
AD-768 162 

IMPROVEMENT OF THE WAR - GAMING CAPABILITY, 

PHASE II (WAGCAP II) 

Computer Sciences Corporation 

Prepared for: 

Combat Developments Con1 mand 

June 1973 

DISTRIBUTED BY: 

Natio■I Technical lnfannation Sime, 
U. S. DEPARTMENT OF COMMERCE 
5285 Port Royal Road, Springfield Va. 22151 



June 1973
ACN20530

IMPROVEMENT OF THE WAR GAMING CAPABILITY
w
CD

00
CD
t-
A
<

PHASE II
[Short Title: WAGCAP II)

FINAL REPORT

P D /
' 'I err ,,
,:i’^r-u^jrrrr

UNITED STATES ARMY 

COMBINED ARMS CENTER
J

III
riviTY

Apprivii fir public release 
distrilitiai unlimited

Til fiAiinis iH this ripirt 
art Alt ti It ciAstml as ai 
ifficiat ItpartMiAt if tht Arsi 
pasitiiA laltii la itsi|aatal 
bi ithir aithiriial itciatats..

■tprodu(*d by

NATIONAL TECHNICAL 
INFORMATION SERVICE

U S Dcoort'npn* of Ce**'<Tt«rc« 
Spnogf ^ld VA 271St

I



.-

!I 

}! 

' 
; 

UNCU\SS I Fl ED -
~. ,. 11 nt v C J,, ~• 1f1ca!lnn 

DOCUMENT CONTROL DAT A. R & D 
fS t- c uti ty rltt s &i fl ra t io n o l t rrlc, bod v c- 1 1t l>i t ,11c t am.I ,nd~ '(l11r nnnotat i l' n m u • t be entered 141h nn t il e ove ra ll repo rt I s rl u 6s lllecl.J 

I . OR IGl ,cA TI NG ACTIVIT Y (Cc.."' rpo ru ft outhut) 2e. RCPOHT S CUHITY r.L AHI FIC AT IO N 

Combat Deve lopn:ents Research Off ice UNC LASSIFIED 
Comp uter Sc iences Corpora ti on 2tl. GROUP 

J . RCPORT TITLE 

Project Fina l Report for Improvement of the War Gaming Capability, Phase I I 
(HAGCAP I I) 

• · OCS CN I P T IVE N OTES (1),p• o/ report end lroc/uel ve deteeJ 

Fi nal Report 
9 . A UT"10 ~ \ S J ( f ",ra t nanro, midc.1 /e i n itl• I, l••t n ll me) 

Combat Developn~nts Research Office 
Cori puter Sciences Corporation 

I , R EP OMT t.> ATE 7e. TOTAi. NO . O F P• t,ES 17b. NO . 0 0 REFS 

June 1973 52 
te . CON TRACT OR G R AN T N O . lie. ORIGINATOR• S R E .. ORT NUM'B ERl SI 

DAAG-ll-70-C-0875 
ti. PROJECT NO . ACN 20530 

USACDC Work Directive 6-72 
c. '"· OTHER REPORT NO(SI (Any other nwntler• Iller 11141Y ,.. Halt,,•d 

lhl• r•port) 

d. 

10. DISTRIBUTION STATEMENT 

Distribution of this docun~nt is unlimited 

II , SUPPLEMENTARY NOT ": S 12 , SPONSORING MILITARY ACTIVITY 

USACACDA 
Fort Leavenworth, Kansas 66027 

IJ . ••sr,ucT 

This final report, supported by Appendices A through D, describes the work performed 
and results achi eved by Comp uter Sciences Corporations Comb at Development Research 
Office as they supported the Division War Game (DIVWAG ) Model in the areas of 1-'.o del 
Maintenance, Technical Training of governmen t personnel, Techni:al Support, and 
Sensitivity Testing. This volume contains the main 
of Work. 

.. 
' . , 

. 

~ 

: 

. 

• 
I 

R • ~i..AC& 00 ~0""' 1•11 . I JAN••• W .. ICH It 
oa,01.CT& POR ... ,. .. y u,c. 

report and Appendix A - Statement 

UNCLASSIFIED 
~cc u111y CJ,11111 ihc•hon 

~ 

·- · 

l 
[ ... 

t 

-

I 

~ 

l - ' 

' I 

J 



U~CI l\S SI rIEO 
S,-c-uri t v C l t!ls 1flcJtion 

I"· LIN K A KEV WOAOI L I N K 0 L r,~K C 

RO LF. WT "I O L E WT HO L E .. , ... 

Alternative Forces 
Cor.1bat Effectiveness 
Combat Potential 
Combat Service Support 
Combat Support 
Computer Assisted Model 
Doctrine 
Evaluation 
FirepC\-:er 
Force Des ·i gn 
Intelli gence 
Mobility 
Sensitivity 
War Game 

I 

I 
I 

I 

.. . 

' 
J , • I 

I .. 

.. . 

• 
I tL 

UtlCLASSIFIED 
~curaty Cla11Hication 



- -----

PROJECT NUMBER 6-72 

IMPROVEMENT OF THE WAR GAMING CAPABILITY, PHASE II, (WAGCAP II) 

FINAL REPORT 

PREPARED FOR 

USA COMB!NEO ARMS COMBAT DEVELOPMENTS ACTIVITY(PROVISIONAL) 
UNDER CONTRACT DUG 11·70-C-0875 

IN RESPONSE TO USACDC WORK DIRECTIVE 6·72, 
IMPROVEMENT OF THE WAR GAMING CAPABILITY, 
PHASE 11 ( WAGCAP 11), 30 MAY 1972 

JUNE 1973 

csc 

Destroy this report when no longer needed. Do not return it to the ori~inator. 

I 

lb 
COMPUTER SCIENCES CORPORATION i 



ABSTRACT 

This final report, supported by Appendices A through D, describes the work performed and the results achieved by Computer Sciences Corporation's Combat Developments Research Office (CSC-C.!)RO) in response to USACDC Work Directive 6-72, Improvement of the War Gamin Capability, Phase II. 
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IMPROVEMENT OF T!iE WAR GAMING CAPABILITY, PHASE II (WAGCAP II) 

FINAL REPORT 

CHAPTER 1 

INTRODUCTION 

1. PURPOSE. The WAGCAP II Final Report, supported by the appendices hereto, 
describes the work performed and the results achieved by the Computer Sciences 
Corporation Combat Developments Research Office (CSC-CDRO) in response to 
USACDC Work Directive 6-72, Improvement of the War Gaming Capability, Phase II 
(WAGCAP II). The project was executed in two 6-month phases, and the principal 
objectives of the project were to provide model maintenance and technical sup­
port of DIVWAG Model operations, to produce technically trained government 
personnel capable of operating the Division War Game (DIVWAG) Model in appli­
cation to Anny force and resource planning activities, and to provide a basis 
for acceptance of model output through sensitivity testing of the model and 
its principal components. 

2. BACKGROUND. In order to place the WAGCAP II project in proper context 
with other work performed and related to the DIVWAG Model, the following 
chronology is presented: 

a. 1n Augus t 1970, under Contract DAAGll-70-C-0875, CSC-CDRO initiated 
Proj ect 3- 71, Improvement of the ICAS War Game Model (IMPWAG). The tasks of 
this projec t were to identify deficiencies and problem areas in the DIVTAG II 
(DIVision Through Army Group) Model through a review of documentati n; to 
establish a priority list for correction/resolution of the deficiet <.ies and 
problem areas; to correct or improve DIVTAG II within project constraints; 
and to document corrections, improvements, and resolutions, as well as to 
recommend corrective action. This project was completed in May 1971. 

I 
b. In February 1971, project tasking was issued to CSC-CDRO to design, 

develop, and validate the following: 

(1) A computer-assisted war game model(s) which would permit 
determination of the impact on force effectiveness of changes in the mixes of 
major weapons and other systems at an appropriate level of resolution. 

(2) An analytical methodology for analyzing the output of the model(s) 
developed and determining the effectiveness of a single force. 

(3) An analytical methodology for comparing alternative forces. 

The project above was identified as Project 7-71, Development of a Division 
War Game Model (DIVWAG), and was completed in December 1971. The war game 
model designed and developed under the DIVWAG project was the base from 
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1

.•.tl1i c h follow -·on improvements were made under the WAGCAP pro~ ec t descr ibed i l'l t 11e fllJ h ,w i n;, paragraph. 

c . I n Oc t ober 1971, CSC-CDRO i nit ia ted Projec L 2- 72, Imp r ovement o f the .-'ar Gamiiig C lpabil i ty (WAGCAP) und e r t as king by US ACDC to perform the follow­
i ng: 

(1 ) Dete rmine the. i mprovements to the DIVWAG Mode l tr.at could be made 
1,Ji th l r. t li e current state o f ::he a r t . 

