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INTRODUCTION

The most remarkable achievement of Colonel Trevor Dupuy as a military
historian was the development of the Quantificd Judgment Model {QIM) and Jater
the Tactical Numerical Deterministic Model (TNDM). Underpinning these models
with avastamount of historical data and with some reasonably quanitifed judgments,
Trevor pioneered history’s entry into the world of social and behavioral science, He
tock the study of military history out of the realm of story telling and simplistic
interpretation into arealm of systematic and impartial analysis of available recorded
data. Over the years, the QIM and thc TNDM have proven to be more faithful
representations of what happened in the past or what could occur in future
contemporary campaigns. Furthermore, historical data provided by The Dupuy
Institute (TDI) is now being used to improve and validate two US Army combat
simulation models.

Today, in tribute to what Trevor Dupuy pioneered and in an effort to pursue
what he wanted to achieve, TDI continues toamass historicat data and strives to refine
the combat variables which go into the TNDM. This newsletter provides information
on these etforts,

Allof us at TDI hope that this publication will be of use and interest to you,
its rcaders. Your comments are welcome.

Bestwishes.

.
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From the Editor...

This is the first newsletter written as part of the  Support Contract cfforts for the
TNDM. This newslctter will come out every two months, and will address topics and
subject related to the TNDM and to modeling combat. 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 Trevor's unfortunate death in
June of 1995, Twill be serving as the cditor of this newsletter until I can enlist a more
qualified editor to take my placc. This newsletter is intended to be a permancnt part of our
support eftorts for the TNDM. In the past, Col. Dupuy tock care of support activitics asa
labor of [ove.

Our support efforts over the next ycar will include trying to updatc the documen-
tation on the mode! and making at least one revision to the modcl, We are also looking to
establish a regular intcrface with all the users of the model so asto develop a dialog about
its usage, problems and future development.

The Tactical Numerical Deterministic Model (TNDM) was created in 1990 and
1991 by Col. Dupuy. It was a new maodel that stemmed from the original Quantified
Judgement Model (QJM) that Trevor had created in the early 1970s and documented in
his book Numbers, Predictions and War. The Tactical Numerical Detcrministic Model
now consists of the following:

1. Computerized version 1.85, dated 23 Junc 1996

2. Manual of Rules and Procedures, dated October 1994

3. User's Guide, dated Qctober 1994

4. Guide to TNDM Versions and Enhancements, dated 1 August 1996
(included in this newsletter)

I anyone who has a current support contract with The Dupuy Institute does not
have the most recent editions of these, please contact me and we will forward updated
versions te you immediately.

Lexpect this newsletter to cvolve. am very interested in knowing what you are
looking for and need from the TNDM. I hope that I can improve this newsletter to better
fulfill your needs, but we do nced to know what those needs arc.

One of the concepts behind the newsletter is that we are preparing it using much
“oft the shelf” material. In two of the articles of this issue, we wrote a brief introduction,
explaining what the attached material is and where it came from. We then reprinted the
material from the referenced study without any further editing. This allows us to minimize
the effort to produce the newsletter.

This firstissue is much thicker than originally planncd. Part of this is due to the
extensive multi-page history of the versions of the TNDM that José Perez produced. Since
this may be a useful source document for some users, it wasincluded herc in its entirety. It
is the only list showing the changes to the model since the documentation was last updated
in October 1994,

“The Programmer’s Cubicle” is intended to be a regular feature, and will address
all the software concerns brought up by the peopic working with the software. Jos¢ Perez,
the column’s editor, is intimately familiar with the model, having programmed the origi-
nai QJM and the TNDM. He is the expert on all programming aspects of the modcl.

Also in this issuc we have two papers prepared by David Bongard. The first paper
describes how the TNDM was uscd to support the casualty estimates that we provided for
the Joint Chiefs of Staff (JCS) for the Bosnia intervention. Included are the 18 pages from
that report that relate to the TNDM. We have purposely left out any other material from
the report, including our final estimates. We may relcasc them at a later date.

The second paper is a discussion of how the TNDM is being used to support a
study on the suppressive effects of artillery that is being done by JHF and TDL

I 'have also added copies of the material that we preparcd for a brief study on the
effectiveness of mines that we did for the JCS. Prior to this study, I had never looked at how
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the defensive factors in the TNDM were developed. This
report may be enlightening for the reader.

To make surc that cveryone involved in this effort
is given their due, I wish to also thank Dr. George Dacust,
our Chairman of the Board, for supporting the TNDM and
his help with The Dupuy Institute; John Kettelle, Chair-
man of the Board of Advisors, for his continued contribu-
tions and alternative views; our office manager, Yun Zhang;
and Jay Karamales, who produced the graphics for this news-
Jetter and the excellent maps from the Bosnia study that are
reprinted here.

We expect all issues of the newsletter to be at least
20 pages, and knowing the inherent verbosity of most histo-
rians, we expect to regularly exceed that. I am also inter-
ested in any letters or contributions you may have for this
newsletter, As thisis a iimited distribution newsletter, it is
a good forum in which to develop and publish new ideas.

The nextissue will include a description of the use
of mines and fortifications at Kuzsk, including some mea-
surement of their effectiveness; a discussion on the use of
Lanchester cquations in the TNDM; a discussion of the
weather factors used in version 1.84 (The Swedish version);
an analysis of Goose Green using TNDM and modem his-
tory; and a discussion of the improvements planned for the
TNDM.

In future issues we are looking atincluding an ar-
ticle written by Col. Dupuy that has never been published
called “Technology and the Human Factor in War.” T have
also talked to Dr. James Taylor about producing an article
or two. He was the one who developed the application of
the Lanchester equations as used in the TNDM. We will
also have articles on model validation issues, reflecting
“stealth” in TNDM OLIs, our first attempts to ercate an

moadel of the Air Campaign, and Trevor’s original analysis
of what would be involved in creating a “Naval GIM.” Iam
alse trying to get some people in the operations research
community t¢ write up a critique of the TNDM. With
RANDY’s permission, I will be assembling a brief descrip-
tion of the RAND Strategy Assessment System {RSAS).
RSAS hasa Main Theater Warfare Model that is very simi-
lar in concept to the TNDM and uscs some factors adopted
from the QIM. Finally, T expect to be publishing a series of
preliminary papers and having an open discussion on how
we can model low intensity operations, contingency opera-
tions, und peacekeeping operations. The TNDM is funda-
mentally designed for division-level force-on-force opera-
tions. Making cstimations for casualties in peacckeeping
operations like Bosnia requires looking at elements other
than forcc-on-force models. We have already started work
on some of these other methodologies.

Finally, thanks to Amold C. Dupuy of NOVA Pub-
lications, we have arranged for everyonc receiving this news-
letter to also reccive a copy of Jf War Comes...How to De-
feat Saddam Hussein . This book came out 4 days before the
start of the Gulf War air campaign in 1991 and provided the
lowcest public estimates of US Josses in the Gulf War. These
estimates were developed using the TNDM and is a very
intcresting book to read after the war. In exchange for his
favor, I have included a copy of his current catalog with this
mailing.

In the future, I will serve as the point of contact at
The Dupuy Institute for all TNDM related questions. If you
have any questions, please call me at (703) 356-1151.

e
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Forecasting for Bosnia Peacekeeping
by Dave Bongard

Late last autumn, The Dupuy Institute (TDI)
prepared a brief study about potential casualties in a
multinational peacckeeping operation in Bosnia. Part of
the scenario TDI developed for the peacckecping
operation involved a relatively large-scale conventional
attack by indigenous Bosnian Serb or Bosnian Moslem-
Croatian forces against U.S. ot NATO forces.

As part of the study, 15 TNDM runs were
performed, each comprising 3 sub-clements to reflect the
governing scenario. The scenarios varied considerably, on
the basis of (1) enemy forces, cithera “heavy brigade ora
“light” brigade; (2} rolling ruggedvs, rolling gentle terrain;
(3) substantial, minor, and no surprisc; (4) forest vs,
“mixed” vs. open vegetation-ground cover.

[Slides1to 5]

The scenarios were separated into two groups: ten
covcring an attack on U8, IFOR units by a renegade
“heavy” (mechanized) brigade, and five dealing with a
similar attack by a rcncgade “light” {non-motorized
infantry) brigade, with a small mechanized battalion
attached to the brigade. The U.S. forces were the same inall
15 scenarios,

[Slides 6 ta 8|

Each scenario comprised a total of six hours of combat
action. Inthe first ten seenarios, an indigenous mechanized
brigade attacked a position heldby a2 U.S. company Tusk
Force. In the first period (15 minutes) the US force
received support from a direct-support 24-tubc M-109A6
155mm howitzer battalion. The second period, of 45
minutes, saw the arrival of air support in the form of 4 F-
16Cfightera and an attack helicopter company (7 AH-64D
attack and 4 OH-58D observation/reconnaissance helicop-
ters). The third period, 5 hours long, covered the
appearance of a “tank-heavy” company-sized rcaction
force dispatched trom brigade headquarters, comprising
14 M-1A2 tanks, an M-2A2 mechanized infantry platoon, a
section of 2 self-propelled 120mm mortars, 4 Avenger AD
HMMWVs, and 8 “heavy” recon HMMWVs with
machineguns and 40mm automatic grenade launchers,
That force had 8 F-I16C and 4 A-10 aircraft in support,
along with a second attack helicopter company.

