memo to Brian and
Linda Voss. i

10
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Military History and

Validation of Combat Models

A Presentation at MORS Mini-Symposium on Validation, 16 Oct 1990
by Trevor N. Dupuy

In the operations research community there is some
confusion as to the respective meanings of the words “vali-
dation™ and “verification.” My definition of validation is as
follows:

“To confirm or prove that the output or outputs of a
model are consistent with the real-world functioning or op-
eration of the process, procedure, or activity which the model
is intended to represent or replicate.”

In this paper the word “validation™ with respect to
combat models is assumed to mean assurance that a model
realistically and reliably represents the real world of com-
bat. Or, in other words, given a set of inputs which reflect
the anticipated forces and weapons in a combat encounter
between two opponents under a given set of circumstances,
the model is validated if we can demonstrate that its outputs
are likely to represent what would actually happen in a real-
world encounter between these forces under those circum-
stances.

Thus, in this paper, the word “validation™ has noth-
ing to do with the correctness of computer code, or the ap-
parent internal consistency or logic of relationships of model
components, or with the soundness of the mathematical re-
lationships or algorithms, or with satisfyving the military judg-
ment or experience of one individual,

True validation of combat models is not possible
without testing them against modern historical combat ex-
perience. And so, in my opinion, a model is validated only
when it will consistently replicate a number of military his-
ory battle outcomes in terms oft (a) Success-failure; (b)
Adtrition rates: and (¢) Advance rates,

“Why,” vou may ask, “use imprecise, doubtful, and
outdated history to validate a modern, scientific process?
Field tests, experiments, and field exercises can provide data
that is often instrumented, and certainly more reliable than
any historical data.”

| recognize that military history is imprecise; it is
only an approximate, often biased and/or distorted, and fre-
quently inconsistent reflection of what actually happened
on historical battlefields. Records are contradictory. 1 also
recognize that there is an clement of chance or randomness
in hurnan combat which can produce different results in oth-
erwise apparently identical circumstances. [ further recog-
nize that history is retrospective, telling us only what has
happened in the past. It cannot predict, if only because com-
bat in the future will be fought with different weapons and
equipment than were used in historical combat.

Despite these undoubted problems, military history
provides more, and more accurate, information about the
real world of combat, and how human beings behave and
perform under varying circumstances of combat, than is pos-
sible to derive or compile from any other source. Despite
some discrepancies, patterns are unmistakable and consis-
tent. There is always a logical explanation for any individual
deviations from the patterns. Historical examples that are
inconsistent, or that are counter-intuitive, must be viewed
with suspicion as possibly being poor or false history,

Of course absolute prediction of a future event is
practically impossible, although not necessarily so theoreti-
cally. Any speculations which we make from tests or ex-
periments must have some basis in terms of projections from
past experience.

Training or demonstration exercises, proving
ground tests, field experiments, all lack the one most perva-
sive and most important component of combat: Fear in a
lethal environment. There is no way in peacelime, or non-
battlefield, exercises, tests, or experiments to be sure that
the results are consistent with what would have been the
behavior or performance of individuals or units or forma-
tions facing hostile firepower on a real battlefield.

We know from the writings of the ancients (for in-
stance Sun Tze—pronounced Sun Dzuh—and Thuycidides)
that have survived to this day that human nature has not
changed since the dawn of history. The human factor the
way in which humans respond to stimuli or circumstnees is
the most important basis for speculation and prediction. What
about the “scientific™ approach of thoze who insist that we
can have no confidence in the accuracy or reliability of his-
torical data, that it is therefore unscientific, and therefore
that it should be ignored? These people insist that only “sci-
entific” data should be used in modeling.

In fact, every model is based upon fundamental as-
sumptions that are intuitive and unprovable. The first step in
the creation of a model is a step away from scientific reality
in seeking a basis for an unreal representation of a real phe-
nomenon. | have shown that the unreality is perpetuated when
we use other imitations of reality as the basis for represent-
ing reality. History is less than perfect, but to ignore it, and
to use only data that is bound to be wrong, assures that we
will not be able to represent human behavior in real combat,

At the risk of repetition, and even of protesting too
much, let me assure you that | am well aware of the shornt-
comings of military history:
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The record which is available to us, which is his-
tory, only approximately reflects what actually happened. It
i5 incomplete. It is ofien biased, it is often distorted. Even
when it is accurate, it may be reflecting chance rather than
normal processes, It is neither precise nor consistent. But, it
provides more, and more accurate, information on the real
world of battle than is available from the most thoroughly
documented field exercises, proving ground tests, or labora-
tory or field experiments.

Military history is imperfect. At best it reflects the
actions and interactions of unpredictable human beings. We
must always realize that a single historical example can be
misleading for either of two reasons: (1) The data may be
inaccurate, or (2) The data may be accurate, but untypical,

Mevertheless, histoy is indispensable. 1 repeat that
the most pervasive characteristic of combal is fear in a lethal
environment. For all of its imperfections, military history
and only military history represents what happens under the
environmental condition of fear,

Unfortunately, and somewhat unfairly, the reported
findings of 5.L..A. Marshall about human behavior in com-
bat, which he reported in Men Against Fire, have been re-
cently discounted by revisonist historians who assert that he
never could have physically performed the research on which
the book's findings were supposedly based. This has raised
doubts about Marshall’s assertion that 85% of infantry sol-
diers didn"t fire their weapons in combat in World War I1.
That dramatic and surprising assertion was first challenged
in @ New fealand study which found, on the basis of pains-
taking interviews, that most New Zealanders fired their weap-
ons in combat. Thus, either Americans were different from
Mew Zealanders, or Marshall was wrong. And now Ameri-
can historians have demonstrated that Marshall had had nei-
ther the time nor the opportunity to conduct his battlefield
interviews which he claimed were the basis for his findings.

I knew Marshall, moderately well. 1 was fully as
aware of his weaknesses as of his strengths. He was not a
historian. 1 deplored the imprecision and lack of documen-
tation in Men Agatnst Fire, But the revisionist historians have
underestimated the shrewd journalistic assessment capabil-
ity of “SLAM™ Marshall. His observations may not have
been scientifically precise, but they were generally sound,
and his assessment has been shared by many American in-
fantry officers whose judgements | also respect. As to the
Mew Zealand study, how many people will, after the war,
admit that they didnt fire their weapons?

Perhaps most important, however, in judging the
assessments of SLAM Marshall, is a recent study by ahighly-
respected British operations research analyst, David
Rowland. Using impeccable OR methods Rowland has dem-
onstrated that Marshall’s assessment of the inefficient per-
formance, or non-performance, of most soldiers in combat
was essentially correct. An unclassified version of Rowland
s study, “Assessments of Combat Degradation™ appeared in
the June 1986 issue of the Rovef United Services Institition
Journal,

Rowland was led to his investigations by the fact

that soldier performance in field training exercises, using
the British version of MILES technology, was not consis-
tent with historical experience. Even after allowances for
degradation from theoretical proving ground capability of
weapons, defensive rifle fire almost invariably stopped any
attack in these field trials. But history showed that attacks
were often in fact, usually successful, He therefore began a
study in which he made both imaginative and scientific use
of historical data from over 100 small unit battles in the Boer
War and the two World Wars. He demonstrated that when
troops are under fire in actual combat, there is an additional
degradation of performance by a factor ranging between 10
and 7. A degradation virtually of an order of magnitude!
And this, mind you, on top of a comparable built-in degra-
dation 10 allow for the difference between field conditions
and proving ground conditions.

Mot only does Rowland's study corroborate SLAM
Marshall’s observations, it showed conclusively that field
exercises, training competitions and demonstrations, give re-
sults so different from real battlefield performance as to ren-
der them useless for validation purposes.

Which brings us back to military history. For all of
the imprecision, internal contradictions, and inaccuracies in-
herent in historical data, at worst the deviations are gener-
ally far less than a factor of 2.0. This is at least four times
more reliable than field test or exercise results.

| do not believe that history can ¢ver repeat itself,
The conditions of an event at one time can never be pre-
cisely duplicated later. But, bolstered by the Rowland study,
I am confident that history paraphrases itself,

If large bodies of historical data are compiled, the
patterns are clear and unmistakable, even if slightly fuzzy
around the edges. Behavior in accordance with this pattern
i5 therefore typical. As we have already agreed, sometimes
behavior can be different from the pattern, but we know that
it is untypical, and we can then seek for the reason, which
invariably can be discovered.

This permits what [ call an actuarial approach to
data analysis. We can never predict precisely what will hap-
pen under any circumstances. But the actuarial approach,
with ample data, provides confidence that the patterns re-
veal what is to happen under those circumstances, even if
the actual results in individual instances vary to some extent
from this “norm™ (to use the Soviet military historical ex-
pression. ).

It is relativelv easy to take into account the differ-
ences in performance resulting from neéw weapons and equip-
ment. The characteristics of the historical weapons and the
current (or projected) weapons can be readily compared, and
adjustments made accordingly in the validation procedure.

In the early 1960s an effort was made at SHAPE
Headquarters to test the ATLAS Model against World War
Il data for the German invasion of Western Europe in May,
1940. The first excursion had the Allies ending up on the
Rhine River. This was apparently quite reasonable: the Al-
lies substantially outnumbered the Germans, they had more
tanks, and their tanks were better. However, despite these
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Allied advantages, the actual events in 1940 had not matched
what ATLAS was now predicting. So the analysts did a litle
“fine tuning,” (a splendid term for fudging). After the so-
called adjustments, they tried again, and ran another excur-
sion. This time the model had the Allies ending up in Berlin.
The analysts (may the Lord forgive them!) were quite satis-
lied with the ability of ATLAS to represent modern combat.
{Or at least they said so0.) Their official conclusion was that
the historical example was worthless, since weapons and
equipment had changed so0 much in the preceding 20 years!

As | demonstrated in my book, Options of Com-
mand, the problem was that the model was unable to repre-
sent the German strategy, or to reflect the relative combat
effectiveness of the opponents, The analysts should have
reached a different conclusion. ATLAS had failed valida-
tion because a model that cannot with reasonable faithful-
ness and consistency replicate historical combat experience,
certainly will be unable validly to reflect current or future
combat.

How then, do we account for what | have said about
the fuzziness of patierns, and the fact that individual histori-
cal examples may not fit the patterns? [ will give vou my

rules of thumb:

a. The battle outcome should reflect historical suc-
cess-failure experience about four times out of five,

b. For attrition rates, the model average of five his-
torical scenarios should be consistent with the historical av-
erage within a factor of about 1.5.

c. For the advance rates, the model average of five
historical scenarios should be consistent with the historical
average within a factor of about 1.5.

Just as the heavens are the laboratory of the astrono-
mer, 50 military history is the laboratory of the soldier and
the military operations research analyst. The scientific basis
fior both astronomy and military science is the recording of
the movements and relationships of bodics, and then analy-
sis of those movements. (In the one case the hodies are heav-
enly, in the other they are very terrestrial.)

I repeat: Military history 15 the laboratory of the
soldier, Failure of the analyst to use this laboratory will doom
him to live with the scientific equivalent of Ptolomean as-
tronomy, whereas he could use the evidence available in his
laboratory to progress to the military science equivalent of
Copemican astronomy. &
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The Problems of Validating ¢

Models to Other Models or to Test Data

by Christopher A. Lawrence

In his letter, Dr. Berenson refers o “,, validation
through comparisons with properly validated models, or
combat, NTC or test data...” Obviously the best thing to vali-
date a model to is current combat data. For many reasons,
this is often not possible or practical. Therefore, people have
looked at validating models by other methods. These other
methods have problems that are often overlooked or not fully
appreciated. They include validating to a properly validated
model, NTC, or test data. Dr. Berenson very correctly states
that the “argument that models are implicitly validated by
widespread use isn’t valid.” 1 had heard rumors that people
have seriously proposed this idea in MORS meetings. | as-
sume the idea has died a natural and deserved death.

Let me preface my comments with the statement
that my intersection with the modeling community is only
in the area of force—on-force models. Much of what I say
may not be relevant for other types of models.

Validating a model to another model makes little
sense except as an expedient to save time and money. If 1
have validated the “properly validated model™ to data, then
why not just use that same data to validate the next model?
An intermediary is not needed and could only serve to con-
fuse the issue. We can probably assume that no combat model
will ever validate perfectly. It will never match combat data
point by point. This means there will be a certain amount of
random error compared to the real world, and most likely
there will be areas in which the model will tend to under-
predict and areas in which the model will tend to over—pre-
dict. But if it is in the ball park, then it is validated. But when
you validate one model o another, it may make errors in the
same direction as those yvour baseline model is making, indi-
cating a higher degree of fit to the real world data than actu-
ally exists. It may also make errors in the opposite direction.
In the case where the validated model was over-predicting
and the model to be validated was under-predicting {or vice
versa), both models could be in the ball park, but the valida-
tion would show the second model significantly in error 1o
the first.

Furthermore, some models certainly make coun-
terbalancing errors, where the over—prediction in one error
15 countered by the under—prediction in another, resulting in
a good final output. A good validation effort needs to be
more than a simply pass/fail test. If the model to be vali-
dated to is being compared to other parts of the other model
(say a tactical model is being compared to the tactical part of
a model that does tactical and operational combat), then this
can also cause problems with the veracity of the validation.

Finally, of course, if the model you are trying to
validate is differing from the data being validated to, the

problem can always be with the validation data. If you are
validating to another model, then you are left with no choice
but to go back to the original data anyway.

I personally know of no models that have been vali-
dated to other models. I would be interested in knowing of
anyone who has done this, why they did this, and why they
didn’t use the original validation data.

While validation of a combat model 1o National
Training Center (NTC) data may look reasonable on the sur-
face, is not always the best. Training is not combat. In com-
bat, the primary goal of many of the soldiers is to survive the
experience. In training, surviving the experience is not an
issue. Quite simply, you do not lose much if you “die™ dur-
ing a training exercise. This is verv different from the real
world. In combat, people will be far more cautious, for more
concerned that they are covered and concealed, far less will-
ing to advance, hastier in some actions, in some cases pan-
icky. Training exercises will have higher rates of fire, more
accurate fire, faster movement, quicker combat resolution
and many other differences from real combat. As discussed
in the work of David Rowland, these differences can be by a
factor as much as 7 to 10 times to what would occur in a true
combat environment. As such, any model validated to a train-
ing exercise is likely to produce casualties and advance rates
that are simply too high by an order of magnitude.

[ do know of one validation to a “training” exer-
cise, Dr. Ralph Toms, formerly of Lawrence Livermore
Laboratory, was developing a model of man-to-man com-
bat to determine the minimum and oplimum number of
people to defend a storage facility. The number of defenders
was 20 people or less. To validate his model, he actually
took a recently evacuated facility that still had its standard
guard tecam, and had it assaulted multiple times by a small
special forces team. As a result of this validation exercise,
he revised the model to serve as a better ool for his analysis,
An interesting outcome of this validation is that the model
as designed moved everyone about twice as fast as they did
in the real world. This was because people within a model
don't loiter, peek around corners, stop and adjust the straps
on their packs, or slow to a walk when not moving in the
open.

For the intended use of the model, which was to
compare different defensive arrangements of storage facili-
ties, this a good validation for the limited purposes for which
the model is to be used. If one started to mutate this model
into some form of small unit combat model, then it would
have to be validated to some combat data. Ideally, this model
should have been validated to combat data, but it would be
extremely difficult to get the second-by-second combat data
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that would be needed for such a model. But it could be tested
toa well-documented commando operation at a more macro—
level, like the raid on St Mazaire, looking at the raid in 15
minute snapshots,

One interesting aspect of the validation is that by
using field exercises, he was able 1o do multiple iterations of
the “hattle™ to compare to the multiple iterations of the model.
Of course, as a field exercise is still only a model of a battle,
then you are basically still comparing a model to a model,
albeit with a model that is clearly closer to the real world of
combat,

WValidating a combat model to test data has all the
problems of validating a model to a training exercise, plus
some. At least in a training exercise some of Clausewitz’s
friction in warfare appears (although not all). In a test envi-
ronment, most of the friction in warfare will disappear, Un-
less the model is being used for some limited weapons com-
parison purposes, you are now validating a model against
data that is only peripherally connected to the real world of
combat.

Models designed from test data have even a greater
potential for error from real world casualty rates. This means
that for the model to be used for forecasting (and ves, Vir-
ginia, many models are used for forecasting), some type of
severe dampening effect has to be designed into the model.
I gather that many of the US Army models designed from

AMSAA data have embedded this dampening ¢ffect some-
where in their code or design. How this dampening effect
was derived, from what studies it came, and how it has been
quantitatively measured, remain a mystery to me. [ gather it
is based on “expert” judgement.

Since receiving Paul Berenson's letter, two other
validations methods have been brought te my attention. One
i5 validation to expert judgement. My first thought is that if
the experts could produce such great judgement, then why
not just ask the experts to start with, and dispense with the
models. It would certainly save a lot of money. But again, if
one were using the models for training, and the goal and the
use of the model was to create a realistic training environ-
ment, then an expert (meaning a combat veteran) would cer-
tainly be the person that could provide confirmation that it
“feels right.” Bevond that use, I am a little mystified as to
when you would ever want to use “expert” judgement for
validation, The other danger of expert validation is that the
experts are simply brought in to sprinkle holy water on the
effort without getting into the actual details of the model.
Validation by expert judgement doesn't sound much differ-
ent than “._.models are implicitly validated by widespread
use...”

The final and most intriguing validation methodol-
ogy is the rumor ['ve heard that the SOTACA model was

validated to the commercial wargame Desert Fox. @
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“Model Creep” and

Model Accreditation

by Christopher A. Lawrence

In 1994, when | was preparing my memo on vali-
dation, | had never been involved in an accreditation issue,
50 | had no understanding nor interest in the subject. This
has changed as a result of our using the TWDM for the Bosnia
study.

As part of our forecast of potential US casualties in
Bosnia, we modeled a deployment scenario and estimated
the casualties based upon this scenario. This effort was
headed by John Kettelle, Some of the scenarios that we were
considering were up to brigade-level attacks on US posi-
tions. For our combat resolution, we used the TNDM. The
THNDM had been used for battalion—level and company-level
combat before, but this was the first time [ had been invalved
in its use for such. After a discussion with Richard Ander-
son, | began to worry that we were using the model beyond
it designed parameters. This led me to look into the use of
the TNDM as a battalion—level model,

The TNDM was designed to model battalion- and
company-level combat, but it was never tested or validated
for such. In effect, it could do it, but we had no basis for
knowing if it could do it right. The model had been vali-
dated 1o divisional-level combat and its use at a much lower
level of combat had never been systematically tested (al-
though it was not entirely untested). Fundamentally, this is
the accreditation issue,

The danger here is “model creep,” which is some-
thing like mission creep. A group of smart people design a

model for a specific purpose, assemble data for that efTort,
test it, maybe even validate it, use it, and eventually get com-
fortable with it. They then start finding other subjects that
the model can address until the model starts being used for
something other than what it was originally designed for.
As this can occur over a period of time, and often long after
the original designers have moved onto greener pastures,
the model may be creeping out of its validated use without
the real awareness of the users, | can honestly state that this
was what we were starting to do with the TNDM. 1 know
that this has occurred elsewhere.

I believe the official definition of acereditation is
“an official determination by management that an M&S is
acceptable for a specific purpose.™ In the real world, espe-
cially in the commercial part of the real world, a significant
part of the manager’s job is to sell the organization’s next
Job. As you must sell to eat, and usually eating takes priority
over more mundane issues like the intellectual validity of
your work, then “model creep™ can become a major issue.

I particularly worry about it in the context of dis-
tributed interactive systems. The industry is starting to cobble
together complex simulations using unrelated component
parts 1o do new and better things. While these unrelated parts
may indeed all be validated (although this is not always the
case), the sum total of this effort, and the new purposes for

which it is used for, also need to validated. &
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The 76 Battalion-Level

Engagements
by Dave Bongard

The concept of “battalion-level engagement™ has
been employed relatively loosely here. As far as this list is
concerned, a battalion-level engagement involves a force of
no more than one reinforced battalion on one side, and a
roughly comparable force on the other (ranging from a mini-

mum of one company (+/-) 1o a maximum of one brigade/
regiment). Broadly speaking, this produces manpower to-
tals of 150 to 6,000,

The winning side or force is in italic boldface. An
engagement with no indicated winner is a draw.

World War 1

¥ wonne-0dalle . L= 3 L9 IHg i

Cantigny SIZBITE 28th Irgt BETY IO T2 IR 725 386 2 OTEDT
Hill 142 BIEITE 5 M ar Rgt [-) ey IEHWITI R (+) 2458 471 8 080T
Wesi Wdl EI&/1E 315 Mar [-) 1740 AT e IR 1124 Ed 8 oooT
Bourschs | BIGTTE 6 War Rgl {-) 2753 L4481 IR 13582 186 & 1.00T
WeasiWd H BIITTE 278 Mar (+) 3349 2T UAET IR [+) 1788 541 12 160 T
H ' Weoad | GM2ME I/E Mar |+) 740" 1871110 GriR 1952 293 i2 0BOT
Bourschs A GIANE 106 R (-/+) 880 138} 375 M ar [+] 2628 107 I 900T
N '‘Woad 0 BTN 1T IR 1687 192 M3LT IR [+) 1428 18 4.5 000T
N Woeod M BI23M18 355 Mar {+) 1256 133 34T IR 1565 1% 4 0,00T
N Wood I GBIEETTE 3 Mar +] 4453 2TAVI4T IR 1546 437 11 o70T
St Amand F THBME MIE IR (+) 1150 120§ 1/ 398 IRgt 400 400 & 2007
Beaurpre F THBEME 2723 IR [+) 4480 1250011218 IR E8E 1B1 4 Z2EOT
Chaudun THENE W18 IR [+) 1611 T3AHIT08 BGrR [#) L Liks] 5007 127 3.50'T
Berzy le Soc TIATB 20 TR [-F%) 4000 SH0f 10 TR+ 525 e 375 3850T
Bouzancy Rdg T T8 IR (%) 5300 IEOIIES JgrR 554 2TE 4 150
Madeah Far 1053M18 259 IRgt R HT|VII6 ReslR 155 B 20 X10T
Essen Hoak 10538 958 Mar (+) 1420 140] 2K olnL S A BE e 120 5 0.90(T
Exermoni-M TOTTE T8 IR [+ EX1E] 352 eim 3 GdIR [+) 1270 193 4 27077
Mayache R 1074118 38 IR [+] S42T ATE{WITO IR [+) 1689 114 14 1.30|7T
La Nauwlle 1074118 28 IR (+} BI85 HOEF111 B (+) TH40 B1 12 1.80|T
Remilly-Allllcourt 115618 1/98 IR 12101 25/ 8 ReslgrBn [+) 298 g 12 1.000T
Hill 252 T1ITI8 18 IR [='+) 1988 110014 Res 10 (-] 1655 182 8 80T

World War 11

Engagemarnt
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Post-1945

Engagement

PrekKiok 1
FrekKlok 2
Buell 1l
ApBauBang 2
Bir Gifgata 1
Bir Gilgata 2
Lo Giang 1

Lo Giang 2
MNui Ba Den
Mi Hermon |
|Goose Green
M Hasrial -~
[Two Sisters
Mi Longdon

| Tumbledown
Wireless B
Salinas

Pearls AF

Lomba
Cualir Riner
Lipanda

TF Bayonet

Tu-Vu is described in some detail in Fall's Streer
Withowut Jay (pp. 51-53). The remaining Indochina/SE Asia
engagements listed here are drawn from a QIM-based analy-
sis of low—intensity operations (HERO Report 124, Feb,

| 988).

~BIZB6I ARCIDG TF

A ek er
TRy

elms GM.2

6/29/54

91063 VC 306 IBn

aie3 Sef 2R

4127166 Indo. Bn

BBIEE VC force
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VBT NVA 273 IR
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G/8/6T Eg 4 ArmdD
G/8/87 elm Tal Div
212768 NVA co TF
21368 176 Amel ID
8718768 |VC force
1var73|ls Gol. Bde
5728182 | 2'Para Ryt
B/11/82 42 RMCdo
B/11/82 45 RMCdo
6/11/82 3'Para Rgt
6713782 Z'Scots Gds

~ BM3'82 Z'Para Rgt

1025783 US Rangers

- 1V25'83 USMCT BLT

A0ET 6T Mez Bn
113/88 RSA 20 Bde
2/14/88 4 SAl Rgt

12120189 5 Mcz Div TF

6 3000
B0 38 4 1500+
500/ 150 60 T 1250+
q000 1200 49 T 1o+
200 75 T 2 0.00 0+
1500 g00° a9 5 000G+
850 214 142 12 2500+
500 164 53 4 0.00 O+
1000 1600 41 3 000 O+
28007 400 7 3 0.00 O+
800 150 66 8 0o0oo+
3500° 20007 &0 2 1.500Q
3030 2350 2007 1 3000Q
350 1200 42 1 0000+
500 800 403 4 2500+
400 180 28 2 0.00Q+
2697 1583 1000 207 0.00Q
548 1324 200 151050 T
660 400 325 B 30T
m 400 53 4 3007
560 300 2000 8 2B0T
696 | 5th Mar Bn (+) 00| 100 11257 350]T
660 4Thinf R 650/ 60 & 35T
600 20 Cubans/GARM 754 20 12 4T
e Gren MiiGa a5 5 4E 180T
1198 HFAPLA 4T Bde | 2264 120 24 050T
Py HFAPLA 21 Bde 238 1500 I/ Z00T
1213 2 FAPLA 59 Bde 2263 3007 6 16.00]T
3820 70 Panama NG 23007 04 45 300 T

The engagements listed here comprise 23 from
World War 1, 23 from World Was 11, and 30 post=19435
battles, for a grand total of 76 engagements.

The coding for source and validation status, on the
extreme right of each engagement line, is as follows. A “Q"
(3 total) indicates an engagement which was part of the origi-
nal QJM database, while a “Q+" (14 wtal) mark engage-
ments which were analyzed as part of the QJM low—inten-
sity combat study in 1988, and have recently been re—run
with the TNDM. Finally, a “T" marks an ¢engagement ana-

lyzed solely with the TNDM (57 total), @
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The engagements listed below are “candidates™ for
THDM analysis for validation of the TNDM for battalion-
level actions,

This list (so far) provides 17 engagements from

The 112 Battalion-Level

Engagements

by Dave Bongard

[, and 69 post-1945. The “Nicaraguan” engagements from
the late 1920s involve 1-3 companies on each side, includ-

ing both Marines and Nicaraguan government forces for the

“good guys.”

World War 1, 7 interwar engagemenits, 20 from World war

Engagement

Hﬁannknng K
Sandfontein
Tanga 1
Longido
Tanga 2
Y¥asimi
Bare, K.
Trekkogpjes
Bayo, K
Lalaila Hll
Lokisale
Makinda
Harungombe
Mahiwa

Thie Rowma
Whamacumra
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Cilali 1 {2127 Sanding Torces é
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World War Il
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Motes o charts on previous pages:

* Strength and casualty data for Simba rebel forces
for the three “Dragon™ engagements in November 1964 will
be forthcoming from Leavenworth Paper #14: Dragon Op-
erafions; Hostage Rescue in the Congo, 1964-1965.

* Casualty figures for the Honduras Border engage-
ment { 1986) will require further research. &
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Looking at Casualties using (R
the BLODB

by Christopher A. Lawrence
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Looking at Casualties Based
Upon Nationality Using the BLODB

by Christopher A. Lawrence
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fact that the low CEV may be providing an implicit ¢riti-
cism of the ability of the nation’s armed forces to conduct a
battle.

In the TNDM, the CEV is accounted for in three
different areas of the model. First and most important, it is
used as a divisor of the less capable side’s OLIs.

Second, it is used to increase the opposing side’s
casualties by the multiplier of the side with the larger CEV.
This is limited to a multiplier effect of 1.5. The same CEV
formulation is used for tank and artillery losses, but the mul-
tiplier effect is limited to 2.0. Infantry Weapons, AT Weap-
ons, and General Vehicles use the same formulae, times a
scaling factor, as the personnel casvalty rate; while APCs
are calculated with the tank loss formula, and AA weapons
are calculated with the artillery formula.

Third, it is adjusted in the “sct—piece” factor, which
effectively temporarily increases the CEV of the lower CEV
force making a planned attack.

The use of the CEVs to increase opposing losses
by 1.5 may sufficiently cover the higher losses displayed by
the Japanese, NVA, VC and Viet Minh, but | suspect this
will not entirely cover their losses. | have reason to believe
that the TNDM will have a problem with the Japanese. If
that is the case, then we will seriously need to consider
whether there is some other factor that we should be consid-
ering (like Dave Bongard's postulated fanaticism).

If indeed, there is a “fanaticism effect™ that needs
to be displayed in combat modeling, this could be incorpo-
rated into a hypothesis for breakpoints. As you may have
gathered from reading Trevor N. Dupuy's Understanding
Defeai, there are multiple causes for breakpoints, and any
model of breakpoints is going to have to address these mul-
tiple aspects, probably as some form of a decision tree. One
of these might be two different sets of postulated breakpoints
related to heavy casualties, depending on whether the army
fights in a “fanatic” style or not. &
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Looking at Time Using  {XB®
the BLODB

by Christopher A. Lawrence
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Looking at Winners and Losers @

Using the BLODB

by Christopher A. Lawrence

The last element of the data that we looked at be-
fore the actually conducting the battalion—level validation
was the nature of the battle when compared to who won and
who lost,

There is one field for identifving the winner and
loser in the data base, If the attacker wins, this field is as-
signed a value of 1; if the defender wins the field is assigned
a value of ~1. The one drawn battle in the data base is as-
signed a value of zero. All the attached charts have been
drawn based upon these numerical values, with the defender
wins (value of “-17) listed first across the x-axis, the draw
listed next (value of *07), and the attacker listed last (value
of “1"), These were laid out in a bar chart format, as that was
what was convenient to do with the sofiware I am using.
There are probably better ways to display this data.

First I looked at whether the battles were longer
depending whether the attacker or the defender won. It would
appear that on the average, battles where the attacker won
are longer. This might be something that needs to be ad-
dressed in a battle termination methodology. 1 suspect that
any good battle termination methodology will automatically
produce this effect as a by—=product. This will not affect the
validation as we declare the length of the battle in hours when
preparing a TNDM run.
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The next two charts show what the attackers or the
defenders losses were depending on who won. The very clear
pattern here is that the winner of a battle usually suffers re-
duced casualties. This is a pattern that Trevor Dupuy identi-
fied and designed into the TNDM.
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This pattern is even clearer if one looks at the per-
cent losses. This is done in the next two graphs.

Attacker's Percent Losses
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The next two charts simply look at the loss ratios of
the attacker to the defender, both in straight numbers and in
a percent of unit. This just further clarified the pattern. Failed
attacks and failed defenses are costly., Exchange ratios on
failed attacks heavily favor the defender. Exchange ratios
on successful attacks often still result in the attacker taking
higher casualties than the defender.
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The last chart looks at the force ratio of attacker vs
defender compared to who won. While overwhelming force
ratios win, and a higher force ratio helps to win, in many
cases the winning attacker has less than a 1-to-1 ratio. This
is not unusual and is mostly related to human factors.
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There is nothing in the charts from this article or
the previous three articles in this issue that has not been pretty
much covered by Trevor N, Dupuy in Understanding War
using the Land Warfare Database. But it is interesting and
instructive to be seeing the same effects in a battalion-level
data base. So far, it would appear that except for the higher
casualty percents due to the smaller unit sizes, there is a simi-
larity in resulis from battalion-level battles that parallel the

resulis seen in division—level battles. &
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TDI Profile:
Richard Anderson

Richard C. Anderson, Jr. received a B.A. in History
from George Mason University in 1977. Mr. Anderson
concentrated on 19th and 20th Century European and
American military history. His plans to continue study with
the objective of an advanced degree were curtailed due to a
combination of academic emnul and financial self-inlerest
(also known as boredom and greed). Mr. Anderson then
spent the following ten years working in the Washington
area retail sales industry before seeking to return to a career
in a history-related field.

Mr. Anderson began working for Data Memory
Systems, Inc. in October 1987, DMSi was Colonel Trevor M.
Dupuy’s previous historically—oriented research  and
consulting organization. While he was with DMSi, Mr.
Anderson worked on several major projects, including the
Breakpoints study and the Ardennes Combat Simulation
Database. Mr. Anderson also worked with the predecessor
to Colonel Dupuy’'s TNDM, the QJM, in studies and
analyses for various U5, Government agencies.

Mr. Anderson left DMSi in February 1991 to work
with Colonel Dupuy at his new company, TMNDA and its
non—profit successor, the Dupuy Institute. In the intervening
six vears he has participated as a contributor to Colonel
Dupuy’s book Funire Wars, as an editor and a contributor to
the Fourth Edition of the Harper Encyelopedia of Military
History, and as a co-author, with Colonel Dupuy and David
Bongard, of Hitler s Last Gamble—a history of the Battle of

the Bulge, based upon primary
source material. Mr. Anderson’s
most recent work has been in the
development of the Kursk Dara-
base, a detailed study of the
World War II baitle considered
to be the largest fank battle of
history. He has also  been
involved with studies of casual-
ties in operations other than war,
landmine effectiveness, and sup-
pression.

Mr. Anderson has also been co—author, with Curt
Johnson, of Artiffery Hell, an account of the role of artillery
in the American Civil War Battle of Antietam. This stems
from an ongoing interest in this period of American History.
MNote that the illustration accompanying this profile is of
Civil War Lieutenant General Richard H, Anderson, C.5.A.
—no relation o Mr. Anderson, whose Pennsylvanian
ancestors included the President of the Borough Council of
Gettysburg and a colonel who was killed in action at
Spotsylvania, Mr. Anderson insists that he “has no damned
rebels™ in his family background. In addition to his historical
studies and writing, Mr. Anderson enjoys painting military
miniature figures, miniature wargames, and attempts (o raise
three sons (ages fourteen, twelve, and six) without having to
resort (o the use of whips or chains. &
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How to Run the TNDM from
Windows 3.1 and Windows 95

by José Perez

Setting up the TNDM software to run within
Microsoft (MS) Windows 3.1 is a straightforward process,
but it does require some understanding of Windows and DOS,
Luckily, most of the changes can be made from within Win-
dows.

First, the TNDM software must already be installed.
For the purposes of this article, 1 will assume that it has been
installed in CATNDM. Mext, you need to examine the
CACONFIG.SYS file. In CACONFIG.SYS is a line that reads
something like FILES=20. For the TNDM software to run
properly, it must be set to at least 25, 1f your PC was config-
ured properly it was probably set at a higher value (60 or
moare ),

To determine the current setting, go into the Win-
dows Program Manager. Select Main. [T you cannot see Main,
click on Window in the menu bar and find Main. Click on it
Once Main is open, look for an icon called SysEdit.

Crealing an leon for SysEdit

IT the SysEdit icon is not present, it can be added.
Click on File in the menu bar and select Mew. You will then
se¢ a window labeled New Program Object. Select Program
[tem. Click on the Ok button. In the Program ltem Proper-
ties windows, enter SysEdit for “Description™ and SYSEDIT
for “Command Line.” Click on the Ok button. You should
now see an icon labeled SysEdit. Click on it

Onece SysEdit is running, it will display the con-
tents of several files: WINLINIL SYSTEM.INI, CONFIG.SYS
and AUTOEXEC.BAT. Click on the one labeled
CONFIG.SYS. Look for the line that begins FILES= and
verify that it is set to a value of at least 25. If it is not, set it to
a value between 25 and 60. If any changes were made, click
on File in SysEdit’s menu bar and then select Exit. You will
be asked it the changes should be saved. Click on Yes.

Creafing a Batch File for TMDM
After vou have exited from SysEdit, click on the
MSDOS 1con. A small window with a DOS prompt will ap-

pear. At the DOS prompt, enter the command

EDIT TNDM.BAT

This will start the DOS Edit command. Once the edit screen
appears, enter the lines

@ECHO OFF
CATNDMITNDM.EXE

and then press the Alt key (it should be in the lower right-
hand comer of the keyboard). Press F to activate the File
menu and then press X to select Exit. You will then be asked
if the changes you made are to be saved. Select Yes. When
the DOS prompt reappears, enter the command

EXIT

Once you are back in Windows, select a group to add the
TNDM icon to. Once the group is open, click on File in the
menu bar and then select New. You will then see a window
labeled New Program Object. Select Program ltem. Click
on the Ok button. In the Program ltem Propertics windows,
enter TNDM for “Description™ and TNDM.BAT for “Com-
mand Line™. Click on the Ok button. You should now see an
icon labeled TNDM. Click on it. It should start the TNDM.

Once the TNDM has started, you can adjust its ap-
pearance within Windows. I it runs within a window that
takes up only a portion of the screen, you can increase the
size of the screen that is allocated to TNDM. To do this, find
the small box with a dash in it in the upper left-hand corner
of the TNDM window, Click on it. A menu will appear. Se-
lect Settings. In the Settings for TNDM, change the Display
Option from Window to Full Screen.

Sefting up THDM in Microsoft Windows 95

Setting up the TNDM software for Microsoft Win-
dows 93 is more involved process.

First, version 1.86 of the TNDM software must be
installed. Earlier versions of TNDM are incompatible with
Windows 95. For the purposes of this article, 1 will assume
that it has been installed in CATNDM.

Adding TNDM to the Windows 95 menu:

1. Click on the Start button.
2. Select Settings and then select Taskbar.
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3. Click on the tab marked “Start Menu Programs.”

4. Click on the Add button.

5. Enter CATNDMVTNDM.EXE and click on the Next but-
Lo,

6. To put it into a folder, select Programs and click on the
Mext button,

7. Enter THNDM as the shortcut name,

8. Select an icon and then click on Finish.

Meodifying THDM's Windows 95 Properties

In order for TNDM to run properly in Windows 95, its prop-
erties must be changed from the default. To do this:

1. Click on the Start button.

2. Select Settings and then seleet “Start Menu Programs.”
3. Click on the Advanced button.

4. In the window marked “All Folders”, click on the + to the
left of Programs.

5. Select Programs,

6. On the right-hand side of the screen in “Contents of Pro-
grams”, find TNDM and select it.

7. In the menu bar, click on File and select Properties.

8. Select the tab marked “Memory™.

9. Set Total to 480 and turn off Protected.

10. Click on the OK button o save the changes and elick on
any other OK buttons until vou have exited from “Start Menu
Programs.” @
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INTRODUCTION

In tribute to what Trevor Dupuy pioneered and in an effort to pursue what he wanted to
achieve, TDI continues 1o amass historical data and strives to refine the combat variables which
go into the TNDM., In this fifth issue of our newsletter Christopher Lawrence, Dave Bongard,
Richard Anderson, José Perez, Joe Bulger and Jay Karamales continue to provide information on
these efforts.

As you, our readers, survey the pages of this issue, vou may be curious about the total
scope of work of TDI. The paragraphs below outline what is missing in applied military history
and what TD1 is doing to shore up that deficiency. In other words, here is our core capabilin:

1. TDI provides independent, objective, historically-based analyses of modern military
campaigns, Operations rescarch, as developed during and right after World War I1, was based on
recorded, detailed data from battles. 1t is now nearly extinct. It has been supplanted by weapons
and systems eflects and performance analyses totally devoid of human factors considerations. As
a result the Services, particularly the Army, have only partial answers for the development of
operational concepts, battle doctrine, weapons requirements, and organizations. Similarly, be-
cause they were not historically validated, the Service models and simuiations are skewed. Striv-
ing for only measured weapons effects and technical systems capabilities, they miss (or signifi-
cantly distort) the impact of leadership, training, organization, and psychological factors (such as
fear of death) on military units in contact.