(:_') Establ fa h ,1 pr i n-tty ~is :: i11g uf c:rnd idatt'. s ubmo dels and/or ~ t, r 1..i,1ti ,1 l:!s r.o be i mpr )Ved r anked :. t h · orc·er determ i ned by the sens itivity oi OLll p 11rs , the resourc es avail able , and t he f ideli t y and balance requirements 0f t. <:' mode l . 

(3 ) Ac cor.ip is h the 1,,ode 1 ~ .. µr uve :nents it accor ·a ncc with the ~r i o r ci . e~t a bl ished by tt e Stu,!: Spons or and/or the St udy Advisory Group. 
( 4 ) Condu·t tes ts t o d~ Le rmin e t he s ensitivity o f model or aubmodel o utp t to i nput da ta and /o r mode l s t r uc tu r e . 

(5) Demo nstrate t he validi ty of ! ~proved suhmodels and/ or subroutines ·' l ~ i ,•·~nect to other model ou t ;,u t , o. nd e xperimenta l a nd test data. 

1 r ) ·irc1i r governmen t per s,, nn c l in the techniques and pro cedure s r ,.- r;: . ·, r e: _., c, ,; •::-;.c.e DI VWAG e ffectivei v and efficien t l y . The t ra ining program ··-'d · • • ·,~ u 1n ~d to ,.e l ud e hot }. th e deve i o me n t of an approp riate data base and :J .,2 c,1r, ' 11,: t of a ::ra i ni ng game. 

Condu c t a t e s t gamEc to dt ·1 ,,l mt: ·a t e t he imp r oved model, the • ,c.:.c' .,f mod,, J ou t pu t , tl~e ev,:d ,,a ti.J1· oi game results , a nd the capabilities ~- : , trc1 i ned governmen t pf'rsonn e .:. . 

; H) !1 5 ng t he tra i ced gov~r nmen t pe rsonnel, c ond uc t a war game of the ;J, l ,J ~V i Sl \.l11 • 

• :, ,_,..; , ;_--o -~ct 1,a s con ple t e d .i. n J u · y ~9 7.: a , r esu .! ted .in t he product ion of ·.;· • .-.~ : :.: ., r, ,, : ~ .. c i ;:·,,, ;,· .~ v -:. J ~)I\":,AG ::ode 1 f r ;)e ra ti on n th e Cont r ol Data .Jr~v r :, c'i01:. 3 310 ,~Otr.;-Juter s yf,tem. Other objec tives we r e a chi eved as tasked. 
,I . A,, a con ,-:urren t ac t iv ity with the pe rformance of t he WAGCAP II project :i nti l rnp,1d:ing direc tly upon the ::. a :..tl i r·, ,:Sc- CDRO reprog r ammed t he DIVWAG Model f,Jr ;Je n it 'ion on t he Control :iata Corpora tion 6500 compu ter system. The • ,<' i.•',C(; s ys t em .,,, came ope-r .1 t iona1 at :-ort Leavenworth , Kansa s in November 1972, :1 1 ci t •i c1 CDC J3 0C, system ceased ope r a tion i n mid-January 191 3. Task IV, r: ep~·ou;1r1mtng of t he Division Wa r Garn,, ~fode l (DIVWAG) , of Project 1-73 was ,·c,n;p·Le <: <, in Apr il 1973. 

i -



l . PROJECT TASKT ~G : 

;1. The S tnt<'tnC' nt of Wor k. for ?rojec. t 6-72, Improvement of the War Gaming 
C:1pab l1 ity, Phase I I (WJ\CCAl' II) dated 30 May 1972, divided the ytH1 :- -long project into two liqu al pl1ascs and assigned the following tasks for performance duri ng Phase I (1 .July 1972 - 31 December 1972): 

(1) Provide required maintenance for the DIVWAG Model. 

(2) Train government personnel on all technical aspects of the DIVWAG Model. 

(3) Provide programming and other technic 1 support to the previously trained government player and control personnel duri11g the preparation for and conduct of DrVWAG war games. 

(4) Conduct sensitivity testing as directed by and in accordance with priorities established by the Study Sponsor. 

b. On 15 November 1972, tagking for the performance of Phase II (1 January 1973 -· 30 June 1973) was issued by the Contracting Officer's Representative as follows: 

(1) Provide required maintenance on the DIVWAG Model until the 
government assume s responsibility for required maintenance; thereafter, provide technical advice to government personnel who will maintain the mo<}.~]. . 

(2) Complete the training of government personnel, begun in Phase I, on the technical aspects of the DIVWAG Model. 

(3) Provide technical support of testing and gaming being conducted by government personnel. 

c. The USACDC tasking documents for the performance of Project 6-72 are contained in Appendix A. 

4. PROJECT MONITORSHIP AND REPORTING: 

a. Technical guidance and project monitorship on-site were provided by the Study Sponsor's Representative, Colonel Wayne D. Miller. 

b. Project advice and assistance was provided by the WAGCAP II Study Advisory Group, which convened at Fort Leavenworth, Kansas on the dates indi­ca ted below: 

(1) 23 August 1972. The primary thrust of this SAG meeting was to approve the Project Wor k Plan and to issue instructions for the conduct of 
sensitivity t es t s during the project. 

1-3 



CHAPTER 2 

WAGCAP II PROJECT RESULTS 

Section I. INTRODUCTION 

1. PURPOSE. The purpoae of this chapter is to provide sumary descriptions of the activities and the results achieved in the performance of the WAGCAP II project, 

2. ORGANIZATION. This chap ter is divided into five sections. The first section explains the purpose of the chapter and ita organization, and the succeeding chapters deal, in turn, with the results of sensitivity testing (Section II), model maintenanc_e (Section III), technical training (Section IV), and technical support (Section V). 
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Sl'c tion JI. SENS ITIVITY TESTING 

I. Pl ' IU'1 1 'F •>F St·: STTl \l I I' \ fl:STING. S nsitivity testi.ng during the WAGCAP II p ujt: c r :1: 1J as i l s µurpos the establishment of the behavior pattern of the l1TVWAC , odc l and it s components in order to demons trate that the model is a ,. red i h I£' mn hema ti al a nd I gi cal sin 11 a t ion of division activity. The ulti -mat goal of test ing was the establishment of limits of input variation for which model response was deemed realistic while the balance among submodels was maintained. 

a. During the WAGCAP proj ect (USACDC Work Directive 2-72) some new submodel s were developed and existing submodels were improved, and all were ln t . ra t ed l nto t he D1\/WAG system. This integration of new and improved models occurred du rin~ the WAGCAP Test Game, which was conducted late in the predecessor projec t and which covered a wide spectrum of military activities. Ouring the Test Game, some marginally acceptable system/model-dependent game outpu t results were noted. These results, coupled with overall results of the game, indicated that in order to ensure realistic outputs when the DIVWAG Model is used in a production t1ode, model sensitivity, balance, and fidelity in all functional areas should be demonstrated. 

IJ . The CSC -CDRO plan for the sensitivity teP.t:ing during the WAGCAP II proj ec t was s ubm i tted as Appendix B, DIVWAG Sensitivity Test Plan, to the Pro jec t \.Jork Pl an . Thi s appendix established general procedures for sensi­tivity testing nnd recommended 26 sensitivity tests to the Study Sponsor for accomplishmen t d1 1ring the WAGCAP II project. The CSC-CDRO recommended tests are listed by fun c tional area in Figure 2-1. Recognizing that accomplishment of rt ll recommended tests was beyond the resources and time available for the project, CSC -CDRO f urther re ,:onunended that the sensitivity tests be accom­plished l.n t he orJcr s hown in Figure 2-2. The recommended orderir.i,- -was Jeveloped on the basis of exper ience in moc1el operation and knowledge of model s t ~tus , and the open committee method was used to rank order the tests. Under the terms of the Statement of Work, the des i gnation of the order of actual performance of the tests was a prero~a ti ve of the Study Sponsor and t he -:M-:CAI' 1 T '. :t,1d • t, dvl!:rn ry Group. 

c. At their meeting on 23 August 1972, the WAGCAP II SAG considered the recommendations of both CSC--CDRO and the Study Sponsor's Representative for t he accomplishment of the sensitivity tests and established the priority for test performance shown in Figure 2-3. Tests were to be performed in the order indicated and within resources allocated to sensitivity testing. A recapitu­la tion by functional submodel of the tests reco11m1ended as well as those selected for performance is shown in Figure 2- 4. The concentration of tests in the 
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Ground Comba t Model and Intelligence and Control Model areas should be noted. 

d. on J) November 1972, the Study Sponsor's Representative formally 
notifi ed r.sc -- r.DRO that the contractor would not be tasked to conduct sensitivity 
analy s <'!'l <luring Phase II of the WAGCAP U project. The Study Sponsor's Repre­
sentat lve further indicated that utilization of the CDC 3300 computer system 
for sensitivity testing by CSC-·CDRO would not extend beyond 31 December 1972. 
The CDC 1300 system was planned for removal in January 1973 and was actually 
closed down on 16 January 1973. 

e. All sensitivity testing of .die DIVWAG Model and its components was 
conducted using the version of the model that was operational on the CDC 3300 
computer sys tem. 

f. Ry mutual agreement between the Study Sponsor's Representative and the 
WAGCAP IT Project Manager, all documentation of results of sensitivity tests 
~as to be delivered in draft final report form by 1 March 1973. Individual 
test results were delivered to the Study Sponsor's Representative as they were 
completed, and the complete draft final Appendix B, Sensitivity Test Descrip­
tions, was delivered on 1 March 1973. 

g. On 14 March 1973, the Study Sponsor's Representative indicated formal 
acceptance of Appendix B with minor corrections to be incorporated in the 
WAGCAP II r inal Report. 