U.S. forces received a 1.5 Combat Effectiveness
Value (CEV), reflecting superior doctrine, training,
leadership, and C31I. This could easily be a conservative
estimate, considering the evident 3.0-4.0 CEV which
Coalition had over the Iraqis during the Kuwait War of
January-February 1991.
|Slide 9]

The indigenous mechanized or “heavy” brigade
contained about 2,200 personnel. Among its major

weapons were 35 T-72 tanks, 40 BMP-2 type IFVs, 40
tracked APCs, 6 self-propelled and 12 towed 122mm
howitzers, & 120mm mortars, 4 SA-9 SAMs, and 16 20mm
and 30mm AA guns,

[Slides 10, 12-15]

The other five scenarios concerned an attack by an
indigencus intantry brigade against a US strongpoint held
by astandard mechanized infantry company task force. The
infantry brigade contained roughly 1,800 personnel, and
disposed of 16 105mm howitzers, § 76mm mountain guns,
21 60mm and Slmm mortars, 12 20mm AA guns, and a
small mechanized force with 10 T-72 tanks and 30 IFVs
and APCs. The event sequence for the “light” brigade
attackis slightly diffcrent than in the tirst 10 scenarios.
[Slides 11, 16-18]

The conditions and resntts of the TNDM runs for
the two scenarios are outlined on Slides 19 and 2. Unlike
ordinary TNDM outputs, the data presented on those two
slides show only personnel deaths, not simply casualtics,
and further show armored fighting vehicle losses rounded
to the nearest whole number. Personnel deaths for the
indigenous, or renegade, forces was caleulated by dividing
total personnel battle casualties by 3.5 (28.6% KIA),
meaning that 5 outof 7 personncl casualties were wounded.
U.S. personnel deathswere calculated in a similur fashion,
dividing total personnel battle casualties by 6 (16.7%
KIA), so that 3 casualties in 6 werewounded. The much
lower proportion of fatal U.S. hattle casuaitiesis due both
to widespread employment of kevlar body armor, and to
notably superior trauma and shock treatment in forward
aid stations, a good helicopter-borne casualty evacuation
system, and generally superior medical care. Both of theac
considerations were based on cvaluation of 17,8, battle
casualties from the Kuwait War and Operation JUST
CAUSE in Panama (1989).

[Slides 19, 20]

Astheslidesdonot provide the complete casualty
figures, but only battle fatalities (KIA), a condensed
version of the original TNDM results is provided here;
armorlosseswere rounded to the nearest whole number.

The scenarios disclosed several interesting
results. First, the indigenous forees neverdid very well. In
large measure this wasbecaunse of the 1.5 CEV provided to
U.S. torces, but probably more important was the superior
weaponry of U.S. forces (especially their antitank weapons
and artillery), alongwith their airpower assets. Indigenous
force advances (not shown on these slides) were, when they
occurred atall, quite minor (under 250 meters). Moreover,
their personnel tosses were gencerally two to threc times as
high as those of U.S. units, and the imbalance in armor
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Attacker Defender

Scenario Surprise Topography Cover Weather Personnel AFVs Personnel AFVs
Heavy 1 Substantiai Gentle Open Clear 67 5 39 1
Heavy2  Substantial Gentle Mixed Clear 30 1 27 1
Heavy3  Substantial Rugged Forest Clear 50 4 28 1
Heavy4  Minor Rugged Mixed Lt Show 30 2 1 0
Heavy5 None Gentle Mixed Clear 73 3 21 2z
Heavy&  None Gentle Mixed Lt Snow 59 5 34 1
Heavy7  None Gentle Forest Hvy Snow 31 4 8 0
Heaw8  None Rugged Mixed Clear 36 2 16 0
Heavwy 8  None Rugged Forest Clear 53 4 14 0
Heavy 10 None Rugged Forest Hvy Snow 26 2 7 0
Light 1 Substantial Rugged Forest Clear 72 4 18 M)
Light 2 Substantial Rugged Forest Socked In 54 3 16 0
Light 3 Mincr Rugged Forest Socked In 44 2 13 0
Light 4 Mincr Gentle Mixed Clear 82 4 17 0
Light 5 None Rugged Forest Socked In 43 2 12 0

losses was usually even higher. Finally, snowy weather,  the entry into Bosnia by road and air, losses to road
along with rugged or more heavily wooded terrain, meant  accidents and landmincs during the peacekeeping opera-
fewer casualties alt around, and smaller advances. tion, losses from small-scale terrorist attacks and

The TNDM scenarios, and their analysis, were  ambushes, and losses due to harrassing firc by mortars.
orly part of TDI’s analysis of potential casualtics for ~ None of these sources of casualties was capable of being
peacekeeping in Bosnia, TDI's analysis also considered  modelled by the TNDM, so TDI employed other
casualties fromseveral other sources: those sufferedduring  methodologies forthose elements, &

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

1. The Tactical Numerical Deterministic Model (TNDM)

2. General Characteristics of the TNDM

3. Essence of the TNDM

4. Weapon Characteristics for Operational Lethality Index

3. TNDM Outputs

6. Deaths Resulting from Renegade Brigade Aftacks (section title slide)

7. Terrain and Road Net (color map)

8. 1.8, Brigade Sector and Battalion Areas of Operation (color map)

9. U.S. Company Team Organization and Reinforcement Schedule
A couple of corrections need to be made on this slide, to wit: the initial mechanized company TF should have only
5 M-113s, not 7; The reinforcing armored company TF should have only 8, not 9, F-16C aircraft in support.

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

11. Renegade “Light” Brigade Organization (Main Combat Elements)

12. “Heavy” Renegade Brigade ~HRB) Attack — 1

13. “Heavy” Renegade Brigade ~HRB) Attack — 2

14. Attack by Heavy Renegade Brigade on U.S. Company ~color map)

15.IFOR Support to Tusla (color map)

16.“Light” Renegade Brigade (LRB) Attack —1

17.“Light” Rencgade Brigade (LRB) Attack—2

18. Attack by Light Renegade Brigade on U.S. Company (color map)
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ke PROCRAMNMER'D CU3iCLE

Guide to TNDM Versions and Enhancements

by José Perez

This is not a comprehensive listing of all the TNDM versions. It does include all the versions shipped to
clicnts. It also includes some internal versions used only within The Dupuy Institute or its predecessor, T. N. Dupuy
Associates. There are a number of undocumcnted changes; they do not appear in here.

The versions are listed in order by the release date, not by version number. Some of the version numbers were
not recorded, so an arbitrary version number was assigned when the release date was recorded without a version
number. These versions are indicated by an asterisk (*).

In general, version numbers used for development are in the form of X.yyy. Versions shipped to a client are
usvally numbered Xy or X.yy. Only in the case of the customized version update for Sweden was a version in the form
Xyyyuscd.

TNDM version 0.1 Release date: 19 November 1990

Change: Convert TNDM from BASIC jnto Turbo Pascal.
Notes:

+ Thisversion does not have the capability to handle historical cngagements. Since thisis a desirable feature, it will be
added when the more basic featurcs of the model have been fully implemented.

* The method by which 2 user verifies that an engagement selected for modification/reprint/continuation is the correct
ong, is clumsy.

* When an engagcment is continued, the days printed in the continuation arc incorrect. Instead of starting on the day
after the engagement ended, the continuation prints “Day 1.” The loss caleulations are correct but this can causc some
confusion.

» If the report frequency is not cvenly divisible into the maximum elapsed time of the engagement, the calculated
results beeome incorrect. For example, if the report frequency is cvery 24 hours, but the engagement is running for
only 36 hours, the losses during the last 12 hours are not computed. The results are correct if the report frequency is
changed to every 12 hours.

* Only a fow help screens have been typed in.

» The software used to display the help screens has notbecn registered. This causes a reminder message to appear at
the top of the screen whencver Help is aceessed. There is an alternate software program for displaying the help screens
that I plan to explore as soon as possible.

* After using help, it is necessary to press the Esc (Escape) key twice in order to return to the sereen being used.

= Because of changes that T made, the entry fields for the CEV and Set-Piece Factors for both the X and Y Forces need
to go into an entry screen thatis separate from the manual units entry screen. Currently, it is not possible to change the
CEV or Set-Piece Factors if the analyst is not cntering 4 unit manually.

» Setting the Weapons Sophistication is not an option.

* When I incorporated the Posture var (Advance Rate) factor table into the modcl, 1 had to make several assumptions
in order to make it match Dr. Taylor’s adaptation of the Posturc Table. I am not entirely sure that my assumptions were
correct and it may account for casualty rates being higher than expected.

» This model does not make allowances for differcnccs in certain factors over time. For example, the mobility
equation for World War I cngagements should produce lower valucs than 1980-1990 engagements.

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

» 'This model does not differentiatc between fixed wing and rotary wing aircraft. The loss rates for all aircraft are
assumed to be the sume.