2. Ower the years, TDI, a successor organization to the Historical Evaluation and Re-
search Organization (HERO), both founded by the late Colonel Trevor N. Dupuy, has compiled
a large database from modern military campaigns and battles. Using Colonel Dupuy's method-
ologies and some new techniques, TD1 has developed the following capabilities:

a. Comparison of fighting capabilitics of opposing forces (systemic strengths and weaknesses)
based on:

(1) Command and organizational arrangements, leadership, force struciure, imelligence, and

logistics:

{2) Training, cultural and psychaological profiles, and flow of information;

{3) Doctrinal flexibility or constraints in utilizing new weapons and technologies.
b. Validation of models or simulations and of scenarios for field exercises. Validation is a
process, based on historical data and trends, that assists in determining whether a scenario,
model, or simulation is an accurate representation of the real world. TD1 has the capability to
do this independently or to provide primary source historical data for agency in—house valida-
tions.
¢. Estimating casualties for combat or other operations.
d. Providing lessons leammed from studies of cause and effect chains among responsible players
at the political, theater, operational, and tactical levels.
e. Analysis of group behavior (impact of various combat activities on units) and other human
factors (historically-based aggregate measure of leadership, training, morale, organizational
capacity, and cultural characteristics) in modern batiles.
f. Studies, based on historic trends and experiential data, of the specific impact on combat
caused by new technology and the improvement in weapons, This enables projections of ways
in which future wars should be fought and understanding of what elements constiute “force
multiphiers,”

3. The capabilities listed above merge operations research with historical trends, actual combat
data, and real world perspectives creating applied military history in its most useful sense.

ok L)
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From the Editor...

Well, we are now back on “theme.” This issue includes the material on the Dupuy
Air Campaign Model (DACM) that was supposed to be in the last issue. We also have some
of the material from the battalion—level validation. We have completed our analysis of the
ability of the model to predict winners and the ability of the model to predict casualties. Asa
result of this validation we will be making some preliminary changes to the model. These are
significant changes, and they are the first significant changes not done by Trevor Dupuy. This
version it will known be version 2.0. This version should be considered “preliminary,” but it
will work the same as version 1.86 of the TNDM, except for WWI engagements, engage-
ments of less than 4 hours, and engagements where one side is considered “casualty insensi-
tive.” This version is being sent to holders of our support contracts by a separate letter.

We have still to conduct our analysis of the advance rates and a summary conclu-
sion. But we have seen enough to issue this preliminary revision to the model. 'We consider
it a “preliminary™ version because we have vel to test it to our second battalion- level valida-
tion database. We have assembled the data for 121 battles from 1914 through 1991. We need
to program version 2.0 of the TNDM with the changes from the first validation. We then need
to do two THNDM runs for each battle (one without CEV and one with). We need to put them
in the Battalion—Level Operations Database (BLODB) so we can analyze the results and test
the data. We then need to compare the results of the validation runs 1o the historical runs and
write up the resulis, Finally, as the Bartalion—Level Operations Database {BLODB) will now
consist of 197 engagements, | would like to go back and perform the same analysis that | did
with the 76-engagement databasc. It would also be useful to add these battles to the Land
Warfare Data Base (LWDB),

In the Programmer s Cubicle. we have an article on how the data is laid out. This is
intended as a supplement to the User’s Guide. For “Who is TDL” we have assembled a little
background on Col. Joseph Bulger, who took over management of the DACM effort from
Trevor Dupuy. We finally got a real picture for a change, although it is not quite current,

The next issue will focus on the modeling of tanks and armored warfare. The cover
article will be by Jay Karamales from his Tank/Antitank studies. His new book Against the
Panzers was the book of the month selection for the Military Book Club. The issue will also
include an article on the use of mines and fortifications at Kursk. We have a set of tables
preparcd by Richard Anderson on the effects of antillery on tanks, They are quite startling,
This issue will also contain the rest of our material on the battalion-level validation and
another article on measuring combat effectiveness values. We also have on hand our first
article from outside the Institute, and we are expecting more. These will be published in the
next issue,

We have also, courtesy of Major John Sloan, started our first subscription effort to
the newsletter. Our subscription price of $30 a year ($6 an issue) really only covers our repro-
duction cost. This newsletter was not intended to be a subscription-type magazine and is not
intended to be “profit making." It is intended to be part of our support efforts for TNDM
users, but we are making the newsletter available to anyone who wishes to subscribe o it

As a final note, | want 1o welcome Gene Visco to our board of advisors. Mr. Visco 1
believe is well known to many of you, as he worked for many years in the office of the Deputy
Undersecretary of the Army, Operations Research.

That is all for now. If you have any questions, please contact me. Addresses, e-mail
addresses, and phone numbers are in the masthead. =
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Air Model Historical

Data Study

by Col. Joseph A. Bulger, Jr., USAF, Ret.

The Air Model Historical Study (AMHS) was de-
signed to lead to the development of an air campaign model
for use by the Air Command and Staff College (ACSC). This
model, never completed, became known as the Dupuy Air
Campaign Model (DACM). It was a team effort led by Trevor
N. Dupuy and included the active participation of Lt. Col.
Joseph Bulger, Gen. Nicholas Krawciw, Chris Lawrence,
Dave Bongard, Robert Schmaltz, Robert Shaw, Dr. James
Taylor, John Kettelle, Dr. George Daoust and Louis Zocchi,
among others. After Dupuy’s death, | took over as the project
MAnager.

At the first meeting of the team Dupuy assembled
for the study, it became clear that this effort would be a seri-
ous challenge. In his own style, Dupuy was careful to pro-
vide essential guidance while, at the same time, cultivating a
broad investigative approach to the unique demands of mod-
¢ling for air combat. [t would have been no surprise if the
initial guidance established a focus on the analytical approach,
level of aggregation, and overall philosophy of the QJM and
TNDM. It was clear that Trevor had no intention of steering
the study into an air combat modeling methodology based
directly on QJM/TNDM. To the contrary, he insisted on a
rigorous derivation of the factors that would permit the final
choice of model methodology.

At the time of Dupuy’s death in June 1995, the Air
Model Historical Data Study had reached a point where a
major decision was needed. The early months of the study
had been devoted to developing a consensus among the TDI
team members with respect to the factors that needed to be
included in the model. The discussions tended to highlight
three areas of particular interest—factors that had been in-
cluded in models currently in use, the limitations of these
models, and the need for new factors (and relationships) pe-
culiar to the properties and dynamics of the air campaign,
Team members formulated a family of relationships and fac-
tors, but the model architecture itself was not investigated
bevond the surface considerations.

Despite substantial comtributions from team mem-
bers, including analytical demonstrations of selected factors
and air combat relationships, no consensus had been achieved,
On the contrary, there was a growing sense of need to aban-
don traditional modeling approaches in favor of a new appli-
cation of the “Dupuy Method™ based on a solid body of air
combat data from WWII

The Dupuy approach to modeling land combat re-
lied heavily on the ratio of force strengths (largely determined
by firepower as modified by other factors). After almost a
year of investigations by the AMHDS team, it was beginning
1o appear that air combat differed in a fundamental way from

ground combat. The essence of the difference is that in air
combat, the outcome of the maneuver battle for platform po-
sition must be determined before the firepower relationships
may be brought to bear on the battle outcome.

At the time of Dupuy’s death, it was apparent that if
the study contract was to vield a meaningful product, an im-
mediate choice of analysis thrust was required. Shortly prior
to Dupuy’s death, | and other members of the TDI team rec-
ommended that we adopt the overall approach, level of ag-
gregation, and analvtical complexity that had characterized
Dupuy’s models of land combat. We also agreed on the time—
sequenced predominance of the maneuver phase of air com-
bat. When | was asked to take the analytical lead for the con-
tact in Dupuy's absence, | was reasonably confident that there
was overall agreement.

In view of the time available to prepare a deliver-
able product, it was decided to prepare a model using the air
combat data we had been evaluating up to that point—June
1995, Fortunately, Robert Shaw had developed a set of pre-
liminary analysis relationships that could be used in an ini-
tial assessment of the maneuver/firepower relationship. In
view of the analytical, logistic, contractual, and time factors
discussed, we decided to complete the contract effort based
on the following analvtical thrust:

1. The contract deliverable would be based on the
maneuver/ firepower analysis approach as currently
formulated in Robert Shaw's performance equa-
tions;

2. A spreadsheet formulation of outcomes for se-
lected (Battle of Britain) engagements would be
presented to the customer in August 1995;

3. To the extent practical, a working model would
be provided to the customer with suggestions for
further development,

During the following six weeks, the demonstration
model was constructed. The model (programmed for a Lotus
1-2-3 style spreadsheet formulation) was developed, mecha-
nized, and demonstrated to ACSC in August 1995, The final
report was delivered in September of 1995,

The working model demonstrated to ACSC in Au-
gust 1995 suggests the following observations:

* A substantial contribution to the understanding
of air combat modeling has been achieved.

* While relationships developed in the Dupuy Air
Combat Model (DACM) are not fully mature, they
are analytically significant.
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* The approach embodied in DACM derives its
authenticity from the famous “Dupuy Method™ thus
ensuring its strong correlations with actual combat
data.

* Although demonstrated only for air combat in
the Battle of Britain, the methodology is fully ca-
pable of incorporating modern technology contri-
butions to sensor, command and control, and fire-
power performance.

* The knowledge base, fundamental performance
relationships, and methodology contributions em-
bodied in DACM are worthy of further explora-
tion. They await only the expression of interest and
a relatively modest investment to extend the analy-
sis methodology into modern air combat and the
engagements anticipated for the 21st Century.

One final observation seems appropriate. The
DACM demonstration provided to ACSC in August 1995
should not be dismissed as a perhaps interesting, but largely
simplistic approach to air combat modeling. It is a signifi-
cant contribution to the understanding of air combat rela-
tionships that will prevail in the 21st Century, The Dupuy
Institute is convinced that further development of DACM
makes eminent good sense. An exploitation of the maneuver
and firepower relationships already demonstrated in DACM
will provide a valid basis for modeling air combat with mod-
em technology sensors, control mechanisms, and weapons.
It is appropriate to include the Dupuy name in the title of this
latest in a series of distinguished combat models. Trevor
would be pleased. &

AIR MODEL HISTORICAL DATA STUDY

August '95
NICK KRAWCIW President, TDI
JOE BULGER Study Director

The Dupuy Institute

Unit 100, McLean Professional Park
1487 Chain Bridge Road, McLean, VA 22101

TEL 703-356-1151

FAX T03-356-1152
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PURPOSE "

® ASSESS IMPACT OF LOSS OF TREVOR DUPUY ON STUDY '

SUMMARIZE PROGRESS AND MAJOR ACCOMPLISHMENTS

® REPORT METHODOLOGY ISSUES
® RECOMMEND AIR CAMPAIGN MODEL DEVELOPMENT THRUST

& DISCUSS /RESOLVE CUSTOMER CONCERNS AND/OR PREFERENCES

o FPRd PR RT -

OUTLINE |

STUDY CHRONOLOGY OVERVIEW

® PRELIMINARY MODEL ARCHITECTURE i
QJM /TNDM OVERVIEW
METHODOLOGY ISSUES
DUPUY METHOD

& THE TDI AIR-TO-AIR CAMPAIGN MODEL
OVERVIEW - METHODOLOGY FLOW
SPREADSHEET (LOTUS) MECHANIZATION
FACTORS TO BE DERIVED FROM HISTORICAL DATA

& RECOMMENDATIONS FOR FUTURE DEVELOPMENT
AIR-TO-AIR CAMPAIGN MODEL CORRELATION
COLLATERAL AIR CAMPAIGN DEVELOPMENT
INFORMATION WARFARE MODEL DEVELOPMENT
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|I AMHDS STATEMENT OF WORK - 1 Feb "!M
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START 15 JUNE 94

» OBJECTIVE |

PRODUCE EQUATIONS (SPREADSHEET INCORPORATING EQUATIONS) TO
ISOLATE & QUANTIFY FACTORS
DETERMINE PATTERNS & RELATIONSHIPS

FOR COMBAT SITUATIONS
AlIR TO AIR
SURFACE-TO-AIR :
AIR-TO-SURFACE !

* OCTOBER '94 GUIDANCE (SUPPLEMENTED IN JULY '35)
FOCUS ON AIR-TO-AIR WARFARE

HIGHLY AGGREGATED MODEL DESIRABLE

SPREADSHEET MECHANIZATION ATTRACTIVE

STUDENT PLANNING / RESEARCH TOOL NEEDED

RECOMMEND APPROACH FOR STRATEGIC PARALLEL WARFARE MODEL

STUDY FOCUS AND THRUST HAVE EVOLVED SIGNIFICANTLY
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| 1
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| |
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DUPUY* sg”mE‘qH -
IDENTIFY AIR TO AIR COMBAT HMAL COMPLETE . ..
BE DELIVERED
VARIABLES & RELATIONSHIPS | ‘aonoans SHAW MID SEP 95
: | TAYLOR
i TREVOR DEATH JUN 5 95
| _ |
| DEVELOP METHODOLOGY KRAWCIW E;ﬁfﬁm | AIR-TO-AIR BRIEFED !
! APPROACH AND ARCHITECTURE LAWRENCE | CUSTOMER PREFERENCH
| SCHMALTZ | FOR FUTURE EFFORT
' FOR AIR-TO-AIR MODEL BONGARD ",/ np | TO BE DETERMINED
KETTELLE |
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OVERVIEW

aSTUDY OVERVIEW » STUDY ON COURSE, AIR-TO-AIR FOCUS
® TREVOR'S DEATH . . . PROFOUND IMPACT |
& STRONG TEAM ASSEMBLED. . , SIGNIFICANT RESULTS ACHIEVED

& PELIMINARY MODEL

e CURRENT TDI A’/A MODEL

& RECOMMENDATIONS

o

k"
‘M-"'- - - - - — o -

f j 'j ORIGINS OF DUPUY AIR SUPERIORITY CAMPAIGN MODEL |

{Relerencs: Dupiy, TN D ndersramaling Fae Parapom boose, Mew York, p 25850, [987.)
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« CLAUSEWITZ THEORY OF COMBAT. . . CONCEPTS
GENIUS STRENGTH IN DEFENSE

' SPEED OF MANEUVER  LAW OF NUMBERS

DESTRUCTION® OF ENEMY FRICTION IN WAR

* DUPUY INTERPRETS CLAUSEWITZ LAW OF NUMBERS

COMBAT | NUMBERS l J COMBAT
POWER = | OF OF FORG
Lethality of wempors. | | Qualiiative human faciory) | Vimrisbile ciscumstances affecting
carpbinyed on bartlelichd | | influencing performancs. | |a combal farce in battle. i
WEAPNS LEADERSHIF TERRAIN
FIGHTING MACHINES MORALE WEATHER
TRAINING COMMUNICATIONS
Force E Uit Camparsit Combat
Combat = P = | Weapon I Humsn | g | Operations
Power Lnuluiu Factors Variables |
Q) (V)
BATTLE Pred NOTE: BATTLE OUTCOME MEASURED i
OUTCOME ™ Prts BY SURVVING COMBAT POWER

I . PRELIM THMLS EA-EED ON QJM/TNDM WEAFEIHHEFHDDELDG‘F
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§ NUMBER OF FACTORS CAN PROBABLY BE REDUNCED / COMBINED

® METHODOLOGY ATTRACTIVE - TRACTABLE - SPREADSHEET SUITABLE

|HETHﬂDﬂLﬂE‘F REQUIRES VALIDATION/CORRELATION I
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@ METHODOLOGY ISSUES AND APPROACH

® AIR WARFARE IS NOT AN EXTENSION OF GROUND (WEAPON) RELATIONSHIPS
PLATFORM (AIRCRAFT) PERFORMANCE DETERMINES WEAPON OPPORTUNITIES
MUST FOCUS ON AIR COMBAT MANEUVERING EFFECTS

® WILL NOT ABANDON "DUPUY METHOD*

* "DUPUY METHOD™ EVOLVED OVER 40 YEARS OF COMBAT ANALYSIS

1. USE REAL WORLD EXPERIENCE (HISTORY).

2. USE BEST PROFESSIONAL JUDGEMENT AVAILABLE TO
QUANTIFY OTHERWISE UNDETERMINABLE VALUES.

3. USE RATIONAL CURVE FITTING METHODOLOGY.
4. VALIDATE AGAINST HISTORICAL DATA WHEREVER POSSIBLE.
* "DUPUY METHOD® CREATED QJM AND TNDM FOR GROUND WARFARE

® “DUPUY METHOD" WILL CREATE DACM FOR AIR WARFARE

DUPUY LEGACY OF EXCELLENCE WILL BE SUSTMHEDI

@ OVERVIEW

#5TUDY OVERWVIEW « STUDY ON COURSE, AIR-TO-AIR FOCUS
s TREVOR'S DEATH . . . PROFOUND IMPACT
# STRONG TEAM ASSEMBLED. . . SIGNIFICANT RESULTS ACHIEVED

® PELIMINARY MODEL = OJM / THDM DEVELOPED FOR GROUND COMBAT
* AIR CAMPAIGN DOMINATED BY PLATFORM PERFORMANCE
= NEW MODEL ARCHITECTURE REQUIRED

& CURRENT TDI A/A MODEL

A e

April 1997
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AIR TO AIR ME THﬂDﬂLﬂG Y RE VISIﬂNS

I

& BASIC DUPUY MODEL COMBAT RELATIONSHIP

e i
rl-ﬂ:'ﬂhL =[P = IL".-J ‘ Humas |1 “‘ﬂrll b
Power Foicara '\ Yariahley
5} [Le]] v}
GROUND COMBAT MODEL AIR COMBAT MODEL
(OFM S TNDM) {DACM)
& CAMPAIGN AGGREGATED BY PHASES e CAMPAIGN AGGREGATED BY ENGAGEMENT TYPES
MAJOR FORCE REINFORCEMENTS CHANGE INM ACFT TYPES ENGAGED
OPN'L FACTORS...TERRAIN, WX... MISSIONS.. INTERCEPT, ESCORT, SWEEF...
» DUTCOME BASED ON POWER RATIOS » DUTCOME BASED ON KILLS (RATIO)
AGGREGATED FORCE COMBAT POWER 1. MANEUVER (ACFT TYPE DEPENDENT)
= UMIT LETHALITIES 2. WEAPON LETHALITY & TGT SURVIVABILITY

s DUPUY AIR COMBAT MODEL (DACM) RELATIONSHIP

Lethality S —

Kills o i x B Bie [ o=,
. AR Survivahility Prciorn ari
ed Red {0 (L)

o S— "
g

(5

REVISED METHODOLOGY PRESERVES DUPUY APPR‘EJI_EHI

NOTE: K DERNVED FROM HISTORICAL RECORDS

N PR T

A PRELIMINARY AIR TO AIR LOGIC FLOW

! F:}:rr rﬂﬁ?aﬁ'ﬂ#
LOGISTICS .. JFORCE | TENER.
REGENERATION s AcFT/Hssions
] FLIEL ] HREPAMNR u
e | Ao L MAINTAN | & STRENGTHS
TFP PR
§  PERSONMEL ¢ REPLACE g | ACTIPE & WPNS
REINFOQRCE o COMBAT POTENTIAL"
¥ Y
CAMPANGN PLAN l.'."u'f-'j GEMENT
DATA INPLTS PBATA GENERATOR
= COMBAT DAY g’ ACFT PERFORMANCE
" SCENARIO g LETH/ SURV
i TACTICS " HUMANICS
E
£ | A/C TYPE & WEAPONS o OPNL VARIABLES
TASKING
A Y
MISSION / GROLU Pl
1 ENGAGEMENT [P
LOGISTICS JFORCE n d ATTRITION
: ’ EGENERATION i ENGAGEMENT
FUEL REPAIR p WINNER BLUE LOSSES
& ® . -
E AMMO ¢ MAWTAIN n LETH!SURV D LOSSES
0 pEREONNEL &  REPLACE L
REMFORCE = T
| i B L

A A

e ]
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hY PREAHSHEE TDEMO... DACM2.3
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. CAMPATGN PLAN DATA GENERATOR
& ™ COMBAT DAY : ACFT FERFORMA N F
5 5 SCENMARID . LETH ./ SLIRY
- : TACTICS : HUBAMICS
- £ |ac TveE & wE o | CPNL VARMBLES
TASING 3
g A [
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A
ATTRITION '
r BLUE LOSSES {'u
RED LOSSES | "
e a
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= = = = o ST OB BiuGRTdaRY UL |
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i t L1 |
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Banf B S0 W FRL_KR R MR TR PR TRMORRE . !
LB 1 JH @ L R s 5 in .0 LE LA [ B.1] 1.%7 I
O e L I E P [ |
T L T E O T R L T T K I XS |
Page 1. PLANKER INPUTS & EMEAGEMENT SLAEWA RY
|Flg|ﬂ'. SCENARIQ DESCRIPTION £ OPNL FACTORS |
Page 3.  ACFT & WEAPON CHARACTERISTICS
Page 4. AERQ PERFORMANCE FACTOR JI
Page 5. AWCRAFT LETHALITY |
!.@'i- L SORTIE PLANNNG FACTORS |
| Prasgre 7. HUMANICS (PILOT EXPERIENCE, TRAINING, & LEADERZHIF)
|Page 8. KILLS, KILL RATIOS, EXCHANGE RATIOS

| DACM (2.3) DEMO PROVIDES USEFUL RESEARCH rn-m.l

ﬂF’lI'Hl'nl-
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DACM PAGE 2. SCENARIO & HUMAN FACTORS

Smelme mmlcen e st St SR i e s s i 108 s i
L N R R RN ] & HUMAN FACTORS VERY IMPODRTANT IN
e L HEARANEMEFIION. _ -2l aRCcOMBAT
IR e LIS B LU BER Ll o TABLE Il DEMO DATA PROVIDES GERMAN
_ -
Dully Operating Fraction i ADVANTAGE OVER BRITS OF APPROX 2:1
Diseamce te Chperating Area nm (1IE] Rk
Man Speed Tor pacing Achl mph 0 2ip ® THIS RATIO PROBABLY REALISTIC IN AUG 1940
Alsslon Turn-Around §imer 'h” ull ||I_q R AR R R R R R E R R R E R R R R R TR R
‘tran Time Before Hepair b i | !ﬁgl'zig'zm*_u=";gggkgz=== === ==
™= - ITEM UNITS BLUE _ RED
Vicas Time fs Ropair brs 20 0 oY LEerTATE T
* Memenr Paerformanse nd i I i .
Pacing Ach Endurance s 2 10
* Asionict Perfofmance mi 1 | Max ABowable Fiy day " ; |
) o ] . per s 3 2
W Factor - T
tight Acen Fert M R e PILOT EXPERIENCE
Weight Facror - Wpeas Pecformance gl 0.3 4 e
Welght Facter - Numbers od 03 03 Frlevant Cosshit Missinos e =
Wight Facter - Tech ad 8E B Relevani Trainkag Vilsslons ik Fi EEdL]
i-l-l.-l-il-i.-l-i.+ii-i+i|-pi.-iq--ii..;-*l-p1.-"*-ﬁ-i. Kecency of Combat Experience ma 1 1
Reenis of Trainisg Fupericnce mas 5 fa
Missions in Curvend Combai Commandnam s Ak
Wehght Factor - Cemhar Evperkisoe  &d [ 1% |
& MODEL PROVIDES PLANNER WITH DATA Weigh! Facrar - Tralning nd 0.2 2
SUPPORTING LOGISTICS DECISIONS ekahl Faetnr = L Fremey atl
FOR NEXT ENGAGEMENT el Factne - Cupwencs 01
Wright Faddar - Leadership (ualiy nd .1 il
Welght Facior = Alrerew Quality md 0% (IR}

R W W @R R R R R E R R R R R RN R E R E e W

MODEL UNDERGOING REFINEMENT...SPREADSHEET IS A TOOL I

DACM PAGE 3. ACFT & WPN CHARACTERISTICS

e o N e R o e o 1 R
LR IR I B B R B A O B BN BE B CEE R R N O B ORI R EE R CEE R AR R O U BB CEE BRI -

TARLE INI. FORCE COMPOSITION & PERFORMANCE CHARACTERISTICS
EEEEET DDA EE S ESSEEEESSSsSSsSS=SS=S=S======z=

AIRCRAFT 5 Msn Vmax Hmax Hend BHP  Aw  Acrt Wi
¥ mph kNt hrs  fpim osqf sl Ibs

EEFFSSFSsSFESsSESsSaSIEESFSEESSEENEEEEEEEEEEEE
HURRICAMES @ 3 an 5.0 1.0 1,03 238 5S40 6352

SPITFIRES L] i 355 AT b 103 41 841 5S40

EFErrETEEE RS TR R R R R R R E R R A A IR E AR NN RS R RN AN NSNS EEE W SRS

BE19E4 E 3 LT a5 15 LITE 174 (066 5,108
He-111 ] 1 152 274 S0 1006 R4 55000 19,00
R EE R EEEEEEERRWEEREEEEEE RN OEEE RN REFEEREEE e EE R
RN s &R R RE R R R R R RE R R R R R R R R ERER R R R R R R R R

TABLE IV, WEAPON CHARACTERISTICS

R i — i — I — T — I — =i — I — I — === — i —

HURRICANES ® Hr 303 LM LEY a0 0022 1,200 0957
SPITFIRES & Br @ I IH} I O3 120k 0957

Bi- 100 E4 I MGITSve L0 140 2970 0,0 1188 1.055
I MG Mmm 00 1L 1,950 L.295 350 L1858

He-111 1 MG Ymm LWy B D950 1195 L L1585
S MGISMex 0I5 4 X000 LELFE S W1 10546
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OVERVIEW

e 5TUDY OVERVIEW ¢ STUDY ON COURSE, AIR-TQ-AIR FOCUS
# TREVOR'S DEATH . . . PROFOUND IMPACT
o STRONG TEAM ASSEMBLED. . . SIGNIFICANT RESULTS ACHIEVED

® PELIMINARY MODEL & UM/ TNDM DEVELOPED FOR GROUND COMBAT
* AIR CAMPAIGN DOMINATED BY PLATFORM PERFORMANCE
* NEW MODEL ARCHITECTURE REQUIRED

® CURRENT TDI A/A MODELAIRCRAFT PERFORMANCE DETERMINES HOW LETHALITY EMPLOYED
# HISTORICAL CORRELATION MECHANISM INCLUDED
» SPREADSHEET MECHANZATION PROVIDED USEFUL TOOL

& RECOMMENDATIONS

SUMMARY OBSERVATIONS

® CONFIDENCE GROWING IN DACM METHODOLOGY

DERIVATION FROM

® MODEL CORRELATION WITH HISTORICAL EXPERIENCE SHOULD CONTINUE

® SPREADSHEET DEMO TOOL PERMITS AIR UNIVERSITY PARTICIPATION
STUDENTS CAN PARTICIPATE IN MODEL IMPROVEMENT

& AIR-TO-AIR MODULE COMPLEMENTS QJM / TNDM GROUND MODEL

& AR CAMPAIGN MODEL EXPANSION 15 VERY COMPLEX

A GOOD START...NEXT LOOK AT BIG PICTURE I

April 1997
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TDI AIR CAMPAIGN MODEL OVERVIEW
- e LT s b HTHAINE TSl IRrsh i1 e
TEN MODEL & AMOCHILES
R OND
THORE 1 [COMPLETED) ———3m- | ZRC0e,
* SECUENTIAL 5TUDNES FACILITATE FUNDING
MODEST ANNUAL INVESTMENT
THREAG ] (I WORA) AR T AR — NCREMENTAL RESULTE APPROVAL
TTRALCET DAY ¢
® REAL WORLD PROGESS iS5 NOT SEQUENTIAL
T 4 -l 484 AP DEFSOP E
¢ * COMPLEX PARALLEL STUDY INTERACTIONS
TR s INTERDICTTON B:—
- 5 T ' L ﬁ
TRDEG - STRATEE T F_
FTRA FTEGENT - PARALLEE
TR 7 FAREAEF
AT - FOONOMT
TR

ALTERNATE CAMPAIGN MﬂﬂEL E?VER VIEW

N

e R L T e e

p— “TDISTUDY - —
KMA EXPLOITATION = STRUCTURE » | PARALLEL APPROACH
”ﬂﬁf&'* DECISION T AR CAMPAIGN
WAk FARE - I MODEL DEVELOPMENT
' Y
PREVIOUS WORK FIRE SUPPORT ALLOCATION MODEL (FSAM)
CLOBAL FRECTSION Saarce BOEIST LRAD Mppan CUETEB | Land Cambt danbyrs, Fiass I, 1anbd
I.'-'J_l'u-‘t‘kr:t‘ﬂﬂ.rmtimf-
' ' T T R
. /' man U o / "
! coira ) (| [
— s PORCE m-n:_t___f L oM |
1;;1, TOI STUDY - '*-J’?- S
1 rmal & O | "'T"“x
SOP
| e HISTORICAL ;f =2 o )
| BASIS FOR summgips |
INFLUENCE [“""J ‘Eﬁl’] ':..“...] M
TARGETING ey,
{0 Mo,
'rsrn:gm."
1 STUDY |
J'I.Il.l:. } - x.‘ Hﬂ.‘lj'
" OPNL ROMTS - -
FOR
| Gmr

INTEGRATED ANALYSIS FACILITATES ILLUMINATING CENTURY XXI REQLIREMENTS

AN rar) fe

| TNDM PHILOSOPHY SUWTED TO THEATER CAMPAIGN MODELING I
§
LR _Lp-r_/

~
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; INFLUENCE PROJECTION

INFLUENCE MECHANISM . . .

AN EVENT, ELEMENT, FACTOR, OR PROCESS WHICH HAS THE POTENTIAL TO
CAUSE A DECISIVE CHANGE IN A COMBAT OUTCOME, A TREND IN CRISIS
ESCALATION, OR A PATTERN OF NATIONAL BEHAVIOR

EXAMPLES
LOSS OF PRINCIFAL LEADERSHIP
FAILURE OF A MAJOR WEAPON SYSTEM
LOSS OF CONTROL OR COMMAND CAPABILITY
EXPLOITATION OF A TEMPORARY LOGISTICS VULNERABILITY

INFLUENCE OPERATIONS . ..

THE APPLICATION OF SPECIAL "PACKAGES"™ (WEAPONS, DEVICES, AND/OR FﬂRﬂ‘EﬁL-
OFTEN PROJECTED FROM GREAT RANGE; TO EXCITE, INDUCE, OR EXACERBATE
ONE OR MORE INFLUENCE MECHANISMS

| RESEARCH NEEDED TO VALIDATE EXISTANCE AND TO
BETTER DEFINE POTENTIAL INFLUENCE MECHANISMS

;_ HISTORICAL OVERVIEW
R
® PRELIMINARY ASSESSMENT PROVIDED BY T. N. DUPUY (COL, USA, RET)
INFLUENCE CATEGORY EXAMPLE / EVENT DATE NOTES
JULIAN AT THE TIGRIS 363 | oacrnveperear
REMOVAL (LOSS) OF  HAROLD AT HASTINGS 1066 | oecrave perear
PRINCIPAL LEADERSHIP  JOHN TALBOT AT CASTILLON 1453 | PROB LOST ANvwaY
DURING ENGAGEMENT TURENNE AT MIEDER-SASBACH 1675 | OECHEVE BEFEAT |
A. 5. JOHNSON AT SHILOM 1862 | PROB. LOST Axrvmay |
MACEDONIAN PHALANX AT CYNOSCEPHALAE 197 BC -
THE LEGION AT ADRIANOPLE 78
ARMORED CAVALRY AT CRECY 1345
FAILURE OF A MAJOR  cROSSBOW AT CRECY 1346
WEAPON SYSTEM FRENCH MITRAILLEUSE 1870
GERMAN MAGNETIC MINES 1939
GERMAN V-2 1944-45
IRAQY "5CUD" 1991
PRINCE RUPERT AT NAESBY 1645
MCCLELLAND- SEVEN DAYS & ANTIETAM 1862
LOSS RUSSIANS AT TANNENBERG 1914
OF MOLTKE (YOUNGER) AT MARNE CAMPAIGN = 1914
CONTROL / COMMAND  priTisH AT FIRST GAZA 1917
FREDENDALL AT KASSERINE 1943
5. HUSSEIN IN DESERT STORM 1991

di AR Pl ALY
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POTENTIAL CRISIS AREAS

—ﬂ-r.?.
oy
-
=
L.
i
)
.";"'
&
': 2" . e
g W (TPREE P A P D AT o
i T W DTS WSO RS MRSASIN SAPSRas o genking | 0 CUTSTELCEMDE AL gy DUPLY T Ginke! Tagy i Mainscal Pempecies”
B M i 8 e B RS Biap e (ke '*"“'m_" PR @ Ceakinnn s Dasar n (epan panss Aoang Mas 5
I Bl T BRARER B BAGHIMG (WY s roey i, AIRRAL Jf MARED W Feea I LA |
I SOVET CENPRAL ANS B HLABMARAD (WA BREAL TOW A Bl , T B
B B Crel Ak Tk APFARALAN - i 30 SCSRAL I P Selk] bl e
i TRAMTFL WA AL ﬁ L 1. T
- e P ‘ﬁ-m AR
& B SRS 1F A LANEA Paiy e LT
& Qe fag ﬁ"wﬂ -ﬁrm -ony A 1 T
I CvPRLE SO ArETE PEFRLIEIOL i
Pl HOAG. BG H TRRTY A1 B0 A



—— = R — — S

@ STRA TEGIC PARALLEL WARFARE

S e T e T oen et R vk s W i

® CONCEPT OF STRATEGIC PARALLEL WARFARE IS CONSISTENT WITH
GLOBAL PRECISION INFLUENCE PROJECTION (GPIF)

& PREVIOUSLY ACCOMPLISHED ANALYSIS ON GPIP HELPS BUILD
STRONG FOUNDATION FOR NEW RESEARCH

INITIAL ASSESSMENTS OF INFLUENCE MECHANISMS EMERGING FROM DESERT STORM
FPRELIMINARY VALIDATION FROM HISTORICAL PRECEDENTS
QUANTIFIABLE MEASURE OF TARGET PRIORITIES AND TIME SENSITRATY

® SUBSTANTIAL DOCUMENTATION EXISTS FORFIP

EXPANDED EXPOSITORY BRIEFING
DR LABERGE. .. AMB KIRKPATRICK STAFF. .. JACKSON SCHOOL AT UW

"JOURNAL OF THE JCS" ESSAY CONTEST ON "REVOLUTION IN MILITARY AFFAIRS*® (RMA)
5000 WORD ESSAY “SI0P XX17. . . SUBMITTED AUG 95

® SPH, RMA, GPIP ARE COMPLEX . . . NO COMPREHENSIVE ANSWERS AVAILABLE

ATTRACTIVE OPPORTUNITY EXISTS TO BUILD ON PREVIOUS WORK

& OVERVIEW

#S5TUDY OVERVIEW & STUDY ON COURSE, AIR-TO-AIR FOCUS
s TREVOR'S DEATH . . . PROFOUND IMPACT
* STRONG TEAM ASSEMBLED. . . SIGNIFICANT RESULTS ACHIEVED

® PELIMINARY MODEL » QJM / TNDM DEVELOPED FOR GROUND COMBAT
* AIR CAMPAIGN DOMINATED BY PLATFORM PERFORMANCE
» NEW WODEL ARCHITECTURE REQUIRED

& CURRENT TDI A/A » AIRCRAFT PERFORMANCE DETERMINES HOW LETHALITY EMPLOYED
MODEL » SPREADSHEET MECHANZATION PROVIDED USEFUL TOOL
» HISTORICAL CORRELATION MECHANISM INCLUDED

& RECOMMENDATIONS  » COMPLETE HISTORICAL CORRELATION FOR AIR-TO-AIR
* SUPPORT JOINT PARTICIPATION
» EXPAND EFFORT TO BUILD AIR CAMPAIGN MODEL

» [NITIATE S5TUDY ON STRATEGIC PARALLEL WARFARE
BASED ON GFIPF FOUNDATIONS

April 1997

19



& OVERVIE

«5TUDY OVERVIEW = STUDY ON COURSE, AIR-TO-AIR FOCUS
* TREVOR'S DEATH . . . PROFOUND IMPACT
# STRONG TEAM ASSEMBLED. . . SIGNIFICANT RESULTS ACHIEVED

& PELIMINARY MODEL # O/ THDM DEVELOPED FOR GROUND COMBAT
& AlR CAMPAINGN DOMINATED BY PLATFORM PERFORMANCE
* NEW MODEL ARCHITECTURE REQUIRED

® CURRENT TDI A’A MODELAIRCRAFT PERFORMANCE DETERMINES HOW LETHALITY EMPLOYED
* SPREADSHEET MECHANZATION PROVIDED USEFUL TODL
* HISTORICAL CORRELATION MECHANISM INCLUDED

® RECOMMENDATIONS = COMPLETE HISTORICAL CORRELATION FOR AIR-TO-AIR
¢ SUPPORT JOINT PARTICIPATION
¢ EXPAND EFFORT TO BUILD AIR CAMPAIGN MODEL

 [MITIATE STUDY ON STRATEGIC PARALLEL WARFARE
BASED ONGFPIF FOUNDATIONS
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The Dupuy
Air Campaign Model

by Col. Joseph A. Bulger, Jr., USAF, Ret.

The Dupuy Institute, as part of the DACM, created the DACM. If anyone has questions about specific details of
a draft model in a spreadsheet format to show how such a this effort, the Institute can provide a copy of the final report.
madel would calculate attrition. Below are the actual print- The spreadsheet format was created by Col. Bulger, while many
outs of the “interim methodology demonstration,” which of the formulae were the work of Robert Shaw.
shows the types of inputs, outputs, and equations used for

DUPUY ATR COMBAT MODEL ({DACM)

ot e o i o o e o o o o e o o o o e o ol ol e ol o o e ol o ol ol e ol o o o ol o ol ol o o e ol ol e o o o e ol o ol o o e e ol o o e o ol o o o ol o ol o o e

INTERIM METHODOLOGY DEMONSTRATION
FEFEFEXAETNFEAE AR A E A rdFrE sttt ittt areodddes
Thisz demo file is loaded with aircraft and weapon data for Hurricane I,
Spitfire IA, Bf-109E4, and He-11ll. Two Blue acft types can engage the
Red force composed of wvariable numbers of BEf-109 acft.

