
AD—AOl’! 3bN SRI INTERNATIONAL MENLO PARK CA NAVAL WARFARE PESEAR——ETC FIG 15/7
EVOLUTION AND PRELIMINARY TLSTS OF THE STRIKE OUTCOME CALCULATO——ETC (IJ)
OCT 78 p 5 I,APNLRO. J V F1OW NEY. .J KITCHEL NOOOtlI~ 75~ C~ O7l,2

Uti~ LASSIFIt NW RC— TR—16 PIL

_ _  

E UIS~~1



~~~~~~~ .- ~~~~~~~~~~~ 
. -

~ 
- - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ .~~~~~~T1~ LT . ~~~~~~~~~~ ~~

____________ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
—

~~~~~~~~~~~~~~ R 16~~~~~ 

_

-

cY~

“—~ EVOLUTION AND~~.RELIMINARY_ TESTS OF THE //I 5TR IKE 9UTCOME CALcuLAT 0RTS0c).I — - 

::==.. 
~~~~~~

. 

~~

... S . . . 

~~~~~ . ~~~~~~~. ~~~
.

By: LROBERT S. JGARNEROJ J. VICTOR/ROWNEY JAME~/KETCHEL )

Prepared for:

NAVAL ANALYSIS PROGRAMS (Code 431)
OPERAT IONAL DECISION AIDS PROJECT

C..) OFFICE OF NAVAL RESEARCH CDEPARTMENT OF THE NAVY ID ~~~~ 
~r—ir~~LU ~~ ARLINGTON, VIRGINIA 22217 ~ ::~ 

cc ’  fnj i~~

~~~~~~ 

~~~~~~~~~~~~~~~~~ 1911
~~ CONTR~~~~~~~~ 14-7 5-C4742

j  ~~~~~~~~~~~~

H
333 Ravonswood Avenue

~~ 
Menlo Park, California 94025 U.S.A.

_________ 

(415) 326-6200
Cable: STAN RES, Menlo Park

______ TWX: 910-373-1246



- - - -a  . - ~~~~~~~~~~~~~~~~~~~~

-~~~~ I
C

Technical Report ~~~~~ 1978
iVWRC- TA- 16

C~ 
EVOLUTION AND PRELIMINARY TESTS OF THE
STRIKE OUTCOME CALCULATOR (SOC )

C
By: ROBERT S. GARNERO J. VICTOR ROWNEY JAMES KETcHEL

Prepared for:

— NAVAL ANALYSIS PROGRAMS (Code 431)
OPERATIONAL DECISION AIDS PROJECT

DEPARTMENT OF THE NAVY )C OFFICE OF NAVAL RESEARCH

ARLINGTON, VIRGINIA 22217

CONTRACT N00014-75-C-0742

SRI Project 4028

Approved by:

~~~~~~~~~~~~~~~~~ A. BIEN, Director
Naval Warf are Resear ch Center

D. 0. ELLIOTT. Executive Director
Systems Research and Analysis Division

(
~~~

) 333 Ravenswood Avenue Menlo Perk Ca~fornIa 94025 U S A.



~~~~~~-~-i-____ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—,——..-- - - -

UNCLASSIFIED
SECURITY CLASS IFICATION OF THIS PAGE (When Da ta Ent.r,d(

REPORT DOCUMENTATION PAGE 8 E O ~~~~~~~~~~~~~G R M
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT’S CATALOG NUMBER

NWRC -TR- 16
4. T IT L E  (and SubtiI I.) 5. TYPE OF REPORT & PERIOD COVERED

EVOLUTION AND PRELIMINARY TESTS OF THE STRIKE Technical Report

OUTCC*(E CALCULATOR (SOC ) NWRC-TR- 1

6. PERFORMING ORG. REPORT NUMBER

SRI Proj ect 4028
7 . AUTHOR(s) 

__________________________________

8 CONTRACT OR GRANT NUMBER (s)
Robert S. Garnero James Ketchel
J. Victor Ru. ~ney 

NOO014 75~C O742 ~~~~~~
-

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT . PROJECT . T A S K

SRI International AREA & WORK UNIT NUMBERS

333 Ravenswood Avenue Task NR 274-199
Menlo Park , California 94025 ______________________________

_________________________________________________________ 
¶2. REPORT DATE 13. NO. OF PAGES

11 . CONTROLLING OFFICE NAME AND ADDRESS October 1978 120
Naval Analysis Programs (Code 431) ______________________________
Office of Naval Research 15. SECI j RITY CLASS . (o f thus reportl

Department of the Navy
Arlington, Virginia 22217 UNCLASSIFIED

4 MONITORING AGENCY NAME & ADDRESS hI d uff from COn~~roIhn g Off ~~.)

¶ 5.. DECLASSIF ICATION DOWNGRADING
S C H E D U L E

N/A
15. DISTRIBUTION S T A T E M E N T  (of thus report)

— *

I i~p~~o’~ (’ 
to~ pG~ l . ~.4

pi.etzibutL~~ u~~ tte~
¶1  D ISTRIBUTIO N STATEMENT (of he abstract .r~LIp .1 1.. SI.,.. 7u. If duft .r .nt from r•p ouul

¶ 8 . SUPPLEMENTARY NOTES

Reproduction in whole or in part is permitted for any purposes of the United
States Government.

19. K E Y  WORDS (Cont inue on r.v.rs. iids if n.c..sary and ud .ntif y by block numbac )

Naval warfare
Strike planning
Decision aid
Experimen tal p lanning
Sensitivity analysis

20. A
’

~~~~fIIACT (Continue on rev.?. , side 1 n.c..wy end ud.n*ufy b y block numb.rI

‘~rhis report describes research into the improvement and assessment of an in-
novative decision aid known as the Strike Octcome Calculator (SOC). The SOC is a

• computerized decision tool for use by task force commanders in estimating outcomes
associated with naval air strike courses of action. The present research refined
and evaluated the SOC, implementing changes necessary to enhance its usability and
acceptability in the fleet environment. As such, the research can be viewed as an
evolution from concept to prototype of the decision aid. An experimental evalua-
tion plan is submitted.

DD II JAN 31473 UNCLASSIFIED
(OtTION OF I NOV 56 II OSSOLETE SI C IJRITY CLASSIFICATION OF THIS PAGE )Wh.n Data (nt.r.d)

-— - .  —.. ~~~~~ ---~~~~~- ~~~ ~~~. ~~~~~~~~



., - - __t_~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— ..,—.- .-

CONTENT S

LIST OF ILLUSTRATIONS . vii

LIST OF TABLE S vii

INT RODUCTION 1

A. Background I

B. Research Objectives 1

C. Conclusions and Recommendations 2

I. Conclusions 2
2. Recommendations 3

D. Report Organization 3

II SOC EXPERIMENTATION 5

A. Forma l Experimental Plan 5

1. Introduction to the SOC Booklet 6
2. SOC Problem Definition Booklo.t 6
3. SOC Evaluation Questionnaire Booklet 7
4. Experimental Procedure 8

B. Pilot Study Results 9

1. Background 9
2. Findings 10

C. Breadth and Adaptation of SOC 11

1. Range of Tactical Questions Addressed 12
2. Problem Construction 13

a. General Planning Procedure 15
b. Manual Construction 15
c. SOC Augmentation 16
d. Manual—SOC Comparison 17

III SOC SENSITIVITY ANALYSIS AND VALIDATION . . . 19

1. Definition of Units 1’)
2. Engagement Statistics 19
3. Numbers of Assets . ~~~

,
. ‘s., 22

4. Operations Plans ,v  . -
. ..- ~~~ . . .  23

5. Weather  -
• .  23

6 ~~~~~~~~~~~~~~



-, ..
~~~
w . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~. .. ~~~~~~~ - —_.- --‘- ~~~~~~~~~~~~~~~~~~~~~~~ — .r-

~—III~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

APPENDICES

A INT RODUCTION TO THF~ SOC BOOKLET .   A-i

B SOC PROBLEM DEFINITION BOOKLET . . *  B-i

C SOC EVALUATION QUESTIONNAIRE BOOKLET C-i

D CLOSE AIR SUPPORT STRIKE PLAN--MANUAL COMPUTATIONS .   D-1

E CLOSE AIR SUPPORT STRIKE PLAN--SOC ADAPTATION E-l

REFERENCES R—l

DISTRIBUTION LIST DL-l

vi 

:

________________________________________________ ~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~