5. SENSITIVITY TEST PROCEDURES: 

a. The sensitivity tests were generally conducted using response surface 
techniques. A response surface can be described as a relationship between a 
quantitative or numerical response and quantitative factors affecting the 
response. The relationship may be deterministic or it may involve random 
variables. The functional form of the relationship may be known explicitly 
(e.g., y • f(x1 , ···•Xo)), it may be known except for the values of several 
unknown parameters, or very little may be known about the response surface. 
The aim of response surface testing (inv,~s tigation) might be either to explore 
and describe the response surface over s~me region of interest in factor space, 
or to optimize the response over some operability region in factor space, In 
any case, the basic feature of response surface methods is the experimental 
investigation of a response surface using observations of the response at 
various factor levels of data. Response surface testing was accomplished 
~enerally by varying selected subsystem input values for key model parameters, 
running a game period of acceptable length whenever the subsystem had new input 
values, extracting and arraying game period output data, and subjecting the 
output data to analysis. 

b. For each candidate test, a concept outline was prepared as part of the 
sensitivity test plan. A "talking paper" was then prepared for each test 
sel~cted fc•r accomplishment. The talking paper consisted of the detailed test 
experimental design and included discussions of the general scenario and data 
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for t it, test and the comparisons expected to be provided by th t est . (Concept 
out I lne~ and t a lking papers are included with the documenta tion for the tests , 
Annexes I through XVII to Appendix B). 

c. Upon receipt of Study Sponsor approval of a talking paper, CSC-CDRO 
began execution of the test according to test design, followed by analysis and 
evaluation of results. Study Sponsor personnel assigned proponency for each 
test were kept cl osely i nformed of test progress. For several tests effor t 
was r edirected, or additional guidance was received, on the basis of preliminary 
results . These cases are recorded with the documentation of individual tests . 

d . Upon completion of each test, documentation was prepared to include a 
general description of the test, the constant and vari able data used, a narra­
tive description of test performance, display and anal ysis of results, and 
observations developed on the basis of test findings. This docUlll~ntation 
comprises Annexes I t hrough XVII to Appendix B. 

6. TEST RESULTS. Sensitivity tests results are summarized in Appendix B, 
Sensitivity Test Descriptions, and the details of test performance are included 
in the annexes of Appendix B. Based upon the results of the sensitivity tests 
conducted, the following general conclusions and recoanendations are submitted. 

a. Conclusions. From the results of the sensitivity tests of the four 
submodels of the DIVWAG system addressed by the WAGCAP II testing program, it 
is concluded thnt: 

(1) The submodels tested produce realistic results consistent with 
input data used for the tests. 

(2) Some input data strongly ~nfluence model output; therefore, these 
da ta should be carefully examined and validated before game results are used 
in actual force planning studies. 

(3) Continuing sensitivity tests are necessary in order to fine tune 
the DIVWAG Model. 

b. Recommendations. From the results of the sensitivity tests conducted, 
it is recormnended that: 

(1) The DIVWAG Model be employed in a production mode. 

(2) Test data acquired be used to inform gaming personnel of the most 
effective application of the DIVWAG Model in war gaming operations. 

(3) A program be established to examine carefully and to validate 
data to be used in the DIVWAG Model when applied in the production mode. Where 
necessary, requirements for fieJ tl tests to provid ~ valid data should be initiated. 

(4) Sensitivity testing of the DIVWAG Model continue with the overall 
objective of improving the simulati on of combat operations at the division level. 
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(5) Data extracted from future applications of the DIVWAG Model be 
selec tiv1• ly extracted, arrayed, and compared with exist ing data in order to 
l·ompl cll'ly clot: ument the hehavlor of the DIVWAG Model under varying gaming 
ohJPc.:tlv, ·s and scenarios. 

(r, ) MoJJ f lcations an<l improvements suggested by the detailed 
conclusions in Appendix B be given early consideration for inclusion in the 
Division War Game Model. 
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Secti0n III. MODEL MAINTENAN CE 

7. Pli lU'llSE In' MODEL MAINTENANCE. The purpose of required maintenance of the 
D1VWAG Model was to maintain the model in an operational status, first, on t he 
Control Data Corporation 3300 computer syetem and, later, on the Control Data 
Corporation 6500 computer system. The terms "model maintenance" and "required 
maintenance" are used interchangeably in this report. 

8. BACKGROUND: 

a. The Division War Game Model is a complex and sophist i coted computer-· 
assisted simulation for use in war gaming military force interactions at 
division level. One of the principal means of enhancing the operational capa­
bilities of the DIVWAG Model is through continuing Lpplication to division­
l evel war games. Such application permits ready identification of data and 
l ogic anomalies of the system that are not necessarily detectable in subsystem 
or system tests. For different war games, too, varying submodels of the system 
ar e exer l:ised more frequently than others and in different simulations of 
mil itary activity. During each application of the model, therefore, constant 
a ttention to model outputs as well as to the system and subsystem operation is 
necessary to ensure that military activities are simulated as designed and 
cha t output data generated are in keeping with the data input and with effi­
c ient model operation. 

b, The vlAGCAP II Statement of Work for Phase I and, as amended, for Phase 
I l tasked CSC-CDRO to "provide required maintenance on the DIVWAG Model until 
the government assumes responsibility for required maintenance; thereafter 
provide technical advice to government personnel who will maintain the model." 
R0.quired maintenance was defined by the Study Sponsor as maintaining the model 
i n an operational status on the CDC 3300 and CDC 6500 computer systems as 
required. Corrections to the model as a result of continued model application, 
sys tem t esting, and debugging were considered within this definition. 

c . During Phase I of WAGCAP II, th ree major applications of the DIVWAG 
: odcl provided vehicles for a close examination of the operability of the 
n•o<le l an<l for modifications and debugging where required. The result of these 
aµpl icat lons was a thorough operational shakedown of the DIVWAG Model. 

(1.) CSC-CDRO conducted a series of 17 sensitivity tests and in so 
do ing exercised a large number of the submodels and routines. Given early use 
and close scrutiny was the Ground Combat Model, which required a number of 
corrections before the tests were completed. Other models were similarly 
fine-tuned during the course of sensitivity testing. 

(2) In order to reprogram the DIVWAG Model for operation on the 
Control l)ata Corporation 6500 computer system, it was necessary for the 
government to produce benchmark runs and for CSC-CDRO to ensure that the model 
was f ul l y operational during the production of these runs . Four benchmark 
runs were produced, which exercised al l major programs an<l routines of the 



DI VWAG Model. In the process of making these benchmark runs, model maintenance 
was cont i nu ' , , and additional model corrections and changes were incorporated 
i nto operationa l f iles, routines, programs, and submodels in accordance wit h 
guidanc e and app roval of the Study Sponsor's Representative. 

(3) Res ponding to tasking from Department of the Army, USACDC Combat 
Systems Group conducted a limited war game using the DIVWAG Model to produce 
data for analys is by the Middl e Model Review (MMR) Group. The overall purpose 
of MMR Group activities was to review operational division-level models, war 
games, and simula tions. Each of the models under consideration was required 
to simulate the same combat situation, and the results were to be used to 
develop insight s i nto the kinds of analytical problems each model could handle 
most effectively as well as to identify st~engths and weaknesses of each model 
for t he s cenario gamed. The conduct of t his gaming effort provided an excel­
lent opportunity t o ensure that the DI\T~AG Model operated in accordance with 
design speci f ications. 

d. In the performance of model maintenance, it was anticipated that 
maintenance of the CDC 3300 DIVWAG system and the CDC 6500 DIVWAG system would 
not be required concurrently. At the time that an operational capability with 
the CDC 6500 system was achieved, model modifications to the CDC 3300 system 
would stop, model modifications and changes made to that point in time would be 
documented, and the documentation would be forwarded to the Study Sponsor's 
Representative. All subsequent model modifications would be addressed to the 
CDC 6500 system. 

9. MODEL MAINTENANCE ACTIVITIES: 

a. General. Based on the continuing review and analysis of the DIVWAG 
Model, areas i n t he model were identified as candidates for modification in 
order to enhance the credibility and acceptability of the DIVWAG Model as a 
division war gaming tool. Each of the areas identified as a candidate for 
modification was thoroughly analyzed and system tested prior to incorporation 
i. nto the DIVWAG Model being used by the government personnel for the conduct 
of war games. The refinements, adaptations, or modifications to the DIVWAG 
Model were coordinated with the Study Sponsor's Representative prior to 
i ntegration in the DIVWAG Model. 

