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PREFAC E

There is a lack of analytical information concerning the battalion
echel on command and control process; no methodology is known to
exist for the quantitati ve analysis of the process. To devel op
such a methodology , the battalion command and control process must
first be analyzed and defined. This paper defines the current
maneuver battalion command and control system and the information
flow wi thin this system. Several levels of hierarchical process
flow of battalion operation are presented in flowchart format.

• J . These diagrams encompass the combat functions of the battalion
together wi th the command and control functions. Prior to corn-
puter simulation , future efforts wi l l  be required to further de-
tail the logic of battalion operations and to determi ne the pa-
rameters considered by the decision maker under combat condi tions.
Application of these results to combat simulations would allow
quanti tati ve analysis of the battalion c ommand and control
system (s) and permi t trade—off s between competing materiel support
systems .
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CHAPTER 1
INTRODUC TION

1—1. BACKGROUND. Published research concerning command and con-
trol systems either has been oriented toward organizations at di-
vision echelon and above or has tended to concentrate on individ-
ual hardware and software systems such as the Tactical Operations
System. None is known to have analyzed the total system, includ—
ing the i ndividual decis ion maker , as it is employed in combat by
a maneuver battalion. Principal analyt ical measures used previ-
ously were i ndividual system performance and efficiency , (e.g. ,
message failures , through put , and targets acquired ) rather than
measurement of the change in combat effectiveness of the unit due
to changes in the total command and control system. The result is
a lack of systematic analysis of command and control below divi-
sion. This has limi ted analyses of potential command and control
system trade-offs and of trade-offs between dissimilar systems to
qualitative methods. A simulation of maneuver battalion combat
containing all organic systems would provide the Ar my analytica l

• c ommunity with a tool to provide a better understanding of system
trade—offs . Such a simulatio n could also provide , or veri fy,
modi fying factors for higher eche lon combat simulations. This
paper represents an initial step in the analysis of command and
control in combat at eche lons below division.

1—2. PURPOSE. The purpose of thin paper is to document what has
been learned during this study an~ to provide reference material
for any suDsequent analysis of iattal ion command and control in
combat.

1—3 . OBJECTIVES. Th is study develops a ni provides an analytical
definition of the cur - ent maneuver Battal ion Command and Control
system to inclu de:

a. Information flow within the system.

b. Logic of cur -~ nt system opP~~t i~ n .

1—4. ML IHIJJU L I)UY . a. Work on this project was initiated by a
search of existing documentation on command and control processes.
A l iterature search if l c ludc d t~ r A rmy Study Documentation and In—
formation Retr ieval  Sy s t  and the ~Jet~ n~e ~c (u l lentat ion Center
computer izec datu ban k . The l~~ ei~ ~ture re~iewe d is l is ted in Ap-
pendi x B. In add it i on , cur tacts w i t h in  the Army command and con-
trol resear , rl and de~r~lupne n t lfl lrn , ,f l l  t , here establ ished to col-
lect current t 1o LunI~~~t t ior  relative to command and control and to
exchange view s and concepts un command and control in a maneuver
battalion. These ~ortacts incL 1e~1 fL- prese rI t~i

4c1ve s  o f :
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(1) TRADOC Systems Analysis Ac tivity

(2 ) Combined Arms Combat Development Activi ty

(3) Command and General Staff College

(4) A rmy Research Institute

(5) Combined Arms Tactical Training Simulator
-• (6 ) Armor School

( 7)  Infantry School

b. The basic decision—making process represented in FM 101—5
was charted and combined wi th the definition of C ommand and Con-
trol found in AR 310-25 to develop a system description for the
battalion level ; the system description developed is found in

• chapter 2. Subsequently, the logic of the c ommand and control
processes was synthesized and is described in Chapters 3 and 4.

c. Concurrent with the development of system description and
logic , research was conducted in the area of decision theory. In
addition , the suitability of current models that might be adapt-
able to analyses of the Battalion Command and Control system was
i nvestigated. This research is summarized in Appendixes C and 0.

1-5. COMMA~D AND CONTROL DEFINITION . A command and control sys-
tem is defined as “the facilities , equipment , communications ,
proce dur es, and personnel essential to a commander for planning,
directing, and controlling operations of assigned forces pursuant
to the missions. ”* Analysis of this definition permits identifi-
cation of its components : Elements , Decision -maker , Functions and
Mission. The l ements (facilities , equipment , personnel , communi-
cations , and procedures ) are the tools required by the decision -
maker (commander) to perform the management functions (planning,
di recting, and controlling ) to accomplish his mission. This corn—
partinental definition is illustrated in Figure 1—1. FM 71-2
states, “Comand is a very personal thing ,”** and , as a result ,
the individual Battalion Command and Control system will vary be-
tween commanders within the constraints of the formal definition.

