AD=A152 652 ARMY COMBINED ARMS COMBAT DEVELOPMENTS ACTIVITY FORT==EYC F/@ 1
VIM MODEL DOCUMENTATION: VOLUME I3, PROSRAMMER/ANALYSY WA-CTC(I”

LA“X"!B CMM-TI'D-"MOL-!-PV-S




o s
[ 154

32
ol

"m T

= ' ||
1=

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1064 A




Technical Report TR 8-76
July 1976

Directorate of Combat Operations Analysis
US Army Combined Arms Combat Developments Activity
Fort Leavenworth, Kansas 66027

DIVWAG MODEL DOCUMENTATION
VOLUME 11
PROGRAMMER /ANALYST MANUAL

AVALLIZ652

ACN 21704
Approved by:

—) .
- / T
L Ve
//%;:I (é///i//// ‘,/f/’:r’
ra VAN 4 lay /, ‘/
Thomas E. deShazo, Jr.

Colonel, FA
Chief, War Games Division

e 2

Leland C. Pleger
Technical Director

| At ko

>
Q. Reed E. Davis, Jr. o
: Q Colonel, IN gCTCS =
S Director EL o
Ly .  wR1T
= Thia documant 5w Beas approve:
L, :; u[;hubl.'c release and sale; Im. ‘
| ution is unlimi
] & tod l B
S 5% “v °

L - e e
—— —— = vl




T ITLE PAGE s > 8 s 8 s s 2 8 6 & B 8 s s P s 2 s s s s s o i
CONTENTS « o & ¢ o o o o o o ¢ o o o o o s o s o o o o o s o s iii
F IG[IRE S . . » 0 » . . . . L] . . . . LI . . . . ] e o s . LI ] . . ix

SECTION IV  PERIOD PROCESSOR (Continued)

Chapter 7. GROUND COMBAT MODEL « « ¢« & &+ ¢ « o ¢ ¢ ¢ & o s o o & IV-7~-1

1., Military Activity Represented . . . . . . . . .
2. Model Design . v v ¢ 4 ¢ o ¢ o o o o s o o o o » v

3. Submodel Specification T A £
F ' 4. History Tape Output . . . . ¢ & ¢ & ¢ o s o o &

Appendix A. Ground Combat Model Input Requirements . . . . . IV=-7-A-1

1. Introduction . « o ¢ ¢« ¢ 4+ o o o o o o o »
2. Weapon/Transport SysStem . . o « « o « « o &
3. Specifications for the Weapon System .
‘ 3 4, Specifications for Sensors . . . .
i 5. Targets and thelr Priorities . . .
: 6. Line of Sight . . . . ¢« + « « « &
i 7. Horizon and Background . . . . . .
: 8. Ground Combat Data Structure . . . .

e o e o o IV-7-A-1
e o e v . IV-7-A-2
e o o o o IV=7-A-6
o s s o o IV=7-A-10
e o s s s o o . IV=7-A-15
IV-7-A-18
o e s e e w s . IV-7-A-22
e s e 4 o e s . IV=7-A-25

e o o =
.
.

Appendix B. Ground Ccmbat Model Program Descriptions . . . . IV-7-B-1

1. Introduction . .+ ¢ & ¢ v & o s 2 o o ¢ « o s ¢ & s o o IV=7-B-1
2. Routine GCMDT . ., . . . . . . IV-7-B-2
3. Routine GCDRVR , . , + .+ . e ¢« 4 s o 4 s s e s e & o« IV-7-B-5
4., Routine GCM . . . , . . . e & s + o 4 s e s s s &« IV-7-B-6
5. Routine GSETUP ., . , . . . e o o« o o « &« IV-7-B-18
6. Routine DNUMBER . . . . . IV-7-B-27
7. Routine STRBAR , . , « « . s s« s v s » s IV-7-B-29
8. Routine GCFIRE . . . . . . . e o o « o IV-7-B-32
9., Routine GCTDET . + + ¢ o o o o o » ¢ « o+ « « IV-7-B-38

-
-
-
-
-
.
.
.
.
.
.
.

e o o+ o .
.
.
.
-

.
.
.
.
-
.
-
.

.
.
-
e o o o
¢ o o o s o
» o o @
-

10. Routine GCKILL  « o ¢ ¢ o +» o & s ¢ o e o IV=-7-B=44

11. Routine GCKLL1 ., « « IV=7-B-45

12. Routine GPKILL . ¢ & ¢ ¢ ¢ o o s s s ¢ o ¢ o s o » o o IV=T7=B=47
13, Routine GBKEEP . . . &+ s ¢ o o s o s s s s o s s o o » IV=7=-B=48
14. Routine MURFAC e ¢ s v e s s s s v e v e s s s e o« s IV-7-B-51
15. Routine GLEG e o o 6 o s s s v s v s s s s s s e s s IN=-7-B=-53
16, Routine GCLAST . . . + « ¢ « ¢ s o s o s« o o+ o o o & o« IV=7-B=55
17. Routine GUPDAT . . « « « ¢ « s s 2 o ¢« s o « » o s s o IV=7-B-61

; 114




e —

CONTENTS (Continued)

Appendix C. Ground Combat Model Qutput Descriptions

1. Introduction . . « « & ¢ & o &+ o o ¢ ¢ o o o
2. Unit Geometry and Target Acquisition . . . .
3. Engagement Results e s e e s e s s e e e
4, Mortar Scheduling . . ¢« + ¢ ¢ & o o ¢ o o &

Combat Model T N
Appendix E. Referemces . . . . + ¢ ¢ ¢« & ¢ ¢ o« ¢ &
Chapter 8, AREA FIRE MODEL . . . « ¢ o ¢ &« o o s o &
Military Activity Represented . . . . « . « « .
Model Design . . . . . . . ¢« &« & ¢« o ¢« o o o o &

Submodel Specifications . . . . . ¢+ ¢ . v .
. History Tape Output . . , ¢« . ¢ ¢ ¢ o o o &+ + &

SN

Appendix A. Area Fire Model Input Requirements . .

1. Introduction . e . . . “ e e
2, Data Matrices for the Area Fire Model .

4, Weapons/Munition Projectile Description ., .
5. Weapon/Munition Lethal Areas for Personnel .
6. Lethal Area for Enemy Force Equipment . . .
7. Personnel Posture . . . « « « o & o+ . .
8. Personnel Protection by Organic Equipment .
9. Area Fire Data Deck Structure ., . . . . ., .

Appendix B. Area Fire Model Program Description .
1. Introduction C e bt e s e e s e e s s e e s
2., Routine FIREDT . . « & ¢ o + o o o o o s & »
3., Routine AREAFR . . . . ¢« . ¢« . 4 ¢« s ¢ o &
4, Routine AKILL . . . . . s e e e e e
5. Routine OASSES .« s e « v e e s e
Appendix C. Area Fire Model Qutput Descriptions ., .
1. Introduction e e o b v e s s e e e

2, Area Fire Model Output e e v u e e s e e

Fire MOdel e + 8 8 8 ¢ 2 o ° e e v s 8 s o s »

Appendix D. Source Listings for Period Processor Ground

’ ' 3. Weapon/Munition Delivery Characteristics Data Card

Appendix D. Source Listings for Period Processor Area

Page
IV=7-C=~1

IV-7-C~1
IvV-7-C~1
IV-7-C~7
IV-7-C~$8

IV-7-D~1
IV-7-E-1
Iv-8-1

IV-8-1
IV-8-1
IV-8-4
IV-8-21

IV-8-A-1

IV-8-A-1
IV-8-A-3
IV-8~-A-9
IV-8-A~12
IV-8-A-14
IV-8-A-16
IV-8-A~-18
IV-8-A-21
IV-8-A=-24

IV-8-B-1
IV-8-B-1
IV-8-B-1
IV-8-B-8
IV-8-B-23
IV-8-B-24
IV-8-C-~1
IV-8-C~1
IV=-8-C-1

IV-8-D-1




CONTENTS (Continued

Appendix E. References . . . . ¢« ¢ ¢ ¢ o o o &

Chapter 9. TACTICAL FIRE DIRECTION SYSTEM MODEL . .
1. Military Activity Represented . .
2. Model Design L
3. Submodel Specifications .

. s .

Appendix A.
Requirements s e e s e s e s e s e e s e s

1. Introduction e v e e e e e e s
2. Tacfire Data Base . . . . . . . &
3. Data Required . . . . . . v e e e
4. Preparation of the TACFIRE Data Base for
5. Summary of Data Base Preparation . . . .
6. TACFIRE Constant Data Deck Structure .

Appendix B. TACFIRE Model Program Description .,
1. 1Introduction .
2. Routine OVER9 ,
3. Routine AFTFCl .
4. Routine AFTFC2 ,

e o o o
e o o »
o« & o
e« o o

« o e
« o o s
e e o e

Appendix C. TACFIRE Model Output Descriptions
1. 1Introduction e e o 4 e s e s s e 8w
2. TACFIRE Mission Scheduling . . . . . .

Appendix D.
Model - . * . . . L] L] L) L] . L[] L] . . L] . . L]

Appendix E. References e s e s e b e s e e

Chapter 10. AIR GROUND ENGAGEMENT MODEL . . . . .
1. Military Activity Represented « v
2. Model Design e e b e s e s e e e s
3. Submodel Specifications . . . . . . . .
4. History Tape Qutput . . ., . . ¢« « + + &

Appendix A.

1. Introduction
2. Card Format Relationships

A gt U W L WS SNPCUTAIIIIE e 3 rec o0

Tactical Fire Direction System Input

Card

Input

Source Listings for Period Processor TACFIRE

Air Ground Engagement Model Input Requirements

® 8 8 & s e & & e 8 & & s o e Tt s s

Page

. IV-8-E~1

IV-9-1

Iv-9-1
IV-9-1
IV-9-4

IV-9-A-1

IV-9-A-1
IV-9-A-1
IV-9-A-3
IV-9-A-17
IV-9-A-25
IV-9-A-25

IV-9-B-1
IV-9-B-1
IV-9-B-~1
IV-9-B~-1
IV-9-B-17
IV-9-C-1
IV-9-C-1
IV-9-C-1
IV-9~-D-1
IV-9-E~1
IV-10-1
IV-10-1
IV-10-4
IV-10-8
Iv-10-27
IV-10-A-1

IV-10-A-1
IV-10-A-1




3.
4,
5.
6.
7.

Appendix B.

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12,

Appendix C.

1.
2.
3.
4,
5.
6.

Appendix D.

CONTENTS QContinued2

Data Input by Mission Type (2601) .
Data Input by Aircraft Type (2602)
Data Input by Weapon Type (2603) .

Results for Various Air Strike Situations (2701

Alr Ground Engagement Constant Data Deck Structure .,

Introduction . . . .
Routine AIRGND
Routine BTF .
Routine ATB . .
Routine AVAIL .,
Routine PREPTM
Routine TIMES

Routine SELECT
Routine ENRATA
Routine TORA .
Routine BTA .
Routine SEG5 .

.

e & ® e o o ° o e o
.

s e @ & o o o o e o

*» o o o e o =

s & ® @ o o e

» e ® & e e e e o o

Introduction . . . & . « ¢ ¢« o o
Alr Mission Request Routine ATB , .
En Route Attrition - Routine ENRATA
Engagement Results - Routine TORA

Safe Point Update - Routine BTF .
Mission End - Routine BTA e o s e

Ground Engagement Model e e e v e e e

Appendix E.

Chapter 1l1.

1. Introduction . . . . . . . + + o« &
2. Suppression of Movement o v e e
3. Suppression of Indirect Fire . , .
4, Suppression of Air Defense Fire ,
5. Interfaces with Other Models ..

Appendix A.

1.
2.

References e s e s s e s s

SUPPRESSION MODEL ., . . « . . « &«

Introduction e & & & & 06 o ¢ ¢ ®
Assembling the Data Base . . . . .

R e it Sl o 2 LY SR N Shae, b SRR NN

e o ® 8 s e ® s a o o .

« o

Air Ground Engagement Model Output

Air Ground Engagement Model Program Descriptions.

¢ & e ® ® o e e o

e e o e o 8 e o o

e o & ® = s 8 *

e o & © o o e o o
.

Descriptions

Source Listings for Period Processor Air

* e & s s

e o o o
.
* o e o

Suppression Model Input Requirements . e s e e

Page

IV-10-A-2

IV-10-A-13
IV-10-A-24
IV-10-A-35
IV=-10-~-A-42

IV-10-B-1

IV-10~-B-1
IV-10-B-1
IV-10-B-2
IV-10~B-9
IV-10-B-15
IV-10-B-16
IV-10-B-19
IV-10~-B-24
IV-10-B-25
IV-10-B-36
IV-10~B-44
IV-10-B-49

IV-10-C-1

IV-10-C-1
IV-10~C-1
IV-10-C-9
IV-10~C-17
IV-10-C-20
IV-10~C-21

IV-10-D-1
IV-10-E-1
IV-11-1
IvV-il-1
Iv-11-1
IvV-11-1
IvV-11-1
Iv-11-2
IV-11-A-1

IV-1l-A-1
IV-11-A-2

e driradam




CONTENTS (Continued)

Page

3. Suppression Constant Data Deck Structure .. « « + « » o IV=11l=A=5

Appendix B. Suppression Model Program Descriptions . . . . . . IV=lleB~l

1. Introduction e & * 9 o ¢ o & ° o & 6 & o e e s o o o = Iv-ll-B-l
2- RoutineSUPRES -Ooaoooto..l.o'.'..cIv-ll-B-l

Appendix C. Suppression Model Output Description . . . . . . . IV-11-C-1

1. IntroduCtion ® & & s 2 ¢ & e & o s s e e+ 2 e & 2 e+ & Iv'll-C"l
2. Routine SUPRES L R R R I I N N e L Iv-ll-C"l

Appendix D. Source Listings for Period Processor
Suppression Model . . 4 . . . 4 ¢ ¢ s e 4o s 0 e s o s s o o IV-11-D-1
Chapter 12, NUCLEAR ASSESSMENT MODEL . . . « & 4 o s « s o o » « IV=12-1
: 1. Military Activity Represented e e s s s s s e s s e e e o IV=12-]

2' Model Design e« & ¢ 8 4 s e & & & * & e s e e o s s e o+ s e IV-12-2
3. Submodel Specifications e e e e e s st e e e s e s e e s s IV=12-14

Appendix A. Nuclear Assessment Model Input Requirements , . . IV=12-A-l

1. Introduction ., . . . . . . et e o o o s IV=12-A-1

2. Data Requirements ., . . . . & ¢ + 4« o o o o o o & o o IV=12-A-1
i 3. Weapon/Munition Characteristics C e e e e e e e e e s s IV=12-A-8

! 4. Veapon Effects . e e e e e e e e e e e e e e e IV=12-A-11
- 5. Equipment Vulnerability e e v e e s e e e s s s s s o IV-12-A-15
,_§ 6. Barrier/Facility Vulnerability . . . . . . . . . ., . . IV-12-A-17
= 7. Personnel POSLUTES .« . « & « ¢« o+ s+ o ¢ o o o o o o o o IV=12=p-17

8. Radiation Barriers . . . . . . . e s s s e s s s o IV=12-p-23

9. Nuclear Model Constant Data Deck Structure e v o o o o IV=12-A-25

Appendix B. Nuclear Assessment Model Program Descriptions , . IV-12-B-l

1. Introduction . . . & 4 & ¢ ¢ o o o o o o ¢ s o s o o o IN=12-B-1
2. Routine NAM e« o 5 s o s s s s s e e s s s s e e s o IV=12-B~-1
3. Routine NAM4 |, . . . . . ¢ ¢« ¢« ¢ s o o o o o o o o s o IV=12=-B=2
4, Routines NAM1 and NAM2 ., . . . . + ¢ &+ o ¢ o o & o« & » IV=12-B=2
; 5. Routine NFIRE Gt e s e s s e e s s e s e s e e e s IV-12-B-4
! 6. Routine NFIRDT , . . . . ¢ ¢ « ¢ s s o s s s o s o « « IV=-12-B-6
7. Routine BURST . . \ v 4 ¢ 2 « v o s o o o o o« o + « « IV-12-B-8 H
: 8. Routine NDRD . . . . ., « + « ¢ s ¢ o« o s « s s o« s o . IV=12-B-10
g 9., Routine SUPSCH . . . . ¢« &+ ¢« ¢+ ¢ ¢ o o o o ¢« s o o o o IV=12=B~-12
¢ 10, Routine ASUNIT . . . . & v & « o s ¢ ¢ o s s o & o o » IV=12=-B-14
: 110 Routine HmOVN " 6 & & 8 6 8 & e e B 8 8 8 6 " & s » @ IV-lZ—B'].s

vii




- TR T T T e

CONTENTS (Continued)

12. Routine UPRMPT .« ¢ + ¢ ¢ o ¢ s o s o o &
13 . Routine NASPER. e ® o & o 8 8 & s 8 e ® o
14 . Rout ine NASEOH e & & & & & o & a s o s o
15, Routine FNDLNK . : ¢ ¢ & ¢ o ¢ ¢ o o o &
16. Routine FNDLOS . ¢ & ¢ ¢ o s s ¢ o o o o
17. Routine NPEPL * s e s s s a4 s s s s s
. 18. Routine STUPRO & « & 4 o« o o o o o o o &
. 19, Routine CFUN . . & 4 & v « 4 o o o s o @
20, Routine BANCIR . . & ¢ ¢ ¢ o o o s o o »
21, Routine NBARAS . . 4 & 4 4 s o ¢ o o o &
22, Routine BARUPE . . . v ¢ « 6 o o o o o &
23, Routine BARNUM . . . & ¢ 4 ¢ o o o o & &
24, Routine NCUNIT . ¢ v ¢ 4 ¢ « o o o o o &
25, Routine BAMUNT . . . v v ¢ ¢ « o « o & &

| Appendix C. Nuclear Assessment Model
; 1. Introduction © 6 s e 4 e s e s 8 e s e
{ 2, Routine NFIRE . . . . ¢ 4 ¢ o « o o o o s
L' 3. Routine NBARAS © 4 e o s 8 o o e 4 s e @
! 4, Routdne NCUNIT . . . . & 4o ¢ 4 ¢ ¢ o & o &
i 5. Routine BAMUNT . . . . ., .. ..+ ¢ ¢ o
Appendix D. Source Listings for Period Processor

e

Assessment Model . . .

s e & & @& & 0o s 8 & o+ ¢

i

}

! Appendix E. References . . . . + o« « « « « + &
1

Accession Far
NTIS GRigi
DTIC Tak
Unanncun-ega

X

By .
Digtriv i

Aveosr oy

V '
Avaiier T - - 7-';
o 3

| i

Dist | s i

viii

Output Descriptions

e e o o o

¢« s
s s

Nuclear

Page

IvV-12-B-20
IV~12-B-22
IV-12-B-25
IV-12-B-29
IV-12-B-30
Iv-12-B-33
IV-12-B-34
IV-12-B-36
Iv-12-B~38
IV-12-B-40
IV~12-B-43
IV~-12-B-44
IV-12-B-47
IV-12-B-49

IvV-12-C-1
IV-12-C-~1
Iv-12-C-1
IvV-12-C-6
Iv-12-C-8
Iv-12-C-9
IV-12-D-1

IV-12-E-1




mbe

IvV-7-1
IvV-7-2
IV-7-3

IV=-7-4
IV=7-5
IV=-7-6
1V=7-7

IV-7-8

Iv-7-9

Iv-7-10
IV-7-11
Iv-7-12
IV-7-13
IV=-7-14

IV-7-15
IV-7-A~1
IV=7-A-2
IV=-7-A-3
IV=-7-A-4
IV=-7-A-5
IV-7-A-6
IV-7-A-7
1V-7~-A-8
IV=-7-A-9
IV-7-A-10
IV=7-A-11
IV-7-A-12
IV-7-A-13
IV~-7-A-14
IV-7-B-1
1V=7-B=-2
IV=-7-B-3
IV=-7-B-4
IV-7=-B-5
IV=7-B~-6
IV=-7-B=7
IV-7-B-8
IV-7-B-9
IV-7-B-10

PART 3

Ground Combat Model Flow Diagram

Unit Orientation and Movement

Weapon-Target Coverage Pattern for Laterally
Offset Units

Ground Combat Model Inforamtion Flow Schematic

Multiple Unit Engagement

Unit Orientation Variables

Line of Sight Probability Versus Range
(km) for T = 0.6 km

Relationship Between the Engagement Frontage
and the Variable d'

Coverage Pattern Variables, Detailed

Coverage Pattern Variables

Search Vector Geometry

Typical Variation of A versus @

Visual Aculty Versus Off Angle

Example of Zones Defined by Weapon/Ammunition
Range Capabilities

Estimated Coordinates

Transport System Specifications

Transport Types

Target Dimensions

Weapon System Specifications

Sensor Specifications

Sensor Employment

Weapon Systems Sensor Utilization Work Sheet

Target Priority and Vulnerability

Line of Sight

Probability of Line of Sight versus Range

Horizon and Background

Table of Seasons and Codes

Ground Combat Constant Data Card Input

Ground Combat Data Deck Structure

Ground Combat Model Segment Structure

Routine GCMDT

Routine GCM

Routine GSETUP

Routine DNUMBR

Routine STRBAR

Routine GCFIRE

Routine GCTDET

Routines GCKILL and GCKLL1

Routine GPKILL

Page

IV=7=3
IV=7-6

IV-7-8

IvV-7-13
IV-7-16
Iv-7-18

IV=-7=-24

IV=-7-27
IV-7-29
Iv-7-30
IV=7-42
IV=7=42
IV=-7=44

IV=-7-54
IV-7-68
IV-7-A-3
IV=7-A-4
IV=7-A-5
IV-7-A-8
IV=-7-A-11
IV-7-A-12
IV-7=-A-14
IV-7-A-17
IV-7-A~19
IV-7-A-21
IV-7-A-23
IV=-7-A=-24
IV-7-A-25
IV=-7-4-27
IV-7-B-1
IV-7-B-3
IV-7-B-12
IV-7-B=-21
IV-7-B-28
IV-7-B-31
IV-7-B=-34
IV=-7-B=-41
IV=7-B-46
IV-7-B-49




1
3

Number

IV-7-B-11
IV=7-B~12
IV-7-B-13
IV-7-B-14
IV-7-B~15
IV-7-C~la

IV-7-C-1b
IV-7-C-2

IV-7-C-~3

IV-8-1
IV-8§=2
IV-8-3
IV-8-4
Iv-8-5
IV-8-6
IV~-8=7
IV-8-A-~1
IV=-8-A-2
Iv-8-A-3
IV-8-A-4
IV-8-A-5
IV-8-A~6
IV-8-A-7
IV-8-A-8
IV-8-A-9
IV-8-A-10
IV=-8=-A-11
IV-8-A-12
IV-3-B-1
IV-8~B~2
IV-8-B~3
IV-8=-B-4
Iv-g-Cc-1

1v=9-1
IV-9-2
IV-9=3
IV-9=-4
IV-9-A-1
IV-9-A~2

IV=-9-A-3

FIGURES (Continued)

Routine GBKEEP

Routine MURFAC

Routine GLEG

Routine GCLAST

Routine GUPDAT

Unit Geometry and Target Acquisition Sample
Output From Ground Combat Model

Unit Geometry and Target Acquisition Sample
Output From Ground Combat Model

Engagement Results Sample Output From Ground
Combat Model

Mortar Scheduling Sample Output From Ground
Combat Model

DIVWAG Area Fire Model Macroflow

FIREDT Macroflow

Weapon Munitions Characteristics Table
AREAFR Macroflow

Target Unit Assessment Geometry

Typical Unit Band Density

Typical Unit Personnel Protection

Area Fire Model Data Base

Personnel Postures

Completed Lethal Area of Weapon/Munition Matrix
Weapon/Munition Index

Weapon Munitions Delivery Characteristics
Weapons/Munition Projectile Description
Weapons/Munition Lethal Area for Personnel
Weapons/Munition Lethal Area for Enemy Equipment
Personnel Posture

Personnel Protection

Area Fire Card Formats, Load Routine AFMLD
Area Fire Model Data Deck Structure
Routine FIREDT

Routine AREAFR

Routine AKILL

Routine OASSES

Area Fire Assessment Sample Printed Output

TACFIRE Model Macroflow

AFTFC1 Macroflow

Method of Attack Table

AFTFC2 Macroflow

TACFIRE Model Data Base

Matrix of TACFIRE Constant Data Requirements,
Blue Force

TACFIRE Target Priority Table Completed, Blue Force

X

At e TS o5 I O g ety

Page

IV-7-B=-52
IV-7-B=-54
IV=-7~B-56
1V-7-B-58
IV-7-B-63

IV=-7-C-2
IV=7=-C~4
IV-7-C-8

IV-7-C-10

Iv-8-2
IV-8-6
IV-8-7
Iv-8-8
IV-8-10
IV=-8-11
IV-8-19
IV-8-A-2
IV-8-A-3
IV-8-A-6
IV=8=-A=7
IV-8-A-10
IV-8-A-13
IV-8-A-15
IV-8-A-17
IV-8-A-19
IV-8-A=-22
IV-8-A-25
IV-8-A-26
IV-8~B-3
IV-8-B-11
IV-8-B=25
IV-8~-B-27
IV-8-C=2

IV=-9-2
IV-9-5
IV-9-10
IV-9-12
IV-9-A-2

IV-9-A-4
IV=-9-A-~6




Number

IV=-9-A-4
IV=9-A-5
IV-9-A-6

IV-9-A-7

IV-9-A-8
IV-9-A-9
IV-9-A-10
IV-9-A-11

IV~9~A-12
IV-9-A~-13
IV-9-A-14
IV=9=-A-15
IV-9-B-1
IV-9-B-2
IV-9-B-3
IV-9-C-1

IV-10-1
IV=-10-2
IV-10-3
IV-10-4
Iv-10-5

IV-10-6

IV=10=-7
IV-10-A-1
IV-10-A~2

IV-10-A-3
IV=10-A-4

IV-10-A-5

IV-10-A-6
IV-10-A-7
IV-10-A-8
IV-10-A~9
I1V-10-A-10

Iv-10-A-11
IV=-10-A-12

FIGURES (Continued)

Range Intervals fdr Target Priorities

TACFIRE Method of Attack Table Complete, Blue Force

TACFIRE Summary of Targets Priorities for Platoon/
Company

TACFIRE Summary of Target Priorities for Battalion/
Brigade

TACLD Target Priority Summary List

TACFIRE Target Range/Priority Card Format

TACFIRE Method of Attack Card Format

TACFIRE Target with Priority and Method of Attack
Card Format

Weapon/Munition Combinations

TACFIRE Data Matrix and Card Formats

TACFIRE Constant Data Input Cards

TACFIRE Data Deck Structure

Routine OVER9

Routine AFTFCl

Routine AFTFC2

TACFIRE Model Mission Scheduling Sample Printed
Output

Air Ground Engagement Model Mission Type

Air Ground Engagement Model Macroflow

Resource Allocation Submodel Logical Flow

Friendly Airspace Overflight Submodel Logical Flow

Schematic for Calculating Safe Point, Blue Aircraft
Attacking Red Target

Determination of the Number of Air Defense Weapons
Within Range

Engagement Results Table

Visibility Codes

Minimum and Maximum Aircraft Requirements for
Mission Performance

Mission Types and Codes

Minimum Ammunition and Personnel Requirements for
Mission Performance

Maximum Ammunition and Personnel Requirements for
Mission Performance

Alrcraft Mission Preparation Delay Time

Aircraft Flight Speeds (Knots)

Flight Area Codes

Aircraft Landing Time Requirements

New Mission Availability Time for Returning
Alrcraft

Degradation of Available Aircraft for Maintenance

Air Defense Weapon Characteristics

Page

IV-9=-A=7
IV-9=-A-11

Iv-9-A-14

IV-9-A-15
IV-9-A-15
IV-9-A-18
IV-9-A-19

IV-9-A-20
IV-9-A-21
IV-9-A-23
IV-9-A-26
IV=-9-A-27
IV-9-B=-2

IV-9-B-7

IV-9-B-18

IV-9-C-1
IV-10-2
IV-10-5
IVv-10-9
IV-10-14

IV-10-15

Iv-10-20
IV-10-26
IV=-10~-A-2

IV-10-A-4
IV-10-A-5

IV-10-A-8

IV-10-A-10
IV-10-A-12
IV-10-A-15
IV-10-A-14
IV-10-A-17

IV-10-A-20
IV-10-A-23
IV=10-A-25




Number
IV-10-A-13

IV-10-A-14
IV-10-A-15

1V-10-A-16
IV-10-A-17

IV-10-A-18
1V-10-A-19
IV-10-A-20
IV-10-A-21
IV-10-A-22
IV-10-A-23
IV-10-B-1
IV-10-B-2
IV-10-B-3
IV-10-B-4
Iv-10-B-5
IV-10-B-6
Iv-10-B-7
IV-10-B-8
IV-10-B-9
1V-10-B-10
IV-10-B-11
IV-10-C-1
1v-10-C-2
IV-10-C-3

IV-10-C-4
IV-10-C=-5
IV-10-C-6

IV-11-A-1
IV-11-A-2
IV-11-A-3
IV-11-A-4
IV-11-B-1
IV-11-C-1

IV-12~-1
IV-12-2

FIGURES (Continued)

Reduced Effectiveness of Air Defense Weapons
(Percentages)
Terrain and Vegetation
Terrain and Vegetation Effects on Air Defense
Weapons
Altitude Codes
Aircraft Average Vulnerable Area Against Specific
Weapon Types for Various Kill Categories
Engagement Results Table
Engagement Results of Air Strikes
Activity Types and Codes Versus Target Type
Example Engagement Results Input
Air Ground Engagement Card Format Listings
Air Ground Engagement Data Deck Structure
Routine AIRGND
Routine BTF
Routine ATB
Routine AVAIL
Routine PREPTM
Routine TIMES
Routine SELECT
Routine ENRATA
Routine TORA
Routine BTA
Routine SEGS
DSL Air Mission Request Output
Automatic Air Mission Request Output
En Route Attrition Printed Output from Air Ground
Engagement Model
Engagement Results Printed Output from Air Ground
Engagment Model
Safe Point Update Printed Output from Air Ground
Engagement Model
Mission End Printed Output from Air Ground
Engagement Model
Suppression Time Table (Seconds)
Suppression Group Table
Suppression Time Table
Suppression Model Data Deck Structure
Routine SUPRES
Routine SUPRES Sample Printed Output from
Suppression Model
Nuclear Assessment Model Flow
Effect of Elliptical Dispersion Pattern on Damage
Assessment

Page
IV-10-A-27

IV-10-A~30

IV-10-A-31
IV=10-A=-32

IV-10-A-34
IV-10~-A-37
IV-10-A-38
IV-10-A-39
IV-10-A-41
IV-10-A-43
IV-10-A-44
IV-10-B-3

IV-10-B-8

IV-10-B-11
IV-10-B-17
IV-10-B~18
IV-10-B-21
IV-10-B-26
IV-10-B=-30
IV-10-B-38
IV=-10-B~46
IV-10-B~51
IV-10-C-2

IV-10-C~8

IV-10-C~10
IV-10-C~18
IV-10-C-21
IV-10-C~22
IV-11-A-2
IV=-11-A-3
IV-11-A=-4
IV-11-A-6
IV-11-B-2

IV-11-C-2
IV-12-3

1v-12-16




Y
FIGURES (Continued)
Number Page
Iv-12-3 Effect of Error in Height of Burst on Error
in Range IV-12-18
IV-12-4 Biological Response to Nuclear Radiation Iv-12-28
IVv-12-5 Barrier Assessment for a Moving Unit Iy-12-31
IV-12-A-1 Munition Type Data Form IV-12-4-3
. IV-12-A-2 Vulnerability Data Form IV-12-A-6
. IV-12-A-3 Personnel Postures, Nuclear Environment IV-12-A-7
IV-12-A~4 Weapon Munition Characteristics IV-12-A~-9
IV-12-A-5 Nuclear Weapon Effects IV=12-A-12
IV=-12-A-6 Example of Effects Table IV-12-A~-14
Iv-12-A-7 Nuclear Weapon Equipment Vulnerability IV-12-A-16
IV-12-A-8 Nuclear Barrier/Facility Vulnerability 1V-12-A-18
IV-12-A-9 Nuclear Environment Personnel Posture IV-12-A-20
IV-12-A-10 Nuclear Environment Personnel Posture for Stay
Activity IV-12-A-22
IV-12-A-11 Induced Radiation Barrier IV-12-A=24
IV-12-A-12 Nuclear Assessment Model Constant Data Input Cards 1V-12-A-25
. IV-12-A-13 Nuclear Assessment Model Data Deck Structure IV~12-A-27
; IV-12-B-1 Routine NAM IV-12-B-3
= IV-12-5-2 Routine NFIRE IV-12-B-5
‘ Iv-12-B~3 Routine NFIRDT IV-12-B8-9
q IV-12-B=4 Routine BURST IV-12-B-11
IV-12-B=5 Routine NDRD IV~12-B-13
:o IV-12-B=-6 Routine SUPSCH IV~-12-B-15
‘ IV-12~B=~7 Routine ASUNIT IV-12-B-17
. IV-12~B-1 Routine HEMOVN IV~-12-B-19
! 1V-12-B-9 Routine UPRMPT IV-12-B-21
1V-12-B~10 Routine NASPER IV-~12-B-23
IV-12-B~11 Routine NASEOH IV-12-B-26
IV-12~B~12 Routine FNDLNK IV-12-B-30
IV-12-B~13 Routine FNDLOS IV-12-B-31
IV-12-B~14 Routine STUPRO IV-12-B=-34
IV-12~B-15 Routine CFUN IV-12-B~-36
§ IV-12-B~-16 Routine BANCIR IV-12-B-38
3 IV-12-B~17 Routine NBARAS IV-12-B=-41
IV-12-B-18 Routine BARUPE IV-12-B=44
1V-12-B-19 Routine BARNUM IV-12-B=45
4 IV-12-B-20  Routine NCUNIT IV-12-B-47
; Iv-12-B-21 Routine BAMUNT IV=12~-B-~50
. Iv-12-C-1 Routine NFIRE Qutput IV-12-C-2
k| 1V-12-C~2 Routine NBARAS Output 1V=-12-C-7
’ IV-12-C-3 Routine NCUNIT Output IV-12-C-8
i IV=12-C~4 Routine BAMUNT Sample Printout IV-12~-C=10

xiidi

S RSO <oz e |




NOTES

xiv

A W P I T P . P AT sy,




ST TR R TR TR T T TR T T e e e e e ey —wy ~

APR 15 1873

1
(Pages 7-1 to 7-120

CHAPTER 7

GROUND COMBAT MODEL

1. MILITARY ACTIVITY REPRESENTED:

a. The Ground Combat Model simulates the interaction hctween the
direct fire weapons of opposing maneuver units engaged in ground combat.
The effects of obstacles intervening between engaged units are simulta-
neously treated, as are unit reactions to such obstacles.

b. Since combat power may be enhanced by employing combined arms
forces against the enemy the model permits simulation of the interaction
and the effects of weapons of cross-reinforced units. The effectiveness
of the maneuver unit is largely dependent on the combinations and coor-
dination of weapon systems within the unit. The distance of separation
of weapon systems is limited so that mutual support is possible when
weapon density permits.

¢. The impact of the environment is represented in the model.
Movement in ground combat is subject to the constraints imposed by the
environment wherein optimum ability to move forces by ground is degraded
by the effects of adverse weather, terrain, and visibility. The appli-
cation of firepower is largely controlled by the environment since
effectiveness of each weapon system is limited bv its associated target
acquisition capabilities.

(1) Target acquisition cannot occur unless line of sight exists
between the observer and target. Line of sight may be severely limited
due to terrain roughness, vegetation, and forestation. A firer may lose
line of sight on a moving target before firing a round. A moving target
may drop out of line of sight during the time of flight of the round.

(2) Target acquisition is limited by visibility, whether due to
adverse weather or night combat operations. Under conditions of reduced
visibility, target acquisition is enhanced by the employment of night
vision equipment.

d. The interaction of each maneuver unit with an opponent is
considered by the model in terms of a maneuver unit's effectiveness
and vulnerability.

(1) The maneuver unit's effectiveness is influenced by the
level of activity. As the level of activity increases, more weapon
systems can acquire targets. As individual moving weapon systems stop
to fire, the unit movement rate decreases. The possibility of observing
an enemy weapon's signature (i.e., evidence of that weapon firing)
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increases with the level of activity. The chance of hitting such a
target is less than against an observed target.

(2) The maneuver unit’s vulnerability is influenced by the
level of activity. A firing system may disclose its position and
become a target for enemy fire.

e. Intervening obstacles will delay the progress of advancing
units which encounter them and may, in the case of active obstacles
(minefields), be a direct cause of losses to an encountering unit.
Vulnerability to opposing units' fires may also increase for a unit
which encounters an obstacle in that such a unit may be detained while
in a relatively unfavorable position and may be unable to return fire
as effectively as might otherwise be the case.

2. MODEL DESIGN. The Ground Combat Model is composed of three
logically interrelated groups of routines. These are the routines
which control the logical flow through the model and bookkeeping
functions of the model, the group of routines which simulate the
exchange of direct fires between a pair of opposing maneuver units,
and those portions of the model which simulate the interactions of
a maneuver unit with an obstacle.

a. Direct Fire Exchanges. For one attacking unit the Ground
Combat Model processes an engagement by examining the interaction
between the attack unit and each defending unit. The interaction
of each unit pair is treated independently of other units in the
engagement and is accomplished by treating, in sequence, the areas
of unit geometry, target acquistion, firepower potential, and fire-
power effectiveness and assessment.

(1) Unit Geometry.

(a) All combat units are represented as being bounded
by rectangles of variable width and depth. Each such rectangle is
further subdivided into as many as four rectangular bands of equal
area. Each band contains a predetermined percentage of the unit’s
total equipment of each type based upon the unit type and missionm.
Equipment of each type in each band is distributed uniformly. Par-
ticipation in a ground combat engagement is limited to direct fire
weapons and targets in the front band of a unit.

(b) To simplify computational problems in the model,
each opposing unit pair is treated as though their leading edges
were parallel. This is accomplished by rotating about its center
the rectangle representing a unit until the unit is represented as
facing a desired engagement orientation angle. The engagement
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orientation angle is calculated for each opposing unit pair based upon
the relative motion of the units. This orientation is used to establish
the front-to-front distance between opposing units and the extent to
which unit fronts overlap, or face each other. The rotation is used
only in assessment of direct fires and has no effect on unit orientation
within other models of the war game.

(c) Unit velocities are initially specified, at a sepa-
ration of approximately three kilometers, through gamer input to the
movement model. Unit velocity in the Ground Combat Model is limited
by mobility class rates within the model's constant data base. If the
specified initial velocity does not exceed the mobility class rate of
any mobile weapon :ystem in the front band of the unit, it is considered
to be the actual initial velocity. If the specified velocity does
exceed one or more mobility class rates, the slowest of these rates
is substituted as the actual velocity of the unit. All moving weapon
systems are considered to move at their mobility class rate in an
average direction of 45 degrees offset from the unit movement direction,
the difference in unit and weapons system rates being attributable to
a difference in postures among the elements. The weapcn system postures
considered are either stationary or advancing at the system's mobility
class rate.

(d) Each unit is positioned mid~way between its initial
and final locations for the engagement interaction being processed and
areas of responsibility are assigned to each weapon based upon the
concept of mutual support. The scheme for area assignment is depicted
in Figure IV-7-1. Figure IV-7-1 shows each actively engaged portion
of the enemy unit covered by at least two weapons, with some areas
covered by three or more weapons. (For computational efficiency the
single coverage region, in the general case where 5 percent or less of
a unit's rounds are delivered, is ignored, having a minor effect in the
overall assessment of casualties.) This figure also demonstrates the
model's capability of allowing a unit to concentrate its strength on
a portion of the enemy unit. This capability is a result of the unit
geometry orientation scheme.