Step GOTO ALT TABLE Task
1. N4 8 I. Input scenario data influencing sortie rates.
2. HM24 h II. Input data & weights for human (pilot) factors.
Mote: Tables I & II have been pre-loaded with preliminary data.
3. V3 a I1II. Check aircraft performance data.
Mote: Disregard number of sorties (#8). Salect latar.
4. Va4 W IV. Ckeck weapon characteristics data.
5. "“Page Down” to go to angagamant summary scraan & begin runs.
6. Addl macres... ‘o > Cale scrn \i > Input

FEF R E AR A ARk bR ARk AR AR AR R A Rk AR Ak AR AR AR Ak R AR R AR R R R e

PLANNER INPUTS AND ENGAGEMENT SUMMARY

ALLOCATE B0QRTIES (5) | SURV LETH AFF KILLS LOST ERa ERf
EHkFREN
b HURRICANES * 0 * | 4.60 33.0 0,83 0.0 0.0 na
1 eas el l 0.51
u SPITFIRES & B * | 4.46 53.0 1.01 2.3 4.6 0.51
ko k 1
ETRENENN |
r Bf-10%E4 * g * | 1.63 73.6 0.9% 4.6 2.33 1.97 1.97
= ERERENE |
d He-111 0 |

TRIAL K FACTOR = 0.03

dkkdwkdrdddrddbddrdddrddddhddddddddddddddkddobd ko d o ® & F ok o i o b oo o o d o o o ol o e o ol e R

RECORD OF TRIALS TO DETERMINE HISTORICAL (BoB) CORRELATION

Fun # #H #s 4Bf Eh K=z Lh Ls EEh ERs ERfh ERfr
1A 0 B H 0.4 2.3 0.0 4.6 na 0.51 0.%1 1.97
1B 4 4 g 0.6 1.6 1.7 2.3 0.32 0.72 0.55 1.82
1C B 0 B 0.8 0.0 4.9 0.0 0.16 na 0.1 &.20
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kb kdkdhdrdhkdrdhdrdddrddddrdrbdrdrdrdbdrdrdrddridrdrdrddrddrdadrdrtrddrdrsd

SCEHARICO DESCRIPTION Titlae: Damo 1A,B,C

ITEM SYMBOL UNITS BLUE RED
Daily OUparating Fraction FRop nd 0.5 0.5
Distance to Operating Area DoA nm 100 300
Max Speed for Pacing Acft Vmax mph 300 200
Mission Turn-around Time Tta hrs 0.5 0.5
Maan Time Bafore Failure MTEF hrs 20 20
Mean Time to Repair MITR hrs 20 20
*Bensor Performance SFP nd 1 1
*Avionics Performance AV nd 1 1
*Weight Factor...hero Performance Wap nd 0.7 0.8
*Weight Factor...Weapons Performance Wwp nd 0.3 0.4
*Waeight Factor...Numbers Wn nd 0.5 0.5
*Waight Factor...Tech Quality Wg nd 0.5 0.5
kFREFhkFrErkdrErdrdgrdrdrdrira i rrerdrddddrdrairidresdbedrdresresdrsrdrdredrdrs

kbt hkdhkdrdrdrkdrdrdrbdddrddkdridddrirdrdbrrdrddrdrdiredrdhrdrdsrd b erey

ST RN SN RN N SN N NN N N N S W N MW R S S N NN N RN N BN M N U S M s S S e S o o o s . i i

FPILOT LIMITATICOHS

Pacing Acft max Endurance ENDmax hrs
MAx Allowable Flying Hours per Day Hmax hrs
PILOT EXPERIENCE

Relevant Combat Missions RCM mans
Relevant Training Missions RTM msns
Recency of Combat Experience RFc mos
Recency of training Experience RFt mos
Missions in Current Combat Command MCC msns
HUMANICS WEIGHTING FACTORS

Weight of Combat Experience Woe nd
Weight of Training Wt nd
Weight of Currency We nd
Weight of Leadership Quality Wlg nd
Waeight of Aircrew Quality Wadg nd

L2 2 2 22l R dl iRl L R L)

Hotes:

15
200
1

6
100

0.3
0.2
0.1
0.1
0.3
# o i

o o ol o o ol o W

150
350
1
&
300

+

0.3
0.2
0.1
0.1
0.3
o

Wk
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ke FRr ke rdrErerdrrrirrdddrdrdrdhkdrdaddbrbdrdrdrdrdrdrdbdddddbdbdrdbbdbdn

TABLE III. FORCE COMPOSITION & PERFORMANCE CHARACTERISTICS

AIRCRAFT 5 MMsn Vmax Hmax Hend BHF Aw bhert Wt

# mph kft  hrs fp/m  sgf sgf 1lbs
Hurri I o 3 311 35.0 2.0 1,030 258 56.1 6,252
Spit IA B 3 355 37.0 2.0 1,030 242 54.2 5,481
Bf-109E4 8 3 348 35.0 2.5 1,175 174 106.6 5,205
He-111 0 1 252 27.9 5.0 1,000 942 550.0 19,136

deddedde ik vk d ok e kb d ok e ol ok e ok i g o o ok kb ok i o ol o e o ok o o o e ok ok o ok
Hotas :

LS iSRS R R R RS RS R R E RS R R R R SRR SRR R R SRR T )

TABLE IV. WEAPON CHARACTERISTICS

AIRCRAFT WEAPONS Fpos HNg Vmuz Wp RoF Reff
# Type nd nd fps 1lbs rpm nd

Hurri I 8 Br .303 1.00 2.83 2,600 0.022 1,200 0.957
Spit IA 8 Br .303 1.00 2.8B3 2,600 0.022 1,200 0.957
BEf-105E4 2 MG17syn 1.00 1.41 2,970 0.028 1,180 1.055
2 HMGFF20MM 1.00 1.41 1,950 0.285 350 3.755

He-111 1 MGFF20Md 1.00 1.00 1,950 0.285 350 3.755
5 MG15flx 0.25 2.24 3,000 0.028 1,000 1.056

L e d s R R R R R R R R R R R R R R R R R Y R R R E R R R R R R R R R R R E A R R R R RS E T EE R R R LR YL

EQUATIONS FOR CALCULATING RELATIVE EFFECTIVE RANGE (Reff)
Reff = Wp~(1/3) x log(Vmuz) for machine guns

Reff = Wp"(1/3) x 23.5 x [log(Vmuz) - 3.05] for cannon

Hotas:
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TABLE V. CALCULATION OF AERQO PERFORMANCE FACTCR (APF)

T N N I I O N S N I N S N NI N S N A T S S A I N T T O O N Y e e ey e ey
ACFT Vmax Vmax Hmax Reff EGY Efac BHP Aw Wt STR MEN APF
mph fps kft kft nd khp =sgf klb TYP

Hurri I 311 456 35.0 0.957 38.8 0.94 1.02 258 6.25 0.14 3 0.93

Spit Ia 355 521 37.0 0.957 41.7 1.01 1.03 242 5.48 0.1& 2 1.01

Bf-109E4 348 510 35.0 3.755 41.1 0.8% 1.18 174 5.21 0.15 3 0.99

He-111 252 370 27.9% 1.056 230.6¢ O0.74 1.00 942 19.1 ©0.0% 1 0.74
EGY*=avg = 41.4 STR*=avg= 0.1557
FETEAEAEAERNE AR NRE AR AR AR AR AR rdrddrdreadresdretdd
EQUATIONS FOR CALCULATING AERO PERFORMANCE

EGY = (Vmax*2 / 2G) + Hmax + 557 x Reff for V in fps

STR
STR
STR

[SQRT(BHP x Aw) / Wt] = 1.75 for prop acft
[SQRT(T x Aw) / Wt] for conventional jet acft
[BORT(T x Aw) / Wt] x 0.75 for delta-jet acft

APF = AP = Wegy x Efac + Wman x Tfac
Efac = EGY / EGY* whare EGY* = average EGY of acft in engagement
Tfac = STR / STR* whara STR* = average S5TR of acft in engagement

Wegy & Wman Factors

MISSION TYPE Wegy Wman
l. Interceptors v escorted bombars , 62 .38
2. Interceptors v non escorted bombers .87 .33
3. Escort, fightar sweap .57 .43
4. Bomber 1.00 0.00
&. Fightar-bomber .57 .43

Hotas:

1. For this methodology trial, all acft in same group (intcp, escort,
atc) are of same type; EGY* and STR* are input by planner. In revised
program, EGY* and STR* will be calculated based on average of all mixed
type aircraft within same engagament.
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TABLE VI. CALCULATION OF WEAPON BATTERY EFFECTIVENESS (EFF)

AIRCRAFT WEAPONS Fpos Vmuz RoF* EFF / MNg WE Wp DESfac
Type # fps rpm 106 lbs /10%6

Hurri I Br .303 8 1.00 2,600 1,200 3.12 2.83 B8.B2 0.022 5.004

Spit Ia Br .203 g 1.00 2,600 1,200 3.12 2.8B3 8.82 0.022 6.004

Bf-109E4 MGl7syn 2 1.00 2,970 944 .80 1.41 3.587 0.028 11.3%
MGEFF2 0MM 2 1.00 1,950 350 0.68 1.41 0.97 0.295 197.3

]

He-111 MGFF20M4 1 1.00 1,950 350 0.68 1,00 0.68 0,295 33.96
MG15f1x 5 0.25 3,000 1000 0.75 2.24 0.42 0.028 11.73
R L T e T e T e e e e e T T T = T
EQUATIONS FOR CALCULATING WEAPON EFFECTIVEMESS
EFF is relative capability of single weapon to hit a given target.
EFF = Fpos x Vmuz x RoF*
whare RoF diminished by 20% for synch guns
WE is ability of a SET (battery) of weapons te hit target.
WE = Fpos x EFF x Hg¥*
whare Hg* = sqgrt (# guns)
DESfac is relative destructive power of a single hit.
DESfac= Wp x Vmuz*3/64.4 (machine guns)
DESfac= Vmuz x Wp x ( Vmuz*2/64.4 + 28.4X10"4) {cannon)

EhkEhkErErkEkd bbb ddrdrddddddbdrdddkdrd kb bk Er vk v vk d R
TABLE VII. BATTERY LETHALITY (LETHbat)| TABL VIII. ACFT LETHALITY (LETH)

AIRCEART WE DESfac LETH I EFF LETH
{bat) |

Hurri I 8.82 6. 00 RZ2.9%9 I 3,12 52.99
Spit Ia 8.82 6.00 52.99 | 3.12 52.99
BEf-109E4 3,97 11.39 45.16& | 2.80 )} combined

i0.97 187.3 190,47 | 0.68 ) leth > T3.61
He-111 0. 68 33.97 23.18 | 0.6 ) combinad

0.42 11.74 4,82 0.75 } leth > 13.621

R e T T s T e S e T e Y S e TS 22222
BATTERY LETHALITY
LETHbat is lethality of battary.
LETHbat = WE x DESfac
AIRCRAFT LETHALITY
LETH is combined lethality of all batteries on one aircraft.

LETHbatl x EFFl + LETHbatZ x EFF2 +
LETH =

EFFl + EFF2 +

Hote: Incorporates Shaw revised Reff>>Eff for LETH egqn.
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TABLE V. CALCULATION OF AIRCRAFT SORTIE LIMITS & NUMBERS (M)

AIRCRAFT MSN MSH FRop DoA Vmax MTTR/Tta END Hmax Smax Smax Rfac N

# TYP nm kts MIBF hrs hrs hrs ac crew nd
Hurri I 3 FTR 0.50 100 270 1.00 0.5 5 6 2.2 4.1 0.753 N/A
Spit Ia 3 FTR 0.50 100 308 1.00 0.5 5 6 2.2 4.6 0.784 N/A
Bf-109E4 3 ESC 0.%0 300 302 1.00 0.5 10 12 1.4 3.0 0.669 N/A
He-111 1 BMR 0.50 300 219 1.00 0.5 10 12 1.0 2.2 0.543 N/A

LA iR d R R R R R RS E R RRR ISR RS R R SRS RN T

EQUATIONS FOR CALCULATING SORTIE LIMITATIONS

MISSION TYPE CODES CONVERSION mph > kts
MISSION TYPE mph x 5280/6080 = kts

Interceptor v Escorted Bombers

Interceptor v Unescorted Bombers

Escort & Fighter Sweep

Bomber

Fighter-bombar

mnwur—-g

For bombers (strategic attack & interdiction) and fighter escorts;

24 X FRop

Smax = 1 +

[{2 x DoA / (.5 x Vmax)] x [1 + (MTTR/MTBF)] + Tta
Smax = maximum sorties/day permissable for this type aircraft
For fighters, including sweaeps, CAP, intercept, recce, etc;

24 X FRop

[(.5 x END)] x [1 + (MTTR/MTEF)] + Tta
Rfac = [(.5 x Hmax X Vmax) - (2 x DoA)] / (.5 x Hmax X Vmax)
H = 8 x Rfac x C3Ifac

NHotes:

1. C3I factor not yet included in calculations...assumed = 1.0.
2. Humber of Blue interceptors is a player input from page 1.
3. Number of Red sorties assumed a player input for demo case.

4. FOR DEMO CASE, N IS NOT CALCULATED...ADDN'L DERIVATION IN WORK.
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TABLE VI. CALCULATION OF HUMANICS (H)

FORCE Wee RCHM  RFe Wt RTM RFt AQ MCOC We LQ Wlg Wag H
ELUE 0.3 75 1.0 0.2 200 6.0 25.2 100 0.1 3% 0.1 0.3 12.7
RED 0.3 150 1.0 0.2 350 6.0 57 300 0.1 87 0.1 0.3 25.7

FRFRNEREFREFN A EFREFRT R T EEFE AR AR ARk A ARk AR rE AR v r ke rdrddesdad

EQUATIONS FOR CALCULATING HUMANICS
Adrerew Quality (ADQ) = Wee x RCM/RFc + Wt x (RTM/RFt)
Leadership Quality (LQ) = Wee x RCOM/RFe + Wt x (RTM/RFt) +We = MCC

Humanics component [(H) = Wlg x LQ + Wag x AD

A A S E SRS RS LSRR SRR Rt RS RRRR R RRRRRRRRERERRERERREE ]

TABLE VII. CALCULATION OF COMBAT POTENTIALS (CP)

====TETET=== e e L e e
AIRCEAFT Wap AP Wwp WE/ Q Wg Wn H H CP cP
10*6 FORCE

Hurri I ©.70 0.93 0.3 3.12 1.5 0.5 0.5 N/A 12.67 10.1

20.483
Spit Ia 0.70 1.01 0.2 32.12 1.6 0.5 0.5 N/A 12.67 10.4
BE-109E3 0.860 0.99 0.4 2.8B0 1.7 0.5 0.5 H/A 25.7 22.0

31.173
He-111 0.60 0.74 0.4 ©0.68 0.7 0.5 0.5 W/A 25.7 9.2

R L L L L Ly T e
EQUATIONS FOR CALCULATING COMBAT POTENTIALS

Technical Quality = Q = [Wap x AP + Wwp x WE] x 8P x AV

Hota: Sensor performance (SP) and Avionics (AV) assumed = 1.0 for demo.

Combat Potential = CP = [Wn x N + Wg x Q] x H

Hote: CPforce = Sum of CP for sorties within same mission.

Hotas:

1. FOR THIS DEMO, COMBAT POTENTIAL NOT USED DIRECTLY...HUMANICE FACTORS
SELECTED TO YIELD OVERALL (H) FACTOR FAVORING RED BY AFPPROX 2:1.
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TABLE VIII. CALCULATION OF AIRCRAFT KILLS3

I A e e ——— e
ATRCRAFT hw Acr SURWV LETH APF 5 M H EILLS LOST
sgf sgf nd nd nd

Hurri I 258 56 4.60 52.99 0.93 0 0.00 0.0 0.0
12.7

Spit Ia 242 54 4.46 52.99% 1.01 g 2.83 2.3 4.6

Bf-109E4 174 107 1.63 73.61 0.89 B 2.83 4.6 2.3
25.7

Ha=111 942 550 1.71 13.62 0.74 0 0.00

e e oo o ol ol o o o o ol i ol o o ol e o ol e o ol e e o ol e o o e i e o e T o o o o i e e o o e o e i e i o o o o ol oy i ol

EQUATIONS FOR CALCULATING AIRCRAFT KILLS
SURVIVABILITY = SURV = Aw / Acr
BLU KILLS=KILLSb=KxN* x (APFb/APFr) x (LETHb/SURVr) x (Hb/Hr) x N*/N*tot

Where K in a constant of proportionality to be determined
by extraction from historical data.
Wi d ik ik

* K=0.05 =*

FhdhkEkE ALk &

H* iz number of EHGAGEMENTS (lvl), a function of scrties (5).
Until refined, H* will ba sgrt of 25, a player input.

i o o o o o o ol ol e o e ol o o o e o e e e o e o o o e o o o o e o ol o ol ol o o e o o o o e o o o o ol o o o ol o o e ol o ol o o ol ol ol ol ol ol e ol

e e e e e e e e e s
ATRCEAFT AP LETH SURV H FORCE EXCHANGE RATIOS
nd nd nd BELUE BED

Hurri I 0.%3 52.9%9 4.80
12.7

Spit Ia 1.01 52.99 4.46 0.51

Bf=-109E3 0.99 73,61 1l.63 1.97
25.7

He-111 0.74 0.00 1.71

Tk khkkh kbbb Rk ko m kg dd ko kb d ok kA k kb &

ERbh = (APFb/APFr)”*2 x (LETHb/LETHr) x (Hb/Hxr)*2 / (SURVrc/SURVD)
ERr = 1 / ERb
Hotes:

For calculation of blue losses in Table VIII, use red kill equation for
each blue aircraft type, then sum blue losses to total red kills.

28 The International TNDM Newsletter



The Battle of Britain was the first “pure” air cam-
paign, meaning that there were no concurrent land or naval
actions which affected, or were affecied by, aenal operations.
There is some dissension concerning the precise start and end
dates for the campaign, but most historians and writers accept
astart date of 13 August 1940 (known as Adlertag or “Eagle
Dav™ 10 the Lufiwaffe) and an end date of 19 September 1940.
Thas vields a campaign length of 37 davs.

In basic terms, the Batile of Britain was an unsuc-
cessful attempt by the German Luftwaffe’s Lufifore ( Air Fleet,
equivalent to U.S. numbered Air Forces) 2, headquartered a1
Brussels and operating from airfields in Belgium and far north-
eastemn France, and Lufiffone 3., headquanered at Pans and

divided into three operational branches: Bomber Command,
Coastal Command, and Fighter Command. Bomber Command
conirolled most bomber aircrafi in Britain, while Coastal Com-
mand controlled an assortiment of bomber, fighter, and recon-
nassance aircrafl tasked with operations over the seéa areas
around the British Isles. Fighter Command, of greatest im-
port for the Baitle of Britain, controlled most fighter aircraft
in Brlain, along with a network of radar sites and ground-
based observers laid out 1o provide an integrated air defense
svstem. This system was directed from Fighter Command
headquarters al Stanmore, an RAF aurfield some 45 km north-
wesl of central London.

Operationally, Fighter Command was divided into



total of 49 serviceable and 7 non-serviceable Hurricanes.

During the 39 days of the Battle of Britain, RAF
Fighter Command lost 602 aircraft in combat, including 4
(0.66%) to British antiaircraft fire and 9 (plus one plane dam-
aged, or 1.58%) to other RAF aircraft. The Lufiwaffe lost
868 aircraft over the same period, of which 16 (1.84%) were
downed by other German planes, and 37 (4.26%) fell to Brit-
ish antiaircraft fire. RAF Spitfires shot down an average of
3.88 German aircraft per 100 sorties, while Hurricanes
downed 3.50 Germans, Blenheims downed barely 0.5 planes
per 100 sorties, and the much-lamented Boulton-Paul Defi-
ant downed an astonishing 11.2 German aircraft per 100 sor-
ties, To put this last statistic into proper perspective, there
were only 67 Defiant sorties during the entire period, and the
Defiants lost 20,15 aircraft per 100 sorties, The Spitfire loss
rate was 3.19 per 100 sorties, that for Hurricanes was 2,37
per 100 sorties, and that for the Blenheims (operating largely
at night) was barely 0.3 per 100 sorties.

The Germans exhibited a rather different Kill-rate
and loss-rate picture. The BI-109E, generally accounted the
best fighter of the era, downed 4.79 RAF aircraft per 100
sorties, and lost 3.54 Bf-109Es per 100 sorties. The much-
vaunted BE-110Cs fared much worse, downing a respectable
2.72 RAF planes per 100 sorties, but losing an astonishing
6.52 zerstdrers per 100 sorties. In that light, it is no great
surprise that by early September, Luftwaffe commanders had
been directed to screen Bf-110C missions with Bf-109Es,
escorting their fighters with fighters!

CGierman bombers, unfortunately for the LufiwafTe,
suffered similarly. Although the slow, clumsy Ju-87 Stukas
downed 1.49 RAF planes per 100 sorties while losing 4.91
of their own, the larger twin-engine bombers shot down 0.83
RAF planes per 100 sorties, and lost an appalling 3.09 of
their own planes per 100 sorties. Especially for the bombers,
the Germans lost the attrition struggle.

This loss imbalance occurred for several reasons.
Primary among these was that when an RAF plane went down
in the combat zone, its pilot was usually able to land safely
on British soil, and rejoin his squadron within hours or (at
most) a few days. For German aircrew, the situation was dif-
ferent. Even if they managed to escape the battle zone with-
out de-
B struc-
Lt tion,
they
. stood
only
about
an even
chance
o f
reach-
ing a
German
airfield safely. German aircrew that landed in the Channel
were often picked up by the British, despite the determined
and gallant efforts of the handful of German air-sea rescue
LRits.

Second, the British had a major advantage in their
integrated air defense system, coordinating radar early warmn-
ing, ground observer confirmation, fighter interception, and
antiaircraft fire. Although the British were sometimes out-
foxed by the Germans (who twice staged dummy bombing
raids, which turned back before reaching the British coast, to
draw British fighters out into ambush by German fighter
sweeps), in general they were able to attack every German
raid, and claim a plane or two at the very least.

Third, the Germans had not conceived of a long-
term campaign where replacement aircrew and aircraft would
become an important factor, were ill-prepared for this, and
after a few weeks, units had to stand down for a period to
integrate new pilots and planes. The RAF, on the other hand,
had created a comprehensive system to keep a steady stream
of new pilots and aircraft flowing to the operational squad-
rons. In fact, as heavy as Fighter Command's losses were
during the period (they lost almost 90% of their initial pool
of serviceable aircraft), the serviceable aircraft totals in
Fighter Command generally rose during the 39-day campaign,
fed by steady production from Britain's aircraft factories.

Fourth, and most important from the German point
of view, was a failure to recognize Fighter Command’s points
of vulnerability. Although the Germans directed a number of
raids against the coastal radar sites, they had little indication
of the success of these attacks, and (more important yet) did
not comprehend how crucial these sites were to Fighter
Command’s resistance. Linked to this was a general failure
by the Luftwaffe to coordinate and orchestrate its target se-
lection: the Germans sent only one strike at Stanmore, and
few raids at the regional Group headguarters (Uxbridge for
Mo, 11 Group, and Box for No. 10).

The German failure to recognize the most impor-
tant targets in Britain was ultimately very costly to them, since
their considerable offensive effort was dissipated, directed
against a variety of targets of varying importance, and leav-
ing the vital command-and-control infrastructure of RAF
Fighter Command essentially intact.

The data availability for the Baitle of Britain is ex-
traordinary, Not only are operational records for British forces
intact, but considerable German material is available also,
despite efforts by G=ring and the senior Lufiwaffe leader-
ship to destroy the service’s records at the end of the war.
Moreover, there is an ongoing archaeological effort to iden-
tify and catalog the wrecked aircraft from the battle, scat-
tered around the countryside of southem England, and in the
shallow waters immediately offshore. As a result of years of
effort, most of it by dedicated amateurs, nearly all of these
wrecked planes have been identified by unit, crew, and (most
of them) aircraft serial number. Consequently, it is possible
for even modest secondary sources to provide an accurate
minute-by-minute account of the principal actions,

There are some problems, not least the fact that the
British were operating under Double Daylight Saving Time,
s0 that British times are two hours off from German times.
This must be borme in mind when reconstructing actions. Fur-
ther, some minor mysteries remain, like planes lost at night
over water and never recovered. &

30

The International THNDM Newsletter



Numerical Adjustment of X
CEYV Results: Averages and Means

by Christopher A. Lawrence and David L. Bongard

As part of the battalion-level validation effort, we
made two runs with the model-—one without CEV
incorporated and one with the CEV incorporated. The printout
of a TNDM run will have three CEV figures for each side:
CEV,, CEV, and CEV_,. CEV, shows the CEV as calculated
on the basis of battlefield results as an ratio of the performance
of side a versus side b. It measures performance based upon
three factors: mission accomplishment, advance, and casualty
effectiveness. CEV, is calculated according to the following
formula:

CEV, = R/R /P
R, =M + Esp, + Ecas, a = attacker
R, = Mf, + Esp, + Ecas, d = defender

MF = Mission Factor
Assigned by judgement with a value ranging from 1 through
10 for each side.

Esp = Calculated spatial effectiveness factor

Esp, = V[(S, * us (S, = us,)]  (4Q + D, V3D,

Esp, = as above, exchange “d” for “a”

S = Strength (total OLI)

us = is taken from Table & {Posture Factor for Force Strength)
() = distance advanced

D = depth in kilometers occupied the troops of each side (see
table 20).

Ecas = Calculated casualty effectiveness factor
Ecas, = v, » V[(Cas, * us /S (Cas, > us,/S )~ V100 Cas /N ]
Ecas = as above, exchange “d” for “a”.
v = Vulnerability score. v, is calculated:
V= 1-(V/S)
v, =Hd[uv|"m] = S.ISd HYV R Y
yv = Air superiority effect
v = Shoreline vulnerability effect
Cas = Number of casualties
M = Number of Personnel

P = Refined Combat Power Ratio (sum of the modified
OLIs). The * in P" indicates that this ratio has been “refined”
{modified) by two behavioral values already, this is the factor
for Surprise and the Set Piece Factor.

CEV = 1/CEV_(the reciprocal)
In effect the formula is relative results times
modified combat power ratio. This is basically the formulation

that was used for the QJM.

In the TNDM Manual, there is an alternate CEY
method based upon comparative effective lethality. This
methodology has the advantage that the user doesn’t have to
evaluate mission accomplishment on a ten point scale. The
CEV1 calculated according to the following formula:

CEV, =(L,/L,)

LI. - Ku.;{ml. . mu. : h“a . E.I. * {Q'EE}]
L, = as above, exchange “d" for “a”

ru = terrain factor

hu = weather factor

7u = season factor

52 = size

In effect, CEV isa measurement of the difference in
predicted results from actual results based upon three different
factor (mission success, advance rates, and casualties), while
CEV, is a measurement of the difference in predicted

casualties from actual casualties. The CEV and the CEV, of
the defender is the reciprocal of the one for the attacker.

Mow the problem comes in when one creates the
CEV_,. which is the average of the two CEV's above. I simply
do not know why it was decided to create a alternate CEV
calculation from the old QJM method, and then average the
two, but this is what is currently being done in the model, This
averaging results in a revised CEV for the attacker and for the
defender that are not reciprocals of each other, unless the
CEV, and the CEV| were the same. We even have some cases
where both sides had a CEV_, of greater than one. Also, by
averaging the two, we have heavily weighted casualty
effectiveness relative to mission effectiveness and mission
accomplishment.

What was done in these cases (again based more on
tradition or habit, and not on any specific rule) was:

L IfCEV_ are reciprocals, then use as is.

2. If one CEV is greater than one while the other is less than
1, then add the higher CEV to the value of the reciprocal of the
lower CEV (1/X)and divide by two. This result is the CEV for
the superior force, and its reciprocal is the CEV for the inferior
force.

3. If both CEVs are above zero, then we divide the larger

CEV_, value by the smaller, and use its result as the superior
force’s CEV.
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CEV_, value by the smaller, and use its result as the superior
force’s CEV.

In the case of point three, this methodology usually
results ina slightly higher CEV for the attacker side than if we
used the average of the reciprocal (usually .1 or .2 higher).
While the mathematical and logical consistency of the
procedure bothered me, the logic wsed for the different
procedure in point three was that the model was clearly
having a problem with predicting the engagement to start
with, but that in most cases when this happened before
(meaning before the validation), a higher CEV usually
produced a better fit than a lower one. As this is what was

done before, | accepted it as is, especially if one looks at the
example of Mediah Farm., [f one averages the reciprocal with
the US's CEV of 8.065, one would getaCEVY of 4.13. By this
methodology, one comes up with a more reasonable US CEV
of 1.58.

The interesting aspect is that the rules manual
explains how CEV, CEV, and CEV_, are calculated, but
never is it explained which CEV_, (antacker or defender) you
should use. This is the first explanation of this process, and
was based upon the “traditions™ used at TDM, There isastrong
argument to merge the two CEVs into one formulation. | am
open Lo another methodology for calculating CEVY. 1 am not
satisfied with how CEV is calculated in the TNDM and
intend to look into this further, Expect another article on this
subject in the next issue. L]
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The First Test of the TNDM

Battalion—Level Validations:
Predicting the Winners

by Christopher A. Lawrence

In the basic concept of the TNDM battalion-level
validation, we decided wo collect data from battles from three
periods: WWI, WWII and Post-WWII. We then made a
TNDM run of each battle exactly as the battle was laid out,
with both sides having the same CEV, The results of that run
indicated what the CEV should have been for the battle, and
we then made a second run using that CEV. That was all we
did. We wanted to make sure that there was no “tweaking™ of
the model for the validation, so we stuck rigidly to this pro-
cedure. We then evaluated each run for its fit in three areas:

1. Predicting the winner/loser
2. Predicting the casualties
3. Predicting the advance rate

We did end up changing two engagements around.
We had a similar situation with one WWII engagement
{Tenaru River) and one modem period engagement (Bir
Gifgafa), where part—way through the battle the defender re-
ceived reinforcements and counterattacked. In both cases we
decided to run them as two separate battles (adding rwo more
battles to our database), with the conditions from the first
engagement being the starting strength, plus the reinforce-
ments, for the second engagement. Based on our previous
experience with running Goose Green, for all the Falklands
Island baitles we counted the Milans and Carl Gustavs as
infantry weapons. That is the only “tweaking” we did that
affected the baitle outcome in the model. We also put in a
casualty multiplier of 4 for WW1 engagements, but that is
discussed in the article on casualties.

This is the analysis of the first test, predicting the
winner/loser. Basically, if the antacker won historically, we
assigned it a value of 1, a draw was 0, and a defender win
was -1. In the TNDM results summary, it has a column called
“winner” which records either an attacker win, a draw, or a
defender win. We compared these two results. 1f they were
the same, this is a “correct” result. I they are “off by one,”
this means the model predicted an attacker win or loss, where
the actual result was a draw, or the model predicted a draw,
where the actual result was a win or loss. If they are “off by
two' then the model simply missed and predicted the wrong
winner.

The results are (the envelope please....):

15t Run Znd Run
(CEV = 1.0) (CEV adjusted)

Comect 13 18,
Off by one 5 1

Off by two 5 4
Correct 11_': _ - 1?_
Off by one 2 5

Off by two_ 4 1

urrec o 22 29

Off by one 3 0
Off by two 5 1

L Correct

¥ Correct
1sf Run

2nd Run

wwi 57 78
wwi 74 T4
Modern 73 a7

It is hard to determine a good predictability from a
bad one. Obviously, the initial WW1 prediction of 57% right
is not very good, while the Modern second run result of 97%
is quite good. What | would really like to do is compare these
outputs to some other model (like TACWAR) to see if they
get a closer fit. | have reason to believe that they will not do
better.

Most cases in which the model was “off by 1" were
easily correctable by accounting for the different personnel
capabilities of the army. Therefore, just to look where the
model really failed, let’s just look at where it simply got the
WIONg winner:

vo Dead Wrong % Dead Wrong
1st Run

2nd Hun

The THNDM is not designed or tested for WWI
battles. It 15 basically designed to predict combat between
1939 and the present. The total percentages without the WWI
data in it are:
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Less WWI
Percent Cormect, 15t Run T4
Percent Correct, 2nd Run 87
Percent Dead Wrong, 1st Run 17
Percent Dead Wrong, 2nd Run 4

Owverall, based upon this data 1 would be willing 1o
elaim that the model can predict the correct winner 75% of
the time without accounting for human factors and 90% of
the time if it does.

CEVs: Quite simply a user of the TNDM must develop a
CEV to get a good prediction. In this particular case, the CEVs
were developed from the first run. This means that in the sec-
ond run, the numbers have been juggled (by changing the CEV)
to get a better result. This would make this effort meaningless
if the CEVs were not fairly consistent over several engage-
ments for one side versus its other side. Therefore, they are
listed below in broad groupings so that the reader can deter-
mine if the CEVs appear to be basically valid or are simply
being used as a “tweak".

MNow, let's look where it went wrong. The following
battles were not predicted correctly:

Off by Two

5 o
1S5 oRun

Off by One

2nd Run

Hill 252 Hill 142 Mayache La Mewlle
West Woods | North Woods | ‘Narth Woods |
Bouresches | Chaudun

West Wood 1| Medeah Farm ‘Medeah Farm
Yvonne-Odette Exermont Exarmant

Edson’s Ridge Makin Raid  Edson's Ridge VER-RDMX

Lausdell XRds Lausdell XRds
VER-2ASX VER-2ASX
VER-¥HLX
WER-CHX VER-CHX
VER-8CX
Goose Green  Tu-Vu Tu-Vu
Twa Sisters Mapu
Cuatir River Bir Gifgafa Il
Mt. Langdon
Tumbladown

There are 19 night engagements in the data base,
five from WWI, three from WWII, and 11 modermn. We looked
at whether the miss prediction was clustered among night en-
gagements, and that did not seem to be the case. Unable o
find a pattern, we examined each engagement to see what the
problem was. See the attachments at the end of this article for
detals,

We did obtain CEVs that showed some consistency.
These are shown below. The Marines in World War | record
the following CEV's in these WWI bartles:

Hnl.l' Hi' Ath Marines | 1.8 2T3nd Rengpd

Wast Wooa f Sih Mannas [l ] ' d461ar ﬁ'&g‘l‘
Bowrerschas | Gt Manings aF 4575f Regd
West Waod ! Ath Marines 1.4 4§1sf Regl
Norh Wood | Eih Marines 1.5 110fk Gren Fh-gt
Bourasches 11 Sth Marines 1.2 106th Regt
Haorh Woad I Sth Mannes | 1 | 34TEh Regt
Morth Woaod RV Sth Marnes 34Tth Regt
Essen Hook Sth Mannes Znd Koaeln LS Abt

Compare those figures to the performance of the US Army:

'I"rnﬂﬂl Coefhe

Slurmgrp Gredhe

gtk Ind
Cantgny z8th ind |b6or02 272nd Regt
Morth ¥Wood B Tth inf oF F4Tih H.ag'l_
5t. Amand Farm  28th Inf 1.5 Ja6ih Regt
Beaurepaire Farm  23rd Inf 1.1 218h Regl
Chaudun 18th inf 2.8 109th Bav Gren Regl
Bargy-lg-Sac 28th InT 0.8 108t Regt
Bunzancy Ridge 18th Inf 0.8 52nd Jaeger Regt
Medeah Farm gth Inf 1.6 235¢h Regt
Exermant 18th inf 0.9 3rd Gds Regl
Mayache Ravine  26ih Inf %4 170th Regt
La Mauwilia 28tk Iaf ﬂlT T1118h Rag!
Remibyal 184R Inf 81N Res Jasger Bn
=it 262 18R Inf Tdih Reg Iaf Div

In the above two and in all following cases, the italicized
battles are the ones with which we had prediction problems.

For comparison purposes, the CEVs were recorded
in the battles in World War I between the US and Japan:

0.7 LM Wake 3

18k Il' Del Bn

Wake

Makin 2nd Mar Rdr B 24 TJA Makin Gamison
Tenamn | 18t Marina Rigt 1.4 KA lehiki Dat
Tenean N 180 Marne Rgt 1.3 1A Ichiki Dat
Egson Rigge T8¢ Mar Rdr Bn 1.5 IJA Kumpmmﬁ:m
Engebi 22nd Marne Rgt 0.8  LAIN Engebi Garr
Enipar 106ih Inf Rgt 0.8 15t Amph Bde

For comparison purposes, the following CEVs were
recorded in Operation Veritable:

Black Watch oa 1062nd bnf Regt

VERTEW .

VERSTG Tth Gordn Hindrs 0.7 1062nd Inf Regl
VERTBW Black Walch 0.8 122End inf Regt
VERTHL Highiamd Light 0.g gath 1D
VER4RW Royal Welch Fus 0.8 B4in 0
VER10B Ox & Bucks LI 0.9 Bdin IO
VER1GH Glasgow Hindrs 07 Btk 00
VERIC Camammnans o8 Bafh 1D
VERZAS Argytl & Suthering 1.3 1222nd Inf Regt
VEBXHL Highland Ligft 1.3 1222nd Inf Rag!
VERRDM Ryt de Maisonn 06 1222nd Inf Regl
VERCH | Calgary Hinars 1.3 1222nd inf
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These are the other engagements versus Germans for which
CEVs were recorded:

Chouigui Fass 151 ARMat AD 1.6 10th PzD

Mie Maggiore 15t ROCTI36LR 1D 1 15th PzErD
Lausdel X Rds Qfk Il 2nd 1D 1.7 HKG Mualfar2ih 55
Azsanois CCRM4th AD 1.4 KGI26th VGO

T o

For comparison purposes, the following CEVs were
recorded in the post—WWII battles between Viemamese forces
and their opponents:

-V Franch Moroccan el iglmink

Bindin French 1.2 Wiatminh
Longlan Australian i.d VG
HL450 LS (502nd Abn) 1.4 MY A
Prek Kok | LIS [1st ID) 1.8 MW A
Frek Kok # US (Znd Inf Ragi) 1.4 WG
Buall US (Z22md Inf Regl 21 MWA
Ap Bau Bang U5 [3i5th Cav 32 WG
Lo Giang | U5 (6th Inf Regl) 1.5 WG

Lo Giang Il U5 (Bth Inf Ragt) 2 WG
Mui Baden e

Caotan ARNVM 0.4 v
Camuoc RN 1.1 WG

JEOS0BEY ARVN 3.4 VG

Mote that the Americans have a average CEV ad-
vantage of 1.6 over the NVA {only three cases) while having
a 1.8 advantage over the VC (6 cases).

For comparison purposes, the following CEVs were
recorded in the battles between the British and Argentines:

Goose Grgan : 12th Fagt
kit Hamat 42nd R Cdo 23 4ih Regt
Two Sighers 450h RMW Cdo 1.7 dith Regt
M Longdon Para Fagl 23 Tth Regt
Mf Tumbledown | Scols Guard 1.9 Sih Manine B

Wirslass Ridge Para 1.9 Tth Regt

M_ﬂu UK -] indonasia

Bir Gifgata | Irasl 1.5 Egypt
Bir Gefgafa il Izrael 35 Egyoi
Hermon | isragl 0.8 Eyria
Saknas U5 (7F5th Ringrs) 1.8 Cuba & Granada
Fearls US [USKMC) 2.8 Grenada
Lomba RE& 3.3 ANTISA
Cualir River RSA 23 Angaia
Lipanda RSA ie Hingola

For the WWI battles, the nature of the prediction
problems are summarized as:

Wvonne-Cdetia M) Y

Hill 142 W

Wesl Waod | ¥
Bowuresches | (M) ¥

Wl Waad I k)

Morth Waod | Y

Cheaisdun ¥
Meadeah Fanmm

E warmicand

Mayache Ravne

La Meuwille

Hill 252 ¥

=L = = =f

F] ] 4 4

COMCLUSION: In the case of the WWI runs, five of the
problem engagements were due to confusion of defining a
winner or a clear CEV existing for a side that should have
been predictable. Seven out of the 23 runs have some prob-
lems, with three problems resolving themselves by assigning
a CEV value to a side that may not have deserved it. One
(Medeah Farm) was just off any way you look at it, and three
suffered a problems because historically the defenders (Ger-
mans) suffered surprisingly low losses. Two had the battle
outcome predicted correctly on the first run, and then had the
outcome incorrectly predicted after CEV was assigned.

With 5 to 7 clear failures (depending on how you
count them), this leads one to conclude that the TNDM can
be relied upon to predict the winner in a WWI battalion—
level battle in about T0% of the cases.