*AR 310—25 , 1 ~June 197~, p 127

**FM I1- �~, 23 July 19?b (draft), p 3—14 , .3—lb

1—2
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ELEMENTS DECISION FUNCTIONS MISSION
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Figure i— i. Command and Control System Definition

i • •
~~

1- 3 

—---~~~~~~~~~~ -- - ---~~~~~~~~ • - — - -~~- - • • • - •



CAA-TP-77-l

• CHAPTER 2
COMMAND AND CONTROL INFORMATION FLOW AND DECISION PROCESS

2-i. INTRO DUCTION. The battalion Command and Control system de-
fined I n  the previous chapter can be considered to encompass other
types of systems for analytical purposes. Since there is a flow
of information within the command and control system , without

• which the system presumably would not work , at least portions of
the command and control system can be likened to an information
processing system. The decision making system (commander) does
not process information per se but rather uses information to for—

• mulate a plan which ultimately results in the Issuance of orders--
the directing function of command and control. The separation of

.1 command and staff actions i nto these two types of systems is shown
In Figure 2—1 . It should be noted that the use of the word “in-
formation ” In this context is a broad one Includi ng both intelli-
gence and combat information as we l l as directives from hi gher
headquarters. A block diagram , Figure 2-2, shows the information
flow within the command and control system. It Is the total of
all the pieces of information which enters Into the general func-
tion which has been termed “Collection ” in this figure. (This
summation of information is a variable based on the quality of the
i nformation collection system). Through the use of the personnel
and equipment within the allocated taci lit ies this mass of infor-
mation is analyzed , synthesized , ar~i otherwise processed. The
commander at each deci sion point may then call upon the system to
provide perti nent data for each decision as It arises. Of course ,
he is not prevented from further diagnosing or amending the data
he receives. Factors such as experience - contribute to such amend-
ments prio r to the decision and subsequent Issuance of the order
or guidance.

2— 2. INFORMATION PRUCESS IN~ - a .  ~i thin the CCF I manj and contro l
system , information takes several forms. At ‘ts  arrival i nto the

• system , it is a combination of raw data and synthesized data .
This information is converted , where possible , to ncrease the
proportion of synthesized data (data which have been analyzed and
combined with previou s data) .  The combination is stored for ret-
rieval by the commander er his support staff. As ne w combat data
are received , they are added to the existi ng store of knowlege , in
a synthesized form if poss ible. As the commander retrieves in-
formation , he can , at his option , further change or add to it.
Upon reaching his aec ’sion , the fact~rs considered in that deci-
sion are melded into a new f o r m  as well as being retained in their
previous form. The new form is hi s order.

G~~1~~ PA~~ NOT FL~J ~ .D 
- 
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Combat InformatIon 1 1
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storage
• L._~_ ._ !

p F
Action 

__________

~~~

.

~~~ 

~~ •., ~lagnosis/
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Informat ion Processing Syste m — — .  . — .

Decision Making Sys te m

Figure 2-2. Command and Co ntrol Information Flow

b. The environment in Figure 2— 2 is the commander ’ s area of
influence and interest. All forces must be accounted for in this
environment: his superiors and subordinates , the enemy, those
weapons and equipment outside his geographical area which can
cause effects within it , and those forces which will shortly come
within the geographical area. Thus , the commander ’s environment
is the source of all i nformation which he considers . In fact, one
of the functions of combat information p rocessing is that of
filtering extraneous information from outside his environment.

2—3. DECISION MAK INL~. The intent of the combat orders issued by
the commander is to alter the environment in some manner , e.g.,
change unit locations , cause enemy attrition , reinforce units.
This order , in combination with other orders , can be assessed as
to its effect on the environment. This is the commander ’s basis
for determining whether the mission has been accomplished. In
modeling and studies this effect is the measure of combat/force
effectiveness. In combat the effect on environment is assessed by
the sensing system (e.g., radar , observatio ns). Again , the broad
definition of sensing is used , hence the inclusion of human eyes
and other human senses with electronic systems. Each time infor—

2-3
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mation is sensed the process function operates to assimi late the
new data into the existing information file. ” This in turn may
reset those parameters which the decision maker evaluates in ar-
riving at his decision. This “information fi le ” currently exi sts

4 in the maps, journals , message logs , and memories of the commander
and staff.

a. tiame theory (a subset of Decision Theory , Appendix B) pos-r tul ates that each player will optimize those factors which would
lead to attainment of his objectives. In the remainder of this

-; paper , it is assumed that the only variables which the commander
considers in arriving at the estimate of the situation are the
elements of METTTS (states of the mission , enemy , troops avail-
able , terrain , time , space). These are state vari ables which gen—
erally take on continuous values. Table 2—1 presents the current

• 
- 

definition of METTTS and postulates three conditions for each
variable. It is recognized that the values of many elements in
real life are continuous. The restriction to three conditi ons for

• each state variable is for illustrative purposes only, as is the
restriction to six state variables. As previ ously mentioned , fur-
ther research in militar y decision making is required to determine
the list of variables to be used.