« Casualties are not broken down by branch {Armor, Infantry, Artilicry and Other).

+ This madel does not adjust the Toss rates when there is an extremely large number of tanks to personnel in a force.

* The calculations for non-battle personnellosscs have not been included.
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TNDMv. 0.2 Release date: 12 December 1990

Addition: Historical Results equations have heen added.

Change: The method by which an engagement is selected and verified for modification/re-print/continuation has been
changed. Hthe selected engagement is the correct one, the user only has to press Enter to continue. If it is not correct,
the user must press the letter N to select another engagement.

Correction: The calculation of hours clapsed since the engagement has been corrected for continuations.

Change: The report frequency period no Yonger has to be cvenly divisible maximum duration of the engagement.
However, this does require additional testing to verify that it is working properly.

Change: The help software has been changed to another product, However, the help software hasbecn implemented
onlyin the Main Menu.

Change: It is no longer necessary to press the Esc key twice in order to return to the screcn being used.

Change: I have tentatively moved the data entry fields for the CEV and Set Piece Factors to a screen separate from the
manual units entry screen. This CEV may now be redundant because of other changes thatwere requested.

Addition: Weapons Sophistication is now an option. The user must enter a complete engagement dateinorderfora
corrcet Weapons Sophistication factor to be assigned.

Addition: The Posture uar (Advance Rate) factor table has been recreated to match the factors used in  Nurnbers,
Prediction and Warfare.

Change: The constant used to calculate the Mobility Constant uscd in the Mobility Factor equationissetto20{oy 7 -
1945, 15 for 1945 - 1960, and 12 for 1960 - present. Weapons Sophistication is now assigned by year. Surprise is
adjusted by year also.

Change: The Front Density calculation was not working propetly. Until Lhave determined why the problem was
occurring, the user will be able to enter depth information only for historical information. Otherwise, the user will not
enter the width of the front or the depth ofeach force.

Change: Rotary-wing aircraft and fixed-wing aircraft are now in separate weapons categories. Thiswill allow the user
to see a higher loss rate for the more vulnerable helicopters than for fixed-wing aircraft.

Change: Casualties are nowbroken down by branch (Armor, Infantry, Artillery and Other).

Change: The Unbalanced Force Factor is now applied when the ratio of tanks to personnel is extremely highor
cxtremely low.

Change: Calculations for non-battle losses have been included. However, this requires a complete engagement date.
Correction: An error in the Distance calculation was found and corrected.

Change: The detault answer to “Do you want to continuc this engagement?” was changed to N. The user has to press
the letter Y if the engagement is to be continued.

Correction: An crror in the Advance Ratc calculation was found and corrected.

Change: The unit TO&E was medificd to include all infantry weapons in one category. Also, three unnamed cat-
egorics were added to allow future expansion of the TNDM.

Addition: A Surprise Adjustment factor was added to all surprise factors to reduce the impact of surprise in historical
engagements.

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

Addition: All Terrain factors, including the Casualty factor, have been added.

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

Change: Some modifications were made to the Season/Climate table to correct minor crrors. Also, the Season Casu-
alty factor was added.

Addition: The Mission/Posturc Armor Attrition Factor was added to the Armor Loss Rate calculation.

Addition: All of the terrain types have been implemented.

Change: The option to increase/decreasc Combat Intensity has been replaced with the option to modify the Combat
Power, Pcrsonnel Loss Rate, Armor Loss Rate, Artillery Loss Rates and Advance Rate. This may make it unnecessary
toentera CEV for both forces.

Change: Today's Date is now a separate entry field from the Engagement Date. The Engagement Date has been left
blank for the user to fill in. Since some of the calculations require a correct date, the Engagement Date must be
entered.

Change: The X designation has becn changed to Attackerand Y hasbeen changed to Defender. However, the Defender
retains the capability to attack. This should lay the groundwork fora counterattack modcl in a future version of the
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TNDM.

Change: Coordinates are entercd as five-digit numbers with two decimal places.

Change: The Force Mission/Posture options have been putin to one menu. The Static Defense option hasbeen
removed. The Mission/Posture tables have been revised to reflect this change.

Change: Main Zone was changed to Main Effort in the TNDM User's Guide.

Change: The description of Delay was changed to “is using delay tactics” in the TNDM Uscr's Guidc.

Change: The description of Medium Artillery Fire was changed from 8-inch to 6-inch in the TNDM User’s Guide.
Change: The River/Stream Width Mcou now appears even if a Shoreline Vulnerability Factorwas not sclected.
Change; All OLI's/Fircpower scores in the Forces Database are now totals rather than averages in each weapon
category.

Change: In the TO&E Summary, Forces Database, and Manual Units Entry, “Number of armored, non-fighting
vehicles” was changed to “Number of non-armor tracked vehicles.”

TNDM v. 0.21 Release date: 4 January 1991

Change: This version is compatible with version 0.2, except, if a Lighting Level of Limited Visibility or Night was
used, it will have to be re-entered.

Change; Losses arc computed for both the strength levels (number of weapons and vehieles) and the OLLscoresin
each weapon category. This allows the user to enter OLI scores for Infantry Weapons, Anti-Tank, Artillery, and
Aircraft, without entering the number of weapons in each of thosc categorics.

Correction: If more than one unit was assigned to cither the attacking or defending force, only the name of the last unit
entered/selected was being printed in the report.

Correction: If the TO&E for a force was entered manually, it was not possible to enter the force’s trucks, tracked
vehicles, organic aircraft and motoreycles.

Correction: There were two errors in the Force Strength Calculations.

Change: Strength levels, instead of OLI scores, were being used.

Correction; The Quantity Factor was not being applied to Armor and Infantry,

Change: The size of the data entry field for Armor OLI in the Forces Database has been increased to hold a maximum
value of 9,999,999.99,

Carrection: In the Manual Data Entry Screen, the data entry fields for Trucks were incorrectly labeled, The data entry
field for APCs, SPs, and non-tighting tracked vehicles was also mislabeled. The label for the data entry field for APCs,
§Ps, cte. has been changed to "APCs, Self-Propelled Weapons Plattorms, Tracked Vehicles”.

Change: Ttappears the data entry ficld for the CEV in the data entry screen for CEV and Set Piece Factors is redun-
dant. The entry for the Set Piece Factor will be moved to another screen in version 0.3,

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

Correction: An errorin the Standard Advance Rates Table was producing abnormally low advance rates when the
attacker had a very large P/P 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 Ratc originally in the TNDM was producing loss rates that were much too high for both the attacker und the
defender once the Force Strength was being calculated properly.

Change: The Day/Night Factors for 24-Hour Period, Night Only, Daylight Only, Mixed Day and Night (Mostly Day),
Mixed Day and Night (Mostly Night) and Mixcd Day and Night (Half Day) are now being used.

Change: At Amnold Dupuy’s request, an OLI Database has now been implemented in the TNDM. This Database is
used only for storing OLI scores. It cannot be uscd to calculate OLIs for weapons.

Change; When adding a unit to the Force Database or updating an existing unit, the uscr can usc the OLI database to
calculate the OLI scores for each weapon category. Howcever, this is possible only if the desired weapons’ OLIs have
already been stored in the OLI Database. To use this feature, the user hasto have a completec TO&E for the unit,
broken down by the weapon categories uscd in the TNDM: Armor, Infantry, Anti-Tank, Towed Arty, SP Arty, Air
Defensc, Fixed-Wing Aircraft and Rotary-Wing Aircraft. When a category isselected, all the weaponsin that category
are displayed. The userenters the number of weapons in the category such as 25 LAVs and 50 M6 A3s, and presses
the Escapc Key. The computer will display the original and new strengths and OLIs in the category. Tf the user presses
Y, the new values will be assigned to the unit,

Change: The user can now use the OLI Database to enter a force manually for either the attacker or the defender. The
procedurc for using the OLI Database to create a force is identical to the procedure used to create a unitin the Force
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Database.

Addition: A new option, CHANGE ATTACKER'S/DEFENDER’S TO&E, has been added to the Create Attacking/
Defending Force Menu. This option can be used to make manual adjustments to the foree’s TO&E.

Carrection; The problem of inconsistent results when re-running an engagement appears to have been corrected by the
changes and corrections in the Armor Loss Rate calculations.

Correction: An error in the calculation of Recovered Aircraft was causing large errors in Force Strength, etc.
Correction: When the attacker docs not have sufficicnt combat power superiority to advance, the attacker’s position
always printed as 0,0 even if the starting position was not 0,0.

TNDM v. 0.22  Release date: 5 January 1991

Carrection: The only difference between this version and version 0.21 is that version 0.22 has been corrected to save
and read engagements correctly when running the TNIDM on a floppy disk. The Runtime error number 005 should no
longer be occurring.

TNDM v. 0.23* Release date: 11 January 1991
Addition: Added code to trap any crrors that might occur and display a descriptive error message on the screen.
TNDM v. 0.24* Release date: 3 February 1991

Change: Road Quality/Density is now listed under Environmental factors.

Change: All factors arc printed out when a detailed report is requested.

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

Change: The vehicle numbers und combat systems numbers are rounded 1o the nearest whole numbers atter losses
have been subtracted.