(e) Once the active individual weapon's area of respon-
sibility has been determined, the number of each target type active
within this area is determined assuming uniformly distributed targets.
Weapon systems and targets laterally displaced away from the edge of
the enemy unit as illustrated in Figure IV-7-1 are not considered
active. For each searching weapon system only nonzero priority target
types are considered. (Weapon target priorities are discussed under
firing doctrine below.) The number of targets within each weapon
system's area of responsibility is then broken down to the number within
that area that are covered two, three, or more times; and the range to
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the center of each type coverage region is calculated. Targets within
each type coverage region are further distributed among possible
activities in the two postures defined above. Four target postures
are considered:

l. Stationary and not firing.
2. Stationary and having fired one round.
3. Stationary and having fired two or more rounds.
4. Advancing and not firing.
(2) Target Acquisition.

(a) Visual target acquisition methodology is based upon
modifications of the IMPWAG report (Reference 3). For each priority
target type in each posture in each coverage region type, the proba-
bility that the observing weapon system is looking at this target is
calculated. Given that the observer is looking at the target, the
probability that the target's apparent contrast is detectable is
calculated. Apparent contrast is a function of the target reflectance,
vegetation, season of the year, time of day, and weather. Given that
the observer is looking at the target and that its contrast is
detectable, the probability that line of sight exists between the
observer and target is calculated. Line of sight probability is
calculated using an equation from a Ballistics Research Laboratory
study, where the variable parameter has been expanded as a function
of terrain, forestation, target type, and target posture. This line
of sight parameter is discussed in detail in Appendix A to this
chapter.

(b) The probability that the observer detects nothing
is calculated using these detection probabilities along with the
numbers of each target type, in each posture, in each coverage region
type that were calculated by the Unit Geometry Submodel.

(c) This probability is combined with the probability
of nondetection of all other sensor types (appropriate to the existing
conditions) at the observer's disposal. The capability of each other
sensor type comes from fitting curves to existing experimental data.
Finally, the probability that the observer detects at least one
priority target is calculated. The expected value of the time to
detect at least one target and fire is determined from this probability.

(d) Pinpoint probabilities are considered within the
Ground Combat Model as follows. Based upon the total number of rounds
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fired by targets in postures 2 and 3, the probability an observer
sees a stationary weapon that fires either one or two rounds is
calculated. From this probability and a weapon's single-round
pinpoint data (pregame input), the number of observers who pinpoint
a target and do not visually observe any other target is calculated.

(3) Firepower Potential. The average time to aim, fire,
and deliver a round is added to the expected value of the time to
detect at least one priority target. This number is used with the
line of sight probability and the number of weapons to determine the
number of rounds a weapon system fires. Based upon the total number
of rounds fired, the weapon target priorities, and the target acqui-
sition information, the number of rounds fired at each target type
in each posture in each coverage region type is determined.

(4) Firepower Effectiveness and Assessment.

(a) The number of conditional casualties is calculated
for each target type in each posture in each coverage region type
based upon the total number of rounds fired at it. The probability
of a hit and the kill probability given a hit are calculated by
first determining the hit probability on a standard NATO target at
this range (using linear interpolation between known values), using
this hit probability to calculate the weapon's error at this range,
and finally calculating the hit probability based upon the target's
presented area. The kill probability given a hit assumes a linear
function in range with known slope and intercept. Applying the fire-
power potential within the framework of the coverage scheme (see
Figure IV-7-1) to account for multiple hits, the number of conditional
casualties is calculated.

(b) Based upon these conditional casualties the target's
survival probability against each weapon type 1is calculated and aggre-
gated into a net survival probability against all weapon types. The
probability the target is killed by at least one weapon type is then
calculated and applied to the number of active targets to generate
conditional casualties for assessment.

(c) The adjustment to real casualties provides a cor-
rection to properly account for each of three conditions inherent to
the model design.

1l. The lethalities of multiple weapons carried by

the same transport are modified to account for their simultaneous
utilization.
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2. The lethalities of all weapon systems in both
forces are modified to account for return fire.

3. The lethalities of all weapon systems in each
force are modified to account for their simultaneous utilization.

b. Obstacle Interactions. Interactions between an attacking
maneuver unit and an obstacle, as portrayed in the Ground Combat
Model, are included in the following potential actions on the part
of a maneuver unit: encounter of an obstacle, selection of an
appropriate reaction upon encounter, bypassing an obstacle, breaching
or making possible the passage through an obstacle, passage through
a breached obstacle, and withdrawal from an obstacle deemed impass-
able. Barrier interactions are not portrayed for defending units.

{1) Encounter of an Obstacle. Within DIVWAG, the leading
trace of an obstacle is represented by a line segment. A unit
advancing within the Ground Combat Model is said to encounter an
obstacle when the center of the leading edge of the unit's repre-
sentative rectangle crosses the obstacle line segment. If the
obstacle is active (a minefield) and was not previously known by
the encountering unit, discovery losses may be inflicted by the
field.

(2) Countermeasure Decisions. Upon encounter of an obstacle,
several reactions or countermeasures may be available to the encoun~
tering unit. Based upon the severity with which the encountering
unit is engaged, appropriate reactions are prescribed in the data
base, in order of priority. The encountering unit selects and, after
appropriate delay, puts into execution the highest priority counter-
measure feasible for that unit.

(3) Bypass Option. Within tactical limitations parametri-
cally described in the data base, a unit may simply move around the
edge of an obstacle. The extent to which this option is selected
can be controlled both by the relative stringency of the limitations
loaded in decision tables and by the ability to designate an obstacle
as "unbypassable.”

(4) Breach Option. Upon encounter the unit may elect to
breach an obstacle. Two general breach categories may be portrayed:

(a) The hasty breach is intended to portray cases in
which combat vehicles actually pass into the field hoping to open
lanes. The vehicles may be portrayed as using mechanical clearing
devices, such as plows or rollers, or may be simulated as simply
"bulling" through the field.
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(b) The deliberate breach is intended to portray cases
where lanes are opened with the expenditure of some consumable items
: and, of course, time, but no direct losses due to the field are
3 expected. Use of explosive line charges is typical of this type
operation.

(5) Passage. Given an obstacle with sufficient open lanes

L to pass the unit, the model portrays the funneling effect of such a
passage. Sufficiency of lanes is established with the same data used
to select obstacle countermeasures.

(6) Withdrawal. Should a unit encounter an active obstacle
and have no feasible countermeasure, that unit will withdraw from
contact with the obstacle and with any unit covering the obstacle by
direct fires.

3. GROUND COMBAT MODEL CONTROL AND DIVWAG SYSTEM INTERFACE. :

P a. External Control. External control of the Ground Combat Model
Loy is effected through the DIVWAG Scenario Language (DSL). Using DSL,

- a gamer can control which units will engage in the model, when engage-
f ! ments will initiate and conditions under which engagements will ter-
minate.

(1) Battle Paragraphs. The DSL battle paragraph is the basic
- vehicle for control of the Ground Combat Model, where a battle is
; understood to be the exchange of direct fires among a specific group
[‘ of opposing units. The basic information contained in a battle para-
! graph are a battle name, a list of battle units and a list of battle
| termination conditions. For one game period there may be up to 23
} battle paragraphs and each battle paragraph may list up to 16 units
| of each force.

(2) Battle Initiation. A named battle is initiated when a unit,
listed in that battle's battle paragraph, receives a DSL ADVANCE order,
: immediately followed by an order to ENGAGE in the named battle. Upon
3 initiation, the force to which the initiating unit belongs 1is established )
as the attacking force, and the opposing force as the defending force. i

bt Zians

(3) Battle Participation. A unit is said to be active or
; participating in a given named battle in the sense that it is able
? to interact with opposing units by the exchange of direct fires under
ﬁ control of the Ground Combat Model.

{(a) A unit can be active in only one named battle at a

time and when active in a given battle it will engage only those units
listed in the appropriate battle paragraph.
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(b) Once a unit becomes active in a battle, all simuiated
actions of the unit are under control of the Ground Combat Model and
the DSL unit scenario is no longer followed. Control returns to the
unit scenario only upon termination of the battle.

(c) To be active in a given named battle a unit must be
listed in the appropriate battle paragraph, the battle must be initiated
and the unit must be acting upon a battle-type order (ADVANCE, PREPARE
or WITHDRAW). The following cases are possible:

1. The unit which initiates a battle is, of course,
active in that battle.

2. When a battle is initiated all units in the battle

paragraph which are acting upon a battle-type DSL order will become
active in the battle unless already active in a different battle.

3. Should a unit appear in a battle paragraph and
not have a battle-type order when the battle is initiated, the unit
will become active in that battle if it receives a battle~type order
while the battle is in progress.

(4) Battle Termination. An ongoing named battle terminates
when a unit or situational condition, specified by the gamer in the
appropriate battle paragraph, is attained or when the game period ends.

(a) Upon battle termination the exchange of direct fires
and the effects of obstacles cease to be represented by the Ground
Combat Model for those units that were active in the given battle.

e o e e e et e e

(b) Upon battle termination all units in the battle para-
graph will start a new order in their DSL unit scenarios. The only
exception is a unit active in a different named battle. Thus, battle
termination may interrupt the ongoing action of a unit not active in
the named battle.

b. Logical Control Within the Model. Once a named battle has been
initiated and active units are specified, logic internal to the Ground
Combat Model controls the timing and sequence of events as well as the
check for termination conditions. Major areas of control logic are
provided for three cycles: the basic cycle controls units not in
contact with barriers; the barrier cycle controls a unit in contact
with a barrier; and the interruption cycle is used to terminate a
battle.

(1) Action on Initiation. At the time a battle is initiated
a battle control table is established and a Ground Combat event is
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scheduled for the initiating unit. The battle control table contains

a list of units in the battle paragraph, a mode flag for each unit

and an assessment time for each unit. As long as a unit's mode is

set to zero, the unit is not active in the battle. When a unit becomes
active in a battle, its mode flag is set to one and a Ground Combat
event is scheduled, if the unit is an attacking unit, for assessment
five minutes after the unit becomes active. When a unit becomes active
in a battle that unit's assessment time, in the battle control table,
is set to the time at which the unit became active in the battle.

(2) GCM Timing. The effects of direct fires are accounted
for within the Ground Combat Model on a post-assessment basis. That
is, at the simulated time of assessment the effects which took place
between the last assessment time and the current time are accounted
for on an after-the-fact basis. The expected value calculations used
in this assessment depend on an assumption that conditions of the battle,
particularly with respect to weapon performance and the relative posi-
tions of opposing elements, remain generally stable over the length of
time being represented.

(a) 1In the absence of barriers, a basic five minute
assessment increment is used. Thus the status of units involved in
an on-going battle is updated every five minutes, unless some barrier
interaction is involved. The five minute increment was selected based
on results of sensitivity testing of the model.

(b) As a moving unit encounters and reacts to a barrier,
the assumption of generally stable conditions is violated. Thus, each
time the nature of the unit's barrier interacticn changes, the exchange
of direct fires is updated to the time of the change. Length of time
a unit will be in a given "state" with respect to a barrier canm, in
most cases, be calculated within the model prior to the actual assessment
and a general rule has been established for the length of direct fire
assessments when under barrier influence. If the "state" will last less
than seven minutes, direct fires will be simulated in one increment of
the length needed to cover the time until transition to a new ''state."
If the unit will be in the "state'" for over seven minutes, direct fires
will be assessed every five minutes, with the final increment not
allowed to be less than two minutes duration.

(3) Action on Entry to the Model. The overall logical flow of
the model is shown in Figure IV-7-2, The model is entered in response
to a scheduled GCM event for some attacking unit. After establishing
basic data and obtaining the battle control table, a check is made on
existence of a battle termination condition. If a termination condition
does exist, the interrupt cycle is entered to halt all action going on
in this battle. If not, either the basic or obstacle cycle of operation
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is entered, depending upon whether the attack unit for which the model
was called is involved with a barrier. Upon assessment in the appro-
priate cycle, termination conditions are again checked and the battle
is either interrupted, if a termination condition is met, or the unit
is scheduled for a future GCM event.

(4) Basic GCM Cycle. Once an attacking unit causes initiation
of the basic cycle of GCM operation for a given battle, all attacking
units active in the battle whose status can be updated under the basic
cycle are assessed. Thus for a given battle all assessments in which
the attack unit is not involved with a barrier are accomplished upon
one entry to the model. The logical progression of the basic cycle of
operation is illustrated at Figure IV-7-3. Looping over all attack
units not involved with a barrier, the major steps are:

(a) Determine if the unit will encounter a barrier. The
unit is about to be assessed for some period of time over which combat
has taken place. If in this period of time the unit was in motion and
its motion caused a barrier encounter, assessment will be made only for
the time up to barrier encounter. Thus determination of encounter is
made prior to simulation of the exchange of direct fires to establish
the length of this exchange to be simulated. The length is the period
from this attack unit's last assessment time to the time of barrier
encounter or, if no encounter, to the current assessment time.

(b) The exchange of direct fires is simulated for this
attacking unit. The simulation, discussed in detail in Paragraph 4,
is made independently for each defending unit active in the named battle.

(¢) If the unit did encounter a barrier, discovery losses
due to the barrier itself may be assessed and an appropriate reaction
to the barrier is selected. The discovery and decision logic, as well
as logic for determining barrier encounter and simulating the various
reactions, is presented in detail in Paragraph 5, below.

(d) The unit's next entry into the GCM model is scheduled.
If no encounter took place, next entry will be in five minutes, the
basic GCM increment time. If an encounter did take place, next entry
will be after an appropriate decision and countermeasure implementation
delay, added to the time of encounter. The unit's last assessment time
is set in the battle control table to time of encounter or, if no
encounter, to current time.

(5) Obstacle Cycle. The obstacle cycle of operation is entered
for a simulated unit that has encountered and is currently involved with
an obstacle while und:r control of the Ground Combat Model. The nature
of the current barrier interaction is indicated by the unit's mode flag
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in the battle control table. Under this cycle of operation, three
steps take place:

(a) This unit's exchange of direct fires with all
defenders active in the named battle 1is updated to current time.

(b) Results of the unit's interaction with the barrier
are assessed as appropriate. These may be movement of the unit,
losses or expenditures by the unit and/or changes to the status of
the barrier itself.

(c) The state of the unit/barrier interaction is updated
if necessary and the next GCM assessment for this unit is scheduled.

(6) Interruption Cycle of Operation. The interruption cycle
of operation is invoked when one of the DSL-stipulated conditions for
the termination of an ongoing battle is met or the battle must be
terminated at the end of a game period. This is actually a combination
of the previously described cycles of operation. This cycle updates
all assessments to current time and interrupts any ongoing barrier
interactions prior to battle termination.

(a) The logic of the basic cvcle of operation is first
called to update all attack units not involved with a barrier. Should
a unit encounter a barrier in this time period, discovery losses are
assessed but no countermeasure is selected.

(b) Any units which just encountered a barrier =<r= the
assessed for direct fires to bring assessment up from encounrc: time
to current time.

(e) All units still involved with a barrier are assessed
for direct fires and the barrier interactions are interrupted. The
details of barrier activity interruption depend oi. the nature of the
activity being interrupted and are presented in Paragraph 5.j. below.

¢. DIVWAG System Interface. Beyond the control mechanisms dis-
cussed above, interface of the Ground Combat Model with the overall
DIVWAG system generally is accomplished through the various data files
which are dynamically changing in the course of a game.

(1) At the end of each simulated combat increment, the unit
status file is updated for each unit involved in an exchange of direct
fires during that increment to reflect losses, expenditures and con-
sumption during that increment.
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(2) During a given simulated combat increment, location of
all attackers being treated in the increment is updated to account
for unit motion. Locations of all defender units are updated for any
motion at the end of each increment.

(3) At the time a unit exchange of direct fires is simulated,
sensing reports are generated. One report is generated for each
opposing unit by each unit involved in tle direct fire exchange.

The reports are processed within the DIVWAG System's Intelligence
and Control Model and may thus cause aerial attack or area fires
upon the reported units.

(4) As units encounter and react to obstacles, the system's
barrier and facility file is updated to maintain current intelligence
status on the obstacles as well as to reflect any changes in the
physical status of the obstacle.

(5) Ambient weather and terrain conditions at the time and
location of each engagement are referenced from the appropriate en-
vironment files and influence the battle primarily through their
impact on the target acquisition process.

4. DIRECT FIRE EXCHANGES.

a. General. The exchange of direct fires in the Ground Combat
Model is simulated by the sequential treatment of four logical areas
involved in an exchange of fires: unit geometry, target acquisition,
firepower potential, and firepower effectiveness and assessment. The
basic logic of this simulation is designed to treat one pair of opposing
units. A driver routine is also required to establish the unit pairs
to be treated at any one time, as well as to establish the required
data for model execution. The driver is called for direct fire assess-
ments under the basic, obstacle or interruption cycles of operation
as discussed above.

b. Driver for Direct F ire Exchange. The simulation of direct
fires requires data describing the unit pair to be treated, the
conditions prevailing at time of the exchange and the weapons involved.
These are provided by driver logic which, under call of one of the
GCM operation cycles, loops through all defender units for the attack
unit under consideration. The flow of this logic is shown in Figure
IV-7-4.

(1) The loop through defender units is over all units desig-~
nated as defenders within the battle control table (or, equivalently,
the battle paragraph) which are active in the battle at time of assess-
ment.
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(2) A preliminary check is made on the range between this
unit pair and the amount of unit overlap. The calculations used are
considered part of the unit geometry logic and, as such, are presented
below. TIf the unit pair do not overlap, or if front to front range
is beyond 3000 meters, no further calculations are required for this
unit pair.

(3) 1If a unit pair overlaps and the units are within 3000
meters of each other, the direct fire calculations will be made. Thus
the appropriate data must be established.

(a) The time to be accounted for by this assessment
starts with the last assessment time of the attack unit. The unit
geometry model requires the unit locations, objectives, sizes and
velocities at the start time of assessment. These are available from
the unit status files of the opposing units.

(b) The identification of direct fire weapons to be
treated is gotten from the GCM constant data base. The quantity
of these weapons in the front band of each unit is developed from
item strength in the unit status file and the distribution of items
within a unit from the constant data base.

(¢) Various environment files are accessed to obtain
visibility-related data used by the target acquisition logic.

1l. Visible range comes from the weather file.

2. The sky-ground ratio (relative brightness of
the horizon and background) is determined for attacker and defender,
in each case by interpolating on values corresponding to looking into
the sun and looking away from the sun, based on current time of day
or night and position of the units.

3. The roughness and vegetation (RV) index and
forest type index are averaged over the leading band of each unit.
If the average RV index is greater than 5, the terrain is considered
poor; otherwise, it is considered good. If the average forest index
is less than 0.5, the terrain is considered to be unforested; otherwise,
it is forested. The terrain and forest type at the site of each unit
is then used to determine input values for the line of sight parameters
for each target. The average index is used to select the appropriate
background reflectance.

(4) With the necessary data established, the actual calcula-
tions for assessment of the direct fire exchange take place.




(5) When the assessment of one unit pair is complete, the
process is repeated for the next defending unit. When all defenders
are completed, the process is done for this attacking unit.

c. Unit Geometry Calculations.

(1) General. The primary function of the unit geometry cal-
culations is to establish the individual weapon type to target type
coverage patterns for a pair of opposing units. To accomplish this,
the calculations progress from treatment of the relative geometry of
two opposing units, treated as entities, through consideration of
areas of responsibility and coverage as well as distribution of each
weapon type within a unit.

(2) Engagement Orientation. Ground Combat Model calculations
are made on the basis of parallel opposing unit fronts. Since this
is not the general case in DIVWAG, each unit pair is aligned on an
engagement orientation angle, for the purpose of the direct fire
calculations only. The engagement orientaticn angle is based on the
orientation of each unit as implied by unit objectives. The two
cases which will most frequently occur in application of the model
are illustrated in Figure IV-7-5 where the solid rectangle represents
the unit oriented for GCM direct fire calculations and the dashed
rectangle is the unit's normal orientation.

(a) Within the DIVWAG system, a ground unit's orientation
is im~iied by the unit's movement objective i1f the unit has a move-type
order pending, or defaults to the general battlefield orientation in
the absence of a movement objective. Within GCM the only possible
pending orders are ADVANCE or WITHDRAW, which have an associated objec-
tive and implied orientation, and PREPARE which has the default orien-
tation. Where one unit has an ADVANCE or WITHDRAW order and the second
unit of an opposing unit pair has a PREPARE order, the implied orienta-
tion of the unit with an objective is used as the engagement orientation.
This results in a rotation of one unit as illustrated in the upper
portion of Figure IV-7-5. Where both units have an implied objective,
the engagement orientation is selected to minimize rotation of each unit.
This is accomplished by orienting the engagement midway between the unit
orientations, illustrated in the lower portion of Figure IV-7-5. When
neither unit has an implied orientation the default general battlefield
orientation is used as the engagement orientation.
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(b) Calculation of the engagement orientation is based
on unit locations and objective where:
(XA, ¥,) = attacker location
(Xp0, Ypp) = attacker objective
(Xp, Yp) = defender location

(Xpg» Ypg) = defender objective

1. Distance to objectives and direction cosines of
line between a unit and its objective are computed as:

| Ry = V(XpgX)? + (p0-Yp)2 (Iv-7-1a) ,
’ Rp = N(Xpg-Xp)2 + (Ypg-tp)2 (IV-7-1b)
B U= (X,0-X,) /Ry (1V-7-2a) |
‘ Ve (Y0 /R, (1V-7-2b)
W= (Xpg=Xp) /Ry (1v-7-2¢) |

Z=  (Ypy-Yp)/Rp (1V-7-24)

2. The battle orientation angle, ¢, is solved for
depending upon the orders of the involved units.

a. If both units have a PREPARE order, ¢ is set to
the general battlefield orientation, as defined in Chapter 5, since both
units will be on this orientation. u

b. 1If only one unit has an ADVANCE or WITHDRAW
order, implying motion, the battle orientation is set at that implied
motion. Thus:

¢ = arctan (V/U) (1V-7-3a)
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if the attacker only has implied motion, or
¢ = arctan (Z/W) (1v-7-3b)

if the defender only has implied motion.

c. If both units have implied motion the desired
battle orientation is the angle which bisects the acute angle between
the two units' direction lines. This is equivalent to the direction
of the vector sum or vector difference of the direction vectors depending
whether the angle between the vectors is acute or obtuse. The assumption
is made that if both units have an ADVANCE or WITHDRAW order, they are
approaching toward or separating from each other and thus traveling in
generally opposite directions. This implies an obtuse angle between

direction vectors and indicates vector subtraction for the required angle.
Thus:

% = arctan (V-2) / (U-W) (IV-7-4a)
if both units have the same order (ADVANCE or WITHDRAW) and
% = arctan (V+Z) / (U+W) (IV-7-4b)

if the units have different orders.

3. The battle orientation is required only to provide
an angle of inclination within the mathematical coordinate system. The
direction is not of interest. Thus, for example, a due east (¢ = 0°)
battle orientation is totally equivalent to a due west {¢ = 180°) battle
orientation. The east-west line is required for further calculatioms,
not the easterly or westerly directions. For the sake of convention,
the principal angles of ¢ between + ©/2 radians are used.

(3) Front to Front Separation.

(a) Figure IV-7-6 illustrates a pair of unit rectangles
rotated to the battle orientation ¢. Since unit fronts are parallel,
the problem is one of computing the perpendicular distance between
parallel lines. Within the model, the distance between parallel lines
drawn through the center of each unit is computed and the half-depths
subtracted to obtain front to front distance.
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(b) Given the center ; ~ t coordinates of the attack unit
(Xp, Yp), and the battle orientatior, v, the center line parallel to the
unit front through the unit center is required. The line is defined by
computing a point (Xg, Yg).

g = X5 - K sin ¢ (Iv-7-5a)
YS = YA + K cos ¢ (IV-7-5b)
The constant K is arbitrarily set to the unit width. Any value of K

gives a point on the desired line and the pair of points (XA’ Y,) and
(Xg, Yg) define the line.

(¢) Distance between unit center lines is calculated by
dropping the perpendicular from the defense unit center (Xp, Yp) to the
attack unit center line. Thus, if the slope of the center lines is

i M= (YA._YS) / (XA—XS) (IV-7-6)
|
then the simultaneous equations -

! YP—YA = M(XP-XA) (IV-7-7)

Yp-Yp = (-1/M) (Xp=Xp) (Iv-7-8)

are solved for the point of intersection of the attack center line and
the perpendicular (Xp, Yp), and distance from this point to (Xp, Yp)

is the desired distance, C, from center line to center line. The front
to front distance is then

where Dy and Dp are depths of attack and defend unit respectively.
(d) The front to front distance used for exchange of

direct fires is

Sg = 1/2 (S; + Sp) (Iv-7-10)
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where Sy and Sy are distances at the beginning and end of the time
increment to be portrayed. Sy is calculated using initial umnit
locations and Sy is calculated using locations the units will attain
, at the end of the increment, considering rates and directions of unit
E movement, if any.

—— —r——_—

. (4) Engagement Front. The calculations for direct fire

' exchanges require computation of the amount of unit front overlap,
once units are rotated to the battle orientation. This overlap is the
front upon which the unit pair i{s engaged. The size of the engagement
front is determined by examining its relation to the lateral offset of
unit centers, d', as measured along a unit center line.

(a) As shown in Figure IV-7-6, d' is length of the third
leg of a right triangle which has the line between unit centers as its
hypotenuse and the perpendicular from one unit center to the other
unit's center line as the second leg. Thus, with center to center
distance CIC and center line perpendicular distance C

.' a' = yerc? - 2 (IV-7-11)*

(b) If the widths of attacking and defending units are

: W, and Wp, respectively, inspection of Figure IV-7-8* illustrates the
. relation of engagement front Wg to d'. When d' is as great as the sum
! of the unit half-widths, there is no overlap. When d' is less than
half the absolute difference of unit widths, engagement front is equal
the front of the narrower unit. Between these limiting cases, engage-
ment front is linear with respect to d'. Imposing the boundary condi-
tions of the limiting case to the linear form Wg = md'+b, the solution
for the non-trivial case becomes:

Wp = 2 min {WA, WD} [d' - (Wy + Wp) / 2] (IV-7-27)
| Wa =wp | - (Wy + Wp)

{
X (5) Coverage Pattern.
l

(a) Figure IV-7-9 is an enlargement of a portion of the
| target unit of Figure IV-7-10, and both serve to define the variables

*Note: Equation numbers IV-7-12 through IV-7-26 and figure number
Iv-7-7 are not used.
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used to determine the areas and ranges to each type of coverage region.
The area of each type coverage region is required to determine the
portion of the target unit and the number of targets with which each
weapon can interact. The range to each type coverage region is required
to determine target acquisition capabilities that depend strongly on the
observer-target separation. Although the problem is not addressed ex-
plicitly, an angle of responsibility (y, in Figure IV-7-10), acknowledges
interweapon communications by allowing a weapon to acquire a target
outside this angle and not fire at it. In Figure 1IV-7-10, Se is the
separation, defined by Equation IV-7-10, In this example the weapon
unit width, YW, the target unit width, ¥T, and the engagement front Ve,
are equal. The depth of the target unit's leading band is dp, where

dr; and dpy show the coverage pattern in two possible unit sizes. If
fil is the fraction of weapon system i in band 1 and Ny is the initial
number of weapon system i on hand, then the number of weapon system i
which is active is given by Equation IV-7-28:

ny = £N; Me/¥W) (X / (dy / 2)] (1v-7-28)

where X is defined by Equation IV-7-32 and 4, is the depth of the fromnt
band of the weapon unit. n; is rounded to an integer value and the
interweapon spacing, H, is computed using Equation IV-7-29: ;

H=w, / (ng - 1) (Iv-7-29)

The ny active weapons are assumed to be equally spaced along a line a
depth X into the weapon unit. The depth X is related to the expected
value of the line of sight probability by Equation IV-7-30:

S +
< = f e deLos (r) dr (IV-7-30)

Se

Where line of sight probabilities are computed using the equation from !

the Ballistics Research Laboratory study, Terrain and Ranges of Tank
Engagements (Reference 2).

PLOS (r) = (1 + 2r/x) exp (-2r/r)
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Substituting for P
Iv-7-31:

LOS (r) and performing the integration yields Equation

_ =28./r _ =25, + dp)/T
X=(5,+r)e ~(Sg +d, +1) e (1Iv-7-31)

where T is the line of sight parameter and d, is the depth of the front
band of the weapon unit. To prevent placing the weapons behind the
center of the front band, X is redefined by Equation IV-7-32:

X = Min(X, d,/2) (1v-7-32)

Figure IV-7-9 shows that the first intersection of coverage lines within
the target unit occurs at a depth into the target unit, labeled d, in the
figure, of (1/2) (Sg + X). Calculation of the coverage areas is fost
conveniently broken into two cases:

2d,
0 < dp <dyanddy g dp

1. The distance d in Figure IV-7-9 corresponds to the
case where the first intersection of coverage lines occurs behind the
target unit's leading band. In this case no portion of the unit is
covered by more than three weapons. The area of one triple coverage
region is:

A3 = dL, / 2 (IV.-7-33)
but from similar triangles:
Ly/d=H/ (5 +X) /2 (1v-7-34)

Solving Equation IV-7-34 for Ly and substituting the result into Equation
IV-7-33 leads to Equation IV-7-35:

Ay =+ a2/ (5, + X (1V-7-35)
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The area of one double coverage region is:

A2 = [(L3 +H) /2)d (1Iv-7-36)
But from the figure:

Ly + L3 =H (Iv-7-37)

Solving Equation IV~7-37 for L3, substituting Equation IV-7-34 for L
and inserting the result into Equation IV-7-36 leads to Equation IV-7-38:

Ay = (H-L,+H - d/2
2
H . d
=H-d- 1277 Ge * 0
=Hd-d?/ (54 + %) (1v-7-38)

In this case there is no quadruple coverage region within the leading
band and hence A, = 0. The ranges to the various coverage regions are
taken to be the ﬁistances from the observer to the points within each
region where there are as many targets within the range as beyond it.
Since targets are uniformly distributed within each region, the depth
into each region which divides the area in half is required. From
Figure IV-7-9 similar triangles relate d,, Lg, and Ly according to
Equation IV-7-39:

d/dy =1Ly / Lg (1v-7-39)

The requirement of dividing the area in half is expressed in Equation
IV-7-40:

Ledy / 2 = (dLy / 2) / 2 (1V-7-40)
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Solving Equation IV~7-39 for Lgs substituting into Equation IV-7-40,
and solving for d2 leads to Equation IV-7-41:

(Lydy / ) (dy / 2) = dLy / &

d22=d2/2

0.707d (Tv=7-41)

Thus, the range to a triple coverage region is given by Equation IV-7-42:
Ry = S, + X+ 0.707 -+ d (IV-7-42)

It is next required to determine the distance d3 that divides the trape-
zoid into two equal areas. Mathematically this requirement is stated in
Equation IV-7-43:

(Ly+H) " dy/ 2= {(Lyg+H) *+d/2]/2 (IV-7-43)

Substituting Equations IV-7-34 and -37 for L, into Equation IV-7-43 yields
Equation IV-7-44:

(Ly # H) * dy = H[d - d® / (S, + X)] / 2 (1V~7-44)
From Figure IV-7-9 it is seen that Equation IV-7-45 relates dj to Ly:
(Sg +X) / 2H = [(Sg +X) / 2 -d3] /1y (IV-7-45)

Solving this equation for L, and substituting the result into Equation
IV-7-44 leads to the expression in Equation IV-7-46 for d3:

d3? = (Sg + X) * dy + (S, +X) (d - %/ [5, +XD) -0 (IV-7-46)
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This equation is immediately solvable using the quadratic equation
yielding Equation IV-7-47:

dy = 1/2 (5, + %) - ‘f1/4 (Se + X)% = (Sg + X) d / 2 + d%/2 (IV-7-47)

where inspection of the result led to the choice of the minus sign.
Thus Ry, is given by Equation IV-7-48:

Ry =3 (S, + %) /2- 1J(Se FX02-2(S, +X) - d+ 242 [ 2 (IV-7-48)

2. The distance dg in Figure IV-7-9 corresponds to
the case where d 1= d =24 In this case part of the target unit is
covered by four weapons %e area of the double coverage region is

constant at the value it has for d = d Substituting d1 = (S + Xy /2
into Equation IV-7-~38 leads to Equation IV—7 49:

Ay =H (Sg +X) / & (IV-7-49)

The area of a triple coverage region is the sum of the areas of the
triangle defined by d = d; and the remaining trapezoid to the right of
this line, as indicated in Equation IV-7-50:

Ay=[H (S, +X) /2] /2+H[d-(S,+X)

[2-10d=- (S, +% /21%/ (5, + ] (1v-7-50)

The second term in Equation IV~7-50 results from substituting d -

(S + X) /2 for d in Equation IV-7-38, which described a similar
trapezoid. Equation IV-7-50 may be simplified to the form of Equation
Iv-7-51:

Ay=hl2d-d?/ (S, +0 - (5, + X /2] (1v-7-51)

There is a portion of the target unit covered by four observers. The
area of the quadruple coverage region 1s that of a triangle idential
in shape to the triple coverage region of case 1. In this case the
quadruple coverage area may be expressed by Equation IV-7-32:
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Ay =H[d - (5, + X /2127 5.+ %) (1V-7-52)

that results from the substitution of d - (Sg + X) / 2 for d in Equation
IV-7-35, The range to the double coverage triangular area is determined
by letting d = (S, + X) / 2 in Equation IV-7-48. The result is expressed
in Equation IV-7-53:

R, = 1.146 (S + X) (1V-7-53)

To determine R, it is necessary to find d, that divides the area formed
by the triple coverage triangle and trapezoid in half, as expressed in
Equation IV-7-54:

Lyd, / 2= H[2d - d? [ (S +X) - (S, +X) /2] /2  (IV-7-54)
From the figure it is seen that Equation IV-7-55 relates L, to Lg.
L,/ dy=H/ (5,+X /2 (IV-7-55)

Solving for L, and substituting into Equation IV-7-54 yields, after some g
rearrangement, Equation IV-~7-56: :

dy = Vd(se +x)-d2/2-(,+0% /4% (1V~7-56)

Thus, R3 can be determined by Equatioan IV-7-57:

Ry = S, + X + Jd(se +X) - d% [ 2-(5, + X2/ 4 (1V-7-57)
R, is very similar to the R, for case 1 and is expressed by Equation IV-7-58:

R4=3(se+x)/2+.707 [d—(se+x)/2]

= 1.146 (S, + X) + .707 * d (IV-7-58)
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The depth of active targets, Y, is computed using Equation IV-7-58a:

-25, /

Y= (S,+71) e - (Sg+dp+ 1) e2Setdp /x (1v-7-58a)

which is similar to Equation IV-7-31 except the integration is now performed
over the target unit depth. When the value of Y exceeds the value of S, + X
it is necessary to adjust the values of and Ay to allow the firing unit
to cover all those targets that are eligible to return fire. Fauations
I1V-7-58b provide the necessary adjustment while retaining the reiative
values to each range and area:

Ag = (A)initial * [¥ 7/ g + X)) (IV-7-58b1)
Ry = [(R)initial - (Se+X)1 - [Y/ (Sg +X)] + Se +X (IV-7-58b2)
where the initial values are those computed earlier in the paragraph and
where K = 2, 3, and 4.
(b) Referring to Figure IV-7-10 it is seen that there are
a total of nj-1 double coverage regions, nj-2 triple coverage regions,

and ny~-3 quadruple coverage regions. Thus, the total area covered is
given by Equation IV-7-59:

A= (ni—l) A2 + (ni—Z) A3 + (ni—3) A4 (IvV-7-59)

{¢) The angle of responsibility for an individual weapon is
given by Equation IV-7-60:

Y =2« tan™d [H/ (S, + X)) (IV-7-60)
(6) Target Distribution:
(a) The number of active targets is determined as for

active weapons and expressed by Equation IV-7-61:

m{'' = £41 my (W / Wp) (Y / Dp) (1V-7-61)
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where Y was defined by Equation IV-7-58a and where:

mj" = number of active targets

fjl = fraction of targets j in band 1
mj = initial number of targets j

We = engagement front

Wy = target unit width

Since it is possible that the front band of the target unit is deeper than
case 2 above allows (i.e., Dy Se + X), a further correction to the
active targets is required as indicated in Equation IV-7-62:

mj" = wj'' - Min (S, + X, D) / Dr (1v-7-62)

(b) Since these ms; active targets are uniformly distri-
buted throughout the area given in Equation IV-7-59, the number of active
targets per coverage section can be expressed by Equation IV-7-63:

s k=2, 3, 4 (1Iv-7-63)

where A was defined by Equation IV-7-59.

(c) These targets are further subdivided into stationary
and moving postures. If the target unit velocity is vy and the mobility
class rate for target j is v,, then the fraction of targets moving can
be expressed by Equation 1V-9-64:

£1=vp © V2 / vy (IV-7-64)

where the \L; accounts for the increased path length associated with
movement offset 45 degrees from the unit movement direction. Similarly,

the stationary fraction is given by Equation IV-7-65:




f2 =1 - fl =] - VT ¢ J-z-_/ Vj (IV"?"GS)

Thus, the number of targets of type j in posture 1 in a single coverage
section of type k is given by Equation IV-7-66:

j=12,...,8
m, =m, - f,: k = 2,3,4 (IV-7-66)
l 3
jkl1 Jk 1=1.2

where mjk was defined by Equation IV-7-63.

d. Target Acquisition Submodel:
(1) General:

(a) The Target Acquisition Submodel calculates the time
dependent probability of a single observer detecting a single target
{ using unaided vision. This probability is calculated for each target
type in each posture at the range correqponding to the center of each
type coverage region.

(b) The submodel also calculates the probability of detec~
tion for other sensor tgpes, assuming a range dependent detection function
of the form PD(r) = 3e~PY  where the values of a and b must be determined
: from experimental data. These detection functions are further assumed
to have a time dependence of the form PD(r,t) =1~ (1~ PD(r))t in order
to meaningfully combine them with the unaided visual detection probabili-
ties.

(c) From these combined detection probabilities the sub-
model calculates the expected value of the time to detect at least one
priority target. The detection probabilities against all target, posture,
range combinations are converted to reflect their values at this time.

(d) The probability of pinpointing (i.e., detecting evidence
of the target having fired) each type stationary target is calculated by
the submodel based upon the number of targets that have recently fired
either one or two rounds and experimental pinpoint probability data.

(2) Unaided Vision
(a) Unaided visual target detection is determined using the

time dependent detection function from IMPWAG (Reference 3) with several
modifications to fit the structure of the Ground Combat Model.
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(b) Visual observation of a target is described by the
following three-step process: looking, detecting, and resolving/
identifying.

1. Detection is not possible if the amount of light
reflected from the target, relative to the background, provides an in-
sufficient stimulus to the eye of a human observer. In this case, when
the target's apparent contrast is below some threshold value, an observer
could look for an infinitely long time and not detect the target. If the
apparent contrast of the target is at or above some threshold value an
observer who is looking directly at the target will have some probability
of detecting it. An observer who is not looking at the target will have
some probability increasing, as a function of time, of eventually looking
at it and detecting it.

2, Observation will not occur unless the observer
can resolve/identify the target. A target which subtends an angle
greater than the minimum angle of resolution can be resolved.