Table 2-1. Command Decisions

Variables State

NI Mission Attack , Defend , Retrograde

E Enemy Heavy , Moderate , Light

I Troops Avai lable Heavy , Moderate , Light

T Ierrain /~eat her ~ood. Indifferent , Bad

T Time Ava i la ule Long, Moderate , Short

S Space (Maneuver ) Unrestricted , Moderately
Restricted , Restricted

o. The assumptions suggested by METTTS are that the commander
knows certain information and estimates certain information , thus
leading to actual and inferred , or perceived , states respectively.
One additional state can be considered: the desired state. The
hypothesis is that if the commander ’ s environment is the actual

2-4
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-: state, his i mperfect knowledge degrades this actual state to the
inferred state and his mission is planned to lead him toward the
desired state. Any time the inferred and desired states are not
the same he will make a combat decision to act. During combat the
Inferred and desired states wil l seldom , if ever, be congruent.
This is due to the changing of the desired state by the com-
mander ’s reassessment or by preparation for future courses of ac-
tion. The inferred state can be altered also by new information

• 
• concerning one or more of the decision variables. The commander

will continue to make combat decisions based on the METTTS van-
• ables unti l the states are Identical due to cessation of combat.

c. Consider the situation where the commander is given the
mission to attack . The mission variable of METTTS is a “given ”

F and hence actual and inferred states are equal , but could be
• 

. changed at a later time by authority of. higher  echel on commanders
• or by the battalion commander ’ s analysis of potential future mi s-

sions. An example of actual , i nferred , and desi red states is
given in Table 2—2.

Table 2—2. Decision Variable Examples

Var iable Mission Enemy Troops Terrain T ime Space

Desired state Attack Light Heavy Good Long Unrestricted

Inferred state Attack Light Moderate Bad Long Unrestricted

Actual state Attack Moderate Moderate bad Moderate Unrestricted

)

(1) In this example it can be seen that the commander is
facing a moderate strength enemy force w ith his own unit having
moderate stren9th in bad terrain wi th  a moderate amount of time
avai lable to react. Decisions he makes will be based upon the
inferred state of the environ ment which is not identical to the
actual state due to imprecise , imperfect , or otherwise faulty in-
formation. T herefore , given superior forces , the commander may
f i rst  attempt to maneuver to better terrain. Had his information
been perfect (or at least better), he would have know n that the
enemy force approA imatea his strength and was concentrated closer
to his units , giving a shorter time element than he estimated.
The outcome of the attempted maneuver toward better terrain is
based on the reactions t this higher strength enemy force. The
command and control system provided him with erroneous informa-

2—5 
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tion , possibly causing him to execute the wrong decision which
could result in a different outcome than desired.

(2) If the command and control system which provided the
information in Table 2-2 were different due to an alternati ve con—
figuration, the two “competitive ” systems could be compared based
on resultant combat measures of effectiveness , i.e., the combat
outcomes of two identical battalions each employing a different
command and control system. The quality of the i nformati on pro-
vided to the decision maker directly affects the decision made,
thus translating the performance measures (speed, efficiency , and
quantity ) into combat outcomes.

(3) To further consider the previous example , the commander
-F (in the inferred state) in general desires to maximi ze his forces

and mi nimi ze the enemy forces in the best terrain with maximum
• time to react and space to maneuver. The situation may prevent

such actions , however. An attack order contains many elements to
• be considered in the planning phase of the combat. It may not

permi t a change of terrain or an increase in forces. If it does
• not, the commander could deci de to request such changes if they

impact on the higher echelon ’s envi ronment. If the request or
orders prevent such actions , as is usually the case at battalion ,

• the commander can never enter the desired state but will still try
to optimize the remaining factors.

(4) It should oe remembered that the commander is not con-
sidering one sequence of decisions but rather a series of overlap-
ping decisions and actions. The result of this sequence is the
outcome of the combat. Such a multip licity of information flow ,
both to and from the commander , is a cause of queuing in the vari-
ous subsystems , e.g., fire requests to artillery and calls through
the communications system in excess of i ts capacity .