WWII (8 cases):
For the WWII baitles, the nature of the prediction

problems are summarized as:
CONCLUSION: In the case of the WWII runs, three of the

Makin Rak

Edsons Ridge (M) Y

Lausdall Fds ¥

WER-BLNX ¥

WER-IASK ¥

WER-¥HLX Y

YER-RDMX ¥

VWER-CHX ¥
2 1 1 4

problem engagements were due to confusion of defining a
winner or a clear CEV existing for a side that should have
been predictable. Four out of the 23 runs suffered a problem
because historically the defenders (Germans) suffered sur-
prisingly low losses and one case just simply assigned a pos-
sible unjustifiable CEV. This led to the battle outcome being
predicted correctly on the first run, then incorrectly predicted
after CEV was assigned.

With 3 1o 5 clear failures, one can conclude that the
TNDM can be relied upon to predict the winner in a WWII
battalion-level battle in about 80% of the cases.
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Modern (8 cases):

For the post-WWII battles, the nature of the pre-
diction problems are summarized as:

Tia-Wy W
Magu

Bir Gidgata Il (M)
{Goose Grean
Two Sisters (M)
ML Longdon (M)
Turmblesdomn
kBl R

| o o

CONCLUSION: In the case of the modern runs, only one
result was a problem. In the other seven cases, when the force
with superior training is given a reasonable CEV (usually
around 2}, then the cormect outcome is achieved.

With only one clear failure, one can conclude that
the TNDM can be relied upon to predict the winner ina mod-
ern battalion—level battle in over 9% of the cases.

FINAL CONCLUSIONS: In this article, the predictive
ability of the model was examined only for its ability 1o pre-
dict the winner/loser. We did not look at the accuracy of the
casualty predictions or the accuracy of the rates of advance,
That will be done in the next two articles. Nonetheless, we
could not help but notice some trends.

First and foremost, while the model was expected
to be a reasonably good predictor of WWII combat, it did
even better for modern combat. It was noticeably weaker for
WWI combat. In the case of the WWI data, all attrition fig-
ures were multiplied by 4 ahead of time because we knew
that there would be a fit problem otherwise,

This would strongly imply that there were more
significant changes to warfare between 1918 and 1939 than
between 1939 and 1989,

Secondly, the model is a pretty good predictor of
winner and loser in WWII and modem. Overall, the model

predicted the winner in 68% of the cases on the first run and
in 84% of the cases in the run incorporating CEV.

While its predictive powers were not perfect, there
were |3 cases where it just wasn't getting a good result {17%6).
Ower half of these were from WWI, only one from the mod-
em period.

In some of these battles 1t was pretty obvious who
was going to win, Therefore, the model needed 1o do a step
better than 50% to be even considered. Historically, in 51
out of 76 cases (67%), the larger side in the battle was the
winner. One could predict the winner/loser with a reasonable
degree of success by just looking at that rule. But the percent
of the time the larger side won varied widely with the period.
In W1 the larger side won 74% of the time. In WWII it was
£7%. In the modern period it was a counterintuitive 47% of
the time, yvet the model was best at selecting the winner in the
modern period.

The model™s ability to predict WWI1 battles is sull
questionable. It obviously does a pretty good job with WWII
battles and appears to be doing an excellent job in the mod-
ern period. We suspect that the difference in prediction rates
between WWII and the modern period is caused by the se-
lection of battles, not by any inherit ability of the model.

RECOMMENDED CHANGES: While it is too early to
seitle upon a model improvement program, just looking at
the problems of winming and losing, and the ancillary data to
that, leads me to three corrections.

I. Adjust for imes of less than 24 howrs, Createé a formula so
that battles of six hours in length are not ¥4 the casualties of a
24-hour battle, but something greater than that {possibly the
square root of time), This adjusiment should affect both ca-
sualties and advance rates,

2. Adfust advance rates for smaller wnits to account for the
fact that smaller units move faster than larger units.

3. Adjust for fanaticism to account for those armies that con-
tinue to fight after most people would have accepted the re-
sult, driving up casualties tor both sides. &
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SE STUDIES: WHERE AND WHY THE MODEL
FAILED CORRECT PREDICTIONS

(World War I (12 cases):

Wonne-Odette (Night)—On the first prediction, selected the
defender as a winner, with the attacker making no advance.
force ratio was 0.5 to 1. The historical results also show
e attacker making no advance, but rate the attacker’s mis-
sion accomplishment score as & while the defender is rated

as 4, Therefore, this battle was scored as a draw.
On the second run, the Germans (Sturmgruppe
ethe) were assigned a CEV of 1.9 relative to the US %th
Infantry Regiment. This produced a draw with no advance.
This appears to be a result that was corrected by
assigning the CEV to the side that would be expected to have
at advantage. There is also a problem in defining who is
il 142—0Om the first prediction the defending Germans won,
hereas in the real world the attacking Marines won. The

Marines are recorded as having a higher CEV in a number of

battles, so when this correction is put in the Marines win
ith a CEV of 1.5. This appears to be a case where the side
that would be expected to have the higher CEV needed that
EV input into the combat run to replicate historical results.
Mote that while many people would expect the Ger-
ans to have the higher CEV, at this juncture in WWI the
erman regular army was becoming demoralized, while the
S Army was highly motivated, trained and fresh. While 1
did mot initially expect to see a superior CEV for the US
arines, when [ did see it | was not surprised. | also was not
surprised to note that the US army had a lower CEV than the
Marine Corps or that the German Sturmgruppe Grethe had
a higher CEV than the US side. As shown in the charts be-
ow, the US Marines’ CEV is usually higher than the Ger-
man CEV for the engagements of Belleau Wood, although
his result is not very consistent in value. But this higher
alue does track with Marine Corps legend. 1 personally do
ot have sufficient expertise on WWI to confirm or deny
he validity of the legend.
West Wood I—Om the first prediction the model rated the
battle a draw with minimal advance (265 km) for the at-
acker, whereas historically the attackers were stopped cold
ith a bloody repulse. The second run predicted a very high
EV of 2.3 for the Germans, who stopped the attackers with
a bloody repulse. The results are not easily explainable.
Bouresches | {Night)—On the first prediction the model re-
orded an attacker victory with an advance of .5 kms, His-
orically, the battle was a draw with an attacker advance of
one km. The attacker’s mission accomplishment score was
. while the defender’s was 6. Historically, this battle could
also have been considered an attacker victory. A second run
ith an increased German CEV to 1.5 records it as a draw
ith no advance. This appears to be a problem in defining
ho is the winner.
West Wood II—0On the first run, the model predicted a draw
ith an advance of .3 kilometers. Historically, the attackers
on and advanced 1.6 kilometers. A second run with a US

CEV of 1.4 produced a clear attacker victory. appears
to be a case where the side that would be expected to have
the higher CEV needed that CEV input into the combat run.
North Woods I—On the first prediction, the model records
the defender winning, while historically the attacker won. A
second run with a US CEV of 1.5 produced a clear attacker
victory. This appears to be a case where the side that would
be expected to have the higher CEV needed that CEV input
into the combat run.

Chaudun—On the first prediction, the model predicted the
defender winning when historically, the attacker clearly won.
A second run with an outrageously high US CEV of 2.5
produced a clear attacker victory. The results are not easily
explainable.

Medeah Farm—On the first prediction, the model recorded
the defender as winning when historically the attacker won
with high casualties. The battle consists of a small number
of German defenders with lots of artillery defending against
a large number of US attackers with little artillery. On the
second run, even with a US CEV of 1.6, the German de-
fender won. The model was unable to select a CEV that
would get a correct final result yet reflect the correct casual-
ties. The model is clearly having a problem with this en-
gagement.

Exermont—On the first prediction, the model recorded the
defender as winning when historically the attacker did, with
both the attacker’s and the defender’s mission accomplish-
ment scores being rated at 5. The model did rate the
defender’s casualties too high, so when it calculated what
the CEV should be, it gave the defender a higher CEV so
that it could bring down the defender’s losses relative to the
attackers, Otherwise, this is a normal battle. The second pre-
diction was no better. The model is clearly having a prob-
lem with this engagement due to the low defender casual-
ties.

Mayache Ravine—The model predicted the winner (the at-
tacker) correctly on the first run, with the attacker having an
opposed advance of .8 km. Historically, the attacker had an
opposed rate of advance of 1.3 kms, Both sides had a mis-
sion accomplishment score of 5. The problem is that the
model predicted higher defender casualties that the attacker,
while in the actual battle the defender had lower casualties
that the attacker. On the second run, therefore, the model
put in a German CEV of 1.5, which resulted in a draw with
the attacker advancing .3 kms. This brought the casualty es-
timates more in line, but turned a successful win/loss pre-
diction into one that was “off by one.” The model is clearly
having a problem with this engagement due to the low de-
fender casualties.

La Newville—The model also predicted the winner (the at-
tacker) correctly here, with the attacker advancing .5 km. In
the historical battle they advanced 1.6 kms. But again, the
model predicted lower attacker losses than the defender
losses, while in the actual battle the defender losses were
much lower than the attacker losses. So, again on the sec-
ond run, the model gave the defender (the Germans) a CEV
of 1.4, which turned an accurate win/loss prediction into an
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inaccurate one. It still didn’t do a very good job on the casu-
alties. The model is clearly having a problem with this en-
gagement due to the low defender casualties.

Hill 252—0n the first run, the model predicts a draw with a
distanced advanced of .2 kms, while the real battle was an
attacker victory with an advance of 2.9 kms. The model’s
casualty predictions are quite good. On the second run, the
model correctly predicted an attacker win with a US CEV of
1.5. The distance advanced increases to .6 km, while the ca-
sualty prediction degrades noticeably. The model is having
some problems with this engagement that are not really ex-
plainable, but the results are not far off the mark.

World War I1 (8 cases):

Overall, we got a much better prediction rate with
WWTII combat. We had eight cases where there was a prob-
lem. They are:
Makin Raid—On the first run, the model predicted a defender
win. Historically, the attackers (US Marines) won with a 2.5
km advance. When the Marine CEV was put in (a hefty 2.4),
this produced a reasonable prediction, although the advance
rate was too slow. This appears to be a case where the side
that would be expected to have the higher CEV needed that
CEV input into the combat run in order to replicate historical
results.
Edson s Ridge (Night)—On the first run, the model predicted
a defender win. Historically, the battle must be considered at
best a draw, or more probably a defender win, as the mission
accomplishment score of the attacker is 3 while the defender
in 5.5. The attacker did advance 2 kan, but suffered heavy
casualties. The second run was done with a US CEV of 1.5.
This maintained a defender win and even balanced more in
favor of the Marines. This is clearly a problem in defining
who is the winner.
Lausdell X-Roads (Night)—On the first run, the model pre-
dicted an attacker victory with an advance rate of .4 kms.
Historically, the German attackers advanced .75 km, but had
a mission accomplishment score of 4 versus the defender’s
mission accomplishment score of 6. A second run was done
with a US CEV of 1.1, but this did not significantly change
the result. This is clearly a problem in defining who is the
winner.
VER-9CX—0On the first run, the attacker is reported as the
winner. Historically this is the case, with the attacker advanc-
ing 12 km although suffering higher losses than the defender.
On the second run, however, the model predicted that the en-
gagement was a draw. The model assigned the defenders (Ger-
man} a CEV of 1.3 relative to the attackers in attempt to bet-
ter reflect the casualty exchange. The model is clearly having
a problem with this engagement due to the low defender ca-
sualties.
VER-2ASX—0On the first run, the defender was reported as
the winner. Historically, the attacker won. On the second run,
the battle was recorded as a draw with the attacker (British)
CEV being 1.3. This high CEV for the British is not entirely
explainable, although they did fire a massive suppressive bom-
bardment. In this case the model appears to be assigning a

CEV bonus to the wrong side in an attempt to adjust & prob-
lem run, The model is still clearly having a problem with this
engagement due to the low defender casualties.
VER-XHLX—On the first run, the model predicted that the
defender won. Historically, the attacker won. On the second
run, the battle was recorded an attacker win with the attacker
(British) CEV being 1.3, This high CEV is not entirely ex-
plainable. There is no clear explanation for these model re-
sults.

VER-RDMX—On the first run, the model predicted that the
attacker won. Historically, this is correct. On the second run,
the battle recorded that the defender won. This indicates an
attempt by the model to get the casualties correct. The model
is clearly having a problem with this engagement due to the
low defender casualties.

VER-CHX—On the first run, the model predicted that the de-
fender won. Historically, the attacker won. On the second run,
the battle was recorded as an attacker win with the attacker
{Canadian) CEV being 1.3. Again, this high CEV is not en-
tirely explainable. The model appears to be assigning a CEV
bonus to the wrong side in an attempt to adjust a problem run.
The model is still clearly having a problem with this engage-
ment due to the low defender casualties.

Modern (8 cases):

Tu—Fu—On the first run, the model predicted a defender win.
Historically, the attackers (Viet Minh) won with a 2.8 km
advance. When the CEV for the Viet Minh was put in (1.2),
the defender still won. The real problem in this case is the
homrendous casualties taken by both sides, with the defend-
ing Moroccans losing 250 out of 420 people and the attacker
losing 1200 out of 7000 people. The model predicted only
140 and 208 respectively. This appears to address a funda-
mental weakness in the model, which is that if one side is
willing to attack (or defend) at all costs, the model simply
cannot predict the extreme losses. This happens in some
battles with non-first world armies, with the Japanese in
WWII, and apparently sometimes with the WWI predictions.
In effect, the model needs some mechanism to predict fanati-
cism that would increase the intensity and casualties of the
battle for both sides. In this case, the increased casualties
certainly would have resulted in an attacker advance after
over half of the defenders were casualties.

Mapu—On the first run the model predicted an attacker (In-
donesian) win. Historically, the defender (British) won. When
the British are given a hefty CEV of 2.6 (as one would ex-
pect that they would have), the defender wins, although the
casualties are way off for the attacker. This appears to be a
case in which the side that would be expected to have the
higher CEV needed that CEV input into the combat run.
Bir Gifgafa IT (Night)—On the first run the model predicted
a defender (Egyptian) win. Historically the attacker (Israel)
won with an advance of three kilometers. When the Israelis
are given a hefty CEV of 3.5 (as historically they have tended
to have), they win, although their casualties and distance ad-
vanced are way off. These errors are probably due to the short
duration (one hour) of the model run. This appears to
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be a case where the side that would be expected to have the
higher CEV needed that CEV input into the combat run in
order to replicate historical results.

Goose (reen—On the first run the model predicted a draw.
Historically the attacker (British) won. The first run also in-
cluded the “cheat” of counting the Milans as regular weap-
ons versus AT. When the British are given a hefty CEV of
2.4 (as one could reasonably expect that they would have)
they win, although their advance rate is too slow. Casualty
prediction is quite good. This appears to be a case where the
side that would be expected to have the higher CEV needed
that CEV input into the combat run.

Two Sisters (Might)—On the first run the model predicted a
draw. Historically the attacker (British) won yet again. When
the British are given a CEV of 1.7 (as one would expect that
they would have) the attacker wins, although the advance
rate is too slow and the casualties a little low. This appears to
be a case where the side that would be expected to have the
higher CEV needed that CEV input into the combat run.
M. Longdon (Night}—On the first run the model predicted
a defender win. Historically the attacker (British) won as
usual. When the British are given a CEV of 2.3 (as one would
expect that they should have) the attacker wins, although as
usual the advance rate is too slow and the casualties a little
low. This appears to be a case where the side that would be
expected to have the higher CEV needed that CEV input into
the combat run.
Tumbledown—On the first run the model predicted a defender
win. Historically the attacker (British) won as usual. When
the British were given a CEV of 1.9 (as one would expect
that they should have), the attacker wins, although as usual,
the advance rate is too slow and the casualties a little low.
This appears to be a case where the side that would be ex-
pected to have the higher CEV needed that CEV input into
the combat run.

Cuatir River—On the first run the model predicted a draw.
Historically, the attacker (The Republic of South Africa) won.
When the South African forces were given a CEV of 2.3 (as
one would expect that they should have) the attacker wins,
with advance rates and casualties being reasonably close. This
appears to be a case where the side that would be expected to
have the higher CEV needed that CEV input into the combat
run.
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The Second Test of the 5
TNDM Battalion—Level Validations:

Predicting

Casualties

by Christopher A. Lawrence

Actually, | was pretty pleased with the first test of
the TNDM, predicting winners and losers, | wasn't too pleased
with how it did with WWI, but was quite pleased with its
prediction of post-WWII combat. But | knew from our previ-
ous analysis that we were going to have some problems with
the casualty prediction estimates for WWI1, for any battles that
the Japanese were involved with, and for shorter engagements.

The problems in prediction of casualties, as related
to certain nationalities, were discussed in Numbers, Predic-
tions, and War. In the original QJM, as published in Num-
bers, Predictions, and War, three special conditions served
as attrition multipliers. These were:

I. For period 19001945, Russian and Japanese rates are
double those calculated.

2. For period 1914-1918, rates as calculated must be
doubled; for Russian, Turkish, and Balkan forces they
must be guadrupled.

3. For 19501953 rate as calculated will apply for UN
forces (other than ROK); for ROK, Morth Koreans, and
Chinese rates are doubled.

The attrition calculation for the TNDM is different
from that used in the QJM. Actually the attrition calculations
for the later versions of the QJM differ from the earlier ver-
sions. The base casualty rates that are used in the original
QIM are very different from those used in the TNDM. See
my articles in Volume 1, Issue 3. Basically the QJM starts
with a based factor of 2.8% for attackers versus 4% for the
TNDM, while its base factor for defenders is 1.5% versus 6%
for the THDM.

When Dave Bongard did the first TNDM runs for
this validation effort, he automatically added in an attrition
multiplier of 4 for all the WWI battles. This undocumented
methodology was implemented by Mr. Bongard instinctively
because he knew from experience that you need to multiply
the attrition rates by 4 for WWI battles. | decided to let it
stand and see how it measured up during the validation.

We then made our two model runs for each valida-
tion, first without the CEV, and a second run with the CEV
incorporated. | believe the CEV results from this methodol-
ogy are explained in the previous article on winners and los-
€rs.

At the top of the next column is a comparison of the
attacker losses versus the losses predicted by the model (graphs
| and 2). This 1s in two scales, so you can see the details of the
data. The diagonal line across these graphs and across the

Altacker Losses
versus Predicted Attacker Losses

-
[ 0
it 1 | I ] 1
i} 2040 40 i B0 000 1R 140
Artarker Basialies
Attacker Loss
versus Predicted Anacker Dasses (2)
350 =
300 * ‘H“
250 = i
[ ]

(200 =
150 =
100 =

50 =

. "
L]

-
I lh I LD
: 100 200 300
| Attacker Casialties

next seven graphs is the “perfect prediction™ line, with any
point on that line being perfectly predicted. The closer a point
is to that ling, the better the prediction. Points to the left of
that line is where the model over—predicted casualties, while
the points to the right is where the model under-predicied.

We also ran the model using the CEV as predicted
by the model. This “revised prediction™ is shown in the next
graph (see graphs 3 and 4). We also have done the same com-
parison of total casualties for the defender (see graphs 5
through ).

The model is clearly showing a tendency to under-
predict. This is shown in the next set of graphs, where we
divided the predicted casualties by the actual casualties. Val-
ues less than one are under-predictions, That means every-
thing below the horizontal line shown on the graph (graph 9)
is under-predicted. The same tests were done the “revised pre-
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diction™ (meaning with CEV) for the attacker and the both
predictions for the defender (graphs 10-12).

I then attempied to do some work using the total ca-
sualty figures, followed by a series of meaningless tests of the
data based upon force size. Force sizes range widely, and the
size of forces committed to battle has a significant impact on
the total losses. Therefore, to get anything useful, T really
needed to look at percent of losses, not gross losses, These
are displayed in the next 6 graphs (graphs 13-18).

Comparing our two outputs (model prediction with-
out CEV incorporated and model prediction with CEVY incor-
porated) to the 76 historical engagements gives the following
disappointing results:

AHacker Percent Losses

Awverage Std Dew

Actual 9.50
Fradicted 522 11.94
Fradicted with CEW .75 10.73

Defender Percent Losses
Average
Actual 26.59
Predicted 14,62 29.57
Pradicted with CEWV 17.93 27.49

The standard deviation was measured by taking each

predicted result, subtracting from it the actual result, squaring
it, summing all 76 cases, dividing by 76, and taking the square
root, (see sidebar 4 Littfe Basic Stavistics below.)

First and foremost, the model was under—predicting
by a factor of almost two. Furthermore it was running high

A LITTLE BASIC STATISTICS:

The mean is 5.75 for the attacker and 17.93 for the defender,
the standard deviation is 10.73 for the attacker and 27.49 for
the defender. The number of examples is 76, the degree of
freedom is 75. Therefore the confidence intervals are:

8% 878 |+ 1Ie [k | LZM 418 ]
[ E8 L] C i 6 |x EZ] 570 7.80]
e .78 *r T 1 FE) (¥

With the actual average being 9.50, we are clearly predicting
too low.

| EEEE) " 19 | FEEE] I L

With the actual average being 26.59, we are again clearly pre- I

dicting too low.
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standard deviations. This last result did not surprise me con-
sidering the nature of the battalion-level combats.

The addition of the CEVs did not significantly
change the casualties. This is because in the attrition equa-
tions, the conditions of the battlefield play an important part
in determining casualties. People in the past have claimed
that the CEVs were some type of fudge factor. If that is the
case, then it is a damned lousy fudge factor. If the TNDM is
getting a good prediction on casualties, it is not because of a
CEV “fudge factor.”

TIME AND THE TNDM:

Before this validation was even begun, [ knew we
were going 1o have a problem with the fact that most of the
engagements were well below 24 hours in length. This prob-
lem was discussed in depth in Volume 1, Number 3 of this
newsletter. The TNDM considers the casualties for an engage-
ment of less than 24 hours to be reduced in direct proportion
to that time. | postulated that the relationship was geometric
and came up with a formulation that used the square root of
that fraction (i.¢., instead of 12 hours being .5 times casual-
ties, it was now .75 times casualties). Being wedded to this
idea, I tested this formulation in all ways and for several days.
I really wasn’t getting a better fit. All [ really did was multi-

ply all the points so that the predicted average was closer. The
top-level statistics were:

Aftacker % Average Sid Dev
Predicted x TF .66 12.55
Rewsed Predicted x TF 10,95 1217

Defender % Losses  Awverage Sitd Dev
Predicted x TF 25.83 28.76
Revsed Predicted x TF 30.57 29.22

TF = Time Factor

| also looked out how the losses matched up by one
of three periods (WWI1, WWIL and Post-WWII). When we
used the time factor multiplier for the attackers, the WWI
engagements average became too high, and the standard de-
viation increase, same with WWII, while the post-WWII av-
erages were still too low, but the standard deviations got bet-
ter. For the defender, we got pretty much the same pattern,
except now the WWII battles were under—predicting, but the
standard deviation was about the same. 1t was quite clear that
all I had with this time factor was noise.

Like any good chef, my failed experiment went right
down the disposal. This formulation died a natural death. But
looking by period where the model was doing well, and where

2
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it wasn't doing well is pretty telling. The resulls were:

T.36

Actual 8.05 12.26
Predicted 6.83 T2 51 B.a1 4.01
Revised Predicted T.45 542 562 B.49 4.55

Actual 26 26.58 26
Predicted 2588 2825 1116 3220 8.63
Revised Predicted 29 41 7. 74 14.25 28 38 11.84

Looking at the basic results, | could see that the
model was doing just fine in predicting WW1 battles, although
its standard deviation for the defenders was still poor. It wasn't
doing very well with WWIL, and performed quite poorly with
maodem engagements. This was the exact opposite effect to

P
25.75)

Fredicted Caswalties

Qff By

like predicting 2% instead of 1% is not a very
big error, where as predicting 20%, and hav-
ing the actual casualties 10%, is preity sig-
nificant. Both would be off by 100%.

SO WHERE WERE WE REALLY OFF?
(WWI)

In the case of the attackers, we were get-
ting a result in the ball park in two—thirds of
the cases, and only two cases—MN Wood [ and
Chaudun—were really off. Unfortunately, for
the defenders we were getting a reasonable

result in only 40% of the cases, and the model had a tendency

World War I Allacker
[

Frodrched

Frodiched

en . -10 to -25 West Wood |
our test on predicting winners and losers, where the model .5 to -10 Bouresches |
did best with the post-WWII battles and worst with the WWI St Amand St Amand
battles. Recall that we implemented an atrrition multiplier of E“:":I* “T; rog a‘:["“';':: Hﬂﬂﬂ
4 for the WWI battles. So it was now time to look at each E:s:: Hn::m Ea:::: Hnualc
battle, and figure out where were we really off. In this case, | 5o +5 T4 SO 1% canes
looked at casualty figures that were off by a significant order +5fo +10 Remilly Remilly
of magnitude. The reason | looked at significant orders of " :nrl: :nag :I
magnitude instead of percent error, is that making a mistake +10 o 428 Morth Wood T _ 110 ¥¥oo
e Pe & Chaudun Chaudun
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to under-
or over-
fedd el predict. It
antigny antigny '
51 Amand 51 Amand is clear that
Medeah Farm  Medeah Farm  the model
Essen Hook EssenMook under-
1010 -25 West Wood I stands at-
North Wood IV K
5 to -10 Hill 142 tacker
Bouzancy Rdg Bouzancy Rdg losses bet-
-5t +5 6 cases 9 cases ter than de-
+5 fo +10 ¥ uoning
Bouresches | fender
Morth Wood N losses, |
Morth Weod | suspect this
Mayache R jc rofated to
La Newwlla
Hill 252 the .m odel
+10 to +25 West Wood | having no
:"“‘:’f“"ﬁ‘lﬂm breakpoint
a Neuwlle
Ywanne methodol-
- N Noth Wood | ORY. Also,
+25 or more Beaupre Farm Beaupre Farm  defender
Chaudun Chaudun losses may
Remilly Remilly be mo r::

variable. | was unable to find a satisfactory explanation for
the variation. One thing | did notice was that all four battles
that were significantly under—predicted on the defender sides

were the four shortest WWI battles. Three of these were also
noticeably under—predicted for the attacker. Therefore, [ looked
at all 23 WWI engagements related to time. (see fable, top of
next page)

Looking back at the issue of time, it became clear
the model was clearly under—predicting in battles of less than
four hours. | therefore came up with the following time scal-
ing formula:

If time of battle less than four hours, then mulfi-
ply afirition by (4/(Length of battle in hours)).

3.75 1.07
3.5 1.14
3 1.33
2 2
S5 8

What this formula does is make all battles less than
four hours equal to a four-hour engagement. This intuitively
looks wrong, but one must consider how we define a battle. A
“battle” is defined by the analyst after the fact. The start time
is usually determined by when the attack starts (or when the
artillery bombardment starts) and end time by when the at-
tack has clearly failed, or the mission has been accomplished,
or the fighting has died down. Therefore, a battle is not de-
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Aftacker

CEV-Fredicted

Losses

CEV-Fredicled

Hours %o Losses Aft %

. Essen Hook 0.50 8.86
2. Cantigny 2.00 3.46
12. St Amand 2.00 10.43
17. Medeah Farm 2.00 12.86
8. Bouresches I 3.00 3.74
1. Ywonne-Odette 3.50 2.1
15. Berzy-le-Sec 3.75 5.25
10. North Waood I 4.00 10.59
13. Beaupre Farm 4.00 2.79
16. Bouzancy Ridge 4.00 6.80
9. North Wood I 4.50 11.31
4. West Wood | 6.00 20.75
5. Bouresches | 6.00 12.46
3. Hill 142 8.00 13.15
23. Hill 252 8.00 5.53
11. North Wood IV 11.00 6.13
6. West Wood |l 12.00 8.33
7. North Wood | 12.00 9.60
14. Chaudun 12.00 8.07
21. La Neuwlle 12.00 6.34
22. Remilly 12.00 2.07
19. Exermont 14.00 6.60
20. Mayache Ravine 14.00 6.93

fined by time, but by resolution. As such, any battle that only
lasts a short time will still have a resolution, and as a result of
achieving that resolution there will be considerable combat
experience. Therefore, a minimum casualty multiplier of 1/6
must be applied to account for that resolution. We shall see it
this is really the case when we run the second validation us-
ing the new battles, which have a considerable number of brief
engagements. For now, this seems to fit.

As for all the other missed predictions, including
the over—predictions, | could not find a magic formula that
corrected them. My suspicion was that the multiplier of x4
would be a little too robust, but even after adjusting for the
time equation, this lefi 14 of the attacker’s losses under—pre-
dicted and six of the defender actions under-predicted. If the
model is doing anything, it is under—predicting attacker casu-
alties and over—predicting defender casualties. This would
argue for a different multiplier for the attacker than for the
defender (higher one for the attacker). We had six cases where
the attacker’s and defender’s prediction’s were both low, nine
where they were both high, and eight cases where the attacker’s
prediction was low while the defender’s prediction was high.
We had no cases where the attacker’s prediction was high and
the defender’s prediction was low. As all these examples were
from the western front in 1918, US versus Germans, then the
problem could also be that the model is under—predicting the
effects of fortifications, or the terrain for the defense. It could
also be indicative of a fundamental difference in the period
that gave the attackers higher casualty rates than the defend-
ers. This is an issue | would like to explore in more depth, and

| may do so after | have more WWI data from the second
validation.

Def % Losses Commaent

0.49 : 10.19

0.24 53.24 24 14|x 2

1.04 100.00 53.25|x 2

4 89 53.55 13.55|x 2

2.01 4 07 202|x 2

1.89 10.92 32.46|D high/A low
2.40 33.14 35 43|A low

824 1.21 1.98|Good

1.18 32.04 90.62|D high/A low

1.51 49.82 40.07 1A low
189.62 1.26 5.74|Too high
23.22 4 .82 14.18|D high
10.78 13.76 15.24|Good

9.03 19.16 21.81|Good
5.68 11.00 18.67 |Good

3.35 2827 2367 |Good

6.42 30.09 27.53|Good
20.57 15.01 28.53|Too high
19.43 62.50 100.00]|Too high
6.49 314 12.27|D high

T7.27 10.14 81.08|Too high

7.10 5.90 8.62|Good

7.54 6.00 15.43|D high

SO WHERE WERE WE REALLY OFF? (WWII)

In the case of the WWII results, we were getting
resulis in the ball park in less than 60%% of the cases for the
attacker and in less than 50% of the cases in the case of the
defenders. We were often significantly too low. Knowing that
we were dealing with a number of Japanese engagements
(seven), and they clearly fought in a manner that was differ-
ent from most western European nations, we expected that
they would be under—predicting, and some casualty adjust-
ment would be necessary to reflect this. We also examined
whether time was an issue (it was not). The under-predicted

o War Il Attack o
Predicted Casualties

CEV

Prodicted

Off By:

Fredicted

Tenaru River | |Tenaru River |
Edson's Ridge Edson's Ridge
Lausdell XRds Lausdell Xrds
=5 to -10 Engebi | Engebi |
Eniwetok Eniwelok
VER-CHx VER-CHx
Wake I
Makin Raid
=3 fo +3 16 cases 13 cases
+5 to +10 VER-RDMx
+10 to +25
+25 or more Chouigui Pass Chouigui Pass
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World War Il Defendeor

Predicted Casualties CEV
Off By: Fradicted FPredicted
-25 or more Makin Raid Makin Raid
Tenaru River Il Tenaru River lI
Engebi Engebi
Lausdell XRds Lausdell XRds
Assenois Assenois
-10 to -25 Edson's Ridge Edson's Ridge
Eniwetok Eniwetok
-5 to -10 Chouigui Pass
VER-CHx
-5 to +5 11 cases 11 cases
+5 to +10 VER-1BWx VER-1BWx
YVER-4RWx VER-4RWx
VER-10Bx
Wake Il
VER-2ZASxX
VER-HXLx

battles are listed in the next table:

al Em gagemanis

Engagemenl Hours Fhat Afo Shortos Comment
Makin Raid 4 ] Fanatic!
LSS BN0IS 5 1 Way off
Lausedell XRds 575 2 Way off
Wake Il 7 8 A low!D high
Tenar Riv i 8.5 g F anatic!
Tenaru Riv | 4 10 Fanatic!
Edson's Ridge 12 11 F anatic!
VER-CHx 12 11 A low
Eniwaliok 23 20 Fanafic!
Engebi 24 21 Fanatic!

We temporarily defined the Japanese mode of fighting as “fa-
naticism.” We decided to find a factor for fanatacism by look-
ing at all the battles with the Japanese. They are listed below:

_.l_ et kg .'.I._.l| e |.-I-_--I e
Vake N Japan -4 B 043 -5.13 038
Makin Rasd us -4 54 075 -5 80 0.48
Tanand Fiver | Japan -17 .47 0. 36 -12. 74 054
Ternan Fieer I US 0.80 077 0. 78 [l a
Edsom's Redge Japan 14,81 01% 12,87 074
Engebi lsland US 8.07 oAaT 580 [
Enhwalok LS - 52 D6 .14 0.
W = e A S R R R

114

Wake |l u

£ A0

Makin Raid Japan -85 55 02 27 . TH 0T
Tenary Rier | UG -4 13 033 -4.536 030
Tenaru River || Japan 55,87 018 41,80 0.24
Edson's Ridge LS 24 13 0.6 =2l 35 015
Engebd island Japan -1a.00 .23 =300 0235
-19.04 043 19.04 043

E neavstoh

';":lﬁ"'""' Rk SR
A w:"?@-’"}iﬂql ST T KUY S awﬂ
i T = e L= gy it ]

TR Py By

i

Looking at what multiplier was needed, one notes
that .39 times 2.5 = 975 while .34 times 2.5 = .85, This ar-
gues for a “fanatic” multiplier of 2.5, The non—fanatic oppo-
nent attrition multiplier is also 2.5. There was no indication
that both sides should not be affected by the same multiplier.

We had now tentatively identified two “fixes” to the
data. | am sure someone will call them “fudges,” but | am

comfortable enough with the logic behind them (especially
the fanaticism) that | would dismiss such criticism. It was
now time to look at the modern data, and see what would
happen if these fixes were applied to it.

S0 WHERE WERE WE REALLY OFF? (Post-WWII)

Post-Word War I Aack or

Predicted Casvalfies CEV
COff By Predicled Predicted
-25 or more Long Tan Lang Tan
Prek Klok |
FPrek Klok 1l Prek Klok I
Ap Bau Bang Il Ap Bauw Bang |l
Lo Giang | Lo Giang |
=10 to -25 Tu-Vu Tu-Yu
Mapu Mapu
Buell Il Buell |l
Prek Klok |
-5 to -10 Lo Giang Il Lo Giang Il
Mui Ba Den MNui Ba Den
Mi. Longdon Mt. Longdon
-5 to +5 17 cases 17 cases
+5 fo +10 Goose Green
Salinas Salinas
Cau Lanh

Post-Waorld War Il Delender

CEV
FPredicled

Predicied Casualties

Off By

Predicted

=25 or more Tu-Vu Tu-Vu
Minh Binh Minh Binh
Cai Muoc Cai Muoc
ZDB050 ZDB0S0
Hill 450 Hill 450
FPrek Klok | Prek Klok |
Ap Bau Bang I Ap Bau Bang Il
Lo Giang Il Lo Giang NI
Mt Harriet Mt Harriet
Mt Lomgdon Mt Longdon
=10 to -25 Cau Lanh Cau Lanh
Lo Giang | Lo Giang |
Mui Ba Den MNui Ba Den
Two Sisters
Lipanda
=5 fo -10 Mapu Mapu
Bir Gifgafa Il Bir Gifgafa Il
Goose Grean
Tumbledown
=5 to +5 8 cases 8 cases
+5 1o +10 Pearis AFB
Lomba
TF Bayonet
+70 to +25 Salinas
Pearls AFB
Lomba
TF Bayonet

A total of 20 bartles were noticeably under—predicted. We
examined them to see if there was a pattern in this under—
prediction.
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FANATICISM and CASUALTY INSENSITIVE SYSTEMS:

It was quite clear from looking at the battalion-level
data before we did the validation runs that there appeared to
be two very different loss patterns, based upon—dare [ say
it—nationality. See the article in issue 4 of the newsletter,
“Looking at Casualties Based Upon Nationality Using the
BLODB.” While this is clearly the case with the Japanese in
WWII, it does appear that other countries were also operating
in a manner that produced similar casualty resulis. So, in-
stead of using the word fanaticism, let’s refer to them as “ca-
sualty insensitive” systems. For those who really need a defi-
nition before going forward:

"Casualty Insensitive” System: A social or military
systern that places a high prierity on achieving the
objective or fullilling the mission and a low priority
on minimizing cosualfies. Such systems tend to be
“mission obsessive” versus using some form of “cost
benefit” method of weighing whether the objective
is worth the losses suffered to fake it.

EXAMPLES OF CASUALTY INSENSITIVE SYSTEMS:

For the purpose of the database, casualty sensitive
systems were defined as the Japanese and all highly moti-
vated communist—led armies. These include:

lapanese Army, WWII
Viet Mihn

Viet Cong

Morth Vietnamese
Indonesian

We have included the Indonesians in this list even
though it was based upon only one example.

In the WWII and post-WWII period, one would
expect that the following armies would also be “casualty in-
sensitive:”

Soviet Army in WWII

MNorth Korean Army

Communist Chinese Army in Korea
Iranian *Pasdaran™

Data can certainly be found to test these candidates.

One could postulate that the WW1 attrition multi-
plier of 4 that we used also incorporates the 2.5 “casualty
insensitive” multiplier. This would imply that there was only
a multiplier of 1.6 to account for other considerations, like
adjusting to the impact of increased firepower on the battle-
field. One could also postulate that certain nations, like Rus-
sia, have had “casualty insensitive™ systems throughout their
last 100 vears of history. This could also be tested by looking
of battles over time of Russians versus Germans compared to
Germans versus British, US or French. One could easily carry
this analysis back to the Seven Years’ War. If this was the
case, this would establish a clear cultural basis for the “casu-

alty insensitive™ multiplier, but to do so would require the
THNDM to be validated for periods before 1900, This would
all be useful analysis in the future, but is not currently bud-
geted for.

It was expected that the “casualty insensitive™ mul-
tiplier of 2.5 derived from the Japanese data would be too
high to apply directly to the armies. Much to our surprise, we
found that this did not appear to be the case.

This partially or wholly explained the under—pre-
diction of the 15 of our 20 significantly under—predicted post—
WWII engagements. Time would explain another one, and
four were not explained.

E v g i i eab i

Lo Gilang |

Casually Insensitive

1 Q
Cai Wuoc 1 a Caswalty Insensitiee
ZBD0S0 1 1 Casually Insensitive
Bir Gidgafa il 1 1
Mapu z 4 Casualty Insensifive
Mui Ba Den 2 4 Casualty Insensitie
Frek Kbk i 3 ) Casualty Insensilive
Buedl 1l 3 T Casualty Insensitive
Frek Kiok | 4 ] Casualty insensitie
Lo Giang Il 4 ] Casualty Insensitie
Two Sisters 4 8§
Minh Binh & 13 Casualty Insensitive
Long Tan & 13 Casualty Insensitive
Lipanda &
Cau Lanh B 16 Casualty Insensitive
Ap Bau Bang B B 18 Casually Insensitive
Wt Hamiat B 16
Mt Longdon ]
Tu-Vu 12 Casualty Ingengitive
Hill 450 12 Casually Insensitive |

The model noticeably underestimated all the engage-
ments under nine hours except Bir Gifgafa I (2 hours), Pearls
AFB (4.5)and Wireless Ridge (8 hours). It noticeably under—
estimated all the 15 “fanatic” engagements. If the formula-
tions derived from the earlier data were used here (engage-
ments less than 4 hours and fanatic), then there are 17 en-
gagements in which one side is “casualty insensitive” or in
which the engagement time is less than 4 hours. Using the
above formulations then 17 engagements would have their
casualty figures changed. These are shown at the top of the
next page.