Change: After the TNDM software is started, it notifies the user of the default locations for the OLI and Forcee data-
bases, engagement files, and the Help file. It then asks if the nser wants to change these locations.

Change: The CEVq, CEVI, and CEVad resuits are now calculated for historical engagements.

Change: The layout of the report has been changed.

Change: The listing of the countrics uscd in selecting units from the Force database has been sped up. The pause
should now be almost unnoticed.

Change: Thc uscr is now asked if he wants a “long report” instead of a “detailed report”.

Change: The user is now asked if he wants to “print the report” instead of “Do yon want the results on the screen?”.
Correction: The last three letters of Horsc Cavalry were not displayed in the Force Type Menu.

Change: If onc force is in the Holding posture, the other side is automatically set to the Holding posture.

Change: If Weapons Sophistication is set to Unknown for one force, it is automatically set to Unknown for the other
side.

Change: The descriptions for Shorekine Vulnerability Distance were changed.

Change: The Clock on Opcration in Shoreline Vulnerability was removed.

Change: When the error message prints, it now asks the user to “Notity T. N. Dupuy Associates” instead of TNDM
Associates.

Correction: The ISIfactor calculation has been updated to match the calculation described in the latest copy of the
Rules and Procedures.

Change: The Delete Units option was changed to prevent any of the values from becoming negativce.

Correction: The force inventory for continuations was corrected to show the inventory before the engagement was
continued. Previously, the inventory displayed by a continuation was the force at the beginning of the engagement.
Correction; If a force is entered manually with only OLI values, the OLI values were being dropped.

Correction: When a unit name is deleted trom a force, the last three characters of the name were not always erased
from the screen.

Change: The default Maximum duration of an engagement has been changed from 72 hours to 24 hours.

Change: All titles in items such as Road Quality/Density, Force Type, cte. have been changed to uppercase.
Change: In the report, when surprise was sclected, the surpriser was described as “A Foree” or “ID Force™, This has
been changed to “Attacker Foree” or “Defender Force”.

Change: Total OLLis now printed in the TNDM rcport.
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Correction: When a unit was selected from the Force Database, the one after it was added to the force.

Change: When the user enters the date of the engagement, he will not be allowed to proceed until he has entered a valid
date in the form of 01/01/1991.

Change: When the engagement start time is entered, the user will not be able to continuc until a valid starting time has
been entered.

TNDMv. 0.3 Release date: 25 March 1991

Addition: The analyst now has the option of disabling the ISI and IDI factors when running an engagement to analyze
wcapons performance.

Change: The menu used to select units to create a force has been changed to perform in the same manner that the
weapons menu performs when a unit is being created.

Addition: The analyst now has the option of entering the number of days the attacker or defender has been in combat
immediately prior to the engagement,

Addition: After setting the width of a river/stream, the analyst must indicate whether the river/stream is fordable or
unfordable.

Correction: Corrected errors in the strength calculations.

Correction: Corrected the error that occurred when trying to print the TNDM results report.

TNDM 1.0 Release date: 9 April 1991

Correction: In engagements with Surprise, Advance Rate, Vulnerahility, Personnel Loss Rate and Armor Loss Rate
were calculated incorrectly. This has been fixed.

Correction: A Shoreline factor is listed when this option was not selected.

Correction: Summary of losses showed all values as {1.0.

Correction: Display of attacker personnel strength on the screen is incorrect.

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

Addition: The uscr can now sclect a fraction of a unit: one-half, 1.3, etc.

Addition: The user can now enter Attacker or Defender CEV.

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

TNDM 1.01* Release date: 14 April 1991

Addition: I'have also changed the software to calculate the engagement results and then ask if the user wants to print
the report. If the answer is N, the results are displayed on the screen, otherwise they are printed,

Correction: The main reason for most of the errors was that the software was expecting a four-digit year in the starting
date of the engagement. The softwarc has been changed to require a four-digit year. If anincorrect date is entered, the
computer will beep and prevent the user from proceeding until a correct date isentered.

Correction; In reviewing Jim Taylor's approach to the Personnc] Loss cquation, 1 discovered that his new table was just
the Posture Casualty Factor multiplied by the standard casualty rate of 0.04, Thave changed the Posture Casualty
Factor table to allow for this.

Addition: The title “INPUT DATA” has been inserted into the Results Report. It will precede the listing of Environ-
mental Varjables and Operational Variables.

Correction: The Attacker CEV was being printed in the Combat Power factor list. Thave added it to the Operational
Variables list in the Results Report,

Change: “ATTACKER’S TO&E” and “DEFENDER’S TO&E" have been changed to “ATTACKER’S ORDER OF
BATTLE” and “DEFENDER’S ORDER OF BATTLE". Also, the display of the number of units has been changed to
allow three digits behind the decimal point, This will allow the display of unit fractions, such a5 0.667.

Correction: The error that was causing the Attacker Personnel to be set to zero (0) whenever the defender’s forces
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were changed or selected, has been corrected.

Change: In the Mobility and Vulnerability Factors Listings, “W/ SURPRISE” has been changed to “WITH SUR-
PRISE”.

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

Cerrection: Carrection: The listing of the Attacker and Defender losses has been corrected.

Correction: The Final Inventory Listing has been corrected.

TNDM v. 1.02* Release date: 19 April 1991

Change: The Print option has been changed to ask the user if a pause between pages is required. Ifthe answeris Y, the
softwarc will pause after cach page is printed and will not print anything clsc until the Enter kevis pressed. This
should allow you to print the results on your Canon printer.

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

Correction: The repetition of countries in the country listing hus been corrected.

Change: The Loss Rates in the Results Summary have been changed to percentages.

Correction: The incorrect mobility factor was heing printed in the Combat Power Factors Listing when surprisc was
present,

Correction: The Opposition Factor for P/P ratios between 0.1 and 0.15 was being calculated incorreet,

Change: The method by which an engagement is continued has been changed slightly. When an engagement is
continued, the continuation will be saved, but the user will not be asked for a new name at that time, When the
Continuation option is selected, the user will notbe asked to enter a name for the continuation until after the “Begin
Continnation” option is sclected. After the name is entered, the user will be asked how m any hours the continvation
should run.

Change: When an engagement or a continuation of an engagement is run for more than one day, the detailed listing [or
the second and successive days will contain enly those factors that have changed since the previous day.

TNDM v. 1.03* Release date: 21 April 1991

Cerrection: The Print option has been corrected to avoid fecding a new page through the printer, if the user has asked
for the printcr to pause after printing each page.

Correction: The adjustment to the Opposition Factor calculation has been corrected so that P/P ratios between the
range of 0.1 and 1.0'will be correct. Lhave not verified the Opposition Factor for P/P ratios greater than 1.0,
Correction: Pam Hilton reported a problem about two wecks ago when I was in McLean. When the location of the
engagement files is set to “A:\” and a floppy is not in the A-drive, the TNDM will not run. T have corrected this
problem. Ancrror message will now appearat the bottom of the screcn asking the user to insert a diskette or to change
the location. The Change Locations entry screen will then appear. If a diskette is put into the A-drive, there is no need
to change the location of the engagement files.

Change: A minor change was made to the Historical Yes-or-No question. Iwas unable to duplicate the problem which
you expericnced, but T hope that this change will solve the problem for you.

TNDM v. 1.04* Release date: 24 April 1991

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

Correction: Pam Hilton reported that it is possible to create engagements with eight-character names, such as
TRYMORES, but it is not possible to modify, reprint or continue them,

Change: Pam suggested changing the colors used when editing the Forces Database and the QLI Database. When a
unit is being edited, when the cursor is on Armor OLI for example, the Armor QLT value has the same color as the rest
of the screen.

Change: Pam also noted that when an attacking or defending force is being created using the OLI Database, the line
reading “Esc=Exit Return=S8elcet ...” is not easy to read on the screen. The arca around this line will be cleared and it
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will now appcarin a box.

Change: The option EXIT has been added to the Create, Modify and Continue Menus. This option will allow the user
to exit and retumn to the Main Mcnu without saving the engagement.

Change: When Create A New Engagement is run, the second data entry screen will display the percentage of space
remaining on the disk where the engagement files arc being stored.

TNDM v. 1.05* Release date: 27 April 1991

Correction: Fixed problems in calculating Advance Rate and Distance.
Correction: Fixed the problem of the beginning and ending inventories being identical in a continuation.

TNDM v. 1.06* Release date: 28 May 1991

Correction: The Reinforcement option does appear to be working.

Change: Added more space for the engagement description in the Make New Engagement.

Change: In the Continue Engagement eption, gave user the option of entering a new cngagement description.

Change: In Modify Engagement, gave the user the option of changing the name or designation of the engagement or its
description as in the Continue Engagement option.

Correction: When a fraction of a unit isentered to three decimal places and is later deleted, it is possible to only delete
the equivalent of two decimal places.

Addition: Gave user the option of printing a two-page “shart report”.

Correction: Fatigue Factor calculation was not working.

Correction: Recovery of lost tanks is not being caleulated.

Correction; Coordinates are not being calculated properly.