~~~~~~~~~~~~~~ - - 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ,—‘._———~ _..~~
._.

~~~~—a~ ————— ... , . ~~~~~~~~~~~~~~~~~~~~ ~~~

t~~~~~

.

ILLUSTRATIONS

D-l Area Map and Events of CAS Problem D-6

TABLE S

1 Range of Tactical and Con tingency Quest ions for SOC 14
2 Comparison of Aircraft Losses 17

vii

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  

I



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- _______

I INTRODUCTION

A. Background

The Office of Naval Research (ONR) is presently pursuing a five year

multicontractor program to promote the development of decision aids and

procedures in support of Fleet operations. The essential objective of

the work is to improve tactical decision-making by blending a number of

technologies such as decision-analysis , computer-driven graphic displays,

advanced data-management systems , information feedback , mathematical

prediction , tactical models , and organizational analysis into a practical

system for shipboard use. Concentrating on the task force commander (TFC)

and his staff , the project emphasizes decision aids that are designed to

take advantage of the experienced judgments of senior officers in the

• operational situation , rather than relying on the predictions of system

designers. In the operational situation these aids will provide guide-

• lines and tools for the structuring of decision problems , eliciting judg-

ments of probabilities and outcome preferences , furnishing stored data

and models as requested by the decision maker , making statistical in-

fer ences, and displaying the implications of trial tactics prior to their
execution. All, of these objectives are compatible with ongoing command -

control hardware programs. Decision makers will be provided with a man/

computer interactive capability to help them examine and evaluate alterna-

tive courses of action.

B. Research Objectives

The Naval Warfare Research Center (NWRC) of SRI International (for-

merly Stanford Research Institute) has been a continuing participant in

the above program under Contract N00014-75-C-0742. The present research

has addressed the improvement and assessment of an SRI-developed decision

aid known as the Strike Outcome Calculator (SOC). The SOC is a computer- I - ,

ised decision tool for use by task force commanders in estimating outcomes

1 
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associated with naval air strike courses of action. The SOC consists of

a computational algorithm, a medium (CRT terminal) for communicating in-

puts and outputs, and the required interface with the user. The concept

and origin of the SOC are documented in NWRC-TR-14, “Augmentation of the

Naval Task Force Decision-Aiding System: The Outcome Calculator.~~ The

present research refined and evaluated the SOC, implementing changes

necessary to enhance its usability and acceptability in the Fleet environ-

ment. As such, the research can be viewed as an evolution from the con-

cept to the prototype of the decision aid .

As a necessary precursor to evaluating and assessing the SOC, a

formal experimental evaluation plan was developed . Modest pilot studies

were conducted to obtain data on the SOC, and also on the experimental

vehicles themselves.

C. Conclusions and Recommendations

The conc lusions and recommendations that emerged from the research

are listed below.

1. Conclusions

(1) A key finding of the effort is the comparative advantage
of the SOC over the manual approach. Besides the time
advantage accrued by the SOC in initially structuring
problems , the great advantage of the SOC is its very
easy procedure for making a change in the plan, or test-
ing a contingency course of action. Even a complicated
change in the strike plan may only take 15 or 20 minutes
on the SOC, whereas the manual calculations may have to
be completely redone. It is this interactive ability
of the SOC to quickly test various courses of action that
makes it a very promising decision aid .

(2) The SOC capability to indicate outcomes of air tasks
(excluding ASW) may be used for the majority of strike
objectives of an attack carrier striking force required

1 j~ V. Rowney, R. S. Garnero, and J. C. Bobick, Augmentation of the Naval
Task Force Decision-Aiding System: The Outcome Calculator , Techn ical
Report NWRC-TR-l4, Contract N00014-75-C-0742, Stanford Research Insti-
tute, Menlo Park , California (April 1977).

- - 
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in carrying out the Navy war missions of sea control
and projection of power ashore.

(3) The SOC translates the broad level of detai l used by the
TFC into sets of parameters and values in a flexible and
effective manner , producing consistent and credible re-
sults. Thus, the SOC can assist the TFC and his staff
in producing better operational plans.

(4) The SOC e.xperimentation booklets can aid researchers in
obtaining Fleet user data on the utility of, and needed
improvements for , t he SOC.

(5) There are inherent l imitations to the SOC internal com-
putational algori thm . The y include:

• The use of linear attrition and effectiveness.

• A general specification of the weather criteria.

• A general treatment of support aircraft.

• The classification of an aircraft as being either
defensive or offensive , but not both.

2. Recommendations

(1) The SOC should be exposed to Navy operational p lanners
by use of the experimental vehicles developed during
the research. This would allow Naval users to aid in
enhancing the SOC and additionally expose Navy planners
to advanced techniques of which they are not now aware.

(2) SOC experimentation should be integrated into automat.~d
command and control system testbed s such as the ACCAT
in San Diego and the ODA program in Philadelphia. Ad-
ditionally , functional command s like the all-weather
attack community at Whidbey Island , Washington , should
prove to be invaluable in providing experimental results.

(3) Outcome calculator concepts for other warfare areas
should be investigated , most notab ly A SW.

D. Report Organization

The report is organized in much the same sequence SRI followed in

accomplishing its research. Upon completion of previously defined corn-

puter improvements , SRI developed an experimental plan to elicit and

record command reaction to the use of the SOC as a decision aid , To

this end , experimental booklets and an experimental procedure were de-

veloped , and are discussed in Section lI-A. The procedure was never

_ _ _ _ _ _ _ _ _ _ _ _ _ _  . .
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fu l ly implemented , but resu l t s  were generated on a less s t ructured basis

and are d iscussed in Section lI-B, describing pilot study results.

During the research , much effort was expended in verifying the valid-

i ty  of the SOC as an outcome calculator , asid e from i ts  other considera-

tions as a component of a larger decision aiding system . Thus , sensitiv-
it y ana lyses were carried out on the SOC computationa l a lgo r i thm i t se l f

and questions were posed to it to try and ascertain its breadth as a naval

st r ike p lanning decision aid. To this end , a strike planning problem was

formulated and examined both with manual and SOC augmentation techniques.

These resul ts  are found in Section It-C, while more specific sensitivity

analysis  and va l idation r esu lts ar e presen ted in Section lIt.

In conjunction with this document , SRI has published NWRC-TR-15,

“The Strike Outcome Calculator (SOC), Description and Operating Instruc-

tions.”~ That document describes the detailed aspects of the SOC and

instructs potential decision makers in its use.

2R. S. Garnero, J. C. Bobick , and D. Ayers , The Strike Outcome Calculator
(SOC) , Description and Operating Instructions , Technical Report NWRC-TR-
15, Contract N000l4-75-C-0742, SRI International , Menlo Park, California
(September 1978).

4 
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11 SOC EXPERIMEN FATION

The prin ci pal objective 01 t he  SOC p r oj e c t  was to deve lop  a compute r -

based method for helping l’F(s and their staffs in the p la nning of a ir

strikes. rho S&~t’ is use t hot  h as a s t a n d — a  lon e  aid and as a component

within the TFC ’ s d e c i s i on aiding ~~~~~~~ Its main purpose is to provide

a method for pr edicting the uut~~o~.L t various alternative courses of

action involving the allo~ ation 01 air strike resources.

Pursuant to the above ~tt t~ octiv.. SRI dev e lop e d  a p ro to type  SOC tha t

was demonstrated by SRI at the l’niv t-rs itv of Pennsvlvania , and was avail-

able for demonstration at other lo ati. ons by using a portable termina l

and telephone mod em. Initial dL’tm nstrat ions of the prototype were judged

sufficiently successfu l t o  warr4nt additi onal development and testing .

This was be L rig done when the pi o • ~‘ ~ a ~ t ermi nat ed .

A. Forma l Exper imen ta l  P l an

The plan for further di’vel opr.~cnt of the  SOC req ui red an ass essmen t

of the effectiveness of the prototype and a determination of where im-

provements were most advisable. Assessing effectiveness requires gather-

ing both objective and subjective performance data , and determining the

sens i t i v i ty  of the p ro to t ype  for  p r e d i c t i n g  outconies from var ied  l eve l s

and types of inputs. Assessing improvements required that SRI svstemati-

cally gather subjective responses from initial hands-on users as well, as

from those who witnessed demonstrations .

The f i r s t  procedural  step in execut ing the assessment plan was to

compare performance using the SOC with performance using current planning

methods. It was hypothesized t hat the SOC wou ld great lv improve a

planner ’s ability to p red ic t  the outcomes of various courses of action

over present method s. To make this comparison i t  was necessar to doter—

mine current Fleet practices and variabilit y in predicting the outcome s

of air strikes. This variability might range from highly efficient 
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method s to virtuall y none. .)bserve that p r e d i c t i n g  the outcomes of air

strikes ten d s to become inc lea sing lv necessary wIi~-n there is air parity.

Air superior itY , on the other hand , t end s to diminish recognition of the

need , even though the need still exists.

To meet the stated objective SRI prepared three experimental book-

lets , which are described below . They are conta ined  in Appendices  A

through C.

• I. Introduction to the SOC Booklet

To compare performance SRI developed a common frame of refer-

once b r  ,tll subjects. This consists of a background statement , opera—

• tiona l scenario , and problem statement , all of which are  contained in

the ntroduction to the Strike Outcome Calcu lator.” This booklet was

presented to cognizant personnel: (.1) to acquaint them w i t h  the  dec i s ion

aids program , (2) to introduce the SOC, and ~3) to provide an example of

the type of scenario and air strike planning problem suitable for the SOC.

2.  SOC Problem D e f i n i t i o n  Bo ok let

In o r d e r  to co l l e c t  d a t a  fo r  assess ing the  e f f e c t i v e n e s s  of the

SOC , a second booklet  was requi red . SRI developed the  “S t r ike  Outcome

Cal c u l a t o r  Problem D e f i n i t i o n” to supp lement the problem s ta tement  pre-

sented in the i n t r o d u c t o r y  br ok le t .  The second bookle t  se ts  f o r t h  a m o re

d e t a i l e d  concept of ope r a t i o n s  and d e f i n e s  a spec i f i c  problem to he ana-

lyzed by participating naval officers . It a l so  p r o v i d e s  a q u e s t i o n n af re

section designed to systematically assess the time required to complete

ana ly tical steps , the difficulty experienced at each step, and the method s

used .

It was considered important to informally pret .~st t h e problem

d e f i n i t i o n  booklet to de te rmine  i t s  s u i t a b i l i ty  b r  b r o a d e r  ap’lications.

The concern was tha t  methods used to p red ic t  tho ou tcome  of a i r  s t r i k e s

might va ry so widely tha t some respondents  would be poo r l y  prepared to

answer the types of questions posed in the booklet. The initial question-

naire was s t ruc tured  to the degree deemed necessary to ensure that t he

pr inc ipa l  issues were addressed .

h
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Pre tes t ing  was to proceed by asking knowled geable subjec ts  to

work the prob lem by us ing  methods f ami l i a r  to them. If they found the

exercise to be of value and the ques t ionna i re  i n t e l l ig ib le  and appropr ia te ,

a broader applica tion was planned . Their responses were to provide an

initial indication of the state of t r a in ing  in ai r strike outcome planning .

Responses were to be compar ed wi th  those obtained using the SOC. If pre-

tests indicated ambiguity about the m eaning of questions , the presentation

of the problem statement , or the  relevance of the  exercise , the materials
- 

• were to be appropr i a t e ly  changed .

At the extreme , pret€~sting might indicate that too little air

s t r ike  outcome planning is done to war ran t  a detailed comparative analy-

sis .  If it did so indicate , the objective comparison of SOC and non-SOC

• planning would be wholly quantified by demonstrating the facility with

which knowled geable SRI researchers use the system.

3. SOC Evaluation Questionnaire Booklet

• A f t e r  address ing the question of SOC effectiveness , emphasis

was to be p laced on improving the development of the prototype system.

This too required a questionnaire. SRI designed the “Strike Outcome
H Calculator Evaluation Questionnaire” for those who had witnessed a demon-

stration of the system.  The ques t ionna i re  in the  t h i rd  booklet  is to be

used in conjunction with the background materials , scenario , and pr oblem

statement set forth in tile first booklet. For those no t having acc ess
to these materials , the demonstration wou ld have been expanded accordingly .

Responden ts need no t have seen the problem d e f i n i t i o n  booklet  to answer

the post-demonstration ques t ionna i re .  However , having a t t empted  to solve

• the problem in that  booklet  would unques t ionab ly  have underscored the

u t i l i t y  of the SOC in the subsequent demons t ra t ion .

The purpose of the evaluation questionnaire was to gather sub-

j e c t i v e  data about the content , forma t , and procedures used in the proto-

type SOC. It has both structured and open-ended q u e s t i o n s  designed to

cover the principa l issues , to stimulate thinking , and to provide a means I
for gathering open responses.

7 
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Since it is entirely possible that the SOC concept might be

found useful in areas other than air strike planning , one section of the

evaluative questionnaire asked respondents to consider other areas of

application.

4 Answers to the evaluative questionnaire and the information to

have been gathered in response to the problem defined in the problem

defini t ion booklet would hav e provided both objective and subjective in-

• formation with which to assess SOC u t i l i ty .  The materials to be used

were designed for comprehensive and complementary coverage of the subject

area . The approach was flexible enough to address the questions of SOC

effectiveness and the further development of the SOC as separate but re-

lated issues.

• 4. Experimental Procedure

The above three experimental tools were to be used in conjunq-

tion with a procedure to be utilized in the Fleet. This procedure applied

to naval respondents who wer e de stined to par ticipate in a formal demon-

st ration of the SOC. The SOC materials were to be pretested and revised

prior to the Fleet procedure execution in order to ensure their suitability

for subsequent data collection.

After  pretesting and revision of SOC materials , t he sequence

of steps to be taken was as follows:

(1) Identify and establish contact with naval personnel
destined to participate in the demonstration.

(2)  Send materials to proposed respondents. This will  in-
clude a cover letter , the int roduct ion to the SOC, and
the prob lem definition.

(3) Request completion of problem definition within one
week of receipt. Where feasible , a debriefing with
key respondents is advisable. Otherwise , respondents
are to mail problem definition to SRI.

(4) Review responses to problem def in i t ion  prior to SOC
demonstration.

(5) At demonstration meeting discuss responses , conduct
d emonstration , and answer questions about the SOC.

8
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(6) After demonstration administer the evaluation ques-
tionnaire. Answer questions as requested .

( 7 )  Collect and review responses to questionnaires;
fo llow-up as necessary .

(8) Refine data collection procedures , materials , and
demonstration f or subsequent administrations.

B. Pilot Study Results

1. Background

As explained above , a demonstration and indoctrination of the

SOC and its concepts among Fleet users was a part of the original research

objectives of this project. After the project was commenced , however , the

F leet demon st ra t ion port ion was abandoned in favor of conducting more con-
trolled pilot studies with identified naval officers at SRI. To this end ,

SRI established a pilot study procedure.

These evaluation procedures of the SOC were limited to a one-
day br ief ing , d emonstration , and questionnaire evaluation , with the ex-

• ception that the first two SOC booklets were studied by the subjects be-

fore the one-day session began. This procedure allowed the subject to

become familiar  with the general ODA project , i ts  bac kground , the prob lem

scenario, the planning guidance , the concept of operations , and the strike

plan problem def in i t ion .  All of these items are presented in the f i r s t

• two SOC booklets .  With this  indoctr inat ion to the problem the subsequent

SOC b r ie f ing  and demonstration was scheduled for 2 hours , leaving 4 hours

for  eva luations and suggestions from the subject.

Two naval officers participated in the described procedure. The

first was a staff member from the Naval Air Station at Lemoore, California.

He was experienced in s t r ike planning operations , had considerable opera-
tional experience , and was familiar with computer terminal operations from

his previous duty at SAC , l~~aha. The second officer was a staff member
• a t ONR , familiar with the ODA program.

•
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2. Fi ndi ngs

Aside from the formal participation indicated abov e , SRI has

been ab le to gather much subjective and qualitative data on the SOC from

other sources. These include responses from attendees at an SOC demon-

stration in Philadelphia during September of 1977, and responses from re-

t ired Naval o f f i c e r s  that were solicited by SRI. The find ings in this

section wi l l  summarize aLl  of these input sources , except for those find-

ings per ta in ing  to the SRI experimental  documents , which  were examined

only by the two previously mentioned naval o f f i ce r s .

Both pilot study subjects found the first two experimental

booklets to be clear and concise. The scenario and problem description

were aptly put forward and no questions were generated . The more familiar

ONR respondent stated he had examined the f i r s t  two booklets in 1/4 hour ,
wh i le  the other respondent indicated 2- 1/2 hours of study was required .

In neit her case did the respondent attempt to work the stated problem

within the context of his previous naval experience. This was done be-

cause the computational tasks appeared formidable , requiring many hours

of work. More importantly , however , the problem was probably not at-

tempted be cause this  kind of planning was not a familiar experience to

the respondents. Computation of losses and sortie rates for extended

period s of time (days) appeared relatively foreign to the subjects. It

was suggested that perhaps the two booklets should be combined . The third

experimental booklet was found by SRI staff to adequately capture respon-

dent suggest ions and a t t i t u d e s  concerning the SOC.

SOC indoctrination briefs have continually run about one hour.

Participants in these briefs have consistently been able to assimilate

the information and concepts quickly and with no objections , and move

quickly into active interaction and participation. It is felt that a

naval officer could be thoroughly trained to use the SOC in about one

week at a specia l ized  Navy schoo l , such as t he TAO school in San Diego.

One respondent was able to move from the “strike” course of action pt-c-

sented to him to an a l t e rna t ive  “blockade ” cou rse of action , Wit h help

from SRI analysts , the respondent was able to translate his operational

10

• T_ •_ ~~~~~~~~~~~~~~~~~~~~~ --•.~~• -—~~~~~~~~ •~~ -~~~~~• -~~~~ • -



- ~~~~~~ - 
--.~~

--
~~~~ wm~ 

• ..~~ 
- 

~~~~~~~~~~~~~~ 
•_.

~
- ---.-•• —--‘.- _--

plan into SOC formatted inputs with about 1-1/2 hours of ana lys is .  i-Ic

was able to understand “real world--model abstraction ’ links and the

inpu t table relationships.

Perhaps the most important find ing concerning the SOC is that

nothi ng comparable to it is being used present ly  in s t r ike planning.

Such present staff planning is done from experience , using a variety of

thumb rules and charts , Very often the planning results in “sending all

the available asjets” instead of sending the force necessary to accomplish

the objective. Many naval planners do not think in terms of asset attri-

tion or how many effective sorties are required to accomplish a task.

The general consensus wou ld indicate that the SOC cou ld provide

- 
• a usefu l tool for naval military planning in testing alternative courses

• of action and estimating outcomes under varying threat conditions . It

cou ld he lp  e s t ab l i sh  a ba lan ced a l location of f or ces wit hin the limited

fleet assets.

During the repeated SOC demonstrations , many suggestions were

ob tai ned r e la t ive  to imp rovi ng the SOC program itself and its associated

interaction with the user. Many of these improvements were installed in

the decision aid . The improvements centered upon :

• A new output summary table showing - source of a i r c r a f t
loss by day .

• A l isti ng of dai ly  sort ie  expendi ture  by airc r a f t  type .

• The ins ta l la t ion of a title and length of battle indi-
cator for all output tables.

• A change in the character used to outline/draw the
tab les.

• The incorporation of table title cues when a choice of
table number is requested .

C. B readth and Adaptat ion of SOC

The strike objectives for an attack carrier strike force , as listed

in the N WP— lOB , “Naval Warfar e , ”~ are:

ThWP-lOB , “Naval Warfare ,” Office of the Chief of Naval Operations. 
-

•
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• Destroy enemy air power

• Neutralize shore-based air power during a specific period

• Destroy enemy industrial potential -

• Strike and isolate the amphibious objective area by

- Interdiction of communications and transportation 
-

- Armed reconnaissance in force (ARREC )

- Destroying enemy ground forces , close air support (CAS)

• Destroy enemy naval forces and shipping, war at sea (WAS).

These objectives are accomplished by the attack carrier strike force

in mission assignments to its air wings. These missions are:

• Alpha strikes--To destroy enemy air power ot enemy industrial
potential.

• CAS/AR REC interdiction strikes--To accomplish the strike tasks
in the amphibious objective area.

• WAS strikes--To accomplish strikes at sea.

• Blockade missions--To neutralize enemy forces for specific
periods.

Previous research had looked at alpha strikes and blockade missions,

The SRI researchers were determined to find out whether the SOC was

flexible enough to cover all the stated strike objectives. As a result ,

a CAS/ARREC problem was formulated and examined with the SOC. A formula-

tion and analysis of that research is given in Section II-C-2.

1. Rang e of Tactical Questions Addresse d

NWRC-TR-14 has identified the general types of decisions that

might be required for a task force commander in determining the course

of action for an air strike mission.’ These general decision types are:

(1) Positioning of forces

(2 )  Use of assets

(3) Timing of events.

Many general factors such as force composition , capability, mobility ,

threat intentions , weather , and support factors affect these general de-

cisions. In fact , each decision type is made up of many lesser-magnitude

12

A

-•-
- —— ~~~~~~~~~~~~~~~~~~~~~~~~



____________________-~ z- - ~~~~~~~ ~~~-W’ . - . 
~~~~~~~~~~~~~~~~~~~~~~ ~~ — .—- 

~~~~~~~~ -.- ,,. . -

decis ions. It was found dur ing the research performed to date , which

includes the CAS/ARREC problem formulation , that the SOC cou ld aid in

answering a wide variety of tactical and contingency questions. Examples

of such questions are shown in Table I.

The TFC routine ly poses such tactical and contingency questions

to himself when he is formulating or reviewing his strike plan. The

strike plan shou ld normaLly address itself to a solution of these ques-

tions. In order to accomplish this feat a staff p lanner must conduct an

effectiveness/attrition calculation such as shown in Appendix D of this

report; this is a process of several hours duration. With its interactive

capability the SOC can solve the effectiveness/attrition calculation in

a matter of minutes. The SOC can compar e estimated outcomes f or each of

these tact ica l or contingency questions in a very shor t time.

2,  Prob lem Con st ruct ion

The SRI staff sought to determine whether the SOC was flexible

enough to handle a variety of naval strike scenarios and also to find out

if the SOC formulation estimated results that could be manually constructed .

To meet thi s objective, SRI decided to leave the strike and blockade sce-

narios it had been using in developing the SOC, and move into a new area.

SRI chose the scenario and concept of operations from NWRC RN-86 , “Amphibi-

ous Warfare Scenario.”~’ This Close Air Support/Armed Reconnaissance (GAS!

ARREC) oriented scenario provided fresh yet related material for the re-

search. The strike plan was formulated using the steps indicated in the

experimental  booklet , “SOC Problem Def in i t ion ” (Appendix B ) .  The exercise

summary is presented in the rest of— this section , while the detailed com-

putations and problem formulations are shown in Appendices D and E.

4J. V. Rowney , Amphibiou s Warfare  Scenario , Research Memorandum NWRC-RN-
86 , Contract N000l4-75-C -0742 , St an fo rd Resea rch Institute , Menlo Park, H

California (October 1975),

13
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Table I

RANGE OF TACTICAL AND CONTINGENCY QUESTION S FOR SOC

Positioning of Forces

• Should the rr position be at Icng range or short range from the enemy complex~
i s o  o t. A s s e t s

• How many sorties of the f ol l o w i n g  types are required to accomplish the mission :

- Strike
- Escort
- Suppression
- Combat air patrol (CAP)
— S u r f a . o  combat air patrol (SUGkP)?