(1) Model modifications took the form of corrections rather than 
improvements. Corrections were defined as those actions undertaken to ensure 
that t he model operated according to design specifications. Improvements, on 
th e ocher hand, embraced the development of new design or the modification to 
t il e present design in order to cause the model to operate in a manner different 
from the WAGCAP version of t he DIVWAG Model. Modifications to the model based 
upon continued testing and debugging were integrated into the DI VWAG Model 
using the WAGEDIT routine. No model corrections or changes were incorporated 
into operational files, routines, programs, or models without prior Study 
Sponsor's Representative approval. 
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(L ) Sys t em testing .s nd debugging t •' the DIVWAG Model and t he data 
,·ontinued tli 1 our, ho11t the per iod of the WAGCAP II project (1. e ., July 1972 
through .J une 1973). Model modifications were made pri ncipally to elements of 

the Constant Data Input Processor, the Period Processor, and the Period Output 

Processor. 

(a) The Engineer and Nuclear Assessment Models, although extant 

in the DIVWAG Model at the beginning of the WAGCAP II project, required exten­

sive system testing and debugging. The results of theRe system tests were 

carefully analyzed, and the necessary corrections to t he models were edited 
onto the operational DIVWAG Model. 

(b) The Ground-to-Air Attrition (GTAA) routine of the Airmobile 

Model, designed and coded during the WAGCAP project, was tested and integrated 

into the DIVWAG Model during WAGCAP II. The GTAA routine replaced the inflight 
attrition routine of the Air Ground Engagement Model, which simulated assess­

ments of inflight aircraft during airmobile operations and reconnai ssance 

flights. 

(c) The Ground Combat Model underwent exhaustive sensitivity 
testing during the period 15 Jul y to 1 October 1972. As a result of tM.s 

sensi t ivity testing, a recODDDendation was made to the Study Sponsor to incor­
porate CSC-CDRO's suggested corrections into the model. With Study Sponsor 
approval, corrections to the Ground Combat Model were incorporated. 

b. Phase I (1 July - 31 December 1972). During Phase I of WAGCAP II, 
ma r. el maintenance activities were addressed specifically to the CDC 3300 
Dl vWAG sys tem. Reasons for each modification or change, together with a 

desc r i ption of the 1110dification or change, are set forth in Section II of 
Appendix C to this report. Annexes to Appendix C contain change pages to the 
DIVWAG Model documentation for the CDC 3300 system as follows: 

Annex I - Volume III, DIVWAG Technical Manual 
Annex II - Volume IV, DIVWAG Users Manual 
Annex III - Volume V, DIVWAG Programmers Manual 
Annex IV - Volume VI, DIVWAG Data Requiren.•ents 

Definition 

c. Phase II (1 January - 30 June 1973): 

(1) Model maintenance activities during Phase II were predicated upon 

the availability of a version of the DIVWAG system operational on the CDC 6500 
computer system. This version became available in the latter part of January 

1971; however, the reprogrammed vers i on of the model was not tn be accept ed 
by the Study Sponsor until all benchma r k runs had been valldated by the DIVWAG 

Reprogranuning project. In the i nt er i m period, a test ver s ion of the reprogrammed 

model wa s created and used to ident1fy how modifications and changes would be 

made once the reprogrammed model was accepted. 
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( .! ) Modi f ications and changes made to the CDC 3300 DIVWAG system prior 
to l ncc uber 19 72 were accep t ed by the DIVWAG Reprogranuning project for inclu­
sion i nt o th 0. CDC 6500 .DIVWAG system. After that cutoff date, however, only a 
limited number of modifications to the CDC 3300 system were incorporated in the 
CDC 6500 system, the number depending on the extent of reprogramming of the 
pertinent components of the model. In the early portion of Phase II, CSC-CDRO 
identified modifications and changes to the CDC 6500 DIVWAG system that needed 
to be made once the reprogrammed system was accepted and that had not been 
i ncluded. These modifications stemmed from sensitivity tenting of components 
of the DlVWAC: Model, the application of the model in s..1pport of the MMR Group, 
the preparat i on by CSC-CDRO of an overlay structure foe loading of constant 
d~ta, and the co tinued analysis of model structure and operat ion by CSC-CD1t0 . 

(3) On 27 March 1973, the Study Sponsor established technical guidel ines 
for modification to the DIVWAG Model once the government assumed responsibility 
of model maintenance of the DIVWAG system. The guidance recognized the existence 
of two versions of the DIVWAG Model; an operational version (Version A) and a 
test version (Version B). Verslon B was designated t he vehicle for testing in 
the ongoing DIVWAG Model mainte_1.mce, development, and improvements pr gram. The 

general plan would be for CSC-C~RO and the government to establish the validity 
~nd operability of candidate modifications to the DIVWAG system using Version B 
prior to changing the operational Version A. In order to ensure the full capa­
bili ty of the trained government personnel to operate and maintain the mo~el, 
only government personnel would make modifications to Version A. 

(4) On 12 April 1973, the Study Sponsor accepted the reprogra11lmed DIVWAG 

sys tem including the responsibility for model maintenance. The Study Sponsor 
cancelled the requirement for preparing a draft report of changes to the CDC 6500 
DIVWAG system, agreeing instead to the inclusion by CSC-CDRO in the final docu­
mentation of the project those changes actually incorporated in the system. 
Those changes actually made are described in Section 111 of Appendix C to this 
report and are presented in Annex V to Appendix C. 
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Section IV. TECHNICAL TRAININl: 

10. PURPOSE OF TECHNI CAL TRAINING. The p rpose of training of government personnel i.n the technical aspects of the DIVWAG Model was to permit the government to achieve ,1 full capability to apply and maintain the model. 
11. BACKGROUND: 

a. The us Army Combat Developments Command for a number of ye rs utilized the war game models and facLlity at Fort Leavenworth in the support of analy­tical effort s . These analytical efforts were performed by personnel under contract to the government. The contractor personnel assumed the roles of military participants during the play of the game. Government personnel, therefore, were denied the advantage of an education in war gaming extended over a considerable period of time as well as the opportunity to develop a base of understanding in details of the 1ar game operation. Similarly, the government had not taken full advantage -,f the skilb and experience of mili­tary personnel well qualified to contribute to the development of doctrine or to the conduct of force pla·:ming by having these personnel participate in war gaming. 

b. Under the WAGCAP project (USACDC Work Directive 2-72), CSC-CDRO presented a training program designed to train government personnel in the techniques and procedures required to operate the DIVWAG Model effectively and efficiently, The program presented was divided into two parts embracing formal classroom training. The first part consisted of training government personnel in the development of a data base and included 202 hours of instruc­tion, both conference and practical exercise, as well as laboratory practice dur. ing which the trainee personnel developed the constant data base for the WAGCAP Test Game. The second part of the program addressed war game training and included 197 hours of formal instruction enabling government personnel to act as control team m~mbers and as Red and Blue players. 

c. The formal classroom training and practical exercises in war game model appl i ~ation conducted under the WAGCAP project did not address the technical aspects of the DIVWAG Model; therefore, in order for the government to achieve a full capability to apply and maintain the model, it was necessary to train government personnel in the design logic of the DIVWAG system and in the pro­gramming logic and coding for all the DIVWAG Model components, The completion of this phase of training would permit the government to achieve the full capability of applying, operating, and maintaining the Division War Game Model. 
12. TECHNICAL TRAINING CONCEPT: 

a. The concept of technical training for WAGCAP II originally visualized independent readi ng assignments by individual trainees followed by on-the-job traini nK designed to acquaint the individual government trainee with execution. It became obvious , however, that a more disciplined approach to technical training would be necessary in order to achieve the results desired; therefore, 
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.·t!mlfo r 111:1l ,1•111l11.1r s w~• re s1 ·•1tc• d11led an<l presented. This change in approach, 
nrnp lvd with ti ,,· diverse pr fesslonal qualifications and interes ts of trainees 
assigned, caused the technical tralning to proceed more slowly and in greater 
detail tl~n orlglfially envisioned. Coordination between the Study Sponsor's 
Representatlv~ and CSC-CDRO resulted in training during Phase I being limited 
to training on the Period Processor and training during Phase II addressing 
all other parts of the DIVWAG Model. 

b. It was anticipated t hat government personnel to be assigned for training 
would possess a variety of education, Lraining, and experience; therefore, in 
lieu of formal classroom training, a more flexible training program stressing 
informal se11i nar sessions was designed to acquaint the individual government 
programmer or analyst with inodel operations at his level of interest, On-the~ job training was to follow the informal seminar sessions and would include a 
period of on-the- job application during Phase II under the tutelage of CSC-CDRO 
personnel prior to project completion. 

c. Technical training dur :, 1g Phase I was based on the DIVWAG Mode designed 
and programmed for the CDC 3300 computer system while Phase II technical train­
ing concentrated on the DIVWAG Model as prograuaned for the CDC 6500 computer 
system. 

d. The WAGCAP II technical training program was designed as a study program 
supplemented by informal seminar sessions. A series of reading assignments was 
prepared to direct the technical personnel in the study of the DIVWAG system 
and program logic. These reading assignments were principally from Volume III, 
DIVWAG Technical Manual, and Volume V, DIVWAG Programmers Manual, with selec­
tions from Volume IV, DIVWAG Users Manual, also being suggested. It was 
expected that the technical personnel would concentrate their efforts on those 
aspects, either design or programming logic, most closely allied with their 
field of specialization. Informal seminar sessions, designed to complement 
and reinforce assigned readinis in the DIVWAG documentation, were scheduled at 
the convenience of both the instructor and the trainees. At the conclusion of 
t · e s tudy program and seminar sessions, government personnel would begin on­
the- j ob training, the nature of which would be dependent both on their specific 
assignment and on the activities ongoing as a result of WAGCAP II tasking and 
any games being conducted using t he DIVWAG Model. 