The modified percent loss figures are the CEV pre-
dicted percent loss times the factor for “casualty insensitive”
systems (for those |15 cases where it applies) and times the
formulation for battles less than 4 hours (for those 9 case where
it applies).

Looking at the table at the top of the next page, it
would appear that we are on the correct path. But to be safe,
on the next page let’s look at the predictive value of the 13
engagements for which we didn't redefine the attrition multi-
pliers.
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Altacker

Engagement oth

Defender CEV-Froghcled Modihoed Dl

L e LOSSESs el %% Losses R 5ES

4, Cai Nuoc 1 3.20 40,00 1.33 1333 4x 25

5 ZBDOSD 1 1.00 40,83 583 5883 4 x 25
13. Bir Gifgafa Il 1 0.33 8.96 0.45 180 x4
14. Lo Giang | 1 38.86 26,67 3.33 33,33 4 x 25

8. Mapu 2 26.50 833 1.33 6.65 2x25
13. Bir Gifgafa | 2 429 2.50 0.45 0.90 x 2
16. Mui Ba Den 2 8.00 15.56 1.67 B35 2x25
10. Prek Klok Nl 3 35.40 2.56 0.63 21013325
11. Buell Il ] 19.75 6.75 2.00 667 1.33256

9. Prek Kok | 4 56.40 ; 3232 5.49 1373 x2.5
15. Lo Giang Il 4 9.40 1.60 50.38 11.38 28.45 x 2.5

2. Ninh Binh B 3.06 0.71 59.58 11.58 2885 x 25

7. Long Tan ] 465.47 4.80 4.33 4.57 1168 x25

3. Cau Lanh B 0.60 7.40 50.00 45,00 10000 x 2.5
12. Ap Bau Bang 8 4478 15.56 44.00 5.33 13.33 x2.5

1. Tu-\u 12 17.14 2497 58 52 33.33 8333225

12 6.00 65,36 6543 x 2.5

&. Hill 450 3.41

The 13 engagements left unchanged:

17, Mt Fgsrmaon

1511

18, Gooke Graan 1 140 1233
19, Mt Mamet -] % -] 178 8125 1775
20, Two Sisters 4 1.57 0. &8 1328 478
21, ML Langden 2 12.50 500 Gaar 1833
22, Tumbledown 11,25 TaT 388 1111 T
3. Wirkdais R -] 212 & 42 w23 38
24, Salinas 12 1% LY. & ] kiR 1 4383
75 Poarls AFB 4.5 0,40 1.80 14 25 34 25
28. Lemba 24 .75 147 530 20 TR
27, Custic Riresr 6 i0.&S 1.03 i 44 B .53
8. Lipanda ] 0,18 L 1328 Fy.T!
A5 :

28 TF By pngd

So, we are definitely heading in the right direction
now. We have identified two model changes—time and “ca-
sualty insensitive.” We have developed preliminary formula-
tions for time and for “casualty insensitive™ forces. Unfortu-
nately, the time formulation was based upon seven WWI en-
gagements, The “casualty insensitive” formulation was based
upon seven WWII engagements. Let’s use all our data in the
first validation database here for the moment to come up with
figures with which we can be more comfortable:

2617

The highlighted entries in the table above indicate
“casualty insensitive” forces. We are still struggling with the
concept that having one side being casualty insensitive in-
creases both sides’ losses equally. We highlighted these in an
attempt to find any other patterns we were missing. We could
not.

MNow, there may be a more sophisticated measure-
ment of this other than the brute force method of multiplying
both sides by 2.5. This might include different multipliers
depending on whether one is the fanatic vs non-fanatic side
or different multipliers for attack or defense. First, | cannot
find any clear indication that there should be a different mul-
tiplier for the attacker or defender. A general review of the
data confirms that. Therefore, we are saying that the combat
relationships between attacker and defender do not change in
high intensity or casualty insensitive battles from those expe-
rienced in the norm.

What is also clear is that our multiplier of 2.5 ap-
pears to be about as good a fit as we can get from a straight
multiplier. It does not appear that there is any significant dif-
ference between the atirition multiplier for types of “casualty
insensitive” systems, whether they are done because of wor-
ship of the emperor or because the commissar will shoot skack-

— - ers. Apparently the mode of
fighting is more significant

2, Makin Rald 4 ¥ ; ;

9. Prek Kiok | 4 5840 34,80 BT 00 3232 540 137y TOr measuring combat results
15 Lo Giang Il 4 8,40 1.60 4.00 11.38 28.45 than how one gets there, al-
Z. Ninh Binh 5 3.06 5. I8 11.58 78,05 . .

7. Long Tan &l ; 4.80 12.00 4.33 4,67 11 s though certalfﬂy having ev-
1. Wake I 7 2 87 T8 1077 41,63 100.00 eryone worship the emperor
3. Cau Lanh [ 7.40 18 50 BO,00 45 00 10000 - : .
12. Ap Baw Bang o il 15,56 60 4400 533 12,33 !59"?1'-"'3':']3"""’35'“"“%'“1“
3. Tenan Riw I 1.87 4E8 148 19.88 49,70 IStEr,

3. Tenan Rivl 14.73 3883 f.52 1.96 490 b ot )
4 Edsons Aoy et N YT T T This still leaves us hav
1. TuWu ; . 59,52 3334 g3z ing to look at whether we
B Hal 450 : 26.17 65.43 v r for-
A g i should develop a better fo

7 Engoni_

mulation for time. See the top
#REE of the next page.

[T
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“MNon-Fanatic” Engogements of less than 4 hours:

18. Easen Hook .

5
13. Bir Gifgata Il 1 0.33 0.07 .28 B85 b45 .80
2. Contigny F .46 024 .48 5374 24 14 a8 28
12. 5t Amandg 2 10.43 104 2.08 104000 53,25 100,00
17 Madaah Fim 2 12 05 4. 85 9. 7B 53 55 1355 2710
13 Bir Gilgala | 2 & 28 (18 0,34 2.50 045 0. 90
8 Boureschas || 3 374 2.0 2.68 407 2.02 2.88
1. Yusnne-Odet 3.5 .M 1.89 218 1062 312 48 3710

For fairly obvious reasons, we are still concerned about this formulation for battles of less than
one hour, as we have only one example, but until we conduct the second validation, this formu-
lation will remain as is.

MNow the extreme cases:

List of all engagements less than 4 hours where one side was fanatic:

1
& ZDBOSD 1 1.00 000 .00 &3 83 5.83 58.30
14. Lo Gaang I 1 38 B 7.3 7430 D567 3.33 333
& Mapu 2 26.50 3.00 1600 533 1.33 B.65
15, Mui Ba Den 2 B00 2.50 12 B0 15 56 167 #.35
10, Prak Kiok I 3 35 40 5.0 1787 258 063 2.10
E]

It would appear that these formulations of time and “casualty insensitivity” have passed
their initial hypothesis formulations tests. We are now willing to make changes to the model
based upon this and run the engagements from the second validation data base to test it.

CONCLUSIONS:

With these two changes made, then the final fit for the battalion—level validation is:

Aftacker Percent Lo

Awverage
Actual .
Predicted with CEW 8.75 10,73
Predicted with Modifications 9,44 9 18
Defender Percent Losses Srane

Average
Actual 26,559
Predicted with CEV 17.93 27.49
Predicted with Modificatons 2671 2412

Atfacker Percent Losses Standargd W Srandard PoshWAY  Standarg

Average Dewiation Average De 1 Average

Actual B.05 7.38 12.26
Predicted with CEV 745 542 562 B.49 4.55 1463
Predicled with Modifications 7.92 4 87

T.83 7.56 11.77 12.3

Defender Perconf Lossoes WA Wi Standard Py L4
Average [ iort Awverage ]
Actual 26829 E'E 58 26.84
Predicted with CEV 2941 27.74 14.25 29.38 11.54 25.75
Pradicted with Modifications 36.52 23.44 22.41 27.81 22449 21.45

9 045 045 382 55.56 10,18 81.52
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And just to make sure that I'm not just tweaking the
model in any old direction so that it fits better, let's look at the
prediction of the ones that were not modified:

Attacker Percent Losses

W16 cases) WKW 1E cases) Post-¥W W {13 cases)
Average Sid Dev Awverage Sid Dev Awverage Sid Dev
Aciual 8.58 5.06 342
Predicted (unmodified) 9.90 5.08 5.87 .44 3.42 3.03
WWI {16 cases) WY (16 casesp Fost-W W (13 casos)
Average Sid Dev Average 5id Dev Average Sid Dev
Actual 18.38 1577 21.14
Predicted {unmodified) 31.58 2566 5.85 2285 15.25 24 33

The ones that were not modified were doing better
in prediction that the ones that were modified before their
modification. It appears that by focusing on two issues, time
and “casualty insensitive” systems, we have improved those
predictions in a rational manner, resulting in a better fit over-
all. This fit was based upon a rational analysis of combat and
the data.

In general, we are getting reasonable average resulis
and the model 15 holding up well across all periods, once the
two special considerations were accounted for. &

I
A LITTLE MORE BASIC STATISTICS:

For the entire set of data, the mean is 9.44 for the
attacker and 26.71 for the defender; the standard deviation is
9.18 for the attacker and 24.12 for the defender. The number
of examples is 76, the degree of freedom is 75. Therefore the
confidence intervals are:

Cortfidance Vraregl

2871 " ), 5
B0% 2671+ - 1.668]x | 2208 31,33
B5% MTi+r-] 1.054]x| 2. TET 21198 a2

Mow, if this is based on modified data, I'm not sure
what this really means statistically. The standard deviation is
not of the sample, but of the error in the sample from the real
world. But as | had already calculated the standard deviation
for this sample, I figured this paper wouldn't be complete
without a little more math. &
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TDI Profile:

Joseph A. Bulger, Jr.

Col. Bulger graduated from the US Military Acad-
emy at West point in 1952 with a BS in Engineering, and
went on to earm an MS in Aerospace Engineering from
theuniversity of Michigan in 1960. He also attended the Armed
Forces Staff College in 1967.

After serving 25 years in the US Air Force as a fighter
pilot—including 269 combat missions over Vietnam in an F-
100—and R&D staff officer, Col. Bulger spent 15 years with
Boeing in the weapons performance analysis business, His
engineering assignments included flight test engineering, de-
velopment planning for tactical and strategic systems, manned
military space programs (Dynasoar and Manned Orbiting
Laboratory), and conventional (non—nuclear) weapons design
and performance analysis. He was a consultant at the Dupuy
Institute on the Dupuy Air Combat Model (DACM) project
before taking over as project manager.

His assignments included:

* 1955-1958; Landstuhl AB, Germany; F-86 pilot
* 1959-1960: Univ. of Michigan, MS Aero/Astro
Engineering

* 1960-1966: Edwards AFB, California; Flight Test
Engineering (Research Simulation)

* 1966-1967: Armed Forces Staff College, Norfolk,
Virginia

* 1967-1968: Bien Hoa, RVN; F-100 pilot (269
combat missions)

* 1968-1969: Los Angeles AFS, Califormia; Manned
Orbiting Laboratory, Crew Training

* 1969-1973: HQ AFSC, Andrews AFB, Maryland;
Strategic Development Planning

* 1973-1977: Eglin AFB, Florida; Tactical Weap-
ons Planning and Development

* 1977-1992: Boeing, Seattle, Washington; Man-
ager, Theater Warfare Systems Analysis

Col. Bulger maintains an extensive and lively dis-
cussion on the future of warfare on his Web page at hitp://
www.haleyon.com/jbulger. ]
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ke PROCRAMMER'D CU3iCLE

How Data is Laid Out
(Supplement for the User’s Guide)

by José Perez

The THNIDM Database

The individual data files used in the TNDM will be
referred to as tables: the rows represent different records and
the columns represent the fields that make up each record.
When linked together, these tables make up the TNDM data-
base.

The Data Tables

Currently there are a small number of data tables in
the TNDM. They are, by name and contents:

COUNTRY.DBF: Countries

ENG_FOR.DBF: The units assigned to an attacker/de-
fender in an engagement.

ENG_TOE.DBF: For those units manually created for
an engagement, this table contains the weapons list for
each OLI category. This includes a count of the number
of weapons.

FORCE.DBF: Units listed by country. The data in-
cludes the count of weapon systems and OLI value for
each weapon category: Armor, Infantry, Antitank,
Towed artillery, SP Artillery, Anti-Air, Fixed wing air-
craft, and Rotary wing aircraft; and the mobility sys-
tems: Trucks, Motorcycles, Tracked vehicles, Fixed
wing aircraft and Rotary wing aircraft.

OLLDBF: Weapon systems listed by country within
weapon category. Includes weapon components such
as bombs, rockets, tank guns, etc. Data includes vari-
ous weapon characteristics.

UNIT TOE.DBF: For those units created with the aid
of the OLI database (OLL.DBF), this database contains

EnRgagemeni I'_-:l_'l;.'llu'l'l.' Emg Far Emg TO

S E—— . NIA By nation, unit, By nation, wnit,
B ' AD. and Eng  A/D. and Eng
A = [ 1 [
By Eng, nation
By Eng NI - and unit
By Eng, wnit, -
By Eng MR cavaery, £ v
MiA Mation MiA MNiA
By rafion and
IS A A WaapOn
[, My i i

the weapons list for each OLI category. This includes a
count of the number of weapons.

The engagement data is in a different type of file.
The data for each engagement is stored in a file that is unique
to that engagement. For example, if an engagement is named
Antietam, its data file is called ANTIETAM.DAT. If an en-
gagement is being continued, it might be saved as
ANTIETAM.CNT; a CNT file contains the status of both
sides as of the end of the engagement.

Database Organization

The relationships between these tables is shown in
the table at the bottom of this page.

More on the Tables

If you refer to the TNDM User 5 Guide, you will
note that a great deal of information is stored in the engage-
ment file: terrain, weather, recovered equipment, force
strengths, reinforcements, etc. This information is sufficient
to run the engagement even if the associated records in
ENG_FOR.DBF (Engagement Forces)and ENG_TOE.DBF
(Engagement Forces TO&E) are missing.

The Country table is used primarily for reference.
It is automatically updated when new countries are added to
the Units table (FORCE.DBF).

The Engagement Forces table was created to make
increase the flexibility of the TNDM. It is used to store in-
formation about each unit in the attacking and defending
forces in an engagement. When manually created units are
used in an engagement, they can be recalled from the En-
gagement Forces table and

— - LI ged to meet the
MR MR NiA analyst’s needs. This also
NI NiA NiA allows the analyst to modify

, “standard™ units within the

NA MR N engagement without having

NiA N/A NiA to change a unit’s data in
- A By nation FORCE.DBF.

el il The Engagement Forces

NA - Er::?pr;: ™ TO&E table was created to

Bynation _ make it easier to create units

and umit
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manually. It is similar to Unit_ TOE.DBF (Unit TO&E), which
is used to document the weapons that compose each combat
system category. This enables the analyst to use the weapons
database (OLI.DBF) to create and modify units. However, if
the analyst has already calculated the OLI scores for each
weapon category, he has the option to enter total OLI scores
and strengths manually.

FORCE.DBF is the table which contains summary
information about all of the “standard™ units used in the model.
These units are organized by nation. Because of how aircraft
are handled by the TMNDM, helicopters and airplanes are in-
cluded in this table as individual units. Because it is now
linked to the OLI {Weapons) table, it is now possible to cre-
ate and modify units without having to calculate the OLI score
and strength manually. Also, using this approach documents
the composition of weapons in each category by recording
the weapons in the Unit TO&E table.

OLLDBF is the Weapons table. [t contains the char-
acteristics for a wide variety of weapons: artillery, infantry
weapons, armored vehicles, airplanes, helicopters, bombs,
etc. It can be used to create new units; it can also be used to
store hypothetical weapons.

Future Data Organization

At this time, there is no need to create links between
engagements. However, the TNDM could be modified to al-
low the user to analyze baitles by treating different sections
of the front line as engagements. These sections could then
be combined or broken down into even more sections. The
results could then be combined to calculate an overall result
for the entire battle. This would require creating a table that
records which engagements compose a battle.

Another possible change would be to alter the
THDM to allow the withdrawal of individual units. Currently,

the THNDM does not make it easy to withdraw units; the cur-
rent strength of the unit must be calculated and the analyst
must manually subtract it from the force. A better alternative
would be to record each unit individually in a Daily Strength
table. When the unit was withdrawn, the TNDM would look
up the unit in the Daily Strength table and automatically sub-
tract it from the force.

It is also possible to create a table that links together
the various engagement files that depict the various phases
of a battle. For example, a specific battle might be broken up
into three engagemenis. The first engagement would be the
initial contact between opposing sides; the second would be-
gin when reinforcements arrive; and the third would begin
when the losing side begins to withdraw,

Summary

This article has not covered any of the reference
tables that are used to calculate engagement resulis and
weapon scores. But in reviewing the data used in the TNDM
it is clear that there are large amounts of it. Some of it is
calculated and then discarded afier the results of an engage-
ment are generated. Other data is saved and presented in the
engagement report. But it is how the data is connected to
tables or other data in the TNDM that makes it useful. In
considering how to change the TNDM to make it more use-
ful, one needs to consider the data that is already present and
how it is linked together. In some cases, data tables had to be
created in order to create links. As a database programmer, [
am well aware that information has no real value if the data
is incoherent and disorganized. But sometimes all you need
to create a structure for that data is to start drawing lines
between data points,

I hope this article will encourage you to look at the
documentation in the Uiser 5 Guide and consider how a dif-
ferent view of the TNDM data might make your work easier. &
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INTRODUCTION

In tribute to what Trevor Dupuy pioneered and in an effort to pursue what he wanted to
achieve, TDI continues to amass historical data and strives to refine the combat variables which
go into the TNDM. In this sixth issue of our newsletter Christopher Lawrence, Dave Bongard,
Richard Anderson, José Perez, and Jay Karamales continue to provide information on these
efforts.

As you, our readers, survey the pages of this issue, you may be curious about the total
scope of work of TDI. The paragraphs below outline what is missing in applied military history
and what TDI is doing to shore up that deficiency. In other words, here is aur core capability:

1. TDM provides independent, objective, historically—based analyses of modern military
campaigns. Operations research, as developed during and right afier World War 11, was based on
recorded, detailed data from battles. It is now nearly extinct. It has been supplanted by weapons
and systems effects and performance analyses totally devoid of human factors considerations. As
a result the Services, particularly the Army, have only partial answers for the development of
operational concepts, battle doctrine, weapons requirements, and organizations. Similarly, be-
cause they were not historically validated, the Service models and simulations are skewed. Striv-
ing for only measured weapons effects and technical systems capabilities, they miss (or signifi-
cantly distort) the impact of leadership, training, organization, and psychological factors (such as
fear of death) on military units in contact.

2. Over the years, TDI, a successor organization to the Historical Evaluation and Re-
search Organization (HERQO), both founded by the late Colonel Trevor N. Dupuy, has compiled
a large database from modern military campaigns and battles. Using Colonel Dupuy’s method-
ologies and some new technigues, TDI has developed the following capabilities:

a. Comparison of fighting capabilities of opposing forces (systemic strengths and weaknesses)
based on:

(1) Command and organizational arrangements, leadership, force structure, intelligence, and

logistics;

(2) Traimng, cultural and psychological profiles, and flow of information;

{3) Doctrinal flexibility or constraints in utilizing new weapons and technologies.
b. Validation of models or simulations and of scenarios for field exercises. Validation is a
process, based on historical data and trends, that assists in determining whether a scenario,
model, or simulation is an accurate representation of the real world. TDI has the capability to
do this independently or to provide primary source historical data for agency in—house valida-
tions,
¢. Estimating casualties for combat or other operations.
d. Providing lessons leamed from studies of cause and effect chains among responsible players
at the political, theater, operational, and tactical levels.
&. Analysis of group behavior (impact of various combat activities on units) and other human
factors (historically—based aggregate measure of leadership, training, morale, organizational
capacity, and cultural characteristics) in modern battles.
f. Studies, based on historic trends and experiential data, of the specific impact on combat
caused by new technology and the improvement in weapons. This enables projections of ways
in which future wars should be fought and understanding of what elements constitute “force
multipliers.”

3. The capabilities listed above merge operations research with historical trends, actual combat
data, and real world perspectives creating apphed military history in its most useful sense,

oy,

g
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From the Editor...

This issue focuses on armor. The modeling of armor is perhaps one of the more
controversial aspects of the TNDM and one that | am not entirely satisfied with. | do have
some tentative suggestions for changing the way armor is addressed and am looking for com-
ments and opinions from our readers.

The lead article by Jay Karamales is a bald-faced attempt (initiated by me, not Jay)
to generate a little attention for his recent book, Against the Panzers (McFarland, 1996). |
hope the article proves interesting for our readers. It came out of an armor/anti-armor study
Jay did for CAA (Concepts Analysis Agency).

The article from Niklas Zetterling is our first real article from “outside” the Institute,
It is also our first published criticism of the QIM/TNDM. | prepared a response, which fol-
lows, but suffice it to say that Mr. Zetterling has hit upon several valid points and problems.

The rest of this issue is oriented towards armor. First we have an article developed
from our ongoing artillery suppression study on measuring the effects of artillery on armor.
We then have a brief discussion from José Perez on the changes we made to the armor OLIs
in the TNDM. There is also an article from Dave Bongard that displays the differences be-
tween the old QJM armor OLIs and the new TNDM OLIs, along with a discussion of the
problems created by the new OLIs. Finally, [ address how we are considering correcting these
problems.

We also have two articles from our ongoing battalion—level validation effort. One is
on the use of armor in the battalion-level engagements, and the other is a summation of the
article on predicting casualties from the previous issue. Apparently, I needed a few more
tables to properly explain everything.

For “Who is TD1,” we have included a little background on Jay Karamales, who in
addition to being a programmer, analyst, historian, writer, and renaissance man, does all the
graphics and layout for this newsletter. If this newsletter looks sexy, its because he added the
sex. As usual, Jay refuses to submit a real picture, even though he was the one who first
suggested that we include people’s pictures in the newsletter. | will settle for a picture of his
wife. [Note from Jay: instead | have used a picture of my daily inspiration, scientist Charles
Darwin. Sorry, Chris!]

We did meet last month with the South African users of the TNDM. They are mak-
ing good use of the TNDM as part of their package of models they use for training. They are
basically using it as their attrition calculator within a larger set of models. 1 am going to do my
best 1o convince them to write up an article on how they are using the TNDM.

The first issue of the second vear of publication will include an article written by Trevor
M. Dupuy that was never before published called “Technology and the Human Factor in
War.” In the next issue we will also have a complete TNDM analvsis of Dom Biltgenbach. |
expect to also include some more articles on our battalion—level validation work. We have
still to conduct our analysis of the advance rates and a summary conclusion. We also need to
test all these changes to our second battalion—level validation data base of 121 battles from
1914 through 1991, This will be filling in the back pages of the Newsletter for several more
issues. | expect io have some more “outside” articles for the next issue. | did have to delay the
article on the use of mines and fortifications at Kursk—simply haven’t had the time to edit my
old draft and bring it up to standards. It will show up in next issue or the one after that.

That is all for now. If you have any questions, please contact me. Addresses, e—mail
addresses, and phone numbers are in the masthead. e

e
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The Defense of Dom Biitgenbach

by Jay Karamales

[Nate: Given the fact that the batile discussed in ihis arvicle
saw the American 26th Infaniry Regiment pitted againsi the
German 26th 85-Panzergrenadier Regiment, German unil
designations throughout the article will be in boldface 1o
minimize confusion. |

Introduction

It often comes as a surprise to casual students of
World War 1l in Western Europe when they realize just how
often the US Army was on the defensive, fending off Ger-
mian attacks or counterattacks. How is this possible, one might
think, when the Allied Armies swept through France after
Operation Cobra, not stopping until they reached the Ger-
man border with dry fuel tanks? Certainly the Germans were
able to surprise the Americans with the counteroffensive into
the Ardennes in December, but what about the spring of 19457
Surely the Germans were too exhausted and depleted to mount
attacks worth mentioning?

The reason for the surprising abundance of defen-
sive battles fought by the US Army in Europe is twofold.
First, Adolf Hitler was fascinated with the concept of the
surprise armored attack, the sudden pincer movement that
would disorient his opponent and initiate a sweeping rever-
sal of the fortunes of battle. He had tried this strategy a num-
ber of times on the Eastern Front, with mixed and ephemeral
results. The American Army got its first taste of this kind of
battle at Mortain in August 1944, when Hitler threw most of
his remaining panzer reserves in France at the boundary be-
tween the US First and Third Armies. The artack served only
to destroy valuable German tanks and veteran crews, and to
hasten the formation of the Falaise Pocket, but it was a clear
indication of the types of counterattacks Hitler favored. Ina
sense, Mortain was the Ardennes writ small.

The second reason was that German tactical doc-
trine specified that when an important position was captured
by the enemy, an immediate counterattack should be launched
to retake the position before enemy consolidated his gains, If
armor was available, whether in the form of tanks, tank de-
stroyers, or self-propelled guns, this counterblow could be
quite effective against a disorganized enemy.

The Battle of Dom Blitgenbach was a result of
Hitler's armored drive into the Ardennes forest of Belgium
in December 1944, Two mighty tank armies—the 6th Panzer
Army (6th PzArmy) in the north and 5th PzArmy in the
south—struck the thin American line along a broad front.
The 6th PzArmy was composed largely of S5 troops, Hitler's
darlings, and as such was entrusted with the primary objec-
tive of the operation, the seizure of Antwerp, Unexpectedly
stiff resistance from the green US 99th Infantry Division (99th
1D) and veteran 2nd 1D halted 6th PzArmy’s attack almost
before it began, and its commander swung his forces to the

southwest in an attempt to outflank the American position.
The troops and tanks of the 12th $5-Panzer Division were
met at the little crossroads of Dom Biitgenbach by the men
of the American 15t Infantry Division, and the ensuing clash
would largely determine the outcome of the fighting for the
northern shoulder of the Battle of the Bulge.

The German Forces at Dom Biltgenbach

The success of the 6th PzArmy’s thrust through
the Ardennes was the responsibility of its commander,
Oberstgrisppenfihrer der Waffen-55 (General) Josef “Sepp”
Dietrich. Dietrich had been Hitler's chauffeur and bodyguard
back in 1923 and was still one of the Fihrer's most trusted
officers. Dietrich had at his command the strongest of the
three German armies in the Ardennes, composed of nine di-
visions in three corps: the LXVII Armeekorps and the 1 and
1 S5-Panzer Korps. The LXVII AK, on the army’s north
flank, contained the 326th and 246th Volksgrenadier Divi-
sions. Their task was to break through the American lines
around Monschau and block any American counterthrust from
the north. To the south, the | S5-PzK, with the 1st and 12th
S5-Panzer Divisions and 12th and 277th VGDs, was to
make the army's chief effort, attacking into the gap at Losheim
and through the Krinkelter Wald at Krinkelt-Rocherath to
open a route into Malmédy and on to Liege on the Meuse. To
exploit the breakthrough, Dietrich held the 11 S5-PzK, with
the 2d and 9th S5-Panzer Divisions, in reserve.

The 12th S5—Panzer Division “Hitlerjugend™ was
assigned the task of taking the northernmost routes to the
Meuse. The division, named after the Hitler Youth organiza-
tion and containing many of that group’s teenage volunteers
in its ranks, had earned a reputation in Mormandy for being
bold and merciless. Engaged against the British and Canadi-
ans at Caen, the division had been nearly destroyed, only
300 riflemen and 10 tanks remaining when it reached the
safety of the Westwall in August 1944, Over the next three
months, “HJ™ had a high priority for receiving replacements,
and by 16 December it was nearly back to full strength with
23,346 men (including a hundred or so foreign non-combat-
ant volunteers, known as hillswilligers, or hiwis). This figure
is slightly deceiving, however, since 2,000 of these replace-
ments were Luftwaffe men hastily trained as infantry and
assigned to the division during the first two weeks of No-
vember. The cadre of experienced officers and NCOs in the
division was very small, and most of the staff officers were
green, These defects were most apparent in the
panzergrenadier regiments, who the divisional commander,
S5-Colonel Hugo Kraas, felt were not even ready for defen-
sive duty, much less for a major attack. The divisional ar-
mored reconnaissance battalion had, in actual strength, only
one light armored rifle company.
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The real backbone of the division, the 12th 88—
Panzer Regiment, was down to one battalion, although this
battalion was fortunate in being well-manned with seasoned
veterans of all ranks. To help offset its deficiency in tanks,
the 560th Heavy Panzerjdger (self-propelled tank destroyer)
Battalion was attached to the regiment in mid-December to
act as its second battalion, The 560th was a regular Heer
{army) unit, not a Waffen—SS formation. Although it was
unusual to link S5 and non—S5S units in this way, it was not
unheard of and there 15 no record of difficulties in command
or control of the arrangement; some vehicles in the 12th S8
PzRegt even seemed to have mixed S5/Wehrmacht crews.
The battalion was composed of the heavily armored Mk IV
and Mk V Jagdpanther self-propelled tank destrovers, and
these non—turreted vehicles were at a distinct disadvaniage
in an attack role, especially against the more agile American
M—4 Sherman tank. In addition, the mix of four types of ve-
hicles in the panzer regiment—two types of panzers and two
of jagdpanzers—was a logistical nightmare for the division's
already overloaded support units. The panzer regiment was
at 90% full strength in personnel and 80% strength in ve-
hicles, with 39 MK IV Tanks and 41 of the dreaded Mk V
Panthers in its I Bn and 14 Mk V Jagdpanthers and 21 Mk
IV Jagdpanthers in the 560th Hvy Pzlg Bn (11 Bn). The
12th S5—PzJg Bn. the division’s organic self~propelled tank
destroyer battalion, had an additional 22 Pzlg IV/48
Jagdpanzers at the start of the campaign. The division also
had 120 armored half-tracks at its disposal, most of them in
the 26th S5-PzGren Regt (as was normally the case, since
one of the two grenadier regiments was designed to be more
mechanized than the other).

The “HJ” Division’s artillery support, the 12th 55—
Artillery Regiment, was at a severe disadvantage in that it
was comprised only of towed (rather than self-propelled)
artillery pieces (105 and 150mm), plus a towed rocket-
launcher {nebelwerfer) battalion. The artillery officers and
staff, however, were all veterans. The division’s other tech-
nical and support units had survived the withdrawal from
France intact as well.

The chief handicap to the division's mobility at the
start of the Ardennes Campaign was its lack of motorized
transport. Fully 25% of its trucks had not been replaced after
Mormandy, and the 25th SS-Panzergrenadier Regiment
{Motorized) had almost no motor transport left and was rel-
egated largely to marching on foot. To make matters worse,
the division’s train capacity could hold no more than 300
tons, about 50% of its TO&LE capacity.

Delay at Krinkelt-Rocherath

The German Ardennes Offensive broke upon the
Americans on the morning of 16 December 1944. Although
the Americans were greatly surprised that the Germans were
capable of mounting a large offensive operation, the Ger-
mans were, from the beginning, victims of overoptimistic
planning and guilty of underestimating American tenacity.
While the secondary attacks of the S5th PzArmy and Tth
Army 1o the south initially made rapid progress, Dietrich’s

6th PzArmy took all day on the 16th just to clear the belt of
woods to its front. By the end of the day the 12th and 277th
V(:Ds had exhausted themselves just pushing the American
line back a couple of miles, and the commander of | 55—
PzK felt compelled to commit the 12th S5-PzD to force its
own penetration of the American line. Nowhere did they
achieve an appreciable penetration. As a result, on the 17th
the “HJ™ Division fought its way through the Krinkelter Wald
to the twin villages of Krinkelt-Rocherath. Here, the divi-
sion struggled for two bloody days against the American 2nd
and 99th 1Ds, expending precious strength in unsuccessful
attempts to force the breakthrough that the volksgrenadiers
were 1o have achieved in the first few hours.

Finally, on the 19th, the German commanders ad-
mitted the futilty of continuing to attack against such a reso-
lute American defense, and began to shift the 12th S5-PzD
to the southwest in an attempt to make an end run around the
American V Corps at Bltgenbach. Luck was again not with
the division, however, as it took most of the next two days
for it to move just a few miles to its assembly point at
Billlingen. This was due to the fact that the more direct route
from Krinkelt to Billlingen was covered by US fire, which
forced the division to backtrack along the muddy forest trails
to its original starting point, and then to drive through
Losheimergraben with the rest of the corps’ traffic.

The 12th S5-PzD suffered heavy losses at Krinkelt—
Rocherath due to the fierce delaying actions of the US 2d
and 99th US 1Ds which were determined to hold the area
until a more solid defense line could be established on the
Elsenborn Ridge to the west. The “HJ™ Division losses were
two Mk IV panzers, eighteen MK V Panthers, and one Pzlg
IV destroved, and a further eight Panthers and two PzJg [Vs
damaged. These losses, followed by the difficult withdrawal
and displacement southeast on muddy roads in the bitter cold,
meant that the S5 troops were far from “fresh” when they
finally began to dribble into Biillingen. But their morale was
unbroken, they still believed in their cause and in their own
fighting ability, and were determined to sacrifice everything
to accomplish their assigned mission: seize the highway that
ran from Billlingen through Bitgenbach to Liege and the
Meuse, However, the delay at Krinkelt—Rocherath had al-
lowed someone to get to Biitgenbach before them.

The American Forces at Dom Biltgenbach

The 1st Infantry Division {nicknamed “the Big Red
One” because of its shoulder patch emblem) was transferred
to ¥V Corps control at 2400 on 16 December to plug the gaps
in the US lines, The 1st was arguably the most veteran unil in
the US Army, having seen battle in North Africa, Sicily, and
MNormandy. After fighting across France in July and August
1944, the division was badly mauled in the battle for Aachen
in September and October, and again in November in the
bloody fighting for the Hilrtgen Forest. In early December,
the Ist was sent to the Ardennes to recuperate, being short
more than 3,300 men, most of which were from the front-
line combat elements.

The 2d Battalion (E, F, G, and H Companies) of the
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26th Infantry Regiment, which was to defend so tenaciously
at Dom Biitgenbach, was among those units that had suf-
fered heavily in the Hiirtgen Forest. E and F Companies, with
two heavy machine gun platoons of H Co attached, had been
surrounded and destroyved in the town of Merode from 30
MNovember to 3 December. G Co was also hard hit. On 7
December, two days after the division pulled out of the for-
est and moved to Aubel, Belgium, to rest, it received a wave
of replacements to fill some of the gaps. When the 2/26th
moved to Dom Bitgenbach on 17-18 December, E and F
Cos were only up to 60% strength, with about 100 men each,
and these men were 90% green replacements and 10% hos-
pital returnees. G Co was especially weak, with only aboui
50 men, although only 10 to 15 percent of these were re-
placements, the rest veterans. The two machine gun platoons
of H Co had to be completely rebuilt, and between them they
could only count eight veteran members. In the entire 2/26th,
there were only seven officers remaining who had been with
the unit on D-Day: four in the battalion H(), three in the line.
The battalion suffered some minor equipment shortages (the
companies having only four Browning Automatic Rifles
(BARs) apiece, and there being a scarcity of rifle grenade
launchers). The battalion heavy weapons, however, (machine
guns, mortars, bazookas, etc.) were at full strength or above,
The bantalion’s vehicle situation was excellent, since it was
only short by two jeeps. In total, the 26th Infantry Regiment
had about 2500 men, rather than the 3000+ it should have
had.

“We Fight and Die Here™

While a handful of American engineers and scat-
tered groups of men from the 2nd and 99th 1Ds were fighting
a slowly losing battle to hold the Billingen-Biitgenbach high-
way against the German advance, they were unaware that
help was already on the way. At 1145 on 16 December, the
first day of the offensive, the Ist Infantry Division, resting
near Aubel, went on six-hour alert. At 0230 on the 1 7th, the
26th Infantry Regiment set out for Camp Elsenbom and com-
mitment on the ¥V Corps’ southern flank, which by that time
was wide open thanks to the attacks of 5th PzArmy. Although
briefly delayed by the necessity of hunting down some Ger-
man paratroopers who were dropping in the division's path,
the first units of the 26th reached Camp Elsenbom by 0700
on the 17th (just as some engineers holding Billlingen were
overrun) and the remainder of the regiment armived by 0900,
The Americans were told that the Germans had captured the
town of Billlingen at 0700 that morning, and with it a large
fuel dump that 1st Army had established there. Fearing that
the Germans might secure the vital highway running from
Billingen through Biltgenbach to Malmédy and Liege, the
26th quickly moved to guard the important road junction at
Doméne Biltgenbach, 2 km southeast of Blitgenbach.
“Doméne™ is a German word meaning a manor held by a
lord, and, indeed, such an estate overlooked the vital cross-
roads.

The 2/26th, commanded by LiCol Derrill M. Daniel,
drove onto the grounds of the manor house at 1300 on 17

December, some seven hours afier KG Peiper of the 15t 88-
PzD had passed through Billlingen. The men of the 2/26th
relieved the battered engineers who had been defending the
crossroads for about ten hours against German probing at-
tacks, and the engineers began moving back to Biitgenbach
about 1500,

The large stone manor house, with its flanking stone—
foundation wooden bams and nearby gardens, was situated
in a narrow valley between two hills, one to the north (Hill
398} and one to the south (Hill 613). These hills were mostly
devoid of cover except for some straight rows of tall, widely
spaced spruce trees on either side of the trails that criss—
crossed the estate. Along the slope of a low ridge that ran
almost a kilometer south of the manor lay the edge of the
Biitgenbacher Heck, a dense strip of coniferous forest. This
ridge was crowned by Hill 613. A kilometer beyond that, out
of sight over the hill's crest, was the crossroads known lo-
cally as Morschheck, which was occupied at the moment by
paratroops of the 3d Fallschirmjiger Division. The main
east-west highway that the Germans wanted so desperately
ran southwest past the manor, dipping into another small val-
ley about 500m to the east. Through this valley the
Schwarzenbach creek flowed north toward Lac de
Biitgenbach. The road rose again on the other side of the
stream bed and split into two roads, both of which led into
Biillingen, 2 km from the manor house. Another main road
led due north out of Morschheck, over the top of Hill 613,
and plunged down the long hillside to a junction with the
Billingen-Biitgenbach highway about 100m east of the
manor house.

After having carefully examined the advantages and
disadvantages offered by the terrain, LtCol Daniel set about
positioning his troops. G Co went east toward Billlingen and
dug in behind a row of trees running along the top of a hill on
the east side of the Schwarzenbach. E Co took up positions
behind similar treelines south of the manor, about halfway
up the hill which led to the Biitgenbacher Heck and
Morschheck. F Co moved southwest to cover the area be-
tween the other two companies, digging its foxholes on the
reverse slope of a ridge scarcely half a kilometer from
Morschheck. This was the same ridgetop occupied by the
engineers earlier that moming. LtCol Daniel parceled out the
machine gun and bazooka teams from H Co, the battalion’s
heavy weapons company, among the other companies to
stiffen the defense line. He positioned the 81mm mortars
behind Hill 598, from where they could support the whaole
perimeter. Due to the depleted condition of his battalion,
Daniel could spare only one platoon of G Co as a ready re-
serve. This he stationed behind the manor house, from where
it could quickly be committed wherever needed.