; (¢) The probability of observation can be expressed by
i Equation IV-7-67:
PO = PR/D . PD = PR/D . PD/L . PL (Iv=7-67)

where:

4]
n

probability of observation

PR/D = probability of resolution given detection

probability of detection
PD/L = probability of detection given looking at the target

probability of looking at the target

o
e
]

(d) The probability of resolution given detection, Pp g,
will be either zero or one. The value for Pp/p is zero if the visua
angle subtended by the target 1s less than tge minimum visual angle of
resolution, and one if the visual angle is greater than the minimum
required.
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(e) The probability of detection given a look, PD/ , is
based upon Blackwell's experiments (Reference 4) and Linge's work
(Reference 5) that found a relationship between the probability of
detection and the targets relative contrast., The relative contrast,
C,» defined by Blackwell is given in Equation IV-7-68:

= Apparent contrast
Cr Tso (IV-7-68)

where C50 is that contrast which has a probability of being detected of
0.50.

1. The probability of detection as a function of C,
is expressed by Equation IV-7-69:

fc. - 1.0%
P B et Sk 7=
/L \—"m2 ) (IV-7-69)
where:
X 2
b (x) = 1 J’ e "L (IV-7-70)

Equation IV-7-70 is solved using Hasting's approximation number 43

(Reference 7). Equation IV-7-69 then takes the form of Equation IV-7-71:

Ppy =0:5205 (1 -Y - o' (X)) (IV-7-71)

D/

where:
-x2
2
$'(X) = 1.12838 e

2

Y = 0.308428N - 0.084971 N° + 0.6627698 N3
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1+ .33267 © |X]

N

Ce - 1.0

X = 70,482

The + in Equation IV-7-71 takes on the sign of X.

2. Citing the definition of meteorological range
from the Glossary of Meteorology (Reference 6) as the range at which
a target is barely detectable, C 0 will be defined as the apparent
contrast at the meteorological range of a target having inherent unit

contrast, or:

C
c =_A =50¢, (IV-7-72)

r 0.02

In order to find C, for Equation IV-7-71 it is sufficient to determine
Cp» the apparent contrast. The NDRC report (Reference 1) provides
Equations IV-7-73 through IV-7-75.

The apparent contrast CA may be written:

C, = r=_r_- r (IV-7-73)

where:

B, = target brightness at range r

T
B; = background brightness at range r
-3y

ABr = Bo e

= (B, - By e (1V-7-74)




B = target brightness at source

B! = background brightness at source
3' = atmospheric attentuation coefficient
r = range from target to observer
-8'r -R'r
B = BH (1 -e ) + B° e

where:

BH = horizon brightness

. C .
= e oj
f ; A Bi  8'rk
; 1+ B, (e -1)

the intrinsic contrast, is defined by Equation IV-7-77:

(Iv-7-75)

| The apparent contrast of target j at range r, may be calculated by
substituting Equations IV-7-74 and IV-7-75 into Equation IV-7-73:

(Iv-7-76)

The quantity B, / B, in Equation IV-7-76 is the ratio of horizonm bright-
ness to background brightness, referred to as the sky-ground ratio. C

oJ,

Coy = 1 °8 (IV-7-77)
p
3
4] where P, and Pp are the reflectances of the target and background.

; Reflectgnce is the fraction of incident light reflected.
B' is.determined from Equation IV-7-78:

g' = 3.912
Rv
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where R is the visible range. Equation IV-7-78 is the standard
definitYon of B', forcing the visibility to 2 percent at the visible
range.

(f) The probability of looking, P,, is determined by
considering the portion of the observer's field of view which is
4 occupied by the target and the observer's capability of resolving
. a target that is not directly along the direction of a glimpse.
In a single glimpse the observer's direction of view will be randomly
located within his search angle. The target will also have a random
location within the area being searched. The probability that the
vectors locating these directions are at an angle between a' and a' + da'
is determined using Figure IV-7-11. TFigure IV-7-12 is a typical plot
of Y versus § and may be used to extract an estimate of the probabi-
lity of angular separation between the observer's ''looking angle" and
the line along which the observer will see the target. The diagonal
lines are equations of constant a'; therefore, the probability that
the angular separation is between &' and a' + da' is proportional to
the area of the shaded trapezoid. The area of this trapezoid is
, calculated by Equation IV-7-79 and approximated by Equation IV-7-79a:

- ' - 1] 1] le] 1
A=1/2 (cgs 4;0 + 8 (zos+4§°a )> cos 45° da (IV-7-79)

i ~(8 -a") da' (Iv-7-79a)
1 Hence, the probability of angular separation a is:

P (@) do =k (6 - a) do (Iv-7-80)

whera k is the constant of proportionality determined by normalizing
Equation IV-7-80. Evaluating the integral of Equation IV-7-81:

A

2
fe (8 -a) du =2 (Iv-7-81)

0
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Figure IV-7-11. Search Vector Geometry
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2
yields the normalization factor 33 . Substituting the normalizing
factor into Equation IV-7-80 yield Equation IV-7-82:

P (a) da = 2_(_2,2:;‘) da (1v-7-82)

(g) Visual acuity is used to derive the probability of
looking, P.. This is done by first defining off angle as the angle
between the direction of sight and the direction of the target. Visual
acuity and off angle, @', are related by Equation IV-7-83:

2T T (17-7-83)

which is the equation of the curve of Figure IV-7-13, from References 8
and 9.

1. Visual acuity is commonly expressed as the ratio ai
where dy is the distance at which the normal eye can resolve a given
object, and d is the distance at whicn the specific eye being assigned
a visual acuity value can resolve the same target. Since the angle
subtended by the target is inversely proportional to its distance from
the observer, visual acuity can be expressed by Equation IV-7-84:

d

VA = — =

N

|p,
=

(Iv-7-84)

where:

¢N is the angle of subtense necessary for a normal eye to resolve

a given object, ¢ is the angle of subtense of the specific eye required
to resolve the same object.

The minimum visual acuity, (VA)', required to resolve a target subtending
an angle B and having minimum angle of resolution 91 is obtained from
Equation IV-7-84 by equating ¢y to 2 6; and ¢ to B,

2 8,
(Va)' = = (IV-7-85)
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2. The factor of 2 in Equation IV-7-85 is necessary
to convert to the same visual acuity scale used in Ludvigh's works
(References 8 and 9), wherein normal visual acuity was assigned a
value of 2.

3. Equation IV-7-83 can be equated to Equation IV-7-85
and solved for a', yielding Equation IV-7-86 which defines the maximum
off-angle for which resolution is possible.

1 ® /8 1 1)

al = ——

= -643 (IV‘7"86)

4. Integrating Equation IV-7-82, and using as an
upper limit the value of @' calculated in Equation IV-7-86, the
probability the observer will resolve the target is given by Equation

1v-7-87:
Min(a', 8)
Py = ,/; P(a)de (1v-7-87)

The value Min (2', 8 ) is used in the upper limit since P(a') = O for
a' == 2.

(h) 61 is taken to be 47 seconds or 0,000228 radians as
the minimum angle of resolution, as suggested by Jenkins and White
(Raference 13). 3, the angle subtended by a target, is computed using
Equation IV-7-88:

-1 4J0.02957 - a.1
3 =2 tan \f__________J (IV-7-88)
Ry

where a,, is the target area (square feet) of target j in posture 1,

and Rk ls the range to coverage type k. The area of a stationary target
within the attacking unit is taken to be one-half its full presented
area. The area of a statlonary target within the defending unit is
reduced to one-fourth its exposed value. The factor of 0.02957 enters
from the ratio 1 / [( 7) (3.28)2] where 3.28 is the conversion from
meters to feet. The term Ppp in Equation IV-7-67 is determined using
Equation IV-7-89:




P

R/D 1, B0,

Thus, the single glimpse detection probability for unaided visual
observers of a single target type j in posture 1 at range Rk can be
expressed by Equation IV-7-90:

1 r(8, 8) ]

Pik1 = Nean I

B
%,‘ 8 - d :
° Y y (Iv
0 3
where:

0, BZLS6
r, s¢) = ? 1
1 1, B_éel

from Equation IV-7-89:

50 (5 ~ep) -
Wu_.l_. j !
0.482 g {1+ 3By(eB' * Ry - 1)]
Bo

from Equations 1V-7-72, -76, and -77; and

) 8 -1> 6
B = Min 643 51

IVaT=46

= 0, 88 (IV-7-89)




°3

3 By/Bo =

g' =

Ry

i
j x
! y

(a)

Kruse (Reference

(b)

P(t) =1 - (1 - P (per sec))®

P(per sec) = 1 - (1 - P(t))l

from Equations IV-7-86 and -87 and with

angle subtended by the target (Equation 4-88)

= minimum resolution angle

search angle (taken to be 45°)
target reflectance

background reflectance
sky-ground ratio

atmospheric attenuation coefficient
(Equation 1V-7-78)

range to coverage type k

dummy integratioun variables

(3) Other Sensor Types:

Equation IV-7-90 gives the detection probability for

a single glimpse, taken to require 2.0 seconds according to Paul W.

10). For other sensor types the detection probability

must be converted to a 2-second time interval before it can be meaning-
fully combined with the above.

Most existing experimental data provide a detection

probability for at least two ranges and a mean time to detect. Let P
and Py be the detection probabilities at ranges r; and rj, respectiveiy,
and let t, be the mean time to detect. The detection probabilities

per secong are determined by Equation IV-7-92, which assumes detection
varies as indicated in Equation IV-7-91.

/t

IV-T-LT
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where P(t) is the probability of detection at time t. Substituting
Pl’ Py, and tp into equation IV-7-92 and converting to the probability
per 2 seconds leads to Equations IV~7-93:

/tD

Pl (2 sec) = 1-(1-0Py (exp))2 (1v-7-93a)

2/tD

Py (2 sec) = 1 - (1 - Py (exp)) (IVv-7-93b)

Assuming the detection probability is exponential in range, as indicated
by Equation IV-7-94, Equations IV-7-93 and the values of r, and r, may be
substituted to solve for a and b, as indicated in Equations IV-7-85:

P=aePr (1V-7-94)

a=p (2 sec)e {-rl (In Py (2 sec) - In Py (2 sec))} (IV-7-95a)
LIRS |

b = 1n Py (2 sec) - 1n P; (2 sec) (IV-7-95b)
n-ron

An a and b are calculated for each sensor type q. Thus, for any sensor
type q the 2-second detection probability at range Rk can be calculated
using Equation IV-7-96:

1] —b ‘
qua a e q " % (I1V-7-96)

(¢) A check is made on each sensor type to see if it is in
use (according to day or night conditions). Observers are assumed to
always use unaided visual detection capabilities. The detection probabi-
lities for those sensors q in use éﬁg for unaided vision are multiplied
by the line of sight probability of Equation IV-7-97 to yield ijl and

ijlq:

1+

(Iv-7-97)

(Pros) jk1 = -
r

2 - R.kl 2 - R /T
e

31
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(Iv-7-98)

P, . =P! P
Jk1 T T3kl T TLOS5

Pix1q = Pkq ° Prosjki (IV-7-99)

where ijl and Pﬁq are defined by Equations IV-7-90 and IV-7-96.

These results are then combined to yield the probability of detecting
at least one target type j in posture 1 at range Ry using Equation

IV-7-100:

PDoy =1 - -PByp) g (L - Pypq) (1v-7-100)

(4) Correction for Target Density:

(a) Equation IV-7-100 was derived for a single target in
each region. In general, for the detection probability P,, with N targets
the resultant probability can be expressed by Equation IV-7-101:

Py=1-(@-pF (1v-7-101)

If N is noninteger Equation IV-7-101 can be expressed more generally by
Equation IV-~-7-102, where Pr is the probability a target is there; i.e.,

fractional target.

Py=1-1(-P -+ Bp) (1v-7-102)

N all
possible
targets

Substituting Equations IV-7-66 and IV-7-100 into Equation IV-7-102 yields
PDjkl’ the probability of detecting at least one of m targets of type j
in”posture 1 at range Rys as indicated in Equation IV-7-103:

. (1 -m,, R . PDyy] (IV-7-103)

PDjy = 1= (1= PDy 1%y Skl

k1

where mjkl(I) is the integer part of Dkl and mjkl(R) is the remainder.
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(b) The probability of detecting at least one priority
target is computed by Equation IV-7-104:

4 2
PD=1- I o n a- Puj'kl)k (1V-7-104)
all k=2 1=1
priority
targets j

The k appears as an exponent since each observer's area contains k
sections of coverage type k.

(5) Expected Time to Detect a Target:

(a) PD in Equation IV-7-104 is the probability of detecting
at least one priority target among all targets in both postures throughout
the weapon system's area of responsibility in 2-second time interval.

The general expression for the probability resulting from n time intervals
is given in Equation IV-7-105:

pp(™) =1 - (1 - pD)n (IV-7-105)

The expected value of the number of time intervals required to detect at
least one target is given by Equation IV-7-106:

- 1
N\ PD (IV-7-106)

and hence the expected time in seconds to detect is given by Equation
Iv-7-107:

\ = . = -2—-
1 2 (> =35 (1V-7-107)

(b) The time to detect is modified to reflect the possibility
that an acquired target is outside the weapon's area of responsibility
using Equation IV-7-108 which assumes that search is uniform throughout
the search angle. 7y is defined by Equation IV-7-60 and 6 1is the angle
within which useful targeting information can be obtained. The current
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version of the model has no capability for target information exchange
among observing weapon systems, and consequently the ratio of Y/8 1is
set to one.

t 1]
) -—g— <& (IV-7-108)

(¢) Finally, all detections probabilities are converted to
reflect their proper values at time t = < t> combining Equations IV-7-101,
-103, and -106 into Equation IV-7-109.

POy, = 1 - (- ey ) oD (1V-7-109)

(6) Pinpoint Probabilities:

(a) The Targat Acquisition Submodel calculates independently
the pinpoint target acquisition probabilities PP, from the single round
pinpoint probabilities PP and the number of stationary targets j which
have recently fired omne o; two rounds, Ngjy and Ngpy, that are discussed
further in paragraph 3g, below.

(b) From N and Ngop; the nunver of recent firers in each
weapon's area of responsi%ility is Aetermined using Equations IV-7-110:

4
T ok A
k=2
4
t kA
- k2 -7-
nf2j = Nij T (IV-7-110b)

where A was defined in Equation IV-7-59 and the sum is the total area
covered by one weapon. The probability of not pinpointing a target ]
is calculated by Equation IV-7-111:

—— 1]
PPj =1 - PPj . PLOSJZZ (Iv-7-111)

IV=-7-51

v AT ey KD PR s o




P eh.4

where the first subscript 2 represents the median range and the second
refers to the stationary posture. Making use of Equation IV-7-102 the
probability of pinpointing at least one target j is given by Equation
Iv-7-112:

pry = 1- P2, ey D - agy ® - By

(R) 2
5 2nf2j(I) . a - nf)y (1 - PPj)) (IV-7-112)
]

where, as before, the I and R refer to the integer and remaining parts of
the n's.

e. Firepower Potential Submodel:
(1Y General.

(a) The Firepower Potential Submodel uses the target acquisi-
tion probabilities generated by the previous submodel and the weapon-target
priority assignments to determine the distribution of fires against each
target type. Fires are further distributed among the different types of
coverage regions and the postures of each target type.

(b) The number of rounds fired by each weapon type is then
calculated based upon the expected value of the time to detect at least
one priority target, the time to aim and fire the weapon, and the flight
time of the round.

(2) Distribution of Fires.

(a) Fires are first allocated among weapon/ammunition
combinations linked to the same transport vehicle. If the minimum and
maximum range limitations are such that only one weapon/ammunition
combination may be applied, that combination is assumed to be used by
all vehicles. If the minimum and maximum range limitations of several
weapon/ammunition combinations common to a single type tramsport vehicle
are such that more than one combination may be applied, the weapon unit
is broken into firing zones as follows. The minimum and maximum depths
within the weapon unit in which each weapon/ammunition combination may
fire is calculated using Equations IV-7-113.

IV-7=52
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F, = Max (0, Ryyp = Se - dp) (IV-7-113a)

Bi = Min (Rmaxi - Se, 2x) (IV-7-113b)

Equations IV-7-113 are solved for each combination 1 carried by the
transport for which target acquisition information is being considered.
len » Rpaxg» Fi and B; are the minimum and maximum effective ranges and
minifium and maximum depths within the weapon unit where the combination
is allowed to fire. dp is the front band depth of the target unit, S,

is the engagement front to front separation, and x was defined by Equation
IV-7-32. The set of F; and By generated by all applicable weapon/ammuni-
tion combinations results in a series of zones, as depicted in Figure
IV-7-14. Within this figure 2one IV is defined by inserting Rminy = 50m
and Rpax) = 100m into Equations IV-7-113. The resulting values of F} = 0
and B] = 200m allow only those weapons in zone IV to fire. Other zones
are defined by the range capabilities of the other weapons. Within each
zone p the number of weapon/ammunition combinations n, which share at
least one common priority 1 target type is determined. Fires are allo-
cated uniformly, within zones, for such weapon/ammunition combinations

as shown in Equation IV-7-114:

Fracip =1/n (IV-7-114)

P
[for those combinations i which
share a common priority 1 target]

where Frac is the fraction of combination i in zone p which fires
combination i. If a zone p contains only one combination i, or if com-
bination i does not share a common priority 1 target type with other
combinations in the zomne, Fracip is defined by Equation IV-7-115:

Fracip =1 (IV-7-115)

[for those combinations i which do
not share a common priority 1 target]

The net fraction of combination i which fires throughout the weapon unit
is determined using Equation IV-7-116:

Frac, = Fracip + d /4, (IV~7-116)

P P
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Figure IV-7-14. Example of Zones Defined by Weapon/Ammunition Range Capabilities
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where dP is the depth of zone p.

(b) The target acquisition probabilities are then combined
with the target priorities to distribute the rounds that each weapon
type i will fire at each target type j in each posture at each range.
First, the priority 1 targets are considered. The probability P (1) in
Equation IV-7-117 is the probability that at least one priority 1 target
j has been detected by time <{ t) , defined in Equation IV-7-108.

4 2
n rI rI 1"
Py = 1 -prigrity k=2 1=l (1 - PD;)) (1v-7-117)
1

PD k1 ¥as defined in Equation IV-7-109. The probabilitv of acquiring at
leas% one second priority target j and not having acquired a first
priority target is calculated in Equation IV-7-118:

4 2

P. ={1-1 0 1O(iL=rpD, ]{ - (1L-7P ) (IV-7-118)
i@ ; ke2 1=1 3kl J()
priority
2

(¢) A calculation is made for the nth

Equation IV-7-119:

priority target using

a0 4 2 " ( . n-1
P ={1 - 0 1{1- PDsyl T (1 =P,y (IV-7-119)
3@ j k=2 1=l Sk T Y iC
priority
n

These probabilities represent the fraction of eligible weapons i that will
attempt to fire at each target priority class j(n).

(d) Within each target priority class rounds are distri-

buted by range and posture as follows, P is the fraction of eligible
firers that fire at targets type j(n) whefe n is the priority assignment.
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The fractions of acquisitions by range and posture are taken to be the
simple ratios of Equation IV-7-120:

Pik1
Fil = = (IV-7-120)
Pik1
k=2 1=1

(e) Fracy was determined in Equation IV-7-116 to be the
fraction of weapons of type i in range of some target in the target
band; hence, the number of stationary eligible firers of type i is given
by Equation IV-7-121:

ni" =ny * Frac; * (1 - v, \} / vy) (IV-7-121)

where nj was defined by Equation IV-7-28, v, is the weapon unit velocity,
and vy is the mobility class rate for weapon type i. Thus, the number
of firers i firing at each target type by range and posture can be ex-
pressed by Equation IV-7-122:

Pj(n) p
" * PDik1
n =ng" ¢ Fiypq - ' (IV-7-122)
i3kl T ™4 jk1 E:Puq k1

where q' is the number of priority n targets.
(3) Number of Rounds Fired:

(a) The number of rounds fired is calculated as follows.

One round is fired by each weapon that fires on a stationary target.
One round is fired by each weapon that fires on a moving target and
maintains line of sight. A second round is fired if line of sight is
maintained after the first round. A second round is fired at stationary
targets only by a fraction (1 - PK;4.9) of the original firers, where
PKi k2 is the kill probability for Wweapon i against a stationary target

% range Ry. PK is discussed further in paragraph 3f, below. Thus,
:he number of rounds fired can be expressed by Equations IV~7-123:
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Bk = Mg lProsy,, + Puosyy,! (Iv-7-123a)

RNjjpo = Ryqpal 1+ (1 - PRygpq)] (Iv-7-123b)

(b) Equations IV-7-123 give the number of rounds fired bv
timed tY + 2 - Tia¢q4> Where Ty eq is the time required for weapon i to
aim, fire, and deiivet a round. The actual number of rounds tired during
an interation is determined by multiplying Equations IV-7-123 by the
ratio T divided by ({t)> + 2 - Tiafd) where T is the engagement itera-
tion time.

(4) Pinpointed Targets.

(a) Rounds fired at pinpointed targets are calculated
independently considering only those eligible weapons not firing at
observed targets. The number of weapons is given by Equation IV-7-124:

4 2
Ay =n. - £ . I n (IV-7-124)
ipp T 1T - Loy Mk

The pinpoint detections are ordered by priorities just as were the
observed targets, yielding Equation IV~7-125, which is analogous to

Equation IV-7-119:

Pj(n)ppa ij(n) . 3?1) [1- PPy(1)] ....j(;}l) {1 ~ PPy(p-1)] (IV-7-125)

(b) Each firing weapon fires only one round, and the
number of rounds fired is given by Equatiomn IV-7-126, which is analogous
to Equation IV-7-122.

PJ §n)gg . PPj . T
- . PP t> + T, __
RNijPP Tipp iv q' <ed iafd (Iv-7-126)
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(5) Firing Rates:

(a) The firing rate for each active weapon of type i is
determined by Equation IV-7-126a, which is simply the ratio of total
expenditures against all target types and postures to the number of
firers.

8 4 2 8
Rate= | I I I RN, .+ I BN n; (1V-7-126a)
=1 k=2 1=l IRL 4o, AIRP t

(b) The firing rate computed using Equation IV-7-126a
is compared to the maximum sustainable combat rate of fire as specified
in the constant data. If the maximum rate is less than that obtained
above, all expenditures by weapon type i are reduced using Equations
IV-7-126b and IV-7-126c:

= (RN . RateMaxi / Rate (IV-7-126b)

RN jx1 1jk1) initial

« Rate / Rate (IV-7-126¢c)

RNijpp = (RNijpp)initial Maxi

where RateMaXi is the maximum sustainable combat rate of fire for weapon
type 1i.

f. Firepower Effectiveness Submodel:

(1) General.

(a) The Firepower Effectiveness Submodel determines the
effect of each type round fired at each target type by interpolating
between experimental data points to determine both the probability of
a hit and the probability of a kill given a hit. The resulting kill
probability is applied at the different ranges corresponding to the
different coverage regions as well as to the differant target postures.

(b) The survival probability for each target type is
calculated based upon the total number of rounds entering each coverage
region, thereby accounting for the possibility of multiple hits by more
than one weapon.

(c) Conditional casualties for each target type are then
computed to reflect the range limitations of each opposing weapon type.
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This is accomplished by dividing the engaged portion of the target unit
into four bands and assessing losses only in those bands within range
of the weapon.

(d) These conditional casualties are then distributed
among the firing weapons to account for the effect of firing order.

(2) Weapon-Target Kill Probabilities:

(a) The effect of each type round against each target
type can be expressed by Equation IV-7-127:

L}
Prijr1 = PR/Hyqe * PHijkl (IV~7-127)

where Py, pu 3 is the probability of a kill given a hit by weapon 1 on
target j i% %%sture 1 at range Rk’ and PHijkl is the corresponding hit
probability.

(b) Experimental hit probabilities for up to six range
values for each weapon type are required by a pregame load routine which
in turn generates six values of the NATO hit probability (probability
of hitting a square target 7-1/2 ft. x 7-1/2 ft.) corresponding to the
weapon's minimum range, maximum range, and four intermediate values,
all at equal range increments. The Ground Combat Model then performs
a linear interpolation on these values to determine the NATO hit prob-
ability at any intermediate range. The resulting value is then used
to solve for ¢<(r) using Equation IV-7-128:

2
Pyato®) = 1 - e"R/2 0% (x) (1v-7-128a)
or:

2 2 4
g = =R 1 1 - P IV~ "128b
(r) /21n ( HNQTO) ( 7 )

where R is the radius of a circular target having an area equal to that
of a standard NATO target.

RE = (7.5)2 /1 = 17.9 f£t2 (1v-7-129)

IV-T7-59

porn=tmsa A SR,




Equations IV~7-~128b and IV-7-129 and a radius corresponding to the
target's presented area are then substituted into an equation analogous
to Equation IV-7-128a to solve for PHijkl as indicated in Equation

IV-7-130:

1 - (A /1) / (17.9)2 / 1a[l - Py ]
Phygg =1 - NATOjy

=1-( - YAy / 56.25 (1v-7-130)
k

PHNA'roi

where A ., 1s the presented area of target j in posture 1. The exposed
area ofj;tationary targets is again reduced as indicated in a preceding

paragraph under target acquisition.

(c) The hit probability against a pinpointed target is based
upon the experimental results of Project PINPOINT (Reference 11).- Citing
this reference, a pinpointed target is one which has been located to
within +25 yards of its true location. For ranges less than 500 meters
the pinpoint probability was found t¢ be range independent. At these
ranges the major error in hitting a target is the horizontal error in
location. The Ground Combat Model determines the probability of hitting
a pinpointed target by Equation IV-7-131, where the area of the fully

exposed target, in square feet, is used.
P = Target width
H ~arget width
ijep 50 yds.

\/K'-;ydsz/ftz
= 2 9

\/7 50 yds.

= 0.00752 \/ A (Iv-7-131)

PK/Hi Kl in Equation IV-7-127 is assumed to be closely approximated by
the linear function in range of Equation IV-7-132:

PK/Hijkl " Wik + bij (IV-7-132)
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where the slope m and intercept bij are determined by at least squares
fit to experimentai data.

(3) Conditional Casualties:
(a) The number of rounds entering each coverage section
directed at target j in posture 1 is computed using Equation IV-7-133:

TRNij5k1 = Rgge1 / (ng + 1 - k) (1V-7-133)

RNjjk1 and nj were defined by Equations IV-7-123 and 1V-7-28, respec-
tively. The factor (ni + 1 - k) is the number of each type coverage
sections.

(b) Conditional casualties, as if this weapon were firing
alone and not receiving return fire, are then calculated using Equation
IV-7-134:

4 2

In Equation IV-7-134, m k1 Vas defined in Equation IV-7-66 and CKij are
the conditional kills of target type j by weapon type i. The term

(ni + 1 - k) is again the number of sections of coverage type k, and
PKijkl is determined from Equation IV-7-135.

y 1. (1 (R)

1-Q SHoa- PK;jkl) (1V-7-135)

t
P = - P
Kijk1 Kijkl

PKijkl

Tije1 ~ TRVg3k1 /myp (IV-7-136)

where I refers to the integer portion of Ty Kkl and R to the remainder.
Substituting Equations IV-7-135 and -136 int§-Equation IV-7-134 and again
interpreting a fractional round as the probability of a whole round, the
conditional casualties are expressed by Equation IV-7-137:
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is given by Equation IV-7-127. Tijkl is found using Equation IV-7-136:




b 2
Ky = T I (ag+1-k - m,
Y2 1 ikl

(1)
. { 1-@1- PKijkl) Tyjea - Ty jk1 PKijkl)} (Iv-7-137)

To Equation IV-7-137 is added the conditional kills against pinpointed
targets, which is determined in an analogous fashion and presented in
Equation IV-7-138:

] e
CRij = CKijy + ny (ngyy + ngay)

cd1-@-p," T (L) (-1, p. . ) Iv-7-138
{ Kijpp’ 'iipp ijpp  “Kijpp ( )
PKij is found byinserting Equation IV-7-131 into Equation IV-7-127, and
Tijpgpis calculated in Equation IV-7-139:

Tijpp = RVijpp /{ni (ne13 + nfzj)$ (1v-7-139)

where ngqy: and ngyj were defined in Equation IV-7-110 as the number of
firing targets per weapon.

g. Casualty Adjustments. The conditional casualties of Equation
IV~7-138 are for weapon type i acting in isolation with no other
friendly fires or return fires. Adjustments are required to compensate
for the dynamics of the situation.

(1) TFirst, the effect of other firing weapon types is considered
by determining the survival probability for each target j against all
types of incoming rounds. This is accomplished by subdividing the
leading band of the target unit into four equal area rectangles with
the depth of each equal to one-fourth the total band depth. The survival
probability in each subband is then computed considering only those
weapons which are capable of firing into each band. The following
criteria are used to establish which weapons fire into which bands.
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Weapon i fires into

None (of the engaged target unit)
Front 1/4

Front 2/4

Front 3/4

All

Back 3/4

Back 2/4

Back 1/4

None

pro
subband.

= - t

if

Rmaxi < Sg

0< Rpax; - Sg < 0.375d,

0.375d¢ < Rpay, - Sg S 0.625d,
0.625d; < Rpay, - Sp < 0.875d,
0.875d; < Rpayy - SE

0 < Ryjpy - Sg - 4, < 0.875d,
0.375d; < Rping - SE - dy S 0.625d,
0.625d, < Ry, - Sg - dy S 0.875d,

Rping = SE - dw > 0.875d,

CK{; from Equation IV-7-138 is then converted to an average survival
gability by Equation IV~-7-~140, which is applied to each applicable

/ (my / &) (IV-7-140)

In Equation IV-7-140, my / 4 is the number of targets of type j in each
subband and F,, is the fraction of subband y covered by weapon type 1i.
The net survival probability of target j in each subband y is computed

using Equation IV-7-141.

st = hig Psijy (IV-7-141)

y

all { firing
into band y
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(2) The survival probabilities of Equation IV-7-141 are con-
verted to conditional casualties to account for all possible permuta-
tions of firing order among differing weapon types carried by the same
transport. From Reference 12 this is accomplished by solving Equation
IV-7-142a:

CKijy [ J—y

T
1-PS NWT 1-ps

3 J(‘ .5 A W I Y Ve[ g¢ (IV-7-142a)

4

T q:l T
0 q#l

where NWT is the number of weapon types, t is the integration variable,
and the product runs over all weapon types q carried by the same trans-
port as weapon type i. The model utilizes Gauss-Legendre integrationm,
the 10-point formula, to evaluate Equation IV-7-142a. This solution is
exact for polynomials of degree 15, the highest degree possible for 16
weapon types. Application of this integration technique yields the
result provided in Equations IV-7-142b, ¢, and d:

5
I w_ ' (Al +A2) / 2 (IV=-7-142b)

fi (1 - PSyyy) q

q'=1

e
Cde
~«

Eg

= - - . ' - -
Al qll 1-Q PSqu) (L+rg") /2 (IV-7-142¢)
q¥l

NWT
A2 = 5 1-(l-PSgyy) (1-14") /2 (IV-7-1424d)
q=1
q¥1

where the r_ ' and w_ ' are the roots and weight of the Gauss-Legendre
10-point fogmula. %he values of these parameters are specified in
Equation IV-7-142e:

wy = 0.295524225 ry = 0.148874339

wy = 0.269266719 ry = 0.433395394

w3 = 0.219086362 ry = 0.679409568
IV-T-64
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Wy, = 0.149451349 T, = 0.865063367
wg = 0.066671344 rg = -.973906528 (IV-7-142¢)

the total conditional casualties is the sum over all subbands of Equation
IV-7-142b.

4
Kig = I Ry (1V-7-143)

The casualties in Equation IV-7-143 have now been corrected to reflect
the net lethality of each firing transport, but are still conditional
in that the problem of return fire has not been addressed.

(3) The solution of the return fire problem is oriented toward
the lethality and vulnerability of tranmsport types as opposed to
discrete weapon types. First, the individual weapon kills are accumu-
lated to kills by each transport, or weapon system, using Equation
IV-7-144:

A
L = T CKy, . (IV-7~144a)
Ak iin k 31
A
Lo, = T CKp (IV-7~144b)
J i in j ki

In Equation IV-7-144a, CKy are the conditional kills of attacking
target j by defending weapgﬁ i. The sum over i is over all weapons

i linked to defender weapon system k, and Lp,, are the total condi-
tional attacking target j losses due to defe&&ing weapon system k.
Equation IV~7-144b is a similar description of total defending target
k losses due to attacking weapon system j. The losses calculated in
Equation IV-7-144 are then converted to kill fractions using Equation

IV-7-145;

A
\ L
Ky, = - Jk (1V-7-145a)
k3
A3
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3 Dy; (IV-7-145b)

where nAj and n, are the number of attacking systems j and the

A
number of defending weapon systems k; KA . is the conditional fraction
3 A
of attacking target j killed by defending weapon system k; and KDk’ is
]

the fraction of defending target k killed by attacking weapon system j.
These kill fractions are then processed by repeated iterations that
converge to a solution of Equations IV-7-146:

FaN
X: = £ (1-K ) (IV-7~146a)
3 K Ajk . Yi
I Q1 R ) (IV=7-146b)
Y = o - . x S -
R Kokj 3

In Equation IV-7-146, X. and Y, are the surviving fractions of attacking
weapon system j and defénding weapon system k, respectively.
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(4) The solution of these equations is used to compute losses
by first solving Equations IV-7-147:

/\
Ajk KAjk Yk (IV-7-147a)
Ay
'o= X IV-7-147b
Kij Kij ' : (IV-7-147b)

In Equation IV-7-147a, KA;k is the fraction of attacking target j killed

by the surviving fraction of defending weapon system k, with a similar

description of KDL' in Equation IV-7-147b. These resulting kill fractionms
al

still fail to account for the simultaneous firing of all transports within

each unit. The true kill fractions are obtained by Gauss-Legendre inte-

gration with the results given in Equation IV-7-148.

5
K =n, .K ' ., I W' (Al 4+ A2) / 2 (IV-7-148a)
Ajk A5 Ask g'=1 @
5
Ky =ny - KD' . I W' ((DL+D2)/2 (IV-7-148b)
jk k k3 q'=1 9
NWT
Al = ¢ 1-K' @+r. " /2 (IV-7-148c)
q=1 Aiq 4
q¥k
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NWT ‘
A2 = q:l )l - KA:;q (1 - rq') / Zi (Iv-7-148d)
q#k

|

Dl = 1 - Kp' 1+ ! 2 -7-

q:l ) Diq ( g )/ g (IV-7-148e)
qa#J

NWT
1 1
L 1- KDk a - rq )/ 2$ (IV-7-148f)

q=1 d
q#J

D2

Finally the kills due to discrete weapon types are extracted from the
weapon system kills using Equations IV-7-149:

/\
Kn . = K k. /T (IV-7-149b)
Dii Dkj * " Dki ' Dyj -

Similarly the real expenditures are determined using Equations IV-7-150:

4 2
H
= z -7-
A 4 2
= : r oI -7-
DRN, 4 (KAji / KAji) (RN 350 + o RNy 1) (Iv-7-150b)

where ARN is the number of rounds fired at defending target k by
attacking weapon i and DRN;s; 1s the number of rounds fired at attacking
target j by defending weapon 1.
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h. Supporting Fire and Intelligence. Each unit pair exchanging
direct fires may generate a sensing report of the opponent, may request
supporting fires on the opponent and may fire integral mortars at the
opposing unit. These actions are all based on target acquisition
during the simulated assessment increment.

(1) Sensing Report Information.

(a) Sensing report information is computed based on what
is seen of the enemy unit through the combat increment being assessed.
The probability of detection for each of four observer teams is calcu-~
lated by the use of {n> = tg/2 in Equation IV-7-109 where tg is the
length of the combat increment. The detection probability of Equation
Iv-7-109, PDVkl, is assigned to the number of targets in each coverage
section giveh by Equation IV-7-66, Mjkl: to give N; detected targets of
type j:

4 2
z z (N +1-k) * PD”kl . M'kl (Iv-7-151)
k=2 1=1 fo k| J

Nj=

with Ngo = 4, the number of observer teams. Targets are then identified
by type as tanks, APCs, other vehicles or personnel and are summed over
each class.

(b) Estimated activity of the opposing unit is "attacking"
or "defending", depending upon which force is established as the attacker
in GCM. Actual velocities and direction of movement, if any, are used
as the estimated speed and unit direction.

(¢) Estimated target location is the center of that portion
of the unit actually engaged, with the unit aligned on its normal DIVWAG
orientation rather than the '"engagement orientation'" to which the unit
may be rotated by the GCM geometry calculations.

1. From Figure IV-7~15, it may be observed that the
center of the engaged portiocn of the unit is removed from the unit
center by a distance XX normal to the unit front and YY parallel to the
unit front where, given unit width and depth, W, and d;, and engagement
width Wg, 1if the unit has N bands:

xx=1/2 G Y- 1
N (1v-7-152)
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Figure IV-7-15. Estimated location.
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YY = 172} (Wy - W) | (1v~7-153)

The value computed above for YY is incorrect if the entire sensing unit
front band is engagin; part of the sensed unit. In that case, the
center of the sensed portion of the larger unit must be on the line
through the smaller unit's center and normal to the unit fronts. Then,
YY is developed as the third leg of a right triangle, as illustrated
in Figure IV-7-15.

2. The distance XX may be resolved into its X and Y
components based on the DIVWAG orientation of the sensed unit. Since
it is known that XX must be in a direction toward the unit front, if
the unit is oriented at angle 8§ , the components of XX must be

XX, = XX cos 8 (1v-7-154a)
XXy = XX sin ® (IV-7-154b)

3. The distance YY is in a direction plus or minus
90° from £, depending on relative location of the unit pair. If the
angle between unit centers is greater than o (in the sense of a counter-
clockwise rotation from 6 to the angle between units, limited by =
radians) then ¢ = 6 + 90° and if the angle between units is less than

8 , ¢ = 8 - 90° YY is then decomposed into components.
YYy = YY cos ¢ (Iv-8-155a)
YYy = YY sin ¢ (1v-8-155b)

4. The estimated location is then arrived at as, for
unit center X, and Y;:

Xest = Xu + XX, + YYX (1V-8-156a)

Yest = Y + XX, + YYy (IV-7-156b)




(2) Reporting. A sensing report is generated for input to
the INCS model, both for information purposes and for fire support
request purposes, if no report has been generated by the sensing unit
for this sensed unit within the last 10 minutes.

(3) Mortar Fires. If a unit generates a sensing report for
the INCS model, firing of any mortars organic to the sensing unit
may also be scheduled by the Ground Combat Model. Assessment of the
effects of these fires is made by the Area Fire Model.

(a) Decision to Fire. The decision to fire mortars is
made if the potential firing unit has organic mortars (area fire
weapons organic to a unit engaged in ground combat are assumed to be
mortars) and ammunition and has detected at least five personnel
targets during the GCM assessment interval. Further, target range
must be within the mortar's maximum and minimum range bracket. Firing,
or target, range is calculated as the range from the rear edge of the
firing unit's front band to the center of the target unit's front
band, when units are in their GCM engagement orientation.

(b) Weapon Selection. If the potential firing unit has

r i more than one type organic area fire weapon or munition, a munitions -
: range workload factor is computed for each and the weapon with the
- greatest factor is used. For a given munition, the workload factor

is computed as:

)
| Pe(f ), [Rmax o Reet
- A auth Rmax - Rmin (IV-7-157)

L with A, = rounds on hand in unit

A auth = rounds authorized the unit

Rmax, Rmin = weapon max and min ranges

Rtgt = target range

(¢) Volume of Fire. For one mortar firing event, the
number of mortars and rounds available for firing is taken as

AT LT

Ma =M, + F/W (IV-7-158a)
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Aa = A, + F/W (IV~7-158b)

where: Ma, Aa = mortars, rounds available to fire

Mu, Au = mortars, rounds in firing unit

F

GCM engagement front for the unit pair
W = firing unit front

Each available tube fires the number of rounds that can be fired at
maximum firing rate in 3 minutes (from the Area Fire model data base)
with that expenditure limited to the rounds available for firing.