13. TECHNICAL TRAINING PRESENTED: 

a. Phase I. The Phase I technical training was oriented to the Period 
Processor of the DIVWAG Model and was conducted during the period 2 August -
29 December 1972. In order to place the technical training of government 
personnel on a firm basis, CSC-CDRO first presented an introduction to the 
DIVWAG Model, and this was followed by technical training by functional area of the DIVWAG Model's Period Processor. The government personnel undergoing 
training were divided into three functional groups by the Study Sponsor, and 
each group devoted its principal effort to learning the models that fell within 
its respective functional group. Th~ three groups designated by the Study 
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Spon ~o r :ind Lhe mode ls of t he Period Processor assocla ted with e~rh f unct i onal group are ~liuwn below: 

Fi r e_power Group 

t.:ro und Combat 
Area Fire/TACFIRE 
Air-Ground Engagement 
Nuclear Assessment 

Mobility Group 

Combat Service Support 
Engineer 
Airmobile 
Movement 

Intelligence Group 

Intelligence and Control 
Reconnaissance 
System Operating Routines 

and Basic System Models 

l!nd e r t l1e Phase I training, 71 seminars were presented, embracing 197. 25 class room hours. Trainees f requently attended classes other than those related to t heir functional group as a means of increasing their knowledge and under­standing of the DIVWAG system as a whole. 

b. Phase II. The Phase II technical training covered the remaining four processors of the DIVWAG system not covered in Phase I (i.e., Constant Data Input, Orders Input, Period Output, and Analysis Output Processors) as well as util i ty programs associated with model operation. Phase II training was con­ducted during the period 2 January - 23 February 1973, and included 30 seminars embracing 73.50 classroom hour9, Training during this phase was oriented to mode l maintenance personnel although other attendees were frequently present to broaden their knowledge of the DIVWAG Model. 

14 . RE SULTS OF TECHNICAL TRAINING. The technical training presented during t he WAGCAP II project, coupled with the operational training in the use of the DIVWAG Model presented during the predecessor WAGCAP project, has permitted government personnel to achieve a fundamental knowledge and understanding of the oper ationa l and t echnical aspects of the model. The overall state of 
t ra i ni ng exi s ting at the completion of the technical training can best be 
advanced by on-the-job training in model operation and application. 

15. RECOMME~'DATIONS AS A RESULT OF TRAINING. It is reconnnended that: 

a . A pro~ram of on-the-job and sel f training be instituted that will - . pr oduce a small nucleu s of government staff members well trained and knowledge-a~le in all operational aspects of the DIVWAG Model. 

b. A program of model maintenance and improvement of the DIVWAG Model, consistent with the knowledge and state of training of government personnel, be instituted and pursued at the earliest practicable time. 
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Sec t i on V. TECHNICAL SUPPORT 

16. l'UKPOSE OF TECHNICAL SUPPORT. Th L' purpose of t echni cal support of t he USACllC/ IISATRADOC wa r g-'lm ing effor t was to provide operations r search , com­puter sys t ems analysis, and compu ter programming necessary to support testing and war gaming operations of the government. 
17. BACKGROUND: 

a . At t11e initiation of the WAGCAP II project, the government had made t he deci s lo 11 to attain an i n-house (government) capability not only to con­duct actual war games but also to provide t he full spectrum of technical support necessary to sustain war gaming operations. This capabili ty was to be directed initially to the appl i cation of the DIVWAG Model; however, as more model~ became available the objective was to be capable of operating and supporting a family of war game models. 

b . Under the predecessor WAGCAP project, government gaming personnel were instructed in the development of a data base to support computer-assisted war gaming and in the use of the D: vision War Game Model for the conduct of ~c tua l war games. The formal classroom training and practical exercises in model application did not address the technical aspects of the DIVWAG Model; thert!fore, at the start of the project the government possessed a cadre and a capab i lity to apply the model but lacked personnel in sufficient numbers and with the requisite training and experience to support the gaming operations. Contractual sup~ort became necessary until qualified government technical personnel were assigned and trained to provide technical support. 
c. Uuring Phase I (1 July - 31 December 1972), CSC-CDRO was tasked to prov i de programming and other technical support to the previously trained government player and control personnel during the preparation for ad conduct of DIVWAG war games. In the Project Work Plan and for the purposes of WAGCAP II, the term game support was used to describe the CSC-CDRO effort and was defined as that technical advice, programming, and other technical support required to maintain an efficient approach to, and execution of, the war gaming efforts. As indi ca ted by the tasking, game support was required in preparation for and Ju rir,g the conduct of war games. The basic approac '1 , then, in the execution of t his task was to provide technical support on an ~d hoc basis; however, at ot ~er t i mes, available project support would be devoted to model maintenance and t raining. 

d. During Phase II (1 January - 30 June 1973), CSC-CDRO was tasked to prov . ,.e technical support of testing and gaming being conducted by government personnel , such technical support being interpreted to include: 
(1) Support of on-the-job training of government personnel on technical aspects of DIVWAG. 
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(2 ) Provision of advice and assistance to gamer and model maintenance personnel on problems encountered with data base or gaming operations. 

(3) Provision of assistance to government personnel test and debug of specific st.nmodels . 

(4) Provisions of assistance in the execution of edi : s to the DIVWAG Model based upon the identification and solution of problems encountered. 

(5) Provision of documentation support in writing required errata and addenda to the CDC 6500 documentation of the DIVWAG Model. 

The approach to technical support during Phase II involved recognition of completion of the technical training of government personnel on 23 February 1973 and the assumption of respons ibility by the government for maintenance of t he DIVWAG Model, which actual y took place on 12 April 1973. With these two milestones being completed, CSC-CDRO would then turn its total contractual resources to technical support wi h the objective of providing that support necessary to ensure that government personnel were fully capable of maintaining the model in an operational status, that on-the-job technical training was oupplied where needed, and that expert technical advice and assistance was provided to support sensitivity and operational tests of the DIVWAG system and subsystems. 

18. TECHNICAL SUPPORT ACTIVITIES: 

a. General. The concept for technical support of government war gaming operations was essentially one of providing that support of gaming operations not available from government resources. This concept was extended for Phase II to include similar support for system, operational, and sensitivity t esti ng of the DIVWAG Model by government personnel. As indicated in the fol­lowihg subparagraphs t he tasking of techni cal support was rather broadly inter preted, particularly in Phase II; however, the emphasis in such support was always to the objective of providing support that was not available to the government from its own technical resources . Throughout the project, the government developed an ever-increasing capabil i ty to provide its own techni­cal support, and as this occurred CSC-CDRO's technical support was redirected to t hose additional technical tasks that were essential to gaming and testing opera tions and that government personnel and resources successively moved to cover. By this evolutionary technique, the government acquired the experience and knowledge of the complete spectrum of technical support of war gaming operations in i t s most comprehensive application. 

b. Phase I. The project resources during Phase I were principally applied to model maintenance, sensitivity testing, and training since relatively l i ttle gaming activity occurred during the phase. Two significant gaming exercises were conducted during Phase I, however, and were supported by CSC­CDRO. 
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(1) Concurrently wi t h the execution of the WAGCAI' 11 proj ec t and under 
separate project tasking, CSC-CDRO reprogrammed the DIVWAG Model to operate on 
a CDC 6500 computer system. In order to provide a basis for later validation 
of the reprogramed model, the government conducted a limi ted war game using 
the veraion of the model programmed for operation on the CDC 3300 computer 
syatem. The war game exerc i sed all major components of the model, and game 
input and output were carefully controlled and documented. Four benchmark 
periods of varying length and activity were produced , and the resul ts were 
used to confirm the proper operability of the reprogr ammed model. During t he 
conduct of the game, CSC-CDRO provided direct suppor t in checking and corr ect­
ing game input in the form of data and gamer orders ; in prograrmning changes 
and modifications to produce the results desired; in job-ordering computer r uns 
to the supporting data process i ng facility; and in analyzing computer runs and 
game output. 