• What assets are required to accomplish the mission in the shortest number of d ay s ~
• What is blue/Red attrition for each case?

• At what threat level does Blue lose the battle?

• What is lowest number of Blue aircraft (VA, VF, or IA + VF) required t o  w i n  t he
batt to~

• What is  the best distribution of assets among alternative bases .~
• What is the Blue tradeoff consideration between DLI and cAP?

• What is the effect of Blue ’s win on th~ number ot days of battle b r  v a r i a t i o n  i n :

- CV turnaround time
— CV cycle time
- DLI launch rate
— Blue aircr~ ft sortie rate?

• What is the minimum number of surface units n eeded to defend the  carrier assuming no
CAP or DLI? •

• How will the employment of various strike tactics or weapon loading affect the fina l
objectives or the number of days in the battle ?

liming of Events

• On what day of battle are the objectives achieved?

• Which missions are not filled successfu l ly and to what  d e g re e ?

• At what t ime and due to what  force are Blue t o s s e s  taking place ?

• What is the impact , on the number of days of battl e , of:

a. Good or bad weather?

b, Variation in aircraft numbers?

14
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a. General Planning Procedure

The first step for the planner in developing the strike

pla n is to stud y the commander ’s mission , est imate of the si tuation and

concept of operations, and the assets and capabilities of each combatant.

From these general concepts the planner determines the number of sorties

he can use for the necessary events , and the required tactics and weapons

needed (or available) to be effective to ‘the desired degree. From intel-
ligence estimates the planner can forecast certain enemy actions and reac-

tions and thereby estimate the scope of engagements in which his forces

will be involved . Attrition and effectiveness data are collected from

all sources available. Historical data and experience factors are as

important as past analytical studies in arriving at good engagement param-

eters. After events are determined from the concept of operations and

the estimated threat actions, losses are computed for each force in each

event and totaled for the day . Accounting is maintained for cumu lative

losses over the severa l days of the battle.

b. Manual Construction

The scenario analyzed is a purely hypothetical description

of war between Grey and Orange in which Blue intervenes with an amphibious

force (ATF-6) supported by a two-carrier task force. The details of the

estimate of the situation that lead to the concept of operations are shown

in Appendix 0.

The Blue concept of operations for the CAS/ARREC strikes

established the need fo r  ce r t a i n  numbers  o GAS and ARREC strike aircraft ,

combat air patrols over the task force , air superiority patrols over the

operation area, target CAP pat r o ls ove r the FEBA , and a s u r f a c e  CAP

pat rol for enemy shipping .

I

I

. 
the manual procedure computed the sorties necessary to

f u l f i l l  the above events  and also devised strike tactics and weapon load-

ings. In t h i s  problem , the  ev en t s  fo r  the  problem were repeated the same

way each day for purposes of simplification. Actual events wou ld probably

be changed frequently. This can be done in more advanced problems , but
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calculations are prohibitively complicated. Each event was handled in a

game fashion--i.e., one side attacks, the other defends , and vice versa
until one or the other of the air forces is expended.

The foregoing manual techniques of developing a strike

estimate are represetnative of the process that could be used by the plan

planner or staff operations officer in developing a strike plan. This

analysis took 12 hours for an experienced analyst to develop . It may
take more time for inexperienced naval personnel if they are not familiar

with such factors as attrition , effectiveness , and threat tactics.

Some procedures in this manual technique are of vital im-

portance in the actual developmen t of a strike plan. These are :

(1) Allocation of aircraft and estimate of their
sortie rate in the execution of the strike
and the strike support .

(2) Weapon loading and tactical delivery , designed
to arrive at maximum strike effectiveness and
minimum attrition

(3) Weather contingency planning.

c. SOC Augmentation

The same inputs to the CAS/ARREC manual strike problem are

used in the SOC computer format Appendix E (Tables I through 14) and the

problem was repeated in or~ier to compare results and credibility with the

SOC automated decision aid. In the SOC augmentation , special attention

must be given to the following areas :

(1) Strike and defense units consisting of various
numbers of aircraft must be determined .

(2) Engagement statistics are calculated for ttie
unit instead of an individual aircraft.

(3) Care must be taken in setting tne correct ob—
Jective and associated stop criteria for each
mission.

The procedure of sett ing up the same problem in the auto-

mated format and making a verifying run took 4 hours.

16
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d. Manual-SOC Comparison

When the base case was examined by the SRI staff , the re-

sults were found to be very similar . A comparison of aircraft losses is

shown in Table 2.

Table 2

Cc~IPARISON OF AIRCRAFT LOSSES

Initial
Blue Aircraft Manual Computer

36 A-18 2 6

24 A-6 2 1

48 F-l8 45 32

24 F-14 20 20

In i t i a l
Red Aircraft

48 Bombers 40 48

144 VFI 110 120

48 VB F 40 20

A more detailed analysis than is indicated in the t a b l e

was u nde r taken t .~ examine individual raids and opera t ions , independen t

of the whole battle , and comparisons were generated . These detailed

isolated looks at the battle required extensive hours of ~inalvs is and

did uncover some differences in the approaches due to d i f f e r i n g  assump-

tions in the two methods. Primarily, the differences lie in the f ac t

that the human decision maker , using the manual method , can interject

judgment at identified future points in time w hi l e  ca r ry ing out the da-

by—d ay an a ly s i s .  Given the assumptions of the SOC however , the S~)C re—

s u i t s  appear to  be va l i d  and consistent with the scenario.

Besides the time advantage accrued by the SOC in initia lly

s t r u c t u r i n g  the nr ob lem (4 hours  compared to 12 h o u r s ) ,  the  great a d van t a g e  —