2-6
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CHAPTER 3
COMMAND AND CONTROL LOGIC

3-i. SYSTEM LOGIC. From a logical viewpoint , the Battal ion Corn—
mand and Control system can be diagramed as a process flowchart
(Figure 3-1). From this overview , it is seen that the overall pro-
cess begins with receipt of combat orders from higher echelons
which are then processed through the planni ng phase resulti ng in
directions to the battalion elements for their portions of combat.
In the planning phase alternative plans are determined which must
~e evaluated with the resultant selection of the M bestli plan for
the battalion. Other plans considered may become contingencies to

• be acted upon when the origi nal plan must be replaced or al tered.
Upon receipt of subsequent orders to “act” the EXECUTE process,

* which controls all processes needed during combat, is started.
F Movement is “begun ” at any velocity : positive , negati ve, or zero
• (i.e., depending on METTTS factors, movement could be in any di-r - - rection at any allowable velocity , includi ng zero). During move-

men t, personnel do not turn off their senses so that the human
~~~~~~~~~ sensing process called OBSERVE is always providing addi tional in—

• formation. Decisions are required to obtain electronic surveil-
lance by the SENSOR process , to provide FIRE SUPPORT and DIRECT
FIRE on targets, and to change plans. Upon completion of the op-
tional processes the EXECUTE process is continued. Once the se-
quence of decisions and actions is comp l eted, the EXECUTE process
is repeated and each decision is reevaluated by the commander. It
is assumed that within each process are communicati ons effects,
the expenditure/resu pply process , and damage assessment. Of these
only some communications delay s will be illustrated in this paper.

3—2. DETAILED LOGIC. Each of the processes and functi ons of the
abbreviated logic diagram (Figure 3—1 ) has been flowcharted in

• 
• greater detail. Future work must provide even greater detail if

the command and control process is to be simulated ~y a computermodel . The detailed logic is shown in Figures 3—2 through 3-7
with narrative explanations of each of these subroutines contained
in the following paragraphs. It should be noted that certain de—
tails are not duplicated in each flowchart such as the decision to

• communicate and the question of ability to coniwnicate. Anal ysis
required for the decision is assumed to be included in the deci-
sion block. An additional leve l of analysis would include these
details.

a. PLAN

(1) The log i c for the process called PLAN is contained in
Figure i-2. Should no orders oe received , the logical system
al lows the battalion to assess the “prepare to ” portion of the

3-1
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previously received order. If orders are received , the variables
in the commander ’s “ f i le of i nforma ti on ” (consisting of journals ,
maps and staff memories ) are adjusted to any new values contained
in the orders. This f i le must contain all variables which the
decision maker utilizes to select the proper alternative. Those
variables  wh ich are determi ne d by i ntell i gence an d other var i ab les
whic h are estima ted are i n the commander ’ s information f i le as the
inferred state. Any decisions made are based on the inferred val-
ues of variables while damage assessment and other combat results
are based on the actual values of the variables.

~

- (2 ) PLAN provides implementable orders to the elements of
the Battalion. In it various alternative plans are developed ,
ordered by worth or utility (based on the commander ’ s judgm ent)
and checked against some minimal level of worth. Inputs to the
evaluation process include all those variables he consi th rs for

* other decisions. The plan wi th the highest worth become s the
plan to implement and the plan wi th second highest worth becomes a
possible contingency plan. Should no plans be possible which are
above the minimal worth , a default occurs. This could result in
the mplementation of one of the determi ned plans or of a hold
order depending on the addi tional guidance g i v e n  to the B a t t a l i o n
commander by Brigade .

b. LXECUTE

(1) EXECUTE i s the cen tral p rocess for the com bat por ti on of
the logic system. EXECUTE (Figure 3—3 ) includes the movement of
the units on the battlefiel d and decis ions concerning the optional
processes of com bat. The speed of movement is adjusted to re-
flect those varia bles in the informatio n f i le which imoact on
movement. Examples of these are mission , inferred enemy location
and strength , friendly mthie of transportation , and terrain charac —
teristics. Both posit ive and negative movement (e .g. ,  advance and
retreat) , as wel l  as zero , movement is permitted. Lomrnand -3nd

- • 
control is exercised by a comparison of the locations of the sj b-
ordinate units to the commander ’ s control measures developed in
the plan. Two oases for chan ging the plan are i l lustrated. T he
first is the change of information file values Deyoncl some input
values. The second is the loss of contact with a unit. Each of
these events results in the commander doing addit ional planning
via the PLAN process to develop a new plan based on the new data
avai lable.

(2) The non-movement port ions of EXECUTE consist of severa l
decisions on the part of the commander. If electronic surveil-
lance is desired , the SLNSUR process enters the logical system; if
the use of such devices is not desired , the process continues with
only OBSERVE (human) inputs ava i lab le  to update the information
file. When enemy units which exceed a threshho ld of target worth

_ _ _ _ _  - 
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come within range of either indirec t or direct fire systems, the
FIRE SUPPORT or DIRECT FIRE processes are i nvolved , dependi ng on
the i nformation enteri ng the commander ’s decisions. The coninuni—
cations effect on the process flow is a delay in transmission of
Information. Unti l updated information is transmitted and re—
cei veci, the combat proc~-eds without it.

c. OBSERVE. The flowchart for th.~ OBSERVE process is shown in
Figure 3—4. This process include s the human physical senses of
sight , heari ng , and smell used by personnel to prov i de information
about the combat situation , specifically about the vari ables in
the i nformation file. Communication may not be permi tted under
certain conditions. If this is the case, only the l ocal echelon

- 

- 

Information file is updated with new information; the battalion
commander and staff would continue operating on older i nformation

* until the convnunications limitations are changed. Shell Reports