(2) Responding to tasking from Department of the Army, USACDC Combat 
Systems Group conducted a limited war game using the DIVWAG Model in order to 
produce data for analysis by the iddle Model Review (MMR) Group. The overall 
purpose of MMR. Group activities was to review operational division-level models, 
war gamea, and simulations. Technical support by CSC-CDRO was required to 
ensure that the DIVWAG Model produced data consistent with the fixed scenario 
(combat aituation) involved in order that a valid comparison of the DIVWAG Model 
with similar models could be compl eted. Programming support and technical 
advice and a■■i■tance were provided to the government in the conduct of the war 
game. 

c. Phase II. Aa indicated in paragraph 17d above, technical support of 
te~ti ng and gaming being conducted by government personnel during Phase II 
embraced a diversity of tasks. 

(1) On-the-job training of government personnel on technical aspects of 
the DIVWAG Model was conducted from the completion of semi formal tra i ing on 
23 February 1973 until the completion of the project on 30 June 1973, On-the­
job training was necessary in order to provide government personnel with hands­
on experience in operation of the model on the new computer system, in the 
diagnosis and trouble shooting of model operations based upon obf ~rved hardware 
aad software system abnonnalities, in the analysis and interpretation of compu­
ter output from model runs, and in the application of prograDDDing techniques to 
ensure uninterrupted operation of the DIVWAG Model. 

(2) Advice and assistance to government gamer and model maintenance 
personnel on problema encountered with data ba■e and gaming operations were 
provi ded by CSC-CDRO throughout Phase II. Much of the technical support in 
this area wa■ provided in an informal atmosphere and generally in response to 
direct queationing by the government per sonnel. A major effort by CSC-CDRO was 
completed unilaterally, however, and r esulted in the development of an overlay 
(DIVPREP) to load all constant data fo r the DIVWAG Model . This addition to the 
DIW AG Model resulted in increaeei f Iciency i n overa l l model operat i on and 
running time. The modification t t h • documentation to accommodate DIVPREP is 
lnclcded in Appendi.x C to this re ort. 
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(]) Fo llowing the turnover to the government of the CDC 6500 version 
of the DIVWAG Model, modifications and changes to the model were necessary. 
The modifica tions were those identified after benchmark runs were made and 
which could not be made until the reprogrammed version of the model was opera­
tional, tes ted, and de livered. For the purpose of controlling changes made 
to t he model, the Study Sponsor's Representative identified model modifica­
tions by source and placed them into seven groups, six of which involved CSC­
CDRO support under WAGCAP II. 

(a ) Group A. Programming corrections made by CSC-CDRO's 
reprogrammi ng group. 

(b) Group B. Middle Model Review modifications. 

(c) Group C. DIVPREP overlay structure and associated 
mod if ications. 

(d) Group D. Changes identified but not made by CSC-CDRO's 
reprogrammin~ group. 

(e) Group E. Nuc l ear Assessment Model changes. 

(f) Group F. Modifications suggested by sensitivity testing. 

(g) Group G. All other changes which CSC-CDRO, in its support 
of DIVWAC, i dentified. 

In executing its WAGCAP II taskst CSC-CDRO specifically addressed Groups B-G. 

Procedurally , cs r.-CDRO developed the detailed modifications based upon a 
general identif i cation of the requirement for such modifications. Once the 
logic and codin c-1. modifications were struct11red, they were edited into the test 
version of the ll l VWAG Model. With each ct ange or group of changes it was then 
necessary to conduct component, subsysteffi , and/or system tests and, where 
necessary , to debug the modified progratr,s and systems. CSC-CDRO either pro­
vi ded expert adv i ce and assistance to P,overnment personnel conducting test and 
debug operations or, where government skill and experience was not available, 
actually conducted test and debug operations. Finally, fully tested and docu­
mented modifications were passed to government personnel who effected the 
modif ications in the operational version of the model. 

(4) As the DI VWAG Model was exercised in an operational mode, 
abnormali ties of the nodel were observed and their causes were identified 
t hrough diagnostic messages or t hrough analysis of output. Once the causes of 
the abnormal i ties were identified and either the model logic or operational 
procedures were modified, it was necessary to edit corresponding changes into 
the model. Edit procedures, principally through the use of the WAGEDIT routine, 
were then followed in order to attain and maintain an operational capability 
with t lw model. CSC-CDRO initially made all WAGEDIT changes as approved by 
t lie St udy Sponsor's Representative; however, as government personnel became 
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increas:fngly familiar and proficient w1 th the DIVWAG M dl• I, CSC-CDRO played 
an ever decreasing role in assisting in the execution of edits to the model. 
As the close of the project, government personnel were fully capable of 
effecting model changes and edits. 

(5) With the assumption of responsibility by the government for 
maintenance of the DIVWAG Model, the government thereby also assumed responsi­
bility for the documentation of any model changes incident to the model main­
tenance task. In the course of effecting model modifications under the 
technica 1 guidance of the Study Sponsor's Representat i ve, CSC-CDRO provided 
documentation support in writing errata and addenda t() the CDC 6500 documeu­
tation oft e DIVWAG Model. Documentation support wa•, extended to modifications 
and changes made by CSC-CDRO only; however, by mutual agreement with the Study 
Sponsor's Representative, CSC-CDRO accepted model modifications and accompanying 
documentation prepared by the government. The objective of this agreement was 
to provide an integrated set of documented modifications to the DIVWAG Model. 
Model modifications and changes made to the CDC 6500 version of the DIVWAG Model 
are included in Annex V of Appendix C. In addition to errata and addenda CSC­
CDRO also provided change decks and coding sheets keyed appropriately to the 
DIVWAG System. 

(6) Concurrent with the development of the overlay to load all constant 
data for the DIVWAG Model (see paragraph 18c(2) above), CSC-CDRO tested the 
overlay and coded and tested associated changes to other processors. In addi­
tion, CSC-CDRO: 

(a) Provided an UPDATE library for the overlay. 

(b) Provided a binary library. 

(c) Verified that the entire overlay had been tested by loading 
a complete data base. 

(d) Submitted written specification for changes required to other 
processors. 

(e) Provided change decks and coding sheets for changes to the 
other processors. 

(f) Explained the testing methodology to the government coordinator. 
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CHAPTER 3 

D[VWAG MODEL DEVELOPMENT 

1. PURPOSE. The purpose of t his chapter i s to recap Ltul ate the overall 
development of the Division War Game Model under Department of the Army con­
tract number DAAGll-70-C-0875 in order to gain insights into the resources 
and time required to develop a sophisticated and complex s imulation such as 
the Division War Game Model. 

2. MODEL DEVELOPMENT ANALYSIS: 

a. With the completion of the WAGCAP II project Computer Sciences 
Corporation, through its Combat Developments Research Office, has over a span 
of 3 years successfully executed a succes~ i on of projects that have pr.oduced 
a fully operational division war game mod .1. Additionally, execution of the 
projects has produced a complement of gove~nment personnel, which has been 
trained and which is professionally capable of operating and maintainin~ t~e 
Division War Game (DIVWAG) Model. In order that this experience on t he part 
of both contractor and government personnel be available for future planning 
of similar activities, the following descriptive chronology is presented and 
is keyed to Figure 3-1. 

(1) As the initial step, CSC-CDRO conducted a critical analysis of 
an existing division war game model (DIVTAG II) with the objective of identi­
fying deficiencies and problem areas which, if corrected, would result in a 
credible and acceptable war game model. This research au~ analytical effort 
(IMPWAG Project) provided much of the insight and basis for the model develop­
ment efforts that followed. 

(2) Concurrently with the conduct of the IMPWAG Project, CSC-CDRO 
was tasked to develop a methodology for the evaluation of alternative forces 
(CONAF ALTFORE) as part of a larger effort embracing the conceptual design of 
the army in the field. Early efforts in execution of this tasking were not 
fruitful; therefore, CSC-CDRO was red i rected to design, develop, and validate 
a computer-assisted division-level war game model as well as a methodology 
for comparing alternative forces. This development effort (DIVWAG Project) 
was intended to pr, .duce a middle model, which would be dependent upon input 
from high resolution models; however, available high resolution models could 
not produce credible and acceptable data for a division-level model, and it 
became necessary to develop a model that would simulate dynamically at division 
.evel all the functions of l and combat. Once the basic design of the original 

model was completed, the system was progranuned and tested . While these lattf!r 
activities were in progress, it became obvious that improvements should be made 
to the basic design. Furthermore , the expanded developmental efforts precluded 
extensive validation and sensitivity testing that would obvi ously be necessary 
if the model were to achieve acceptabllity as a military pl anning tool. Exe­
cution of this project resulted i~ complete documentation of the analytical 
methodologies required as well as draft final documentatjon of the DIVWAG Model. 
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Because of pending improvements, the St udy Sponsor made the decis ion t o defer 
production of the final formal model documentation until the improvements were 
incorporated. By the close of this project, government gami ng personnel had 
joined USACDC Combat Systems Group; however, no formal training of any govern­
ment personnel had taken place. 