17

-



— ~
— : - 

- ,  
~~~~~~~~~ 

-

of the SOC is its very easy procedure for making a change in the plan ,

or testing a contingency course of action. Even a complicated change

in the strike p lan may only take 15 or 20 minutes on the SOC . wher eas

the manual calculations must be completely redone. It is this interac-

tive ability of the SOC to quickl y test various courses of action that

makes it a very promising decision aid. 
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III  SOC SENSITIV ITY ANALYSIS AND VALIDATION

The s ens i t i v i t y  ana ly s i s  and va l ida t ion  descr ibed  in th i s  sec t ion

are d e f i n e d  in terms of an input/output ana ly s i s .  Independent  ( i n p u t )

variables were changed using the SOC in a systematic fashion , and the re-

sulting effects on the dependent (output) variables were analyzed . This

was done to ensure that the SOC gives credible results (i.e., increases

in Blue assets shorten the battle duration or have no effect on it), and

to iden t i fy  decision fac tors and parame te rs tha t are mos t sensi tive to

change . Where appropriate , comparison of these outcomes with the  opinions,

guidelines , assumptions , and es timates of Naval users were exam ined . The

sensitivity ana lysis spanned varying scenarios. The analysis was divided

into the following areas:

• Definition of units

• Engagement statistics

• Numbers of assets

• Operations plans

• Weather.

Each area correspond s to an input table for the SOC. The analysis for

each area was carried ou t on a par ti cu la r  scenario. These areas and the

associated results are discussed in the following sections.

1. D e f i n i t i o n  of U n i t s

Uni t  d e f i n i t i o n  d e f i n e s  the strike and defense units , with

their associated aircraft components. Units are defined so as to cap tu re

synergistic aircraf t effects . Attrition is measured uniformly against

these units. As a result , care must be taken in cons truc ting them and

they must be described as close to real life as possible . For instance ,

real life escort tactics attempt to engage the enemy d e f e n d e r s  and shield

the f r i e n d l y  a t tack  planes.  Therefore the escort unit in the model shou ld

be separated from the a t t ack  un i t s  and shou ld lead the flight in at highe r

L ‘9  
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s ~LOd and b~ d ot  o c t  ed L d  i i i  or so as t o  ensu r e  engage tnL-u  t by t lie defending

nt e r~ ~ p t  oi s be t o r e  t hey engage the at tack units • I i es c rt s peed is t o o

high and L t111 ~IV detect io n r a n g e  is too low , the defending interc eptors c a n —

not  inter c opt and no e ng a g e m e nt  results • On the othe r hand , i I the e s c o r t

i~~ht ers and at tack p lanes are i nc  luded ~ fl One unit , the oLlem y i n t e r c e p t or

attacks the u n i t  as a whole and attack plane at tritio n is unreasonabl y

h i g h e r . it unit definitions are chan~ vd , enga~~et n e n t  s t a t i s t i cs b r  th~
unit must be cllan~ cd

2. Engagement S t a t i s t i c s

hv far the most s e ns i t i v e  p a r am et e r s  in t h e SOC are the air-

c r a f t  c ap a b i l i t i e s  ret lected in their o f  fectiveness /at t r i t ion  p a r a m e t e r s .

L h e  so e n g a g e m e n t  s t a t  is tics for Blue at tacking Red and Red at t ack ing  Blue

a re  fairly agg reg at e  measures  of battl e e L  f e e t  t v e n c ss  of the I o r ce  u n i t s

— t ha t  have been previously detined. T h e  e f f ec t i v en e s s  and attrition 01

these at taL-kjn~ u n i t s  should be s p e c i f i e d  by the stat f planners using

a l l  k i n d s of  d a t a  that may help in defining these parameters . These

kind s ci  d a t a  nay inc lude h i s t o r i c a l  f a c t s , weapon e I t i ec t iv e n e ss  studies .

a c t u a l  e x p e r ien c e , and a knowled ge of t he  p er  f or m a n c e  capabi  l i t v  i. or

t r a i n i n g  factors ) of t h e  a i r  w i ng s . An important clement in s e l e c t i ng

such parameters L5 the con s i d e r a t i o n  of the svaergistic c i  fects of the

various assets in the u n i t  t~i.e. , s t r i k e  s u p p o r t  forces such as escort

ights , EUM aircraft , reconnaissance aircraft , e tc .  ) - fhe importance of

such svnc -r ~~i s ti c  of fects as well as the insertion of the users ’ judgment

were primar y I - a c  tors in the dec isb n to treat force assets in terms 01

u n i  t S .

£he SOC engagement statistics are structured to allow for t h e

entry of much user judgment and experience. Some battle models similar

to  SOC a t  low users to inpu t numerous and more detailed factual informa—

t ion , and then hidden w i t h i n  the model are a s s u m p t i o ns , d o c t r i n e s , and

n u mer i c a l  techniques tha t interact to generate the i n te r m e d i a t e  ~and sti l l
hidden) results necessary to obtain outcomes. l ’h is  second a p pr o a c h  a l l o ws

l i t t l e  L l ex i b i l i t  for the  decision maker .  A shor t  example might he lp  to

c l a r i f y  t h i s  po in t .  Within the SOC , a t t r i t i on  da t a  ar e  required to reflect

20
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the interaction of the opposing force units. The SOC input that describes

this type of interaction deals with an immediate estimate of the aircraft

losses within a defined unit, integrating basic performance facts with

the dec ision maker ’s jud gment and experience. Other battle models use

input such as aircraft missile loadings, 
~k 

values , and radar ranges (to

name a few) , and then apply algorithms that assume specific tactical

doctrine , one-on-one engagement rules , independent missile firings , and

the like, to arrive at results similar to the SOC input. The intelligent

user can readily see that any confidence he may gain by inputting the

more detailed raw data of the second approach is lost by the rigidity and -

nontransparency produced within such an approach. In summary , the deci-

sion maker using the SOC is allowed to in ter jec t  his own belief about the

~ngagement statis tics , to the degree that he desires , and to observe the

outcomes. He makes decisions based upon his own beliefs and assumptions.

Four tests were conducted , varying the engagement input param-

eters in order to check model output sensitivity and validity. These

- • input changes were:

-4  (1) A reduction of F-l4 air-to-air capability by 50%.

(2) An increase in A7/A6 attrition at the target.

(3) A decrease in A7/A6 attrition at the target.

(4) Addition of a synergistic effort to represent the
value of strike support forces such as EGM , AEW and
Reconnaissance.

The first test above involved reducing the air-to-air exchange

ratio of the F-L4 and MIG-21 . In lieu of the 4-to-l superiority of the

F-l4 a 2-to-l ratio was used .

The model results for the reduced F-l4 capability compared to

the full F-l4 capa~- lity show no change in Blue attack attrition , Red

attrition (remained at 100%), or battle time (Blue won in 2 days). The

only change was in Blue VF attrition , which increased from 42% losses to

73% losses. The fact that this number did not double might indicate that

excess F-14s were engaged in the original scenario.
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Tests 2 and 3 above indicated an increase/decrease of A7/A6

attrition. These numbers were doubled for high attrition and halved for

low attrition The model output resulted in similar values. A7/A6 losses

were doubled for high attrition and halved for low attrition from the

origina l run. No other changes resulted except that battle time was ex-

tended to 3 day s for  the Blue win when A7/A6 a t t r i t ion was high.

Test 4 above allowed the  best perforu ance for the Blue strike.

The attrition values were reduced 20% for Red interceptors and 50% for

SAN losses, on tile assumption that Blue ECM and strike control (AEW) air-

c ra f t  were successful  in reducing enemy a t t r i t i on  on the Blue s t r ike air-
c r a f t .  The model results showed a Blue attack attrition reduced from 41%

to 6%, and a small reduction in VF a t t r i t i on .

3. Numbers of Assets

The following variations in aircraft numbers were examined

during the analysis:

• Blue VA aircraft were varied over a range of 24 to 72
aircraft.

• Blue VF aircraft were varied the same as the VA aircraft.

• Both Blue  VA and VF a i r c r a f t  were varied together.

• The number of Red SLI at ONRODA was varied .

The numbers assoctated with the results are not important  in

an absolute sense because they are scenario-dependent . The relative van -

ation in the results is, however , and these results are given below . They

reflect changes in the b a t t l e  outcome tha t  a p l anner  mig ht suspect.

In general Blue was not ab le  to  accompl i sh  his o f f e n s i v e  air

objectives when the number of Blue VA aircraft were r educed  below 24 air-

craft. Blue ’s VF compliment , he ld at 48, was sut ficienc to discourage

Red ’s attack and therefore the battle tended to go to a 10 da~ stalemate

u nder these condi t ions .

When the Blue VF aircraft arc reduced to 24 or below , Blue is

not adequately defended both at the CTF and during the strike; t h er e f o re ,

Red wins the batt I~’ in approximately two days but suffers high attrition

in doing so.

22
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An increase of Red interceptors (SL1) increases tile difficulty

that Blue has in mee t ing his objectives. At 72 SLI, Blue requires 2 days

to win , and at 97 SLI Blue requires three days to win. At 120 SLI the

battle changes dramaticall y and Red wins in one day . Blue fails to meet

his objectives at about 107 SLI. This monotonic increase in h a t t  to re-

s u l t s  i s  to be expected and follows intuitive belief.

The variations of aircraft number d i s c u s s e d  above were calcu-

lated on the  SOC , us in g its interactive capability , in about 1 hour. ‘Ihe

results are reasonable-—i.e. , what an experienced planner might expect.

•4 • Operations Plans

The timing, use  of asse ts , and threat a c t i o n  are sped l ied in

Blue and Red Ope ra t i ons  Plan  t a b l e s .  Each offensive and defensive mi s-

sion is defined by specifying a miss ion  name , f l i g h t  p r i o r i t y , o r ig in

complex , t ar g e t  complex , associated miss ion  t imes , types  of u n i t s , desired

number of units , minimum number of units , and numb er of reads ’ units.

Force a t t r i t i o n  is norma l ly sens i t ive  to the number of enemy interceptors

that can be launched aga ins t  the incoming r a i d s . In t e r c e p t or s , of course ,

should be used sparingly ; therefore , the operations plan should show the

DL I or SLI miss ions  d ur i n g  the  p~ riods of the enemy raids .  This i s  ~Ion e

because DLI or SLI a i r c r a f t  are counted as generating sorties even t h ou g h

they may engage no attackers during a period .

Care m U St  be taken that eadil mission is given a proper stop

criterion to determine its success in meeting its object ive , and for

triggering other missions.

5. Weather

There is provision in the model to change weathe r at the I a r g o t

and cnr outc , each  day , f rom good weather to bad weather. Two weather

comparisons were mad e for tilis analysis. One involved a war w i t h  good

weather each day versus a war where t h e  f i r s t  day was good and t. he st i b s~-

quent days were bad weather. During good weather , norma l strikes composed

of A— 7 at tack ai rc ra ft are cal led out  in t he oporat Ions r~ Ian . A bad

23
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wea the r  contingency is p lanned , however. If bad weathe r occurs after

r tile first day , A-b aircraft are substituted . The model automatically

makes th i s  s u b s t i t u t i o n  if a weather change is made. Since there are

not as many A-b as A-7 aircraft in the Blue Task Force , one would expect
• t ha t  it wou ld take more day s to accomplish battle objectives. This re-

s u l t  was the major difference in the two weather runs. In good weather

B lue win in two day s and Red ’s losses were 100%. In bad weather , Blue

needed four days to win and Red losses were lower by 12%. The Blue at-

trition remained about the same.

6. SOC Limitations

During tile research and demonstrations associated with the SOC,

limitations were identified that potential planners should be made aware

of . Real-world s t r ike  planning is ex t remely  complicated and each and

every component is hard to reflec t arithmetically . The following list

reflects the limitations in using and understanding the SOC.

• All effectiveness/attrition data were assumed to be
linea r f un c t i o n s  of t he  number of  engaging u n i t s .  In
ac tua l  use , both of these f u n c t i o n s - - e f f e c t i v e n e s s  and
attrition——are highly nonlinear during the course of
the b a t t l e .

• The use of the terms QA (offensive air) and DA (defensive
air) is confusing and inflexible , and may cause incorrect
results. Some aircraft such as the t’1IC-2l may be used
both offensively and defensively . The confusion or dif-
f i c u l t y  is tha t  one must  assign t he numbers or types to
be used offensively and defensively. The MIG-2 1 can be
used as a VFl (DA ) or as a VFB (~~ ) ,  but cannot be
changed in the  model du r ing  the battle.

• The model may be too general  w i t h  regard to the  w e a t her
cr1 t e r i a.

• The synergis tic effects of support aircra ft are treated
in a highly  aggregated manner .

• The model is not flexible to the extent that mission
cyc les  can be read i ly  changed f rom tile programmed three
hours , to , say, 2 or 4 hours.

• DLI and SLI missions account for sor t i e  expend i tu re
even though such aircraft may not engage in battle
during a time period .

24
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I INTRODUCTION

The Office of Naval Research (ONR) is presently pursuing a five year

multicontractor program to promote the development of decision aids and

procedures in support of Fleet operations . The essential objective of

the work is to improve tactical decision-making by blending a number of

technologies such as decision-analysis , computer-driven graphic displays ,
• advanced data management systems , information feedback , mathematical

prediction , tactical models, and organizational analysis into a practic al

sys tem fo r  sh ip board use. C o n c e n t r a t i n g  on the  t a sk  fo rce  comander and

his staff , the project emphasizes decision aids that are designed to take

advantage of the experienced judgments of senior officers in the opera-

tional situation , rather than relying on the predictions of system designers.

In the operational situation these aids will provide gu idelines and tools

for the structuring of decision problems , eliciting Jud gments of probabil-

ities and outcome preferences , furnishing stored data and models as re-

quested by the decision maker , making statistical inferences , and display-

ing the implications of trial tactics prior to their execution. All of

these objectives are compatible with ongoing comand-control hardware

programs . Decision makers will be provided with a man-computer inter-

active capability to help them examine and evaluate alternative courses

of action.

SRI International (formerly Stanford Research Institute) has been a

continuing participant in the program , and is now s o l i c i t i n g  your ass i s t -

ance and support in evaluating an evolving concept in Task Force decision -

aiding procedures , the Strike Outcome Calculator (SOC). The SOC is an

automated decision aid for use in estimating outcomes associated with

nava l air strike courses of action. The purpose of the current research

is to test the SOC concept by hypothesizing a tactical environment that

is as realistic as possible , and by using the experienced Judgment of

o f f i c e r s  charged wi th  the r e s p o n s i b i l i t y  fo r  th is  type of p l a n n i n g .  SRI ’ s

A — i
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goat is to make the SOC as responsive as possible to the planning needs

of a typical Carrier G roup Commander and his staff.

To date research on the SOC has been limited to naval air strike

warfare and air defense , so that the utility of the concept could be

examined within a bounded framework. The Strike Outcome Calculator con-

s i s t s  of a computa t iona l  a lgor i thm, a media (i. e . ,  t e rmina l )  for  communi-

cating inputs and outputs , and the required interface with the user. The

prototype SOC has been succe s s fu l l y  demonstrated in the research environ-

ment , and it is now necessary to elicit and record command reactions to

its usage as a decision aid . The objective is to take into account

recommendation s made by Fleet users for improvement and redesign.

The role of outcome calculation is best seen in Figure 1, which has

been adapted from the Navy planning manual , NWP 11(B). Outcome calcula-

tion also has application in the supervision of planned action phases

(i.e., with changing events), although for now the focus is on the for-

mer role. Currently, outcome calculators in use by the Fleet consist

prim arily of officers callin g upon their experience , empirical data ,

and qualitative judgment to estimate outcomes associated with possible

situations .

The present research objective of SRI is to evaluate and refine the

SOC concept , as set forth in the ongoing research by the Naval Warfare

Research Center (NWRC), so as to provide a SOC prototype that is accept-

able in the Fleet environment and operates efficiently in that environ-

ment. As stated previously, in order to meet this objective , it is

necessary to elicit and record command reactions to the use of the SOC

as a decision aid . Before this command reaction can be beneficial , SRI
- - feels that qualified Navy officers should attempt to fill the role that

the SOC is designed to meet by using methods with whicn they are cur-

ren t ly  f ami l i a r .  This wil l  provide a baselin e from which comparat ive

judgments can be made. To this end, SRI has structured a naval strike

scenario and has posed a problem for qualified naval officers to solve

by using methods familiar to them. After the officers have completed

the problem and recorded the res ults of the ir planning, the rese arch

A-2
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method calls for a demonstration of the SOC by SRI analysts, and then an

examination of the same scenario using the SOC. The officers will then j -

be given access to the decision aid for further investigation , and f inally
their reactions will be solicited .

The following sections of this paper describe the problem scenario

and provide general problem planning guidance. An accompanying document,

“Strike Outcome Calculator Problem Definition ,” is to be used in conjunc-

tion with this document. This second paper defines the specific planning

problem to be addressed by the participant officers , and provides addi-

tional guidance.
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II  PROBLEM SCENARIO

The problem scenario and planning guidance have been extracted —

from the following document: “ONRODA warfare Scenario ,” Research Memo-

randum NWRC-RM-83, Stanford Research Institute , June 1975. This docu-

ment  can be used to augment the information presented in this paper if

it is desired , however it is broader in its scope and differs with

respect to a few of the details. Every effort has been made in ~.. his

paper to present the major elements of the problem as simply as possible.

A synopsis of the scenario follows .

Synopsis

Grey and Orange (see the map in Fi gure 2) have been ideologically

opposed and hostile towa rd each other for a long t ime . Orange has sup-

ported rebel activities in Grey. ONRODA Island has been politically

aligned with Grey, but has a significant segmen t of Orange sympathizers .

Grey ’s military capability has diminished and Orange responds by more

active support of the rebels in Grey and by capturing ONRODA Island .

Blue has previously indicated that this was an unacceptable action ,

suppor ted  Grey ’s appea l  to the UN , and asked for congressional approva l

for unilateral support of Grey if f a v o r a b l e  UN r eac t ion  was not insnedi-

ate. At the same time Blue orders the Fleet to prepare to stabilize

the military situation in the area and prevent Orange from using ONRODA

Island as a base for future military action against Grey. Red, who has

supp lied Orange with most  of her  combat systems , also has a naval force

in the a rea .  A Blue carrier task force is formed and given the mission :

“When directed 1 begin operations to neutralize Orange forces and facili-

ties on ONRODA Island in order to defend Grey . Do not attack targets

on Orange main land or in Orange ports. Take defensive measures to pro-

tect your force from Orange or Red retaliations. ”

A-5
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The Blue task force is divided into two carrier groups and consists

of the e l emen t s  l i s ted  in Table  1. The enemy forces in the area are

listed in Table 2.

Table 1

BLUE TASK FORCE MAJOR COMBATANTS

CARRIER GROUP ONE

I12.~ 
Class

CV KITTY HAWK
CG ALBANY
DDG CHA RLES F. ADAMS
DD SPRUANCE
DD GEARING (FRAN I)
DE KNOX (with BPDMS and LAMPS)
DE KNOX (with BPDMS and LAMPS)

CARRIER GROUP TWO
Class

CV FORRESTAL
CLG converted CLEVELAN D
DLG LEAHY
DD SPRUAN CE
DD GEARING (FRAN I)
DD GEARING (FRAM I)
DE KNOX (wi th  BPDMS and LAMPS)

AIR WING COMPOSITION (each CV)~
24 F-14
24 A-7E
12 A-6E
8 S-3A
5 E-2 C
4 EA-6
4 KA-6
4 SH-3
1 C-I

A-7
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T a b l e  2

ENEMY MAJOR COMBATANTS

ORANGE NAVAL FORCES

Number Type C l a s s

4 Dest royer  SKORY
6 M i s s i l e  Boat OSA-l
6 Missile Boat KOMAR

12 Torpedo Boat P6
2 Minesweeper T-43
5 Amp hibiou s Cr af t VYD RA
2 Submarine W

RED NAVAL FORCES

Number Type Class

1 Cru i se r  KRESTA I
1 Des troyer KASHIN
2 Submarine ECHO II

ORANGE AIR FORCES

a t  ONRODA a t  ORANGE

24 MIG-l9  48 MIG- l9
72 MIG—21 72 M1G-21
48 SU-7 24 SU-7

- - 24 IL-28 12 IL-28
24 BADG ER A
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III P LANNING GUIDANCE

The Blue task force commander received the mission directive , called

a staff meeting and took the following action:

• Ordered his Operations Officer to reschedule all shivs in the
task force to ensure that at least one carrier would continually
be within air-strike distance of ONRODA Island and the southwest
area of Grey. All ships were to continue operating under the
existing operating orders until CTF-l published a new op-order.

• Ordered dail y intelligence briefings on the Orange/Grey situa-
tion .

• Ordered the Chief-of-Staff (COS) to be responsible for coord ina-
ting the op-order effort , i.e., by issuing (I) a dispatch format
to Blue Fleet and CTG-2 stating Estimate of Situation , Course of
A c t i o n , and Concept  of Opera t ions  (due in 2 days) and , (2) the
f i n a l  w r i t t e n  op-order  wi th  deve lopment  of the p lan (due in 1.0
d a y s) .

• Because he expected t h a t  h igher a u t h o r i t i e s  would consider the
firs t Blue offensive actions as also significantl y impacting on
g e o p o l i t i c a l  and f u t u r e  s t r a t e g i c  balances of power in this
area of the world , he expressed his feeling to the staff that
B lue s t r i k e  act ion should  commence on ly  a f t e r  a preemptive
h o s t i l e  ac t i o n  by Orange .

The tentative choices for Courses of Action that the staff developed

were:

• Neutrali.:~ enetny forces by pree mp t ive or reactive air strike*

• Neutralize enemy forces by air blockade

• Employ both reactive air strike and air blockade to neutr alize
enemy forces.

A f t e r  much c o n s i d e r a t i o n , the t a sk  force commander selected the

third alternative and ordered that a concept of operations be dt~veloped

for the reactive air strike and subsequen t air blockade .

*Note: The differen t elements in a preemptive air strike as compared to
a reactive air strike migh t be considered to be more surprise to the
enemy, stronger offensive forces , higher mission accomplishmen t in l~.~ss
t ime and , less defensive forces needed.
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EXPERIENCE AND BACKGROUND OF PARTICIPANT

NAME _____________________________ RANK______________________________

PRESENT
UNIT/ORG._______________________ BILLET__________________________

EXPERIENCE IN AIR
- 

- IN COMBAT STRIKE
OPERATION S PLANNING

I .  INTRODUCTION

This document is a supplement to the document entitled “Introduc-

tion to the Strike Outcome Calculator. ” The purpose of this document is

to set forth a concept of operations developed for the scenario given in

“In t roduct ion  to the Strike Outcome Calculator ,” and to define a specific

problem which is to be analyzed by partici pating naval officers. Planning

gu ida nce i s given and is to be used as the participant chooses. Planners

— are not restricted to the guidance shown. Additionall y , forms are pre-

sented , which are to be filled out after the problem has been completed.

-: This will enable SRI ana lysts to capture information concerning current

air strike p lanning procedures .

The p rob lem is not a test or a reflection of the participant ’ s abil-

ities. Responses to the problem will be used by SRI to determine how

current Fleet training and practices prepare nava l officers to develop

an acceptable  air strike p lan, what me thod s are typically used , and how

wel l  SRI ’ s Str ike Outcome Calcula tor  compares wi th  cur rent  p rac t i ces .

Thank you for your participation .
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- 

— . a :.. -~ 
- --- ---~ - -=~~~,-r a.z~ —~~~~~ rt - rr c~ --ut~~ , -j~ - - 



-- .—,—

II .  CONCEPT OF OPERATIONS

The Blue Task Force will conduct air strike operations when directed

against Orange forces on ONRODA Island in order to defend Grey .

The objective of this operation is to defend ~rey from Orange air

attacks , in particular from ONRODA Island . The physical objectives are

the Orange comba t airc raft and support facilities on ONRODA Island. A

limitation is that Orange forces cannot be attacked in Orange mainland or

in Orange ports. It is expected tha t no nuclear weapons will be used.