The nature of the terrain and the fog which blan-
keted the area compelled LiCol Daniel to place his antitank
assets well forward, where they would have sufficient vis-
ibility to support the foxhole lines. He set up three towed
57mm antitank guns covering the road running east to
Biillingen, and supported them with three M-10 self-pro-
pelled tank destrovers mounting 3—inch guns. He sent three
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more AT guns to bolster the main line of resistance, or MLR,
in the E and F Co areas. As part of their ammunition supply,
each of the 57mm guns had seven to ten rounds of British
discarding sabot (DS) ammunition, which had been issued
before D-Day. Designed originally for the British 2—pounder
gun, these rounds used a disposable sleeve, or sabot, to al-
low them to fit in the larger American guns. The resulting
round had a lighter weight and greater velocity, about 4200
fi/sec as compared to 2900 fu'sec, than the normal 57mm
rounds. Given this impetus, a DS round could penetrate ap-
proximately six inches (1 54mm) of armor at a 307 slope. This
made the obsolescent 57mm gun a dangerous weapon again,
even against the fearsome Panther tank and Jagdpanther tank
destroyer, whose frontal armor was impervious to the 577
normal armor—piercing {AP) round.

LiCol Daniel kept four M—4 Sherman tanks around
his CP as a mobile reserve. He set up his command post in
one wing of the stone manor house, along with the battalion
aid station. E and H Companies established their company
command posts in the bams to the west and east of the manor
house, respectively, while F and G Companies colocated their
CPs in a hut alongside the Billlingen road just behind their
MLR. The battalion observation post was located on the third
tfloor of the manor house, which provided a good line of sight
over the entire battalion sector.

LtCol Daniel was not very happy with his battalion’s
defensive positions, although they were the best that could
be found under the circumstances. Afiter the war, in a letter to
Donald Rivette, former commander of his AT Company,
Daniel wrote:

“The reverse slope defense on the right flank
[|E Co] was just necessary. We couldn’t go very far
south to get on the crest of the hill because that
would add several hundred yards to the MLR and |
just didn’t have enough men for that. Besides, if
we did go to the hill we would have to curve over
into the woods with the MLR and that would take
even more men. So we went where | thought we
had a reasonable chance. The hedgerow was bad, |
admit it was a perfect target. But either side (north
or south) of the hedgerow was even worse. 1110 the
south there was no concealment and each foxhole
could be definitely spotted. If to the north we would
have concealment from ground observation af-
forded by the hedgerow, but also the hedgerow
would limit our own observation to a marked de-
gree. Besides, if the line was moved far enough
north to get away from fire directed at the hedgerow,
the line would be too close to the CP. So we took
the hedgerow, which made a reverse slope de-
fense—no help for it."

To provide as much protection as possible for his
men from what was expected to be intensive German artil-

' Letter, Derrill Daniel to Donald Rivette, 19 October 1948,

lery fire, LtCol Daniel ordered that all front—line positions,
including crew—served weapons, be enhanced with overhead
cover, usually in the form of wooden planks laid over the top
of the foxholes. To facilitate this, Daniel had a load of lum-
ber trucked to the battalion from Bitgenbach. Further, his
men camouflaged their positions with whatever materials were
at hand, and they piled up sandbags around the fighting pits.

The 2/26th had finished digging in around Dom
Biitgenbach by 1700 on 17 December. Meanwhile, the 3d
Bn had moved to occupy the hilltop sector between G Co
and the railroad embankment which paralleled Warche River.
Its positions were as exposed as those of the 2d Bn except
for a sparsely wooded patch on top of Hill 503 known as the
Schwarzenbilchel, or “Black Beech Forest.” The 15t Bn stayed
in reserve in Blitgenbach, This left the 2d Bn's right flank
hanging on air, and its rear vulnerable to attack from the west
or southwest.

As darkness fell around 1830, LtCol Daniel ordered
each of his companies to prepare one 60mm mortar to fire
illumination rounds during the hours of darkness. Telephon-
ing the regimental HQ in Biltgenbach, he also requested that
each of the supporting artillery battalions have one howitzer
layed to fire illuminating shells every night. Regiment agreed,
and informed Daniel that since 1800, the 7th and 32d Field
Artillery Battalions had established new positions from which
to support the 26th, The regiment’s normal supporting artil-
lery battalion, the 33d FA Bn, had been in place since 1430,
Other artillery battalions were also on the way to Elsenborn
to augment the ¥V Corps defenses. At dusk, Daniel met with
the company commanders in his office in the manor house
CP. They had all heard rumors over the past two days of
American soldiers giving up to the Germans or fleeing to the
rear. He was determined that the 2/26th would acquit itself
better than that. Although at Dom Biitgenbach the regimen-
tal combat team was effectively isolated from the rest of the
division, it had fought under those conditions before at
Kasserine in Africa and at Barrafranca in Sicily. Daniel had
therefore adopted a slogan for the battalion, which he wanted
passed on to every man in the bantalion: “We fight and die
here.™

Afier dark, even with his men tired from the long
move and hours of digging foxholes in the cold, LtCol Daniel
still sent out patrols to assess the situation. It proved to be a
wise move. The patrol to Billingen soon came running back
to the manor house, the men saying they had seen about 100
American prisoners in the town and over a thousand German
infantrymen. A second patrol snuck up the hill to the south to
establish a listening post at the edge of the Bltgenbacher
Heck, while a third patrol reported a brief skirmish with Ger-
mans to the southwest of the Domdéine. This skirmish led to
the fear (as vet unfounded) that the town of Weywertz, to the
west of 2d Bn, might have been taken. Feeling the ring of
steel tighten around them, the American soldiers waited anx-
tously through the long winter night.

Thomas Gendron, The Operations of the 2d Bartalion, 26th
Infaniey {15t US Infaniry Division) ai Dom Bilitgenbach, Belginm,
T8-21 Decenber 944,
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Biitgenbacher Heck. At
2350 on the 18th the 2/26th
received a shipment of 100
antitank mines, which they
immediately laid to block
the roads leading to the
Domine from Billlingen
and Morschheck.

Around 2230,
K Co of the 3/26th reported
hearing vehicle noises in-
side Biillingen. This was
the sound of 1I1/26th 55—
PzGren Regt of KG
Kiithlmann, assembling for
a reconnaissance in force
toward Biitgenbach. The
S5-panzergrenadiers had
relieved the men ofthe 12th
VGD who had been hold-
ing the town, and the
volksgrenadiers crossed the
Warche to rejoin their com-
rades on the Hohen Berg
for an attack on Wirtzfeld.
After establishing the bat-

Do Porirnily
Viaer Bk -nvigen

lii

ready arrived, plus a few tanks, as well as KG Bremer as
noted above, The rest of the division approached Billingen
via Losheim and Losheimergraben, broken into three march
groups. The first of these groups to reach Biillingen was KG
Kiihimann, composed of the 12th S5-PzRegt under 55
Maj Kithimann, the 111 Bn of the 26th S5-PzGren Regt,
led by S5—Capt Georg Urabl, along with that regiment’s 13th
Kompanie of s1G 33 self-propelled infantry howitzers, and
the | Bn of the 12th S5-Artillery Regt of towed 105mm
guns. The second group was KG Miiller, with the 12th S5—
Pzlg Bn, the 25th S5-PzGren Regt (minus 1 Ba and 13th
and 15th Kompanies}), 11/12th S5-Artillery Regt (towed
105mm howitzers) under S5-Maj Giinter Neumann, one com-
pany of the 12th S5-Pionier {(Engineer) Bn, and two com-
panies of towed AA guns. This group also included the Op-
erations Staff of the Dhvisional Headguarters, minus $5—Col
Kraas and his escort, who were stll directing the division’s
withdrawal from Krinkeli-Rocherath from their CP at
Hollerath. The division X0 would direct the attack on Dom
Bitgenbach until 85—Col Kraas arrived. The third march
group was KG Krause, composed of the bulk of the 26th
55-PzGren Regt (—11F Bn), the 1IN (towed 155mm) and IV
(nebelwerfer) Bns of the 12th SS—-Artillery Regt plus the
regimental HQ, the 12th S5-Flak Bn, and the rest of the
12th 55-Pionier Bn.

While 12th 55-PzD was moving into Biillingen,
the Americans at Dom Biltgenbach were far from idle. They
continued to dig in and strengthen their defensive positions,
while calling down harassing artillery fire on unobserved but
likely German assembly areas in Blilllingen and the

talion CP, recon patrols
from the 111/26th advanced out of the town and fanned out
toward the Schwarzenbiichel, Dom Biltgenbach, Morschheck,
and the Riechels—-Busch. The latter two patrols encounterad
elements of the 3d FJD who, despite being in the area for a
couple of days, had no information concerning American de-
fenses in the area, The patrol to the Schwarzenbiichel ran
into strong defensive fire from the 3/26th and withdrew into
Billingen. The bulk of the recon force, consisting of 12
Jagdpanzers of the 560th Hvy PzJg Bn and 20 half-tracks
and trucks carryving 200-300 infantry, headed southwest out
of Biillingen down the road to Morschheck.* At 0225, after
going about a kilometer, most of the half—tracks and trucks
stopped and the infantry disembarked, forming up in two
assault columns behind the jagdpanzers, which then set off
cross—country in a northwesterly direction toward Dom
Biitgenbach. This preparation occurred about 700 vards in
front of F Co’s positions. A smaller force of half—tracks drove
straight down the main road to the Domine, where two of
them were destroved by antitank fire in front of the Ameri-
can MLR.

To stop the main thrust from the southeast, the com-
mander of F Co immediately called for prearranged artillery
concentrations to be fired on the advancing Germans. He also
ordered his 60mm mortars to fire illuminating rounds over
the area. The 33d FA Bn responded quickly, firing salvos of

"American sourges reporl thal the Germans used fanks in
this attack. but in Kriegsgeschichie der 12,55 Panzerdivizion
“Hitterjugend”, Band I, Meyer is very positive that these were
Jagdpanthers,
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HE, white phosphorus, and starshells. This barrage hit two
of the infantry trucks on the road, and their burming hulks
helped illuminate the battlefield and silhouvetted the approach-
ing Germans. The right-hand column of the German double
attack, consisting of five jagdpanzers with accompanying
infantry, was stopped cold by the combination of artillery,
maortars, small arms, and antitank fire. The other column,
seven jagdpanzers with one or two companies of infantry,
fared only marginally better. Some of the jagdpanzers mired
m the swampy low ground even before they reached the
American lines; others were discouraged by the heavy ba-
zooka and antitank fire. The grenadiers were completely
pinned down and failed to reach the US line. However, three
of the jagdpanzers ran the gauntlet of the American fire and
broke through E Co’s positions. They got onto the
Morschheck road leading to the Domine and headed for the
battalion CP. Seeing this, the 2/26th duty officer urgently re-
quested that 155mm artillery be fired on the tanks since
105mm rounds were to small too affect them. The 5th FA
Bn's howitzers responded right away, and they were soon
joined by two battalions of the V Corps’ heavy artillery.

By this time the jagdpanzers had reached the area
of the manor house, and had wounded five or six Gls with
HE fire from their main guns. The 155mm artillery shells,
falling dangerously close to the battalion CP in the manor
house, had the desired effect of chasing the German vehicles
off. They tumed around and headed back out through the US
foxhole ling, at which point two of the three were disabled
either by artillery, tank destroyer, antitank, or bazooka fire,
or some combination thereof. Their crews bailed out and ran
for the safety of the German

The Third Attack: The Vise

Following the hour—long German attack in the pre—
dawn darkness of 19 December, Col John F.R. Seitz, com-
mander of the US 26th Infantry Regiment, began moving
elements ofhis 1st Bn out of reserve positions in Biltgenbach.
Company B dug in along the north side of the Billingen—
Biitgenbach road between the town and the Domiine. Soon
after, A Co move to new positions 1000 vards south of
Biitgenbach to tie in with B Co. This had the added benefit
of guarding 2d Bn's hitherto—open right flank, and by 0500
the gap between the two battalions was reduced to 600 yards.
B Co would cover this gap by fire during the daytime and
establish outposts there at night.

About 0630, shortly after daylight, the Germans
began shelling the 2d Bn's positions with artillery and mor-
tar fire which gradually increased in intensity throughout the
morning until it reached its peak at 1000. At 1010, the sec-
ond German attack of the day hit the American positions from
south and east.

The first force came out of Morschheck, over the
crest of Hill 613 and down the road to the Domiine used by
the armored car and Kiibelwagen the previous day. Leading
the attack was another eight-wheeled armored car, probably
an 5d Kfz 234/3, with a 75mm gun in a rotating turret.”* Fol-

"American eyewitness accounts say the armored car had a
50mm antitank gun in its turret; that would indicate that it was a Sd
Kfz 234/2 Puma. However, the German gliederung (Table of Orga-
nization) for the 12th S5-PzD for 19 Dec 44 shows no such ve-
hicles in the division’s inventory, The gliederung does indicate that

lines.

By 0325, an hour
after it had begun, the first |2
serious German effort to
capture Biitgenbach had
been repulsed. The grena-
diers and remaining ve-
hicles withdrew into
Billingen. They were later
able to recover some of
their damaged or bogged
vehicles using the darkness
and thick fog as cover. At
daylight, two patrols from
F Co ventured into the at-
tack area and counted over
10{) German dead, three de-
stroyed jagdpanzers, and
four destroved trucks, three
of them overturned by the
force of the artillery blasts.
A relative calm settled over
the battlefield but it didn’t
last long.
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lowing closely behind was
a large armored vehicle.
Contemporary accoubts
claim this vehicle was a Mk
V Panther tank, but the only
Panthers in the 12th 55-
PzD were in 1 Bn of 12th
55-PzRegt. which was at
that time still on its way to
Billingen from Krinkelt—
Rocherath. This second ve-
hicle was probably from the
12th 55-PzJg Bn of KG
Miiller, and was almost cer-
tainly a Pzlg 1V/48
Jagdpanzer. Together, these
vehicles protected the ad-
vance of a company of 55
infantry, who were probably
from 11L/26th S5-PzGren
Regt. Because of the heavy
fog blanketing the area, the
American gun crews let the
Germans approach to within
104 yards of their positions
in order to increase their
chances of a hit on the ve-
hicles, and to confirm their identity as enemy. The crew of
2d Gun Squad, 2d Platoon of the Regimental Antitank Co
had just finished setting up their 57mm AT gun on the MLR
a few minutes before the attack, and now they drew a bead
on the approaching vehicles. On command, they began fir-
ing the gun as quickly as they could reload it, hammering out
three armor piercing (or possibly discarding sabot) rounds in
a few seconds. The first two shells were aimed at the
Jagdpanzer which, being the most heavily armed and armored
ofthe two vehicles, was the greater threat. Both rounds struck
the Jagdpanzer and damaged it enough that it was forced to
limp back up the hill to its own lines. But the AT gun's muzzle
tlashes had given away its location, and the armored car swung
its turret to fire at the gun. Armored car and AT gun fired
simultaneously. The American 57mm shell struck the armored
car and destroyed it instantly. However, the German 75mm
round also found its mark, destroying the AT gun and killing
two members of the gun crew, Cpl Hale Williams and PFC
Richard Wollenberg. A third crewman was blinded by the
blast, and a fourth would have to be evacuated because of
bartle fatigue. The German advance from Morschheck now
ground to a halt because the grenadiers could not advance
against the deadly American artillery and small arms fire with-
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the 12th S5-Recon Bn contained 17 Sd K1z 234/1 cars with 20mm
guns, and six Sd Kfz 234/3 cars with T5mm guns. It would almost
certainly have been one of these that was involved in this action.

See von Senger und Etterlin, German Tanks of World War I, pp.

154-156; Hoffschmidt and Tantum, Germean Tank and Antitank of
World War I, pp. 212-213,
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out tank support. The commanding officer of E Co, Capt
Pierre Stepanian, called in 81 mm mortar and artillery fire on
the exposed Germans, and nearly the entire company was
slaughtered before the American foxholes. Those few 58 who
were able to stumble back into the Biltgenbacher Heck were
ambushed and killed by the men of the American listening
post still hiding just inside the forest's edge.

Twenty minutes after the start of the southemn at-
tack, the Germans launched another assault westward out of
Billlingen. This time they employed between four and eight
of the huge jagdpanzers and an infantry force reckoned to be
at least a company and possibly a battalion, probably those
elements of 111726 S5-PzGren Regt which did not take part
in the southern attack. This force advanced along the sec-
ondary road that ran parallel to and north of the main
Bitllingen—Bitgenbach road, perhaps because they antici-
pated that the Americans would have mined that route. Again,
because of the fog, the Americans allowed the S5 troops to
approach c¢lose to their positions. The Gls could catch
glimpses of the grenadiers through the fog, seeing them de-
ployed in perfect attack formation behind the jagdpanzers.
When the Germans reached a point about 100 yards from the
American line, the leading 35 officer called out for the Ameri-
cans to surrender. The Americans answered him with a hail
of fire. All the small arms of F and G Companies opened up,
as well as bazookas, tank destroyers, and the two AT guns
covering the east-west road. These latter destroyed the two
leading jagdpanzers and again the German advance halted.

The Germans® moming barrage had cut F Co's com-
munication lines to the battalion CP and disabled both the
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company’s radio and the radio used by the artillery forward
observer stationed with the company, so they had to rely on
the company's organic 60mm mortars to help drive off the
Germans,

After an hour of frustrated attempts, the grenadiers
began to fall back. Unable to penetrate the American perim-
eter on either side, they withdrew into Biillingen. Further at-
tacks would have to wait until the arrival of more of the
panzergrenadiers. Also, the Germans were by now running
short of ammunition because the muddy roads were delaying
the supply units. Under incréasing time pressure to break
through the US defense and open the highway to Malmedy,
the “Hitlerjugend™ Division had to content itself with artil-
lery harassment of Dom Bitgenbach for the rest of 19 De-
cember,

The Fourth Attack: KG Kithimann Attacks

Throughout 19 December, elements of the 12th 55—
PzD straggled into Billlingen, hampered by the muddy,
clogged roads and tired from two days of hard fighting at
Krinkelt-Rocherath. At some point during the afternoon the
rocket-launcher (nebelwerfer) battalion of the 12th §5-Ar-
tillery Regt arrived and fired at least one barrage of rockets
at the 2/26th positions at Dom Biitgenbach; the other three
artillery battalions kept up a light but steady rain of shells
throughout the day.

Under pressure to attack quickly to seize Biitgenbach
and open Rollbahn C, 85-Col Kraas reorganized KG
Kuhlmann to include the tanks of | Bn/12th S5-PzRegt;
the entire 26th S5-PzGren Regt; the jagdpanzers of the
S60th Hvy Pzlg Bn; and the I1/12th S5-Artillery Regt of
towed 105mm howitzers. This force assembled as set out as
soon as it was fully dark, around 2310, to mount a concen-
trated attack on the US positions east of Dom Biitgenbach.
The H1/26 secured the assembly aréa in the west séction of
Ballingen and pushed a sereen of scouts forward while the IS
26 and the jagdpanzers of the 560th moved down both sides
of the Billingen—Biltgenbach highway. The force took a
wrong tum, however, and got lost in the darkness. It ended
up south of the Doméne near Morschheck at about 0150, and
Capt Stepanian of E Co, 2/26, again called upon the 1si
Division"s supporting artillery to blast the German column.
The 5th, 33d, and 955th FA Bns, as well as one 90mm bat-
tery from the 414th AAA Bn and a battery of 8-inch guns,
answered the call and the resulting 10-minute barrage
knocked out two of the 560th’s Jagdpanzer’s 1V/48s. It was
some time before the kampfgruppe could turm around and
reassemble back in its proper starling area. Finally, at 0330
on the 20th, the Germans neared the Americans” eastern pé-
rimeter.

Just before reaching the American lines, the
kamptgruppe¢ split into three columns. The northernmost
force, a company of Jagdpanthers and some infantry of HI/
26th SS—PzGren Regt, had the task of clearing the troops of
the US 3/26th from the Schwarzenbiichel on Hill 503 in or-
der to protect the attack’s flank; it succeeded in occupying
the southern part of the hill, but there the attack stalled and

the grenadiers were locked in combat for hours with the
American infantry along the treeline.

The center group rolled due west down the high-
way for a clash with F Co, which had been alerted by the
sounds of battle on Hill 503. The commander of the lead
Jagdpanzer was struck in the head and killed by an American
bullet before his vehicle reached the foxhole line. His driver,
panicking, quickly threw the vehicle into reverse before it
could be hit by antitank fire, and rammed into the following
Jagdpanzer. Despite the snarl this caused, the attackers
pressed on, and heavy combat ensued between the Ameri-
cans of F Co and the Germans of 1126 85, One of the M-10
self-propelled tank destrovers of the 634th TD Bn was in the
area, near the F Co CP, and could have been of great value in
supporting against the German thrust, but the crew, in the
confusion of bartle thinking themselves surrounded, disabled
their vehicle and fled toward the Battalion CP at the Domine.

The leftmost German force enjoyed the most suc-
cess. A company of Jagdpanzer [V/48s accompanied by in-
fantry from the /26 S8 encountered a belt of American mines
across the road a hundred yards or so in front of the MLR, so
they swung southwest off the main road and headed for the
seam between E and F Companies using unpaved trails along
the hillsides. The Germans skirted just south of the boggy
source of the Schwarzenbach Creek, but several of the 45-
ton Jagdpanzers became mired in the soft mud, some up to
their rear decks. Five of the Jagdpanzers from 1st Kompanie
managed to make it up the hill and through the American
toxhole line, but the grenadiers were again checked by the
heavy American artillery and small arms fire. Once through
the MLE. the Jagdpanzers turned around briefly to spray the
American positions from the rear with machine gun and HE
fire. This fire knocked out some of the 57mm AT guns and
caused casualties among the infantry, including destroying
three bazooka teams and a machine gun section of four or
five men from H Co, but it also aided in further pinning the
German infantry on the other side of the MLR. After a few
minutes the Jagdpanzers turned northwest to continue their
mission of breaking through to the Domine. leaving the grena-
diers and Gls to fight it out in the heaviest combat the regi-
ment had ever seen. The smoke of battle added to the fog and
darkness in obscuring visibility, and several German
panzerfaust teams were able to get close enough to knock
out the US AT guns with their rockets. German artillery and
mortar fire continued to crash down on the American posi-
tions all through the battle. The Germans had captured sev-
eral American soldiers during the fighting, and when they
were later interrogated the Germans learned for the firsi time
that they were facing the 26th Regiment of the Ist Infantry
Divsion.

The five Jagdpanzers of 1st Kompanie pushed on
alone, driving through the American rear area to within 100
vards of the manor house, where they began firing their 75mm
guns directly into the building. Without their supporting in-
fantry, however, they were vulnerable to close combat tac-
tics. American bazooka teams set out to hunt the Jagdpanzers
among the buildings of the Domine and knocked out two of
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them. The other three vehicles chose to withdraw and headed
for the road to Morschheck. After they passed through the
MLR, however, the ¢crews of the American AT guns in the E
Co sector were able to spot the vehicles™ exhaust flashes
through the smoke and fog, and destroved two more
Jagdpanzers in short order.

Fearing that his infantry line was in danger of col-
lapse from the enormous pressure being exerted by the
panzergrenadiers, LiCol Daniel committed his battalion re-
serve, the platoon from G Co, to counterattack and restore
the MLR in the F Co area. He also called the Regimental CP
m Biltgenbach and requested a company from Ist Bn, which
was too far west to be hit by the German attack. Col Seitz
approved, and sent C Co to the 2d Bn area at once. Daniel
forwarded two platoons to reinforce F Co, which was being
badly chewed up, and kept two platoons as his new battalion
PESErve,

Meanwhile, in the center astride the highway, the
battle still raged. Three of the giant jagdpanzers broke through
the foxhole line and engaged the US tanks and self-propelled
tank destroyers along the ridgeline on the southern part of
Hill 503. The US armor pounded away at the German ve-
hicles until they were either destroyed or they retreated back
through the MLR. Two Sherman tanks and an M- 10 TD were
knocked out in this action. Further north, some German ar-
mor also closed with the elements of the 3d Bn in the
Schwarzenbiichel. 1 Co took out some tanks with their ba-
zookas, tanks, and tank destroyers, while 155mm salvos
knocked out others. Heavy machine gun fire from L Co kept
the panzergrenadiers from advancing inio the
Schwarzenbiichel.

Daniel was urgently calling for more mines to help block the
German advance routes. He only had the two platoons from
C Co as a battalion reserve. Another attack might cause the
whole US defense around Dom Biltgenbach 1o collapse.

The 12th S5-PzD) had suffered another bloody nose
as well. At least 12 jagdpanzers had been destroyed or dam-
aged in the moming’s attack. and the panzergrenadier battal-
wons had suffered heavy casualties. As the remnants of the
attacking force withdrew into Blllingen, S5-Col Kraas im-
mediately regrouped them for a second assault, hoping the
Americans would crack before his own men did. This time,
the attack from Billlingen would be supported by a simulta-
neous attack from Morschheck.

The Fifth Attack: The Heroism of Corporal Warner

55—Colonel Kraas launched his second attack within
30 minutes, sending a force of ten tanks westward out of
Billlingen and eight jagdpanzers south from Morschheck. This
time, the two remaining tank destroyers and three AT guns of
F Co were ready 10 meet them, and as the German tanks
crested the small ridge in single file about 300 vards in front
of F Co, the concentrated fire from the American pieces
knocked out all ten, one by one. Again, the American artillerty
and small arms fire pinned down the supporting grenadiers,
and the attack on the 2/26th’s left flank accomplished noth-
ing.

At the same time, the jagdpanzers of 9th Kompanie,
560th Hvy PzJg Bn, rolled down the hill out of Morschheck,
fanning out a bit to cover more of the American line. The G
Co platoon that LiCol Daniel had committed earlier was now

The German at- [
tack petered out by 0530.
Their artillery fire contin-
wed hitting the American
lines even as the
panzergrenadiers and
Jjagdpanzers pulled back
into Biillingen. It had been
a near run thing to say the
least. By the end of the at-
tack, only 17 rounds of ba-
zooka ammunition were
left in all of 2d Bn, and the

surviving bazooka teams '3
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the 2d Bn had also lost ra-
dio contact during the fight-
ing. The MLR was a
shambles, desperately in
need of repair, and LiCol
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practically annihilated by German tank fire, but the heavy
Amencan defensive artillery fire kept the German infantry
from overrunning the survivors and deflected the advance of
the jagdpanzers. As the armor approached the MLR, a shell
from somewhere struck the 9th Kompanie commander’s Mk
V Jagdpanther, setting it on fire. He managed to tum the ve-
hicle around and drive it back into Morschheck, where he
commandeered the 11th Kompanie's command vehicle and
returned to the battle, While he was gone, his panzer force
was further reduced by the American defenses. Artillery fire
destroyed or immobihized three of the jagdpanzérs before
they even reached the US lines. The commander of one of
the 57mm AT gun crews, Sgt Stanley Oldenski, saw some of
the panzers trying to break through the MLR to his right
{west), and sent out some members of his gun crew armed
with a bazooka to try to secure that flank.” He could also see
gun flashes from two more of the German tank destroyers
about 75 vards to his left. While Oldenski acted as loader,
his gunner, Cpl Henry *Red™ Wamner, began firing DS shells
at the Germans. He put four rounds into the first jagdpanzer,
destroving it. Then he hit another with one round, stopping
it, but he fired three more rounds into the hulk to make sure it
was dead (this firing of “insurance™ rounds was standard pro-
cedure among American AT and TD gun crews). On Wamer's
final shot, however, the AT gun's breech block jammed and
the gun would not return to battery. As Warner struggled to
fix the weapon, a third jagdpanzer appeared out of the mist,
approaching straight toward his gun and firing its bow ma-
chine gun. The rest of the crew dove into nearby foxholes for
cover, but Warner continued wrestling with the jammed gun.
Unable or unwilling to fire his main gun at the American
weapon, the German tank commander apparently decided to
just run over it. He stood up and poked his head out of the
hatch to direct the vehicle’s movement. When the panzer was
about 10 yards away from the gun, Warner gave up trying to
fix it, pulled his .45 caliber pistol and fired at the tank com-
mander, then dove into the slit trench between the gun trails.
Wamer heard the tank race its engine and speed toward him,
and he fully expected to be crushed by it. When it was scant
feet from the AT gun, however, the jagdpanzer stopped, went
into reverse, and backed away at full speed. Wamer, incredu-
lous, peeked out from his trench and saw the German tank
commander slumped half out of the hatch, apparently killed
by one of his pistol shots.

Soon the Germans were again in retreat and, thanks
to the combined fire of four American artillery battalions, no
German infantry had been able to penetrate the MLR. By
0800 the attack was over, and although the Germans would
launch smaller infantry attacks every four or five hours until
nightfall, these were easily repulsed. For the rest of the day
the surviving front-line troops continued to improve their
defensive positions and lay protective minefields. LtCol
Daniel also strengthened E Co’s line by attaching to it one of
the C Co rifle platoons.

"These men later claimed to have knocked out one German
panzer with their bazooka, but their claim was never verified,

Around 1300 on the 20th, Regiment pulled the 3d
AT Platoon of the Regimental AT Co out of the line on 3d
Bn's sector in the Schwarzenbiichel and sent its four 57mm
AT guns to replace the gun losses suffered by 2d Bn in the
moming’s attacks. This made a total of eight AT guns in the
battalion’s MLE. The 3d Plt dug in its guns in the soft earth
behind the hedgerow of poplar trees running east—to—west in
the E Co sector. They fully expected another German tank
attack, knowing how important the Billingen-Bitgenbach
highway behind them was to the German commanders; they
also knew that their gunshields { 3/4—inch thick steel) would
stop bullets but were useless against the main gun rounds
those tanks would be firing.

In Billingen and Morschheck, the Germans were
counting their losses. When the unit reassembled later in the
day, the 560th Hvy PzJg Bn found that it had only three
battleworthy Jagdpanthers and 10 Jagdpanzer 1V/48s left.
These were consolidated into a single company for the next
attack, scheduled for 21 December, and the vehicles were
sent to Biillingen for repairs, refueling, and replenishment of
ammunition. Once there, however, the American shelling of
the town was so heavy that the vehicles were forced to pull
back another two Kilometers to the hamlet of Tiefenbach to
complete their replenishment.

The Last Artack: High Water Mark

Time was running out for the 12th S5-PzD. Ameri-
can forces had closed in behind KG Peiper thirty kilometers
to the west, and Peiper’s armored battlegroup was surrounded
and being cut to pieces by American counterattacks. A US
armored division was still clinging to St. Vith in the south.
After almost a week of heavy fighting, none of the roads as-
signed to carry “Hitlerjugend™ to the Meuse had been
opened. Worse yet, the Americans grew stronger daily as they
mobilized more reserves, while each day more broken panzers
littered the hillsides around Dom Biltgenbach.

Accordingly, $5—Col Kraas prepared tor an all—out
attack with all three of his grenadier battalions, to be sup-
ported by every operational tank and tank destroyer in his
division. He planned to attack with two battalions abreast
out of the Blitgenbacher Heck, the 111725 SS on the left sup-
ported by the remaining panzers and jagdpanzers of the 12th
S5—-PzRegt, and the 11726 SS on the right, reinforced by the
jagdpanzers of the 12th S5-PzJg Bn. The armored infantry
of the 111/26 S5 would be kept in reserve in the torest, to be
used to exploit any breakthrough by attacking in conjunction
with the 12th S5-PzRegt to seize Bltgenbach. The axis of
the attack was to carry the Germans south and then west of
Dom Biitgenbach, bypassing the stubbom American defend-
ers there and cutting them off by capturing Biligenbach be-
hind them. Once that town was occupied, blocking forces
would push across the railway embankment north of town to
stop any American counterattack from the north. Supporting
the attack were all four battalions of the division’s organic
artillery: 1 Bn (105mm) at Ballingen, I Bn (105mm) and I'V
Bn (nebelwerfer) in Hinningen, and 111 Bn {150mm) south
of Honsfeld. The starting time for the attack was 0340 hours
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on 21 December.

The 11/26th SS-PzGren Regt set out from
Hilnningen to its assembly area in the Riechels—Busch at 2300
hours on 20 December. A light but steady artillery barrage
on the American positions around the Dom#ine masked the
sounds of its movement. Most of the other units scheduled to
attack reached their assembly areas by 0300, when the four
artillery battalions began a massive bombardment of the
American positions, using all the guns, mortars, and rocket
launchers at their disposal. This barrage was by far the worst
the defenders at Dom Biigenbach had experienced in the
whole war, and its effects were telling. The front line troops
suffered one-third 1o one-half casualties (many of whom were
still lying untended in their foxholes when the German ground
attack began), and many of their weapons were destroyed by
direct hits. All wire communications between units were cut,
and even some of the radios, which so far had been used
more or less successfully for backup communications, were
damaged by the concussions. The shelling disabled the two
M-4s north and northwest of the manor house, part of the
battalion"s mobile reserve, as well as the M—-10 tank destroyer
near the east barn of the manor, Both the east and west bams
were also set on fire; the west barn scon burned down to its
stone foundation, forcing the H Co CP there to move into the
barn with the E Co CP. The nebelwerfer salvos were
particulatly devastating: 96 rockets landing in one earth—
wrenching blast. Before long, all that was lefi of the Ameri-
can MLR were isolated groups of infantry and AT guns sepa-
rated by wide undefended gaps.

In the manor house, LtCol Daniel could do nothing

while his battalion was being shredded. As yet, no German
infantry or tanks had appeared, so he had no targets for his
artillery. Instead, in addition to pressing for more
counterbattery fire in hopes of lessening the German bar-
rage, he called down concentrations on likely German as-
sembly areas in Billlingen and in the Biitgenbacher Heck. He
recalled later that between four and twelve battalions of ar-
tillery fired in support of his battalion that day; actually there
were at least 10 battalions involved, including battalions from
the 2d and 99th Divisions that were tied into the 1st Division's
fire control center. Patrols later found about 200 dead Ger-
mans in the woods in front of E Co, silent testimony to the
disruption this must have caused the German attack.

The American artillery was not the only problem
the German attack faced that moming. By 0330, ten minutes
before the scheduled attack time, all the attacking units were
in their designated assembly areas except the I1/26 58, which
had set out from Hinningen four and a half hours earlier.
The battalion staff tried urgenily to establish radio contact
with any of the companies, and when that failed the battalion
adjutant and ADC set out in a Kiibelwagen to find them.
Meanwhile S5-Col Kraas, in his division CP in Morschheck,
ordered the attack delayed until 0430 so the missing battal-
ion could be found. The antillery barrage against the Ameri-
cans slackened but did not stop completely.

The “Hitlerjugend™ Division had still not located
its missing battalion by 0430. Now $S—Col Kraas was wor-
ried that the attack might not get started until dawn, at which
point his troops would have to undergo flanking fire from
the American positions at the Domiine while trying to bypass



rage, an eerie silence descended over the battlefield. The
American AT gun crews, who had been huddling in their
trenches for three hours listening to shell fragments clang off
their gunshields, crawled shakily out of their holes, relieved
to find their guns still intact. At the far western end of the
American line, 5/5gt Noah Collier, cornmander of one of the
57s from 3d Plt, AT Co, told his crew, “Load Sabot. Hold
your fire until you can get a flank shot at about twenty feet.”
Soon, the men heard the squeaking of tank treads and shouts
in German.

After leaving Morschheck, the panzers and half-
tracks of “Hitlerjugend™ had no room to spread out and
deploy in proper attack formation until they had passed the

northeastern comer of the Blitgenbacher Heck, so for a briel

interval they had to travel in a direction almost parallel to the
American front line. At first they received no fire of any kind
from the tree—lined hedgerows where they knew the Ameri-
can positions to be, and they suspected that after the previ-
ous day’s attack, the Americans had little or no antitank de-
fense left. To relieve the oppressive silence and possibly to
suppress any Americans still left, the tank crews fired a few
machine gun bursts into the treeling 150 meters to their right.
This terrain feature was at the limit of their vision in the fog
and darkness, and the Americans were, indeed, waiting there
for the Germans. The lead Panther of the attack column, com-
manded by 55-1Lt Schnittenhelm, had just reached the pro-
truding square patch of the Biitgenbacher Heck when one of
the US 57mm AT guns fired, striking the Panther in the right
flank and detonating its ammunition. The tank was flung into
the air by the force of the explosion and a huge mushroom
cloud of oily black smoke enveloped the tank. Two of the
crew clambered out of the wreck, but S5-1Lt Schnittenhelm
was not one of them. Captain Hils of the 560th Hvy PzJg
Bn, following behind in his Jagdpanther, was now in com-
mand, and over his vehicle's radio he ordered the force to
turn toward the US line and prepare to attack. He examined
his map once again 1o orient himself, then fired a flare to-
ward the manor house to indicate the final attack direction.
The men in the other panzers and jagdpanzers awaited the
signal to advance, “Marsch! Marsch!™ but when no such sig-
nal was given after a few moments they tumed back to see
Hils" Jagdpanther on fire. his crew abandoning the vehicle.
Hils himself was nowhere to be seen. Unnerved by the loss
of two commanders in such a short space of time, the Ger-
mans hesitantly advanced. As soon as the panzers and half
tracks full of mfantry came in full view of the MLR, a terrific
American defensive artillery barrage began plunging into the
formation, plowing up the hillside and devastating the ex-
posed foot infantry,

Despite the American bombardment, the young 55
grenadiers in their camouflage smocks charged the Ameri-
can line, velling and firing their weapons. Behind the treeline,
Sgi Collier picked up a BAR left near his gun by two wounded
mfantrymen and began spraying the onrushing Germans.
Another member of his gun crew, PFC Donald Rose, also
fired his M- carbine into the attackers. As they rushed from
the woods, the Germans were in a line almost perpendicular

to the American MLR, so0 Rose and Collier were in an excel-
lent position to fire into the attackers' flank. So intent were
they on holding back the grenadiers that they almost failed to
notice the Jagdpanther which loomed out of the fog 1o the
left of their AT gun. Rose quickly dropped his carbine to
assist the gunner, Cpl Irwin Schwartz, in taking on the behe-
math. Schwartz fired the already--loaded Sabot round, which
struck the Jagdpanther’s front left drive sprocket. This caused
the left track to jam and the vehicle’s forward motion made it
slue around sideways. Rose loaded another Sabot round and
Schwartz fired into the Jagdpanther’s now exposed right flank.
A tongue of vellow flame shot out of the vehicle and, bum-
ing furiously, it ground to a halt. Despite Collier’s withering
fire, the nearby grenadiers were now so close that Rose and
Schwartz picked up thewr carbines and added their fire to his.
After a few minutes they saw a Mk IV panzer driving along
the woodling to their front. They reloaded and fired the 57
three times in rapid succession, amd the stricken panzer
stopped with smoke pouring from it.

Once again taking up their carbines, Rose and
Schwartz moved about 10 feet down the line to support Sgt
Collier and his BAR. As they did so, on of the grenadiers
fired a panzerfaust whose rocket struck their gun and knocked
it off its pintle. With no gun to man, they remained on the
MLR for over an hour, firing and throwing hand grenades,
until they ran out of rifle ammunition. During that time, Sgt
Collier dashed out in front of the MLR to help a wounded Gl
even though he himself was wounded in the leg. He disap-
peared into the fog and was never seen again.