5. BARRIER INTERACTIONS. Logic within the Ground Combat Model for the
interaction of a unit with a barrier is intended to represent an attack-
ing unit's encounter of and reaction to a minefield which a defending
unit is covering by direct fire. Encounter of a barrier by defending
units is not portrayed. Other type barriers may be represented, in
which case explicit simulation is limited to a time delay imposed upon
the encountering unit. During this time unit motion is halted and the
unit may be under fire.

a. Modes of Interaction. Model design is based on the definition
of seven modes of barrier interaction. A unit involved with a barrier
is placed in one of the modes, with possible transition among modes,
until the unit clears the barrier. Figure IV-7-16 illustrates the
possible transitions among modes. Modes other than encounter are
incremental and thus re-entrant.

(1) Encounter Mode. The encounter mode is the initial mode
of interaction. Within this mode encounter losses are assessed, the
appropriate reaction to the barrier is selected and amount of any delay
associated with countermeasure decision and initiation is determined.

(2) Delay Mode. In the delay mode, the encountering unit's
movement is halted. The exchange of direct fire continues, with the
attack unit stationary, in this mode. This is the only mode selected
for a "pure delay' barrier, which is the only non-minefield type
barrier dealt with within the Ground Combat Model. Once scheduled
delay is accounted for, the unit transitions to an appropriate counter-
measure mode, except in the case of a pure delay barrier wherein the
unit is clear of the barrier upon completion of the delay.

(3) Bypass Mode. In the bypass mode, attacking unit motion is
directed along the barrier until it is cleared. Direct fire exchanges
continues apace.
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(4) Withdraw Mode. The withdraw mode is the default condition
into which a unit enters if it has no feasible alternative counter to
the barrier. In this mode the attacking unit disengages from any
defender covering the barrier.

(5) Hasty Breach Mode. The hasty breach mode is used to repre-
sent a unit attempting to open lanes in a field by actually passing a
vehicle, with or without some special equipment as plows or rollers,
through the field. Exchange of direct fire continues, with unit motion
of the encountering unit halted and vehicles actually working on the
field disallowed from firing. If the unit can open sufficient lanes,
it will pass through the field on these lanes, in the passage mode.
If the unit loses the required clearing equipment, default to the with-
draw mode is made.

(6) Deliberate Breach Mode. This mode is similar to the hasty
breach mode but here the unit is using other mechanical or explosive
devices to clear the field. Upon clearance of required lanes, transition
is made to the passage mode. Upon exhaustion of required material with-
out opening lanes, transition may be made to the hasty breach mode or
withdraw mode, depending on countermeasure decision and feasibility.

(7) Passage Mode. This mode represents a unit clearing the
field on open lanes.

b. Barrier Encounter. Within the DIVWAG Svstem, each barrier
segment is defined for location purposes by a straight line. A barrier
encounter is sensed in the GCM mode when the center of an attack umit's
leading edge crosses an appropriate barrier line.

(1) Each time an attacking unit is assessed in the basic GCM
operational cycle, discussed in paragraph 3, a check is made as to
whether the unit will encounter a barrier during the time increment
about to be assessed for the exchange of direct fires. The computa-
tional procedure follows:

(a) Compute (XA, YA) the coordinates of the unit's
leading edge center at the beginning of the time increment to be
assessed.

(b) Compute (XF, YF) the coordinates of the unit's
leading edge center at the end of the time increment to be assessed.

(c) Determine if the line segment from (XA, YA) to
(XF, YF) intersects any barrier segment lines. The check is only made
for existing minefields or ''pure delay" barriers. A minefield is dis-
tinguished as a barrier type 1, 2, 3, or 4 and a pure delay barrier
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as type 25. (A definition of barrier types is found at Chapter 14,
Engineer Model.)

(d) 1If more than one barrier segment line is intersected,
the intersection point closest to (XA, YA) is saved. This point is
called the "encounter point" and the associated barrier is the barrier
encountered, if any.

(2) The barrier encounter will occur when the encountering
unit is located with its leading edge center between (XA, YA) and (XF,
YF) both in space and in time. Recalling that the assessment is made
post facto, to cover the time interval from last assessment to current
game time, the time of encounter must be within that time interval.
Exchange of direct fires will, at this time, be simulated only from
last assessment time to encounter time. Thus on next entry to the model,
for the encountering unit, the encounter time will be last assessment
time.

(3) 1If in the period from last assessment time to encounter
time the attacking unit would enter inside of the minimum GCM separation
distance of any defense unit, as discussed under the unit geometry
considerations in paragraph 4, the encounter will be cancelled and,
within the model, will not occur.

c¢. Barrier Intelligence and Discovery Losses.

% (1) DIVWAG barrier intelligence is on a force-wide basis.

| Either a given barrier segment is known or unknown to a given force.

| If in the Ground Combat Model a unit encounters a minefield not pre-
viously known to its force, discovery losses are assessed against the
encountering unit. Once a barrier has been encountered by any element
of a force, the barrier becomes known to all elements of the force.
Thus a given barrier segment can cause discovery losses only to the
first element of a force which encounters the segment.

(2) Discovery losses in GCM are assessed against only ome
type vehicle, the nominaliy typical formation lead vehicle, specified
in the constant data load. The essential process is to calculate V,
the number of potential losses based on unit and field geometry; Py,
a normalized kill probability for the specified type vehicle and the
. composition of the field encountered; and assessing a loss of L = V-Py
f against the unit.

K (a) Potential loss definition is based on a subjective
review of the situation with a maneuver unit, viewed as a whole, en-
countering a previously unknown or poorly known minefield while in

§ an attacking posture. It is assumed that a maneuver company and
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battalion would generally be operating in a "two up" formation giving
two lead vehicles on a company front and four lead vehicles on a
battalion front. Based on the fraction of the unit front covered

by the field, F, and assuming that following vehicles will sense

any detonation caused by lead vehicles and will not progress into

the field, the number of potential losses, V, for an encountering
battalion is:

V = if Fraction covered

V=1i1if F < 0.25 (Iv-7-159%a)
V=2if 0.25< F< 0.350 (1Iv-7-159b)
V=31f 0.50< F< 0.75 (Iv-7-159¢)
V=2=441f 0.75< F (Iv-7-159d)

For a company-sized unit encountering the field, V would be set at 1
or 2 depending upon whether less or more than half of the unit front
were covered by the field.

(b) The normalized kill probability for the first mine
detonated by a given vehicle is calculated as

Py= IG5V (IV-7-160)

where G, is the probability that the first mine detonated by the vehicle
is of t}pe j and Vj is the probability of a vehicle kill given detona-
tion for the type mine.

1l. Given a vehicle's track width, W, and belly width,
Wy, let T be the ratio of track width to overall width. That is

T2 W /(2 W+ W) (IV-7-161)

Then 1if, for a given mine type j and vehicle, probability of a kill
given detonation at the track is Pyt and given detonation at the belly
is Pyy, probability of a kill given detonation 1is
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Vj - Pkt (IV-7-162a)

if the mine is only pressure fuzed and

VJ. = T » Pkt + (l - T) . Pkb (IV"7"162b)

if the mine has other than pressure fuzing. The implicit assumption
is that a pressure fuze mine detonates only at the track.

2. The probability that the first mine to be detonated
by a given vehicle is of type j is approximated as follows:

2. Let nj be the number of mines in the field of
type j. Then

fj = ny / § ny (IV-7-163)

is the proportion of mines of type j in the field and is an estimate of
the probability of a vehicle encountering mine type j, given an encounter
does occur.

b. Given the track to total width ratio ., as
computed above, and the probability of mine type j failing to detonate
properly, dj let

Fy = £5 . (1 - dj) (IV-7-164a)
if mine type j is other than pressure fuzed and
Fj = fj «T -« (1~ dj) (IV-7-164b)

if mine type j is pressure fuzed. The value F; represents the probability
a mine that detonates is of type j, given that“a mine detonates.

¢. The probability that the first mine to detonate
is of type j is approximated by

Gy = Fy / T Fy (IV-7-165)
]
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The greatest assumption made in using this approximation is that the
lead vehicle does, indeed, detonate a mine.

d. Countermeasure Decisions and Delays. Upon encounter of a barrier,
reaction of the encountering unit is based on current situational para-
meters. The model defines countermeasures to a field in generic terms
as bypass, deliberate breach and hasty breach. The DIVWAG user provides
elaboration on these techniques and specification of which techniques
to use under various battle conditions through input data. Based on
this data, model logic selects a feasible countermeasure or, lacking
feasibility, causes the unit to withdraw from the field and covering
fires.

(1) Battle Conditions. The Ground Combat Model selects
barrier countermeasures from a priority list of up to ten optioms.
Eight such option lists are provided by the model user for each of
eight battle conditions. The model establishes the battle condition
at the time of barrier encounter and uses this condition to select
the proper list of countermeasure options. The eight conditions are
based on all combinations of two variables describing intensity of fire
experienced by the unit.

(a) Indirect fire conditions are defined at two levels.
If the encountering unit was assessed by indirect fires within ten
minutes of encounter time, indirect fires are considered present. Other-
wise, indirect fires are considered absent.

(b) Direct fire conditions are nominally identified on
four levels as: none, ineffective, effective or devastating. The
model uses the simulated exchange of direct fires for the time increment
from last assessment time to encounter time to establish the direct fire
condition based on the following rules:

1l. If no direct fire rounds were fired at the en. un-
tering unit during the test increment, there was no direct fire.

2. 1If direct fire was received by the unit, an hourly
loss rate is computed for each weapon system involved in the direct fire
calculations. The loss rate, R, for a given item is calculated as:

R = (L/E) - (6000/T) (1V-7-166)

where R = loss rate, (percent per hour)

L = losses in the test increment
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and less than ten percent for at least one system, direct fires are

E - item strength at beginning of the test increment

T = duration of the test increment (centiminutes)

If the hourly loss rate is less than ten percent per hour, for each
involved weapon system, direct fires are termed "ineffective."

3. 1If hourly loss rate exceeds ten percent per hour
for any system but is less than twenty percent per hour for all systems

termed "effective."

4. 1If the hourly loss rate exceeds 20 percent per hour
for any system or exceeds ten percent per hour for all involved systems
the direct fires are termed devastating.

(2) Countermeasure Selection. Once the prioritized list of
countermeasure options is accessed, the list is queried in order umntil
either an option is found feasible or the list is exhausted. Feasibil-
ity depends on the nature of the option and conditions of the encounter-
ing unit and the field.

(a) A bypass option is defined in terms of a zone of
action and a compression factor. If the field is passable and the
encountering unit can maneuver arcund the field without exceeding the
boundaries of its zone of action, a bypass is considered feasible.

The unit is allowed to reduce its unit front up to the stated compres-
sion factor in this maneuver. Geometric calculations involved in
establishing this feasibility are presented in paragraph 5e with the
discussion of bypass logic.

(b) A hasty breach option is defined in terms of the
vehicle and associated equipment to be used in breaching lanes and a
desired and sufficient number of lanes.

1. 1If the unit's force had knowledge of the field
prior to encounter, the number of open lanes known to the force is
compared to the number of lanes specified in the decision table as
sufficient. If sufficient open lanes are known to the unit, it will
pass over the field on open lanes since it is not necessary to breach
~ny new lanes.

2. If the unit does not ha.e prior knowledge of
sufficient open lanes, feasibility of the hasty breach option is
checked. The option is considered feasible if the unit has on hand
sufficient equipment to initiate work on at least the number of lanes
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indicated as sufficient less any lanes known to the unit. If, for this
countermeasure, only a vehicle is specified in the data load then a
"bulling" tactic is implied and is considered feasible if one vehicle
per lane is available. If other major items are specified for the
countermeasure, these items will also be required on a one per lane
basis. The additional items will be treated as a plow or roller-type
device used in conjunction with the specified vehicle.

(¢) A deliberate breach type option is defined in terms
of personnel, consumable items, and major items as well as a desired
and sufficient number of lanes. If sufficient open lanes are known,
the unit will pass on these lanes, as with the hasty breach option.
Otherwise, feasibility is checked in terms of personnel and material
to initiate work on the number of sufficient lanes, less any previously
known lanes.

1l. The personnel requirement for a deliberate breach
is stated, in the data base, in terms of persons per lane worked. To
meet the requirement, the encountering unit must have the required
number of troops within subordinate engineer-type units.

2. To initiate work on the specified number of lanes
the unit must have on hand sufficient consumables to clear the lanes
the entire depth of the fie.’, if the unit has prior knowledge of the
field, or to an assumed depth loaded in the countermeasure data base
if the unit does not have prior knowledge of the field. Consumption
rates of each consumable are a part of the data. Calculations used
for consumption are discussed with the deliberate breach option at
paragraph 5h.

3. Number of major items per lane, if any, may be
specified for up to three items in the data definition of a deliberate
breach option. The required items must Le present for a un.t to
initiate this option. Otherwise, the option is considered infeasible.

(d) 1If the countermeasure option list for the encountering
unit is exhausted and no feasible countermeasure is found, the unit
will default to a withdrawal from contact. This mode of operation is
described in paragraph 5f.

(3) Delay Assessment. On the encounter of a barrier, delay
times may be assessed against the encountering unit depending on
battle conditions and the nature of the barrier. These are simple
delays, in that during the time of the delay no countermeasure action
on the part of the encountering unit is explicitly simulated. The
encountering unit will, during this delay time, participate in the
exchange of direct fires but will not move. Once the simple delay is
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completed the unit will pass into one of the countermeasure modes as
illustrated in Figure IV-7-16, or will be treated as clear of the
barrier if it is a simple delay barrier.

(a) Simple delay for a pure delay barrier is loaded in
the GCM data base for encountering units of greater than company size,
company size or less than company size. The appropriate value for the
encountering unit is assessed in the case of a pure delay barrier.

(b) Simple delay in the case of a minefield encounter
is the sum of a decision time and a countermeasure initiation time.
The data base contains a decision time for each of the eight battle
conditions identified in paragraph 5d(l) above. An initiation time
is also loaded for each countermeasure for each of three unit sizes;
greater than company, company, and less than company. The appropriate
values ar~ accessed and assessed against a unit which encounters a
minefield with no prior intelligence of the field. If the unit had
intelligence cof the field prior to encounter, it is assumed that suf-
ficient preparations were made and no simple delay is assessed.

e. Minefield Bypass. The elementary problem of a minefield bypass
is represented within the model as passing a unit, represented by a
rectangle, around a linear barrier, represented by a line segment or
connected segments. Restrictions are placed on the lateral movement
of the unit rectangle and the end of any barrier line may, as a control
function, be specified as non-passable. The problems of determining
feasibility of the bypass and actually moving the unit around the
barrier are treated independently in the model.

(1) Bypass Feasibility. The situation treated in testing for
bypass feasibility is illustrated in Tigure IV-7-17. Given a potential
bypass point (end of a barrier line) within the unit's zone of action,
will the unit fit in the open space between the point and the zone of
action boundary? The unit is permitted some reduction in front, the
extent of which is provided as part of the countermeasure option, as
is the width of the zone of action.

(a) Width of the zone of action is supplied in the counter-
measure option as a rmultiplicative factor, ZA, no smaller than one, to
be applied to the unit's width at time of encounter. Thus, if the unit

width 1is W, the width of the zone of action is ZA .- W. The zone is
represented as the area within parallel zone boundaries, each half

the zone width from the unit center and parallel to the unit's orienta-
tion. The boundaries are straight lines represented in point-slope form
with a slope ¢ equal to the encountering unit's orientation and point
(Z1X, 21Y) and (22X, Z2Y) defined as:
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Z1X = XU + W1 ¢« sin ¢ (1V-7-1673)
21Y = YU - Wl « cos ¢ (IV-7-167b)
Z2X = XU - W1l - sin ¢ (IV-7-167¢)
22Y = YU + Wl - cos ¢ (Iv-7-167d)

where the unit center is at (XU, YU) and half the zone of action is:
Wl=(ZA - W) /2 (IV-7-168)

(b) Potential bypass points are identified at time of
barrier encounter. This depends on the definition of a barrier line
as a series of connected barrier segments as discussed in Chapter 14.
The identification of potential bypass points is a logical decision
process rather than mathematical. Both ends of the encountered barrier
segment are queried in turn, the same logic being used for each.

1. If the encountered segment is at the end of a
line, then the end point of this segment is a potential bypass point.

2. 1If the encountered segment is not at the end of
the barrier line, the next segment in line is queried.

a. If the next segment is a "pure delay" segment
or has barrier type = 0, the line is considered non-bypassable in that
direction. Use of the type = 0 barrier to flag a non-bypassable area
is a gamer technique to facilitate game control.

b. If the next segment is a minefield, the same
process is repeated for that segment, extending the search for a
potential bypass point.

c. If the next segment is not a minefield and
not a non-bypassable type, the potential bypass point is the point where
the encountered segment links to the segment being queried.

3. The process is continued along a barrier line
until a potential bypass point is identified or the line is deemed
non-bypassable in that direction.

4. Within the model, two potential bypass points
are always identified, one for each end of the barrier line. Where
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an end of the line is deemed non-bypassable, the potential point is
defined by a point on an extension of the segment being queried and
50 kilometers distant from the segment. This insures that the bypass
feasibility logic will treat a bypass on this end of the line as in-
feasible.

(¢) To be feasible, a potential bypass point must fall
3 within the unit's zone of action. To check this comdition, the dot
: product__ A - B of the vector B from (Z1X, Z1Y) to (Z2X, Z2Y) and the
vector A from (Z1X, Z1Y) to the point being checked (BPX, BPY) is
formed. This scalar product has the value:

A-B= (22X - 21X) - (BPX - Z1X) + (Z2Y - Z1Y) - (BPY =~ 21Y) (IV=7-169)
which is, by definition:

A:B= l A I . , Bl cos 9 (IV=7-170)

where 3 is the angle between A and B. The three cases of interest are
illustrated in Figure IV-7-18.

! l. When the angle between A and B is greater than

j 909, the potential point is clearly outside of the zone of action. In
! this case cos 9 is negative and the scalar product m st be negative.
| Thus if A + B 1s negative the point is disallowed.

2. If the projection of A onto B is formed by dropping
the perpendicular from A to B, it is clear by inspection that cos 2% =
b/ |A| and thus

A «+ B= A . B .« b/ A = 38 b (Iv-7-171)

b = distance between the intersection point, formed bv the nrojection of
A onto B, and the farthest point on B.

it is also clear by inspection that if the point in question lies in the
zone of action then b <|B| . Thus, the point is rejected if A :+ B >]B'
that is to say if the value of the dot product is not less than the
distance across the zone of action squared.

(d) Given a potential bypass point within the zone of
action, the unit must be able to bypass without violating the zome
boundary. This check is made by comparing the perpendicular distance
from a potential bypass point to the closest zone boundary with the
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Figure IV-7-18. Determination if bypass point is within a zone.
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minimum allowable unit front. If the distance is no less than allowable
front a bypass is considered feasible. If a bypass is feasible at both
ends of the barrier the point closest to the unit, or equivalently, the
point allowing the greatest space within the zone, is chosen. Minimum
allowable unit front is defined in terms of a multiplicative factor, no
greater than one, to be applied to the unit's width, This compression
factor is supplied as part of the optiom,.

(2) Bypass Execution. Given a desired bypass point (BPX, BPY)
the unit moves in a generally lateral direction until clear of the
barrier and thence continues toward its initial objective.

(a) Lateral movement is accomplished by moving the unit
center from its location at the time of barrier counter to a new
location such that the unit is clear of the barrier with leading corner
of the unit rectangle at (BPX, BPY) and with the unit oriented on its
original objective.

1. Calculation of the unit center position at the
bypass point is based on the situation shown in Figure IV-7-19. Given
the bypass point (BPX, BPY) and objective (OBJX, OBJY):

DX = OBJX - BPX (IV-7-172a)
DY = OBJY - BPY (IV-7~172b)
DL = ’sz + pY? (IV-7-172¢)
8 = arctan (DY/DX) (IV=7~173)

Since the unit is to be oriented on the objective, the line from the unit
center to objective will be normal to the unit front. Thus, if the umnit

half-width at the bypass point is W, the right triangle can be solved for
the third leg and internal angle:

D2 = V12 - w2 (1V-7-174)

Y = arctan (W/D2) (Iv-7-175%)

and, adding half-depth of the unit, d, distance from unit center to objec-

tive must be

D=4d+ D2 (IV=7-176)
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In the case illustrated, it is obvious by inspection that at the bypass
point the unit's orientation angle will be

9= 9 + y (Iv-7-177)
E
1 In general the angle € must be between the unit's old orientation $o
3 and its new orientation ¢. Thus, if
0 > ¢, then ¢ =96 +Y and if (1V-7-178a)
0 <¢, then ¢ =96 =Y (IV-7-178b)

Finally, solving the last right triangle allows determination of the
i desired center point (XN, ¥N) by:

|
! i XN = OBJX - D cos ¢ (1V-7-179a)
|

YN = OBJY - D sin ¢ (IV=7-179b)

2. Calculation of the unit's center location at bypass
depends on the unit half-width at the bypass point, Since some unit
compaction is allowed in the bypass, this may differ from the unit's
original size. The determination of feasibility has established that, at
a maximum allowable reduction in unit front, sufficient space is available
for a bypass within the unit's zome of action. The model assumes that,
in a lateral motion, some compaction will generally occur and that the
amount of compaction will tend to increase as the lateral distance to be
moved increases. This is represented by reducing unit front in a direct
ratio to the distance the farthest corner of the unit rectangle must
move, subject to the allowable compaction and space limitations. The
ratio used has been subjectively set to 1/2. Thus, given the values:

W = unit width at encounter
C = allowable compaction factor

S = available space for bypass (established in determining
feasibility.)
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D = distance from furthest unit front corner to bypass endpoint
at encounter.

the test width for bypass is computed as:

wl=w-D/2 (1V-7-180a)
and the minimum allowable width as
=C W (1V-7-180b)

Since it is already known that Wp;, does not exceed S, the unit will be
allowed to attain, at the bypass point a width of:

Wyge = min [max (W, Wpi.), S) (1v-7~181)

3. As with other portions of the Ground Combat Model,
the bypass action is represented incrementally. For each increment,
motion is treated as a barrier interaction while the exchange of direct
fires is treated normally with adjustments to unit geometry calculatioms
such that unit width and velocity, and location for ranging purposes, is
that which would accrue midway through the increment. The total time
length of the lateral movement is computed as the time required to move
the units appropriate leading edge corner to the bypass point at the
velocity the unit had on encounter. Increments are scheduled to use up
this time in five minute increments, with the restriction of no less
than two minutes left for the final increment. That is, given a time
length T, increment length of the increment T; is T if T is no more than
seven minutes or Ty is five minutes if T is greater than seven minutes.
T is decremented each increment until used up, at which time lateral
movement is over. The velocity used in lateral movement is simply the
rate of speed required to move the unit center to its desired location
in the allowed time. This will generally be no greater than encounter
velocity. It could be less because the unit center may not move as
fast as the leading corner when compaction is considered. Unit location
is the location of the unit center midway through the increment based
on increment length and unit velocity. Unit width is width midway
through the increment under the assumption of a common compaction rate
in time over the duration of the entire move.
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(b) Upon completion of the 1ateral motion, one last
movement increment is conducted under control of the bypass logic,
to clear the local area of the field. This movement is for a distance
equal to the depth of the encountered field along the line from the
unit center at bypass to the unit objective. This last increment is
at the mean between speed at encounter and speed during lateral move-
ment and at the mean between width at encounter and width at bypass
point. Upon completion of this increment, the unit will continue in
the basic ground combat cycle with unit velocity and speed as they
were on encounter of the barrier line which has been bypassed.

f. Withdrawal from Contact. Should a unit decision process reach
the default withdrawal option, the unit is forced to withdraw from
contact. The unit is automatically given a WITHDRAW order and a new
objective to the unit rear, on the extension of the line segment
between the original objective and the unit location at encounter.

The unit withdraws toward this objective, in five minute increments,
at the same movement rate as at barrier encounter. At the end of each
increment, firing status is checked and when no direct fire rounds
were fired at the unit in question the unit's movement rate is set

to zero and the unit will remain stationary, in this location, within
the basic GCM cycle until termination of the named battle.

g. Hasty Breach Option. The hasty breach option is designed to
represent the situation in which an encountering unit attempts to find
or open lanes in an active minefield by actually driving vehicles
through the field. The breaching vehicle may have specialized breach-
ing equipment, such as rollers or plows, or may simply attempt to
"bull” its way through the field.

(1) General. The logical basis of any representation of the
hasty breach situation must be an in-field model which treats the
interaction between vehicles and minefields. The basic in-field model
used in DIVWAG represents one of a series of identical vehicles attempt-
ing to open one lane in a field by following in each other's tracks.
The general approach used in this basic in-field model is taken from
an unnumbered Ballistics Research Laboratory memorandum report ("An
Analytical Approach for Some Air Scatterable Minefield Effectiveness
Models,' Barry H. Rodin, Augrst 1971). Variations are introduced to
the basic model to account for the effects of direct fires covering
the field and the use of specialized equipment in the breach attempt.
The results are then extended to the more general case of several lane
sites being attempted by one unit in the field.
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(2) Basic In-Field Model.

(a) General. The basic in-field model is a probabilistic
procedure for combining the a priori probabilities of exactly J = 0, 1,
2...N mines in the path of a vehicle about to attempt a breach with the
probability that the vehicle will survive an individual mine in its
path. The model produces the probability of exactly L = 0, 1, 2...N
mines remaining in the path after the single vehicle's breach attempt
and the probability that the vehicle survives the attempt.

(b) Essential Calculationms.

1. The basic model assumes that a vehicle either
survives or fails to survive an encountered mine. There are no partial i
or differing kill categories nor is there progressive vehicle damage.
Once encountered, that is once passed over by a vehicle, the mine is
removed from consideration. Thus if the mine should fail to destroy
the first vehicle over it, the mine is assumed to have been neutralized.

2. Given the values:
CJ = probability of exactly J mines in path prior
to breach attempt
s = probability vehicle will survive a mine in E
its path

the model calculates the values

Py = probability of exactly L mines remain in path
after the breach attempt

S = probability the vehicle survives

3. The conditional probability of L mines after a
breach attempt, if there were exactly J mines prior to the attempt is

P... =g L=l (1-35) forJ>L>0 (IV-7-182)

L1J

That is, to have exactly L mines left after an attempt given J prior to
the attempt, the vehicle must survive J-L-1 mines and fail to survive :
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the next mine. Combining this conditional with the probabilities of
various numbers before the attempt leads to

PL=(-9 I cyedtiforgsron (1v-7-183)

For the special case of no mines left in the path after the attempt,
there may have been no mines before the attempt or the vehicle may
survive the first J-1 mines, given J mines prior to the attempt. The
last mine is removed regardless of whether the vehicle survives. Thus

Py =Co + ; Cy sJ-1l for 3 >0 (1IV-7-184)

Finally, the vehicle survives in a lane with J mines if it survives all
of the mines, each with probability s. Thus

s= ! cyelforado (1V-7-185)

4. An elementary check on the proQabilistic correct-
ness of these calculations is the requirement that L PL = 1 if 3 cy=1.
We first note that E Py can be written as a linear combination of the Cj
in the general form E PL = § aJ CJ with coefficients as 4y developed from:

)
P, =Py + - P
1 L o L 2o L

z

.
L5 =8 5y Cg sIL-1(1v-7-186)

= (Co + 35 cy T +

It can be shown that if we solve for the aj in the general form, aj =1
for all J. Thus PL= } ajCy= §} Cjwhich was desired. Briefly,
we note by inspection that ag = 1 and a1 = sl-1 = g0 = 1. We also note
for that ay = sJ=1 + Fy (s) where the s -l contribution is from P, and
Fy (s) from .Z. Pp. To obtain Fj (s) we note that for a given J there
is a contribthOn to ay for exactly J-1 terms, as L ranges from 1 to J-1.
Further, each term, still for a given J, is (l-s) sJ=L-l or, letting L
assume its range of values the terms are (l-s) sJ‘z, (1-s) sd=3, ...,
(l-s) 8°, Thus

N=J-2
F; (s) = (1-8) Nzo sN and (1v-7-187)

IV-T-93




a,=s77 1+ (1-s) ¢ s (Iv-7-188)

N=0 N=1
= g3"1 4+ 50 - ¢I~1 = 1 for al1 J.

(3) Variations to the In-Field Model. The basic in-~field model
is used to represent single vehicles in a field with no external in-
fluences. Three variations are made to allow consideration of direct
fires covering the field, use of specialized equipment and the combination
of these. Each variation maintains the basic approach in that it requires
prior mine probabilities and individual survivability factors and combines
these to develop mine distributions after a breach attempt and overall
survival factors.

(a) Direct Fire. The inclusion of direct fire effects on
the breaching action is made as an additional loss-producing potential
for the vehicle in the field. No attempt is made to portray explicitly
interactive or synergistic effects in that the effect of individual
mines and the tactic of continuing on a path until damaged are not
changed. In this case, of course, damage may be due to direct fires
as well as the mines.

1. Simplifying Assumptions. Several simplifications
of the situation are made to arrive at a tractable representation. The
underlying assumption is that these simplifying assertions are not
unreasonable.

a. It is possible to establish some probability
of survival, R, for a vehicle within a given time and space. This
probability represents the survivability a breaching vehicle would have
if 1t carried out the breach maneuver on a path with no mines.
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b. Given a value of R for a known time
and space domain, if that time and space domain is broken into
K equal increments then yﬁe probability of survival on each increment
can be represented as Rl .

c. Given J mines randomly distributed along
a path, the path can be represented as J+l1 equal segments with a
mine on each of the J interior borders.

d. Combining assertions b and c, given J
mines over a path for which the survivability R holds, the prob-
ability of surviving between consecutive mines or between a border

of th7 field and the first/last mine can be approximated by
1/3+1

rJ=R
2. Essential Calculations. The basic model says

that, for J mines in its path, a vehicle encounters each mine

individually and either survives or fails to survive the encounter.

The direct fire variation simply adds prior to each encounter

(and after the last) a period of space and time through which

the vehicle must also pass and which passage the vehicle may

survive or fail to survive. For computational tractability, all such

spaces are assumed equivalent.

a. Given the same values C; and s of the
basic model, plus the probability R that the vehicle will survive
effect other than mines on its passage of the field, the model
calculates P; and S defined as for the basic model.

b. Let rJ=Rl/J+l be the probability of
reaching one mine from the previous mine, or reaching the first
mine in the field or reaching the far border of the field from
the final encounter, for a path with J mines.

IV-7-95




c. The probability of exactly L mines remaining
after a breach attempt, given J >L before the attempt is:

PLlJ - (l - rJ) J = L (IV'8‘1893)
P - J-L [ J-L-1 (1-s) + J-L (1-r;)] J>L (IV-8-189b)
L1 = Ty s s Iy

That is, to have L=J mines left, given J to begin, the vehicle must have
failed to reach the first mine, (l-rJ). To have L <J mines left the
vehicle must have reached J-L mines, (r -L ,_and must have either sur-
vived J-L-1 mines but not the next mine" [s° L~ (1-s)] or survived all
J-L but failed to reach the next mine (s L a-r )]. Combining the
conditionals with the probabilities of actually ﬂaving various numbers
in the field leads to, for L >0:

J-1 J-L-
P =C (l-r;) + 2 CJ T s
L L L IoL J

la-s) +5 A-rpl (av-7-190)

d. For no mines to remain, given J to begin with,
the vehicle must reach all J and survive J-1. Similarly to survive the
field the vehicle must reach all J mines, survive all J mines and then
reach the end of the field. Thus:

J I-1
z
Py =Cy + 150 CJ r;s (IvVv-7-191)
J+1
s= I ¢ x| e =rD ¢ (IV-7-192)
since r. was defined as R1/J+1.

J

e. Certain consistency checks on the variation are
useful. First, 1if R=1l, it should be noted that equations for PL’ Po and
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S reduce to those for the basic case. Secondly, if there are no mines,
the field survivability S reduces to $=R. Thirdly, it can be shown that

i PL can be written as a linear combination of the CJ such that

b = = . T =

L PL 3 aJ CJ and that a; 1 for all J. Thus, if CJ 1 then
z =

L PL 1

= [Cc + I Cy . sJ'l]
J>0 J

J-L _J-L-1
r s

5 - 5
+ {CL (1-r)) + ¢;

[(I-S)+s(l-rJ)]} (Iv-7-193)
L>1 J°>L

1

By inspection a, = 1 and a; = rl s® + (1—r1) = 1.

- g I-1
Also each aj=r; s + (l—rJ) + FJ {r, s)

where FJ (r, s) must be extracted from

¢, 278 T ey + s(1-r )]

5 5
=1 g5p 3 3

Note for a given J, F. (r, s) must contain exactly J-1 terms as L ranges
from 1 to J-1. Furthér, each term must be rJ-L gJ-L-1 [(1-s) + s (1-t 1.

J
Letting L assume its values gives rise to

J=1
N N-1 N N N-1 N
Fy (r, s) = I (rJ s - r§ s +r g - r s)

N=1

J-1 g §-1 Il wa1
= 7 r s - r
N=1 N1l I

N, Lo -1

s r‘I s (1v-7-194)
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. J J-1 J J-1
Sag o= rJ s + (1 - rJ) +r -r s =

7 1. q.e.d.

(b) Special Equipment. A second variation of the basic
in-field model allows the play of special mine-clearing equipment such
as plows or rollers.

1. Approach. The special equipment version of the
in-field model treats the special equipment as some device that sweeps
out the breach path immediately ahead of the vehicle. An intact piece
of equipment can, within the model, do one of three things to a mine
in the breach path. It can negate the mine, such that the mine does
no appreciable damage to the device and will not harm the using vehicle
or trailing vehicles, with probability D. Secondly, the device could
negate the mine with associated loss of the device itself. This happens
if the mine explodes and does significant damage to the device. Since
the mine has been exploded, it is negated as far as any future danger
is involved. Negation with loss can happen with some probability E.
Finally, with some probability F=1 - (D+E), the device will fail to
negate a mine in the breach path. As with the basic model, the approach
is to calculate mine distribution and survival probabilities after a
trial, given prior distribution and survivability factors.

2. Essential Calculatioms.

3. The probability of surviving a mine encounter
by either negation of the mine with no damage or by failing to negate
the mine yet having the vehicle survive is D+F * s. Thus, the probabi-
lity of such a "safe" survival of N mines must be (D + F ° s)N.

b. Once a mine is negated with loss of the
special equipment, the vehicle continues without benefit of the equip-
ment. The probability of surviving N mines by a "safe'" survival of
the first J mines, destructive negation of the J+1 'st mine and simple
vehicular survival of the remaining N - (J+1) is:

(+ Fs)d . E . gN-J-1 (IV-7-195)

c. It follows that the overall probability of
surviving exactly N mines must be the probability of N "safe" survivals
or of J <N safe, destruct on J+1 and vehicle survival of the remaining,
for all J <N. This is expressed as, the probability of surviving N
mines, UN:
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N-1
Ug= @+FN+E. T (D+ Fs)d N-I-1 (IV~7-196)
J=0

d. To be lost on encounter of the N 'th mine in
its path, the vehicle must survive N-1 mines and fail to survive the next
mine. If the first N-1 are survived "safely" (without loss of the special
equipment), the vehicle must fail to counter and fail to survive the next
mine. If the equipment has been lost on the first N-1 mines, simple ve-
hicle failure in the N 'th mine suffices. Thus, the probability of being
lost to mine N in the path is:

Ty = (0 + Fs)V1 - F . (1-5)

N-2
+#(l-s) - E - I (D+Fs)d gNJ-1 (IV-7-197)
J=0

Note that Tl reduces to F(1l-s).

e. To have exactly L mines (L> 0) left after a
breach attempt, given there were J mines (J >L) prior to the attempt,
the system must have failed to survive on encounter of the J-L 'th mine
in the path. Thus

Pp= I Cy Tyx for L> 0 (1v-7-198)
J >L+1

f. To have no mines left after a breach attempt,
either there were no mines originally or there was one mine (which could
destroy the system but in any case could not persist) or there were
J >1 mines and the vehicle survived J-1 of them. Survival of the last
mine is not required for its removal. Thus

Po=Co+C + I C; Uy, (1v-7-199)

J>1

& In this case, two levels of overall field
survival are possible. The vehicle can survive the field with loss of
the clearing equipment or the vehicle and equipment can survive intact.

Iv-7-99
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To survive intact, a "safe" survival must be made for the total number
of mines in the field. This will happen with probability Spt

S, = g C; (D + Fs)J (1v-7-200)

The overall probability of the vehicle surviving is given by

S=Co+ © Cj U (1v-7-201)
J>0

and thus, if desired, the probability of the vehicle surviving with loss
of the equipment must be S¢ - S.

h. Certain logical checks on the formulation are
of interest.

1l. The sum of resultant mine probabilities is
unity. That is ZIP = 1 if~ IC = 1. As in the other cases, this is
accomplished by looking at the resultant sum as a linear combination
of the input probabilities, IP =% 4 Cy. By inspection the coeffi-
cients a, and a; are equal to uniti. igain, by inspection

U, +

ap - 3 Ty for J21 (1v-7-202)

S

N=]

But this is simply the sum of the probabilities of either surviving the
J 'th mine or being lost on some mine up to and including the J 'th
mine for a given value J. By the logical definition of U and T this
must be unity. Thus ZIP must be equal IC.

2. If D and E are set to zero, such that

there is no effect of special equipment, the entire system of equations
reduces to the basic in-field model.

3. If D=1, the perfect countermeasure, Uy=l

and Ty=0 for all N. Thus P;=0 for L = 0, P =1 and S=Sp=1 as should be
expected. Likewise if E=1, the countermeasure that is lost on the first
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mine, the system reduces to the basic model with one less mine, as
should be expected.

(c) Special Equipment and Direct Fire. The third
extension of the in-field model is the logical combination of the
others. In this application direci fire effects are considered only
on the vehicle, not on the breaching equipment. The basic values C
and s are used, as are the R and r; of the direct fire variant and
the D, E, Uy and Ty of the special equipment variation. The basic
calculations are:

1l. To have L (L> 0O) mines left in a path after a
breach attempt, given some J >L mines prior to the attempt, the vehicle
must have failed to reach the first mine (J=L) or failed to survive its
encounter of the J~L 'th mine or, having survived its encounter of J-L
mines failed to reach the next mine. Combining appropriate conditional
probabilities with likelihood of realizing the various mine distributions
we obtain, for L greater than zero:

PL = CL (1 - rL)

J-L
+ z (o T T
gop 307 J-L
J-L
+ I C; U;. Q-ry for L>0 (1V-7-203)
J> L J

2. To have no mines left after an attempt, the vehicle
must have reached all mines in the field and have survived its encounter
of all but the last. Outcome of the last encounter does not affect this
probability which is:

P, = Co+ Cp Tp + cyjr, U (IV-7-204)

3. To survive intact, the vehicle must reach all mines
in the field and have a ''safe" encounter of all mines, and finally reach

the end of the field:

J+
spe L ¢y ox) 1+ re)? (Iv-7-2052)
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= gl/J+1

or, noting the definition of rJ

Sp=R* I C, (D+ Fs)” (IV~7-205b)
I

Similarly, the probability of the vehicle surviving the field (with or
without the equipment) is

S=R (C,u + £ C; U (IV~7-206)
J> 0

(4) Generalization. The basic in-field model and its exten-
sions, presented in the previous paragraph, treat cases of the situation
in which a single vehicle attempts to open one lane. This is generalized
to treat a unit making successive attempts on multiple potential lane
sites. To accomplish this, the appropriate in-field model calculations
are iterated, with the resultant distribution of mines from one pass
serving as the input distribution on the next pass. The initial pass
is made using the Poisson distribution to estimate the distribution of
mines on a path, based on the assumed random placement of mines over
the entire field. While iteration gives successive attempts, extension
to several lane sites is made through an expected value treatment which
is based on the assumption that lane sites are sufficiently separated
that the activity at one site will progress independently of other sites.
The logic to represent one vehicle's attempt at opening a lane, on each
lane site under operation, is treated in one pass of the hasty breach
model. A pass through the model logic includes four phases: initiali-
zation, in-field calculation, assessment, and scheduling the next pass.