Red units may be sighted in the area. There is a low probability

that Red will initiate hostile action toward Blue but Red is expected to

harass and surveil individual Blue units. Orange units may also surveil

the Blue forces before air strike operation s begin. Blue forces are

orde red not to take preemptive hostile action against such activities but

to defend themselves by return fire if fired upon .

The two carrier group s making up the Blue task force will operate

independently approximately 50 to 100 nmi apart. The strike launch point

will be 400 nmi west of ONRODA Island . On the first strike day (S-day)

four Alpha strike s will be launched against ONRODA ; two strikes from each

- - carrier. Each Alpha strike will be composed of 18 A-7 , 6 A-6, 12 F-14

escort, 1 E-2 strike control , 1 EA-6 for EW, and 3 KA-6 refuelers. On

each succeeding day (S+l, S4-2, etc.) strike carrier duty will be alternated

between carriers , each carrier launching two strikes a day . Additionall y,

an Intruder strike will be flown by four A-6s pIus 2 F-l4s at night. The

In t ruder  s t r ike  composition w i l l  be subs t i t u t ed  for  the Alpha  s t r i kes  if

the weather turns bad. The off-duty strike carrier will f l y the task

force defensive sorties. “Clean-up” strikes are desired when the enemy

defensive air asset~’ have been reduced 50 percent. It is estimated that

fou r strike days will be required to attrite the Orange a i r  a s s e t s  by 75

percent.
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The defensive carrier will provide fighter aircraft to support

three CAP stations during its 24-hour defensive duty . Each carrier

group will provide its own ASW daily aircraft requirements. If enemy

surface units threaten the task force, a SUCAP (surface cap) of A-7 s and

A-6s will be called upon. There is a high probability tha t Badger-A

bombers escorted by MIG-2ls with external tanks, may attack the task

force from Orange mainland sometime after Blue strikes ONRODA .

After Orange aircraft are neutralized on ONRODA Island , the task

force plans to change station to a point midway be tween ONRODA and Grey

from which it viii set up an air blockade to protect both Grey from

attack and ONRODA from reinforcements.

~1
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III. PROBLEM DEFINITION

Develop a strike plan from the scenario description and the concept

of operations that you would submit to the task force commander (TFC) in

an op-order. Assume that Orange mounts strike s against Grey from ONRODA

and this action triggers a Blue response. As a test of the feasibility

and acceptability of your plan compute estimated air losses for both

BLUE and ORANGE as well as possible ship damage . The Appendix presents

certain data that can be used for this computation. These data are

arbitrary to a certain degree and are unclassified.* The computed air-

craft losses (outcomes) may be limited to the following :

BLUE losses

A -7E

A- 6E

F-l4A

ORANGE losses

Badger-A , Beagle ,

SU—7 , MIC- 19 ,

MIG-2 1

For the purpose of the prob lem , ass ume that Orange attacks the Blue

task force with Badger strikes from the Orange mainland soon after the

Blue strikes on ONRODA . Additionall y , the surviving Orange air forces

on ONRODA are direc ted against the Blue task force from the second day

on. Fur ther , assume the Red cruiser  en te rs  the act ion wi th  an SSM a t tack

on the second day.

*The data are not meant to become a focal point for debate. Additional
data sources may be used if  desired.  These data are submit ted to save
data collection time , to keep the problem unclassified , and to maintain
a certain degree of conformity .
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The computed aircraft losses (outcomes) should be done for two ca ses ;

i .e . ,  (1) good weather  for  the en t i re  operation , and (2)  the weather  t u rns

“bad” on the second day and remains bad for the rest of the problem. “Bad”

weather is defined as a situation where A-6E strikes must be substituted

for the A-7E sorties.

-: The objective of this exercise is to compare current strike outcome

calculat ion techniques , to docume nt the man-hours  devoted to make such

outcome estimates, and to compare methods and credibility wi th the SOC

automated decision aid that will be demonstrated by SRI.

— - The fol lowing summary of the problem is presented in outl ine form

to assist the p lanner in completing the problem :

Given:

The TFC ’s mission
The Estimate of the Situation and Selected Course

of Action
The assets and capabilities of each combatant
The Concept of Operation s

Problem:

Develop a s t r ike  p lan
Test the plan for suitabilit y , feasibility , and

a c c e p t a b i l i t y  b y c o m p u t i n g  or e s t i m a t in g  own
and enemy air losses and possible ship losses

Method of Approach:

Compute sor t ies  necessary to f u l f i l l  concept  ~ f
operations with reasonable sortie rate~

Devise strike tactics and weapon loadings
Estimate enemy defenses and enemy counterattacks
Use given data to es t imate  a t t r i t i o n  and e f f e c t i v e -

nes s
C ompute losses for each day cons ide r ing  the f o l l o w i n g

as separa te actions: air-to-air , air-to-surface ,
and su r f ace - t o - a i r  engagement

Summarize losses

8—5
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— IV. PLANN ING RESULTS

Please answer the following questions concerning the planning pro-

cedure you have just completed.

A. Total Time Spent on Assignment

Estimate the amount of time that you spent in reading and familiariz-

ing yourself with the problem scenario, planning guidance, and pro b lem

de f in i t ion .  ______________hr s .

Estimate the amount of time that you spent in analyzing the problem

and in computing results. ____________hrs.

The sum of the above estimates represents l0O7~ of your work on the

problem.

B. Tasks, Steps, and Procedures

• Indica te in column (a) the estimated amount of time that you
spent on the stated task, step , or procedure . Use 7. of total
time (of A above) if you prefer.

• In column (b) rate the difficulty of doing each line item ,
using the following scale:

(1) Very easy, (2) Easy, (3) Moderately difficult ,
(4) Difficult, (5) Very difficult.

• In column (c) list the methodology that you used to solve
each task. This include s any publications or analytical
techniques that you used. List as many as app ly.

• Add to the table , additional tasks, steps, or procedu’~es
that you utilized in working the problem , completing the
above information for each.
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C . P l a n n i~i~ Conu~tent s

Add i :~v c o m m e nt s  that ou t h i n k  a re  a p p r o p r i a t e  r e g a r d i n g  t h e  a i r
- stri’~e pl~i nning process , and the methods and publications emp loyed in

— th~it process .
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Table 3

AIR-TO-AIR EXCHANGE RATIOS*
(BLUE TO RED)

- 
I MIG-21 MIG-19/SU-7 BADGER SSM

r 
F-14 1/4 1/10 0/4 0/3

F—4 1/1 1/1.5 0/2.5 O/1.~

A—i 1/.67 1/1 0/1 NA

A-6 1/.67 1/1 0/1 NA

*These ratios do not reflect armament limitations.

Table 4

BLUE ATTACK AIRCRA~~ ATTRITION FROM SAMS AND AAA
(per 1000 sorties)

STRIKE WAR AT SEA INTERDICTION
AIRCRAF1~ SAM AAA SAM AAA SAil AAA

A-i 15 3 3 -- 5 3

A— 6 Suppression 7 5 3 - - 3 2

A— 6 AW 2 1 1 -- I

8-15
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Ta b le 5

‘ I AIR-TO-GROUND Pk1 s

Good Weather (A-i and A-6, CEP — 10 mils)

Target Alt. (ft.) Weapon* ~~

(11000 2LGB .9Aircraf t on ground i 8000 4~ii 2o .7
Tank 11000 2WIDL .9

Kresta 11000 4WIDL .6

APC 11000 IWIDL .9

SAM Site Radar 11000 1STDABN .9
AAA 8000 4MK20 .2

Fuel Depot 5500 6MK83 .2

Bad Weather (A-6 radar bombing CEP — 300 f t . )

Target Alt. (ft.) Weapon Pk

Aircraft on ground 8MK20 .4
Tank 8CPU59 .1
Kresta 2AGM53 .2
APC SMK2O .1

SAM 1~~4K8l .1

MA 8C3U59 .3

Note: (1) For Red freefall bombs (1000#) and SSM (l000#
warhead) CEP 1000

(2)  For Red ASM or freefall attack on CVs, assume
each impacting missile or bomb claims .1 damage.

*
a Rockeye

WIDL a Walley. data link
CPUS9 • Cluster we apon
AQ453 — Condor
MK8I — 250# bomb
LGB — Laser guided bomb

Mk 82 or 83
STOARN a Standard ARM

I
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EXPERIENCE AND BACKGROUN D OF PARTICIPANT

NAME RANK

PRESENT
UNIT / ORG BILLET

EXPERIENCE IN AIR
IN COMBAT STRIKE
OPERATION S PLANNING

I. INTRODUCTION

The Strike Outcome Calculator (SOC) is designed to augment the task

force cou~nander ’s planning function by helping him to translate informs-

tion about variables that are likely to affect his plans into estimates

of outcomes for alternate courses of action.

The SOC is in the development stage and has been used thus far only

for the planning of air strikes. This questionnaire solicits your inputs

to determine : (1) how useful SOC appears to be as an aid for air strike

p lanning, (2) how it might be improved for that purpose, and (3) how

useful the concep t might be for other planning functions .

Thank you for your participation.

L .

Ft 
C-’
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II. CONTENT OF DISPLAYED FORMATS

Do you consider the in format ion  content presented 1 in the SOC d i sp lays  —

to be fully adequate for air strike planning purposes?

E ] y e s  [ m o

If no, what need s to be improved? (check as many as app ly) .

Description of blue and red force elements (Exhibit 1)

I Description of blue force units (E’~-hibit 2)

I Description of red force units (Exhibit 3)

Engagement statistics for blue attacking red (Exhibit 4)

I Engagement s ta t i s t ics  for red a t t a c k i n g  blue (Exh ib i t  5)

I Weapon platform availability (Exhibit 6)

F I Capabilities of a/c related elements (Exh ib i t  7)

F I Blue force complexes (Exhibit 8)

Red force complexes (Exhibit 9)

I I Miscellaneous inputs (Exhibit 10)

I Blue operations p lans (Exhib i t  11)

I Red operations plans (Exhibit 12)

Relative complex positions (Exhibit 13)

In i t i a t i ng  wx days (Exhib i t  14)

I Blue mission accomplishment r e su l t s  ( E x h i b i t  15)

I Red mission accomplishment results (Exhibit 16)

I I Blue complex battle attrition results (Exhibit 17)

Red complex battle attrition results (Exhibit 18)

(co nt inued on next page )

~See Appendix for exhibits of SOC displays.

C-2
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1 Write below wha t needs to be improved , added , or deleted (indicate which

exhtbit) ________________________________________________________________
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III. DISPLAY FORMATS

Do you consider the display formats presented 1 by the SOC to be full y

adequate with regard to the layout and organization of the data?

I yes [ I no

If no, which formats need to be improved? (check as many as apply) .

I I All formats

I I Description of blue and red force elements (Exhibit 1)

[ I Descr ip t ion  of blue force units (Exhibit 2)

I I Description of red force un i t s  (Exhibi t  3)

I I Engagement statistics for blue attacking red (Exhibit 4)

I Engagement s t a t i s t i c s  for  red attacking blue (Exhibit 5)

I Weapon platform availability (Exhibit 6)

1 1 Capabilities of a/c related elements (Exhibit 7)

I I Blue force complexes (Exhibit 8)

I Red force complexes (Exhibit 9)

I I Miscellaneous inputs (Exhibit 10)

I I Sine operations plans (Exhibit IL)

I Red operations p l~ ,is (Exhibit 12)

I I Relative complex positions (Exhibit 13)

( Initiating wx days (Exhibit 14)

I Blue mission accomplishment results (Exhibit 15)

I I Red mission accomp lishment results (Exhibit 16)

I Blue comp lex b a t t l e  a t t r i t i on  resul ts  ( Exhibi t  17)

I Red complex battle attrition results (Exhibit i8)

(co ntinued on next page)

t See Appendix for exhibits of SOC disp lays.
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~~Uw \~ I-t.I t need s ~~ be improved to make the  f o r m a t s  more usab le .
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IV. PRESENTATION AND USAGE OF DISPLAYED DATA

Do you consider the method of presentation and usage of displayed

data to be fully adequate ?

[ I yes I I no

If no, which of the following need to be improved? (check as many as

app ly).

I I Disp lay response time is too slow 1:

I ] Disp layed data are too crowded and difficult to read

I I Procedures for finding appropriate disp lay formats are not clear

I I Instructions for using the SOC are not clear —

I I The use of asterisks for borders is annoying

I The order of disp lay usage is confusing

I I The quality of disp layed imagery is margina l (e.g., character

size too small , luminance too low , inadequate contrast)

I I Disp lay screen size is too small

I Usage of keyboard is too awkward or comp lex

I I Feedback is inadequa t e  regard ing  forma t se lec t ion  and usage

I 1 Other (specify) ________________________________________________

Write below any further comments on the p r e s e n t a t i o n  and usage of d i sp layed

data:

C-6 
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V.  EXTENSION OF THE SOC CONCEPT

The c o n t e n t  of  the  p r o t o t y p e  SOC is L i m i t e d  to the p l ann ing  of a i r

s t r i k e s , and to the  d a t a  con t a ined  in the  c u r r e n t  f o r m a t s .  Would i t  be

d e s i r ~~~le to d i s p l ay  additiona l information for the TFC and his  s t a f f

using SOC tquip rnent :

I yes [ I no

I:  ve - . w h i c h  of  the f o l L o w i n g  would you recommend hav ing ? (check as

many as app ly).

A listing of app l i c ab le  publica tions about sel ected topics

I I A l isti ng of for mu las and examp les to be used for p lanning - -

I I A l is t ing of proced ures to be used in p lanning

I A listing of tactical procedures

I I Other (specif y) __________________________________________________

In wh ich of the following areas should the SOC concept be tried?

I Other w a r f a r e  p lanning areas (specify below)

I Logistics r’lanning

I I Route p lanning

I Order  of ba tt le p lanning

Rules of engagemen t planning

I I Targe t assessment and weapon selection p lanning

1 1 EW p l a n n i n g

I I None of these

I I O ther ( spec i f y) __________________________________________________

C-7
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VI. SOC IMPLEMENTATION

The SOC is intended for  the use of the TFC and his  s t a f f , or anyone

else who is required to estimate the outcomes of air strikes. In your

view , where should SOC disp lays be provided? (check as many as apply ) .

In the TFC ’s sta teroom

[ I In the flag plot

I On the brid ge

[ I In designated staff members ’ quar ters

[ }  In CIC

I I Other (specify) ________________________________________________

Who should opera te the SOC?

I The TFC

I I The chief  of s t a f f

I I Des igna ted  s t a f f  members

I I A specially trained operator

I O ther  ( s p e c i f y )  ________________________________________________

C -8 
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VII . SOC VALUE

R a t e  the va lue  of the  SOC as a p l a n n i n g  a id , u s ing  the f o l l o w i n g

1-5 scale.

1 = Of Very Little Value [ I
2 = Of L i t t l e  Value  [ I
3 = Of Some Value I I
4 = Of Cons ide rab l e  Value  I I
5 Of Grea t Value I I

Write below any additiona l comments that you have conce rn ing  the s u b j e c t

matter in this questionnaire: ________________________________________________
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: EXHIBITS OF SOC DISPLAYS
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I GENERAL AIR STRIKE PROBL~~1

The fo l lowing  summarizes the general  co n s i d e r a t i o n s  tha t impact  on

anal yz ing  a general air s t r ike  problem :

~ Given:

- The TFC’s mission

- The es t imate  of the s i t ua t ion  and se lected course of ac t ion

- 

-

~ 
- The assets and capabilities of each combatant

- The concept of operations.

. Proble m:
- 1 - Develop a strike plan.

- rest the plan for  s u i t a b i l i t y, f e a s i b i l i t y, and accep tab i l i t y
by comput ing or es timating own and enemy air  losses and pos-
sible ship losses.

• Method of Approach:

- Compute sorties necessary to fulfill concept of operations
with reasonab le sort ie rates.

- 1)~’vise strike tactics and weapon loadings.

- Estimate enemy defenses and enemy counterattacks .

- Use given data to estimate attrition and effectiveness.

- Compute losses for  each day consider ing the fol lowing as
separate  act ions : a i r - t o -a i r, a i r - t o - s u r f a c e, and s u r f a ce -
to-air engagement.

- Summarize losses.

The manual approach t~ solving the close air support problem closely

follows the above method of approach. This appendix will briefly present

the scenario situation , the assets and capabilities of each combatant ,

and the devcioped concep t e~ operations , and will outline the method ei

approach on a time step ( eve n t ) basis. Other than the method of approach ,

most of the material is condensed from NWRL/SRI RN—8b , “Amphibious War-

fare Scenarie. ’
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II SCENARIO SITUATION

During December , two Orange reinforced motorized i n f a n t r y  d i v i s ion s

invad ed Grey by way of \e  h o w  Ci ty  and cap t  t.red Crevport with the bet p

of Grcyhawk insurgents. li-ic UN a u t h o r i z e d  a c o u n t er t~ ’rce  t o  s t o p  i h i s

ag gr e s s io n  and to set ‘.p a demilitarized zone  on t h e  Grey /Yellow border.

ilie o b j e c t i v e  for t h i s  f o r ce  was to seize Greypor t  a i r p o r t  and naval

ba se , ile feat the Orange forces i n  Cr ‘v , and es tabhi s~i t he detiii Ii ta t i  .~ed

SO!)

The Ui ~~~ i ~~ 13 liii’ was o ~~ tab Ii ~ h a beachh ead by aniphi l) i o u s  as —

sault  between the Gr ey / O r a n g e  FEhA wi’st of C r e y p o r t  in order to Se1~~e

Cr e yp o r t  at  rp o r t  and n av a l  base , ~. - ~e~ t Ora ng e t o r ces in Grey , and es tab-

li sh  a UN de mi l i t a r i z e d  zone flt ’ar the Grey/Yellow b o r d er .

I 
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I I I  FORCES

A. Blue Force

The Blue fo rce  is desi gnated as Amphibious ‘l’ask Force U (ATF-b) and

is composed , in part , o f a ca r r i er group  and a land ing force. The car—
- - n c r  group has 2 CV , 2 CC , and 10 DIG with the following associaced

s ’ r c r a f t :

Fig h t e r s  24 F— 14 24 F— 18

A t t a c k  3t A- 18

Attack (all Wx) 24 A-b

In a d d i t i o n , 24 Marine F—L8 are associated with the landing fo r c e .

B. Orange Force

Orange aircraft available are located in the countri es o I O ran ge  and

- vi’ I low . At Orange air t icid there are 24 bad ge r A , 24 B~id ge r B, and 72

N [C— 21. In Ye 1 low there are  4$ SU —7 and 72 Ml  C— 2 1. I\’.’o (~1.! n-~e m e c han i  ~ed

div is ions complete wit -i-i air support hav e  occupied G r ey  near Ci cv pot t.

l i i  is Ii ore e is c 01111)05 ed o f :

2 I n f a n t ry  d i v i s i o n s  ç20 , 000 men ’)

I l’;ink regiment (420 tanks and trucks

I AAA / SAM regiment (0 I ; a t t  cries , S A — 2 ’ )

1 A r t i l i e r v  br igad e

I Reconnaissance regiment.

In add i t ion there i s the t hi c , i t  0! a Red gu id cii m i ss  i I c  c ru I see  L u

the area .

- ~ - - 



_ _ __
~~~~~~~~~ _~~~~~ _~~~~~~ _;.,, _ _____~____ -_- -  

~~~~~~~~~~~~~~~~~~~~~~~~~

IV BLUE CONCEPT OF OPERATION S

rhe Blue concept of operations is as follows:

. GAS strikes will start after preassault strikes are comp le ted
on D day .*

• GAS strikes will be composed of A-18 aircraft as follows :

4 on air loiter over FEBA dur ing  d a y l i g h t

4 on deck aler t , constant ly .

• Armed reconnaissance (ARREC) and interdiction strikes will
cover Yellow road s every 6 hours; A-ô’s assigned .

• A h i g h - i n t e n s i t y  Combat Air Patrol  (GAP ) w i l l, be stationed
over the Blue Task Force

2 F-l4 at airborne stations d u r i n g  day l igh t

8 F- l4 deck aler t , cons tantly .

• The F-18 will maintain a i r  superiority (ARSUP) over Grey
territory .

4 F-lB at airborne stations , constantly.

• The Marine VF squadron at  Greyport  w i l l  ma in t a in  2 F-18 on
CAP Over the FEBA (TARCAP) constant ly , plus 8 F-l8  on deck
a l e r t .

• A S u r f a c e  CAP (SUCAP) composed of I A-18 and 1 A-b w i l l
main ta in  day lig ht  a i rborne  s u r v e i l l a n c e  around the  l a sk
Force.

* 
•

It  is a s s um ed tha t as a resu it 0! Blue pr cas sau lt  s t r i k e s , Orange a i r —
cra t i  have been wi thd rawn  from Creyport airfie Id to  grass fields on ti-ic
Yet tow border and then reinforced from Orange homeland .

D-4



V MET1-lOl) OF APPROACH

For the sake of simplification the events of the GAS problem are

repeated each day . Actual events would probably be changed frequently.

This can be done in more advanced problems , but calcu lations are compli-

cated . Each event is handled in a game fashion--i.e., one sid e attacks ,

-Y the other defend s, and vice versa. Figure D-l shows a picture of the

events as they happen for  D-day and the several day s a f t e r  D-day u n t i l

one or the other of the air forces is expended . The basis for the losses

arrived at in the following text follows from the associated aircraft

capabilities , exchange ratios , and performance, and will not be repeated

here.

A. D-Day Events

The following is the sequence of D-day events:

• 0600 Blue  emph ibious  landings s ta r t

0600 Blue CAP and TARCAPS launched

0730 Orange aircraft from Yellow a t t a c k  landing boats  and Blue
FEBA w i t h  24 MIG 21 and 12 SU-7 (RAID A)

- 
- 

Blue de fend s w i t h  2 F-18 TAR~AP and 10 F-l8 DLI TARCA P
from Greypor t

Resul ts

Red Loss Blue Loss

8 SU-7 12 F-18

20 M I G — 2 1

1030 Orange raids Blue TF

12 Bad ger A , 6 Bad ger ECM from Orang e and
24 MIG 21 from ONRODA ( e s c o r t )  a t t a c k  the Blue t a sk  t o r c e .

B lu e  de fend s w i t h  2 F-14 CAP and 8 F - l4  DLI.

E
~
M Badgers  prevented Blue \‘F f rom full exchange ratio.

- 
p~ 507. of F—1 4 e t t e c t i v t ’n e s s  is assumed .

D- S
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Results

Red Loss Blue Loss

10 MIG 21 5 F-l4

10 Bad gers

1400 Orange raids previously described at 0730 and 1030 are
repeated wi th  similar r esu l t s .

0600-1800 Blue GAS and ARREC Raids.

Forty A-18 GAS sorties and 24 A-6 ARREC sorties dur ing
D-day are each loaded with Rockeye or Laser Guided bombs.
Targets for the above missions are the 420 tanks and
trucks of the Orange motorized regiments. The results
are 76 tanks and trucks killed , and damage to two Blue
aircraft.

0600-1800 Blue ARSUP ra ids .

Blue Air Superiority forces versus Orange SLI defenders
from Yellow airfield s operated during D-day on the fol-
lowing schedule:

4 F-l8 on 6 cycles during dayligh t ;  24 sorties
on each cycle; 4 F-18 engage 6 SLI (MIG-21).

Cycle Resu l t s

Red Loss Blue Loss

5 MLG -2 1 2.5 F— l 8

B. D- Day Summary

The following is a summary of D-day losses for both sides:

• Red Losses

Orange Yellow

Badgers 20 MIG-2l 40

MIG—21 20 SU—7 16

• Red A i r c r a f t  Remaining

Orange Yellow

Badgers 28 MIG 21 2

MIG—21 52 SU—7 32

D-7
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• Blue Losses

CTF Greyport

F-14 10 F-18 24

F-18 15

A-18 1

A-6 1 -

• Blue Aircraft Remaining

CTF Greyport

F-l4 14 F-18 0

F-l8 9

A-l8 35

A-6 23

C. D+l Day Events

The following is the sequence of D+l day events :

0730 24 SU-7 from Yellow attack the Blue FEBA . Blue defend s
wi th  6 F-18 on the Air Superiority Mission .

12 Badgers and 24 MIG-21 from Orange attack the Blue
— 

- task fo rce .  Blue defend s wi th  10 F- 14 on CAP/DL I .

1400 12 Bad gers and 24 MIG-2 1 from Orange attack the Blue
task force .  Blue  de fends  wi th  9 F-14 on CAP/DLI .

0600-1800 Blue GAS and ARREC missions continue.

D. D+1 Day Summary

The following is a summary of D+l day losses for both sides:

• Red Losses

Orange Yellow

Bad gers 20 MIG-2 1 0

MIG—2l 20 SU— 7 24

• Red Aircraft Remaining

Orange Yellow

Bad gers 8 MIG— 21 2

MIC— 21 32 SU—7 8

D—8



I.-

• Blue Losses

CTF Greyport

F-l4 10 F-l8 0

F-18 6

A-l8 1

A-6 1

• Blue Aircraft Remaining

CTF Greypor t

F-14 4 F-l8 0

F-18 3

A-18 34

A-6 22 -

E. Battle Summary

The following table is a summary of losses and orig inal asse t s  f o r

the entire battle.

Blue

A-l8 A-6 F—l 8 F-l4 Ships

CTF 2/36 2/24 21/24 20/24 0/26

Greypor t 
24/ ’4(FEBA)

Red

Bad gers SU—7 MIG- 21 Tanks/Trucks

Orange 
J 

40/48 20/72

Yellow
t 

40/48 70/72 152/420 ~ -

*(losses/origina l assets).

D-9

— 
__ _ t__rr~~~� t _ c__~~~~~~-t_z



F--—- ------ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Appendix E

- CLOSE AIR SUPPORT STRIKE PLAN
— 

SOC ADAPTATION

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ _______ _______



_ _  _ __ _ _ _ _ _ _ __ _

THIS PAGE IS BEST QUALITY PRLCTICABLE
Th.gt C*)1’Y FUR1ilS1ik~L) TO L~DC

TABLE NUMBER 1

I BLUE FORCE ELF~ ENTS I I ~F D FO R CE F.L EM ENTS
I I I 
I FLEMFNT I EXAYPLF ICLA SS I I ELFNFNT I EXAMPLE ICLASS I 

I I I I I I
I ATTA CI( IA 18 I UA I IBOMP~ R—Lt ) IB ADGER A I OA I
l A W—ATT A C K IA —6 E I DA I IBOPPFR—HI IBADGER B I 0* I
I VF—L 0 fF19 I DA I 1VBF ISU—7B I CiA
I YF— Ill IF— 14A DA I IVFI IMIG—7l I DA I
ICY IK ITTY HAW fl OS I ISSP ’— SHIP ISS—N — ’ I US I
I SU PPORT SHI PID LC LEAHY I DS I IAI RBASE IONk IJDA I OS I
I I I I I SAM SITE ISDl— 3 I DS

I I I J SUPPLY L IN E I *AA I IS I
I I I I

CiA—OFFENSIVE AIR
DA— rEF EN S IV E AIR
tJ S— O FF ENSTVF SURFACE
OS—C EFENSIVE SURFACE
L S — L L J C I S T I C S  SUP PORT

T A B L E  NUNBE.P 2

BLUE FORCE UNITS I
I I
l B FOC UM IT I ELEMENTS PFR IflhIT UNIT C1IA PA CTERI STICS I 

I I I
I TYPE ISUDI VA I ~W J Y F I V F I SUP J MAX I R A N GE I WORST I WX I MAX I SPEFUI

I I I I L III H I lA /C I RANGE I P~ F 1 W.C I DE’ F I PET I 
l — — - . - I — — — I — — — l — — — l — — — I — — — I  I — S i ~~I 1 SUB I (NP ’)I (MACH) I

IC It S — U  I 21 I I I ILLJN G I I CLJO D I 100! .91
)AR R F C — I A  I I 21 I I ILONG I 19I.P I I 1001 .91
I —I I I I I I I I I I I I I
I —I I I I I I I I I I I I I
isuc ~~ — i I II II I I IL ON G I I’~AP I I 100! .91
I AR S”P~ I ii I IL ONC I I PAD I I 100 1 .9!
l OLl — U  I I I I i l ISHORT I IPA ~’ I I 100 1 2.21
1011 —IT I I I ii I I SHORT I IPAD I 1 100! 2.?!
IV F C A P — I A  I I I f if I Sf4O~T IRA! i 100 ! ‘.‘I
I V F C * P -Ii~ I I I II I ISHORT I I BAr’ I I 100! 2.2 1
I I I I I I I I I I I I I

— I  I I I I I I I I I I I
I — , I I I I I I I I I I I I
I —I I I I I I I I I I I i
I — t I I I I I $ I I I I I 