Correction: In small unit engagements without an armored component, got a “divide by zero™ error.

Correction: R - R and R/R are not being calculated correctly.

Correction: Rewrote OLI program to fix multitude of errors and user interface.

TNDMv. 1.5 Release date: 20 July 1991

Addition: The Non-Battle Loss Rate will now be printed after the Personnel Factors.

Correction: There was an error in the calculation of Defender Casualties by Branch,

Change: The labels for P/P and P'/P’ have been changed from Ratio and P’ to P/P Ratio and P'/P’ (IMBALANCE)
respectively.

Addition: P’/P’ (IMBALANCE)} and P'/P’ (SURPRISE) have been added to the TNDM report. Since Surprise Effect
is calculated before P/P’ (SURPRISE) is adjusted when it is greater than 3.0, it is not always possible to verify that the
Surprse Effect is correct by using the values displayed in the report.

Change: The label “Order of Battle™ hasbeen changed to “Force & Equipment Inventory” in the TNDM report.
Chunge: The losses detail has been removed from the Short Report. There is a Beginning Inventory and a Final
Inventory immediately after the Strength and Power listing.

Change: Most of the changes arc visual; alt menus now appear in a box.

Change: Also, for those using a color monitor, the colors have been livened up a bit.

Change: The OLI option has been changed to include the calculations of OLIs for single weapons and Mobile Fighting
Machines (MFM), Most of the steps involved are identical to those used in the original OLI program except that this
version does not ask for 4 file name; the weapon name should be used to describe the weapon. Forexample, T-R0X
would be given the full name of “T-80 125mm with Reactive Armor.”

Change: In the calculation of single weapon OLIs, the analyst will be asked the weight of the projectile, missile,
mortar, bomb, etc. If the weight is entered, the analyst will then be asked to sclect the category the weapon fits: small
arms, machine gun, tank gun, aircraft gun, bomb, etc. Based on the selected category, its equivalent caliber in millime-
ters will be calculated. The analyst will have the option of using the calculated caliber or entering another value. Ifa
wcight of zcro is entered, the analyst will have to supply the caliber.

Change: In the calculation of single weapon OLIs, the analyst will be given a list of weapon categorics and their
respective accuracics, If the sclected accuracy is not correct, the analyst will be given the option to enter his own valuc.
Change: In the calculation of single weapon OLIs, the Burst Area will be calculated from the caliber for calibers of
15mm or greater. This version allows the analyst to change the Burst Area.

Change: In the caleulation of MFM OLIs, the analyst will not have to enter the Vehicle Punishment Factor. This
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tactor will be calculated bascd on the MFM’s weight.

Change: In the calculation of MFM OLIs, the analyst will first have to enter the factor for each of the primary, second-
ary, etc. weapons. Presently, these weapons should all be entered in the category of Infantry Weapons, Once thesc
weapons are entered, the analyst will select the MFM's weapons from a list of weapons. This should it make it easier to
calculate OLIs for aircraft with different bomb loads and configurations. When the report foran MFM is printed/
displayed, the factors for the primary, secondary, etc, weapons will not be printed. The analyst will have to print the
report for that particularweapon if the factors are desired,

Change: If a weapon’s OLI has already been calculated and stored, the Report option in the OLI Menu can be used to
display or print an individual weapan’s factors and OLI, The Report option can also be used to print a summary
report of all Weapons’ OLIs in the OLI Database.

Addition: Included on the diskette is a file called OLLRPT. This file is used by the OLI Report option to print/d isplay
a summary report of the Weapons” OLE It can be used with any version of the TNDM.

Addition: L have created a program called OldToNew. This program is designed to convert the old OLI database for
usc with TNDM version 1.5, Before canverting the old OLI database, it will rename it from OLLDBF to
OLDOLLDBE

TNDM v. 1.51* Release date: 1 August 1991

Correction: TNDM.INI no longer has to be deleted after the TNDM is copied from a hard disk toa floppy or vice
versa,

Correction: Some minor problems in the QLI portion of the software werc fixed.

Change: Made new version of OLDTONEW.EXE to update TNDM and OLI databases.

TNDM v. 1.52* Release date: 11 August 1991

Correction: Reinforcements. After reinforcements were added to a continuation, the reinforcements were not bein [
included in the force inventory.

Correction: Division by Zero Error. Allof the equations have been reviewed and changed to prevent any equation
with a division operation from dividing by zero.

Change: The Weapons Sophistication Menu has been modified to show Istacli and Arab rather than Arab and Arab,

TNDM v. 1.53* Release date: 13 August 1991

Correction; Addition of rcinforcements to the defender in a continuation. The OLIs of the reinforeing units were
added corrcetly, but the equipment amounts (armor, infantry, artillery, cte.) were being added to the attacker’s equip-
ment. Inotherwords, if the defender was given reinforcements of 10 tanks with a total OLE of 9000, the defender’s
armor OLI increased by 9000, but the defender’s tanks did not increase.,

TNDM v. 1.6 Release date: 22 September 1991

Change: Added Visibility, Low-light Capability, Power Travcrse, Stabilization, Range Finding and Bailistic Computer
factors for the caleulation of armored fighting vehicles.

Correction: The Strength-Size Factor and Opposition Factor calculations in the TNDM have been carrected.

Change: The TNDM report has been changed to print the Vulnerability and Mobility Surprise factors.

Change: The “Set Options” selection in the Main Menu now brings up a menu with the options of Directory Locations,
Color Settings and Reindex Diatabases.

Change: Updated OLDTONEW.EXE to convert eatlicr versions of OLI databasc to the 1.6 version.
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TNDM v. 1.61* Release date: 7 November 1991

Change: Make OLI data entry more uscr-friendly.

Correction: User was not able to enter a Muzzle Velocity fora weapaon,

Change: Option 8, Set Options, will now display another menu that has an aption called “Color Settings”. This option
allows anyonc to change the color setting of each “color” uscd in TNDM.

TNDM v. 1.62* Release date: 15 December 1991

Change: Modified the equation for calculating the Mobility Modifier. Tt now hasa slightly higher value than it
previously did.

TNDMv. 1.63* Release date: 12 January 1992

Change: The Air OLI cocfficient in the Mobility calculation has been changed to 15.

Correction: Ttem 5 in the Day/Night Menu was incorrectly labeled “Mixed Duay and Night, Half Day.” Itshould havc
been labeled “Mixed Day und Night, Mostly Night.” If item 5 was selected, the value for Mostly Night would have been
used.

Correction: Item 3 in the Season/Climatc Menu was incorrectly labeled “Iropical.” It should have been “Semi-
Tropical”.

Correction: Also, item 4, “Tropical”, was not listed as an option. If item 3 was selected, the values for Semi-Tropical
would have been used; it was not possible for the Tropical values to be used because of this crror.

TNDM v. 1.64*  Release date: 22 January 1992

Change: The Air and Artillery OLI coefficients in the Mobility calculation have been changed to 20.
Change: Also, I have made some changes to the help file (TNDM,HLP) and the database conversion utility
(OLDTONEWEXE, OLDTONEW.PAS).

TNDM v. 1.65* Release date: 17 February 1992

Correction; Updated the Aircraft Loss equation.

Correction: Corrected Penctration Factor equation.

Correction: Modificd the OLI calculations for missiles to allow a Minimum Arm ing Range as small as 1 meter.
Change: Changed the Penetration Factor equation to calculate values for penetrations of less than 500 mm.

TNDM v. 1.66* Release date: 5 May 1992

Change: The headings, field labels, ete. have all been sct to change to display Personnel, Infantry, Artiltery and Horscs
whenever the year of the engagement is 1900 or carlier.

Addition: When culeulating the OLI for an armored fighting vehicle, reduce speed by 10% and mobility by 10% when
the vehicle weighs more than 60 tons.

TNDM v. 1.67* Release date: 12 May 1992

Change: Advance rate is now calculated as: Advance Rate = 1.6 * Sr* me * rm * hm * RQ*RD * St *uar * dn * Su
*{f

Change: The casualty ratc is now calculated as: Casualty Ratc = CN* N * uc * DEVd * Su * op*tz*rc* he * zc * vl
*ShD *dn * ff

Change: The standard tank loss rate is now calculated as: a) for the attacker, 4.0 * the attacker’s personnel casualty
rate; and b) for the defender, 1.5 * the defender’s personnel casualty rate.

TNDMv. 1.54  Release date: 13 August 1992

When this version was released for intcrnal evatuation, T referred to the documentation for version 1.53 and it was

August 1996 33




mislabcled as version 1.54. It probably should have been labeled as version 1.68. To maintain consistency, the
numbering sequence for follow-con versions uscs 1.54 as the starting basis.

Change/ Correction: It has a number of problems, but all the corrections and changes to the OLI calculations have
been made. For the purposes of adding/updating weapon OLIs, it should run without any problems.

Note: If you wish to run an engagement, do not attemnpt to use any of the Manual Units options when creating a force. I
am in the process of revising these options and none of the changes appear to work rcliably at this time.

Additions: As a result of suggestions and requests made by KIDA (Korean Institute for Defense Analyses), some
options have been added to several menus and menus have been added to the OLI scction.