(a) Initialization. There are four types of initiali-
zation involved in the hasty breach model. These are the pre-entry
initiations made within the countermeasure decision logic, initiali-
zation made on the first pass through the model, initiation on succes-
sive passes under repeated conditions and initiation on successive
passes under changed conditions. These are discussed below.

1l. Upon selection of the hasty breach mode as a
countermeasure, certain factors are determined from the countermeasure
decision data. The data itself consists of desired number of lanes,
sufficient number of lanes, vehicle to use, special breach equipment
item to use (if any), vehicle speed in the f ield and an avoidance
flag. Feasibility establishes ability to start work on at least the
sufficient number of lanes less any known to be open to the unit. The
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unit will initiate work on the number of lanes it has equipment for up
to the desired number, less any known open lanes. Thus, given lanes
desired, sufficient and open (Lg, Lp and Ly) the task is feasible if
the unit can work on Lg - Lo and the unit will work on as many as it
can up to Lp - Lo. Recall that Lg was less than Lg, or the unit would
have immediately started to cross on the open lanes. If the number of
lanes to work is Ly, this is passed on to the hasty breach model with
the other decision data. The first pass is scheduled for assessment
at time t, after any required delay time. The value of t¢ is simply
the time to cross the field based on field depth and the input vehicle
speed in the field.

2. The first pass through the hasty breach model
comes at the time of assessment of the direct fire exchange for a
period t. required by a breaching vehicle to cross the field. Ini-
tialization on the first pass includes setting the initial distribution
of mines in a path, calculating the vehicle and, if necessary, special
equipment survivability factors and possibly adjusting the number of
lanes the unit is to work onm.

a. Within the DIVWAG system, mines are treated
as being randomly distributed within a field with a density 7 :

P=N/L ‘W (Iv-7-207)

where P = mine density, mines /m2

N = total number of mines in the field

[l
]

field depth, meters

=
(]

field width, meters

The model treats a vehicle as sweeping out a path directly through the
field, where the area swept out is L - w, with w the overall width of
the vehicle. Then the average, or expected number of mines in the path
can be calculated as:

m= P L .w ' (IV-7-208)

Using the assumption of random placement in the field and, under the
condition that the path area is small compared to the total field area,
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and the total number of mines in the field is large, the distribution
of mines in a path prior to a breach attempt may be approximated by the
Poisson density function. Thus, the probability of exactly J mines
being in a path, prior to breaching, is taken as

e® pJ
€= =T

J=20,1, 2, ... N (1v-7-209)

While the density function, in theory, continues for an indefinite value
of J, it is for applications generally cut off when C; becomes negligible.
This happens quite rapidly. For example, if m=10, which is toward the
upper range of values expected in this application, C,; is approximately
0.00187. Calculations are actually cut off when C; becomes less than

10-6 which, in the case of m=10, will happen when J=29. If the hasty
breach attempt is made after a deliberate breach has been initiated but
halted, the value m is adjusted to reflect progress made in the deliberate
breach attempt. In this case the new value:

ml=m [f+ (1-£) ] (IV-7-210)

where ml = adjusted expected number of mines in path

m = original expected number of mines in path

f = fraction of path not cleared by the deliberate breach

C¢ = fraction of mines missed by deliberate breach on portion of

path cleared.
The values of f and C¢ are passed by the deliberate breach model when
needed.
b. All variations of the in-field model require

the value s, the probability that the breaching vehicle will survive

a mine in its path. For a given type vehicle, v, and a given minefield
this is calculated as:

i . vy (Iv-7-211)
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where nj = number of mines of type j in the field

N total number of mines in the field

Vsj = vehicle survival against mine type j.

TP

The values of Vg, are based on characteristics of the vehicle and of
the mine type j.” The input data required for the calculation of Vsj
includes:

P.-V, = probability that, if a mine of type j explodes at the track

. T
b - J of a vehicle type v, the vehicle 1s disabled.
4 PB-Vj = probability that, if a mine of type j explodes at the belly
‘ of a vehicle type v, the vehicle is disabled.
; PDUDj = probability a mine type j will fail to detonate, given proper
conditions for detonation.
: { PSEEj = probability a mine type j is seen and avoided. The counter-

P! measure decision data may contain a flag to disallow avoidance
under selected tactical conditions. 1f the flag is set,
P PSEEj will, for those conditions, be given a value of zero.

! Tg = for the given vehicle the ratio of total track width to total
’ vehicle width.

The combination of these variables represents the situation of the
vehicle encountering a single mine in its path in which:

+ The mine will be either at the vehicle's track or belly with
respective likelihoods of TR and (1 - Tg).

j * A mine that is not a dud and that is, in the data, credited with
] a track (belly) kill capability will detonate when passed over by
- the vehicle's track (belly).

+ To disable a vehicle the mine must not be seen and avoided and must
not be a dud.

Then
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c. If the use of special breaching equipment is
to be played, the appropriate survivability factors for this equipment
must be computed. These are based on the characteristics of the equip-
ment and mines to be played. The basic data required for an item of
breaching equipment include the track and belly width typically protected
for a vehicle using the equipment and, for each mine type j:

d; = probability the equipment will counter a mine of type j, with
no serious damage to the equipment, given mine in the equip-
ment's path.

ey = probability the mine will significantly damage the equipment,
given mine in the equipment's path,

If the full path to be swept out by the vehicle is not protected by

the breaching equipment, an adjustment is made to account for mines that
lie in the path of the vehicle but not the breaching equipment. This is
made under the assumption that if partial protection is being provided,
it will be provided at least in the vehicle's track area. Since any
protection provided is against track lethality, the adjustment factor
applied is the ratio of track lethality to overall lethality for the
given mine type j,

fj = TR . PT‘Vj (IV-7-213)
T + Pryy + (1-TR) Pp_yj

where Ty, Pr_vis Py_yy are values used to calculate the vehicle's
survivaEility %actor és . Finally, the factors for each mine are
combined over the totality of mines in the field to provide:

z

D= y ;1 . £y 44 (Iv-7-214)
z n

E= ﬁi * £y ey (1V-7-215)

Where n, = number of mines of type j, N = total number of mines and
fj =1 1f no adjustment was required.
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d. For each pass of the hasty breach model,
losses to direct fires of the breaching vehicle are calculated for
a direct fire exchange of duration t_,, time needed to cross the field.
Based on these losses, L,, and the number of vehicles of the breach
type involved in the front band as targets within the direct fire
geometry calculation, Oy, a survival factor, R =1 - L, / 0y, is
calculated. This is used as appropriate for the direct fire variatiouns
of the in-field model. If R = 1, these variations are not needed.

€. A unit could encounter a field and, in
attempting to breach lanes through the field, select paths beyond
the fields lateral boundaries. A breach attempt on such a path would
be successful on the first trial, although the crew of the breaching
vehicle would not know if the path were inside the field or a "free
path" beyond the field's border. Such free paths, external to the
field, are credited only on the first trial, if the fraction of the
unit front covered by the field is f.,, < 1. Then, if the unit had
started work on L, lanes it would be given

FP = Ly ~ I [fooy (Ly + 1)] (IV~7-216)

where the functional I [x] is the integer part of a real number x. The
operation of this function is such that a free path is given if a
fraction of the unit front at least 1/(L,+l) is open and, for each
additional increment of size at least 1/(L,+1) open an additional free
path will be found and the number of lanes worked for successive passes,
L, will be reduced accordingly.

3. On successive passes through the hasty breach
model, distribution of mines in the paths and vehicle and special
equipment survivabilities must again be established. In this case,
the distribution of mines in a path will be the residual probabilities
of the previous pass, which are simply stored and passed forward for
each pass of the model. The survivability of the fire effects other
than mines, R, is computed as discussed in paragraph g(4)(a)2.d. above
for each pass. Minefield vulnerability factors s, D and E do not
change unless the vehicle or breach equipment changes. These values
are stored and passed forward from the initial pass until an equipment
change necessitates recalculation. In that case, all three values
are recalculated, as for the initial pass, and the new values are
passed forward for any following passes.

(b) In-Field Calculations. After initialization, the
appropriate in-field model variant is called, depending on whether
special breach equipment is used and whether direct fire losses to the
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breach vehicle were experienced in the time of the breach attempt, tc.
This will represent one trial, or one vehicle attempting to breach on
each of the lanes being worked. The in-field routine is exercised
iteratively on each pass through the model. The first iteration pro-
vides the residual mine distribution, which will be saved and passed
on for the next pass through the model if required. The first itera-
tion also provides the probability of the vehicle surviving S; and,

if appropriate, the vehicle and special equipment surviving St, on this

pass. The model is then exercised iteratively to obtain estimates of

the survival probabilities on following passes, Sj and STj'

(c) Assessment. Three assessments are made by the hasty

breach model. First, losses to the breaching unit due to the field are

assessed. Secondly, the status of the breaching operation is assessed

to determine if the field has been breached. Thirdly, if the breaching
operation is to continue, ability of the unit to continue the operation

is assessed.

1. Losses. During a breach operation, the model

maintains a record for the breaching vehicle and the special equipment
item, if any, the number of items currently in the unit and the number
of those items which have successfully crossed the field. After each
pass of the model, these must be updated to account for items across
the field as well as losses. For the following, let:

TO, TL, TC = number of breaching vehicles in the unit lost in

the field due to mines on this pass and across the

field

Cos Cps Ce = number of special equipment items in the unit,

lost in the field on this pass and across the field

R = probability of breach vehicle surviving direct fire

S = probability of vehicle surviving breach attempt

St = probability of vehicle and special breach equipment

surviving breach attempt

Ly = lanes worked, after reduction for free paths, if
any, on first pass of the model

Lgy = Ly + free paths on first pass of the model, Lgp = Ly

on other than the first pass
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The essential bookkeeping problem is straightforward. After a pass of
the model, losses must be calculated and deleted from the strengths in
the unit and items which reach the other side of the field must be
tallied. Losses attributable to direct fires are assessed as direct
fires are assessed against the breaching vehicle, but not against any
other breaching equipment, so this must be accounted for. Vehicle
losses, in the field, on lanes other than free paths are calculated as:

losses = LW « (1-8) (Iv-7-217)

This figure, however, combines losses to direct fires with losses
directly due to the field. To separate these, we note that losses
due to direct fires must be Ly - (1-R) and so, losses due to mines
must be:

Ly (1-8) - Ly (1-R) (1V-7-218)

These_are deleted from the unit, giving a new quantity on hand, Tol,
as T,~ = T, ~ Tp. Vehicles crossing the field must be those starting
o across less any lost to direct fires less any lost to mines. Those
- lost to mines are available as Ty and those lost to direct fires are
- simply Lgt (1-R). In this case, all lanes are considered, including
any "free paths" in the first pass of the model. The new value of
vehicles across the field Tcl, is then simply the number across on
previous passes plus the number that survive this pass

Tel = Tg + Lgp = Lgy (1-R) - Tp,

= Tgc + R Lgp - T (IVv-7-219)

] ’ For special breaching equipment, losses to direct fires are not dealt
with in the direct fire assessment. The assumptions is made, in the
hasty breach model, that if the vehicle is lost to direct fires, the
special equipment may be considered lost to the breaching unit. The
algorithm used to compute losses to this equipment is:

C; = Ly (R-Sp) + Lgyp (1-R) (IV-7-220)
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Note that the first term represents losses due to mines, on lanes that
are not free paths, and the second term represents losses due to direct
fires suffered by all elements mak‘ng this pass. On other than the first
pass, when, Lw = LSTa this reduced to CL =Ly ° (l-ST). Since these are
total losses they can be immediately applied to the numbers in the unit
and across the field:

Cl=c,-cp (Iv-7-221a)

cl=ce+1g7 - ¢ (IV-7-221b)

2. Completion of Breach. A breach action is completed
if the unit has sufficient open lanes to cross the field. The minimum
sufficient number of lanes for passage of the field, under conditioms
at time of encounter, was provided in the countermeasure decision data.
To complete the breach attempt, the unit must open at least this number
less any known open lanes less any free paths found in the first pass
of the model. Thus if

lanes the unit must open

Ly

()
L}

sufficient lanes for passage

Lo = known open lanes 1

3

free paths
LN=LS-L0—FP'

The criterion for completion is having completed sufficient crials, or
passes through the model, to equal or exceed the expected number of
trials required to open at least Ly lanes. (Actually, since the number
of passes is an integer and expected number of trials a rational, the
breach is considered complete when the number of passes carried out is
at least within 0.1 of the expected value. Thus, for example, the

first pass will complete the action if expected number of trials is less
than 1.1.) The expected number of trials is: .

E,. = I J - PL (1v-7-222)

T J> 0 J
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where PL; is the probability of having sufficient lanes on trial J and
not on any previous trial. PL; is calculated as

J-1

PLy = PM; (1 - PLK) (IV-7-223)

)
K=0

where PL, is defined as zero and PM_ is the probability of having at
least the desired number, » of survivors on trial J. The values of
PM_, in turn, come from the assumption that, in an expected value sense
thé same trial is being conducted on each of L;; independent sites and,
at each site, the probability of the vehicle surviving trial J, S.,
applies. Under these assumptions, the binomial distribution applies.
That is, given Ly independent attempts of trial J, all with probability
SJ of success (survival), the probability of exactly I successes is:

Ly

-1
Pl Sy, L= 7 sk a-sp™ (1V-7-224)

Then the probability of Ly or more successes is simply unity less the
probability of fewer than Ly successes or

Ly - 1
N L I L, = I
=1 - W -
PM; = 1 5 (I> S, (-8 ™ (IV-7-225)

I=0

Thus, for any given trial ITRIAL in a sequence of trials, the probability
of having succeeded on previous trials PL; (J less than ITRIAL) is saved
and the probability of succeeding on triai ITRIAL, or later trials, is
predicted by obtaining the appropriate values of S from the in-field
model and solving for P (K> ITRIAL). If the resultant expected
number of trials has been satisfied, the breach action is complete.
The expected number of lanes opened in the action is computed as

« S ITRIAL and is added to the number of open lanes, if any, on this
minefield's barrier file. Thus, once opened, a lane is accessible to
all units of the opening unit's force. The unit is scheduled to pass
through the field on the number of lanes now open. If the breach attempt
is not completed, the unit will attempt to continue the attempt.

3. Breach Continuation. If a unit does not complete

a breach action, its ability to continue the action with another pass
through the model is assessed. To schedule another pass, the unit must
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have sufficient vehicles and, if appropriate, special equipment not

yet across the field to again attempt the effort on lanes. If

possible, the next attempt on Lw lanes is scheduled for time tc after

the current attempt. Otherwise, Lw is decremented, by one, and the

unit's ability to work on the reduced number of lanes is assessed.This con-
tinues until the unit is able to work on a reduced number of lanes or Ly
becomes less than Ly. If this fails, the original decision table used to select
this breach option is re-called and re-queried, starting with the

current option's position on the table. Decision table options are

again referenced, in turn. If an option calls for lanes and the unit

has L, + FP paths at least equal to the minimum sufficient number of

lanes, a passage on lanes is scheduled. If an option calls for another
hasty breach and the action is feasible, that is, the unit can work on

the specified (sufficient less open less free path) number of lanes,

this action is scheduled. Otherwise the next option is queried until

the table is exhausted at which point a withdraw action is scheduled.

h. Deliberate Breach Option. The deliberate breach option is
designed to represent a unit opening lanes in a field by the use of
explosive means. By the use of appropriate input data, it may also
be used to represent other mechanical or manual clearing techniques.
The unit is subject to direct fire assessments throughout the breach
action.

(1) General Approach. An incremental approach is used to
represent the deliberate breach option. For a given lane clearing
technique, the countermeasure option constant data base contains the
parameterization of a standard clearing increment in terms of the
depth of field cleared, amount of time required and quantity of
consumable items used for one increment. The model is, essentially,
a set of bookkeeping logic to schedule sufficient increments to clear
a lane through the depth of the field and to remove expenditures from
the units status file as they are made.

(2) Calculations. Upon each entry to the model, at least
one standard clearing increment is simulated. The calculations involved
are those required to assess the results of the last pass through the
model and to schedule the next pass through the model. The basic
logical flow is shown in Figure IV-7-20,.

(a) First Entry to Model. The first entry to the
deliberate breach model is made at the time the action is scheduled
to begin. Thus no assessments are to be made and the only action
required is scheduling the first pass, or first breach action on the
field. The first pass is scheduled to include the minimum number of
increments that will clear at least 25 meters into the field. Sched-
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Figure IV-7-20.
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uling, in this case, is simply a matter of setting the number of
increments N and the time for assessment of these increments,
larTsen .1

where Tl scheduled assessment time
T = current time of first entry

N number of increments to be assessed

Ty = time to accomplish one increment

(b) Equipment Expenditure. Each entry, other than the
first, into the model is at a time scheduled for assessment of some
N standard increments, scheduled in the previous pass through the
model. Assessment of expenditures is accomplished by subtracting
from the unit's status file those items used in the increments thus
completed. Thus, for a unit working on LW lanes, the amount of item J
to be subtracted is Sy = N +« LW . X; where X, is the expenditure per
standard increment as loaded within the coungermeasure data.

(¢) Lane Adjustment. As discussed for the hasty breach
option, at paragraph 5.g.(4)(a)2.e., above, a unit could select
potential lane sites beyond the lateral boundaries of an encountered
field. Discovery of such "free paths" is also allowed in the deliberate
breach model after the first pass, that is, after the assessment of at
least 25 meters depth into the field. As with the hasty breach model,
if free paths are discovered, the number of lanes the unit is working
on, LW, is adjusted accordingly.

(d) Field Status. Throughout the course of a deliberate
breach action the depth of the field currently open and remaining to
be opened is maintained. As each pass of N increments is completed,
the depth N - DI, where Dy is the depth cleared by a standard increment
is added to the depth currently open and subtracted from the depth
remaining to be opened. Once the depth remaining to be open is zero,
the lanes are considered clear and the number of lanes being cleared
are added to the number of open lanes on the barrier file record for
this barrier. Both forces are given intelligence of lanes opened
under this option. When the lanes are established as being clear,
passage through the field is scheduled as described in paragraph 5.i.
below.

(e) Continuation of Action. If the lanes under work are

not clear,'the unit's ability to continue the action is determined based
on equipment requirements. For major end items, a go/no go determination
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is made whereby the action may continue if the unit has LW * Y. of

item J where LW is the number of lanes under work and Y; is the number
of items required per lane as contained in the countermeasure data base.
For expendables, the number of increments the unit will be able to
sustain is computed for each item called for in the countermeasure data
base and the minimum of these is taken as the number the unit is capable
of carrying out. If this number Myyc is non-zero, then the unit may
continue its actionm.

(f) The number of increments scheduled for the next pass
is based upon the amount the unit is capable of, MINC’ the duration of
an increment, Ty, the depth of field cleared by an increment, DI, and
the depth of the field left to be cleared, Dj.

1. If increment duration T; is five minutes or more,
one increment is scheduled for the next pass.

2. 1f increment duration is less than five minutes,
the number of increments and time to clear the field are computed as

MCLEAR = DL / DI (rounded up to the next integer) and

ToLEAR ™ McLEar * 71

Then, if T L is greater than seven minutes, the number tentatively
scheduled Eszéﬁe number that can be completed in five minutes N = 5
minutes / T; (rounded up to the next integer). If T LEAR 1s not greater
than seven minutes, the number tentatively scheduled is N = McLEAR.

3. The number actually scheduled is then limited by
Minc» the number the unit is capable of. Time of assessment is then
calculated as current time plus the duration of the increments being
scheduled.

(g) If the current action cannot be continued, due to a
lack of resources, an attempt is made to find an alternate breaching
mode by referencing the countermeasure decision table that originally
called for this option. Decision table options are queried, starting
with the current option's position in the table, in an attempt to find
a feasible alternative. If an option calls for lanes and the unit has
open lanes plus "free paths' at least equal the minimum sufficient
number of lanes, a passage on lanes is scheduled. If an option calls
for work on no more lanes than those currently under work, and is a
feasible hasty or deliberate breach option, it is scheduled to work on
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the depth remaining to be opened. Otherwise the next option in the
table is queried. Once the decision table has been exhausted, a
withdraw action is scheduled.

i. Passage on Open Lanes.

(1) General. The simulation of a unit passing through a field
on open lanes is designed to represent the delay associated with a
maneuver unit passing its combat vehicles through a field when under
direct fire. The assumption is made that the unit will strive to
maintain unit integrity to the extent that unit motion will be cur-
tailed by the field until the major combat vehicles actively engaged
in the battle have cleared the field. Once this has been accomplished,
it is assumed that any additional unit vehicles will be able to cross
the field essentially unimpeded, behind the area of actual combat,
and will not restrict the forward motion of the unit's combat mass
being represented within the ground combat model. While the passage
of combat vehicles is in progress, fire of vehicles in the lanes is
curtailed but those vehicles already over the field or waiting to
cross will provide covering fires,

(2) Passage Delay Time. Passage delay time is computed as
a function of the number of combat vehicles which will cross the field,
depth of the field, number of lanes upon which the action is to take
place, and movement rates of the crossing vehicles.

(a) Combat vehicles whose passage of the field will affect
the crossing time are those vehicles, within the front band of the unit,
which are active in the Ground Combat Model exchange of direct fires
and which are identified as either tanks or APCs in the GCM data base.
Since there are at most eight weapon systems defined in this data base,
let the number of such vehicles of each type J be VFBJ, J=1, 2, ... 8
and let SVFB be the sum of VFB; over J. (Note for some J, VFBj may be
zero.) If the unit had knowledge of the field prior to the encounter,
some fraction of the unit front, Frgy, was established as being covered
by a barrier within the encounter logic. A proportionate fraction of
the vehicles is, in this case, treated as covered by the field and the
remaining vehicles do not affect the crossing delay if the unit initiates
passage upon encounter. Thus:

VCJ = FCOV ¢ VFBJ J = l, 2, e 8 (IV"7"226)

VU, = VFB; - VCj J=1,2, ...8 (IV-7-227)

IV~T7-116




Note that, if the unit does not initiate passage on encounter but

rather selects a breaching action, Fcoy is set to 1.0 and VC; = VFB

and VU; = ¢. If a hasty breach has been accomplished, some breaching
vehicles, VOJ, may already be over the field and the number to cross,

VCj, is reduced accordingly. Ultimately, we develop, for J =1, 2, ... 8:

VFBJ = number of front band weapon system J

J

VCJ = number of weapon system J which will cross field in lanes

SVFB = total of front band systems I VFB
J

4 SVC = total of systems to cross, E ve,
% : VU. = number of weapon system J "uncovered'" by the field

2 SVU = total of systems uncovered, § VU,

! VO . = number of systems of type J already over field

SV0 = total systems over field, 3 vo,

VFB, = VCJ + VUJ + VOJ (IV-7-228a)

SVFB = SVC + SVU + SVO (IV-7-228b)

(b) The crossing rate used for vehicles to pass over a
lane is taken as the average GCM limiting speed of the vehicles which
must actually cross the field. Thus, 1if the limiting speed for weapon
system J in the GCM data base is VJ, then the crossing rate is:

= 2 . - -
R 5 VCJ VJ / svc (1Iv-7-229)

(¢) The number of lanes used for passage is, if the
passage is initiated immediately on encounter of a known field, the
number of open lanes previously known to the encountering unit limited
by the maximum desirable number of lanes from the countermeasure

IV-7-117

e o LYV WL




decision table. The number of lanes used for passage after a breach
action is the number of open lanes known prior to the action (if any)
] plus lanes opened by the action plus any "free paths' found in the
course of the action. This total is, by the logic of the breaching
models, limited to the maximum desirable number of lanes in the
countermeasure decision table.

(d) 1I1f L lanes are available, then

P=SVC /L (1Iv-7-230)

P passes of a vehicle on each lane must be made to cross the field. The
value of P is rounded up to an integer to account for the possible
movement of fewer®than L vehicles on the final pass over the lanes.

If R is taken as the average movement rate within a lane, and passage

’ over a lane covers the field depth Dy plus some adjustment factor Dy

: for maneuver prior to entry and upon exit from a lane (an adjustment

: factor of 50 meters 1s currently used), then the amount of time required

! to cross the field is estimated as:

To=P2 (Dp+Dy /R (1v-7-231)

" (3) Interface with Direct Fires. The assessment of direct fires
1 continues while the unit is crossing the field. To account for the

relative inability of L vehicles to fire, at any one time, while actually

on a lane, a total of L vehicles is excluded from firing but continues

to be treated as targets for direct fires for the duration of the action.

The number of each system actually excluded from firing VEXCJ, is a pro-

rata portion of the total L:

i VEXCJ =VC; - L / svC (Iv-7-232)

; Remaining vehicles are generally treated as providing covering fire
from stationary positions. In the case where some portion of the
vehicles are not covered by the field (Frgy <1.), a pseudo-unit
; velocity is used in the direct fire assessment to account for the ;
| limit on the firing rates of these vehicles, which must maintain some i
motion to attain unit integrity when crossing vehicles have cleared
the field. This pseudo-velocity is the weighted average of the move-
ment rate required for these vehicles to cover a distance equal to
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the field depth and the zero movement rate of those vehicles covering
by fire but not moving. Thus

Verre = (OF / Tg) « SVU / (SVU + SC + SC - L) (1v-7-233)

(4) Scheduling and Completion of Action. The action is actually
scheduled, for purposes of direct fire assessment, in five minute incre-
ments with the restriction that a final increment of 1ess than 2 minutes
is to be avoided. Thus, if TC is less than seven minutes, and then the
remaining time is scheduled for the last increment. Once the required
time has elapsed the unit location is updated to a position on its
original line of movement a distance equal to the depth of the field
ahead of its position at field encounter and the unit resumes Ground
Combat activity in the basic (no barrier) cycle of operation.

j. Premature Termination of Barrier Interactions. A given battle
may terminate, due to a termination condition in the DSL Battle
Paragraph being satisfied on the expiration of a DIVWAG game period,
while a unit is involved with a barrier under control of the Ground
Combat Model. The DIVWAG System does not currently allow such an
interaction to be carried forward to another model or to be re-established
within another named battle. Thus the interaction must be terminated
upon battle termination. The procedures used depend upon the nature
and status of the unit/barrier interaction at time of the battle termina-
tion.

(1) Encounter Mode. If the battle is interrupted as the unit
is encountering a barrier, the unit will suffer discovery losses and
be given intelligence of the field. No countermeasure selection will
be made. Any time remaining for direct fire assessment will be assessed
as in a delay mode.

(2) Delay Mode. If the battle is interrupted while a unit is
in the delay mode, any scheduled countermeasuresare lost and the unit
may re-encounter the barrier, in another model or on re-entry to GCM.

(3) Bypass Mode. If interrupted while in a bypass mode, the
unit will be given the location it has attained in any bypass motioun.
Any remaining bypass action is lost and the barrier may be re-encountered
in a new model or on re-entry to GCM.

(4) Withdraw Mode. If interrupted while in a withdraw mode,
the unit is moved to its next scheduled withdraw point. The barrier may
be re-encountered.
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(5) Hasty Breach Mode. If a unit is interrupted while in the
process of a hasty breach operation, post-assessment of the action will
be made and the barrier file will be set to reflect the currently
expected number of lanes now opened by the breach action. The unit
may re—-encounter the field.

(6) Deliberate Breach Mode. An interrupted deliberate breach
action is post-assessed for the current scheduled increment. If this
completes the action, the barrier file is adjusted to show the open
lanes. If not, partial credit for the action may be reflected by con-

sidering L lanes open where:

L = LW (1 - Pyrss) Dopen / Dr (IV-7-234)
LW = number of lanes being worked

PMISS = fraction of mines missed in open area

DOPEN = depth of field now opened

DF = field depth

In any case, the unit may re-encounter the field.

(7) Passage. If a unit is interrupted while passing through
an open field, the unit is treated as though the passage were complete
if no more than five minutes of crossing time remains after post-
assessment of the currently scheduled increment. Otherwise progress
through the field is lost and the field may be re-encountered.
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APPENDIX A

GROUND COMBAT MODEL INPUT REQUIREMENTS

1. INTRODUCTION. This .appendix addresses the entry of data into the DIVWAG
data base to permit simulation of ground combat operations. Illustrations

of card formats, explanations of information to be entered in the various
card columns of these formats, the names of program variables, and other
reference information are provided to expedite the process of loading constant
data into the model prior to game play. The data entered in this segment

of the data base are constant, as are data treated in the previous chapters
of this section. This model is concerned with five major activities: (1)
unit geometry, (2) target acquisition, (3) firepower potential, (4) firepower
effectiveness, and (5) assessment of losses. Each of these activities is
explained in detail in this chapter.

a. Data Requirements. A commonality of data requirements exists between
the Ground Combat Model and the other models of DIVWAG involving firepower
and movement. The constant data are entered only once into DIVWAG; thereafter,
they are used by all models requiring common tvpe information.

b. Chapter Format. The initial paragraph of this appendix provides an
insight into contents of the appendix, its relationship with other chapters,
a broad description of the data base used by the Ground Combat Model, and a
description of the data deck structure. The later paragraphs describe how
the card formats are organized and explain the details of data entry. In
addition, an illustration and an explanation are given for the data deck
structure for the Ground Combat Model.

c. Data Base. The Ground Combat Model accesses common and unique
data files. Files of unit status, secondary weapomns, terrain, and weather
are examples of common data files shared with several DIVWAG models. Details
on these files are included in the NDIVWAG documentation. The unique file is
data file 39, Force Element Description, containing data on weapon svstems,
threats to friendly forces, and environmental factors. Detailed information
on data file 39 is covered in this chapter.

d. Data Deck:

(1) Essentially, two complete data decks are required to load data
file 39 with unique data required for the Ground Combat Model. Data deck 1
is a complete deck of the six card formats with as many cards of each as
necessary. In data deck 1, Blue is the attacker and Red is the defender. A
control card signals the end of deck 1, and deck 2 follows. In deck 2 Blue
is the defender and Red is the attacker. The data entered in deck 2 will be
only that which is changed from attacker to defender for Blue and defender
to attacker for Red. Each card in data deck 2 must be completed insofar as
it is necessary to do so. That which pertains to Blue for both attack a.
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defend will be utilized for both purposes and will be in data deck 1. That
which pertains to Red for defend and attack will be used for both purposes
and will be in data deck 1. If there are no changes from deck 1 to deck 2,
cards need not be prepared, only one data deck is entered; and the loading

program automatically loads identical data for the Red attacker, Blue defender
case.

(2) Each element (e.g., personnel, weapon, sensor) to be considered
by the Ground Combat Model must be assigned to a transport system such as a
tank, armored personnel carrier, or other type system. The equipment item
code is the unique method used to designate a specific type of transport
system. When personnel are the transport system (men transporting portable
weapons systems), then the item code of the weapon system is used.

(3) The four types of card formats concerned with the combat threat
and friendly forces are: (1) Weapon/Transport Systems Specificationm,
(2) Weapon System Specifications, (3) Sensor Specifications, and (4) Weapon/
Transport System Targets and Priorities. Each of these cards is discussed
in detail in the following paragraphs, and instructions are given for data
entries to apply to each.

2. WEAPON/TRANSPORT SYSTEM. The first of the card formats dealing with the
combat units of both friendly and hostile forces is the weapon/transport
system. The purpose of this card is to capture all the characteristics about
the transport system that will provide mobility for the firepower. Its
capability of being detected as a target by opposing forces and similar
related facts are called for in this card format.

a. Card Format. The format for this card is illustrated in Figure
IV-7-A-1, Transport System Specifications. The card format is divided into
three major sections. The first is the card tvpe, force indicator, and its
posture in combat. The second segment is for the first transport svstem
description. The third segment describes the second transport system.

b. Card Type, Force, and Posture (Columns 1-3). The number 1 has been
preprinted in column 1, Do not make any changes. Either an "R" for Red
forces or a "B" for Blue forces is to be entered in column 2., Any other
designator will cause the processor to reject this card. Column 3 will have
either "A" for attacker or '"D" for defender. Any other data entry will cause
the card to be rejected. 1In preparing data deck 1 it must be recalled that
"A" is for Blue attacking. When Red data are prepared for data deck 1 it
must always be for Red defending. Any other combination in data deck 1 will
cause these cards to be rejected by the processor. Data deck 2 will always
have the "B," Blue force, in "D," defense, and the "R," Red force, will be
in "A," attack. Data deck 2, as a rule, will be smaller than data deck 1
because only cards that contain changed data from attacker to defender for
Blue and defender to attacker for Red will be entered.
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c. Item Code of Transport (Columns 4-7), The transport item code and its
type are to be entered in these columns, Figure IV-7-A-2, Transport Types,
will be used to assist in preparing the type of transport, Eight transport
systems are authorized for the submodel data base., The transport systems
are the actual targets at which opposing fires will be directed within the
Ground Combat Model. When personnel are the transport system then the item
code of the weapon system is used.

Type Transport System
T Tank type vehicle
A Armored personnel carrier
A Wheeled vehicle and any other type vehicle

used to transport a weapon system

P Personnel

Figure IV-7-A-2, Transport Types

(1) 1Item Code (Columns 4-6). Enter the item code of the tramsport
system in these card columns. The item code is used so that this particular
type of transportation may be uniquely identified., If there is no item code
for a particular type of transport system, then its characteristics carmat
be entered in the data base; therefore, there must be an item code for each
transport system to be entered in these card formats.

(2) Transport Type (Column 7)., Select the code from Figure IV-7-A-2
and enter it in this column.

d. Dimensions of the Transport System (Columns 8-25). The dimensions
of the transport system form the area of target presentation to hostile forces
(see Figure IV-7-A-3, Target Dimensions). In describing this area, the area
of the lower box (Figure IV-7-A-3) is considered as though it were a tank,
including the hull and track; and the area of the upper box is considered as
the turret and its weapons. The following card columns ask for width, length,
and height of the lower box and upper box of the transport system. If the
transport system has no upper box-~the cab and body of a truck would be
considered as all being in the lower box--these entries will be left blank, or
zeros may be entered. In any event these dimensions are to assist in determin-
ing the area that the transport system presents as a target to hostile forces,
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These entries will be in feet. If the dimension is given as a fraction such
as 12-1/4 feet, change to decimals (12,25) and round off, in this case to

12 feet. Only whole numbers are to be entered in these card columns, and all
numbers are right justified.

(1) Length of Lower Box in Feet (Columns 8-10). Enter the length
in feet of the lower box of the transport system. If this is a truck, then
consider overall dimensions as the lower box.

TARGET DIMENSIONS

T

HEIGHT,
LOWER
80X

4

- ——

[}
le——————o LENGTH, LOWER BOX —_—

Figure IV-7-A-3, Target Dimensions

(2) Width of Lower Box in Ieet (Columns 11-13), Enter the width in
feet of the lower box,

(3) Height of Lower Box in Feet (Columms 14-16). Enter the height
of the lower box in feet.

(4) Length of Upper Box in Feet (Columns 17-19). Enter the length
in feet of the upper box, or turret in case of tank. If there is no upper
box or turret, then leave blank or fill with zeros.

(5) Width of Upper Box in Feet (Columms 20-22). Enter the width of

the upper box in feet in these card columns, If there is no upper box, such
as for a truck, then leave blank or enter zeros.

1IV=-7-A=-5
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(6) Height of Upper Box in Feet (Columns 23-25). Enter the height
of the upper box in feet. If there is no upper box, then leave blank or
fill with zeros.

e. Reflectance, Personnel, Pinpoint Probability, and Mobility Class Rate
(Columns 26-37). The values entered in these columns are related to the
amount of light reflected by the transport system, the probability that it can
be pinpointed the first time that its primary weapon is fired, the number of
personnel associated with the system, and the mobility characteristics of
the transport. The personnel figure is used in part of the calculations
for casualties. If a transport item is assessed as a kill in the model, the
personnel associated with the system become casualties, The mobility class
rate figure is used to determine the number of transports which must be moving
in order to sustain the ordered unit velocity. No transport is ever allowed
to move faster than its mobility class rate.

(1) Reflectance (Columns 26-28). Enter the reflectance factor for
this type of transport system. For example, (see Table A-2, page A-9,
Volume II, CRESS User's Handbook). This is a decimal fraction, left
justified. For example, if the reflectance factor is 0.12 enter 120 in
columns 26-28,

(2) Personnel Numbers (Columns 29-31). Enter the number of personnel
associated with this vehicle.

(3) Probability of Pinpointing (Columns 32-34), The probability of
being pinpointed is to be entered here to three decimal places. 1If this
probability 1is expressed as four decimal places, such as 0.2321, the data will
be rounded off to three digits and entered without the decimal; thus, it
would appear as 232 with the right figure 2 being entered in column 34, 1If
the figure for probability were 0.23, this would be entered as 230 with the
trailing zero,

(4) Mobility Class Rate (Columns 35-37). Enter the combat mobility
class rate of the transport in kilometers per hour. The entry should be right
justified and cannot be zero.

3. SPECIFICATIONS FOR THE WEAPON SYSTEM:

a. . General:

(1) The weapon system 1s to be described and its performance
characteristics recorded in the card columns of this format. The weapons
are transported about the battlefield on the transport system described in
card format 1 with the identifier of 3901. Reference will be made to that
transport system so that it may be referenced in the data base. Further,
when the transport system has been destroyed, the weapon systems mounted on
it also are destroyed. In addition, the personnel associated with that
transport system are casualties, and the number of rounds of ammunition
aboard the transport system are also lost.
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(2) As in the case of the tramsport system there are to be two decks
of cards; the first deck has the Blue force attacking and the Red force
defending, and the second deck has the Blue force defending while the Red
force is attacking. This procedure is established so that those preparing
the card entries will be aware of all data that must be entered and can take
into consideration all the factors that are dependent upon the combat posture
of the force they are describing (attack or defend). This procedure also
eliminates redundent work in that only essential differences between attack
and defend postures need bpe entered. For example, in attack or defend, there
will be no difference in the dimensions of the upper or lower boxes of the
transport system. Once these data are entered for Blue attacking with Red
defending, there is no need to enter identical data the second time for Red
attacking and Blue defending. Also the reflectance and probability of being
pinpointed the first time that the primary weapon fires is the same whether
Blue is attacking or defending. If, however, a single data entry is changed
for an item code, all data must be repeated for that item code.