~~~L ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



-- -~~- - -~~~~~~~~~~ --~~---~~—--  

~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~

---

~~~~~~~~

-

~~~~~~~~~~~

---- - -- - -

~~~~~~~~~~~

- --- -- - - -- - 

~1

THIS PAGE IS BEST QUALITY PRACTIC.AP~LZ
FRI~M Cur I ~ Uz~idS}i~D TO 01)0

TA B f~ . NUMBEk 3

I - R ED FORC E UNITS I
S I
IR  ~RC UNITI ELEMP.NTS PFR UNIT I UNI’ c~~A pArTERl s T IC s  I
I I I I
I TY~ E I SU 3 I ~i..I BR IVRF I YFI ISSMI M A X  I R A N CEI WORST I W~ I M AX I SPFFC {
I I I LOl ~II I I SMPI RA N GF I PEF I WX 1 OFF I DET I I
I I — — — I— — — I — — — I — — — ! — — — I — — — I  I—— SUB— I I— St B— I (NP.i)I (PACI!)I
I F R EE — l ~ I 2 1 2 1 I 4 !  ILcJ Nc I I rOOD I I 300!
IR A I9 — I A  I I I ‘I 41 I SNORT I I C000 I I 3001 .91
I —I I I I I I I I I I I I I
ISSM -I I I I I I 1ISHOR T I I~ OOD I I 2001 .9!
I SLI —I I I I I 11 ISHO PT I I~~A r ’ I I I 1 .51
I — ,  I I I I I I I I I I I I
I — I  I I I I I I I I I I I I
I —I I I I I I I I 1 I I I 1
I — I  I I I I I I I I I I I I
I —I I I I I I I I I I I I I
I — t I I 1 I I I I I I I I I
I —I I I I I I I I I I I I I
I — l I I 1 I I I I I I I I I
I —I 1 I I I I I I I I I I I
I — I  I I I I I I I I I I I I

T A R L~ t4’IMBFI~ I

I ~N A ~~FJ’t~PJT STATISTICS FOR 3LUE A T T A C r I N C  RE~ I
I I
I h U E  I~~L J E UNITS LUST PERI ’4AX kED AI R LOST ! RED ~iURFA CE FLEMFNTS
IFORCr UNITI ~~D D~ F ELEME N T I PEP BLUE !N11 I L~)Sr FE~ RIPE UNIT I
I I I I I
I ‘YP E IS U D I  V 4FI V EI l S~ M ISPLY$ VPF I Vt

~L IP I C FD I  ~iS~~I A Ik I  S~ M IS PL Y I
I I I I I J L I N F .$ I I A / C I S H I P I ” A S E I  IL1NF ~I
I I — — — I  — — — — I  — — — — I  ———-— I — — — — I  I I — ——— I — - — - — — I - — - — — — I — — — —  I — — — — I
I CA 3  — I A  I .251 .V 7 I . 0 0 4 l  I - 2 1 1.31 I I I I 1.11
I A R R ~’ C — I~ I .251 .371.0041 21 1.~~f I I I 11 .33 1
ISUC A ~ — I I .501 .75l.OOb I I ?I 1.31 I .t’I I I
IARS t ’?— I I .25 1 .SO I .N !2I I 4$ 2$ I I I I I
I — I  I I I I I I I I I I I I
I —I I I I I I I I I I I I I
I —I I I I I I I I I $ I
I —I I I I I I I I I I I I I
I — I  I I I I I I I I I I I I
I —I I I I I I I I I I I I I
I — I  I I I I I I I I I I I I
I — t  I I I I I 1 1 I I I I 1
I — I  I I I I I I I I I I I I
$ —I $ I I I I I I I I I I I
I — I  I I I I I I I I I I I I

E— 2 



~

TM13 PAGE IS BEST QUALITY F LCXICA.B.L~~
~‘~~OM ~~PY YW~Z4-ISk~~ TO Ji~O ~~~~~~~~~~ —

TABLE NUMBER 5

I ENGAGE M ENT STAT ISTICS FOR PED A TT AC K [N~ GLUE I
I I
I ~EP I RED UNITS LOST P F R I M A X  BLUE A I R  LOSTI B~.UE S URFA C E. ELEMENTS I
IFO R CE UN IT I LLU~ DEF ELEM ENT I PFR RED UNIT I LOST PER RED UNIT I
I I I I I
I TYPE IS UB I  W F I Y E I CV I SUP I VF 10 I VF HT I PA RKE D I  CV ISUPPOKTI
I I I 10 I HI I IS H I P 1  I I A /C  I I SHIPS I
I 1 — — — I — — — — I — — — — I — — — — I — — — — I  I I I I I
$ F REE — I A  I .331 . 5 1  I .121 4! 2$ I .21 .5!

- - IR AI D — I A  I .501 .6bI .12! .33! 7.41 1.31 .21 I I
I —I I I I I I I I I I I
ISS M — t  I .1-I f . 3 7 1  .191 .28 1 I I 1 . 21  . 2 1
I —I I I I I I I I I I I
I — I I I I I I I 1 I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I —I I I I I I I I I I I
I — I  I I I I I 1 I I I I

TAB LE’ NU’~’EER 6

I W F . k ° O N  ~LA T FL ) RM A V A I L A F IL ITVI
I I
I FiR CE IN O R M A L I SU RGFI R/R I
I E L EM€ MTI  SR I SR I TI ME I
I I I I I
I I I I I
I V A  I 11 2 1 11
I AW I II 71 11
I Y E Li  I II 21 i i
I VF MT I II 2! 11
I PP 1) I 11 1.5!  11
I BR H r  I 11 ‘I 11
I V~~F I II 71 1 1
I V”I I Il 21 11
I S S M S H IPI 1.1 21 4 1
I 

iI -I

I

~
___ i__