should be provided when fire has been or is being received. Data
gathered from captured equipment , i nterrogated prisoners and di s-
covered documents are also includ ed in this process.

d. SENSOR. When electronic surveillance is desired , the SEN-
SOR process (Figure 3-5) is invoked. The first question asked is
whether any devices for such surveillance are organically avail-

• able to the battalion. If not , the battalion obviously cannot
deploy them. Given that devices are available , the depl oyment of
the teams with the devices is made . The “team” is also given the
characteristics of the device , their mission and i nformation from
the file which might affect the mission. The device is then
switched on; if not operational i n  some number of attempts as de-
termi ned by the commander , to .~ surveillance mission is abandoned.
If the device is operational the mission is then carried out with
obta i ned information communicated (if possible ) to the appropriate
i nformation files for comparison with other data and file update.
A return is made to the EX ECuit .  process if additional missions are
not desired.

r
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e. DIRECT FIRE. The DIRECT FIRE ~--ocess is in Fi gu re -3-o .
-
‘ This process is a straightforward sequence of computations to rank

the targets ~y the threat , select the optima l target within range ,
select the ammunition for the effect desired , and f ire all v~ea pons
within range of the target which are requ~ 

v- er~ to pr v ide a desi red
probability of ki ll. Damage i s assesse d an d d i lm un. t io n used is
calculated after each mission. Upon firing at the last target ,
the process is ended. Damage/logistics information is passed tc
the commander for file update -if communi cation is possible. Not

- 
- show n is a feadback to the OBSERVE , and possibly SENSOR , processes

5 _
a ,  to provide the damage assessment.

f. FIRE SUPPORT. The FIRE SUPPORT process (Figure 3-7) is
entered if desirable enemy targets are located by the elements of
the battalion. First a check is made t~ determi ne if the targets
are within designated restricted areas. If  so, an attempt is made
to coordinate with other units. Should no miss ion be possible
after coordination , the process is ended. The next steps are the
rank ordering of the targets as to the desirability to fire
aga inst each of them , and the select ion of an indirect f ire weapon
system such as organic mortars , artillery , or close air support
from Air Force, Navy , or Army air. Finally fire is requested from
the desired system against the target (s). Thi s portion of the
activity must consider the response time of the weapon systems ,
the suitaoility of particular weapon systems against the type of
target and the safety of friendly units. The unit responsible for
mission imp l ementa tion then chec ks the ran ge , weapons appropriate-
ness , and response time. If any of these are unaccepta ole , the
request Is denied. Approved targets ad --c placen in ~ pr i ority
queue. After the mission , d amage asses~iient is done ~nd ammuni-
tion used is computed. Should all nonorganic indirect fi ’c sup-
port systems respond with a denial of the tire request , the de-
fault weapon system organic to tti e battalion may be emp loyed. -

~~

check , queue , f ire and assess computation is then done in a ~~1rer
similar to the nonorgan ic systems.

S
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CHAPTER 4
OBSERVATIONS AND FUTURE ACTIONS

4— 1 . OBSERVATIONS

• a. Despite the availability of documentation on the subject of
“Command and Control ,” there has been very little analysis of man-
euver battalion command and control systems.

b. Types of information considered by the commander as a deci-
sion maker have not been fully identified or quantified. At best

* they are assumed.

c. It appears that simulation of the maneuver battalion com-
mand and control system process is possible using the logical pro-
cesses i dentified in this paper.

4-2. FUTURE ACTIONS

a. The Human Research Need (Appendix E) has been submi tted to
the US Army Research Institute as a project for develop ing/obtain-
ing the vari ables which i nput to the decision process of the bat-
talion commander and his staff.

b. Once the vari ables are i dentified , they can be combined
with the logic of the ~3atta lion Command and Control system to pro-vide a methodology for quantitative analysis of that system in
combat. -

c. The decision variables could also be used to improve the
decision algorithms of current models.

r

ThkGIUIzgG, PA~~ NOT FL~J~~D

4-1

_ _ _ _ _



L

CAA-TP — 77— 1

APPENDIX A
STUDY CON T RIBUTORS

1. Study Director

David W. P richard , System Force Mix Directorate

2. Study Team

LTC Louis Gennaro
MAJ Win . Milliron

3. Support Personnel

- - I  Judy bomstein (G rapnics)
Diane Passero (~ P C)
Linda Pr ieto ( WPC )
Joyce Garris (WPC )

4. Pro duct Review Boards

a. SFMD

Wi lbert  Schwartzap liel , Chairma n
CDL Douglas Stuart
LTC Jo hn Dooley

b. CM

L T~ 0. Cragun , (uSED), Chairma n

~
.1AJ 0. Clemme r , ~CD i )
Mr. D. Fowi kes (~~FMD )

Th~G~~~~~ 
- -

- —-- -~~~~~~~~~~~~
.

A-i



- - — i:-~
-
~

-
~

CAA-TP-77-1

APPENDIX B
REFERENCE S

Chung, N.K., MAJ USA. An Analysis of Command and Control Doc-
•1 trine for the Infantry Battalion in the Attack. Master of

Military Art and Science Thesis , Fort Leavenworth , Kansas ,
~June 20, 1975.

Chestnut , Haro ld , Systems Engineering Methods. New York :
John Wi ley & Sons , Inc. , 19b7.

Dept of Army , “(C) US Army Tactical Command and Control Master
- 

‘ Plan (U) , ” 2d Revision , August 1975.

* _______, “The Tank and Mechan ized Infantry Battalion Task
.F Force ,” FM 71-2 , F i n a l  Approved Dra f t , Washingto n, DC , July

1976.

________ 
“Operations ,” FM IUU—b , Washington , DC , July 1976.

________ 
“Staff Off icer ’ s F ie ld Manual ,” FM 101-5 , Washing—

ton, DC , J une 197~.

________ 
“Command an d Control of Lombat Operations ,” FM

101-5, Coor dina ti on Draf t 30 Nov 7b , Ft. Leavenworth , Kan-
sas.

Fishburn , Peter C., Uecis ion and Value Tneor~y. New York :
John Wi ley & Sons , Inc., 19b4.

Jaco bs , T. 0., Anal ys i s an d E v a l u a ti on of Tact i cal Dec i s i on
Making . Army Research Institute Field Unit — Leavenworth ,
SeptemDer 197o.

K aufmann , A. , Theory of Fu~~~~~rnsets. New York : Academi c
Press , 197~.

Luce , R. Duncan , an d Ra i f f a , Howard , ~ames and Decisions:Introduction and Cr itical Sury~y. New York : John Wiley &
Sons , Inc. . 1957.

US Army Infantry School , ‘Operations iandbook ,” ST 7—150 , P1’
76.

US Army Infantry ~c~i u i 1 , “Tact ical Operations Hanobook ,” ST
7—153 , FY 19/4.

Studies , Analysis and -~e-1ing Agency , “Catalog of War tiaming

B — i