(3) It was mentioned in paragraph 2c that a maximum of eight tramsport
systems could be entered in the data base. These same constraints place an
upper limit of 16 different weapon and transport system combinations. Com-
binations may include an arrangement of weapons, ammunition, and transport
system; therefore, a maximum of 16 card types 2 may be prepared. Any greater
number will cause all after number 16 to be rejected.

b. Card Format. Figure IV-7-A-4 Weapon System Specifications, illustrates
the format of this card type. The card has four major sections: (1) the
card type, force indicator, and combat posture (attack or defend), (2) system
identification through a series of codes, (3) aim and fire time with rounds
per minute, and (4) ammunition weapon system range and accuracy. The code
for the transport system must have already been entered in card type 1 and the
system completely described. If this is not done, then the processor will
reject the data,

c¢. Card Type, Force, and Posture (Columns 1-3). The preprinted figzure 2
is entered in column 1. Make no change in this number. In column 2 the
letter "R" for Red force or "B" for Blue force is to be entered, and no other.
I1f this entry is not made the data will be rejected by the processor. "A"
for attack or '"D" for defend is to be entered inr column 3. If this is data
deck 1 and for Blue forces, then "A'" must be entered and none other. If this
is data deck 1 and for Red, then '"D" must be entered in column 3 and none
other. For data deck 2 the Blue force will have the letter "D" entered in
column 3 and Red will be "A." Failure to follow this procedure will cause
the deck to be rejected by the processor.

d. System Identification (Columns 4-12), The item code of the combined
ammunition system, weapon system, and transport system are to be entered here.
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It is essential that the transport item code be entered and completely described
in card type 1 of the 3901 series.

(1) Weapon System Code (Columns 4-6). Enter the item code of the
weapon system carried about the battlefield by the transport system described
in format 1.

(2) Ammunition Code (Columns 7-9)., Enter the item code of the
ammunition that is designed to operate with this weapon.

(3) Transport System Code (Columns 10-12). Enter the item code of
the transport system as it was entered in card format 1.

e. Weapons Characteristics (Columns 13-18). The average time to aim and
fire a round and the sustained rate of fire in rounds per minute are desired
in these card columns.

(1) Average Time in Seconds (Columns 13-15). Enter the average time
in seconds to aim and fire a round from this weapon. If the time is expressed
: as seconds and fractions, convert fractions to decimals and round off to one
§ decimal place. Thus, if the time were 2-1/8 seconds the decimal equivalent
i would be 2,125 rounded to 2.1 and entered beginning in column 14 with no
decimal point. If the time were 2 seconds, then the trailing zero would be
entered, with 20 being the figures to be entered in columns 14 and 15.

(2) Rounds per Hour (Columns 16-18). Enter the number of rounds per
hour that can be fired from this weapon at a sustained rate considering

the actions of the crew and the mechanical capabilities of the hardware.

f. Range and Probabilities of Hits (Columns 19-72). The range in meters,
probabilities of a hit at that range, and the time of flight at that range
are the entries to be made in these columns. These data should be fixed in
relation to maximum and minimum range of the weapon; thus, the shortest range
will be minimum and longest range will be maximum. It is desired to have six
sets of data; that is, select six ranges for which data have been provided in
terms of probability of a hit and the time of flight. The hit probability is
based on a stationary NATO target of 7-1/2 x 7-1/2 feet. If information is not

available on six sets of range data, then five, four, or three sets will
suffice. A minimum of two sets of data is required. For those sets of data
' that are not completed the card column may be left blank, or zeros may be

i entered.

(1) Meters in Range 1 (Columns 19-23). Enter the meters for range
value 1 in these card columns. All figures are to be whole numbers and right
justified.
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(2) Probability of a Hit (Columns 24-25). Enter the percent
probability of a hit at this range. Whole numbers are to be used; and if
the probability is expressed in three digits, it is to be reduced to two by
rounding off; thus, a percent probability 98-1/4 would be converted to 98.25,
rounded to 98, and entered in column 24-25.

(3) Time of Flight (Columns 26-27). Enter the time of flight
expressed in seconds. Only whole numbers are to be entered, and the rule
expressed in subparagraph (2) above will be followed.

(4) Additional Data Sets (Columns 28-72). Five additional sets of
data defined exactly as that for items (1) through (3) above may be entered
in these card columns.

4. SPECIFICATIONS FOR SENSORS. A means of detecting targets must be provided i
tor each weapon system and its transport. These means may be the unaided eye i
of an observer or more complex sensor systems. The sensor systems may be
employed on more than one weapon and its transport means; therefore, after

the performance characteristics of the sensor are described, entries must

also be made indicating the percentage of these sensors that are associated
with each of the weapon systems. The transport system is the key in that if
the sensor is aboard that transport it is used as a means for detecting targets
for all weapons. The sensor is the target detecting capability of the friendly
force. It is one of the combat items of equipment that will be lost should

the transport system be destroyed. The data decks for sensors are also divide.
into two sets. One is the situation of Blue attacking while Red is defending.
The second data deck is Red attacking with Blue the defender. In the second
data deck only the changes that may occur when Red attacks or when Blue

defends need be entered.

a. Card Contents. The four segments of this card format are illustrated
in Figure IV-7-A-5, Sensor Specifications. The first segment is the card type
with force designator. Second is the combat posture of the force described
(attack or defend) and the item code of the sensor. The third segment contains
the essential performance characteristics of the sensor, and the fourth is
the means of transport about the battlefield. A constraint should be placed
on the number of sensors that are to be carried about by one transport system.
The rule should be that there will be no more sensors aboard a transport
system than there are personnel to man them. The crew must continue to serve
the crew type weapons; however, one individual may be taken from this category
while the driver and assistant driver, if they are not assigned crew duties,
may assist in the manning of sensors.

b. Card Type and Force (Columns 1-2). The number 3 has been preprinted
in column 1. Make no changes in this entry. In column 2 enter only "R"
for Red or "B" for Blue. Any other entry will cause card rejection.
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c. Sensor Code and Combat Posture (Columns 3-6):

(1) Combat Posture (Column 3). Only the following alphabetic
characters will be entered: "A" for attacker or 'D" for defender. Any other
character or character omission will cause the card to be rejected. "A" is
entered in data deck 1 for Blue only and in data deck 2 for Red only. 'D"
is entered in data deck 1 for Red only and in data deck 2 for Elue only.

(2) Sensor Code (Columns 4-6). Enter the item code of the sensor
selected.

d. Sensor Characteristics (Columns 7-24). A separate card must be
prepared for each type sensor to be entered in the data base. For each type
sensor there are six items of performance information that are to be obtained:
time of day for sensor employment, range in meters for two different ranges
(preferably minimum and maximum, but not necessarily so), the probability of
detecting the hostile target at each range, and the mean time to detect and
report.

(1) Time of Day for Sensor (Column 7). The time of day for the
sensor to be employed is listed in Figure IV-7-A-6, Sensor Employment. Select
the period of best performance for the sensor, look up its code in Figure
IV-7-A-6, and enter that letter in this card colum.

Code Time of Day for Sensor Performance

D Daylight operations are optimum for this
sensor. Night performance degrades
capability to unacceptable level.

N Night operations are optimum for this
sensor. Daytime performance degrades
capability to unacceptable level.

B Both day and night are optimum times for
operation of this sensor. It is used
around the clock.

Figure IV-7-A-~6. Sensor Employment
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(2) Range in Meters (Columns 8-12). Enter in meters the range of
detection for this sensor. This entry will determine the distance from the
transport system for detecting hostile units.

(3) Probability of Detection (Columns 13-14). Enter percent
probability of detecting a target at the stated range. If the percent prob-
ability is expressed with a decimal, such as 98.2, round off to an integer
number and enter in these card columns; thus, the 98.2 would be 98 entered
in columns 13-14.

(4) Range in Meters (Columns 15-19). Enter the range for the second
point selected for sensor target detection and recognition. Only whole
numbers are to be used, and fractions or decimals will be rounded off.

(5) Probability of Detection (Columns 20-21). Enter the percent
probability of detecting a target at this range using the technique explained
in paragraph d(3) above.

(6) Seconds of Elapsed Time to Detect and Report (Columns 22-24).
Enter the time in seconds to detect, recognize, and report a target. If this
time is reported as fractions of seconds it should be converted to decimals
and rounded to the nearest whole number; thus, the time elapsed may be 12-1/4
] seconds. This would be converted to 12.25 and, when rounded, would be 12.
‘ The data entry appears as 12 with the decimal point omitted. If the entry
were 12.5 seconds the entry would appear as 13 with no decimal entry,

e. Weapons System Sensor Utilization (Columns 25-72):
(1) General:

(a) Three factors are to be considered in preparing these data
items., First, the number of semsors assigned to a unit may not provide for
each transport to have a particular sensor type; thus, the sensor-to-transport
ratio is required. Second, the doctrine of employment may not call for the
sensor to be employed more than a certain fraction of the time as a counter-
measure, due to battery drain, or for other reasons. Finally, the number of
personnel required to operate the sensor may be such that it cannot be operated
continuously but must be turned off to allow the personnel to operate other
items of equipment. In order to prepare these data a simple work sheet is
suggested for each transport. This work sheet is shown in Figure IV-7-A-7.

(b) There can be up to nine types of sensors, exclusive of
visual, per transport; thus, one row of the work sheet should be prepared for
each sensor assigned to a particular tramnsport. Data for visual detection
should not be included. The next column should contain the basis of issue
reduced to the ratio of sensors to transports; e.g., if the basis of issue
is two sensors per platoon of five tanks, the ratio would be 0.40 sensors
per tank. The next colummn should contain the fraction of usable time that
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Weapons System Transport Item Code

Number of observers per transport

WEAPONS SYSTEMS SENSOR UTILIZATION WORK SHFET

Sensor
Item Code
1

Fraction of

Sensors per Usable Time
Transport Turned On
2 3

Sensor
Utilization
4

W 00~ 0 U ~wWw k-

TOTAL SENSOR UTILIZATION

Total Sensor Utilization cannot exceed number of observers per transport

Figure IV-7-A~7, Weapons Systems Sensor Utilization W
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the sensor is turned on. Usable time is defined by the entrv in column 3 of
Figure IV-7-A-5, On the work sheet multiply colum 2 by column 3 and place the
result in column 4. After all sensors assigned to this transport are filled
out, the total of column 4 is computed. If this total exceeds the number of
observers, the fraction of usable time that some of the devices are turned

on must be reduced until the total sensor utilization does not exceed the
number of observers.

(2) Transport System (Columns 25-27). Enter transport system item
code., This number must have been included among those filled in on card type
1 for transport system.

(3) Sensor Utilization (Columns 28-30). Enter the sensor utilization
from column 4 of the Weapons System Sensor Utilization Work Sheet for the
transport.

f. Additional Transport Systems (Columns 31-72). The remainingz card
columns in this segment of the format are to be completed using the instruc-
tions as given in paragraph e above. Make certain that all known transport
systems that have this sensor are included. If there are not enough transport
systems to fill in all card columns on this card, then they may be left blank
or zeros filled in.

5. TARGETS AND THEIR PRIORITIES:
a. General:

(1) Weapons and their ammunition are effective against specific
hostile targets. The identification of the weapon and its ammunition in card
type 2 was the first step in specifying the weapon, ammunition, and target.
The weapon and ammunition characteristics are now identified for each target.

(2) Target priorities are assigned numerically as 0 through 8, with
1l being the highest. The assignment of target priorities to a specific weapon
must be such that there is no gap in priority assignment; that is, target
priorities 1, 2, and 4 may not be assigned for a particular weapon, with the
idea that priority 3 would be awarded later to another target to be played
later in the game. This procedure is unacceptable; the weapon would only
fire at its first and second priority targets, and the fourth would never be
fired on even though it might be the only one in view for a considerable time.
A zero priority target is never fired on.

(3) Priority assignment is made only to distinguish between two or
more targets that may appear at the same time. As a rule the highest priority
is assigned to the target for which the combination of weapon and ammunition
has the greatest probability of kill. Lower priority targets are those for
which the combination weapon and ammunition has a lesser probability of kill.
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(4) As rounds of ammunition are expended, the commander of the force
must take steps to drop the lower priority targets from the firing order.
Those that have the greatest threat to the friendly forces, or for which this
weapon has greatest kill probability, must be the last to be dropped. This
same logic must be provided in the model; therefore, in this card format the
data preparer enters the percentage of remaining ammunition that would cause
the commander to issue orders to drop certain targets from the firing order.
The largest percentage must be associated with the lowest priority. As soon
as one target is drspped from the weapon's firing list all other targets of
the same priority or lower priority are also dropped. Percentages may be
specified for a maximum of four priority levels.

b. TFormat of Card. The four segments of this card are illustrated in
Figure IV-7-A-8, Target Priority and Vulnerability. The four segments are:
card type and force indicator, combat posture and system, target identifica-
tion and priority, and accuracy of weapon system. This card is designed to
contain the data for only one weapon system and one target type. If a weapon
system has more than one assigned target, additional cards must be prepared.
The data must be available for two or more ranges (two is the lower limit).
The remaining columns may be left blank, or zero fills may be made,

c. Card Type and Force Designator {(Columns 1-2). The number 4 has been
preprinted in column 1 as shown in Figure IV-7-A~8. Make no changes. For colv=
2 enter either "R" for Red force or "B" for Blue force and no other type
entry. Failure to do so will result in rejection of the data from the system.

g d. Weapon System Identification (Columns 3-12). The complete identification
| of the system requires the code of the transport, weapon, and ammunition.
i These are asked for in the data set bounded by columns 3-12.

(1) Combat Posture (Column 3). Enter an "A" for attacker if this is
the Blue force for data deck 1. Enter "D" for the Red force for data deck 1.
For data deck 2 enter "A" for Red, and enter "D" for defender for Blue.

(2) Transport Code (Columns 4-6). Enter the item code of the
transport system for a maximum of eight transport systems.

il o0

(3) Weapon System Code (Columns 7-9). Enter the item code of the
b weapon here. This must be one of the weapon systems recorded in card format 2.

(4) AmmunitionCode (Columns 10-12). Enter the item code of the
ammunition associated with this weapon system.

R T r g

e. Target Priority (Columns 13-20). Data in this segment of the card
deal with the equipment of the hostile force that presents a target to
friendly forces.

IV-7-A-16
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(1) Target Code (Columns 13-15). Enter the item code for the hostile
force target. A maximum of eight targets can be identified. Bear in mind
that the target is really the transport system. The other items of equipment
carried on board that transport system are lost when the transport system is
lost, but all are considered operational as long as the transport system is
operational.

(2) Priority of Target (Column 16). Enter the priority assigned
this target, ranging from 1 (highest) through 8 (lowest). These priorities
must be made in numerical sequence, and there can be no gap in priority
number assignments. This column may be left blank for zero priority targets.

(3) Percent of Ammunition on Hand to Drop Target (Columns 17-20).
Enter the percent of total authorized rounds that would cause the commander
to drop this target. If the target were the highest priority target for the
weapon system, then zeros could be entered; the weapon would be fired at that
target until all ammunition was expended. Enter only a whole number. If the
data are in decimals, round off to the nearest whole number. All entries are
to be right justified.

f. Target Vulnerability (Columns 21-62). A series of range values is
asked for in relation to this target, weapon, and ammunition. At least two
of the ranges must be given, and as many as six are desirable. If data are
not available, columns may be left blank, or zeros may be entered.

(1) Range in Meters (Columns 21-25)., Enter the range in meters for
this target.

(2) Probability of Kill (Columns 26-27). Enter the probability of
a kill given a hit on this target at the range indicated.

(3) Additional Ranges and Probabilities (Columns 28-62). Each of
the additional data sets calls for information similar to that of items (1)
and (2) above.

6. LINE OF SIGHT. The visibility between two points on the battlefield

during day or night and under a variety of envirommental conditions is of
utmost importance to direct fire weapons in combat operatiomns. This card
format is illustrated in Figure IV=-7-A-9, Line of Sight. During this discussion
frequent reference is made to posture 1 and posture 2. Posture 1 assumes

that the target is advancing at its maximum velocity. To do so usually means
that the target is exposed, presents some contrast with its background, and

is more readily de:ectable. In posture 2 the target is assumed to be stationary
and partially concealed. Naturally, the latter is a more difficult target to
detect than is a target in posture 1. In each instance the terrain specifica-~
tion factors are desired for personnel and for vehicles, both of which will

be defined in posture 1 and posture 2. All ‘line of sight conditions are
expressed in meters. Only one card is required.

IV=-7-A-18
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a. General. 1In good terrain with no forestation to obstruct the view,
there is a higher probability of line of sight at long ranges than would be
the case were forestation present. Similarly, if the terrain is considered
bad and has a2 number of possible defilading features, the probability of
line of sight is considerably reduced. The following methodology may be
used to generate terrain dependert line of sight data.

(1) Select a terrain cell of arbitrary size of each type (i.e., good
or bad). Through this cell construct an arbitrary line and record the
location and elevation of all contour lines at the points wh=zre they intersect
the line.

(2) The resulting measurements provide a map profile along the line
being considered. In the case of forested terrain the tree tops may be
assumed to form another profile at a constant distance above the first. Line
of sight in this representation is said to exist if the line between the
observer and the target does not intersect either the earth profile or the
elevated profile corresponding to the tree tops.

(3) The resulting profile(s) may be computer analyzed to find the
frequency of line of sight as a function of observer-target separation. The
analysis considers a fixed observer height and different target heights for
personnel and vehicles. For a large number of random sets of observer and
target locations along the map profile a record is maintained of the fraction
of the times the line from the top of the observer to the top of the target
does not intersect the profile(s) for several intervals of observer-target
separation.

(4) The probability of line of sight is computed by the Ground
Combat Model by the following equation:

— -2r/Tt
PLos = (1 + 2r/r) e

where r is the observer~-target range and T is an empirical value derived by
considering the best fit of the equation to the map analysis output. An
example of the empirical fitting process for the case of a vehicle in good
forested terrain is depicted in Figure IV-7-A-10. The resulting value of T for
this analysis was found to be 650 meters.

b. Card Type (Column 1). Figure IV-7-A~9 portrays the number 5 in colummn
1, Make no change in this number as it distinguishes the data entered into
this card from that of other cards.

¢. Condition (Column 2). The condition refers to good or bad type of
terrain. For good terrain enter the number 1. For bad type terrain enter
the number 2.

d. Terrain Specifications (Columns 3-34). The specifications for terrain
are predicated on the entry of the number 1 or 2 in column 2. These data are
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Figure IV-7-A-10, Probability of Line of Sight versus Range
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used as part of an equation that solves for the probability that an observer
will detect a priority target in his area of responsibility.

(1) Posture 1 Personnel (Columns 3-~6), For nonforested area with
personnel moving at maximum velocity toward the observer, enter T that
represents this situation expressed in meters.

(2) Posture 1 Vehicles (Columns 7-10). For nonforested area with
vehicles moving at maximum velocity directly toward the observer, enter T
that represents this situation stated in meters.

(3) Posture 2 Personnel (Columns 11-14). For a nonforested area
with personnel stationary and partially concealed enter T for the line of
sight calculation in meters.

(4) Posture 2 Vehicles (Columns 15-18). Enter T in meters for a
nonforested area with vehicles stationary and partially concealed.

(5) Forestation Tosture 1 Personnel (Columas 19-22)., For personnel
moving at maximum velocity directly toward the observer in forested terrain,
enter ¥ that equates to this line of sight condition in meters.

(6) Forestation Posture 1 Vehicles (Columns 23~26). For vehicles
moving at maximum velocity directly toward the observer in forested terrain,
enter r that equates to this line of sight condition in meters.

(7) Forestation Posture 2 Personnel (Columns 27-30). For a forested
area with personnel stationary and partially concealed enter T equated to this
condition expressed in meters.

(8) Forestation Posture 2 Vehicles (Columns 31-34). For forested
area with vehicles stationary and partially concealed enter T equated to this
condition expressed in meters.

e. Second Terrain Condition (Columns 35-67). The second terrain conditio
to be specified in these card columns is to be different from that specified
in the first segment of the card. The figures 1 and 2 indicate the different
terrain situations that contrast between the first and second segment of the
card. The definition of terms and intent of labels are identical with that
used for the data entry instructions for columns 2 through 34 in this format.

7. HORIZON AND BACKGROUND. As part of the information needed in solving for

the probability of detecting a target, the factors for illumination and back-
ground reflectance for three seasonal conditions must be taken into considera-
tion. Figure IV-7-A-11, Horizon and Background, illustrates the card format used
for this purpose. The card is divided into four major segments. Each of the
first three segments has identical columnar heading titles., The instructions

for entering data in the first set of card columns, 2 through 12, are identical
for entries in columns 14 through 23 and 25 through 34. Normally a war game

IV=7=-A-22
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will span a brief period of time within a single season; therefore, it is
expected that a single set of data pertaining to that season will be entered.

a. Type of Card (Column 1). The number 6 has been preprinted in this
card column. Make no change as this number distinguishes all data in this
card.

b. Background Reflectance (Columns 3-12). Each set of data in this card
has data entered to provide contrast in summer, autumn, and snow conditions.

(1) Season (Column 3). Enter the code for the season of the year
in this card column. Consult Figure IV-7-A~12, Table of Seasons and Codes, and
insert the appropriate code number in this column. Only one of the three
numbers may be entered in this column. Failure to enter a number will cause
rejection of the card and its data. All succeeding entries in columns 3
through 12 are dependent upon the number entered in this column.

Code Season
1 Summer
2 Autumn
3 Snow

Figure IV=7-A-12, Table of Seasons and Codes

- (2) Barren (Columns 4-6)., Enter the factor developed for a barren
countryside with the seasonal condition entered in column 3. This entry is
all numeric and right justified.

(3) Sparse (Colummns 7-9), Enter the factor that has been determined
for sparsely covered countryside with the seasonal condition indicated in
column 3,

(4) Thick (Columns 10-12). Enter the factor for thick vegetation
with the given seasonal condition,

¢. Sky-ground Ratio (Columns 37-45)., Data in this segment of the card
deal with the relative brightness of the horizon and background for three
illumination conditions.

(1) Into the Sun (Columns 37-39). Enter the sky-ground ratio for
an observer looking toward the sun. The decimal value should be rounded to

IV-7-A-24
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one decimal and entered right justified without the decimal, For example,
if the sky-ground ratio is 3.27 enter 033 in colummns 37-39,

(2) Sun Overhead (Columns 40-42)., Enter the sky-ground ratio for
an observer who has the sun overhead.

(3) Away From the Sun (Columns 43-45). Enter the sky-ground ratio
for an observer looking away from the sun.

d., Minimum Front-to-Front Separation (Columns 47-51). Datum in this
segment of the card defines the minimum front-to-front separation distance
between units in ground combat. Enter the minimum front-to-front separation
distance in meters, If no value is entered, a minimum front-to~front
separation distance of 50 meters is assumed.

8. GROUND COMBAT DATA DECK STRUCTURE. This paragraph describes the data
deck structure for constant data input used in the Ground Combat Model. The
cards making up the deck and the order in which they must be read into the

DIVWAG Model are discussed.

a. Ground Combat Constant Data Input Cards. These cards are listed in
Figure IV-7-A-13, It may be recalled that each card format is initially
prepared with the Blue forces attacking and the Red forces defending,
followed by the Blue forces defending and the Red forces attacking, In the
Blue defend and Red attack cards, only that information which changed from
the previously entered information need be used. Thus, there are four sub-
decks of the Ground Combat constant data input; in order of data processing
entry, they are Blue attack, Red defend, Blue defend, and Red attack,

Card Card Load
Type Card Title ID | Program Name
1 Transport Specifications 3901 GCMLD
2 Weapon System Specifications 3901 GCMLD
3 Sensor Specifications 3901 GCMLD
4 Target Priority and Vulnerability | 3901 GCMLD
5 Line of Sight 3901 GCMLD
6 Horizon and Background 3901 GCMLD

Figure IV-7-A~13. Ground Combat Constant Data Card Input
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b. Creating Ground Combat Constant Data File. The Ground Combat constant
data file is created by reading in the data deck structure as shown in
Figure IV-7-A-14. The input cards, the card type number, its identifier, and
the name of the load program are listed in Figure IV-7-A-13.

(1) Structure of Ground Combat Overall Data Deck. The overall data
deck of Ground Combat consists of four parts as illustrated in Figure IV-7-A-14
at the right hand side. Entered first is the data on Blue attack; then Red
defend, Blue defend, and Red attack. TFollowing Red attack is the 9 card,
which indicates the end of file data for data file 39.

(a) Subdeck Structure. Each of the subdecks, such as shown at

the right of Figure IV-7-A-14, is composed of card groupings as shown on

the left of the figure. In each subdeck the first series of cards is the line

of sight cards, They are followed by the horizon and background cards,

and so on until the six sets of cards have been entered in each of the sub-

decks., The line of sight card, for example, is the first to be entered in

any of the subdecks. The number 5 at the far left of this card deck is

the card type number, The 3901 at the right of the line of sight card is

the identification number, in which 39 is the file number and 01 is the card
. format. This same identification scheme is used throughout the subdeck
structure,

(b) Grouping the Subdeck Cards. As the cards are punched and
verified they are to be arranged in the subdecks but arranged by subdeck
structure; thus, the last series of cards entered in a subdeck are those
for target priority and vulnerability, All cards with the type number 5
in colum 1 and the numbers 3901 punched in columms 73 to 76 would then be
grouped together and would form the last section of each of the subdecks.

(2) Order of Subdecks. The subdecks of Ground Combat Model constant
data input are ordered for entry as illustrated in Figure IV-7-A-14, The
order in which the cards within each subdeck is arranged is the user's
choice. The computer load program does not seek a fixed sequence of cards
within the subdecks. It does, however, expect that the subdecks will be
ordered as illustrated in Figure IV-7-A-14,

(3) Generation of Printouts. After the data decks are entered, a
set of printouts is generated. These printouts are discussed in Appendix C
to this chapter,

¢. Updating the Ground Combat Model Constant Data Files. The Ground
Combat Model constant data files may be updated prior to the start of game
play. It is not recommended that the data base for the Ground Combat Model
be changed after start of DIVWAG model operations.

(1) Errors, Omissions, or Deletions., The printouts from the input '
of constant data for the Ground Combat Model may indicate an error or need !
for insertion or deletion,
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Figure IV-7-A-14, Ground Combat Data Deck Structure
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(a) Error Correction, The card having the error should be

identified and a new card punched with the correct data, The old card
should then be removed from the deck and the new card inserted in its place.

(b) An Omission. An omission usually indicates that data have
been left out and that new cards must be produced and read into data file 39,
The data to be inserted are transcribed to punch card format, the data punched ~
into cards, and the cards added to each of the subdecks as appropriate. The
subdecks are then arranged in accordance with Figure IV-7-A-14 and resubmitted.

h—

(¢) Deletion of Data. The deletion of data is accomplished by
the removal from the data deck of those cards whose information is no longer
desired in data file 39, The data deck is again entered into the DIVWAG Model
constant data base, and the files are recreated less that data on the cards :
i

which were removed. i

voseak T T TR
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COUNTERMINE
APPENDIX A]

1. INTRODUCTION. This appendix addresses the entry of data into the
DIVWAG data base to allow the simulation of minefield encounters and
the by-passing of Red or Blue forces involved in ground combat. I1-
lustration of card formats, explanations of information to be entered
in the various card columns, and other reference information are
provided. The data entered in this segment of the ground combat data
load are constant.

a. Data Requirements. The countermine constant data load plays a
significant part in the delay and assessment of ground combat units
within the DIVWAG Model. The constant data is entered only once into
?IVNAG; ghereafter, it is used specifically by the ground combat model

File 39).

b. Data Deck. Two compliete decks are required if both Blue and
Red forces are using countermine tactics. Data deck 1 will be the
Blue force countermine data and data deck 2 will be the Red force
countermine data (Chart 1).

2. INITIAL PREPARATION.

a. There are eight distinct card types required to complete the
countermine data deck structure: 3901, Type 1 Explosive Type Breaching
Options; 3901, Type 2 Mechanical Breaching; 3901, Type 3 Force-type
Breaching (Bulling); 3901, Type 4 By-pass option; 3902, Type 5 Rank
Order of Decision with Respect to Fire Conditions; 3903, Type 6 Imple-
mentation Times; 3904, Type 7 Decision Times; and 3905, Type 8 Encounter
Vehicle.

b. It is important to recognize that the data required for the
countermine load must be consistent with Red/Blue force doctrine and
the game objectives. Before the necessary data can be entered on the
appropriate card type a DECISION MATRIX must be developed to portray
all the type of options available to a force and its order of preference,
based on doctrine, in relation to a particular fire condition. An
example of a type decision matrix is at Chart 2. Note the construction
of the chart; the first portion of the matrix is condition. The condition
segment has three subheadings: direct fire, which represents the amount
and effectiveness of direct fire a unit is receiving; indirect fire,
which is a simple indirect or no indirect fire; and the field type, which
represents the type of possible mine kill. Note that the mine action is
always considered a belly kill which is using the worst case possible.
The second portion of the matrix is the order of choice of a particular
option based on a particular fire condition. Note at the bottom of the

V-7-A1-1
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matrix are example type options. It should be recognized that these are
example options with their option mnemonic. With respect to the with-
draw option (WD) a unit that is being simulated within the DIVWAG

Model will always have this "default" option so that it does not get
into a minefield, exhaust its mine clearing material, and then

remain in the position until given a DSL ordar to withdraw. It is

also realistic that a unit would withdraw if it could not accomplish

the mission. The withdraw option need not be considered as an option.
The model will automatically go to the WD option if all options are
unavailable due to lack of equipment or expendables.

¢. In conjunction with the preparation of a decision matrix, a
work sheet must be prepared in advance to determine snecifically, the
items of equipment, quantities, and work rates. This information
should be obtained from the most current and reliable sources. This
may require a considerable amount of time and should be planned well
in advance.

d. A1l numbers entered into the various columns will be right
justified except where indicated. Further, column 1 in any card
type is always entered the card type (number) and in column 2 is
always B or R indicating a Blue force or Red force card.

3. DATA CARD FORMAT.

a. Explosive Type Breaching Options, 3901, Tvpe 1 (Chart 3)

(1) This card type is used to describe a breach option in which
the breaching unit clears lanes using explosive devices such as line
charges, demolition blocks, or bangalore torpedoes. It could also be
used to portray manual mine removal, although such an option would
probably be considered impractical in most combat situations. Since
most breaching techniques described with this type card are accomplished
incrementally, the standard increment size is used to account for a
unit's progress through a field. For example, in using a rocket pro-
pelled explosive, the unit would be expected to clear a field in
increments equivalent to the Tength of the charge and this should be
used as the standard increment. As a second example, in using
bangalore torpedoes the unit would generally clear the field in a
number of increments determined by the number of torpedoes that prac-
tically could be "linked," placed in the field and detonated at one
time. The length of the field cleared by one such operation would
then be used as the standard increment. Thus the standard increment
is individual for each option based on considerations of the material
and techniques of operation to be portrayed by that option.

(2) Columns 4-7 represent the designated four character mnemonic
which is a particular breaching option. The four character mnemonic,
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in this case, would correspond to each of the explosive type options
that have been indicated in the example decision matrix. Examples of
these would be DBX5, DBX6, DBX7, HBX1, HBX2, HBX3 and HBX4.

(3) Column 9 represents the basic mode. The basic mode
corresponds to the type of explosive breach. For a hasty breach option
a 7 must be entered in this column. For a deliberate breach option a
6 must be entered in this column.

(4) Columns 11-13 represent the rate of progress, in minutes,
per standard increment. The rate of progress is the time it takes to
clear a standard increment distance.

(5) Columns 15-17 represent the item code of the censumable
to be used. In most cases this would be the explosive. However, it
could be expendable material other than explosives.

(6) Columns 19-22 represent the rate of consumption of the
consumable per standard increment; in short, the amount of explosive
used to clear one standard increment of a minefield.

(7) Columns 24-40 represent the same information required
above, for each of the consumables required. If no additional con-
sumables are required, these columns may be left blank (no zeros
entered).

(8) Columns 42-44 represent the number of engineer troops
required to breach one lane.

(9) Columns 46-48 represent the item code of the first vehicle
required for a particular breach. For example, if a propelled charge
is going to be used, the breach item code would probably be tank
If the breach option is an explosive requiring engineers to emplace it,
the item code would be a truck that would be used to carry the explosive.

(10) Columns 50-52 is the number of vehicles required per lane
to be breached., This number could be in fractions of trucks.

(11) Columns 54-60 require the same information as columns
46-52, except that the data for the second vehicle, if required, is
enterad.

(12) Columns 62-64 represent the length of the standard in-
crement, in meters. (Standard increment was previously explained.)

(13) Columns 66-68 represent the assumed depth of a minefield.
The assumed depth is used if a unit has no previous intelligence of a
particular field. This allows the unit to assess the units ability to
support this option with material on hand (feasibility).

I¥-7-A1-3
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(14) Columns 70-71 represent the percent of mines missed.
This data indicates the probability of mines not cleared from a
minefield. If the percent missed is 5% the integer 05 is entered.
(15) In Columns 73-76 enter the card ID 3901.

b. Mechanical Type Breaching Option, 3901, Type 2 (Chart 4)

(1) This card type is used to describe a breach option in
which the breaching unit clears lanes using mechanical devices such
as the roller or plow.

(2) Columns 4-7 represent the option mnemonic for a type
mechanical breach.

(3) Column 9 contains the basic mode ( 8) for a mechanical
option (Plow, Roller).

(4) Column 11 represents the avoidance criteria. The avoidance
criteria provides for the simulation of a tank crew exercising two
choices, with and without an attempt to avoid mines which are discernible
due to poor emplacement, ground signatures, air delivery, etc. The
numeric value assigned is based on a minimum rate with avoidance and
maximum rate without avoidance. Either a ) or 0 is used - 1 being
no avoidance and 0 being avoidance.

(5) Columns 13-15 represent the item code of the vehicle used
to exercise the mechanical device. Usually this vehicle would be the
tank.

(6) Columns 17-19 represent the number of personnel that
would be killed if a belly kill occurred against the vehicle that was
exercising the mechanical device. If the tank had a crew of 4, 3
personnel may be killed.

(7) Columns 21-23 is the item code of the mechanical device
used, such as the roller or plow.

(8) Columns 25-27 represent the movement rate in meters per
minute of the transport vehicle using the mechanical device. This
rate would be consistent with the actual movement capability of the
device.

(9) Columns 29-31 represent the item code of the second
vehicle, if required. Normally, a mechanical device does not need
a back up vehicle. However, this data allows a "second choice" for
a mechanical device. If the unit does not have the first choice
equipment the wodel will attempt to use second choice.

Iv-7-A1-4
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(10) Columns 33-35 represent the movement rate of the second
vehicle.

(11) Columns 73-76 represent the card ID. In this column
3901 is entered.

c. Force Type Breach Option, 3901, Type 3 (Chart 5)

(1) This card represents the force type option or “builing” !
technique. There are no mechanical or explosive type options listed f
on this card.

(2) Columns 4-7 represent the option mnemonic for a particular
force option. This would normally be defined as a Hasty Force (HF1 is
entered) or a Deliberate Force (DF1 is entered), a Hasty Force being
a "bull" without regard for minefield signatures and the Deliberate
Force for "bull" with regard to minefield signatures.

(3) Column 9 represents the basic mode. An 8 is entered in
this column for the DF1 and HF1 option. This mode handles a movement
through a minefield of a mechanized vehicle with no special devices
for clearing a minefield.

(4) Column 11 represents the avoidance criteria for this
option. For the Hasty Force the avoidance criteria would be 0 and
for the Deliberate Force a one would be entered.

(5) Columns 13-15 represent the item code of the vehicle
that will perform the "bull" action. Normally this would be the tank.

(6) Columns 17-19 represent the crew size of the vehicle that
will perform the "bulling” action.

(7) Columns 25-27 represent the movement rate of the vehicle
performing the forcing action. The rate will vary significantly as
to whether the vehicle will be performing a HF or a DF, the HF being
faster because of no delay in attempting to negotiate the minefield.

(8) Columns 73-76 represent the card ID;. 2901 must be entered
in these four columns.

d. 9%y-Pass Option, 3901, Type 4 (Chart 6)

(1) The sole purpose of this card is to provide a "file" for
the by-pass option. Model characteristics require such a file for ,
each by-pass option even though the particular card may contain no i
other information than the option mnemonic.
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(2) Columns 4-7 represent the option mnemonic for by-pass.
Based on the zone of action and compaction factor which will be dis-
cussed with the next card, the by-pass options are listed on this
card. The options will be listed as BP1, BP2, BP3, etc., left

justified, depending on the number of by-pass options desired.

(3) Columns 73-76 represent the card type. 3901 is entered
in these columns.

e. Rank Order of Decision With Respect to Fire Condition, 3902, Type

5 (Chart 7]

(1) This card should be considered the pivot point of the
load. It brings the raw data (rates, equipment, characteristics) into
cohesiveness. This card clearly establishes the rank order of decision
with respect to various fire conditions.

(2) Columns 4-5 represent an example of particular fire
conditions. It should be recognized that these are examples 3nd can
be changed to fit doctrine or game objectives. Further, it should be
made clear that one card is required per condition, per choice. An
example of the number of cards required can be found when a study of
the decision matrix is made.

: (a) 00 Condition: Represents No Direct Fire and No

? Indirect Fire. In this case a 0 is placed in column 4 and column 5.

i This particular condition simulates an encounter at the Timits of GCM
(3000 m) or under conditions where lack of line-of-sight precludes an
exchange of fire. In this condition the unit first attempts to by-pass
the minefield and is given a great deal of freedom of action in search-
ing for and funneling through any gaps which might exist. Should this
fail, it can use explosives in various combinations before being

forced to use its limited assets (plow, roller, or a propelled charge).

] (b) 01 Condition: Represents No Direct Fire, and In-

‘ direct Fire. This condition simulates an encounter outside the range
or vision of direct fire weapons played in ground combat, but influenced
by indirect fire. The unit is given the opportunity to by-pass the
minefield but not with the same freedom of action as when no indirect
fire was being received. If it cannot by-pass it must resort to the

mechanical devices available since these require no exposure of person-

i " nel to the indirect fire. If these fail the unit can exercise its
‘ explosive options, using those which require the least exposure of
L personnel.
t

(c) 10 Condition: Represents Ineffective Direct Fire,
and No Indirect Fire. This condition simulates an encounter within

Iv-7-A1-6

T AT 1 AT T TEY (Y A 7T RGO IU P, A ey ; - — - . e,
R S - B N A




B T e o e A I A T P 3 PN ePeras apn,

APR 15 1975

the range of the direct fire weapons played within the GCM but
restricted by line-of-sight, visibility or extreme range. These
same conditions affect the indirect fire.

(d) 11 Condition: Represents Ineffective Direct Fire,
and Indirect Fire. This condition simulates an encounter similar
with condition 10 with the exception that indirect fire is being received.
This fire eliminated the use of options requiring exposure of personnel
and necessitates both the expanded use of critical resources (propelled
charge) and as in 10 condition above, the use of the "Bulling“ options.

(e) 20 Condition: Represents Effective Direct Fire, and
No Indirect Fire. This simulates an encounter well within the effective
range of the enemy direct fire weapons system with few restrictions
caused by line-of-sight or visibility but with no indirect fire. Only
limited freedom of action with respect to "by-pass" is allowed and
the range of options is considerably narrower than other conditions.

(f) 21 Condition: Represents Effective Direct Fire,
and Indirect Fire. This simulates an encounter similar to 20 above
with the additional pressure of indirect fire. Options are identical
except that a "Deliberate Force" ("Bulling" with an attempt made
to avoid mines) is eliminated.

(g) 30 Condition: Represents Devastating Direct Fire,
and No Indirect Fire. This simulates an encounter under such conditions
of range, line-of-sight and visibility that the maximum effect of the
enemy direct fire weapons systems can be brought to bear but no in-
direct fire is encountered. Limited freedom of action with respect to
"by-pass" is again allowed and the critical resources ( propelled charge)
and most vulnerable methods (Bulling) a.2 quickly used.

(h) 31 Condition: Represents Devastating Direct Fire,
Indirect Fire. This simulates an encounter similar to condition 30
above with the addition of indirect fire. Limited by-pass is allowed
and the critical and vulnerable options are once again quickly used.