(3) In order to conserve time and t o obtain maximum value from 
available contractor and government resources, a follow-on project (WAGCAP) 
was initiated prior to the completion of the preceding project. Contractor 
personnel were committed to model improvement activities wh i l e programmi ng 
and testing of the basic model was sti ll in progress. Once the basic modeJ 
had been tes ted, a firm basis would then exist for editing in changes to 
improve the model. During this project, the Ground Combat Model (GCM) of the 
DIVWAG system was subjected to extensive validation compari son with 
CARMONETTE III and IUA models, both of which are high resolution simulations 
of ground combat. Differences in output between GCM and the latter two models 
were traced to, and explained by, logic and data differences among the models. 
Limited sensitivity testing within available resources was conducted and 
reported by CSC-CDRO. Lastly, government gaming and control personnel were 
presented formal instruction in the development of a data base and in the 
effective and efficient application of the model to appropriate gaming opera­
tions, including the conduct of a test game. A set of formal documentation of 
the DIVWAG Model was produced and delivered. 

(4) With an operational model in hand, CSC-CDRO was next tasked 
(WAGCAP II) to conduct a series of sensitivity tests of the DIVWAG Model, to 
present technical training on the model to government personnel, to maintain 
the model in an operational status , and to provide technical support to 
government personnel in the conduct of testing and gaming operations. The 
activities performed under this project tasking are presented elsewhere in 
this report and will not be discussed further at this point. 

(S) During the execution of the WAGCAP II project, the government 
replaced its Control Data Corporation 3300 computer system with the Control 
Data Corporation 6500 computer sys tem. Replacement necessitated the repro­
gramming of the DIVWAG Model to operate on the latter system. This activity 
was not connected directly with the DIVWAG Model development activities; 
nonetheless, in the course of performing the reprogramming, additional model 
efficiencies were realized. The reprogramming project did, however, add 
information to the overall inventory of knowledge about the model and about 
the effort required to reprogram the model to a new computer system. Each 
reprogramming effort is unique to the new computer system for which the model 
is reprogrammed, but any effort expended in the future to reprogram the model 
for a different system should not exceed time and resources devoted to con­
version of the model to operate on the CDC 6500 computer system. This state­
ment is justified because of universal features (e.g., ANSI Standard FORTRAN) 
that were included in the reprogrammed model. Major time and resource effort 
in the reprogramming was demanded in order to accomplish the following: 

(a) Convert programs and routines from FORTRAN IV to ANSI 
Standard FORTRAN. 
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(b) Execute in 124,000 (octal) words of core in lieu of 170,000 
(octal) words previously used with the CDC 3300 computer system. 

(c) Execute with one chapter of common instead of two. 

(d) Reprogram operations involving character type variables to 

use character utility routines. 

(e) Revise variable names containing more than six characters tu 
shorter names. 

(f) Redesign and rewrite the DIVWAG Scenario Language compile ·. 

(g} Eliminate mixed mode arithmetic operations. 

(h) Eliminate assembly language routines or replace them with 
ANSI Standard FORTRAN routines. 

(i) Eliminate non-standard print formats. 

b. In guiding future efforts in model development, the following observa­

tions were made or lessons were learned. 

(1) The development of a complex, computer-assisted war game model 
is a research and development project and as such cannot be as severely 
disciplined as the mechanical production of a piece of military hardware. It 

is an endeavor that must be thoroughly researched and executed in an evolution­

ary fashion; therefore, expectations of a predescribed product within a 
specified period of time are rarely achieved. 

(2) A model development effort comparable to that for the DIVWAG 

Model should be carefully and thoroughly researched. Sufficient facts per­
taining to the activity to be simulated, acceptable mathematical and logical 
techniques and procedures to be applied in the simulation, and the availability 

of data to support application of the simulation are required before actual 

model development takes place. Once a modeling effort has been initiated, 
redirection of the effort is extremely wasteful of time and technical personnel 

resources. 

(3) A proper blend of operations research/systems analysis personnel 
and computer software and hardware personnel is essential to the orderly 

development of a simulation as sophisticated and complex as the DIVWAG Model. 

Operations research/systems analysis personnel conduct the necessary research 

of activities and events to be si~ulated as well as design the simulation, 
while the computer personnel program the simulation and operate the system. 

Obviously, an improper blend is inefficient, but the lesson learned is to avoid 

improper prejudging of the blend of personnel and to achieve the proper balance 

in an evolutionary manner. A minimum initial number of each of the disciplines 

is mandatory, however. 
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(4) Some of the activities in the development ef fort can be compressed in time by the addition of personnel resour ces; however, there is an upper limit to the number of professional personnel who can participate in such an effort and have the project proceed in an efficient and orderly manner. In addition, since much of the effort is sequential, peaks and valleys of pro­dl•ctive effort can be smoothed out if both sequential and concurrent activities can be scheduled ovet a reasonable amount of time. 

(5) Competition for computer t ime can strongly influence the span of time required to execute a comparable developmental ef fort, particularly when the computer system being used executes in a multipro~ram mode. A dedicated computer system or a computer usage priority system wl.11 assist in compress i ng developmental time; however, only the former alternative will ensure minimum deveJ )pmental time. 

(6) A comprehensive program of testing must be conducted in order to ensure credibility and acceptability of model operations and output. 

(a) Tests to ensure efficient and acceptable operation of components of the model both as to the degree to which the components simulat •=.: real activities and as to the capability of the component to execute without programming fault (system tests). 

(b) Tests to compare the output of the model to the output of other models which simulate similar activities (validity tests). 

(c) Tests to produce data of model operation over a real life range of input parametric values (operational tests). 

(d) Tests to analyze the behavior of the model and its components over a complete range of values for model parameters, whether the parameters are hardwired into the model logic or are dependent upon constant data inputs (sensitivity tests). 

(7) Data play an important role in model development. Early identification of required data for the successful operation of the model as designed is mandatory, and a data collection effort paralleling in time the model development effort is essential to a timely and efficient application of the model. Real or realistic data are essential to all phases and types of mode l testing. Not only is the initial preparation of an acceptable data base important, but of equal importance is the establishment and efficient operation of a system to update the data base on a periodic basis. 

(8) Thorough documentation of the model or simulation is essential to its successful future application, and detailed guidance for the preparation of such documentation should be known early in the project. Preparation of th documentation should be strictly disciplined and should be executed as the proj ect progresses. Only in this manner can all facts pe r ti nent to the development effort be preserved for future use. 
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(9) The management of a major model development effort requires 
careful and constant attention. Thorough planning , diligent supervision, 
thoughtful analysis of results, and detailed reporting and documentation are 
essential to a useful product. 

3. RECOMMENDATIONS. Having completed contractual efforts in the development 
of the DIVWAG Model, CSC rec0111Dends that: 

a. The DIVWAG Model be applied as early as practicable in support of Army 
force planning. 

b. A complete data base, properly documented as to source of data, be 
developed and maintained for use with the DIVWAG Model. 

c. Sensitivity and operational testing of the DIVWAG Model be pursued 
with the objective of continuing improvement of the capability to analyze the 
model and it■ output. 

d. A stable gaming and model maintenance team be developed and maintained 
in order to apply the DIVWAG Model and other models in active war gaming 
operations. 
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APPENDIX A 

STATEMENT OF WORK 

This appendix presents the USACDC Work Dir~ctive and Statement of Work .fer W~GCAP II issued to CSC-CDRO on 30 May 1972 (Annex I). The appendix also contai ns the project tasking for Phase II of WAGCAP II (Annex II) issued by the Contracting Officer's Representative on 15 November 1972. 
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ANNEX I 

WAGCAP II WORK DIRECTIVE AND STATEMENT OF WORK 

TO 

APPENDIX A 
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DEPARTMENT OF THE ARMY 
HEADQUARTERS 

UNITED STATES ARMY COMBAT DEVELOPMENTS COMMAND 
FORT BELVOIR, VIRGINIA 22060 

CDCCM-C 

Director 
Combat Developments Resear ch Office 
Computer Sciences Corporation 
6565 Arlington Boulevard 
Falls Church, Virginia 22046 

30 May 1972 

SUBJECT: Work Di-rective 6-72, Improvement of the War Gaming Capability, 
Phase II (WAGCAP II). 

Dear Sir: 

Request that you provide the U.S. Army Combat Developments Command services 
described in the attached Statement of Work. These services will be furnished 
in accordance with the provisions of Contract No. DAAGll-70-C-0875. Services 
will be performed at Fort Leavenworth, Kansas in Government furnished facili­
ties under CDRO overhead and G&A rates prescribed in the aforementioned 
contract. 

The COR will be furnished within fifteen working days the following information: 

a. Written acceptance of the Statement of Work. 

b. Name of the supervisor responsible for the contractual effort. 

c. Estimated man-months of professional effort to complete the work and 
total estimated cost to include identification of all direct, indirect costs 
and fee. Travel costs will be identified separately without burden and fee 
charges in accordance with paragraph 11, Modification POOOll of the contract. 