~~~~~Kfl1NQ. }‘~~~~ ~~~~

LA— -~ —-- ----------— 
- A



- 

~ T~~~~~~T~~ T . -  ~~~~~~~~~ ‘T~~~~~~~~ ~~~

CAA-TP --77- 1

and Military Simulation Models ,” bth ed , NTIS , AD /A—012803 ,
- June 1975.

- 

General Research Corporation , “Tactical Communication Simula—
- tion ( TACOS II),” DDC AD857098 , Apr 69.

Ernst and Yori tz, “Information Science as an aid to Decision—
- making, ” Ohio State Univer sity , Sep 69 , NTIS PB189666.

• Smi th, W. A. , “Studies in Information Systems ,” Lehigh Univer-
sity, NTIS AD744U27 , Jun 72.

- 
- - US A rmy Research Insti tute for the Behavioral and Social Sci-

ences , “Research on Tactical Military Decision Making: III.
* Predictor Variables and Cri terion Measures ,” Bunker-Ramo
F Corp., May 1973, DUC AD 7 5-457.

-~~ 

- 

Harri s, R. N., “A Model of HL’man Decision Making: Prelimi nary
- - ‘ Resear ch,” US Naval Personnel Research and Development Labo-

ratory, Washington , DC , Aug 72, NTIS A074B596.

Simpson , Maurice , “Monograph on Intelligence Command and Con-
trol Attributes for System Assessments ,” USACDC , Mar 72.

- 

US Army AR 31U-25.

)

B-2



~ 

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

CAA-TP-77- 1

APPEND IX C
DECISION - THEORY

C-i. GENERAL . Decision theory has been studied for many years.
An excellent bibl i ography is contained in Games and Decisions*.
This Appendix is not intended to be an exhaustive brief of the
subject but rather a short introduction to the subject with lib—
eral reference to books in the field.

C-2. MILITARY DECISION MAK IN~ a. Decision making is commonly
partitioned based on whether the aecision is made by an individual
or a group. For the purposes of this paper all decisions are con-
sidered to be made by an individual rather than a group of indi-
viduals having potentiall y conflicting i nterests which must be

* resolved. -

b. Each of these partitions is further divided by the condi-
tions under which the decision is made: certainty , uncertainty or
ri sk. To further “ simplify ” the military situation , consider the

-

• definitions of certainty , uncertainty , and risk.