(3) Columns 7-8 contain the orderof preference of each
option, for each specific fire condition. A sequential list of numbers
is entered, extending through every option. The order of preference
would be obtained from the draft decision matrix. i

(4) Columns 10-13 contain each option mnemonic corresponding
to rank order of preference and each fire condition.

(5) Columns 15-18 contain the number of lanes desired for a
battalion size force for each type option that requires lanes (a by-pass

IV-7-A1-7
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does not need lanes). It should be made clear that the number of
lanes is only for one choice under a particular fire condition.

(6) Columns 19-22 contain the number of lanes that are
absolutely required for a battalion size force. This would be
the minimum number of lanes required by a battalion for each partic-
ular option in conjunction with the fire condition.

(7) Columns 23-26 contain the number of lanes desired by -
a company. The same rationale used for a battalion applies.

(8) Columns 27-30 contain the number of lanes required by
a company. The same rationale used for a battalion applies.

(9) Columns 31-34 contain the zone of action for a battalion.
The zone of action (ZA) represents a single width of a unit from flank
to flank. The various by-pass suboptions (1 thru 5 as an example) are
expressed in terms of the number of zones of action left and right
of the center of the leading edge of the unit that could be searched
in order to find a way around a minefield. The search distance (ZA)
will be entered in single digit numbers. An example (assumption:
unit has a dimension of 2000 meters wide) of the zone of action
would be if a unit was given a zone of action of two this means
that from the center a unit can search a total of 4 Km (2 Km either
side of the center of the unit).

(10) Columns 35-38 contain the maximum allowable compaction

: factor for a battalion. The compaction factor represents that width

{ of a gap in an obstacle system to the left or right of the center of

| the leading edge of a unit which would allow N% of that unit (as

‘ dimensioned in width) to pass through. The factor must be less than
1. An example, .40 of a unit's front is unblocked, the unit will press
the advance by funneling through the clear area. If more than .40
of the unit front is blocked, the unit will press the advance through
the gap and also, breach the minefield. In short, the compaction
factor represents a percent of the units front that can be compacted
down to fit through a gap. If the by-pass opening is equal to or
greater than the compaction factor the unit will pass.

(11) Columns 39-42 and 43-46 contain the zone of action and
compaction factor for the company size element. NOTE: The compaction
factor is represented by a percentage, i.e., 40% would be written j
.40 (right justified).

(12) Columns 73-76 contain the card ID which is a preprinted i

3902.

IV-7-A1-8 ’

e R e g AR AT, W T R




APR 15 1975

f. Implementation Times, 3903, Type 6 (Chart 8)

(1) The purpose of this card type is to provide for the
time necessary to implement the use of a particular option. Implemen-
tation is defined as the time necessary to prepare an explosive or
device to include movement, before execution. An example of this
would be the time it takes an engineer squad to assemble explosives
to be used for breaching.

(2) Columns 4-7 contain the option mnemonic. Each option
mnemonic that will be used must be listed (left justified).

(3) Columns 9-11, 13-14, and 17-19 contain the implementation
time in minutes (right justified) for a platoon, company, and bat-
talion respectively for a particular option. There is one other
option which must be entered on this card, if it is necessary to meet
the objectives of a game. This option would be the Pure Delay (POLA).
This option is used when natural obstacles are being played. An ex-
ample of this would be a river obstacle. An average delay time to
cross this obstacle must be entered (right justified).

(4) Columns 73-76 contain the card ID. In these four
columns enter 3903.

g. Decision Time, 3904, Type 7 (Chart 9)

(1) This card type represents the decision time necessary
before implementation for each type fire condition listed in paragraph
3c(2) above. The cecision times are generally based on gamer judg-
ments.

(2) Columns 4-5, 11-12, 18-19, 25-26, 32-33, 39-40, 46-47,
53-5? will contain each of the eight fire conditions (example 00, 01
etc.).

(3) Columns 7-9, 14-16, 21-23, 28-30, 35-37, 42-44, 49-51,
56-58 will contain the decision time, in minutes, right justified.

(4) Columns 73-76 represent the card ID 3904.
h. Designated Encounter Vehicle, 3905, Type 8 (Chart 10)

(1) This card is used to identify the only vehicle that will
make the initial encounter of a minefield.

(2) Columns 4-6 contain the item code of the encounter vehicle,
right justified.

IvV-7-A1-9
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(3) Columns 73-76 contain a preprinted 3905 to represent the
card ID number.
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DATA DECK STRUCTURE
(EACH FORCE)
j
t 7959
Type 8 13905 |
= 3905
Type 3904
_ —__ 3904

/////,u
1///,I_lI¥p26 //;553?
/

_JIType § 3902
3902 |
£
_Type 4 3901
/ .
Type 3 39M
/
L. Type 2 3901 s
< /
[Tvqe_l, 3901,
3901

If both forces game countermine tactics each one would have a complete
deck as shown above.
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APPENDIX A2
MINE DESCRIPTIVE DATA

1. INTRODUCTION. The representation of minefields within the Ground
Combat Model requires parametric description of the individual mines
being used. These data, 1oaded on the DIVWAG Data File 33, describe
each mine both in terms of selected physical characteristics of the
mine itself and in terms of the mine's effectiveness against encoun-
tering materiel.

2. PRELIMINARY DECISIONS. Prior to actual data preparation, some
consideration should be given to the degree of specificity with which
mine warfare must be portrayed in the gaming application at hand and
the model's capability to discriminate meaninagfully among different
characteristics. For example, it is possible to define up to 20
distinctly different mines for each force within the data base. For
most applications, however, it would be sufficient to define a limited
number of "type" mines as representative of the diversity of hardware
that could be used. Thus, an early decision on the mine or type mines
to be used and the materiel that will be affected by these mines can
reduce the complexity of the data collection problem.

3. DISCRETE MINE CHARACTERISTICS (CARD FORM 3301). Essential charac-
teristics of each type mine to be played are coded on data form 3301.
Up to 20 type mines may be defined for each force, and the data for
each type mine and entered on one card form 3301.

a. Card Type (Column 1). The integer 1 should be entered in
column 1 of Form 3301.

b. Force Indicator (Column 2). The letter B should be entered
in column 2 of a card describing a Blue mine. R is to be entered
for Red mines.

c. Mine Index (Columns 3-4). Each type mine being described for
a force is icentified by a unique mine index, an integer within the

range 1-20. Enter the mine index for the mine being defined in
columns 3 and 4.

d. Mine Type (Column 6). A mine type categorization, an integer
code, is to be entered in column 6. Legal mine codes are:

1
2

scatterable, antimateriel mines

scatterable, antipersonnel mines

[vV-7-A2-1
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3 = conventional, antimateriel mines

4

conventional, antipersonnel mines

It should be noted that, in the current version of the model, effects §
of antipersonnel mines are not portrayed. !

. e. Fuze Type (Columns 7-8). Mine fuzing is identified by an
integer code, to be entered in columns 7-8 of Form 3301. The basic
fuzing codes are:

1 = pressure

2 = influence/tiltrod

3 = pressure and influence/tiltrod
4 = tripwire

5 = long impulse

If the mine is also equipped with an antihandling device, add 10 to
the fuzing code. For example, the fuzing code for a pressure fuzed
mine with antihandling device would be 11. (The current version of
the model does not treat tripwire fuzing.)

f. Item Code (Columns 11-13). Enter the equipment item code, an
integer in the range 1-200, of the mine. Scatterable mines delivered
by artillery are considered to be submunitions of the basic artillery
round and, as such, a unique item code is not used for such mines.

In this case no entry is to be made in columns 11-13.

g. Arming Time (Columns 16-20). If this is a scatterable mine
with which a delay between mine placement and arming is associated,
enter this arming delay to the nearest integer number of minutes.
Otherwise, make no entry.

h. Self-Destruct Time (Columns 21-25). If this mine is designed
to self-destruct, or otherwise become inactive, enter the time after
arming at which self-destruct will occur. The entry should be a right
Justified integer number of minutes. If the mine has no self-destruct
capability, make no entry.

j. Dud Probability (Columns 27-29). For the purpose of this model,
dud probability is defined as the probability a mine will fail to
detonate given that the necessary physical conditions for detonation
have occurred. For example, with a simple pressure fuzed mine, enter

IV-7-A2-2
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probability the mine will fail to detonate given that a vehicle with
sufficient ground pressure to cause detonation in normal circumstances
has passed over the pressure plate. The entry should be made as a
decimal fraction with the decimal point assumed in column 26. Thus,
for example, a probability of .0 should be entered as 100 with the
integer 1 in column 27.

Jj. Detection Probabilities (Columns 31-37). As detection prob-
abilities enter the probability that a vehicle crew, in traversing
an area where mines are known to be present, will be able both to
see and to successfully avoid a single mine. Probabilities are
required for both day and night conditions. The entries are to be
made as three-digit decimal fractions, with the daytime probability
in columns 31-33 (an assumed decimal point in column 30) and night-
tiTe probability in columns 35-37 (an assumed decimal point in column
34).

k. Card Form Number (Columns 73-76). Enter the card form number
3301 in columns 73-76 of the coding sheet or punch card.

4. VEHICLE DIMENSIONS (CARD FORM 3303). The basic minefield-oriented
dimensions of ground vehicles and ground mine clearing devices are

to be entered on card form 3303. For vehicles, required data are
track/wheel width and belly width. Track/wheel width should be the
width of the path swept out by one track of a tracked vehicle or by
the wheels on one side of a wheeled vehicle. Belly width should be
the vehicle width inside the tracks or wheels. (Thus, belly width
plus twice track width would be overall vehicle width between outer
track wheel edges.) For a mine clearing device, desired data are

the protected widths of the track/wheel or belly of the most typical
using vehicle. For example, consider a type plow set which is composed
of a plow in front of each track of the using vehicle. Suppose the
most typical using vehicle is a tank with 50 c¢m track width and 200 cm
belly width. Suppose, further, that each plow is 80 cm wide and is
typically mounted to clear a path 10 cm beyond the outer edge of the
track. Then each plow would protect the entire track width (50 cm)
and additionally 20 cm of the vehicle's belly inside the tracks. The
proper entries for such a plow set would be 50 cm track width and 40
cm (20 cm on each side) belly width. Instructions for filling out the
data card follow:

(1) card Type (Column 1). Enter the integer 1 in column 1.
(2) Force Indicator (Column 2). In column 2 enter the letter

B if describing dimensions of Blue force vehicles and R if describing
Red force vehicles.

IvV-7-A2-3
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(3) First Vehicle Entry (Columns 4-12). For each vehicle
described, three data entries are required; the equipment item code
of the materiel, track width (centimeters) of one track, and belly
width (centimeters). A1l entries should be right justified integers
with the item code in columns 4-6, track width in columns 7-9, and
belly width in columns 10-12.

(4) Additional Vehicles. Each card form 3303 allows the
definition of up to seven vehicles. Data for additional vehicles,
entered as right justified integers, are entered as follows:

Item Code Track Width Belly Width

Vehicle Columns Columns Columns
2d 14-16 17-19 20-22
3d 24-26 27-29 30-32
4th 34-36 37-39 40-42
5th 44-46 47-49 50-52
6th 54-56 57-59 60-62
7th 64-66 67-69 70-72

(5) Card Form Number (Columns 73-76). Enter the card form
number, 3303, in columns 73-76 of the coding form or punch card.

(6) Additional Cards. The data loading logic allows use of
two cards form 3303 per force. Thus, with the data for seven items
on each card, up to fourteen items may be defined per force.

5. VEHICLE VULNERABILITY (CARD FORM 3302). Data for the vulnerability
of the vehicles identified on card form 3303 is required for each mine
identified on card form 3301. Data are desired for vehicle vulnera-
bility to both enemy and friendly mines; thus, four sets of cards form
3302 are to be used: Blue vehicle vulnerability to Blue mines, Blue
vehicle vulnerability to Red mines, Red vehicle vulnerability to Blue
mines, Red vehicle vulnerability to Red mines. For each vehicle/mine
combination the required data are: Py track - probability the vehicle
will be disabled given a mine detonation at the track; Py belly -
probability the vehicle will be disabled given a detonation at the
belly. One card form type 3302 allows for the provision of data for
up to five vehicles of a given force against one type mine of either
force. The coding format is as follows:

Iv-7-A2-4




APR 151975

a. Card Interaction Code (Column 1). This code identifies the
mines/vehicle force combination. Enter the appropriate integer code

for:
Code Mine force Vehicle force
1 Blue Red
2 Blue Blue
3 Red Red
4 Red Blue

b. Mine Force Identifier (Column 2). Enter the letter B is this
card contains vulnerability to Blue mines, R for vulnerability to Red
mines.

¢c. Mine Index (Columns 3-4). Enter the mine index (an integer
in the range 1-20) associated with the mine whose lethality is described
on this card. The index for each type mine should have been established
with card form 3301.

d. Vehicle Force Identification (Columns 5-8). If vulnerability
of Blue vehicles is contained on this card enter BLUE in columns 5-8.
For Red vehicles, leave column 5 blank and enter RED in columns 6-8.

e. Vulnerability, First Vehicle (Columns 12-20). For each vehicle
described, the following entries are required: equipment item code of
the vehicle, Py track, and Pk belly. The item code is an integer in
the range 1-201, to be entered for the first vehicle on a card in
columns 12-14, right justified. Py is to be entered as three-place
decimals with the decimal point assumed to be at the left of the entry.
Thus, for example, a Py = .5 should be entered in its three-digit field
as 500. (If Px = 1 is desired, the entry 1.0 may be used.) For the
first vehicle, data for Py track should be in columns 15-17 and Py¢
belly in columns 18-20.

f. Vulnerability, Additional Vehicles. The vulnerability of up to
five vehicles may be loaded on one data card. Proper locations for the
data entries are:

Item Code Pk track Pk belly
Vehicle Column Column olumn
2d 24-26 27-29 30-32

Iv-7-A2-5
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3d 36-38 39-41 42-44
4th 48-50 51-53 54-56
5th 60-62 63-65 66-68

g. Card Form Code (Columns 73-76). The card form number, 3302,
must be entered in columns 73-76.

h. Additional Cards. For each type mine, the vulnerability of
up to 10 vehicles on each force may be defined. Thus, for a given
mine/vehicle force combination and a given mine index, two cards
form 3302 may be provided.

6. MINE CLEARING EQUIPMENT VULNERABILITY (CARD FORM 3304). Vulnera-
bility of mechanical clearing devices, such as plows or rollers, to
individual mines are defined on card form 3304. Vulnerability for
these devices is defined in terms of two probabilities: Pgapgp =
probability that, if a given mine is encountered by the device, the
effects of the mine are negated with no severe damage to the counter-
ing device: P ggs = probability that, if a given mine is encountered
by the device, %ﬁe mine causes such damage to the device that the
device is no Tonger usable. As was the case with encountering vehicles,
;u]perzbi]ity of these devices to both enemy and friendly mines are
esired.

a. Coding Instructions. Format of the 3304 form is identical to
that of the card form 3302 with the following exceptions:

(1) Each card form 3304 contains data for the vulnerability
of up to five items of equipment to one mine. Rather than Py track,
used for vehicles, Pgppe should be entered for each device. Rather
than Py belly for veﬁicﬁes, PLoss should be entered for each device.

(2) The card form number 3304 should be used in columns 73-76
for these cards.

b. Number of Cards. For each type mine, the vulnerability of up
to five clearing items on each force may be loaded. Thus, for a given
mine{vehic]e force combination and mine index, only one card form 3304
is allowed.

7. DECK STRUCTURE. For proper functioning of the data loading logic,
the input data deck should be structured as follows:

a. Form 3301 header card. This card should have 3301 in columns
73-76.

Iv-7-A2-6
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b. Form 3301 subdeck. A1l data cards form 3301 should be in this
subdeck. Cards describing Blue mines should appear first followed by
cards describing Red mines.

c¢. Form 3302 type 1 header card. This card should have 1 in
column 1 and 3302 in columns 73-76.

d. Form 3302 type 1 subdeck. A1l data cards form 3302, type 1
(vulnerability of Red vehicles to Blue mines) should be in this subdeck.

e. Form 3302 type 2 header card. This card should have 2 in
column 1, 3302 in columns 73-76.

f. Form 3302 type 2 subdeck. A1l data cards form 3302, type 2
(vulnerability of Blue vehicles to Blue mines) should be in this subdeck.

g. Form 3302 type 3 header card. This card should have 3 in
column 1 and 3302 in columns 73-76.

h. Form 3302 type 3 subdeck. This subdeck is composed of all
cards form 3302, type 3 (vulnerability of Red vehicles to Red mines).

i. Form 3302 type 4 header card. This card should have 4 in
column 1 and 3302 in columns 73-76.

j. Form 3302 type 4 subdeck. This subdeck is composed of all
cards 3302 type 4 (vulnerability of Blue vehicles to Red mines).

k. Form 3303 header card. This card should have 3303 in columns
73-76. Column 1 must be empty.

1. Form 3303 subdeck. This subdeck should contain all form 3303
cards.

m. Form 3304 header cards and subdecks. The form 3304 cards are
similar to form 3302 cards, with up to four type cards. The card type
is denoted by 1, 2, 3, or 4 in column 1; and header cards should have
the type number as well as form number 3304 in columns 73-76. Structure
should be similar to 3302 cards; i.e., form 3304 type 1 header and sub-
deck, form 3304 type 2 header and subdeck, form 3304 type 3 header and
subdeck, and form 3304 type 4 header and subdeck.

n. The final card should be an end-of-data card. This card should
have 9999 punched in columns 73-76.
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APR 151975

(Pages B-1 to B-330)

APPENDIX B
GROUND COMBAT MODEL PROGRAM DESCRIPTIONS

1. INTRODUCTION. The Ground Combat Model overlay (overlay II) is composed of
a driver and ten segments. The segment structure, identifying the routines
within each segment and the general purpose of each segment, is shown in
Figure IV-7-B-1; the routines are described in this appendix.
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Segment

Routines

Purpose

11.0
11.1

11.2
11.3
11.4

11.5

‘ f 11.6

\i 11.7
. 11.8

11.9

111.10

GCDVR, GCINIT, MODEl, MOD2, INRPT, DLOOP,
CALOVR, MODE48, MODE9

EXEC1l, GONOGO, RANGER, WPNSET, VISSET,
STRBAR, MODSET, DNUMBR

GCFIRE, GCKILL, GCKLL1l, GCDET, GPKILL

GBKEEP, MURFAC, GLEG

EXEC4

GCOBS, OBFIL, ISCAN, RCHECK, SET30,

GRNG, FRACS, BPCHK

EXEC6, CONGET, DSCVR, FESCUM, BPFES,
ETRPS, PASS, CONSM, MJITM, SET6, LANES,

DLA

EXEC7, ETRIAL, LOSTIT, FLD1, FLD2, FLD3,

FLD4, VSET, TROUBL

EXEC8, STALL, STOPIT, FRSTRT, PSTHRU,
BYPAS, WDRAW, DBRCH, NOWHAT

GCI9CON, USFUP, MORT, MOVDEF, OUTSET

GEND, TRMCK

O

GCM model driver

Geometry, environ- |

ment

Firepower

Assessment

GCM history

Barrier searching

Barrier reaction
feasibility

"In minefield"
calculation

Barrier reaction
implementation

DIVWAG interface

GCM termination

Figure IV-7-B-1
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2. ROUTINE GCDVR

a. Purpose.

GCDVR is the driving routine of the Ground Combat overlay

and calls the processing segments.,

b. Input Variables:

Name
TCLOCK
LGTPER

MODE

IGO

INRUPT

ITBL (16, 4)

IDXBAT

Source

ONE

ONE

TWO

TWO

TWO

TWO

¢. Output Variables:

Name Destination
MODE TWO
1GO TWO
IOVLY TWO
ITBL (16, 4) DF21

Contents
Time since start of period.
Length of the period.

Ground Combat mode identification number,
located at IDUM (4099).

Termination condition flag, located at IDUM
(4101).,

Interrupted actions flag, located at IDUM
(4100) .

GCM control table, located at IDUM (4035).

Record number of file 21 for ITBL, located
at IDUM (4034).

Contents

Ground Combat mode identification number,
located at IDUM (4099).

Termination condition flag, located at
IDUM (4101).

GCM secondary overlay identification number,
located at IDUM (4102).

GCM control tablie, located at IDUM (4035).

d. Logical Flow (Figure IV-7-B-2).

(1)

Block 1.

Call routine GCINIT to set up GCM constant data,
GCM control table, and to return mode of pending

unit.
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1 - . .
\f initiaslization,
I returns roce of
lowe o — rending unit

Ters

NO pending
?
|
1
. CALL
MODEZ
_E
i \
| )

3 Call CALO .0
CALL call OVLY 10 to
CALOVR e e o - - check for termin
tion condition

6

Term.
conditions
exist
?

Routine GCHVR,

Figure IV-7-h-2,
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§ s
CALL vasic GCM '
MODEL [ o = o mode
- field CALL
§ clearing
3 or bypas —— MODE48
1 metho
‘ 10
! Call CALOVR to call OVLY 9
A CALL loras as evam ew ew ead tO update status,
CALOVR
L i -
Y 1
. P
! t . Call CALOVR to call OVLY 10
! CALL - onenen o of L0 Check for termination
) CALOVR condition.
; hp—
Tern.
condition
4 1200
) [E;lled when termination
y R CALL an ap a» o o o - condition is sensed.
IKRPT |w111 interrupt all actions
t cept MODE9,

!

o
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Any
actions

{nterrupted
?

CALL
CALOVR

wn

CALL
CALOVR

L350

=0

© CALL
PUTRCD

Call CALOVR to call
OVLY 9 to update
status

Call CALOVR to call
OVLY 10 to terminate
the battle

ile 21
restore con-
trol table t
enable furthéy plav




o s - —e .

(2)

(3)

(4)

(5)

(6)

7N

(8)

(9

(10)

(11)

(12)

13

(14)

(15)

(16)
a”n

(18)

Block

Block

Block

Block

Block

Block

Block

2.

3.

4,

5.

6.

Block L60.

Block

Block

Block

Block

Block

Block

Block

Block

Block

9.

10.

11.

12.

L200.

13.

14,

15.

L999.

Compare the length of time since the start of
period to determine if the period should be
terminated. If yes, go to block L200.

Is there a termination pending (MODE=2)? 1If not,
go to block 5.

Call routine MODE2 when termination is pending and
then go to block 1l4.

Call routine CALOVR with IOVLY=10 to check for
termination condition.

If a termination condition is sensed (IGO=1l), go
to block L200.

If not under basic GCM mode (MODE=l), go to block
L60.

Call routine MODEl (basic GCM mode), then go to
block 10.

If not under GCM modes 4 through 9 (field clearing
or bypass methods), go to block 999 (error condi-
tion exists).

Call routine MODE48 (field clearing or bypass
methods) .

Call routine CALOVR with IOVLY=9 to update status.

Call routine CALOVR with IOVLY=10 to check for
termination condition.

If a termination condition does not exist (IGO=0),
go to block L350.

Call routine INRPT to interrupt all ongoing
actions except MODE=9.

If no un,ning actions were interrupted (INRUPT=2),
go t ~ 15.

Call routi.. CALOVR with IOVLY=0 to update status.

Call routine CALOVR with IGO=1 to terminate the
battle.

Call routine XXIT (error condition exists).
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(19) Block L350. Call routine PUTRCD to restore GCM control table

3. ROUTINE GCINIT.

to enable further play.

a. Purpose. GCINIT sets up the GCM constant data and determines the

mode of combat.

b. Input Variables:

Name
IUID

BATID (2)
NAMES (46)
ITBL (16, &)

IDUM (4000)

Source Contents
ONE IUID of attacking unit,
ONE Battle ID.
DF21 Battle Name Table.
DF21 GCM Control Table.,
DF39 GCM constant data,

c¢. Output Variables:

Name Destination Contents
IOUT (256) DF21 GCM history records.
VATTV (8) TWO Attacker's weapon system transport
velocities.
ITMAT (8) TWO Attacker's weapon system transport item
codes.

d. Logical Flow

(1) Block 1.

(2) Block 2.

(3) Block 3.

(4) Block 4.

(5) Block 5.

(6) Block 6.

(Figure 1V-7-B-3).

Zero out IOUT array and the last 102 words of
IDUM.

Get the Battle Name Table from DF21l.

Using the Battle ID, locate its position on the
Battle Name Table.

If the Battle ID was found on the Battle Name
Table, go to block 6.

Call routine XXIT.

Get the GCM Control Table from DF21.
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ZERD 00T INUT
rm
LAST 172 '1mns
of 1M

|

AT THE
RATTLE “INE
TASLE {"IAMES)

l

LNCATE PNSITION

OF RATTLE 1IN

Nt BATTLE HAME
JALE

CALL
X7

RETURY

YES
6

USIN6 RATTLE ID

fpostTION, GET TIE

GCH CONTPAL TAGLE

PUT 10UT
0l
DATA FILE
21

| .

LNCATE
T

JHnCY

FIGIRE 1Ve7-%-3
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POUTINE RCINT

DATA
FILE
21

DATA
FILE
21

DATA
FILE
21




S

Determine
the
GCM Mode

I

Set up GCM
constant data
in IDUM

i u

Save this GCM
constant data
starting at DF16
(18500)

¥ 12

Set up GCM
constant data
in IDUM

R

Save this GCM
constant data
starting at DF16-
(22500)

RETURN

* st DATA FILE 39

fmeemet { DATA FILE 16

- pu——n DATA FILE 39

| e DATA FILE 16

N VN N VN
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(7) Block 7.
(8) Block 8.
(9) Block 9.

(10) Block 10.

(11) Block 11.

(12) Block 12.

(13) Block 13.

4. ROUTINE MODEL.

a, Purpose. MODEl
which is the basic mode

is
of

b. Input Variables:

Put IOUT array on Data File 21.

Locate the unit index.
Determine GCM mode.

Get 4000 words of GCM constant data from DF39
and place in IDUM.

Put these 4000 words of GCM constant data on
DFl1é6 (18500).

Get 4000 more words of GCM constant data from
DF39 and place in IDUM.

Put these 4000 words of GCM constant data on
DF16 (22500).

the driving routine of Ground Combat when MODE=1l
Ground Combat.

Name Source Contents

TCLOCK ONE Time since start of period.

LGTPER ONE Length of period.

MODE TWO Ground Combat mode identification number,
located at IDUM (4099).

IFNT (56, 3) ONE File name table.

ITBL (16, 4) TWO GCM control table, located at IDUM (4035).

UMAIN (500) DF1 Unit Status File.

I0UT (256) ONE GCM history records.

IOVLY TWO GCM secondary overlay identification number,
located at IDUM (4102).

IT ONE Time of unit's next event. (Derived from
EVTABLE.)

1E ONE Unit's next event code. (Derived from

EVTABLE.)

1v-7-B-11




c. Output Variables:

Name Destination Contents
UMAIN (500) DF1 Unit Status File.
MODE TWO GCM mode identification number located at
IDUM (4099).
IT ONE Time of unit's next event, ;
: 1E ONE Unit's next event code.
UNTLOC ONE Current unit locationm.
E IMSET DF16 Barrier identification, if barrier was
encountered.

i d. Logical Flow (Figure IV-7-B-4).

(1) Block 1. Begin loop on units in GCM control table.
[ ; (2) Block 2. Determine first/next unit in GCM control table.
’ (3) Block 3. Determine GCM mode for this unit.
i
(4) Block 4. Is the GCM mode for this unit = 1? If not =1,
| go to block 33.
-
{ (5) Block 5. Is the time of the last GCM cycle greater than or
j equal to the current time (TCLOCK)? If so, go
! to block 33.
' (6) Block 6. Get the unit's Unit Status File from DF1l.
} (7) Block 7. Calculate the time since the last GCM cycle.
]
(8) Block 8. Is DF2 loaded? 1If not, go to block L20.
(9) Block 9. Initialize barrier encounter flag.

(10) Block 10. Call routine CALOVR with IOVLY=5 to do barrier
search for this unit.

(11) Block 11. Was a barrier encountered? If not, go to block
L20.

(12) Block 12. Set mode and barrier encounter flags.

(13) Block L20. Put barrier encounter flag on DF16.
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MODE1

BEGIN LOOP Al

ON UNITS IN

GCM CONTROL
TABLE

~

DETERMINE
FIRST/NEXT
UNIT IN GCM

CONTROL
TABLE

] 3
DETERMINE
THE GCM
MODE
FOR THIS
UNIT

GET THE UNITS
UNIT STATUS
FILE

CALCULATE
» TIME
k SINCE LAST
ceM
CYCLE '
1
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b &

SET MODE
AND BARRIER
ENCOUNTER
INDICATOR

g

120

PUT NAME OF

BARRIER
ENCOUNTERED (IF
ANY) ON DF16

DLOOP

IV~7-B-14

CALL CALOVR TO
CALL OVLY 5 TO
DO BARRIER
SEARCH

CALL DLOOP TO
CALL PROCESSING
OVERLAYS OF
e




viIT
HoVIG
?

15

CALCUL e UATT 1
LOCATIO!N AT
END OF THIS GEN

CYCLE i

UFOATE UIIT'S i

Ui TU DATA
; ;}LETA S FILE 1
1

{
y

CALL CALOVR TO CALL

CALL e oo e f OIILY € TO HANDLE

DUTERACTION WITH
BARRIER




20
CALL GETEUT TO GET
CALL o e mm ey UITS HEXT EVEUT
GETCUT TIng

1S
1115 HEXT E
YT GE. CURREX
I

HO
’ 22
CALCULATE TIME
BETWEEN UNITS
LAST GCH CYCLE
N0 NEXT FVEIT 1hie
23
CALL CALOVR TO CALL
CALL e e o o o] OWILY 8 TO HANDLE
CALOVR NINE COU'ITER-
ACTIONS
Y 2
wTCVT T
CALL . - - E%Llrlls ,'I:EIT
GETEVT EVENT Tt
CALCULATE
UNITS HEU
NEXT EVENT
TIME
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CALL
PUTEVT

! 22

SET UNITS LAST

GCM CYCLE
TINE

! 133,

SET
10DE=1

\f

o

SET UiITS

LAST CYCLE

TIME TO CURRENT
l 29

SET LENGTH OF

HEXT GCM CYCLE

T0
s.a

31

SET GCM CYCLE
TINE TO ALLOW IT

TO OCCUR BEFORE

£:n OF PERIOD

IS 30
THERE

TIME FOR

R R R e N
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32

. CALL
_ PUTEVT

Al

RETURN
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(14) Block 13, Call routine DLOOP which calls processing routines
of GCM.

(15) Block 14. Is the unit moving? If not, go to block 17.

(16) Block 15. Calculate unit's location at the end of this GCM
cycle.

(17) Block 16. Update unit's Unit Status File (DFl).
] (18) Block 17. Is GCM mode = 1? If so, go to block 28.

(19) Block 18. Call routine CALOVR with IOVLY = 6 to handle
1 interaction with barrier.

(20) Block 19. Is GCM mode = 2? If so, go to block L30.
(21) Block 20. Call routine GETEVT to obtain unit's next event
time.
L (22) Block 21. Is unit's next event time greater than or equal

to current time (TCLOCK)? 1If so, go to block L30.

(23) Block 22. Calculate time difference between unit's last GCM
b cycle and next event time.

(24) Block 23. Call routine CALOVR with IOVLY=8 to handle mine

{E interaction.
! (25) Block 24. Call routine GETEVT to obtain unit's next event
' time.
(26) Block 25. Calculate unit's new next event time.

(27) Block 26. Call routine PUTEVT to update unit's next event
time.

3 (28) Block 27. Set unit's last GCM cycle time.

pr]

(29) Block L30. Set GCM mode = 1, and go to block 33.

£ 4

; (30) Block 28. Set unit's last GCM cycle time to current time,
i (31) Block 29. Set length of next GCM cycle to 5 minutes.
’ (32) Block 30. Is there time for a 5 minute GCM cycle during this

|

period? If not, go to block 31.

(33) Block 31. Set GCM cycle time to allow it to occur before
the end of period.

4 1V-7-B-19
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(34) Block 32.

(35) Block 33.

5. ROUTINE MODE2

a.
which is when termination of ground combat is pending.

b.

Purpose. MODE2 is

Input Variables:

Call routine PUTEVT to set up event for next
GCM cycle.

End of loop for units in the GCM control table?
If not, go to block 2 to process next unit (if
any). .

the driving routine of Ground Combat when MODE=2

Name Source Contents
TCLOCK ONE Time since start of period.

LGTPER ONE
ITBL (16, 4) TWO
UMAIN (500) DF1

Output Variables:

Length of period.
GCM control table, located at IDUM (4035).

Unit Status File.

Name Destination Contents

ISKED ONE

DELT ONE

Time increment (cycle time) of unit's next
GCM event.

Cycle time of unit's current GCM event.

Logical Flow (Figure IV-7-B-5).

(1) Block 1.

(2) Block 2.
(3) Block 3.
(4) Block 4.
(5) Block 5.
(6) Block 6.

Begin lcop on units in GCM control table.
Determine first/next unit in GCM control table.
Determine GCM MODE for this unit.

Is the GCM MODE for this unit = 2? 1If not, go to «
block 14.

Is the time of the last GCM cycle greater than or
equal to the current time (TCLOCK)? 1If so, go
to block 1l4. *

Get the unit's Unit Status File for DFl.
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1

BEGIN LOOP OR
URITS TR GCK
COHTROL TASLE

2

DETERMINE FIRST/
NEXT UNIT IN

GCMTQQ?EROL

\

DETERMINE GCHM
MODE FOR
THIS UNIT

* GET THE UNIT'S
URIT
STATUS FILE

b

CALCULATE :
THE SINGE UNIT'S paTe ]

LAST GCM 1

CYCLE

8
CALL DLOOP TO CALL
CALL w | PROCESSING OVER-
oLooP = LAGS OF GCM

FIGURE 1V-7-B-5 ROUTINE 100DE2
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Sct units time

of last GCM
cvcle to,
current time

! 10 )

Set length of
next GCM cycle
to 5 min.

12

Set GCM cvcle
time to allow it
to occur before
end of period

there time
for 5 min.

Call PUTEVT
CALL to set up event
be—- PUTLVT " W e ee e for next GCM

cycle for this

End
of loop Al
13

RETURN
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(7) Block 7. Calculate time since the last GCM cycle.

(8) Block 8. Call routine DLOOP to call processing overlays
of GCM.

(9) Block 9. Set unit's time since last GCM cycle to current
time.

(10) Block 10. Set length of next GCM cycle to 5 minutes.

(11) Block 11. Is there time for a 5 minute GCM cycle during

this period? If so, go to block 13.

(12) Block 12. Set GCM cycle time to allow it to occur before
the end of the period.

(13) Block 13. Call routine PUTEVT to set up an event for the
next GCM cycle for this unit.

(14) Block 1l4. End of loop for units on GCM Control Table?
If not, go to block 2 to process next unit (if
any).

!

} 6. ROUTINE INRPT.
, a. Purpose. INRPT is called when a GCM termination condition has been
sensed. It interrupts all ongoing GCM actions except MODE9, Interrupted
actions are set into MODEZ.

b. Input Variables:

Name Source Contents
TCLOCK ONE Time since start of period.
MODE WO GCM mode identification number, located at
IDUM (4099).
UMAIN (500) DF1 Unit Status File.
ITBL (16, 4) TWO GCM Control Table, located at IDUM (4035).
¢. Output Variables:
Name Destination Contents
MODE TWO GCM mode identification number, located at
IDUM (4099).
TCLOCK ONE Time since start of period.
IV~-7-B-23




INRUPT

ISKED

IFTBL (16)

GCM interruption flag.

Time increment (cycle time) of unit's next

GCM event.

Table for units in GCM Control Table,
located at IDUM (4000).

Logical Flow (Figure IV-7-B-6).

1)

(2)
(3)
(4)
(€))

(6)

7

(8)

(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

(17)

Block 1.

Block 2.
Block 3.
Block 4.

Block 5.

Block L3,

Block LS.

Block 6.
Block L10.
Block 7.
Block 8.
Block 9.

Block 10.

Block L15.

Block 11l.
Block 12.

Block 13.

Zero out table for units in the GCM control
table.

Begin loop on units in GCM Control Table.
Determine GCM mode of this unit.

Is MODE = 0? 1If so, go to block L5.

Determine time remaining after current GCM cvcle.
If greater than zero, go to block L5; if less

than zero, go to block L10.

Is MODE greater than or equal to 2? 1If so, go

to block L10.

End of loop on units in GCM Control Table?
not, go to block 3 to process next unit in
table (if any).

Set interrupt flag = 2. Go to blo. : L15.
Set interrupt flag = 1.

Set GCM MODE = 1.

Call routine MODEl (normal GCM mode).

Set GCM MODE = 2,

Call routine MODE2 (pending termination).

Begin 2d loop on units in GCM Contrcl Table.

Determine first/mext unit in GCM Control Table.

Determine GCM MODE for this unit.

Is MODE less than or equal to ZERO? 1If so, go

to block L100.
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2000 OUT TABLE
FOR UNITS IH
GCM CONTROL TASL

1

2
QEGIN LOOP Al
oN UNITS I
GCM CO'NTROL TAZL

? | =

DETER-INE
GO 1900E
FOR THIS UNIT

TINE
REMAINING
?

.7 INTERUPT
LAG TO 2
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L10

SET INTERRUPT _
FLAG 70 1 .

L

SET GCH
NODE = 1

t .

CALL | ow s aw o  NORMAL GCH MODE
MPDE 1 PROCESSING

- |
SET GCM MODE
s 2

I

CALL ! TERMINATION
- e a5
HooE 2 PENDING

8 -
O ¥ s

BEGIN LOOP B1
0N UNITS IN
GCM CONTROL TABL

O—

DETERMIRE FIRST/
NEXT UNIT DN
GCH_CONTROL

JASLE
12
DETERTIE GO
MODE_FOR
THIS .
jIKias 1
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FB.% T I

GET _UA1TS

N - DATE

WIIT STATUS e —-( FILE 1 (

i 16 1
CALL CALL ROUTLIE MODE4S 1
MODE4S = o= == UAIDLE MINEFIELD CLEF |
BYPASS HETHODS
L30

SET GC'!
MODE = 2

' | Y

SET LENGTH
Of QGHSC%ghE

19
SET GCit CYCLE
TIME TO ALLOW
IT OT OCCUR
BEFORE END OF PERE

‘7

END OF
PERIOD
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21

SET GCM CAOLE
TIE up
1 CENTIMIINTE

\ 22

CALL
POTEVY

‘ 23

WPDATE UMITS
ENTOY 1Y oew
CONTROL_TASLE
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(18) Block 1l4. Is MODE less than 4?7 1f so, go to block L30.
(19) Block 15. Get unit's Unit Status File from DF1l.

(20) Block 16, Call MODE48 to handle field clearing or bypass
methods.

(21) Block L30. Set GCM MODE=2,
(22) Block 17. Set length of GCM cycle to 5 minutes.

1 (23) Block 18. Is there time for a 5 minute GCM cycle during
' this period? 1If so, go to block 20,

(24) Block 19. Set GCM cycle time to allow it to occur before
the end of period.

(25) Block 20. End of period? 1If not, go to block 22.
‘ (26) Block 21. Set cycle time to 1 centiminute. ?

(27) Block 22. Call routine PUTEVT to update unit's next event
time.

(28) Block 23. Update unit's entry into the GCM Control Table.

(29) Block L100. End of 2d loop on units in GCM control table? If
not, go to block 1l to process next unit (if any).