TNDM v. 1.541* Release date: 28 August 1992

Change: Change the x,y coordinates to hold 4-digit numbers,

Change: When creating an engagement, make it possible to backup to a previous menu.

Addition: Add Norih Korea and South Korea to the Weapons Sophistication Menus.:

Correction: Fix PageUp and PageDown when creating a unit manually and using the OLI databasc.

Change: When creating or updating a unit’s OLIs, savc the original OLI value and give analyst the option of adding the
new QLI to the original OLI or replacing the old OLL

Change: When creating a unit, save the Table of Equipment for each category, but only in the Force Menu.
Addition: When creating an engagement, if a unit is created manually, give the analyst the option of saving it into the
force database.

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

Correction: When an cngagement runs for 48 hours, why don’t the results for second 24 hour period print?
Change: Why are there several weapons with the same name, such as 81mm mortars, that have different OLIs?
Display the Country name to help distinguish weapons with similar names but different QLIs.

Change: I'n the OLI culculation, use the Weight of Bomb/Warhcad only for bombs and rocket/missile warheads.
Correction: The Rate of Fire calculation is incorrect.

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

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

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

Change: Usc the Rules of Thumb Table only when cyclic rate of fire is used.

Addition: When creating an MFM, obtain the rate of fire for the primary weapon from the OLI database. Allow the
anulyst to override this value.

Change: In the Force menu, PagcUp/PageDown are too slow when moving through the weapons list for any weapon
category.

Addition: Should the user forget to selcct any units for an engagement, either prompt the user for attacker/defender
units or avoid “divide by zcro” errors when dividing by zero personnel.

Correction: Correct the error that occurs when non-standard date formats are used. User should be able to use any
datc format regardless of how computer is set up. Notsure that it works properly.

Addition: Add an Exit/Abort option to the OLI menus,

Correction: Use the Rate of Firc multiplier only for automatic weapons in the OLI calculation.

Currection: For the Rate of Fire Multiplier, use the table on page C-14 of the Rules and Procedures Manual.
Change: For calibers of less than 15 mm, calculate the burst area.

TNDM v. 1.542* Release date: 21 September 1992
Correction: Anumberof errors in the TNDM software were discovered in the proccss of updating the User’s Manual

TNDM v. 1.543% Release date; 7 November 1992

Correction: Reinforcements are now added in before the results for an engagement continuation are calculated.
Change; The OLI Weapons' Summary Report has been modificd to print the weapon type and nation.
Change: The Screen Display of reports has been modificd. The changes are cosmetic and do not affect its operation.
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TNDM v. 1.544* Release date: 17 November 1992

Change: “CEVyqy” was changed to “CEVt".

Change: The Combat Power Factors, Attrition Rate Factors, ete. are now printed between the Historical Factors and
the Units List.

Correction: CEV1is now calculated as the square root of Casvalties a /(0.01 * Personnelp )

Change: R/R was being printed as P”/P”, This has been changed to R"/R” and has been moved after Historical
Results.

Correction: Incorrect P/P. This has been corrected and the calculated P/P matches the results which vou obtained
manually.

Correction: When an engagement is continued, the final inventory was not being saved.

TNDM v. 1.545* Release date: 21 January 1993

Change: Modified menu system to allow analyst to translate menu options, help, ete. with affecting calculations.
TNDM v. 1.55* Release date: 14 March 1993

Correction: If a new unit is created using the OLI database, all of the OLI scores of weapons in cach catcgory arc
lumped together and saved into the category.

TNDM v. 1.591* Release date: 1 August 1993

This version of the TNDM was used to evaluate changes in the OLI caleulations for Armored Fighting Vehicles in the
TNDM software. A number of changes were made to follow-on versions. One sct of changes included making it
possible for the analyst to modify factors that are normally not user-accessible. The bulk of the analysis and evaluation
was performed by Chip Sayers.

Change: Battleficld Mobility Factor = 0.035 * 5QRT[ (Horsepower/Weight) * Speed / Ground Pressure], where
SQRT = square root of

Change: Vehicle Punishment Factor = Weight /(2 * Height * Length)

Change: Radius Factor = 0.1 * Radius

Change: Vehiclc Supply Factor = SQRT| 6 * Load / {(6 * Lead) + Firing Rate of Primary Weapon) |, where 5QRT =
square root of

Change: Both the Battlcficld Mobility Multiplicr (0.035) and the Radius Factor Multiplier (0.1) can be changed when
aweapon's OLTis caleulated. Please note the Radius Multiplier for other weapons has been given a value 0£0.14.
Addition: All of the new factors (Height, Length, Ground Pressure and Horsepower) can be entered in the Weight
option of Armored Vehicles. Height, Length and Ground Pressurc must be valucs between (L001 and 100.0; Horse-
power must he between 0.001 and 10,000.

Correction: In a recent letter, Trevor mentioned that Dave Bongard had encountered an crror in the Vehicle Punish-
ment Factor (VPF): all vehicles were being given a VPFof 1.0,

Addition: Youwill note that one of the changes in this version is the appearance of a Comment box on the OLI screen.,
If you wish to enter a comment for a weapon, select the Comment option. When the Comment bex appears, enter your
comments and press the Control-End keys. Press the F1 key to get an explanation of the Comment editing commands.
Change: When entering A new weapon, set all the applicable factors to a dcfault valuc. This will allow the analyst to
skip items that are rarely used, such as the Naval Gunfire Factor.

Addition: Add the ability to create a new weapon by copying the OLI factors of an existing weapon into a new weapon
and then modifying them to fit the newweapon. This would be useful for entering weapons that are updated models or
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variations on older weapons.

Addition: Add the ability to add ncw weapons to an OLI database by copying them to a floppy, taking the floppy to
another computer and then adding the new weapans from a floppy.

Change: Change View to list all factors in all weapons.

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

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

Change: When entcring MFM Components, do not ask if the weapon is an MEM Compenent twice.

Change: Attacker Mission. Remove the question “Is this an All-out Attack?”. Change Main Effort to All-out Attack,

TNDM v. 1.551* Release date: 16 August 1993

Correction: Dave Bongard reparted getting an “Invalid floating point” error message. The crror message “Invalid
floating point operation” usually means 4 calculation in an equation is generating a number too large for the computer
to hold. The only solution was to break up the Combat Strength calculations into several steps, one for cach of the
weapon categories {Armor, Infantry, Antitank, etc.).

Correction: User is unable fo enter a starting time tatcr than 0959 when creating an engagement.

Correction: Found thatif the defender in a historical engagement was given a negative advance (for cxample, if the
attacker advanced 20 kitomcters, the defender advanced -20 kilometers), the Spatial Effcct equation caused the
“Invalid floating point operation” message to appear. The Spatial Effcct cquation had to be re-written to ignore
negative numbcers when using the square root operation,

TNDM v. 1.552* Release date: 20 August 1993

Correction: Dave Bongard reported getting error 215 {Arithmetic overflow error) when trying to print an engagement
report. If the problem re-occurs, there is a work-around solution. When the Print options appear on the screen
(Screen, Printer, Fiic), sclect File. Then enter a file namc to save the engagement report, such as ANTIETAM . RPT.
To print the report, exit from TNDM and then enter the command: TYPE ANTIETAM.RPT >LPT1; Thiswill
cause the contents of the file ANTIETAM.RPT to be printed.

Note: Unabic to recreate the problem encountercd when entering fractional Mission Accomplishment scores.

TNDM v. 1.57 Release date: 11 October 1993

This version was customized for National Defence Research Establishment of Sweden. The most current version is
1.571, but I was unable to find a record of the chunges/corrections made for 1.571.

Addition: Add three (3) weather conditions: Sunshine, deep snow; Overcast, deep snow; and Blizzard, deep snow. In
other versions of the TNDM, when calculating the Non-Battle Losses, I have considered “Wet, Heavy, Temperate”
weather to indicate tropical conditions, This is the only “tropical” condition remaining in the Swedish version of the
TNDM. Because they asked to replace the “Wet, Heavy, ...~ weather conditions with variations on “Heavy Snow™ and
remove any dealing with tropical conditions, I do not know if this is still appropriatc. However, it will remain in their
version of the TNDM unless you or they indicate otherwise,

36 The International TNDM Newsletter




TNDM v. 1.592* 30 November 1993

Again, thisis the version series that Chip Sayers was using to evaluate changes to the QLI calculations for Armored
Fighting Vehicles. He expanded his work to includc aircraft.

Change: Change “Range” to “Radius” for aircraft,

Change: Make the Aircraft Attack Factor a value entered by the analyst, rather than caleulating it from the air speed.
Change: The Aircraft Vuinerability Factor should be a value entered by the analyst.

Correction: For helicopters, caleulate the Radius of Action Factor as 0.0656 x Square Root of the radius.

Change: For vehicles, calculate the Radius of Action Factor as (.14 x Square Root of the range.

Change: For fixed-wing aircraft, calenlate the Radius of Action Factor as the Square Root of (0.0656 x the radius).
Change; Forarmored fighting vehicles, give the analyst the option of applying the Square Root to the Battlefield
Mobility Factor, Radius of Action Factor, Vehicle Protection/Punishment Factor and the Vehicle Supply Factor.
Please note that Vehicle Supply Factor is the result of a Square Root operation.