(1) Certainty is knowing that each action will l ead to a
specific outcome : , e.g., if I walk on an operational land mine , I
will be injured.

(
~

) Uncertainty is when each action can lead to a set of
possible outcomes wi th unknow n or possibl y unmeaningfu l probabili-
ties of occurrence.

(3) Risk falls between certainty and uncertainty in that
each action leads to one of a set of possible outcomes each of
which occurs witP a known p roba D ili t~, e.-~., a throw of a die ,
toss of a coin , the lan a mi ne .-~hose operational state is unknow n
when walked upon , an~1 R~ ssi -i r r-u ]ette .

c. The mi l i tary a ec i s i - :~n u-i~ er seems to fa l l  into the category
of “indivi dual decision maKio .~ under uncertainty ” for  the most
part. It is highly un h ike i ,- that an action based on perceived
conditions in combat w ou ld res~A l t in sp ecific predictable outcome
or even one of a set of kra~ - i ~ut - -~’ is-s . ih is  categor izat ion re—
duces the scope of the p r i-:~lem ~nl y in the sense of the number of
categories that must ue - :cn c11~red. i nfortunately, this category
is not a simple one tor an a 1 yt~ca l  P U ’ L L S P S .

*uames an Je c i sions: Intr oduction and ~rit ical Survey, Luce
and ~aiffa , A i ley and Sons , 19-- i . PP 4~~—499.

-
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d. One may l ook to game theory as a means to analyze the mili-
tary decision maker if all uncertainty in the battle can be blame d
on the opponent , because in game theory , “uncert~~nty is due en-tirely to the unknown decisions of other players . “ In the
strictest sense, game theory is overly restrictive. It is gener-
ally modeled by assuming that each player know s the desires of the
opponent and that they will optimize those factors or actions
which appear to gain their objecti ves. Additional study of this
application of game theory is recommended , for, despite its re-
strictions , it may prove to be a worthwhile tool for analysis of
the decision process.

- 

- 

e. Specifically, the portion of game theory for further inves-
tigation is the “two—person non—zero—sum non-cooperative game.”

* In this type of game, each player has a different set of desirable
outcomes; the non—cooperative nature of the game means that there
is no preplay communication , i.e., no agreements. These aspects
of this subset of game theory seem to indicate that military , and
other, conflicts may well fit within the restrictions. A further

‘ complicating factor is that the decisin process can be sequential
with the results of one decision impacti ng on a subsequent deci-
sion. For analytical purposes of sequential decisions , Markovian
processes should be considered.

f. As part of the decision process the commander develops a
set of variables to alter or optimi ze. This

~~
en introduces Util-

ity and Value theories***. Fuzzy Set Theory is also of inter-
est due to imprecision involved in both the choice of action and
the outcome of that action. It is these vari ables which need to
~e i dentified and quantified. The USACAA proposal for the Army
Research Institute Human Needs Research Program is included as
Appendix E.

**lDld , p275.

***For additional researcfl of these subjects the reader is re-
k ferred to Fishborn , Decision & Value theory , Wiley , 19b4, N~~, anu

Kaufma n, Theory of Fuzzy Suosets, Academic Press , NY , 1975.

b _
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APPENDIX D
MODEL EVALUATION

D-1. INTRODUCTION, a. Early war gaming model s were totally man-
ual affairs. These games permi tted qualitati ve analyses of the
command and control aspects of a staff. Table tops served as di s-
plays. Stochasti c calculations were done based on the rol l of
dice. Manual war games were then very strong on logic but weak on
computational aspects. Wi th the advent of computers, the random
throw of the die could be replaced by computer algorithms . For a
time manual war games were i nterspersed with computer runs. Some
of these games evolved to take the form of programs featuring hu—

- * mans at interacti ve consoles , usually in the role of decision
F makers.

b. In its presently evolved form, the computer war game is
usual ly weak on command and control logic since humans have been
taken out and replaced wi th table “lookups. ” Conversely, the
games are strong on firepower calculations , calculati ons of logis-

• tics , and , in fact, all of those i tems which had once been table
“ lookups ” in the early manual war games.

c. In order to reintroduce analysis of command and control
i nto combat simulations , we must again include the staff. We
could in effect go all the way back to the original manual war
games. This is being done at the TRADOC Combined Arms Test Activ-
ity in the various command post exercises and workshops. However
useful these manual exercises may be , an iterati ve analytical tool
is to be desired as well. Such a computer alternati ve , or comple-
ment to these manual tests, would be a simulation of the combat
process coupled with the command and control processes. An ideal
model would be totally automated, include reasonable decision mak-
ing algori thms, and include the components of a command and con-
trol system (detailed previou c~y). ihis would then allow compari-
son of competitive systems in a combat environment.