7. ROUTINE DLOOP,

a. Purpose. DLOOP loops through the processing overlays of GCM for each
defending in the GCM Control Table.

b. Input Variables:

Name Source Contents
ITBL (16, 4) TWO GCM Control Table, located at IDUM (4035).
y ucoop DF1 Unit Status File.
, IGO0 TWO Termination condition flag, located at
5 IDUM (4101).
ﬁ . c. Output Variables:
Name Destination Contents
ITBL (16, 4) TWO GCM Control Table, located at IDUM (4035).
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IDXDEF TWO Defending unit index number in GCM Control
i Table.
IOVLY TWO GCM secondary overlay, identification

number, located at IDUM (4102).

IFTBL (16) TWO Table for units in GCM Control Table,
located at IDUM (4000).

d. Logical Flow (Figure IV-7-B-7).

(1) Block 1. Set LFLG=1.
(2) Block 2. Begin loop on defending units in GCM Control
Table.
(3) Block 3, Determine first/next defending unit in GCM
Control Table.
(4) Block 4. Determine MODE of this unit.
= (5) Block 5. Is MODE = 0? 1f so, go to block L100.
F é (6) Block 6. Set defenders index into GCM Control Table.
1 i (7) Block 7. Get defenders Unit Status File from DF1l.
- (8) Block 8. Call routine CALOVR with IOVLY=1 to determine
Z engagement geometry.
; f (9) Block 9. Is IGO = 2? If not, go to block L100.
| (10) Block 10. Call routine CALOVR with IOVLY=2 for target

acquisition and firepower effectiveness logic.

(11) Block 11. Call routine CALOVR with IOVLY=3 for GCM assess-
ment logic.

(12) Block L30. Set LFLG=1l.

(13) Block 12, Call routine CALOVR with IOVLY=4 to create history
records for this GCM increment.

(14) Block 13. et defenders GCM MODE=3.
(15) Block 14. Update defenders entry in the GCM Control Table.

(16) Block L100. End of loop on units in GCM Control Table? 1If
not, go to block 3 to process next unit (if any).
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Begin loop Al on
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control table

3

Determine first/
next unit in GCM
control table

.}
Determine mode

of this
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Set defenders
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control table

b

Get defenders e -
unit status
file from DFI

‘ I

CALL
CALOUR

Figure 1vV-7-8-7 ROUTINE DLOOP

1V-7-B-31

DATA
FILE 1

Call CALOUR with JOULY
= ] to determine en-
gagement geometry




CALL CALOUR WITH IOULY=2
CALL e e f TO_TARGET ACQUISITICH AD
: CALOUR FIREPOUER EFFECTIVELESS
. LDGIC
b
CALL CALL CALOUR WITH
CALOUR == =i 10ULY=3 FOR GCM
ACCESSHENT

CALL CALL CALOUR WITH 10 Y=4
CALOUR - o= TO CREATE HISTORY JRDS
FOR THIS GCI INCRE!z.iT.

: SET DEFENDERS
. ODE=3

P

UPDATE DEFENWDERS
ENTRY IN GCH
CONTROL TABLE

Al e
\

Ao o aiiea o

L TERITEE

SET ATTACKERS
ENTRY 1IN
1FTBL TASLE
10

J
RETURN
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H (17) Block 15. 1f LFLG¥1, RETURN,
(18) Block 16. Set attackers entry in IFTBL=1, then RETURN.
8. ROUTINE CALOVR.

a. Purpose. CALOVR calls the appropriate GCM overlay depending on the
value of IOVER.

o b. TInput Variables:
Name Source Contents
i IOVER TWO GCM overlay identification number.

¢. Output Variables., None.

d. Logical Flow (Figure IV-7-B-8).

(1) Block 1. Is IOVER between 1 and 9? If so, go to block 3.
; (2) Block 2. Error processing.
) (3) Block 3. Call routine OVERLAY to call the GCM overlay
) required.

9. ROUTINE MODE48

a. Purpose. MODE48 handles the field clearing or bypass methods.

b. Input Variables:

1 Name Source Contents
ITBL (16, 4) TWO GCM Control Table, located at IDUM (4035).
TCLOCK ONE Time since start of period.

E MODE TWO GCM MODE identification number, located

at IDUM (4099).

¢. OQutput Variables:

Name Destination Contents
ITBL (16, &) TWO GCM Control Table, located at IDUM (4035).
IGO TWO Termination condition flag, located at

IDUM (4101).
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FIGURE 1V-7-B-8 ROUTINE CALOVR
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MODE TWO GCM mode identification number, located )
at IDUM (4099). ‘

d. Logical Flow (Figure IV-7-B-9). {
|

(1) Block 1. Can the GCM increment be completed this period?
If not, return to calling program,

(2) Block 2. Will this GCM increment end exactly at the end
of period? 1If so, go to block L50.

(3) Block 3. Calculate time remaining in the period after GCM
increment completion.

(4) Block 4. Call routine DLOOP to call processing overlays of
GCM.

(5) Block L50. Set termination condition flag (IGD) equal to 1.

(6) Block 5. Set IOVLY=8,
4 (7) Block 6. Is MODE = 8? 1If not, go to block 8.
, ; (8) Block 7. Set IOVLY=7. ;
: (9) Block 8. Call routine CALOVR to call overlay with either

the field clearing or bypass method logic.

(10) Block 9. Update the attacking units entry in the GCM
Control Table.

(11) Block 10. Is the GCM MODE=9 and IOVLY=7? If so, go to
block L50. Otherwise return to calling program.

10. ROUTINE MODEY.

a. Purpose. MODE9 handles unit's crossing of an open field, and cannot
be interrupted.

b. Input Variables:

Name Source Contents
ITBL (16, 4) TWO GCM Control Table, located at IDUM (4035).

c¢. Output Variables:

Name Destination Contents
IGO TWO Termination condition flag.
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Figpure 1V-7-1-9, Routine YODL4S,
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IOVLY TWO GCM secondary overlay identification
number, located at IDUM (4102),

d. Logical Flow (Figure IV-7-B-10).

(1) Block 1. Set termination condition = 0.

(2) Block 2. Calculate time remaining after GCM increment
completes,

(3) Block 3. Call routine DLOOP to call processing overlays of
GCM.

(4) Block 4. Set termination condition = 1.

(5) Block 5. Call routine CALOVR with IOVLY=8 to handle

unit's crossing an open field, then return.
11. ROUTINE EXEC1.

a. Purpose. EXECl calls the routines which set up the data and para-
meters for ground combat.

b. Input Variables:

Name Source Contents
ISEP DF16 Separation distance, located at IDUM (157).
IGO TWO Termination condition flag, located at

IDUM (4101).

MODE TWO GCM mode identification number, located
at IDUM (4099).

ROUT (64) DF21 Barrier interaction data.

c. Output Variables:

Name Destination Contents
ISEP TWO Minimum separation distance, located at
IDUM (157).
ROUT (64) ONE Barrier interaction data.

d. Logical Flow (Figure IV-7-B-11).

(1) Block 1. Zero out IDUM (1-400).
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CALCULATE
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CALL

FIGURE 1V-7-B-10 ROUTINE MODE9
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RETURN

Get Sep. Dist

assessments
needed
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frorm Dr2l

[» o= o o= = - '/DATA FILL 16

frou Dr16
3
Call routine GONOGO
CALL e o o= o o - to determinc
GOROGO cngagement
eometry

DATA FiLi 21

€ L101

CALL
WPNSLEY

Call routine WPLSET
to set up weapon/

D o0 aED D G T
target/sensor count

P

CALL
VISSET

Ciall routine VISSHT
Lo set up visitility
naraneters

fiuuro VeTeb=11,

Routine 'Y (1.
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CALL
MODSET ad

RETURN
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(2) Block 2. Call routine GET to obtain separation distance
(ISEP) from DF16 - 21088,

(3) Block 3. Call routine CONOGO to determine engagement
geometry.
(4) Block 4. Are assessments needed (IGO=2)? If not, return.

(5) Block L100. Is MODE less than 5? 1If so, barrier interaction
L data is not required. Go to block L101.

(6) Block 5. Call routine GETRCD to obtain barrier interaction
data from DF21.

(7) Block L101. Call routine WPNSET to set up weapon/target/
sensor count,

(8) Block 6. Call routine VISSET to set up visibility para-
meters.
(9) Block 7. Call routine MODSET to set up data for this MODE, 3

then return.

| 12. ROUTINE GONOGO.

» a. Purpose. GONOGO sets up a call to routine RANGER which determines
i the engagement geometry required for ground combat.

i b. 1Input Variables:

; Name Source Contents
UMAIN (500) ONE Unit Status File for attacking unit.
] UCOOP (500) ONE Unit Status File for defending unit.
MODE TWO GCM MODE identification number, located
at IDUM (4099).
ITBL (16, 4) TWO GCM Control Table, located at IDUM (4035).
WEAD TWO Amount (in meters) of defender's engagement
i frontage, located at IDUM (155).
{
b SINIT TWO Initial separation distance, located at
IDUM (370).
SPINAL TWO Final separation distance, located at
IDUM (372).
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; IDUM (401-652) DF16 GCM constant data. i
1 c. Output Variables:
Name Destination Contents
3 IDUM (1-~400) TWO GCM static data.
IDUM (401-652) TWO GCM constant data.
; IGO0 TWO Termination condition flag, located at
) IDUM (4101).
d. Logical Flow (Figure IV-7-B-12).
(1) Block 1. Obtain the attacker's initial lecation, objective
s location, velocity, width, and depth from its
{ Unit Status File and place in Common TWO.
8 (2) Block 2. Obtain the defender's initial location, objective
location, velocity, width, and depth from its
Unit Status File and place in Common TWO.
- (3) Block 3. Calculate delta time of pending GCM event.
E |
: (4) Block 4. Is delta time less than or equal to zero? If so,
1 go to block L200.
: (5) Block 5. Is the defender moving (VDEF # 0)? If not, go
‘{ to block 7.
;} (6) Block 6. Calculate new initial location for the defender
' based on its speed.
(7) Block 7. Call routine RANGER to actually determine the
engagement geometry.
(8) Block 8. When the attacker and defender are facing each

other, do there fronts overlap (WEAD > 0)? 1If
not, go to block L200.

(9) Block 9. Will the front to front separation distance
between the attacker and defender ever be less
than 3000 meters? 1If not, go to block L200.

(10) Block 10. Call routine GET several times to obtain GCM
constant data from DF16.

(11) Block 11. Set termination condition flag (IGO=2)., 1Indicates
everything is set up for the battle.
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A1D DEPTH FRIM US
3ASED O GC'S MODE
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(12) Block 12. Set sensing report array to 1000000. This
prepares it for future filling. RETURN to
calling routine.

(13) Block L200. Set termination condition flag (IG0=0). Indi-

cates no battle can take place between these
units. RETURN to calling routine.

13. ROUTINE RANGER.

a. Purpose. RANGER determines the engagement geometry for ground
combat. )

b. Input Variables:

Name Source Contents
IDUM (1-400) TWO GCM static data.
NORD ONE Attacker's DSL'd order number.
CNORD ONE Defender's DSL'd order number.
DEPTH ONE Attacking unit's depth.
CDEPTH ONE Defending unit's depth.

c¢. Output Variables:

Name Destination Contents

SINIT TWO Irtial front to front separation distance,
located at IDUM (369).

SFINAL TWO Final front to front separation distance,
located at IDUM (371).

S WO Front to front separation distance, located
at IDUM (153).

WEAD TWO Amount of overlap between attacker and
defender (engagement frontage), located
at IDUM (155).
d. Logical Flow (Figure IV-7-B-13).

(1) Block 1. Are the attacker and defender both in a PREPARE
activity? If not, go to block L20.
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Figure 1V-7-B-13. Routine RANGER.
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2ERO IF APPROPRIATE

Y 10
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11
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12
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13
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s 14
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16

CALCULATE We b
(AMOUNT OF OVERLAP/EN-
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RETURN
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(2)

(3)

(4)

(5

(6)

(7

(8)

(9)

(20)

1D

(12)

(13)

(14)

(15)

(16)

(17)

Block 2.

Block L20.

Block 3.

Block L4O.

Block 4.

Block L60.

Block 5.

Block L61.

Block

Block

Block

Block

Block

Block

Block

Block

L70.

L75.

L80.

Calculate orientation angle using the slope of
the battlefield (SLOPE), then go to block 10.

Is the defender in a PREPARE activity or is the
attacker not in a PREPARE activity? If so, go
to block L40.

Calculate orientation angle using the defender's
locations and velocity, then go to block 10.

Is the attacker in a PREPARE activity or is the
defender not in a PREPARE activity? If so, go
to block L60.

Calculate orientation angle using the attacker's
locations and velocity, then go to block 10.

Is the attacker's velocity equal to zero? If
not, go to block L61.

Temporarily set the attacker's velocity equal to
1.0.

Is the defender's velocity equal to zero? 1If
not, go to block L62.

Temporarily set the defender's velocity to 1.0.

Calculate an intermediate value B using both the
attacker's and defender's locations and veloci-
ties.

Do the attacker and defender have the same NORD :
(activity)? 1If so, go to block L75. i

Are both the attacker and defender moving zero
distance in the X direction? 1If this is not so,
go to block L8O.

Set orientation angle equal to #/2, then go to
block L85.

Calculate a new intermediate value for B.
Are the attacker and the defender both moving
with the same force in the X direction? If so,

go to block L70.

Calculate orientation angle using the intermediate
value B,
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(18) Block L85. Reset attacker's and defender's velocities to
ZERO, if they were previously ZERO.

(19) Block 10. Calculate the average depth (TD) for attacker
Plus defender.

(20) Block 11. Calculate a point (XL, YL) which passes through
the center of the attacking unit and is normal
to the orientation angle.

(21) Block 12. Calculate the center line to center line distance
when the units are oriented on the orientation
angle.

(22) Block 13. Calculate the initial separation distance and
final separation distance when I is equal to 1
and 2 respectively.

(23) Block 14. Calculate final locations for the attacker and
the defender.

(24) Block 15. Calculate the separation distance (S) between
the attacker and defender (average of initial and
final separation distances).

! (25) Block 16. Calculate WEAD, the amount of overlap (engagement
. ! frontage) between the attacker and defender when
oriented on orientation angle, then RETURN.

14. ROUTINE WPNSET.

f a. Purpose. WPNSET sets up various weapon/target/sensor counts for
‘ ground combat and limits unit velocity.

b. Input Variables:

Name Source Contents
IDUM (1-400) TWO GCM static data.
s IDUM (401-652) TWO GCM constant data.
‘ UMAIN (500) ONE Attacker's Unit Status File.
Ucoop (500) ONE Defender's Unit Status File.
FIL28A (189) DF28 Attacker's item distribution table.
FIL28D (189) DF28 Defender's item distribution table.

1V-7-B-51




AUEOHA (202)
LSEOH2 (2000)
AUEOHD (202)

MODE

DF50

DF6

DF50

TWO

Output Variables:

Name Destination
16O TWO
ANSEN (10) TWO
DNSEN (10) TWO
AMAUTA (16) TWO
AMAUTD (16) TWO
AMINIA (16) TWO
AMINID (16) TWO
AWEAP (8) TWO
DWEAP (8) TWO
ATGT (8) TWO
DTGT (8) TWO
VATT TWO

Attacker's authorized EOH table.
Attacker's/Defender's secondary EOH table,
Defender's authorized EOH table.

GCM MODE identificatioh number, located at
IDUM (4099).

Contents

GCM termination condition flag, located at
IDUM (4101).

Total number of attacking unit's sensors,
located at IDUM (267).

Total number of defending unit's sensors,
located at IDUM (287).

Number of attacker rounds authorized,
located at IDUM (73).

Number of defender rounds authorized,
located at IDUM (203).

Number of attacker rounds on hand,
located at IDUM (105).

Number of defender rounds on hand,
located at IDUM (235).

Number of weapons in attacker's front
band, located at IDUM (121).

Number of weapons in defender's front
band, located at IDUM (251).

Number of weapon systems (transports) in
attacker's front band, located at
IDUM (159).

Number of weapon systems (transports) in
defender's front band, located at
IDUM (175).

Velocity of the attacker, located at
IDUM (199).
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VDEF

MVRATE

CMVRAT

UMAIN (500)

ucoopr (500)

TWO

ONE

ONE

DF1

DF1

Velocity of the defender, located at
IDUM (201).

Velocity of the attacker, located at
UMAIN (264).

Velocity of the defender, located at
UCOOP (264).

Attacker's Unit Status File.

Defender's Unit Status File.

d. Logical Flow (Figure IV-7-B-14),

(1)

(2)

(3)
(4)

(5)

(6)

(7)

(8)

(9)

(10

(11)

Block 1.

Block 2.

Block 3.

Block 4.

Block 5.

Block 6.

Block L50.

Block 7.

Block 8.

Block L100.

Block 9.

Bl dedaonr o VR ST MR AL LI LUTSE

Get the attacker's item distribution table
(FIL28A) from DF28.

Get the defender's item distribution table
(FIL28D) from DF28.

Begin loop on eight weapon systems (transports).

Get item code of the first/mext weapon system
for the attacker from IEOHAT.

Is this item code valid? 1If not, go to block
L50.

Calculate quantity (ATGT) of this item code that
is located in the front band of the attacker by
a call to routine DNUMBR.

Get the item code of the first/mext weapon system
for the defender from IEOHDT.

Is this item code valid? 1If not, go to block
L100.

Calculate quantity (DTGT) of this item code that
is located in the front band of the defender by
a call to routine DNUMBR.

.nd of loop on 8 weapon systems (transports)?
If not, go to block 4 to process next weapon
system (if any).

Is GCM MODE less than or equal to 5? 1If so,
go to block 11.
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(12)

(13)

(14)

(15

(16)

an

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

10.

11.

12,

13.

14,

15.

L175.

16,

17.

L200,

18,

19,

20,

21,

22,

Adjust the number of firing attacker weapon
systems 1f so dictated by IOUT,

Determine the number of attacker and defender
weapons from the number of attacker and de-
fender weapon systems (transports).

Begin loop of up to 9 types of sensors.

Get the item code of the first/mext sensor
for the attacker from IEOHAS.

Is the item code valid? If not, go to block
L175,

Calculate how many of the attackingunit's sensors
with this item code are in the front band of
the attacker by a call to DNUMBR.

Get the item code of the first/next sensor
for the defender from IEOHDS,

Is the item code valid? If not, go to block
L200.

Calculate how many of the defending unit's
sensors with this item code are in the front
band of the defender by a call to DNUMBR.

End of loop on up to 9 types of sensors? If
not, go to block 13 to process next sensor
type (if any).

Calculate total number of attacker, and to*al
number of defender weapon systems and save
in ANSEN(1) and DNSEN(1).

Get authorized (AUEOHA) and secondary (LSEOH2)
EOH tables from Data ¥ile 50 and data file
6 respectively.

Begin loop on 16 ammunition types for the
attacker.

Select first/next ammunition type for the
attacker,

Initialize the number of attacker rounds auth-

orized (AMAUTA) and number of attacker rounds
on hand (AMINIA) to ZERO.
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(27)

(28)

29

(30)

(31)

(32)

(33)

(34)

(35)

(36)

37

(38)

(39

(40)

. A Y

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

23,

24,

28,

29.

30.

L280.

L1310,

31,

32,

33.

34,

[T R ——"

Get item code of attacker's weapon system
using LNKA and IEOHAT,

Is the quantity of this attacker's weapon
system that is on hand equal to zero? If so,
go to block L310.

Get item code of the attacker's ammunition
type from IEOHAW,

Is the item code valid? If not, go to block
L310,

Search through secondary equipment list for this
weapon system, looking for this item code.

Was this item code (for ammunition) listed as
secondary equipment for this weapon system?
If not, go to block L310.

Is the amount (number of rounds) of this am-
munition type authorized equal to ZERO? 1If so,
go to block L280,

Calculate faction of rounds authorized that are
on hand (FRAC),

Calculate number of attacker rounds authorized
and on hand for this weapon system (AMAUTA and
AMINIA),

End of loop on 16 ammunition types for the
attacker? If not, go to block to preccess the
next ammunition type (if any),

Repeat the above logic for the defender to
calculate his number of rounds authorized and
on hand (AMAUTD and AMINID).

Is the attacker in a PREPARE activity (NORD=2)?
If so, go to block L4&450,

Is the GCM mode equal to 1 or 3? If not, go to
block L450,

Limit the velocity of the attacking unit to the

velocity of his slowest weapon system (trans-
port).
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(41) Block 35, Did the velocity of the attacker change? 1If
not, go to block L450.

(42) Block 36, Set termination condition flag to 1 (IGO=l).

(43) Block 37. Update attacker's Unit Status File on Data

File 1 to reflect his new velocity,

(44) Block L4&450, Is the defender in a PREPARE activity? 1If

so, RETURN,
(45) Block 38, Limit the velocity of the defender to the

velocity of his slowest weapon system (trans-
por t) .

1 (46) Block 39, Did the velocity of the defender change? If

% not, RETURN,

3 (47) Block 40, Set termination condition flag to 1 (IGO=1),

y (48) Block 41, Update defenders Unit Status File on Data File

1 to reflect his new velocity.
15, ROUTINE VISSET

a, Purpose, VISSET calculates the visibility, sky-ground ratio, and
weapon system intrinsic contrasts for the attacker and defender.

; b. Input Variables:

i Name Source Contents
| IWETH DF4 Weather index for current time of day and
] location,
SUNRIS ONE Time of sunrise,
SUNSET ONE Time of sunset,
i SKGR(3) TWO Sky-ground ratio data.
*: ATREF(8) TWO Reflectance of attacker's eight weapon

systems (transports).

DTREF (8) TWO Reflectance of defender's eight weapon
systems (transports).

c. Output Variables:
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Name Destination Contents
IV1S TWO Visibility (in meters), located at IDUM ?
(376).
ATBETA TWO Visibility factor, located at IDUM (35). }
MODSNS TWO Day/night indicator, located at IDUM (158). |
ASKGR TWO Attacking unit's sky-ground ratio, located j

at IDUM (71). l

d. Logi~al Flow (Figure IV-7-B-15).

COA(8) WO Intrinsic constrasts of 8 attacking weapon |
systems (transports), located at IDUM (39). }

!

COoD(8) TWO Intrinsic contrasts of 8 defending weapon |
systems (transports) -~  ted at IDUM (1). |

|

|

(1) Block 1, Call routine IOWETH to obtain weather index for
current location and time of day.

(2) Block 2, Calculate visibility according to weather index,
(3) Block 3. Calculate current militaty time of day.

(4) Block 4, Is it daytime? If so, go to block 6.

(5) 3lock 5. Set attacker and defender sky-ground ratios to

1.0, then go to block 12,

(6) Block 6. Calculate the direction the attacker is facing.
(7) Block 7. Is it exactly 1200 hrs? If not, go to block 9.
(8) Block 8, Calculate attacker and defender sky-ground ratios,

and set equal, then go to block 12,

, (9) Block 9, Calculate intermediate values depending on
current time of day.

(10) Block 10, Is the attacker facing east? If so, go to block
L60.
) (11) Block 11, Is it morning? If so, go to block L65. If not, L

go to block LS55,

(12) Block L60. Is it morning? If so, go to block LS5,
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VISSET

CALL ROUTINE 104E.4 TO
CALL e o am o o STAIN UEATHER INDIX FOI
I0WETH OCATION AND TiNE OF
DAY

|

CALCULATE
VISIBILITY
{1vis)

P

CALCULATE
CURRENT MILITARY
TIE oOF

DAY

5

SET ATTACKER AND
DEFENDER SKY= NO
GROUD RATIOS TO

ERNY

YES
6

CALCULATE THE
A DIRECTION OF

ATTACKER FACING
IKE DEFENNER

8

CALCULATE ATTACYLR

AlD DEFENDER SKYR<

GROUNDS RATIOS.]
SET QU

CALCULATE INTER-
HEDIATE VALUE DE-
PENDING ON TIME
OF DAY

1S
ATTACKER
FACING
EAS

(::::>_‘ YES

FIGURE 1V-V-B-15 ROUTINE VISSET
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ROUKD RATIOS FOR RATIOS FOR ATT LOQNING

CALCULATE SKY TALCULATE SKYGROUYD
sh ROUTE SUM AYD DEF 40T

DEF LOOKING INTO

LOoiING 13T0 S
T RSl ’ 5

CALL ROUTINE STRBAR TO
CALL o e afCALCULATE RB/R AID BACK-
STR3AR GROUND REFLECTANCE

13
DETERHMINE THE ATTACKER
AND DEFENDER 8 WEAPON
SYSTE!NS (TRANSPORTS)
INTRINSIC CONTRASTS

Y

‘ RETURN )
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(13) Block L6S5.,
(14) Block LS55,
(15) Block 12,
(16) Block 13,

16.

ROUTINE MODSET

a, Purpose,
data out on Data File

Name

I1GO

MODE
SINIT
SFINAL

[}
i
{ s
!

ISEP

ROUT (64)

VATT

VDEF

WEAD

16.

b. Input Variables:

Source

™0

WO

TWO

TWO

TWO

TWO

ONE

TWO

TWO

TWO

c. Output Variables:

Calculate sky-ground ratios for the defender
looking into the sun, then go to block 12,

Calculate sky-ground ratios for the attacker
looking into the sun.

Call routine STRBAR to calculate RBAR and
background reflectance.

Calculate the attacker and defender weapon
system (transport) intrinsic constrasts, then
RETURN.

MODSET modifies data for various GCM modes and puts this

Contents

Flag indicating change in velocities by
routine WPNSET. (l=change, 2=no change).

GCM MODE identification number.
Initial front to front separation distance.
Final front to front separation distance.

Average of initial and final front to fromt
separation distance.

Minimum separation distance,

Unit locations located at ROOT(10-13).
Velocity of the attacker,

Velocity of the defender,

Amount of overlap between attacker and
defender (engagement frontage).

Name Destination Contents
IGo TWO Termination condition flag, located at

IDUM (4101).
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SINIT TWO
SFINAL TWO
S TWO
, VATT WO
VDEF TWO
MURATE DFl
CMVRAT DFl
IDUM(1-394) DF16

(1)
(2)
(3)
(4

(5)

(6)

1 (7N

(8)

. (9

Block 1,
Block 2,
Block 3 .

Block L25,

Block L30,

Block L35,

Block 4,

Block 5,

Block L45.

Initial front to front separation, located
at IDUM (370).

Final front to front separation, located
at IDUM (372).

Average of initial and final front to front
separation,

Velocity of the attacker, located at IDUM
(199).

Velocity of the defender, located at IDUM
(201).

Attacker's movement rate.
Defender's movement rate.

GCM static data.

d. Logical Flow (Figure IV-7-B-16).

Is GCM MODE equal to 2? 1If so, go to block L175.
Is GCM MODE equal to 9? If so, go to block L125.
Is GCM MODE equal to 5?7 If so, go to block L100.

Was attacker's or defender's velocity changed by
routine WPNSET (IGO=1)? 1If not, go to block L35,

Call routine RANGER to determine new engagement
geometry.

Is initial front to front separation greater than
established minimum separation distance (ISEP)?
If so, go to block L45.

Is final front to front separation distance
greater than or equal to initial front to front
separation distance? If so, go.to block L175,

Is GCM MODE equal to 3? If so, return. If not,
go to block L60.

Is final front to front separation distance

greater than established minimum separation
distance? 1If so, go to block 18,
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F MUDSLT

Call routine Ru.GER
CALL to determine
engagement geomety

RETURX

Fipure IV-7-B-1(¢. ‘“outine MODSET,
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|iEEEiI\L45

RO

>

YES
Il

RETUR

ATTACKE
HAS ADVACE
ORDER

SET ATTACKERS
VELOCITY TO
ZERO

DEFENDER
HAVE ADVANCE
ORDER ?

YES

SET DEFENDER'S
VELOCITY TO
2ERD
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it ATTACKER

HAS ADVAICE
ORDER

YES

CUT ATTACKER'S
VELOCITY
I HALF

DEFE!DE
HAS ADVA'ICE
ORDER

CUT DEFENDER
VELOCITY IN
HALF

DEFENDER
HAS ADVANCE
ORDER

ES
i L100

13

CUT ATTACKER

DEFENDER
OCITY Ik
HALF

VEL-

CALCULATE NEW
SINIT'S FINAL

|
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L125

Set attacker
velocity

to zrro
o @
1 1130

3 CALL
RANGER

i

i Set S = ISEP
and velocity if

= defended teo_zero
f< K ’
! Y 1135

Reset velocity
| of attacker to
original yvelocity

—é L140

Reset velocity
of attacker to
original velocity
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s

Cut deiender's
velocity by
one half

5
T,

Set S to
maximum of §
and 1SEP

160 = 2

P

Put all GCH
static data on

PATH FILE
File 16 6

16

L—‘-

‘/_—.

22

Update Luit

Status Files

if velocities
were cut in half
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(12)

(13)
(14)

b (15)
(16)

7

(18)
} . (19)
(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

Block

Bleck

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

10,

1l.

L77.

L80.

13.

L100.

L125.

L130.

14,

15,

16,

Set front to front separation to established
minimum separation distance.

Does the attacker have an ADVANCE order (NORD=6)?
If not, go to block L61,

Set attacker's velocity to ZERO.

Does the defender have an ADVANCE order (CNORD=6)?
If not, go to block 18,

Set defender's velocity to ZERO, then go to block
18,

Does the attacker have an ADVANCE order (NORD=6)?
If not, go to block L8O,

Cut attacker's velocity in half.

Does defender have an ADVANCE order (CNORD=6)? If
not, go to block L30.

Cut defender's velocity in half, then go to block
L30.

Does the defender have an ADVANCE order (CNORD=6)?
If so, go to block L77,

Cut attacker's and defender's velocity in half,
then go to block L30.

Calculate new initial, final, and average front
to front separation distances by calls to routine
RANGER, then go to block 31,

Set attacker's velocity to ZERO.

Call routine RANGER to calculate new separation
distances,

Is the initial front to front separation distance
greater than the established minimum separation
distance? If so, go to block L150.

Is the final front to front separation distance
greater than or equal to the initial front to
front separation distance? If so, go to block 28,

Set average front to front separation distance to
the establigshed minimum separation distance, and
the velocity of the defender to zero.
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(28) Block
(29) Block
(30) Block
(31) Block
(32) Block
(33) Block
(34) Block
(35) Block
(36) Block
(37) Block

17. ROUTINE STRBAR

L135,

L140.

L150.

L175,

Y

Reset the attacker's velocity to original velocit,,
then go to block 18,

Reset the attacker's velocity to original velocity,
then go to block L175.

Is the final front to front separation distance
greater than the established minimum separation
distance? If so, go to block L135,

Cut defender's velocity in half, then go to
block 23.

Set average separation distance to the mimimum
separation distance if this minimum separation
distance is greater.

If WEAD = 0 and S < 3000, go to block 20.

Set termination condition flag to zero then
RETURN.

Set flag indicating no termination condition has
been determined (IGO=2).

Call routine PUT to place GCM static data into
DF16.

Update Unit Status Files for the attacker and
defender if their velocities were cut in half, !
then RETURN.

a., Purpose, STRBAR calculates the roughness and vegetation index,
forestation index, background reflectance, and RBAR's for the attacker

and defender.

b. Input Variables:

Name

TRECRD(10)
BKGREP(3,3)
RBAR(4,4)

ITYPA(8)

Source Contents

DF3 Terrain record.

TWO Background reflectance table,

TWO Line-of~-sight parameter table.

TWO Weapon system (transport) types for the

attacker,
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ITYPD(8) TWO Weapon system (transport) types for the
defender,

c. Output Variable:

Name Destination Contents

IAVRF TWO Pack average roughness and forestation
indexes for the attacker and defender.

ARBAR(8,2) TWO Line-of-sight parameters for attackers weapon
systems (transports), located at IDUM (55),

DRBAR(8,2) TWO Line~of-sight parameters for defenders
weapon systems (transports), located at

, IDUM (17).
ABKGRF TWO Attacker's background reflectance, located

at IDUM (297).

DBKGRF TWO Defender's background reflectance, located
at IDUM (299).

d. Logical Flow (Figure IV-7-B-17),.

(1) Block 1. Set attacker/defender completion flag (IATDEF)
E ’ R to 10
(2) Block 2. Calculate coordinates of the front cornmer points

of the attacker, then go to block L520.
(3) Block L500. Set attacker/defender completion flag to 2.

(4) Block 3. Calculate coordinates of the front corner points
of the defender,

(5) Block L520. Call routine CELLST to get a list of all terrain
cells that are along the leading edge of the
attacker/defender,

(6) Block 4, Calculate the sum of roughness and vegetation,
and foresta’ion indexes along the leading edge.

(7) Block 5. Calculate the average roughness and vegetation,
and forestation indexes,

(8) Block 6. Pack these indexes into one word.
(9) Block 7. Calculate good/bad index for roughness, vegeta-

tion and forestation,
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1500

Set flag
IATDEF = 2

1
Set flag
IATDEF = 1
v 2
Calculate

coordinates of

firont corner peints
of the attacler

Figure IV-7-B-17.

indéx along leading e

Calculate
coordinates of

ffont corner points
of the defender

CALL
CELLST

I .

Calculate sum of
roughness & vege-
tation and forestati

el
ge

E

tation and fore-
station indexe

Calculate average
roughness & vege-

6

Pack indexes
into one
word
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Y

calculate good/bad

index for roughest,

forestation, and
vegetation

MERECHE e s

tha o ae

E Calculate
background

reflectance for
attacker

bt o

10

RBARs for the

H

{

b

f Calculate
! attacker

{ 1720

Calculate
background
reflectance for

' the defender

11

Calculate
RBARs for the
defender

|
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12

Pack attacker and
defender indexes
into one word

RETURN
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(10)

(11)

(12)

(13)

(14)

(15)

a, Purpose.

Block 8.

Block 9.

Block 10.

Block L720,

Block 11.

Block 12,

18, ROUTINE DNUMBR

E’ b, Input Variables:

i Name
f t THINGS CALL
i
, INDEX CALL
2
i IBAND CALL
NBAND CALL
REC28(189) CALL
IACTX CALL

¢. Output Variables:

! - Name

Has the attacker already been processed (ILATDEF=
2)? 1If so, go to block L720,

Calculate background reflectance for the attacker.

Calculate line-of-sight parameters for attacker's
weapon systems (transports), then go to block
L500,

Calculate background reflectance for the defend~-
er.

Calculate line-of-sight parameter for the defend-
er's weapon systems (transports),

Pack attacker and defender roughness and vegeta-
tion, and forestation indexes into one word
(needed for GCM history record #333 - BATSUM),
then RETURN,

DNUMBR determines the number of items or personnel in
3 unit band according to the distribution table from Data File 28.

Source Contents

Total number of equipment items or personnel
in the unit.

Equipment item code (zero indicates person-
nel).

Band in question (1-4).
Number of bands in the unit,
Distribution record for the unit,

Activity index (1-7).

Destination Contents

DNUMBR Calling

routine

Number of equipment items or personnel
in the band in question for a particular
unit,
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d.

Logical Flow (Figure IV-7-B-18).

(1

(2)

(3

(4)

(5)

(6)

N

(8)

&)

Block 1.

Block 2.

Block L50.

Block L100.

Block L200,

Block L300,

Block 3,

Block 4.

Block L500.

(10) Block 5.

(11) Block 6.

Does this uni- have more than 1 band? If so,
go to block ,

Set number of it=ms or personnel in first band
to total number in the unit since there is only
1 band, then RETURN to calling program,

Does this unit have any nonuniform distribution?
1f so, go to block L200,

Since equipment and personnel is uniformly
distributed, (or since some anomally exists)
set number of items or personnel to the average
for the number of bands, then return to calling
program,

Are we concerned with nonuniform distribution
of equipment or personnel? If personnel, go
to block L500,

Find number of this unit's items of equipment
with nonuniform distribution,

Find the pointer into REC28 for the nonuniform
distributiran of this particular item of equip~
ment,

Was this pointer found? If not, go to block
L100.

Is the entry in REC28 equal to zero? If so,
go to block L100,

Call routine PACK28 to unpack nonuniform distri-
bution for this item code or personnel,

Calculate DNUMBR for nonuniform distribution of

this item code or personnel, then return to
calling routine.
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NUMBER
OF BAIDS
.GT,
1

L100

SET DHOMBR TO Ho THEPE ANY
UATFOR!M DISTRI= NOil=U{IFORN
BUTIOL OF Tulis

ISTRIBUTION

RETURH

200

PERSONNEL
OR
QUIPME!

15 {50

SET DCOIBER

RETURY

PERSOIIEL

EQUIPMENT
L300

FIND {UMBER OF
ITEMS WITH NON-
UATFOR! DISTRIBUTI

3

FIND PACKED WORK
REPRESENTING
NONUNIFORN DIS-

Dt (JX)

TRIBUTION

10:1 HORK EQUA
TO ZERO

CALL
PACK28

£
CALC. DIO!'BR FOR
HOHUNIFOR'Y DIS.
TRIBUTIOY

!

‘ RETURR >

FIGURE 1V-7-B-18 ROUTINE Di4D!DR
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‘ 19. ROUTINE GCFIRE. 1

a. Purpose. GCFIRE determines the number of active weapons and targets,
computes the coverage pattern within the target unit, distributes the total

i rounds fired based upon target acquisition and priorities, and controls and

velocities of the units.

b. Input Variables:

Name Source Contents
- DATDUM(322) DF16 Data for firing attacking unit. DATDUM
1 (1) equivalent to FILE39 (2345). ‘
A Located at IDUM (1).
LNK(16) DF16 Weapon to transport link table.
PRIOR(16,8) DF16 Weapon-target priorities, located at
F IDUM (323).
i AMLIM(16,4) DF16 Ammunition supply conditionals, locatea
v at IDUM (451).
NWT DF16 Total number of attacking unit's weapon
, types, located at IDUM (515).
I NTT DF16 Total number of defending unit's weapon
o types, located at IDUM (517).
: HWST DF16 Total number of attacking unit's weapon
! i system types, located at IOUM (516).
: { RNDLDT(8) DF16 Total number of rounds fired during last
| iteration, located at IDUM (1606).
TIMEIT DF16 Battle iteration duration, located at
IDUM (1697).
RBAR(8,2) DF16 Line-of-sight parameters, located at
I1DUM (2809?.
PDET(8,3,3) ONE Detection probabilities, located at
IDUM (1270).
TDET ONE Time to acquire a target, located at
IDUM (1683).
PLOS(8,3,2) ONE Line-of-sight probabilities, located at °
IDUM (1174?.
DCAS(16,8) ONE Conditional losses, defending unit, lo-

cated at IDUM (174).
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ANRNDS(16,8) ONE

DATDUM(240) DF16

c. Output Variables:

NTGT(8,3,3) TWO

A(3) TWO

{ R(3) TWO
i (

= SERANG TWO

! FTPOSA(8) TWO

= FTPOSB(8) TWO

; RNDS(8,3,3)  TWO

DFIRE(16) TWO
FIRERS WO
WSPD DF16
TSPD DF16
ICODE TWO
ACAS(16,8) DF16

E Name Destination

Conditional rounds fired, attacking
unit, located at IDUM (518).

Data for firing, defending unit (DAT-
DUM (1) equivalenced to FILE39 (2667).

Contents

Total number of targets by type, cover-
age region type, and posture, located
at IDUM (1030).

Area of each coverage region type, lo-
cated at IDUM (1670?.

Range to each coverage region type,
located at IDUM (1676).

Search angle, located at IDUM (1688).

Fraction of targets moving, located at
I0UM (1574).

Fraction of targets stationary, located
at IDUM (1590).

Distribution of rounds by target type,
coverage region type, and posture,
located at IDUM (1414).

Depth-of-fire indicator, located at
IDUM (1558).

Total number of firing weapons, located
at IDUM (1693).

Attacking unit's velocity, located at
1DUM (287).

Defending unit's velocity, located at
IDUM (289).

Flag to ide