Change: For armored fighting vehicles, give the analyst the option of changing the modifiers vsed to calculate the
Battlefield Mobility Factor, Radius of Action Factor, Vehicle Protection/Punishment Factor and Vehicle Supply
Factor.

Change: To change the number of rounds/bombs/rockets/ete. carried by an aircraft, edit the list of weapons mounted
on the aircratt. The nght-hand column contains the number of rounds, ete. for cach weapon, Changing that number
will change the weapon’s OLIL.

Note: To enter a comment about a weapon, select the comment option on the menu. Type your comments in the box
that appears on the screen. When you are done, press the Cirl-End or Ctel-W keys to save your comment. If you do not
want to save the comment, press the Escape key. If you want additional information about how to usc the comment
box, press the F1 key when the comment box appears on the screen.

Change: Make it possible to change the modifier for the Aircraft Radius of Action Factor.

TNDM v. 1.593* Release date: 31 January 1994

Change: Modified the Vehicle Supply Factor calculation to apply the square root operation only when selected.
Addition: Addcd a multiplicr for the Vehicle Punishment/Protection Factor.

Change: Modified the Radius of Action Factor so that changes to it will “hold” until it is changed again. Please note
that the value of the Radius of Action Factor is not the same for Armored Fighting Vehicles and Aireraft; you will have
to make sure that the value is correct when calculating the OLI for an Aircratt,

Change: Thc Visibility Factor now defaults to 0.9.

Change: The Vehicle Punishment/Protection Factor has been changed to allow the use of a multiplier.

Change: If the Armor Type is Super Hard, the Mobility and Speed values will be left asis. Previously, these values
were reduced by 109 whenever Super Hard armor was selected.

TNDM v. 1.594* Release date: 11 April 1994

Change: The second multiplication of the Armor Type has been removed.

Change: Disabled error checking because of a problem reported by Chip Sayers. I have been unable to duplicate the
problem that he experienced with the T-80 MBT with 125mm gun; it may be related to some etror checking in the
software.

TNDM v. 1.595"* Release date: 12 June 1994

Addition: The new factors have been labeled as“Morale.” Morale isin the Rate Factors Menu and isapplied to the
Combat Powcer calenlation in the same manner as the CEV.

TNDM v. 1.81 Release date: 17 August 1994

The last version update sent to Chip Sayers was 1.8. This was in the series used to evaluate changes to the OLI calcula-
tions. Iwas unable to find any documentation that identificd when version 1.8 was released. Version 1.81 merges the
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changes made by Chip Sayers with the mainstream version of the TNDM.

Change: The lower limit for Ratc of Advance modifier has been changed from (1.5 to 0.1

Correction: The software has been corrected to allow the times throughout the whole 24-hour clock.

Change: For mobile fighting machincs, the listing of the weapons mounted on the MFM has been improved so that the
weupons do not have tobe re-selected each time that an MFM’s weapons are changed.

Change: Armor OLI calculations have been modified to include horsepower, ground pressure, height and length as
factors.

Addition:: Comments about cach weapon can now be entered. The command for savinga commentis CI'RL-W: press
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.

TNDMv. 1.82* Release date: 23 Qctober 1994

This version is probably numbered correetly, but the documentation did not verify it.

Correction: Fixed the problem that Dave Bongard found in the printouts of engagements. The label for Anti-Air
Defense was in the wrong place; it was appearing where Towed Artillery should have been and the SP Artillery label
was uppearing where Anti-Air Defense should have been.

Change: The Radius of Action equation uscd for Armored Fighting Vehicles (AFV)is the same one uscd for other
Mobile Fighting Machines (MFM). The changes that were made to the Radius of Action equation atfects all MFMs.

TNDM v. 1.83* Release date: 31 December 1994

This version is probably numbered cosrecily, but the documentation did not verify it.

Correction: Division by zero error when running an OLI report.

Correction: In the QLI menu, nothing happened when Previous was selected.
Correction: In the OLI menu, nothing happenced when Scarch was selected,
Correction: In the OLI menu, Clean seems to run forever.

Correction: In the Force menu, nothing happens when Report is selected.
Correction: In the Force menu, nothing happens when Next is selected.
Correction: In the Force menu, nothing happens when Previous is selected.
Correction; In the Force Menu, Clean seems to run forever.

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 carlier.
Cuorrection: The starting point in the report indicates the original starting point in the beginning engagement, not the
starting point for the current cngagement. I have corrected this to show the starting position for the continuation after
the original starting positiorn..

Changed: Prior Days of Combat has been modified to included Elapsed Time. Elapsed Time is hours of combat that
oceurred before the continuation. Prior Days of Combat is days of combat that occurred before the first cngagement.
Correction: The reason that Location and Total Distance Advanced on page 3 did not match the start location on page
1is that start location indicatcs the starting position for the first cngagement. The correction made to show the starting
point of the continuation corrects this problem.

Change: The Results Summary printed at the beginning of the report is only for the first day. There is currently no way
of calculating a Results Summary for the entire engagement because results are calculated for each 24-hour period.
The report has been maodificd to print a Results Summary for cach period of combat.

TNDM v. 1.832* Release date: 1 February 1995

Correction: T. N. Dupuy reported an exror that oceurred when trying to run an engagement which was created with an
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carlier version of the TNDM,

TNDM v. 1.84  Release date: 23 June 1996

Unable to modify or re-print an engagement after it has been saved. Fixed

Delete all of the files ending in . IND

Anti-tank factor is not being caleulated correctly. Fixed

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

Mobility factor is not being calculated correctly. Needs additional research.

Equation in the software is not the same as that used to calculate the results manually. See #1 bclow.

Vulnerability factor is not being calculated correctly. Needs additional research

Equation in the software is not the same as that used to calculate the results manually. See #2 below,

Order of weapon types in engagement report is incorrect. Fixed; this proble m was fixed in version 1.82.

When entering manual units, program tracks weapons entered, but always reports total scorc as 0. When user presses
ESCto exit, the system asks “Do you want to add this to your previous score?” User assumes Y, resulting in doubling/
tripling/etc of score. Fixed.

Removed the question “Do you want to add this to your previous score 7" Tt is assumed that user will want to replace
the existing OLIscore for this weapon type.

Editing of manual units has been modified to allow the uscr to modify weapon counts, remove weapons or add other
weapons.

When entering manual units, program docs not clear buffer even if a new unitis added, Fixed.

When cditing manual units, values in the summary first screen do not change when inventory is modified, even if
inventory is changed manually from the menu. Fixed.

Values in factor tubles do not always match factors listed in printed. Example: Terrain, Rugged Bare has an RM value
of .5, but 0.6 is in the printout. Requires additional research,

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

Range check crror #202 at 0032:81B2, 002F:5AAF, and 002F:5B1E Unable to duplicate; requircs additional testing,
Long Report does not always print the Attacker and Defenderlosses near the end of the report. Need an example to
fix the problem.

When entering units from the Force databasc, if user adds one or morc units, then pages up or down and returns to the
original unit list screcn, the numbers of the units are too far to the left. Fixed.

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

_(Na + 12]a + Wia +20Wga + 20Wya) x yma |/ Na
" (Nd + 12]d + Wid +20Wgd + 20Wyd) X ymd | Nd

where 12is replaced by 15 if year is before 1970 or by 20 if the year is beforc 1950,

2. The Vulncrability equation cutrently in the TNDM software is:
V, =N, X (Uv,/vuy) X 1/% X yv, X v,
d

3. Factor Tables. Some changes were made to the Terrain Factor Table around the time that the customized version of
the TNDM was madc for the Swedes, Some additional changes were also made for the Gulf War analyscs, such as
adding additional desert terrain types.

TNDM v. 1.85  Release date: 23 June 1996

Correction: Col. Wagner, South Africa Army College, reports that crror 200 (Division by zero) occurs consistently
when the Calculate OL1 option is selected while trying to cdita weapon. @
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The TNDM and

Simulating Suppression
by Dave Bongard

The Dupuy Institute, in partnership with JHE Ine.
of Vienna, Va, secured a contract with the Field Elcment of
the Human Research Laboratory-Human Resources Engi-
neering Directorate (HRL-HRED) at Fort Sill, OK, part of
the Field Artillery Schocol there. The purpose of the con-
tract,awarded in late 1993, was to examine the mechanism
and effects of battlefield suppression (Phase T), with a fur-
ther goal of providing onc or more computer combat mod-
cls currcntly used by the U.S. Army with a mechanism simu-
lating suppression in combat (Phasc IT}. Phase I was com-
pleted with the submission of the final report to HRL-
HRED in November 1994, Phasc 11 began in late spring
1995, is still in progress and due to be completed in Decom-
ber this year.

The central coneept to this study is that of “sup-
pression”. Suppression may be defined as the transitory or
temporary degradation of opcration capability of an indi-
vidual or military unit, as a result of the proximity of impact
of hostile firepower. Thigincludes both psychological and
physical cffcets impairing normal combat performance of
individuals or units who have not been rendered casualties
by the firepowcr impact. In pithier terms, it is the non-
lethal effect of firepower, especially trom indirect fire, on
individuals and units in combat.