~~~
___



- - 

~~~~~~~~~~~~~~~~~~~ 
- 

- 
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -

~~~
— -

~~~~~~
- -

~

--

~

THIS PAGE IS BEST QUALITY P k C~I~~B~~ 

_

- 

-

~~~~O3L COPY FU ~iF~D TO 
01)0 — 

-

TABLE N OMB ~~R 7

I C A P A B I L I T I E S  JF A /C  RELATE D ELEMENTS I
I I
I I MA X O P E PA T I O N S I M A X  DNCE R E PA I D I
I DA M A G F I  PER PERIJO I PER PERIOD I
I L E V E L I — — B L U F — I — — R E D — — I — — B L U E — I — — P E D — — I
I I CV IA IRi3 AS E I CV IA IRPAS E I
I I I I I I
I 0.0 250 1 3 0 0 1  0 1 0 1
I 0.1 I 225 !  260 1 .071 .07 1
I 0.2 I .0 0 !  230 1  .I’I .1’I
I 0 .3  I 175 1 20 0 1  . 15 1  .151
I 0 .4  I 1001 1751 .161 .161
I 0.5 I 75 1 .151 .15 1
I 0 .6 I 24 1 7 4 $  .171 .12 1
I 0.7 I 24 ! 24 1 .07J .07 1
I 0.8 1 0 1 ‘~I 01 DI
I 0.9 I 0 1 ~‘I DI UI
I 1.0 I 0 1 0! 0! 01
I I

TA B LE NUM B ER 8

I BLU E  FORCF . COMPLEXES I
I 
I I 2L~~4~ NTS I Ci-’APACTFRISTICS
I I I I
I BLUE I VA I AW I yE I YE I CV I SUP I OLT I S U R V I F P & C T I C Y C L I ~~FP L IPEPLI
ICOMPLEXI I I LII I !-U I ISPIPS I LNCT 1 I~ ’ANGE I A/C ITI~’FITI’~~I OPSI
I I I I I 1 1 T I ~ EI~~~~CTl~ih~ LTI I 1 I
I I — — — — I — — — — I — — — — I — — — — I — — — — I  I ( M ! N) l  I I fl~ YSI’~&V S I——— —I
ICT FRC —1 3oI ‘4 1 24 1 24 !  . 1  12 1  .~~I II .‘I 4 1 II~~7 I
I F EBA — I  I I 74 1  I 1 1  I . 5 1  II .‘l 41 1150 I
I —I I I I I I I I I I I I I
I —l I I I I I I I I I I I 1
I — I I I I I I I I I I I I I
I —I I I I I I I I I I I I I
I —I I I I I I I I I I I I I
I — I  I I I I I I I I I I I I
I I

IF A~~)YT~ UN , UEL~ T1iN )~ A N Y  O T U F R  C~~~t~C~’ ~~ ‘U’f .  i i :  i L~~~. Cfl L!’
~~ N~~MF3,Y] tI ‘4(1ST P C V I S E  r~~~~T I V p  ca” rL1~.X ~ [1SIT 1I]N T A B~.F( 13) .  ALL ~‘USIT Iflt~~ art-

NJ W ~SSI~IE” Ti M V

E—4

_ _



- ~~~~~~~~~~~~~~ _~~~~~~~~ nr ______________________________

i
_ _~ _~ _ _ 

~~~
- ;—--

PAGE IS B~~T QUALI 
CVI

TABLE NUM~ EP 9

$ REP FORCE COMPLEXES I
I I
I I FLFMENTS I C H A R A C T E R I S T I C S  I
I I I I
I RED I BRI B R I v P E I v F T I S S M I A T R I S A M I S L Y I  OLT I S U k V I F~t A C T I C Y C L I k F P L I R E P L I
ICO M PLEX I LOt (ill I I S I I P I 8 S E I S T E 1 L~~EI L N C H I 7 A N C F I  A / C  IT I M E IT I M E I  O PS I
I I I I I I I I I I TIP-~~I FAC T ISdELTI I I I
I I — — — I — — — I— — — I — — — l — — — I — — — 1 — — — 1 — — — I ( M I N ) I  I IPA YS I DA YS I— ——— I
ISUPI —I I I 4B I 721 I 11 11420 1 .~~t 11 01 61 715 0 I
IORGAF —I  ?4I 24 1 I 72 1 I II II CI  .~~I II . ‘I ~S I 1 15 0  I
IREDCA — I  I I I I 11 I I I I ii CI  4 1  11
I —I I I I I I I I I I I I I I I
I —I I I I I I I I I I I I I I I
I — I  I I I I I I I I I I I I I I
I —I I I I I I I I I I I I I I I
I —I I I I I I I I I I I I I I I
I I
IF ADDITION, DELETI1N tIE ANY tITHER CHANC E IS ‘-‘A 2 E TO ~ED CU~ PL~~’( NA M ES ,
YOU MUST REVTS~ REL~ TTVF COM PL E X  P O S i T I O N  T A~ LE (i3). ALL ~OS 1T 1O N S  A R E
NOW ASSU ME D TO ~E LO~IG

TAULE N U M P ~~P 10

I M tS C FLLAN FOUS INPUTS I
I I
I M A X IV UM NU M 3ER OF DAYS THE ~ ATTL ~ IS TO ~‘~N(~.FSS rHA N 11) I 10 1
IMTSS TON TP’~ F OR L O N G  ~ A N G E  V T S S T O N S ( N O .  W 3H ~ T E ~~E S T E P S )  I C I
IV IS SIIN TI~ .E FOR SfTD PT RA NG E UISS LON S ( NO . 1~’ ‘M~ T IMt S T E P S )  I ~I
I N U . I1F ~r E P A T I O N S  P E R  A I P C ~~AF ? L A N r ’ I N C  . 1
I N O . O F  U P E t ~A T !J M S  “ER ~T~~C kAFT L~ IJNCH I il
I F R A C ? T O N  IF M~.X U N I T  )

~~T E C T 1 9 N  ~A N C ~ ~~ AL I7E’~ IN i~-~i) Wr ~AT hFR I .~~I
I D F .LAV [‘4 ‘-‘ INU T ES- ~~ F O R F  F . RST SI If”LI CA’~ ~~~~

‘ LAt !~~CH~’P I I
IDcI V iU 4AN T LUNG ~~ N G -~’ FORCE UNIT DEE~~(1LT IN F ECT( 1~~V~ S,O~~NU) I ii
I DO Y1u W A N T  ~ A D W € A T H E F  Er1~ CE U N IT D E F A U L T  I N  ~F F F c r ( 1 Fs ,f l - N o ) I  I I
IS TO” DT LE ~~~~ ALL U ISSi[1NS C O M FL ET E( E LS F ] FFE’3 F LY ) ( 1~~V,fl=~’) I  ~‘I
I I

E-5 



AD AOb1 361* SRI INTERNATIONAL MENLO PARK CA NAVAL WARFARE RESEAR—— ETC F/S 15/7
EVOLUTION AND PRELIMINARY TESTS OF THE STRIKE OUTCOME CALCULAT Q.—ETC(U)
OCT 78 R S GARNERO, J V ROWNEY . J KETCHEL N000I4—75—C—071,2

UNCLASS IFI ED N W RC— TR —16 NL
2o~2 END

DAlE

~~~F J64 _________________________________________ ___________ 
flLMEO

U DOG

• A



T
~~ s PAZ 

is ~~ t ~u*i~
x~i 

pTLicTicAm~

r~o~ ~~~ 
pt~~IISk~~ ~~

TABLE NUMBER it

I BLUE OPERATIONS PLANS
I —  I

I IORICLNITkR CFT I I IUISSIUN I UNIT IrESININIRrY I
IMISSIONIPICONPLXICOMPL!l START i stop I TIMES I TYPE SUBIUNTIUNTILINTI
I —I—I —I ——————I — I — I —I —
I—CAS 1 —I2ICTFRC ISUPL IDAYI IOLS9O I 1.2341CAS IA I 31 21 I
l—CA S2 —I 2ICTFz~C ISUPL IDAYI IDLS~O I 63ICA S IA I 41 11
I—ARR EC—P 2tCTF~ C ISUPL ~DAY1 IDLS9O V1 ’~345b~ 8JA RR iCIA p1.~~, ii
I— CA Pt — I1tCT F~ C IO~ GAF IDAYI IPOAQO I12 3456781VFCMIA I 21 ii I
I —DLT1 — I1I CTFRC IOR (~A~ IDAY1 ID0A90 I 13t3L.I IA I 81 it I
I—SUCAP— I1ICTF~ C IREOCA IDAY 1 I UOS9O I 1234ISUCAP I I ii ii I
I—TCAP —I1 I F~B~ ISUPL IOAV I 1D0A90 I12345678tVFCAPtT I 21 ii I
I —TOLl — I1I FF.UA ISUPL ID*Y1 IDOA9O I 13101.1 IT I SI II 1
I—ARS UP— I1ICTERC ISUPt IDAY I 10flA90 I123456~8IL~SUPI I 41 ii I
I— — I t  I I I I I I I I I I
I 1 1  I I I I I 1 I I I I
I— — i t  I I I I I I I I I I
I— — I I  I I I I I I I I I I
I— — P P  I I I I I I I I I I

i I  I I I I I I I I I I
I— — I I  1 I I I I I I I I I
I— — I I  I I I I I I I I I I

9

TABLE NUM3F.R 12

I RFP OPERATIONS PLANS I
I I
I I IDUGINITARCF? I I IVISSION I Ut~IT IPESIMIN IROY I
IMI S5IUN IPtCOM PLXIC1flrPL~ l 3TA~T I STOP I 1TPFS I TYPE SrRI;NT IUNTIUET I 

I—I I $ I I I 
I — F R E E  — I2IORGAF I cTFPr IDAYI I flOS5(~ I 13I’~EE IA P 6J II P
I— RAI DI— I2 I SUPL IFERA Ir*vi I~ PA9O I I 3 I R A I D  IA I 6 1 I I  I
I— — I I  I I I I I I I I I I
I— SS~’IIT— I1I~ EDCA I CTPr” IDAY? U’OS~O I 13ISSM I I 71 II I
1— SLI —IXI SU PL I IDAVI I ~1234c67q~ S~ r I I 41 ii I
I— — I I  I I I I I I I I I
I— — I I  I I I I I I I I I I
I— — I I  I I I I I I I I I I
I— — I I  I I I I I I I I I I
I— — I I  I I I I I I I I I I
I— — I t  I I I I I I I I I I
1— — I I  I I P I I P I I I
I— — I I  I I I I I I I I I I
I— — I I  I I I I I I I I I I
I— — I I  I I I I I I I I I
I— — I I  I I I I I I $ I 1 1
I— — I I  I I I I P I I I I I



— - — 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

-
~

—
~

- - —

~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ JE~~~ J1~~~~~~~~ ~~~~
_-_ * I_— ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
flOII COPY ~L~~I1S1~~ XU DDQ .~~~~~~~~~

—

TABLE NUI4R~I~ 13

I _ I
I %~LUFI I
I ~ I RELATIVE COMPLEX POSITIONS
I ~~~P I
I $
IRE D % CTFe~C IFEBA I I I I I I I 

I I I I I I 
I SUPL ISROR? ISHORT I I I I I I I
I ORCAP ILONC ILONC I I I I 1 I I
I REDCA I SHOR? ILONC I I I I I $ I
I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I 1 I I I
I I I I 1 I I I
I I

TA8LE NUMI~FR 14

I YNITUTINC WX DAYS
I I
IDAV I II I I I I I I I I I
IWX ICOUP I I I I I I I I I I
I I

E~7



- ~— --- ——~~-— - ‘ ~~~~~~
-
~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - --.. • - ~~~~~~ -~~~~• -

~~~~~~ ~~~ ~~~~ ~WJiITY PB,LGTLC&B’-’
ThOM x~i r~ *us1~~ To ~~q ~~~~~~~~~~~~

TABLE NUMBER 15

I CAS/AR REC ~LUF MISSION ACCflNPLISHMEN? RESULTS DAYS 9 I
I I
I I IUUCINITARCFT I I IPISSION I PHI? IDFS I UNTIUNT I
IMI SSIONIPICOMPLXICJ~PLXI START I STOP I TINES I TYPE StJBIUNT I REQIENCI
I I—I I I 1 I 
ICA S1 I2ICTVRC ISUPL IDAY I DAY 9$ 12341CAS IA I 3110811081
ICAS2 I2ICTFRC ISUPL IDAY I D~Y 91 68ICAS IA I 41 721 721
IARR€C I2ICTFRC I SUPL IDAY I DAY 911?I45o7RIARRECIA I 2114411441
ICAP I IIICIFRC IORCAF I~ AY IIDAY II1734567RIYFCA PIA I 2$ 16$ 8$
lOLl! IIICTFRC ItJRCAF IDAY 11DAY it 1310L1 IA I 81 161 161
ISOCA P I1ICTFRC I~~ UCA IDAY 1 DOS 901 I234ISUCAP I I II 361 361
I TCAP I1IFEU A ISIJPL IDAY 1 P0* 9011?34S67BIVFCAP IT I 21144$ ~6II TDLT I1IFEBI ISIIPL IDA ? I 00* 901 1310L1 IT I 811441 241
IAR S~1P I1ICTFRC ISUPC. IDA? IIDAY 1It?14~b18IA ~ SUPI I 41 321 321
I I I  I I I I I I I I I I
I I I  I I I I I I I I $ I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I
1 I I  I I I I I I I I I I

TABLE NUMBER 16

I CAS/*R~F.C ~Er ~ISSION ACCJPPLISHP F~T RFSUL.TS PA YS 9
I 
I I IUIIGLNI1ARr,rII I $WISS1U’~ I UNIT IrESIIYNT IUNT I
INISSIUNIPICUMPLXIC !IWPI)I STAQT I ST’!P I ~r~ rs I ?YPF ~IRtVM ?IRFC IFP~CI
I I—I I I I I I 
IFREF I2IW~CAF ICTF~C IDA’ iI~ ns ~~ 1~~l~~l~~ I A I b II~ 8t l~ $
I RAIflI I?ISUFL I~ FRA I~ AY IIUDA 901 I3I~ AID IA I f~II08I I~~I)SSPHT IIIRF DCA ICTF~C ID~Y ?190S !5O~ 1JISSM I I 2$ 121 11
1St.! ILIS’?Ft. I ~flA’1 ii I1~ 34%7BISLI I I 41,qBI ~II
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I
I I ,  I I I I I I I I I I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I
I I I  I I I I I I I $ I I
I I I  I I I I I I I 1 1 1
I I I  I I I I I I I I I I
I I I  I I I I I I I I 1 I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I
I I I  I I I I I I I I I I:78



- - - ~~~~~~~~~~~~~~~ .~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- -- -
~~ ~~- —~~~~~