Sincerely yours, 

(SIGNED) 

CHARLES D. CRAWFORD 1 Incl 
as Contracting Officer's Representative 

CF: CC, COMSGp, ATTN: Colonel W. C. Dysinger 
Ft. Leavenworth, Kansas 

Mr. Charles F. Carter, Box 269 
Ft. Leavenworth, Kansas 

Preceding page blank A-1-3 
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STATEMENT OF WORK 

1. Project Study Title: Improvement of the War Gaming Capability, Phase II 
(WAGCAP 11) ACN 20530. 

2. Scon of Contractor Effort: The contractor will accomplish the followtng: 

a. Phaae I (1 Jul 72 - 31 Dec 72). 

(1) Provide required maintenance for the DIVWAG model. 

(2) Train aovel'IIINnt personnel on all technical aspects of the 
DIWAC aodel. Thia trainina will include, as a minimum, detailed instructions 
in the folloviaa: 

(a) The daaian logic for the DIVWAG system, major processors , 
aub1yat ... , aubroutinaa, and data files. 

(b) Th• programming logic and coding for all DIVWAG components. 

(3) Provide programming and other technical support to the previously 
trained governMnt player and control personnel during the preparation for 
and conduct of DIWAG war games. 

(4) Conduct sensitivity testing as directed by and in accordance 
with prioriti•• eatabli1hed by the study sponsor. 

b, Ph••• II (1 Jan 73 - 30 Jun 73): Continuation of the above tasks 
•• directed by the atudy aponsor. 

3. AHugtiona: 

a. USACDC and th• U.S. Army will continue to have a requirement for 
ev1luatin1 the iapact on unit effectiveness of changes in mixes of major 
weapon• and other 1y1tama in a constrained resource environment. 

b. The DIWAG aodal provides a realistic tool to accomplish required 
analy••• at the divi1ion level. 

c. Computer-a11i1ted war games at the division level are required to 
gain in■ iahta to the aix of combat units and the appropriate combat support 
and combat 1arvice aupport in support of CONFAD, CONAF and other force design 
studie■ . 

4. Re1ult1 (Ind Produce,) Required: 

a. A project work plan, responsive to this Statement of Work, that 
de1cribe1 appropriate ta■ks and subtasks with time phasing, allocation of 
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resources, estimated computer time requirements, dates for report submission, and other management items deemed necessary. 

b. Periodic study sponsor status reports and WAGCAP II SAG meetings as required. 

c. The training program provided the government personnel. 

d. A report containing the results of the sensitivity testing conducted. 
e. A final report containing the complete documentation of the training provided and any model modifications or programming changes resulting from conduct of the project. 

5. Information to be Provided by the Government/COMSG: 

a. The study sponsor will provide appropriate information, such as force designs, doctrine, scenarios, and geographical areas, required by this contract. 
b. Classified documents not available from the Defense Documentation Center. 

c. Specific guidance as to tasks to be executed during Phase II NLT 15 November 1972. 

6. Period of Performance: 

a. Estimated Starting Date: l July 1972. 

b. Estimated Completion Date: 30 June 1973. 

7. Reporting Requirements: (All reports will be in a form mutually agreeable to ~he contractor and the study sponsor's representative. Proprietary rights of all materials produced by the contractor revert to the United States Government.) 

a. The project work plan required by paragraph 4a will be provided NLT 30 days after receipt of an approved Statement of Work. 

b. Reports required by paragraph 4b-4e will be submitted in draft for approval, NLT the due dates established jointly ~y the study sponsor and the contractor. The final report will be submitted on camera-ready copy within 15 days of SAG approval of the draft final report. 

8. Administrative Information: 

a. Study Sponsor's Representative: COL W. C. Dysinger, Chief, USACDC Combat Systems Group, War Games Facility, Fort Leavenworth, Kansas 66027. Telephone: 913-684-4008. (AUTOVON: 552-3253). 
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b. COMSG will monitor and ass i st t he contractor tn accordance with t he terms of the contract. Computer time, if required, c.an be provided a t the USACDC ADP Facility at Fort Leavenworth at no cost to the contractor . 

c. A SF.CRET security clearance will be required for the contractor. 

9. Computer. Software Develo2~~: 

a. USACDC computer facilities will be used to the maximum extent possible. 
b. Any computer software developed on a type of computer not avai lable within USACDC will be capable of being processed on a computer available within USACDC. 

c. No programming techniques which rely for proper operation upon the number of bit• (or characters or bytes) per computer word will be used. 
d. No local FORTRAN IV programming language features which do not conform to ANSI Standard■ (ANS X3.9-1966) for FORTRAN IV will be used except by prior explicit approval of the sponsor. 

e. No computer system specific subprograms (including machine or assembly language) will be uaed except by prior explicit approval of the sponsor. 
f. All input/output using magnetic tapes will be performed in 7-channel BCD mode. 

g. All printed output lines (or lines ultimately targeted for a line printer) will contain no more than 120 characters. 

h. No individual program, subprogram, data storage area, task or overlay will require more computer memory than the largest module size available to a USACDC computer. 
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DEPARTMENT OF THE ARMY 
HEADQUARTERS 

UNITED STATES ARMY COMBAT DEVELOPMENTS COMMAN D 
FORT BELVOIR, VIRGINIA 22060 

CDCCM-C 
15 November 1972 

Director 
Combat Developments Research Office 
Computer Sciences Corporation 
Box 223 
Fort Belvoir, Virginia 22060 

Subject: Work Directive 6-72, Improvement of the War Gaming Capability Phase II (WAGCAP) 

Dear Sir: 

1. References. 

a. Statement of Work, WAGCAP II. 

b. Project Work Plan, WAGCAP II. 

2. Pursuant to direction and approval of the SAG on 26 October 1972 the following guidance as to the tasks to be executed during Phase II (1 January 1973 - 30 June 1973) of the WAGCAP II project, ACN 20530, is provided below as required by paragraph Sc, reference la. 

3. Task 1. Provide required maintenance on the DIVWAG Model until the government assumes responsibility for required maintenance; thereafter provide technical advice to government personnel who will maintain the model. 

Required Maintenance for Phase II is defined as maintaining the model in an operational status on the CDC 3300 and CDC 6500 computer system as required. Corrections to the model as a result of continued model application, system testing and debugging will be considered within this definition. 
4. Task 2. Complete the training of government personnel, begun in Phase I, on nlltechnical aspects of the DIVWAG Model. This training will include, as a minimum, detailed instruction on the following: 

a. ProcedurPs for setting up jobs and the necessary control cards utilized by the CDC 6500 computer. 

b. Differences in programming techniques of the CDC 6500 vs CDC 3300 computers, with emphasis on those used in the period processor, as required. 

Preceding page blank A-II-3 
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c. The design logic for the DIVWAG system, major processors, sub-systems, 

routines, and data files. A~suming completion of all required training on the 

Period Processor during Phase I, this training should deal mainly with the 

four input/output processors, as designed and as operating on the reprogrammed 

(CDC 6500) version of the DIVWAG Model. 

d. The programming logic and coding for all DIVWAG components not alre.ady 

provided under Phase I. 

5. Task 3. Provide technical support of testing and gaming being conducted by 

government personnel. Technical support is interp·.:eted to include: 

a. Support of 0JT of government personnel on technical aspects of DIVWAG. 

b. Provision of advice and assistance to gamer and model maintenance 

personnel on problems encountered with data base or gaming operations. 

c. Provision of assistance to government personnel test and debug of specific 

submodels. 

d. Provisions of assistance in the execution of edits to the DIVWAG Model 

based upon the identification and solution of problems encountered. 

e. Provision of documentation support in writing required errata and 

addenda to the CDC 6500 documentation of the DIVWAG Model. 

6. Miles tones 

a. Task 2. 

(1) 1 March 1973 - Completion of technical training. 

b. Task 3. 

(1) l June 1973 - Draft Final Report, Phase II. 

(2) 30 June 1973 - Final Report covering the entire WAGCAP II effort or 

15 days after SAG approval whichever is later. 

7. In accordance with the scope and spirit of paragraphs 3 and 4 of contract 

DAAG 11--70-C-0875, it is anticipated that the personnel assigned to the above 

tasks will have detailed technical expertise on the DIVWAG Model. 
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8. Request that you provide your plans for accomplishment of each of the above 
tasks NLT 8 December 1972. This plan should include: 

a. Descriptions of appropriate tasks and subtasks with time phasing. 

b. Estimated resource al]ocations. 

c. Other management items deemed necessary. 

CF: 
CGUSACDCCOMSG 
ATTN: COL W. D. Miller 
Mr Charles F. Carter, Box 
269, Leavenworth, Kans. 

/Signed/ 

DELVIN D. DOHSE 
Alternate Contracting Officer's Representative 
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