The methodology cmployed for Phase Iwas to ex-
amine a number of battles from both the Pacific and Euro-
pean-Meditersranean theaters in World War I1. The battles
examined were mostly divisional-level, and were separated
into “high suppression” (with large quantities of artillery
and air support for one side, usually the attacker) and “low
suppression” engagements, Comparing the computed CEVs
for high suppression engagements with the CEVs for low
suppression engagements would provide a correlation be-
tween CEV and firepower superiority, thus demonstrating
both that suppression existed as a battlcficld phenomena,
and that it could be quantified.

The battles examined were limited to World War
Tl engagements for two main reasons. Firstwas the issue of
data availability: engagements since 1945 often do not have
decent or useful primary-source material for both sides, such
us the case of the Korean War (1950-53) and the Iran-Irag
(1981-89) or Kuwait wars (1990-91). Second was the issue
of relevance, since it was more likely that the customer
would accept World War I data than anything earlier.

Accordingly, a total of over forty engagements were
examined, listed here:

European

Low suppression

1)Sele-Calore, US 45th Inf Div (12-13 Sep 1943)

2) Caiazzo

3) Santa Maria Infante, US 88th Inf Div {12-13 May 1944}
4) San Martino, US 85th In Driv (12-13 May 1944)

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

&) Campoleone Station, US 34th & 45th Int Divs (26-28
May 1944)

7} Fosse di Campoleone, 45th Inf & 1st Armd Divs (29-31
May 1944)

8) Krinkelt-Rocherath, US 1st & 99th Inf Divs (16-17 Dec
1944)

0) Sauer River, US 4th Inf Div (-/+) (16-17 Dec 1944

10y Celles, US 2d Arm Div (+) 24-25 Dec 1944)

High suppression

11} Anzio Breakout, US 1st Arm Div (23 May 1944)

12) Cisterna I, US 3d Inf Div (23 May 1944)

13) GOODWOOD, UK 1 & VIII Coms (1st day: 18 Jul
1944)

14) COBRA-St. Lo, US VII Corps (1st day: 25 Jul 1944)
15) Boulougne, Cdn 3d Inf Div (+) (19 Sep 1944)

16) Assensois, US CCR/4th Arm Div (26 Dec 1944)

17y VERITABLE, UK XXX Corps (1st day: 8 FFeb 1945)
18) Rocer River 1, US XIX Corps {1st day: 23 Feb 1945)
19) Roer River 2, US XHI Corps (1st day: 23 Feb 1945)

Pacific

Low suppression

20} Eniwctok, US 106th Inf Reg’t (2d day: 20 Feb 19449
21) Eniwetok, US 106th Inf Reg’t (3d day: 21 Fcb 1944)

22) Parry, US 22d Marine Reg’t (+) (22 Feb 1944)

23) Torckina Point, US XTV Corps (10-11 Mar 1944)

24) Tomb Hill-Ouki, US 7th Inf Div (9-11 Apr 1945)
25YKochi Ridge-Onaga A, US 7th Inf Div (25-27 Apr 1945)
26) Kachi Ridge-Onaga B, US 7th Int Div (28-29 Apr 1945)
27y Kochi Ridge-Onaga C, US 7th Inf Div {30 Apr-1 May
1943)

28) Kochi Ridge-Onaga D, US 7th Inf Div (2-3 May 1945)
29) Shuri East Flank A, US 96th Inf Div (11-13 May 1943)
30 Shuri East Flank B, US 96th Tnf Div (14-18 May 1945)
31) Shuri East Flank C, US 96th Inf Div (20-21 May 1945)

! Although the initial assault on Eniwctok Island was a “high
suppression” battle, with extensive air and naval gunfire sup-
port, the 2d and 3d days (which were treated as separate
engagements because of U.S. reinforcements) were relatively
“low-suppression” with minor air support and only 1 destroyer
for naval gunfire support.
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32) Shuri Envelopment 1, US 7th In Div (20-23 May
1945)

33) Advance to Yaezu-Dake, US 96th Inf Div (6-9 June
1945)

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

High suppression

35) Tarawa, elements US 2d Marine Div (20 Nov 1943)
36) 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 (18 Feb 1944)
39) Eniwetok, US 1 & 3/106th Inf Reg’t (19 Feb 1944)
40) Saipan, US 2d & 4th Marine Divs (15 Jun 1944)
41) Guam-Asan (N), US 3d Marine Div (21 Jul 1944)
42) Guam-Agat (S), US 1st Prov Marine Bde (21 Jul
1944)

43) Tinian, US 2d & 4th Marine Divs (24 Jul 1944)
44) Iwo Jima, US 4th & 5th Marine Divs (19 Feb 1945)

The results of these TNDM engagement analyses
are appended to this article as a series of tables. @&

Key to tables:

Engmt name — engagement name

Suc — successful side, or winner

Nat/Ndf —number of attackers (personnel) divided by
number of defenders Historical results (what actually
happened)

A cas — attacking force casualties per day

D cas — defending force casualties per day

%atC/%dfC — ratio of casualties (in percent) of attack-
ing force to casualties (in percent) of defending force

D adv— distance advanced by attackers, in kilometers
Pat/Pdf — attacking force Combat Power divided by
defender Combat Power

TNDM results (what the model said would happen, with
historical inputs) — same categories as in “Historical
results”

CEV — model-calculated Combat Effectiveness Value for
attacking force

CEV-CEVav — numerical difference between average
attacker’s CEV and engagement CEV (only for high
suppression engagements)

N Attk — number of personnel in attacking force

N Dfnd — number of personnel in defending force

P Att — Combat Power of attacking force

P Def — Combat Power of defending force

P[N Att — Combat Power per individual in attacking
force

PIN Def — Combat Power per individual in defending
force

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

Py/N A — Combat Power of Air Support per individual
attacker

FPxs — “excess firepower”, measured in Combat Power
®)

Pgy/N.A— Combat Power of Artillery and Air Support
perindividual attacker

Pyg AP D — Combat Power of Attacker Artillery and
Air 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 (JCS) requested that we prepare a study on the mili-
tary impact of the international convention to ban anti-per-
sonnel 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 use 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
was titled “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
TNDM”,

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 results of 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 to 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 TNDM measures vulnerability. There arc some
surprisingly sophisticated, if not idiosyncratic, formulations
in this modcl. @

Estimating the Impact of Mines 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 Concepts Analysis Agency called Historical Evalu-
aiton of 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 force is en-
hanced, or multiplied by a factor ranging from 1.15 to 1.6,
depending upon the extent to which the defensive position
hasbeen 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
each of the four components, but the study claimed that
field fortifications made up half of the defensive value. Tt
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 10%, mines account for 10%, and con-
structed obstacles account for 10%. This ratio only applies
after all have been fortified.

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

Force Strength  Vulnerability
Attack L0 1.0
Defense (hasty) L3 0.7
Defense (prepared) L5 0.6
Defense (fortified) 1.6 0.5
Withdrawal 1.15 0.85
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
Value Demo. Mines Obstacles Fortifications
Withdrawal 1.15 0.055 0.05 0.0225 0.0225
Delay 12 0.07 0.06 0.035 0.035
Hasty 1.3 0.09 0.08 0.06 0.07
Prepared 15 0.1 0.1 0.1 0.2
Fortified 1.6 0.1 0.1 0.1 0.3

Note: all these figures are hypothetical, and none are directly supported 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 accounted for, the reduction in defensive posture
values for the following postures are:

Ol Degradation New Percent
Value Amount Value Degradation
Withdrawal: 1.15 .03* 1.12 2.6 %
Delay: 1.2 03 1.17 25%
Hasty: 1.3 04 1.26 31%
Prepared: 15 05 1.45 33%
Fortified: 1.6 05 1.55 31%

* rounded up fo the nearest .01.

9. While booby-traps arc used to some extent in protecting barriers and obstacles, the measurable impact on conventional
combat 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 Concepts Analysis Agency called Historical Evalu-
ation of Barrier Effectiveness prepared in March 1974,

2. This study does not address the vulnerability factors that
are used in the TNDM. It only addresses the defense fac-
tors. Nostudy has been located that discusses how the vul-
nerability factors were derived. In Numbers, Predictions and
War, Col. Dupuy states that the formula concerning vulner-
ability came from considerable experimentation with WWII
data. In that formula, the posture vulnerability factor (some
number onc or smaller} was divided by the terrain factor
for the defensive posture (some number 1 or greater). In the
case of attackers, this posture factoris one.

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 value of
the numbers so that more vulnerable forces have a smaller
multiplier and therefore a lower firepower score. This mul-

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

3. In Numbers, Predictions and Wars , the following posture
table is used:
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 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 dclay
appear to be clearly ticd to the posture and have nothing to
dowith mines,

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

matter AT) mines. @
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Posture Factor: Defense Value

1.35 =g

130

1.25 =g

1.20 =

115

m Value of Defensive Posture:

1.10 ==

1.05 =

hdrawal or Meeting Engagement
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