About 150 meters to the east, another 3d AT Pla-
toon gun crew was also being hard pressed. As the German
tanks rolled down the hill from the forest, the gun squad leader,
Sgt Kolar, rousted his men from their foxholes and readied
their gun for action. Two panzers appeared together out of
the fog, heading straight for their gun. Kolar fired at the nearest
of the two. His shell hit and penetrated, and the crew re-
loaded and fired again to make sure of killing the tank. Just
as this second shot struck the panzer a burst of machine gun
fire from the other tank hit the AT gun as it was returning to
battery and disabled it. His crew now bereft of their gun,
Kolar snatched up a bazooka and, with one of his crewmen,
crawled out into the fog to hunt down the other panzer. Both
men were wounded and captured by the Germans.

The third gun of 3d Platoon, AT Co, was another
200 meters or so east of Kolar’s gun, at the intersection of
the long east-west hedgerow and a north—south trail leading
directly to the Domlne. This gun, commanded by Joseph
Harris, pointed southwest rather than south in order to cover
the whole western part of E Co's line and enable it to flank
fire at any tanks advancing from the Biltgenbacher Heck.
Harris, a corporal, was one of only three men remaining out
of the gun’s original 10-man crew, the others having been
killed or wounded by the terrible German artillery barrage
that moming. No sooner did the shelling stop than Harms,
climbing out of his foxhole, dimly saw a tank through the fog
to his right, about halfway between his gun and Kolar's. While
he and his crew were loading their AT gun, the tank fired,
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lobbing a huge HE shell down the hill toward the manor house.
As the gun’s muzzle blast briefly parted the haze, the vehicle
was revealed to be not a tank at all, but a self-propelled
150mm infantry howitzer on an old Mk 11 panzer chassis,
known as the Sd Kfz 121, or slG 33.* This vehicle's armor
was very thin, only 20mm thick at best, but Harris couldn’t
know that; he understandably considered any German tracked
vehicle with a big gun to be a “tank.” He fired the AT gun
four times, enough to set the s1G on fire.” While so engaged,
however, Harris and his crew failed to notice a Mk 1V tank
slowly moving up on their left. The panzer fired an AP round
which detonated against the gunshield and rent open the AT
gun’s barrel just above the breech block. The force of the
impact also blew the gun off its pintle. Stunned by the explo-
sion, Harris and his men were overwhelmed and capiured by
the storming SS grenadiers a few minutes later.

This incident did not go unnoticed by Cpl Red
Warner, the West Virginian who had knocked out two panzers
and driven a third off with his pistol the previous day. Wamer's
gun was guarding the north—south trail paralleling the main
Morschheck—Dom Biltgenbach road, about 50 meters east
of Harris’ gun. Since his assistant gunner {and apparently
also Sgt Oldenski, the gun squad leader) had already been
incapacitated, Warner loaded the AT gun himselfand fired at
the panzer that destroved Harris’ gun. His shell struck the
Mk IV just in front of its right rear idler wheel and smoke
began to pour from the rear of the tank. The panzer was im-
mobilized, but it was still deadly: as Wamer reached for an-
other shell, the tank swept its turret around and fired a burst
from its coaxial machine gun just as Warner was slamming
his second shell into the breech. He was hit and died mo-
ments later, still trying to close the gun's breech. For his hero-
istm in the defense of Dom Biitgenbach, Warner was posthu-
mously awarded the Medal of Honor.

Having destroved or neutralized all the AT guns west
of the Morschheck road, the surviving German panzers pro-
ceeded to drive up and down the MLR, crushing automatic
weapons emplacements and crews alike and machine gun-
ning the helpless US soldiers. At one point a panzer drover
through a gap in the 500—vard-long hedgerow. The tank com-
mander climbed out of his turret hatch and dropped to the
ground, forcing an American soldier into the tank at gun-
point. Some of the Gls still manning their foxholes in the
eastern portion of E Co’s line heard pistol shots, and they
assumed that the 55 were methodically shooting the Ameri-
can wounded and prisoners (rumors of the Malmédy massa-
cre and other 55 atrocities at Krinkelt-Rocherath and
Honsfeld had already filtered down to the men at Dom
Biitgenbach).

*According to RH 107321, the gliederung of the 12th 55—
FzD. there were six of these vehicles attached to the 1TIR26th S5
PzGren Regt on 15 December, but by the time of this attack on 21
December, only four were left,

The AT Company commander, Captain Rivette, examined
these hits two days later and found all four to be within a two—foot
circle.

As soon as they crossed to the north side of the
treeline, the attacking panzers were taken under fire by the
M-—4 Sherman tank stationed at the southeast corner of the
barnyard and by the two M—4s on the slope of Hill 598 north
of the manor house, Around 0800, eight Mk 1V panzers of
5th Kompanie, 1/12th S5-PzRegt, made a dash for the
manor house, One was quickly destroyed and another dam-
aged by the two Shermans around the CP. Those Shermans
in turn were destroyed by the panzers' return fire, Three of
the German tanks veered northeast and wound up in 3d Bn's
sector, where the Americans eventually destroyed them with
AT guns and bazooka teams. The remaining three panzers
moved onto the grounds of the estate, hiding behind the bams
to escape further fire from the Shermans on Hill 598. Run-
ning right behind them were five or six S5-panzergrenadiers,
the only German infantry to make it through the American
MLR throughout the entire siege. The Germans sought cover
in an old hospital tent that had been set up to one side of the
manor house but that had been abandoned a few days before
when the fighting started. Four senior NCOs, staff officers
and radiomen from the American CP formed a small strike
force and ventured outside the manor house, eliminating the
grenadiers after a brief firefight.

Inside the house, L1Col Daniel monitored the course
of the battle with growing concern. He kept up a steady stream
of calls into the regimental CP for more artillery fire, and the
resulting unbroken ring of exploding steel was all that pre-
vented the panzergrenadiers from passing unmolested through
the former American positions on the hill. The 300 yard gap
between the edge of the Bilitgenbacher Heck and the
Morschheck road was wide open, and German tanks were
roaming freely over the area. Daniel knew that if the German
infantry were allowed the exploit this gap, all of the 2d and
3d Battalions would be cut off and destroyed. He was deter-
mined not to let that happen.

The three Mk 1Vs near the manor house had ma-
neuvered so that they were still covered by the south barn,
but they could fire their 75mm guns directly into the manor
house from only 75 yards away. This they did, trving to pen-
etrate the building and force the command staff there to sur-
render, but the four—foot-thick stone walls of the old house
withstood even this direct pounding. Nevertheless, as a pre-
caution, LtCol Daniel ordered all papers in the CP to be
bumed.

The two platoons of C Co that had been retained as
areserve were still available, stationed around the crossroads
Just east of the manor house, but Daniel couldn’t move them
to reinforce the E Co positions because of the tanks roaming
around the CP area. By the same token, however, the Mk Vs
were cut off from their infantry support and were vulnerable
to bazooka teams. and they couldn’t withdraw to their own
lines (as they had by now been ordered to do by radio) with-
out exposing themselves to fire from the Sherman tanks on
Hill 598&.

In the 2d Battalion's eastern sector, F Co (having
also been badly hit by the moming's bombardment) was hold-
ing off periodic attacks from Billlingen and suffering consid-
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erable casualties. To their left, K Co of 3d Bn around the
Schwarzenbilchel was attacked by 10 panzers and a battalion
or s0 of infantry, possibly the 126 85, One of K Co’s ba-
zooka teams got one of the panzers, and the AT guns on the
battalion’s left flank knocked out four more, but this did not
deter the advance of the grenadiers. At one point they ad-
vanced so far that Germans and Americans were fighting
hand--to-hand in the trenches and the K Co commander, Capt
Botts, called down final protective fire on his own foxhole.
Capt Botts survived the resulting artillery fire, which pre-
vented the 55 from breaking through the line. Although their
attacks continued throughout the day, the Germans achieved
no penetration of the MLR.

Around 0900, the commanding officer of the AT Co,
Capt Donald Riverte, left his company CP in Blitgenbach to
check on his gun squads around the Domine. As he left
Blitgenbach, accompanied by his jeep driver and his Recon-
naissance Sergeant, he could see three or four tanks burming
on top of Hill 613 to their right front. They did not see any
American infantry anywhere along the road all the way to the
Domiine, nor could they see any where they knew the MLR
to be, behind the hedgerow about halfway up Hill 613, Rivette,
not knowing that portion of the line had been overrun, con-
cluded that the infantry must be deep down in their foxholes.
As they rounded a bend in the road the stone manor house
came into view, and Rivette warned his driver to slow down
while making the sharp tum into the ¢state’s driveway. Fortu-
itously, however, the driver’s foot hit the gas pedal instead of
the brake and the jeep lurched forward just as one of the MK
IV tanks behind the south bam let loose a long maching gun
burst at the vehicle. Rivette was slightly wounded in the back,
and the sergeant suffered a minor cheek wound. The driver
quickly wheeled the jeep to the back of the CP building and
the three men dashed inside. There Rivette was informed of
the grave crisis facing the 2/26th, and his 2d Platoon leader
told him that several of the AT gun crews had been wiped
out. The CP staff knew that the number of dead. wounded,
and missing was staggeringly high, but they hadn't yet been
able to compile a complete count.

The situation around Dom Bitgenbach remained
relatvely static for the next few hours. The 2d and 3d Batial-
ions’ defenses east of the Morschheck road held against peri-
odic attacks, while the German infaniry was kept from ex-
ploiting the breakthrough the panzers had made in the west
only by the massed fire of the American artillery bantalions.
Occasionally one of the panzers hiding behind the south barn
at the estate would move out just far enough to fire an HE
round at the CP, while inside the battalion staff prayed that
the thick stone walls would hold just a little longer. The
panzers also fired a few times at the E and H Co command
posts in the east bam, scoring three direct hits. Every time
the panzers exposed themselves this way to take a shot, the
Shermans on the hill began firing furiously to try and knock
them out, but the panzers were showing themselves too little
and too briefly for the M-4s to get a good shot.

About 1000 a renewed infantry-tank attack struck
at the remnants of the G Co platoon positioned between E

and F Cos, southeast of the Doméine. As the German tanks
silhouetted themselves coming over the ridgeline, however,
one of the M-10 tank destroyers from A Co, 634th TD Bn,
knocked out seven of them in rapid succession. The other
M-—10 guarding the road from Biillingen destroyed one panzer
at 500 vards, while the 57mm guns of the AT platoon were
credited with at least one kill, knocking out a Mk [V tank at
50 yards. Again, the combination of small arms and massive
artillery fire stopped the German infantry cold, but not be-
fore they had put intense pressure on the front line troops.

At 1030 LtCol Daniel urgently requested that Regi-
ment send another rifle company to reinforce his position,
and specified that they should be equipped with extra bazoo-
kas to handle the large number of German tanks engaged
against him. Regiment responded guickly, and within an hour
E Co of the 18th Inf Regt was on its way to shore up the 2/
26th’s positions. By 1200, with no sizable penetration of the
American lines after six hours of heavy combat, the Ger-
mans all across the 2d Bn's front began to pull back. Fight-
ing was still heavy for a while, and the three Mk Vs at the
manor house severely curtailed the Americans® freedom of
movement in that area, but the pressure on the MLR was
noticeably reduced. LtCol Daniel ensured that the curtain of
artillery fire south of the manor house was maintained until
he could move infantry there to reoccupy the foxhole line
and evacuate his wounded, At 1250 he further requested a
platoon of seli—propelled tank destroyers from Regiment so
that he could eliminate the panzeérs on the manor house
grounds and restore his infantry’s freedom of movement. Co
E of the 1 8th Infantry Regiment arrived shortly afterwards,
but since the panzers still threatened any movement in the
area, Daniel ordered them to wait behind Hill 598.

In response to Daniel's request for tank destroyers,
at 1305 a platoon of four M-36 TDs from the 613th TD Bn
moved to positions just west of the Domine, covering their
advance from Biltgenbach with smoke grenades. Daniel or-
dered them to position themselves to fire through the south
barn at the panzers. The TD platoon leader placed two of his
vehicles at the east end of the manor house, from where they
could fire at the east end of the barn, and two by a small
roadside building to the west, with a line of sight to the west
side of the south barn. They began firing their 90mm guns
through the flimsy wooden upper walls of the barn, and with
each salvo they worked their shots about 10 feet closer to-
ward the center of the barn. This pattern of converging shells
so unnerved two of the panzer commanders that they urned
their tanks southward and raced for the safety of their own
lines. The M-36s picked them both off when they were half-
way up the hill. The third tank, however, held its ground.
Daniel called down a barrage of mortar fire on the south
barn to flush it out, but to no avail. He considered using
155mm artillery, since this was the only shell big enough to
actually damage the tank, but its proximity to the manor house
convinced him otherwise. Finally, at about 1600 hours and
under cover of thickening fog and descending darkness, the
last panzer took a parting shot at the CP then turned and fled
up the hill toward Morschheck. Ironically, its last shot fi-
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nally penetrated the manor house wall and wounded nine men
inside.

For all intents and purposes, the last German attack
on the Domine Biltgenbach was over. The 12th-5S Panzer
Division tried one last time, on 22 December, to seize
Biitgenbach, but that defense against that attack primarily
involved the 1st Bn of the 26th Inf Regt farther to the west,
The defense that “stuck out like a sore thumb™ at the manor
house had held.

Afltermath

As the grenadiers and panzers withdrew into
Morschheck and Billingen on the afternoon of 21 Decem-
ber, the weary US 2/26th began rebuilding its defenses and
preparing for the next German attack. Engineers layved a belt
of 2400 mines in front of the MLR, built two strong road-
blocks to block the approaches from north and south, and
erected three rows of concertina wire across the battalion’s
entire front.

These defenses, however, were not 1o be tested. Af-
ter the unsuccessful attack on 22 December west of the
Domdine, the Germans despaired of ever opening Rollbahn
C and reaching Liege. The battered 12th S5-PzD was with-
drawn from the Biligenbach area and sent south and west,
where it was subsequently committed in the battle for
Bastogne. Volksgrenadier units that were too weak to artack
were sent in its stead to defend Billingen and Morschheck
against any American counterattacks. As Hugh Cole, author
of the Army's official history of the Battle of the Bulge, put
it, the defenders of Dom Biitgenbach “had knocked part of
Hitler’s personal plan into a cocked hat.”

In four days of fighting, the 12th S5-Panzer Divi-
sion “Hitlerjugend™ had suffered over 1,200 casualties, more
than 782 of which were killed, including losses incurred at
Krinkeli-Rocherath. In its first week of commitment in the
Ardennes counteroffensive, the division lost a total of 47
panzers, jagdpanzers, and self-propelled guns, 15 armored
half-tracks, one armored car, one Kilbelwagen (jeep), two
rocket launcher batteries (due solely to American counter-
battery artillery fire), and an unknown but large number of
trucks. US patrols sent out to the Biitgenbacher Heck on 23
December reported German dead “as common as grass” on
the hillside above E Co’s MLR, and found over 300 dead
along the edge of the forest, The commander of M (heavy
weapons) Co, 3d Bn, told Capt Rivette of the AT Co that the
bodies of dead panzergrenadiers were piled so high in front
of 3d Bn’s positions that special patrols had to be sent out to
¢lear them from the “final protective line.”

The American casualties were proportionally no less
severe, The 26th Infantry Regiment lost six bazookas, five
3Tmm AT guns, six BARs, two _30cal machine guns, three

M-10 self-propelled tank destrovers, and three M-4 Sherman
tanks defending Dom Biitgenbach. Worse, the regiment suf-
fered 13 officers and 487 men killed, wounded, or captured.
Since Ist Division as a whole lost 15 officers and 948 men
between 16 and 24 December, that meant that 51% of the
division's enlisted losses and a whopping 87% of the officer
casulties came from the 26th Regiment alone. After the Ger-
man attack subsided on the afternoon of 21 December, 2/
26th had elements of six companies holding the line—its own
E. F, and G Cos supported by heavy weapons from H Co,
plus C Co from 1st Bn and parts of E Co of the 18th regi-
ment. A headcount taken that night in the foxholes of the
men available for duty revealed that E and F Cos had 75 men
apiece, (G Co had 55, and H Co had 80. C Co from Ist Bn
had 75 men also, while even the “fresh” E/18 could muster
only 123,

Credit for the defense must be shared with the vari-
ous supporting battalions of American artillery. These units
were no less instrumental than the infantry in stopping the
German attacks. On 18 December, the battalions supporting
the Ist Infantry fired a total of 26 missions; on 19 December,
102 missions; on the 20th, 169; on the 21st, 291; and on 22
December, they fired an incredible 334 missions, More of-
ten than not they fired until they were out of ammunition or
until the guns were to hot to handle. In one eight-hour period
on the 21st, when continuous artillery explosions were all
that kept the German infantry from overrunning LiCol
Daniel's CP, 10,000 rounds were fired to support his posi-
tion. The 2/26th’s mortar sections at Dom Biitgenbach fired
750 rounds that same day. The 955th FA Bn fired 555 rounds
in a single interdiction and harassment mission and a total of
2,054 rounds for the day, the battalion’s largest one-day
ammunition expenditure of the war,

Despite the losses of men and material that the 2/
26th endured, the price paid must be compared to the cost of
a German breakthrough at Dom Biitgenbach. Given an open
highway to Malmédy, the | 85-PzK could have attacked
against the flanks of the 2d and 99th Divisions and possibly
overrun the Elsenborn Ridge. Such a move would have nul-
lified the courageous stand of the 2d and 99th Divisions in
and around Krinkeli-Rocherath, While the Germans almost
certainly would not have been able to retake Antwerp or force
the Western Allies to sue for a separate peace, as Hitler had
hoped, they might very well have reached the Meuse and
established strong blocking positions. The American stand
at Dom Biltgenbach helped channel the German advance
westward, an operationally pointless direction for the ad-
vance, and allowed a strong northern shoulder to be main-
tained from which counterattacks would be launched once
the Allies regained the initiative. P
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CEYV Calculations in Italy, 1943 ¢

by Niklas Zetterling

Perhaps one of the most debated results of the
THDM (and its predecessors) 1s the conclusion that the Ger-
man ground forces on average enjoyed a measurable qualita-
tive superiority over its US and British opponents. This was
largely the result of calculations on situations in ltaly in 1943
44, even though further engagements have been added since
the results were first presented, The calculated German su-
periority over the Red Army, despite the much smaller num-
ber of engagements, has not aroused as much opposition,
Similarly, the calculated Israeli effectiveness superiority over
its enemies seems 1o have surprised few.

However, there are objections to the calculations
on the engagements in ltaly 1943, These concern primarily
the database, but there are also some questions to be raised
against the way some of the calculations have been made,
which may possibly have consequences for the TNDM.

Here it is suggested that the German CEV superior-
ity was higher than originally calculated. There are a number
of flaws in the original calculations, each of which will be
discussed separately below. With the exception of one issue,
all of them, if corrected, tend to give a higher German CEV.

The Database on Italy 194344

According to the database the German divisions had
considerable fire support from GHQ artillery units. This is
the only possible conclusion from the fact that several pieces
of the types 15¢m gun, 1 Tem gun, 2 lem gun, and 15¢m and
2lem nebelwerfer are included in the data for individual en-
gagements. These types of guns were almost exclusively con-
fined to GHQ units. An example from the database are the
three engagements Port of Salerno, Amphitheater, and Sele—
Calore Corridor. These take place simultaneously (9—11 Sep-
tember 1943 ) with the German 16th Pz Div on the Axis side
in all of them (no other division is included in the bartles).
Judging from the manpower figures, it seems 1o have been
assumed that the division participated with one quarter of its
strength in each of the two former battles and half its strength
in the latter. According to the database, the number of guns
were:
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This would indicate that the 16th Pz Div was supported by
the equivalent of more than five non—divisional artillery bai-
talions. For the German army this is a suspiciously high num-
ber; usually there were rather something like one GHO) artil-
lery battalion for each division, or even less. Research in the
Cierman Military Archives confirmed that the number of GHO
artillery units was far less than indicated in the HERO data-

base. Among the useful documents found were a map show-
ing the dispositions of 10th Army artillery units. This showed
clearly that there was only one non—divisional artillery unit
south of Rome at the time of the Salerno landings, the 1171

MNebelwerfer Battalion. Also the 557th Artillery Battalion
{17cm gun) was present, it was included in the artillery regi-
ment {33rd Artillery Regiment) of 15th Panzergrenadier Di-
vision during the second half of 1943, Thus the number of
German artillery pieces in these engagements is exaggerated
to an extent that cannot be considered insignificant. Since
OL1 values for artillery usually constitute a significant share
of the total OLI of a force in the TNDM, errors in artillery
strength cannot be dismissed easily.

While the example above is but one, further archi-
val research has shown that the same kind of error oceurs in
all the engagements in September and October 1943, It has
not been possible to check the engagements later during 1943,
but a pattern can be recognized. The ratio between the num-
bers of various types of GHO) artillery pieces does not change
much from battle to battle. It seems that when the database
was developed, the researchers worked with the assumption
that the German corps and army organizations had organic
artillery, and this assumption may have been used as a “rule
of thumb.” This is wrong, however; only artillery staffs, com-
mand and control units were included in the corps and army
organizations, not firing units. Consequently we have a sys-
tematic error, which cannot be correécted without changing
the contents of the database. It is worth emphasizing that we
are discussing an exaggeration of German artillery strength
of about 100%, which certainly is significant. Comparing the
available archival records with the database also reveals er-
rors in numbers of tanks and antitank guns, but these are much
smaller than the errors in artillery strength. Again these er-
rors do always inflate the German strength in those engage-
ments | have been able to check against archival records.

These errors tend to inflate German numerical
strength, which of course affects CEV calculations. But there
are further objections to the CEV calculations.

The Result Formula

The “result formula™ weighs together three factors:
casualties inflicied, distance advanced, and mission accom-
plishment. It seems that the first two do not raise many ob-
jections, even though the relative weight of them may always
be subject to argumentation.

The third factor, mission accomplishment, is more
dubious however. At first glance it may seem to be natural to
include such a factor. After all, a combat unit is supposed to
accomplish the missions given to it. However, whether a unit
accomplishes its mission or not depends both on its own quali-
ties as well as the realism of the mission assigned. Thus the
mission accomplishment factor may reflect the qualities of
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the combat unit as well as the higher HQs and the general
strategic situation. As an example, the Rapido crossing by
the US 36th Infantry Division can serve. The division did
not accomplish its mission, but whether the mission was re-
alistic, given the circumstances, is dubious. Similarly many
German units did probably, in many situations, receive
unrealistix missions, particularly during the last two vears of
the war (when most of the engagements in the database were
fought). A more extreme example of situations in which un-
realistic missions were given is the battle in Belorussia, June-
July 1944, where German units were regularly given impos-
sible missions. Possibly it is a general trend that the side which
is fighting at a strategic disadvantage is more prone to give
its combat units unrealistic missions.

On the other hand it is quite clear that the mission
assigned may well affect both the casualty rates and advance
rates. If, for example, the defender has a withdrawal mis-
sion, advance may become higher than if the mission was to
defend resolutely. This must however not necessarily be
handled by including a missions factor in a result formula.

| have made some tentative runs with the THDM,
testing with various CEV values to see which value produced
an outcome in terms of casualties and ground gained as near
as possible to the historical result. The results of these runs
are very preliminary, but the tendency is that higher German
CEVs produce more historical outcomes, particularly con-
cerming combat,

Supply Situation

According to scattered information available in pub-
lished literature, the US artillery fired more shells per day
per gun than did German artillery. In Normandy, US 155mm
MI howitzers fired 28.4 rounds per day during July, while
August showed slightly lower consumption, 18 rounds per
day. For the 105mm M2 howitzer the corresponding figures
were 40.8 and 27.4. This can be compared to a German OKH
study which, based on the experiences in Russia 1941-43,
suggested that consumption of 105mm howitzer ammunition
was about 13-22 rounds per gun per day, depending on the
strength of the opposition encountered. For the 1 30mm how-
itzer the figures were 12-15,

While these figures should not be taken oo seri-
ously, as they are not from primary sources and they do also
reflect the conditions in different theaters, they do at least
indicate that it cannot be taken for granted that ammunition
expenditure is proportional to the number of gun barrels. In
fact there also exist further indications that Allied ammuni-
tion expenditure was greater than the German. Several Ger-
man reports from Nommandy indicate that they were aston-
ished by the Allied ammunition expenditure.

It is unlikely that an increase in artillery ammuni-
tion expenditure will result in a proportional increase com-
bat power. Rather it is more likely that there is some kind of
diminished return with increased expenditure.

General Problems with Non—Divisional Units
A division usually (but not necessarily) includes

various support services, such as maintenance, supply, and
medical services. Non—divisional combat units have 1o a
greater extent to rely on corps and army for such support.
This makes it complicated to include such units, since when
entering, for example, the manpower sirength and truck
strength in the TNDM, it is difficult to assess their contribu-
tion to the overall numbers,

Furthermore, the amount of such forces is not equal
on the German and Allied sides. In general the Allied divi-
sional slice was far greater than the German. In Normandy
the US forces on 23 July 1944 had 812,000 men on the Con-
tinent, while the number of divisions was 18 (including the
5th Armored, which was in the process of landing on the
25th). This gives a divisional slice of 45,000 men. By com-
parison the German Tth Army mustered 16 divisions and
231,000 men on | June 1944, giving a shice of 14,437 men
per division. The main explanation for the difference is the
non—divisional combat units and the logisitical organization
to support them. In general, non-divisional combat units are
composed of powerful, but supply—consuming, types like ar-
mor, artillery, antitank and antiaircraft. Thus their contribu-
tion to combat power and strain on the logistical apparatus is
considerable. However | do not believe that the supporting
units’ manpower and vehicles have been included in TNDM
calculations,

There are however further problems with non—divi-
sional units. While the whereabouts of tank and tank destrover
units can usually be established with sufficient certainty, ar-
tillery can be much harder to pin down 1o a specific division
engagement. This 15 of course a greater problem when the
geographical extent of a battle 15 small.

Tooth—to—Tail Ratio

Above was discussed the lack of support units in
non-divisional combat units. One effect of this is to create a
force with more OLI per man. This is the result of the unit’s
“tail” belonging to some other part of the military organiza-
tion.

In the TNIDM there is a mobility formula, which
tends 1o favor units with many weapons and vehicles com-
pared to the number of men, This became apparent when |
was performing a great number of TNDM runs on engage-
ments between Swedish brigades and Soviet regiments. The
Soviet regiments usually contained rather few men, but still
had many AFVs, artillery tubes, AT weapons, etc. The Mo-
bility Formula in TNDM favors such units. However, | do
not think this reflects any phenomenon in the real world. The
Soviet penchant for lean combat units, with supply, mainte-
nance, and other services provided by higher echelons, is not
amore effective solution in general, but perhaps better suited
to the particular constraints they were experiencing when
forming units, training men, etc. In effect these services were
existing in the Soviet army too, but formally not with the
combat units.

This problem is to some extent reminiscent to how
density is calculated (a problem discussed by Chris Lawrence
in a recent issue of the Newsletter). It is comparatively easy
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to define the frontal limit of the deployment area of force,
and it is relatively easy to define the lateral limits too. It is,
however, much more difficult to say where the rear limit of a
force is located.

When entering forces in the TNDM a rear limit is,
perhaps unintentionally, drawn. But if the combat unit in-
cludes support units, the rear limit is pushed farther back
compared to a force whose combat units are well separated
from support units.

To what extent this affects the CEV calculations is
unclear. Using the original database values, the German forces
are perhaps given too high combat strength when the great
number of GHO artillery units is included. On the other hand,
if the GHO) artillery units are not included, the opposite may
be truc,

The Effects of Defensive Posture

The posture factors are difficult to analyze, since
they alone do not portray the advantages of defensive posi-
tion, Such effects are also included in terrain factors.

It seems that the numerical values for these factors
were assigned on the basis of professional judgement. How-
ever, when the QJM was developed, it seems that the devel-
opers did not assume the German CEV superiority. Rather,
the German CEV superiority seems to have been discovered
later. It is possible that the professional judgement was about
as wrong on the issue of posture effects as they were on CEV.
Since the British and American forces were predominantly
on the offensive, while the Germans mainly defended them-
selves, a German CEV superiority may, at least partly, be
hidden in two high eflects for defensive posture.

can be regarded as “high™ is probably much dependent on
terrain, road net quality, and the cross—country mobility of
the forces.

Conclusions

While the TNDM has been criticized here, itis also
fitting to praise the model. The very fact that it can be criti-
cized in this way 15 a testimony to its opeénness. In a sense a
maodel is also a theory, and to use Popperian terminology, the
TNDM is also very testable.

It should also be emphasized that the greatest er-
rors are probably those in the database. As previously stated,
I can only conclude safely that the data on the engagements
in ltaly in 1943 are wrong; later engagements have not yet
been checked against archival documents. Overall the errors
do not represent a dramatic change in the CEV values. Rather,
the Germans seem to have (in Italy 1943) a superiority on
the order of 1.4-1.5, compared to an original figure of 1.2-
1.3.

During September and October 1943, almost all the
German divisions in southem ltaly were mechanized or para-
chute divisions. This may have contributed to a higher Ger-
man CEV. Thus it is not certain that the conclusions arrived
at here are valid for German forces in general, even though
this factor should not be exaggerated, since many of the Ger-
man divisions in ltaly were either newly raised {e.g., 26th
Panzer Division) or rebuilt after the Stalingrad disaster ( 16th
Panzer Division plus 3rd and 29th Panzergrenadier Dlvisions)
or the Tunisian debacle (15th Panzergrenadier Division). &

When using corrected input data on the 20 situa- | List of Engagements Checked
tions in Italy September—COctober 1943, there is a tendency
that the German CEV is higher when they attack. Such aten- | Port of Salemo 9-11 Sept 1943
dency is also discernible in the engagements presented in | Amphitheater 9-11 Sept 1943
Hitler ¥ Last Gambie, Appendix H, even though the number | Sele—Calore Corridor 11 Sept 1943
of engagements in the latter case is very small. Vietri | 12-15 Sept 1943

As it stands now this is not really more than a hy- | Battipaglia 1215 Sept 1943
pothesis, since it will take an analysis of a greater number of | Tobacco Factory 13-14 Sept 1943
engagements to confirm it. However, if such an analysis is | Eboli 17 Sept 1943
done, it must be done using several sets of data. German and | Battipaglia 11 17-18 Sept 1943
Allied antacks must be analyzed separately, and preferably | Vietri Il 1718 Sept 1943
the data would be separated further into sets for each rel- | Grazzanise 12-14 Sept 1943
evant terrain type. Since the effects of the defensive posture | Capua 13 Oct 1943
are intertwined with terrain factors, it is very much possible | Triflisco 13-14 Oct 1943
that the factors may be correct for certain terrain types, while | Monte Acero 13-14 Oct 1943
they are wrong for others. It may also be that the factors can | Caiazzo 13-14 Oct 1943
be different for various opponents (due to differences intrain- | Castel Voltumo 13-15 Oct 1943
ing, doctrine, etc.). It is also possible that the factors are dif- | Dragoni 14-17 Oct 1943
ferent if the forces are predominantly composed of armor | Monte Grande [ 16-17 Oct 1943
units or mainly of infantry. Canal | 17-18 Ot 1943

One further problem with the effects of defensive | Canal I1 18-20 Oct 1943
position is that it is probably strongly affected by the density
of forces. It is likely that the main effect of the density of
forces is the inability to use effectively all the forces involved.
Thus it may be that this factor will not influence the outcome
except when the density is comparatively high. However, what

June 1997 23




Response to

Niklas Zetterling’s Article

by Christopher A. Lawrence

Mr. Zetterling is currently a professor at the Swed-
ish War College and previously worked at the Swedish Na-
tonal Defense Research Establishment. As | have been hav-
ing an ongoing dialogue with Prof. Zetterling on the Battle
of Kursk, I have had the opportunity to witness his approach
to researching historical data and the depth of research. |
would recommend that all of our readers take a look at his
recent article in the Jowrnal of Slavie Military Studies en-
titled “Loss Rates on the Eastern Front during World War
H." Mr. Zetterling does his German research directly from
the Captured German Military Records by purchasing the
rolls of microfilm from the US National Archives. He is us-
mg the same German data sources that we are. Let me at-
tempt to address his comments section by section:

The Database on ltaly 1943-44:

Unfortunately, the ltalian combat data was one of
the early HERO research projects, with the results first pub-
lished in 1971. 1 do not know who worked on it nor the spe-
cifics of how it was done. There are references to the Cap-
tured German Records, but significantly, they only reference
division files for these battles. While 1 have not had the time
to review Prof. Zetterling’s review of the original research, 1
do know that some of our researchers have complained about
parts of the ltalian data. From what ['ve seen, it looks like
the original HERO researchers didn’t look into the Corps
and Army files, and assumed what the attached Corps artil-
lery strengths were. Sloppy research is embarrassing, although
it does occur, especially when working under severe finan-
cial constraints (for example, our Battalion-Level Operations
Database). If the research is sloppy or hurried, or done from
secondary sources, then hopefully the errors are random, and
will effectively counterbalance each other, and not change
the results of the analysis. If the errors are all in one direc-
tion, then this will produce a biased result.

| have no basis to believe that Prof. Zetterling's eriti-
cism is wrong, and do have many reasons to believe that it is
correct. Until | can take the time to go through the Corps and
Army files, | intend to opérate under the assumption that Prof,
Zetterling’s corrections are good. At some point 1 will need
to go back through the ltalian Campaign data and correct it
and update the Land Warfare Database. I did compare Prof.
Zetterling’s list of baitles with what was declared to be the
forces invelved in the battle (according the Combat Data Sub-
scription Service) and they show the following attached ar-
tillery:

Enagemend Erngagem eni A fRached Corps

Artillior W

1 Paort of Salema 174 XV Corps Artillery

2 ‘Amphitheater 114 XV Corps Artillery

3 ‘Sele-Calore Comidor | 1/2 LXAV] Pz Comps Artillery
5 Vietri | 1/2 ¥V Corps Arillery

6 Battipaglial |’ 1/2 DOV Pz Corps Artillery
4 Tobacco Factory  1/2 LXOOWI Pz Corps: Artillery
9 Eboli [None |
8 Battipagha il 172 LXVI Pz Corps Attillery
7 ietri Nl 112 XV Corps Artillery

10 Grazzanise 118 X -Corps Artillery

11 Capua 1/4 X1V Corps Arillery

12 Triflisco 2/5 ¥V Corps Artillery

13 Monle Acero 175 V1 Corps Artillery

14 iCaiazzo 25 V1 Comps Artilllery

15 ‘Castel Voltumo 1/8 XV Coms Artillery

6 ‘Dragoni . 114 1V Corps Antiliery.

20 Monte Grande 1/8 XV Comps Atillery

17 'Canal | /8 XV Comps Artillery

18 ‘Canal I 118 AV Comps Arillery

It is clear that the battles were based on the assumption that
there was Corps—level German artillery. A strength compari-
son between the two sides is displayed in the chart on the
next page.

The Result Formula:

CEV is calculated from three factors. Therefore a
consistent 20% error in casualties will result in something
less than a 20 error in CEV. The mission effectiveness fac-
tor is indeed very “fuzzy™, and these is simply no systematic
method or guidance in its application. Sometimes, it is not
based upon the assigned mission of the unit, but its perceived
mission based upon the analyst's interpretation. But, while [
have the same problems with the mission accomplishment
scores as Mr. Zetterling, 1 do not have a good replacement.
Considering the nature of warfare, | would hate to create
CEV's without it. Of course, Trevor Dupuy was experiment-
ing with creating CEV's just from casualty effectiveness, and
by averaging his two CEV scores (CEVt and CEVI) he heavily
weighted the CEV calculation for the TNDM towards mea-
suring primarily casualty effectiveness (see the article in is-
sue 5 of the Newsleiter, “Numerical Adjustment of CEV Re-
sults: Averages and Means™). At this point, I would like to
produce a new, single formula for CEV to replace the current
two and its averaging methodology. | am open o sugges-
tions for this.

Supply Situation:
The different ammunition usage rate of the German
and US Armies is one of the reasons why adding a logistics
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Tra I one had a good logistics module, the difference in logistics

104
218

£
B ¥a

ein Tank Destroyer 1!

27

24

12

25-pdr (incl 5P) 192
18

..I

18

24

150 Howdtzer (e of (il

eaBEBNS

| MOrem Howitzer

Light Tank 161 55
Madium Tank 204 184

Bz

' Does not include Eighth Army divisions advancing from the “toe™
that arrived too late to take part in the Salemo actions.

! Plus 400 gliders.

? German figures are for estimated serviceable aircraft. This figure
is 75% of total German and Halian planes in southern laly. The

A Milicary History of World War II, on p. 120 states: “included in
the mobile defense was a railway battery of 132mm guns, usually
kept on a track just north of Agripoli. Observation from such domi-
nating terrain features as Mount Soprano would enable the enemy
to direct fire on the gulf, the beaches, and the plain.”

module is high on my list of model corrections. This was
discussed in Issue 2 of the Newsleiter, “Developing a Logis-
tics Model for the TNDM.™ As Mr. Zetterling points out, “It
is unlikely that an increase in artillery ammunition expendi-
ture will result in a proportional increase in combat power.
Rather it is more likely that there is some kind of diminished
return with increased expenditure.” This parallels what [ ex-
pressed in point 12 of that article: 1t is suspected that this
increase [in OLIs] will not be linear.™

The CEV does include “logistics.” So in effect, if

would be accounted for, and the Germans (after logistics is
taken into account) may indeed have a higher CEV.

General Problems with Non-Divisional Units
Tooth-to-Tail Ratio

Point taken. The engagements used to test the
THNDM have been gathered over a period of over 25 years,
by different researchers and controlled by different manage-
ment. What is counted when and where does change from
one group of engagements to the next. While [ do think this
has not had a significant result on the model outcomes, it is
“sloppy™ and needs to be addressed.

The Effects of Defensive Posture

This is a very good point. [f the budget was avail-
able, my first step in “redesigning” the TNDM would be to
try to measure the effects of terrain on combat through the
use of a large LWDB-type database and regression analysis.
| have always felt that with enough engagements, one could
produce reliable values for these figures based upon some-
thing other than judgement. Prof. Zetterling’s proposed meth-
odology is also a good approach, easier to do, and more likely
to get a conclusive result. | intend to add this to my list of
model improvements.

Conclusions

There is one other problem with the [talian data
that Prof. Zetterling did not address. This was that the Ger-
mans and the Allies had different reporting systems for ca-
sualties. Quite simply, the Germans did not report as casual-
ties those people who were lightly wounded and treated and
retumed to duty from the divisional aid station. The United
States and England did. This shows up when one compares
the wounded to killed ratios of the various armies, with the
CGermans usually having in the range of 3 to 4 wounded for
every oné killed, while the allies tend to have 4 to 5 wounded
for every one killed. Basically, when comparing the two re-
ports, the Germans “undercount™ their casualties by around
|7 to 20%%. Therefore, one probably needs to use a multi-
plier of 20 to 25% to match the two casualty systems. This
was not taken into account in any the work HERO did.

Because Trevor Dupuy used three factors for mea-
suring his CEV, this error certainly resulted in a slightly higher
CEV for the Germans than should have been the case, but
not a 20% increase. As Prof. Zetterling points out, the cor-
rection of the count of artillery pieces should result in a higher
CEV than Col. Dupuy calculated. Finally, if Col, Dupuy over-
rated the value of defensive terrain, then this may result in
the German CEV being slightly lower.

As you may have noted in my list of improvements
{Issue 2, “Planned Improvements to the TNDM™), | did list
“re—validating” to the QJM Database. As part of that revali-
dation process, we would need to review the data used in the
validation data base first, account for the casualty differences
in the reporting systems, and determine if the model indeed
overrates the effect of terrain on defense. &

June 1997 25



Artillery Effectiveness

versus Armor
by Richard C. Anderson, Jr.