D-2. MODEL DISCUSSION. A cursory review of existing computerized
model s was made to ascertain the ability of existing models to
simulate comand and control or the feasibility of their being
moaified to i ncorporate a command and control simulati on. No at-
tempt was made to totally analyze the app licability of each. A
list of these models *, wi th evaluati ve comments , follows :

*For a orief description of these (except DIVOPS and FOURCE )
and other mode ls, refer to Catalog of War Gaming and Mlli tar~Simuhtion Models , Studies , Analysis and Gaming Agency , 6th Ed ,
June 1975, H. J. Waither , NTIS  AD/A-012 803.
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ADV iCE 11. A computeri zed division echelon manual game (i.e.,
containing an external decision—maker ) of 1967 vintage which can
demonstrate the efficiency of i nformation flow but not its combat
effectiveness. Run times are long: 2 days per lu hour battle.

CAMMS. Brigade resolution computer assisted game designed as a
training vehicle for an external decision maker (and staff).

CARMONETTE. Computerized two battalion model with tactics pre-de-
— 

termi ned by a “decision maker ” and provided as part of the input
data. Many conditions alter the implementation of the decisions.
Designed and/or used to study tactics and mixes of forces.

F 
COMMEL 11.5. An improved versions of COMMEL (1963 vi ntage).

- 
- 

- 
Heavy on simulation of communicati ons systems; coupled with a
divisin combat simulator but with simplisti c and deterministic
decision logic based on abstract dimensionless i ntelligence levels
and modified firepowe r ratios.

UIVS1FT. A COBOL simulation of the manual staff functions in a
division TOC ; does not consider combat decisions , cannot be used
for automated command and control systems, and is not coupled wi th
a combat simulator. Inoperable.

DIVOPS. Division level fully automated combat simulation wi th
user provided decision rules based on perfect information. No
command , control or communications.

DYNTACS. battalion level combat simulator of extreme complexity .
Decisions are as complex as CAF~MONETTE , but information flow is
mini m al although some tactical communications is inlcuded. Useful
in comparisons of ground vehicular weapon systems .

FOtJRCE. . TRASANA version of DIVUPS with extens ive rebuild of sub—
routines to account for the command and control process; totally
automated. Mode l development is currently in process with test
and validation due for completion CY77. Documentation is incom-
plete , but the mode l is intended to include sufficient resolution
to analyze the Division Command and Control system. Current test
and production is in support of cACUA ’s CLATOS effort which aria-
lyzes Division Command and Control system alternatives.

TACOS 11 . Simil ar to COMM~ in many aspects but reportedly pro-
viding better decision algorithms oased on each unit ’s estimate of
the enemy situation drawn from a norma l distribution whose mean is
the true enemy location , size , speed , and direction with a van-
ance related to the qualit y of the intelligence. Combat outcomes
depend on the true enemy situatio n and the app lied firepower. If

[j-~~
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It operates as claime d in the documentation , it would rank high
among all models surveyed; TACOS II has not been l ocated.

D-3. EVAL UATION. None of the above models appear to consider the
pre—combat p lanning phase. They are concerned with the combat
process and the possible modi fication of the plan. Except for
FOURCE , none in their present state were judged suitable for eval-
uation of command and control systems; however, FOURCE is in the
process of development. DYNTACS and CARMONETTE may be suitable
for modification to account for the Battalion Command and Control
system.

D-3
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APPEN D IX E
HUMAN RESEARCH NEED

E- 1. REQUIREMENT. Basic research is needed to provide a basis
for  a simulation of the decision making process at battalion
level.  Information and data are in the followi ng areas:

a. I dent i f i ca tion , i so l a t i on , an d quantification of the human

— 
and environmental factors that impact on decisions made by the
battalion commander (and staff) in his individual application of
the traditional troop leading procedures and the sequence of corn—

* 
rnan d and staff actions in the development of orders for the corn-
mand an d control of the battalion under combat conditions.

b. Determi ne if the factors i dentified above can be grouped to
represen t a com pos i te , or typical , battalion level decision maker.

c. De term i ne the correla ti on , if any , between this composite
battalion commander dec i s i on mak i ng process and the traditional
process using troop leading procedures and the sequence of command
and staff  act ions.

ci. Can oojective probabilities be assi gned to decision input
factors to enable calculation of the probability of arriving at a
particular decisio n? if so , what are they ?

E-~ . USE. ua ta resul t ing from this effort  w i l l  he used in the
simula tion of both maneuver battalion and artillery battalion com-
bat. A purpose of tne simulation would be to compare current and
proposed systc- iis wh ich i mpact on the decision process (e.g., tar-
get acquisit ion , elec tronic warfare , commun i ca ti ons , information
processing ano analysis) as to their effect on the combat result-
ing from the aecision process.
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