— — ~~~~-~~~-~ -

- - 
~~~~~~ 

- — 
~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~UIB ?A~~ IS ~~~T 4wLm P AC1’ZC,L~&1
PROM COPY ?I~~IIS1I~

) To EDO ~~~~~~~~~~~~
-

TABL~ M!~’~L~~P 11

I C*~/ARRE” ~~~~~ C 4PL’ 1AT?LE A??~ ITI~ N ~~J. )AV .: 9 I
• I — I

I I EL.” rJTS ATT~ lTE!’ / T~)TAL vL9~FN’c ~T C) t ~PL FX I
I ~t.ur I - I
I COMPt.~~~I VA I A~ I V~ LI) I VF~ I~1 I ry ISt~~SrIrII I I I I I I I
I C ?~~

RC I b. I 1. I 17. I 20. I 0.0 I 0.0 I
I I ~o. I 24. I 24. I - 4 . I ‘.(~ I )~~• ‘) I
IFE~~ I 0. I ~. I 0. I o. I ~.0 I 3.0 1
I I 0. I 0. I 74. I 3. 1 1.0 I 3.0 I
I I I I I I I I
I I I I I I I I
I I I I I I I I
I I I I I I I I
I I I I I I I I
I I I I $ I I I
I I I I I I I I
I I I I I I I I
I I I I I I I I
I I I I I I I I
I I I I I I I I
I I I I I I I

• I I I I I I I I

1 *~~..‘: ~~~~~ :1

I ~~~~~~~~~~ ~ • ‘~ ~~i ) ”~~’..~~~’ •,.~~TI ~‘r ~ l T I D ~ ~~‘ 
“ ..‘

~~~~~~ I
I I
I I .:‘~~~-lS tTT ~~T r ~~’ I I’ TA L ‘‘.~~‘~~~‘c •T ~~~~~~~~~
I ~‘r I I
ICJ~ .~L~~)I ~~~~ L.. ; I ~ ‘ ~ I V ’ F I ~~~ I I ~‘ ~~~ I ¶ ~~ II ... I ;‘ I ; i .~ ~~~ I
I I I I I I I I I I
ISU” . I ~. I ~~. I ‘~~. I ~~. I 

~~~~ I ~ . I • ‘ I ‘‘i .1 I
I I . I ‘ . I ‘~~. I ‘ . I ~~~~ I !. I ~~.t I / ‘V.~ I
IJK”~~ I ‘~~~. I ‘4 . I ). I ~~~ I C .) I ‘ . I L .~ I ~~~ I
I I ‘ . I ~~~. I 3. I 1’. I ~~e

’ I ‘ .~~ 
‘ . I ‘.( I

I~ r’~:% I ~~. I e. I 0. I “ . I ‘. I ~.U I ‘ . ‘ I .t I
I I 3. I ‘. I 0, I C.  I :.~‘ t ~ .

‘ i :.~ g
I I I I I I I i I I
I 1 1 I I I I I I
I I I I I I I s
I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I I
I I I I $ I I I
I I I I I I I I I I

• I I I I I I I i I I

I I I I I I I I

I

__________________________________________________ A



~ - 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

H

~~IS piai IS B~~T QUAI4ITT TIGAIL!

~~~M COPY i~~~IS~~ ) DO DZ~Q .
~~~~~~~~~~~~

T~~BL ” NU”bFP 1)
H

I C .tS/A~PEC 4IRC~ AFT ~)PFN0I~I’R’ U?~:W&RY tAYS= 0 I
I — I
I I Lt ’F V4 I rt.T !F AW I ~1~!! V~ — tu  I 9L~

t F  VF— ~ I I r!”~ I
I I — I — I — I — I  1F 0 I
I DI C ’ !’~ 1C” LOSS T J I C ’~ IC’J’ !..O~~ rC IC ’ .’~1 IC”” hISS T J I C U ’  I C ~IM I.I)SS TO I ~~CSS E~ I
I *1511’ I — ISr I —  ISfl’ I —  ISO~ I — I — I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0*1 04 (
I——I————I———I———I——— I————I———I———I———I————I———I———I———I—— — — I— —— l— —— )—— — I—— — I——— !
I I I 441 01 C I  01 261 01 01 ~I 56 1 3~~I 01 01 4I ‘01 C I 01 6~ I1 1 2I
I 2 $ ‘°I ~I CI 31 721 CI CI CI 631 121 C I 01 241 201 01 01 6&I11~ I
I 31 112I ~t 01 II ICCI 01 ~I ~I 701 2’I ~l 31 741 ~CI 01 01 6~ I11 9I
I 41 I’~ I ~I 01 01 144 $ C J 01 C I 171 ~~I 

fl~ 0) ‘41 701 01 01 6P111 91 - -

I - I  2201 51 0 1 0 1 1’OI CI CI 01 94 1  32 1 CI 01 24 1 20 1 01 0 1 68I11~~I
I b I  ?~ 4 I  ~ I 0 1 Cl 7161 Cl 0! C l 91 1 ‘~~I CI 0 1 24 1 ?fl~ ~ I 01 6EI11 9 1
I ‘I 3~~ I 51 0 1 01 ?~~2 I ~I CI 01 9~ l ~~I (‘I 01 74 1 70 1 01 0 1 ~RI1I) I  - 

-

I ~ I 3~ 2I I ~ I 31 ?‘~~I CI  0 1 0 1 1051 ~~ I 0 1 U I  74 1  20 1 0 1 0 1 6 P I 1 1) I
I 91 1C~~I ~l 01 ) I  4 1 ~ I ~ I C I  1l’t ‘7 1 C l  0 1 74 1 20 1 0 1 0 1 € E I  119 1
I I  I I I I I I I I I I I I I I I I I 1
I I

•

E-1O

_ _ _ _ _ _ _ _  
- _

~~~~~~ 
_



-
~~~~~~~~~~

—~~~~~ — .— — -- _ _ _ _ _

REFERENCES

1. J. V. Rowney, R. S. Carnero, and J. C. Bobick, “Augmentation of the
Naval Task Force Decision-Aiding System: The Outcome Calculator ,”
Technical Report NWRC-TR-14, Contract N00014-75-C-0742, Stanford
Research Institute, Menlo Park , CA (April 1977).

2. R. S. Garnero, J. C. Bobick, and D. Ayers , “The Strike Outcome Calcu-
lator (SOC), Description and Opera ting Ins truct ions ,” Technical Report
NWRC-TR-15, Contract N00014-75-C-0742, SRI International , Men lo Park ,
CA (September 1978).

3. NWP-1OB, “Naval Warfare,” Office of the Chief of Naval Operations.

4. J. V. R~ aney, “Amphibious Warfare Scenario ,” Research Memorandum
NWRC-RN-86, Contract N00014-75-C-0742, Stanford Research Institute ,
Menlo Park , CA (October 1975).

_  I



______________— t .— ,- 
— 

_-.—-—_-.- —_-- -_ 
— -

~~~~
- _ _

~~~~~~~~~~~~~~
—__

DISTRIBUTION LIST

NO. OF NO. OF
ORGANIZATiON COPIES ORGANIZATION COPIES

Dtr..’c ts ’ r , Engineering Psychology S Fleet Analyst s and Support Division ,
Programs (Cod e 455) Cod..’ 230
01 lice oi Naval Research Office ol. Naval Research
800 North Quincy Street 800 North Quincy Street
Arlingt on , Virginia 22 2 11 Arlington , Virginia 22217

Organizational Effectiveness Program s I Naval Analysts Programs , Cod e 43 1
Ot t i . . e of Naval Research (Cod e 452) Office of Naval Research
800 North Quincy Street 800 North Quincy Street
Arlington. Virginia 222 1 1 Arlingt on , Virginia 22217

Defense Documentation Center 12 Operations Research Program ,
Cameron Station Code 434
Alexandria , Virginia OffIce 01 Naval Research

800 North Quincy Street
Lt, Cot, Henry L. Taylor . USAF 1 Arling ton , Virginia 22217

P ~ 
OAt) (Ea.LS) 0t)UR.*E
Pentagon , Room 3D12’9 Statistics arid Probability Program ,
Washington , D.C. 20301 Code 4JC

Off ice ot Naval Research
Capt. Roger s. ranum 1 800 North Quincy Street
OL Lic e 01 Assistant Secretary of Arlington , Virginia 22217
0.’ len so
(Intelligence). Pentagon 1nforn~~tion Sy st e ms Program ,
Washington , D.C. 20301 Code 437

Oftice ot Naval Research
Dr. Robert Young 1 800 North Quincy Street
Director Ar lington , Virginia 2 2 2 17
(‘vberne t t c s  U~’~- hnology Oft ice
Defense Advanced Rosearci’ Projects Director , ONR Branch O t t  ice
Agency ~~~~ Summer St ~eeL

1400 Wil so n Boulevard Boston , M~t ssaehuse t t s  022 10
Arlington , Virginia 22J0~

) Attn: Dr. J. Lester

lkunan Factors Plans , Ol’987P7 1 Director , ONR Bianch O t t  ice
Ut lice 01 the Cht~~t 01 Nava l Sib South Clark Street
Operations Chicago. Illinoi s 00b05
Department 01 th..’ Nacy Attn : Psychologist
Washington , D.C. 20350

Director , ONR Branch O f f i c e
Personnel Logistics Plans , 1030 E..sL Green Street
OP9B7PIO 1 Pasadena , Calitornia 91100
O f t  ice ot th.’ Chiet of Naval Attn: Dr. E. Gloyc
Operations
Department of the Navy Director , ONR Branch Of Lice
Washington . D.C. 20350 lOJO East Green Street

Pasadena , Ca lito rnia 91100
Dr. A. L. Slafkosky 1 Attn : Mr. R. 1~ wson
Scientifli Advisor
Comnandant of the Marine Corps Of Li ce’ of Naval Research 0
Code RD- I (Code 10211’)
Washington, D.C. 20380 Department of the Navy

800 North Quincy Street
Assistant Chief for Technology, I Arlington . Virginia 22217
Code 200
01 L ice  of Naval Research
800 Nor th Quincy St ree t
Ar lington , Virg Inia 222 17

I’

01-I



~.- ,---- ———-.-. . — — - - -—- . - --.——---,.—.-- ‘-- —~ .--. -‘,.--.. .,-
~,—,‘“- -.-.—--- -— . - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NO. OF NO. OF
ORGANlZAfLt ~ COPIES ORGANIZATION COPIES

Dr. Fred Pluckier I Dr. Joseph Zeidne r
Manned Systems Design. Code ill Director , Organization and Systems
Navy Personne l Research and Research Laboratory
Development Center U.S. Army Research Institute
Sen Diego , California 92152 1300 Wilson Boulevard

Arlington , Virginia 22209
Dr. Charles Ge.ttys . Cod. .305
Navy Personnel Research and Dr. Donald A. Topmiller
Development Center Chief , Systems Effectiveness Branch
San Diego , Ca t i tornia ‘~2 l 5 2  Human Engineering Division

Wright Patterson AFB, Ohio 45433
Navy Personne l Research and 1
Development Ce nter Dr. H, W, Sinaiko
Management Support De partment , Snitheonian institution
Code 210 801 N, Pitt Street
San Diego , Cali tornia ‘~2 l 5 2  Alexandria , Virginia 22314

Naval Electronics Syst em Comnand 0 Dr. Gary Lucas
Human Factor . Engineering Branch System Planning Corporation
Code ..‘Ol 1500 Wil son Boulevard
Washi ngton , D. C . .~0Jb0 Ar lington, Virginia 22209

Director , Naval Research 0 Dr. C, Peterson
l.aboratorv Decisions and Designs, Inc.
Technical tn to r mat to i~ Division 8400 Westpart Drive , Suite 600
Ccxl. 2021 McLean , Virginia 22101
Washin gton , D.C . 10375

Navy C3 Arch itecture Division OP-943
Mr. Arnold Ruhinstein 1 Office of the Chief of Naval
Nava l Material Coninend , NAVMA T 0344 Operations
Department 01 the Navy 3801 Nebraska Ave., N.W.
Washington , D.C. 20360 Washington , D.C. 20390

Att n:  LCDR D. A. Spaugy
Mr. Ric hard Cohurn 1
Head , Human Factors Division )ir. L, A, Asrons
Naval  Electronics Laboratory Center R&D Plans Division
San Diege’. California 92152 Office of the Chief of Naval

Operations
Dr. Jesse Orlansky I OP-987C
Institute tor Defense Analyses Washington . D.C. 20350
400 Army.Navy Drive
Ar lington, Virginia 11102 Cotmnander , Nava l Electronics Systems

Conn~and
Human Factors Department , Code N2l5 1 Coesnarid and Control Division .
Naval Training Equipment Center Code 530
Orlando, Florida 32813 Washington , D.C. 20360

Dr. A lfred F. Smt’de 1 Comander , Naval Electronics Systems
Training Analy sts and Evaluation Comand
Group C3 Project Office
Naval Training Equipme’nt Center PI4E 108-1
Code N-OOT Washington , D.C. 20360
Or land o, Florfda 3:813 Attn : LCDR E, Neely

Dr. Gary Poock I LCDR Charles Theisen
Operations Research Department Naval Air Development Center ,
Nava l Postgraduate School Code 4024
Monterey. California 93940 Warminister , Pennsylvania 18974

Dr. S. D. Epste in
Analy tics
2500 Maryland Road

W i ll ow Grov e, Pennsy lvan ia 19090

1)1—2

- - -~=-~
— -

. _ —— ~~~~~~
.- - -

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- . - ,--~~~~~~
.-- - . . - -- - - - ~—,.‘..,.— ~~~~~~~~~~~~~~~~~~~~~ :

. . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - . .~~ .~ - . -

NO. OP N0. OF

— 
ORGAN I ZATION COPIES — 

ORGANIZATION COPIES

Mr. Haro ld Crane I Lt, Col. Dav id Dianich
CIEC, Inc. W~S Tactical Air Comand
7777 L.eaburg Pike Langley AFB, Virginia 2206 5
Fa lls Church , Virginia 22043

Mr . Victor Monte leon
Dr. Robert Andrews 1 Naval Electronics Laboratory Center
Organization and Systems Resear ch Code 230
Laboratory San Diego , California 92152
11.5. Army Research Lab
1300 Wilson Boulevard CDR Richard Schlaff
Arli ngton. Virginia 22209 NIPSSA

Hoffman Bldg. No. 1
Mr. Georg.~ Pugh 1 2461 Eisenhower Avenue
General Research Corporation Alexandria , Virginia 22331
7o55 Old Spririghouse Road
McLean, Virginia 22101 C~.inander , Naval ElectronicsSystems Coimnand
Mr. 3. W. Stump 1 ELEX-03
Gruninan Aerospace Corporation Washington, D.C. 20300
Bethpage, New York 11714

Dr. Chantee Lewis
Mr. Gary W. Irving I Management Department
Integrated Sciences Corporation Naval War College
1532 Third Street Newport , Rhod e Island 02840
Santa Monica , California 90401

Dr. John Shore
Dr. Amos Preedy 1 Code 5403
Perceptronics , Inc. Coninuatcations Sciences Division
6271 Variel Avenue Naval Research Laboratory

• Woodland Hills , California 913b4 Washington , D.C. 20375

Dr. Miley Merkhofer 1 Dr. Allen C, Miller
Stanford Research Institute Applied Decision Analysis
Decision Analysis Group 3000 Sand Hill Road
Menlo Park , California 94025 Menlo Park, California 94025

Mr. Victor Rowney 11
Stanford Research Institute
Naval War f a r e  Res ear ch Center
Menlo Par k, California 94025

Dr. H. L. Morgan 1
Un ivers ity o Pennsylvania
Wharton School
Phi ladelphia, Pennsy lvania 1917.

Lt. Brenneman I
CONOPTEVFOR
Nor fo lk , Virginia 23511

M. L. Metersky I
NAVA IRDEVCEN , Code 3424
Warminister , Pennsylvania 18974

Ralph M. Tucker I
Martin Marietta Aerospace
Mail Stop 8105
Denver Division
P.O. Box 179
Denver , Colorado 80201

“I

01-3

______ - -
~~~~~~~

— ...—- — - 
— — 

—