The effectiveness of arillery against exposed
personnel and other “sofi” targets has long been accepted.
Fragmenis and blast are deadly to those unfortunate enough
to not be under cover. What has also long been accepted 15 the
relative—if not total—immunity of armored vehicles when
exposed to shellfire. In a recent memorandum, the United
States Army Armor School disputed the results of tests of
artillery versus tanks by stating, “..the Armmor School
nonconcurred with the Artillery School regarding the
suppresive effects of artillery...the M-1 main battle tank
cannot be destroved by artillery...”

This statement may in fact be true,' i the
advaricement of armored vehicle design has  greaily
exceeded the advancement of ariillery weapon design in the
last fifty years, However, if the statement is not true, then
recent research by TDI into the effectiveness of anillery
shellfire versus tanks in World War 11 may be illuminating.

The TDI search found that an average of 12.8
percent of tank and other armored vehicle losses' were due 1o
artillery fire in seven cases in World War 1l where the cause
of loss could be reliably identified. The highest percent loss
due to artillery was found to be 14.8 percent in the case of the
Soviet st Tank Army at Kursk ( Table I1). The lowest percent
loss due to artillery was found to be 5.9 percent in the case of
Dom Biitgenbach (Table VIII).

The seven cases are split almost evenly between
those that show armor losses 1o a defender and those that
show losses to an attacker. The first four cases (Kursk,
Mormandy |, Normandy 1I, and the *“Pocket™) are
engagements in which the side for which armor losses were
recorded was on the defensive. The last three cases
{Ardennes, Krinkelt, and Dom Biitgenbach) are engage-
ments in which the side for which armor losses were recorded
was on the offensive.

' The statement may be true, although it has an “unsinkable
Titanic,” ring to it It is much more likely that this statement is an
hyvpothesis, rather than a truism.

* As part of this article a survey of the Research Analysis
Corporation’s publications list was made in an attempt to locate
data from previous operations research on the subjeci. A single
reference to the study of tank losses was found, Group 1 Alvin D,
Coox and L. Van Loan Naisawald., Swevey of Allied Tank
Casuaities in World War [, CONFIDENTIAL ORO Report T-117,
I March 1951,

' The percentage loss by cause excludes vehicles lost due 1o
mechanical breakdown or abandonment. 1§ these were included,
they would account for 29.2 percent of the total lost. However, 271
of the 404 (67.1%) abandoned were lost in just two of the cases.
These two cases (Normandy |1 and the Falaise Pocket) cover the
period in the Mormandy Campaign when the Allied armies broke
through the German defenses and began the pursuit across France,

Four of the seven cases (Normandy |, Mormandy [T,
the “Pocket,” and Ardennes) represemt data collected by
operations research personnel utilizing rigid criteria for the
identification of the cause of loss. Specific causes of loss
were only given when the primary destructive agent could be
clearly identified. The other three cases (Kursk, Krinkelt, and
Dom Butgenbach) are based upon combat reporis that—of
necessity—represent less precise data collection efforts.
However, the similarity in results remains striking.

The largest identifiable cause of tank loss found in
the data was, predictably, high-velocity armor piercing
antitank rounds. AP rounds were found to be the cause of
68.7 percent of all losses. Artillery was second, responsible
for 12.8 percent of all losses. Air attack as a cause was third,
accounting for 7.4 percent of the total lost. Unknown causes,
which included losses due to hits from multiple weapon types
as well as unidentified weapons, inflicted 6.3% of the losses
and ranked fourth. Other causes, which included infantry
antitank weapons and mines, were responsible for 4.3% of
the losses and ranked fifth.

Curiously, at Kursk, in the case where the highest
percent loss was recorded, the German forees opposing the
Soviet 1st Tank Army—mainly the XLVIII Panzer Corps of
the Fourth Panzer Amrmy—were supported by proportion-
ately fewer artillery pieces (approximately 56 guns and
rocket launchers per division) than the US lst Infantry
Division at Dom Bitgenbach (the equivalent of approxi-
mately 106 guns per division)'. Nor does it appear that the
Cierman rate of fire at Kursk was significantly higher than that
of the American artillery at Dom Biitgenbach. On 20 July at
Kursk, the 150mm howitzers of the |1th Panzer Division
achieved a peak rate of fire of 87.21 rounds per gun. On 21
December at Dom Biitgenbach, the 155mm howitzers of the
955th Field Artillery Battalion achieved a peak rate of fire of
171.17 rounds per gun.’

Table IX shows the distribution of cause of loss by
type or armor vehicle, From the distribution it might be
inferred that better protected armored vehicles may be less
vulnerable to artillery attack. MNevertheless, the heavily
armored vehicles still suffered a minimum loss of 5.6 percent
due to artillery. Unfortunately the sample size for heavy tanks
was very small, 18 of 980 cases or only 1.8 percent of the
total.

* The US antillery at Dom Bitgenbach peaked on 21 December
1944 when a total of 210 divisional and corps pieces fired over
10,000 rounds in support of the 15t Division™s 26th Infantry.

* Data collected on German rates of fire are fragmentary, but appear
1o be similar to that of the American Army in World War 11. An
article on artillery rates of fire that explores the data in more detail
will be forthcoming in a future issue of this Newsletrer.
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The data are limited at this time to the seven cases.”
Further research is necessary to expand the data sample so as
to permit proper statistical analysis of the effectiveness of
artillery versus tanks.’ &

* An eighth case was considered, but was not included in this article.
This was the report of tank losses by the st US Army from June
1944 through April 1945, The data were incomplete, reporting all
indirect fire and direct fire losses as caused by “gunfire.” However,
internal evidence implics that of the 898 losses reported in the
study, as many as 250 (278 percent) may have been caused by
indirect artillery fire.

" There is strong evidence that extensive data on armored vehicle
losses are available in the captured German Army records from
World War I1. Most of this data would cover the German experience
on the Eastern Front versus the Soviet Army.

Table |. Kursk, Soviet 1st Tank
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Sl 24

B The data were found in reports of the 15t Tank Army (Fond 299,
Opis" 3070, Delo 226). Obvious math errors in the original
document have been corrected (the total lost column did not always
agree with the totals by cause). The total paricipated column
evidently reflected the starting strength of the unit, ples
replacement vehicles. “Bumed™ in Soviet wartime documents
usually indicated a total loss, however il appears that in this case
“burned” denoted vehicles totally lost due to direct fire antitank
weapons. “Breakdown™ apparently included both mechanical
breakdown and repairable combat damage.

and Loss by Unit, 4-18 July 18435

? Mote that the brigade report (Fond 3304, Opis® 1, Delo 24)
contradicts the army report. The brigade reported that a total of 28
T-34s were lost (9 to aircraft and 19 to “artillery™) and one T-60 was
destroyed by a mine. However, this report was made on 11 July,
during the battle, and may not have been as precise as the later
report recorded by 15t Tank Army. Furthermore, it is not as clear in
the brigade report that “artillery™ referred only to indirect fire HE
and not simply to both direct and indirect fire guns.
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and Losses, 418 July 1943
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I From ORS Report No. 17,

"' Five ofthe 13 counted as unknown were penctrated by both armor
piercing shot and by infantry hollow charge weapons, There was no
evidence to indicate which was the onginal cause of the loss,

I, Garman Armor Losses 6-31 &

]
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¥ From ORS Report No. 15. The “Pocket” was the area west of the
line Falaise-Argentan and east of the line Vassy-Gers-Domiront in
Normmandy that was the site in August 1944 of the beginning of the
Gierman retreal from Framce. The German forces were being
enveloped from the north and south by Allied ground forces and
were under constant, heavy air attack.
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¥ From ORS Joint Report No. 1. A total of an estimated 300
German armor vehicles were found following the battle.

Table VB, Krinksit, German Armor Losses, 17-20 December 1944 '

1% 32 5%

5 Data from 38th Infantry After Action Report (including “Sketch showing
enemy vehicles destroved by 38th Inf Regt. and attached umits 17-20 Dec,
19447}, from 12th S5-PzD strength report dated 8 December 1944, and from
strengths indicated on the OKW briefing maps for 17 December (15t [circa
0600 hours], 2d |circa 1200 hours], and 3d [circa 1800 hours] situation), 18
[yecember (15t and 2d situation), 19 December (2d situation), 20 December
{3d situation), and 21 December (2d and 3d situation).

1% Losses include confirmed and probable losses,

s ch, (erman Armor Lossss, 18-21 Dacambar 1544
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1

® If-.*'f'a'-':r armor includes the KV-1, KV-2, Tiger, and Tiger Il

1 Medium armor includes the T-34, Grant, Panther, and Panzer IV,

™ Light armor includes the T-60, T-T0, Swuart, armored cars, and armored personnel carriers.

Table X. Swmmarny of Armeor Lossas, Tables 141
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ckE PROCRAMMER'D CU3ICLE

Calculating an OLI Score for
Armored Fighting Vehicles

by Jose Perez

The calculation of an OLI score for Armored Fight-
ing Vehicles {AFVs) has undergone some changes since the
TNDM was first created. These changes were the result of
work done by Richard Anderson and Chip Sayers. The work
was concluded in October 1994,

The changes made by Richard Anderson appeared
in version 1.6 (22 September 1991). They consisted of add-
ing the Visibility, Low-Light Capability, Power Traverse, Sta-
bilization, Range Finding, and Ballistic Computer factors for
the calculation of AFV OLI scores. The primary reason for
adding these factors was to clarify the superiority of the lat-
est generation tanks. Anderson’s analysis of AFV OLI scores
made it clear that modern tanks like the US™s Abrams MI
were not getting scores that reflected the updated fire control
and low-light capability systems in these tanks.

In general, the addition of these factors did little wo
change the OLI scores of most AFVs. However, those with
Low-Light Capability, Stabilization, and the latest fire con-
trol systems received a boost. For example, a typical AFV
might have increased its score by as little as 10% with the
addition of these factors, but an AFV with a thermal imager,
powered traverse, main gun stabilization, laser range finder,
and ballistic computer correction for cant, ammunition, ¢ross-
wind, and barrel got an OLI score that was 94% higher.

Chip Sayers” work was based an analysis of the en-
gines, weight, size, and armor of newer tanks. His analysis
indicated that the OLIs for these weapons did not reflect im-
provements in armor and engines. Changes were made to the
Vehicle Supply. Vehicle Punishment, Radius of Action (mul-
tiplier became 0.06), and Battlefield Mobility Factors. Also,
Height, Length, Ground Pressure, and Horsepower were
added as factors in calculating the Bantlefield Mobility Fac-
Lor,

The values for the Armor Types range from 1.0 for
Unimproved Armor to 1.3025 for Super-Hard Armor with
Reactive Armor. This meant that a tank could receive as much
as 30% more if it had the appropriate armor type. However,
the resulting score did not reflect the result of increased
welght: the reduced radius of action and the need for an en-
gine with more horsepower.

The Vehicle Supply Factor calculation was changed
from:

Equation |
6.0 * Load / ({6.0 * Load) + Firing Rate of Primary
Weapon)

o

Equation 2
SQRT] 6.0 * Load / {(6.0 * Load) + Firing Rate of
Primary Weapon) |

where SOQRT = square root of

Load = rounds of ammunition for the main gun.

The original equation generally gives a result that
is less than 1.0. The greater the firing rate, the smaller the
result. Applying a square root to the equation reduces the
effect of the firing rate. For example, if equation | produces
the result 0,98, then equation 2 gives 0,9899,

The Vehicle Punishment Factor was ongnally a
value entered by the analvst. Chip Sayers changed it by ¢re-
ating an equation to calculate i:

Equation 3
1.2 * Armor Type * Weight / (2.0 * Height * Length)

The effect of this equation 15 that the Vehicle Punishment
Factor increases as the Armor Type 15 improved and the
Weight increases. But it decreases if the Height or Length of
the AFV increase.

The equation for the Radius of Action Factor 1s:

Equarion 4
0.6 * SGRT| Range )

Equation 4 produces a Radius of Action Factor that
increases slowly as the Range increases. The consequence of
applying the square root operation to the Range also means
that short-ranged AFVs are penalized, but AFVs with a longer
range must have an enormously greater range in order to ben-
efit substantially.

The Battlefield Mobility Factor equation is:
Fgquation §

0.04 * SQRT| (Horsepower/Weight) * Speed /
Ground Pressure]
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As the weight increases, the Battlefield Mobility
Factor (BMF) decreases. If Ground Pressure increases, the
BMF decreases. But if Horsepower or Speed increase, so
does the BMF.

Many of these factors are indirectly related. For
example, increased horsepower usually resulis in higher
speeds, if all other factors remain constant. However, the

horsepower is usually increased because of an increase in
weight. Armor improvemenis can result in greater weight.
Increased weight normally results in a higher ground pres-
sure and a shorter range.

The benefit of these changes is that improvements
to an AFV, such as an engine with greater horsepower or
better armor, can be reflected in its OLI score. &
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AFYV Values in the TNDM

by David L. Bongard

For some time, | have been aware of a potential prob-
lem in the TNDM over the calculation of Armor, or rather
Armored Fighting Vehicle (AFV) OLIs. This has arisen in
large measure because Col. Dupuy replaced the original,
QIM-derived, calculation of Armor OLIs with a newer, more
technology-oriented calculation method provided by Chip
Sayers, a defense analyst with whom he had professional con-
tact.

The “original™ or “old™ method for calculating Ar-
mor OLIs was, or is, comparatively simple. First, the indi-
vidual OLIs of the on-board weapons are added together,
modified by the multi-barrel multipliers for additional weap-
ons after the second, so that a tank with a main gun (OL1 of
90}, a heavy AA machinegun (OLI of 0.984), and two light
machineguns (OLIs of 0.420) would have a combined on
board QL1 of 90 + 0,984 + (0.5 * 0.420) +(0.333 * 0.420) =
91.334. This sum is multiplied by the Battlefield Mobility
Factor (or BMF, 0.15 times the square root of the vehicle
road speed in kilometers per hour, or kph), and that product
in turn multiplied by the Radius of Action Factor (or RAF,
0.08 times the square root of the vehicles operational range
on roads, in kilometers). To that product is added the vehicle's
Punishment Factor, calculated by multiplying one—quarter
(0.25) of the vehicle weight in metric tons, by the square root
of twice the vehicle weight.

That resulting sum is multiplied by the Rapidity of
Fire Effect (RFE), the Fire Control Effect (FCE), the Ammu-
nition Supply Factor (ASF), and the Amphibious Effect Fac-
tor {x 1.05 if the vehicle can ford, x 1.1 if it can “swim"). The
RFE and the ASF were both determined by consulting graphs,
resulting in factors ranging from 0 to 0.99. The result of all
of these multiplications yields the AFV OLI.

[[Tot OLls x BMF x RAF) + PF] x RFE x FCE x ASF x
AmphF = AFY OLI

The newer method for calculating Armor OLIs is
that developed by Chip Sayers in summer 1990. This was
later modified, partly upon some suggestions provided by
Rich Anderson, to produce the following methodology. The
main weapon OLI is added to the OLIs for other on—board
weapons, after those OLIs have been modified to account
for ammunition supply. This total sum is multiplied by the
BMF and RAF, as before, and then multiplied by a Punish-
ment Factor (rather than having the Punishment Factor added
to the existing sum), an Armor Factor, a Vehicle Mobility
Factor (a modified version of the old Amphibious Factor).
The PF is modified by the vehicle's side cross section, deter-
mined from its length and height, on the assumption that
bulkier vehicles utilize a smaller portion of their full mass

for armor than do more compact AFVs. The VMF is modi-
fied by the vehicle's ground pressure, this last expressed in
kg per square cm.

Finally the result is multiplied by the Vehicle At-
tack Factor (VAF). The VAF is determined by taking the
square root of a sequence of nine sub—factors, all of which
are multiplied together. These nine factors are: (1) Visibility
Factor (0.9 for enclosed vehicles, 1.0 for open—topped); (2}
Low—Light Capability Factor, varying from 1.0 to 1.1; (3)
Turret Traverse Factor (0.9 for fixed mount, 1.0 for manual
traverse, 1.1 for powered traverse); (4) Stabilized Main Gun
Factor (1.0 for unstabilized, 1.1 for stabilized); (5) Range
Finder Factor, ranging from 1.0 (stadiametric) to 1.2 {laser);
and {6) through (9}, four capabilities for on-board ballistic
or fire-control computers, correcting for cant, ammunition
type, crosswind, and barrel condition, worth 1.05 each if the
capability is present, and 1.0 if not. The maximum multiplier
from the nine VAF components is 1.7473, the square root of
which (and therefor the maximum VAF) is 1.3218.

Tot OLls x BMF x RAF x PF x VMF x VAF = AFV QLI

VAF = SQRT (VisF x LLCF x TrovF x SGF x RgFF x
FCCFs)

It is worthwhile to examine how these two method-
ologies model the same two vehicles. Listed in the first table
on the next page are about two dozen modern AFVs, desig-
nated by nation of origin, overall type (tank, IFV, recon ve-
hicle), old OLI, and new OLI. The parenthetical numbers
below reflect the numbers employed in the TNDM itself as
the OLI values for the respective AFVs.

A tew notes on these AFV's are warranted. The TAM
is built in Argentina to a Thyssen—Henschel design, it mounts
a 105mm gun on a 32.5 metric ton chassis. The Rooikat 15 an
indigenous South African—designed armored car with ad-
vanced fire control and electronics systems, intended to re-
place its aging force of French-built AML-90 armored cars.
The Rooikati 105 is up-gunned with a low-recoil 105mm can-
non. The LS. FMBT-120 is based on a tank design which
won a design contest in Armor magazine in 1993; it is armed
with a 120mm smoothbore cannon, a coaxial 30mm chain
gun, a 40mm automatic grenade launcher, and carries eight
stinger SAMs. The M8 AGS shown here carries the mode—
two detachable armor suite, comprising composite—armor
plates. The BMP-3 is the newest-generation Soviet/Russian
infantry fighting vehicle, armed with a 100mm smoothbore
gun (which can also fire ATGMs), and a 30mm autocannon
co-axial with the larger gun,
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Modern AFVs
As an addi-

tional comparison, |
Procicst-108 s present below

_ twenty-one AFVs

z::cw 11; .,5 {mostly tanks) from
Fuchs Thz-1 AFC & 024 the latter part of
Ewitn Soompion 114 m World War I
gﬂ 5":'&:"‘;:,: ?: ﬁ (1943-1945). It is
FV4211 Fox AC = 13 immediately appar-
Challongsr MBT 87 018 e comparing
M1A2 MBT 6w 1% the QLI scores that
ﬂ:f:? ﬁ ﬁ the newer method
MusaArc M 108 shamply penalizes all
T MeT s e World War Il AFVs,

BMP-3 FY 263 290
BIMP.2 FV 160 2 Dy @ factor of
BROM-2 AC #3042 roughly 50%. Ar-
MT-LB rack AP 13 088
BTR.70 whid APT a1z Mored cars lose a

much greater por-
tion of the “eld™ OLI score, in most cases between 90%s and
95%. Assault guns and a few other vehicles (the U.5. M-10
and M-36 TDs) lose less, between 18% and 40%. This is
due largely to the Fact that, excepting powered turrets, none
of the VAF components apply to World War ll-era AFVs,
nor do they carry anything except plain ordinary steel armor,

It is worth noting here that the “old OLI™ methodol-
ogy relatively short-changed modern main battle tanks; even
the relatively simple and lightweight TAM gained a 9.4%
“bonus” from conversion to the “new TNDM"” methodology.
Similarly, the heavilyiarmed BMP-3 gains a 10.35% bonus
in transition to the new methodology. The shift is even greater
for heavier tanks, ranging from a factor of 2.0 to a factor of
over 3.0 for the FMBT-120. Likewise, the ME AGS (Ar-
maored Gun System) increased its OLI by a factor of just over
2.0,

On the other hand, lighter AFVs suffered notable
declines in OLI values when translated into the “new TNDM”
methodology, The MCV—80 Warrior [FV suffers a “less™ of
almost 10%%, while the FV-101 Scorpion loses over 27% of
its old OLI value, and the FV-107 Scimitar loses 35.4%.
Likewise, the BMP-2 loses 34.5% of its value, almost the
same proportion as the FV-107 Scorpion. Stunningly, the
Rooikat lost 63.9% of its value through conversion to the
“new"” system, and the Rooikat-105 (with an admittedly near—
ridiculously high OLI) dropped 64.1%, a nearly—identical
proportion. The more lightly—armed British FV4211 Fox ar-
mored car lost only 58% of its “old QJM™ value with conver-
sion to the new format. The BRDM-2, though, lost a stag-
gering 95.5% of its OLI score through conversion to the new
method.

Slightly different distinctions are noticeable for
World War Il AFVs, Armored cars have generally suffered a
90-95% decline in OLI value when translated from the old
methodology to the new, while tanks, even light ones like the
M3AL, have dropped by 25-50%. The major exception to
this is the enormous PzKw VIB King Tiger, which declined
from 360 to 108, in part because of its size (over 10 meters

long, just over 3.0 World War Il AFVs

e, o e L
gine power (only

PriwsNTG Panther 21 114

500 hp, the same as Pakw Vi King Tigee® 380, 108

on the 20 ton lighter el L

' SdKir 23472 AC 128 13

Panther), and high a‘""'ﬂ eI 1:;:
ground pressure fig- :

: T3 a 13

ures, as well as its Lzt b

limited operational sus ) k0 =

range and compara- eal 298241

tively low speed. MAAZ Sharman 192 100

Clearl b () 2z 113

¥ M0 TO 21 159

the “new TNDM™ memm z: 12

methodology BEBA T Haifirack W am

strongly  favors e LYTALL ‘T?l o

heavy and well-
armed AFVs. Main Baitle Tanks (MBTs) come off particu-
larly well. More lightly—armored vehicles, excepting those
that are especially heavily armed, come off poorly. Although
not shown here, lightly—armed AFVs, such as APCs and re-
cort vehicles armed only with machineguns, suffer particu-
larly heavily, with scores between 10.0 and 19.0 under the
“old QJM” calculations, and OLI scores in the 0.42 to 1.28
range under the “new TNDM” range.

Such light vehicles suffer in comparison with the
older method of OLI Calculation because, under the old sys-
tem, the additive PF comprised a major portion of the entire
OLI. At low combat weights, the “new TNDM™ method PF
multiplier can be as low as 0.25, and coupling this to the
generally low OLIs for machineguns, vield exiremely low
vehicle OLIs.

The real question in all of this 1s whether the model
accurately assesses the battlefield, operational, and campaign
value of light armored fighting vehicles and light armored
vehicles generally. It certainly seems true that an APC armed
with a machinegun is a more valuable combat asset than sim-
ply the machinegun alone, no matter how lightly armored the
APC. Yet this nearly self-evident principle is clearly vio-
lated in the case of the BTR-70, whose 14.5mm heavy
machinegun has an OLI of 1.165 on its own, while the BTR-
70 is given only a 1.282. The situation with the BRDM-2 is
even worse, as that vehicle is armed with a 14.5mm HMG
and a PKT 7.62mm MG, yet has an OLI of only 0.424, or
just 36.4% of the value of its heavy machinegun.

Something needs to be done here, either excepting
“light AFVs and light armored vehicles” from the “new
TNDM" methodology of OLI calculation, or developing an
altiernate method for OLI calculation in such cases so that
the real combat value of these systems is not sold short. @
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How Would We Correct

Armor OLIs?

by Christopher A. Lawrence

One of the problems that we are addressing in this
issue is the difference between the old QJM armor OLIs and
the new TNDM armor OLIs. The problem with armor in the
QIM/TNDM is that one score is used to address two entirely
different functions. Armor has a use in the battlefield as a
weapon system against “soft” targets and for exploitation
{what | refer to as its “general” combat value), and it has a
tank/antitank role. Certain vehicle characteristics, like thick-
ness of armor and muzzle velocity, are more important for
the vehicle’s tank/antitank role than they are for its other roles.
In fact, some of the characteristics of the vehicle that make it
good for its tank/antitank role hinder it in its other roles.

The old QJM OLIs tended to underrate the antitank
functions of the AFVs, resulting in large scores for lightly
armored and poorly gunned vehicles and scores that were
clearly too low for main battle tanks. The current system may
make the error in the opposite direction, overrating the “gen-
eral” combat value of the main battle tank because of the
emphasis on its antitank role, while underrating the “gen-
eral” combat value of all other AFVs. If a correction is needed,
then it would appear that the solution could take on one of
three characteristics:

1. Find a new QLI score that produces a balanced score
between the different combat uses.

2. Have two different OLI scores for tanks, one for its
“general” combat value and one for its tank/anti-tank
value.

3. Separate out the tank/anti-tank function into a sepa-
rate engagement module, using something like SSPKs
for resolution,

Of course, one could produce a “balanced™ score
by simply averaging the two OLI systems, but | am not really
sure what we've done at that point. There are many advan-
tages 10 a single scoring system, one of them being elegance
of use.

Having two separate scoring systems, one for its
“general” combat value and one for its tank/antitank role is a
relatively easy correction to make to the model, once one
figures out how lo score these two different functions.

The third option, which is to use SSPKs for calcu-
lating armor/antiarmor subroutine would involve keeping an
AFY OLI for “general” combat use, with the SSPKs used
primarily to determine armor attrition and the who wins the
“armor battle.” This method is fraught with all the usual prob-
lems of building a bottom—up model using SSPKs, including
how to determine how much engagement there is, who en-
gages who, what are the conditions of the engagement, etc.
Such a subroutine could grow to be bigger than the basic
maodel.

If the scoring system is changed, then we would need
to revalidate the model to a series of engagements where
considerable armor was present. In fact, | would be very
tempted to start the analysis of changing the scoring system
by running the TNDM with the old QJM armor values through
all the engagements, and then running it with the new values,
and see which scoring system performs better for which
battles.

No scoring system can be validated outside of the
model in which it is used. Therefore one is left with develop-
ing a scoring system that one thinks feels good, and then
validating the model with the new scoring system in place. &
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Use of Armor in the 76

Battalion—-Level Engagements
by Christopher A. Lawrence

Ome of the items that was not included in the earlier
listings of the engagements in the Battalion—Level Opera-
tions Database (BLODB) was the number and type of AFVs
on ¢ach side. Most of the engagements had no significant
armor resources, but several, were in fact heavy armor en-
gagements. One of my concerns was whether the model has

been having prediction problems due to armor being in the
engagement. Therefore, in the last three columns of the table,
| have identified those engagements in which we had a pre-
diction problem with predicted winner/loser, attacker losses,

or defender losses. All the engagements with armor are listed
below:

51, Amand Famm z 185 e ¥ [Hoah
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Ap Bay Bang I 8 13.2 T} ¥oow) Y (v low)
Bir Cafgata | B0 30 B3 E7 6 171 1%
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Turnbiedowr: 4 3z £7
Wirales Raige 4 40 51
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¥, low = For attacker, predichon is 10 e 25 percentage points below achuol percent cosualfies.
Far defender, predichion is 25 or more percentage points below octual percent coswalties.
s = For attacker, prediction is 5 1o 10 percantoge points balow octual percent coswaktes.
For defender, prediction is 10 to 25 percentage points balow octual parcent coswolties.
high = For oftacker, prediction is 5 1o 10 percentage points above actlual percent cosualfies,
For defender, prediction is 10 to 25 percentage poinks above octual percent cosunitias,
v. high = For attacker, prediction is 10 1o 25 percentage poinks above actual percent casualties,

excapt for Chouigui Pass, whare the prediction is more than 25 percentage points above actual cosualfies.
For defender, prediction is 25 or more percentage points above adual percent cosuoliies.
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This table is a summation of all the engagements in
the final battalion—level validation:

23
WAl e 18
Pt WY 3 14 1

H Fi 4 2
L] -] -] 3 &
12 14 1 L -]

As can be seen, while 53% of the engagements in-
cluded armor, 77% of the engagements in which we had a
problem predicting winnerloser included ammor, whereas only
36% of the engagements in which we had a problem predict-
ing attacker losses included armor, and only 44% of the en-
gagements in which we had problems predicting defender
losses included armor. It did not, therefore, appear that the

presence of armor in an engagement was causing any predic-
tion errors.

At this point, | ceased trying to do any further analy-
sis. Quite simply. | could not see any pattern that would indi-
cate that any of the prediction problems that | am having is
related to the presence or absence of armor. If anyone seesa
pattern, please let me know. T
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The Second Test of the

Battalion—Level Validation

Predicting Casualties Final Scorecard
by Christopher A. Lawrence

While writing the article on the use of armor in the
Battalionil.evel Operations Database (BLODB), | discovered
that [ had really not completed my article in the last issue on
the results of the second battalion—level validation test of the
TNDM, casualty predictions. After modifying the engage-
ments for time and fanaticism, | didn't publish a final
“scorecard” of the problem engagements. This became obvi-
ous when | needed that scorecard for the article on tanks. So
the “scorecards™ are published here and are intended to com-
plete the article in the previous issue on predicting casual-
ties.

As you certainly recall, amid the 40 graphs and
charts were six charts that showed which engagements were
“really off.” They showed this for unmodified engagements
and CEV modified engagements. We then modified the re-
sults of these engagements by the formula for time and “ca-
sualty insensitive™ systems, We are now listing which en-
gagements were still “oftf” after making these adjustments.

Yorld War | Attacker

Preoicted Casurallins

Predicied

Each table lists how far each engagement was off in
eross percent of error. For example, if an engagement like
MNorth Wood | had 9.6% losses for the attacker, and the model
(with CEV incorporated) predicted 20.57%, then this engage-
ment would be recorded as +10 to +25% off. This was done
rather than using a ratio, for having the model predict 2%
casualties when there was only 1% is not as bad of an error
as having the model predicting 20% when there was only
104, These would be considered errors of the same order of
magnitude if a ratio was used. So below are the six tables. &

'm LR} !
Erafae o

51 Amand
Bourancy Fdg Bouzancy Ridg St Amand
Medeah Farm Medeah Farm  Medeah Fam
Essen Hook  Essen Hook Essen Hook _
-5 to +5 15 cases 16 cases =10 1o -25 _
+5 o +10 Remilly Remilly -5 to -10 Bouzancy Rdg Bouzancy Rdg
Morth Wood 1| Morth Viteod I =5 o +§ 9 cases 11 cames
+10 to +25 Marth Wood | Morth Weod | +5 to #10 West Wood | Vst Wood |
Chaudun Chaudun Mayache Fvn  Mayache Rwn
La Neuwibe La Mol
Hal 252 Hill 252 -
+10 to +25 Fonne
Morth Wiopd | Moh Wood |
+25 or more Beaupre Farm | Besupes Famm
Chansdun Chanudun
Remilly Remilly
Essen Hook
W onne

Seven of the World War | battles were modified to
account for time. In the case of the antackers we are now
getting results with plus or minus 3% in 70% of the cases. In
the case of the defenders, we are now getting results of plus
or minus 10% in 70% of the cases. As the model doesn’t fit
the defender’s casualties as well as the antacker’s, | use a

different scaling (10% versus 5%) for what is a good fit for
the two,

Two cases remain in which the predictions for the
attacker are still “really off” (over 10%), while there are six
(instead of the previous seven) cases in which the predic-
tions for the defender are “really off” {over 25%).
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World War T arackor

Froedvciod

Worlad War F e
Prosfictood Casuadies

Predicied

Of By

10 fo -25 Tenary Fiver | Makin Reid
Edson's Ridge Tenan River | | Tenaru River I
Lausdell XRds Lausdedl Xds Erugpats Engebi
=5 o =10 Enpets | Lausdedl XRds | Lawsdell XRds
Eniveat ol ASSEnois AsEanois
VER-CHx VER-CHx =10 b 25 Edson's Fidge Edson's Ridge
Wake 0l Enrwetion
Migkin Rasd B0 -10
-5 b +85 13 cases 17 cases .'”':' +5 11 cases 12 casas
+5 o +10 VER-RDMx VER-RDMx +8 1o +10 VER-1BWx VER-1BWx
Tenary River | WER-IRWx VER-4RWx
+10 o +25 WVER-285x VER-2ASx
+25 oF more Chomgul Pass Chouigul Pass WER-HM¥Lx VERH®Lx
Makin Raid
+10 to +25 Waka I
+28 ar mora Wake il

Seven of the World War 11 battles were modified to
account for “casualty insensitive™ systems (all Japanese en-
gagements). Time was not an 1ssue in the World War 11 en-
gagements because all the battles lasted four hours or more.
In the case of the attackers, we are now getting results with
plus or minus 5% in almost 75% of the cases. In the case of
the defenders, we are now geiting results of plus or minus

Post-Ward War Il Affacker

Tan

Long Tan
Prek Kiok 1l
Ap Bau Bang Il
Lo Giang |
-10 to -25 Tu-Vu
Mepu Mapu
Busll B Busdl Il
Frek Klok |
Pret Kok I
-5 o -10 Lo Giang 1l Lo Giang |
M Ba Den
M Longdon Mt Lonodon
Ap Bau Bang Il
Tu Yu
-5 to +5 17 cases 18 cases
+5 to +10 Salinas Salinas
Cau Lanh
+10 o +25 Cau Lanh
+ 25 or more Lo Giang [
Frek Klok |

Only 13 of the 30 post—World War I engagements
were not changed. Two were modified for time, eight were
modified for “casualty insensitive™ systems, and seven were
madified for both conditions.

In the case of the attackers we are now getting re-
sults within plus or minus 5% in 60% of the cases. In the case
of the defenders, we are now getting results within plus or
minus 0% in around 55% of the cases. We are still main-
taining the different scaling (5% versus 10%) for what is a
good it for the two.,

10% in almost 75% of the cases. We are still maintaining the
different scaling (5% versus 10%) for what is a good fit for
the two.

Mow In only two cases (used to be four cases) are
the predictions for the attacker really off (over 10%), while
there are still five cases in which the predictions for the de-
fender are “really off” (over 25%).

Fost-Waorld War iV Defendar
Frogie e Corspalbes Trroner M aolifioo
/ Frach e e CEWV Provic g
25 o more Tu-fu
Mink Binh My By
Cal Nuoc Cal Muoe
ZDE0s0
Hill 450
Priek Kok |
Ap Bau Bang Il Ap Bau Bang Il
Loy Gaigengg I
bt Harriet bt Harmed
Mt Longdon ME Longdon
=10 o 25 Cana Lanh
Lo Gianh |
hin Ba Den
ook Kok |
Lo Giang Il
=3 o =10 Mapu
Bir Gifgata | Bir Grigata 0
T Sisters Two Sighers
Lipanda Lipamda
MHui Ba Den
=5 o +5 4 cases 10 cases
+5 o +10 Lo Giang |
Long Tan
w10 o +25 Salinas Salinas
Fears AFB Fearls AFB
Lombsa Lomitsg
TF Bayonet | TF Bayonet
LDE050
Caiy Lanh
Tu=N'u

We have seven cases (used to be eight cases) in

which the attacker’s predictions are “really oft” {over 10%%),
while there are only five cases (used to be 10 ) in which the
defender’s casualty predictions are “really off” {over 25%).
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Repetitious Conclusion

To repeat some of the statistics from the article in the previous issue, in a slightly different format:

¥Warld War ! Engagem

Stangiara

As comecied (total) a.05 782 4.87
16 unmodified 858 .80 5.08
T modified B84 338 434

World War  Engagorments

23 Engagemeanis T.36 562 849

As comacted (total) 735 7.83 i.55
less Wake BT
16 unmodified 5 06 587 B .a4
T maodifiad 1263 1265 5.00
less Waka ll

26.54
26,89

187
51.29
5654

3552 2344
31.59 25 BE
47.TH 17.35

72 41 Zral
1889 2271
G55 22 B5
50 89 .99
42 T0 2289

' At Wake 11, the defenders (US Marines) surrendered after suffering 19.77% casualties. The revised predicition
had them suffering 100%, which certainly would have been the case had they not surrendered.

Fosk-Wordd War I Engagenten!s

A gLl
Anechor

30 Engagearmisnts

As comeched (total) 1226 177 12.30
13 unmeochfied 342 3.42 303
17 moahed 13M 18.18 16.10

Cibver Data Summmrabons (fhis s

2245 21.45
15.25 24.33
28.05 18.87

15 "Cas, meensitie" 17.78

gy Wake
S time comected 5.84 2 405
T time comected and 18,965 18,57 15.47

‘cas. Insensitiwe®

Final Fit an the Dada (this is @ repeat from the last 1ssoe)

Actual Avorege Frovichod Average  Standand

45.03
51.12

T

21024

Actual & (e lr ]

LA e rer

LSS

4874 31.10
42 04 24.M
374G 15.50
1239 1285

Progichodg Av

Attacker %5 Losses  Alackor Losses  Doewabon
Word YWar | B.05 792 4 BT
World War i T35 T.53 7.568
Post-Wond War 8 12,865 11,707 1230
Tortal 2.50 - 8 are

26.29
26.58
26,84

36,52 23.44
F2d1 Zra
2249 21.45

e R e M
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TDI Profile:
Jay Karamales

Robert Heinlein once wrote that specialization is
for insects; another way of describing someone who sub-
scribes to that credo could be “jack of all trades, master of
none” and would be an appropriate introduction to this
newsletter’s production manager and contributing editor, Jay
Karamales.

Jay was trained as a computer scientist, attending
George Mason University in Virginia during the early 1980s.
After stints as a White House consultant, data processing
manager for a regional bank, and computer scientist for the
USDA, Jay went to work for Trevor Dupuy's Data Memory
Systems Inc. in 1987. Col. Dupuy hired him to design the
Ardennes Campaign Simulation Database, and to be DMSI's
general computer guru. Along the way, though, Jay's latent
interest in history was pigued by the nature of the historical
research and analysis going on around him, Then Chris
Lawrence press-ganged him into helping with some of the
research for the ACSDB, including the German unit location
data. (Jay had taken five years of German in school, so that
he could understand what the Germans were saving in the
old war movies without relying on the subtitles.)

By 1989 DMSI had fallen on hard times because of
the lack of defense funding for such frills as historical re-
search. Fortunately Jay was able to secure a position at Sci-
ence Applications Intemational Corporation as half-historian,
half-programmer/analyst, which suited his short attention span
quite well. The highlight of his tenure at SAIC was produc-
ing the Anti-Armor Defense Data (A2D2) study for the US
Army and British DOAE, under the aegis of noted British
OR expert David Rowlands. A2D2 formed the basis for Jay's
book Against the Panzers, co-authored by Allyn R, Vannoy
and published in 1996 by McFarland & Co. of Jefferson NC.
While at SAIC Jay also enjoyed designing databases, writ-
ing modeling and simulation software, installing and admin-
istering networks, and contributing to other small historical
projects,

In early 1996
lay left SAIC to form
a software design com-
pany, C.K. Analytical
Services Inc.. with
several childhood
friends. So far, burden-
some wealth has
eluded them, so lay
has been sure to main-
tain ties with DMSI's
SUCCessOr Organiza-
tion, The Dupuy Insti-
tute, His consulting
work tor TDI has con-
sisted primarily of assisting his old boss, Chris Lawrence, to
compile and maintain the Kursk Database, and to oversee
the physical construction of this newsletter via Jay's small
computer graphics company, Olorin Press.

Jay lives in Vienna, Virginia, with his wife Maureen
and two terriers, Darwin and Pixel. In his spare time, which
amounts to about 20 minutes every other week, he paints
Civil War miniatures, collects antique maps, designs com-
puter wargames, listens to Celtic music, and works on the
sequel to Against the Panzers.
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