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ABSTRACT

'A generalized conception of an insurgency situation is examined with

a systems approach. The model is divided into two sectors, propaganda

and military. The emphasis in the propaganda sector is on all actions

taken by the ins;urgent and gover.ment sides which have a psychological

impact on the population. In the military sector variables associated with

combat and troop replacement are examined. A computer simulation,

written in DYNAMO II, is provided and ceveral simulation runs are

examined. Suggestions for further research are also included.
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I. SUMMAiPY

Past studies which have concentrated on 'ýhe individual aspects and

variables related to an insurgency situation, in ftolation from one another

ignore, an imfprtant fact about insurgencies which is true of all social and

political systems. That fact is that the variables in these systems, in-

cluding insurgencies, interact on a continuous basi's, A.,d the interactions

are indispensable to the complete description of an insurgency. The alter-,

native to isolating variables ane ignoring imporant interactiOns is to model

insurgency as a,.system., with the ultimate goals of including, the signifi-

cant variables of tle system and the description of their intceraction•i with

each other. This paper has attempted to lay the groundwork for such a

V model.

The medium used An the construction of this beginning insurgency

model was a methodof Omodeilii-g called system dynamics. System dynamics

was devised by Professor Jay W. Forrester of M. I. T., as a means of

modelling complex,.social and industrial systems. In an_ attempt to demon-

strate the behavior of the system,. as depicted in the insurgency growth

model, on a nearly contiauous basis, a computer simulation was writter.

for this study. The simulation was written for the DYNAMO compiler,

-*hich was written to provide a computer languace for time-stepped simu-

lations inv'olving many interacting variables.

The basic 'insurgency growtfh moddl is divided into two sectors: propa-

ganda and military. The popO latlorn equations (that is, the breakdown of

•==• = ====_•= s ml IIIIm~i,-hrtlm7



the total population into insurgent, government, and neutral populations)

collectively provide -a focal point for all system behavior generated in the

propaganda and' military sectors. That is, all system behavior ultimately V,

results in some change in the population profile. The segmentation of the

population -s. also the principal indicator of the state Of the insurgency

system.

The, propaganda sector of the model, iS the more highly aggregated -of

the two. In this sector, all action of a psychblogical nature which either

the insurgent side or the -government side can take is combined in-one -

variable called propagajda' effort. Implicit in this Variable- are programs

such as education, civic action, propaganda, and, economic controls. -The

driving force which determines the intensity of the propaganda' effort is

represented to be -each side's perception of the ratio of government citi-

zens to the-total population. Probability coefficients are derived in this

sector -which-describe the probability that a cttizenh aligned with a particu-

- iar population faction will dhange his allegiance to some other faction.

The military sector contains- combat and troop-level sub-models. The

"combat sub-model employs Lanchester's equations of combat, written as

difference equations, 'for determining the-battle attrition rates for both

sides. An insurgent troop level of 1000 men is used as the point of change-

"-over from guerrilla-style warfare- to more -conventional warfare. During-

the guerrilla Warfare stage, a Lanchester approach for aimed fire is used

for the government attrition rate and a Lanchester approach for area fire is

8



used for -the insurgent attrition rate. In the conventional warfare stage~,

the equations reflect aimed fire, for both sides.

The size of the trpop force fo~r'the insurglents it maintained at a lIevel,

proportional to the total itns urgent population . Xhe proportion is, variable

and'its mfagnitude is determined in a functional relatiolishtp with the in-

surgent share-of the population as the independent variableý. Insutgent

troop shorta~ges are re.Aaced on an instahtaneous basis. 'Government

troop levels. are M'pcisented as dependent on, the size of the insurgent

combat force. The governmient troop a~dditions an&~ replacements are

modeled as subject to various training and bureaucratic delays.

The DYNAMO simulation of the insurgency systern provides the a6nalyst

with many useful- indicators of the progress of the insurgency. Many

variablesd'ar-be observed over time which may give a. deeper insight into

the operation of the insurgency systerm., Some of the variables suggested

for inclusion in the simulation output for each -time period are the populations.,

the percent change in gov(ernmeht and insurgent populati bhs,, and a running

total of government ?jnd insurgent troops killed-. Other variables which

mi~ght give some understandinig of the~procedure established for maintenanne

of government troop levels are the actual insurgent troop strength, ths

Indicated government Uroop strehgth, And, tie ýactual government troop

strength. The indicated government, troop strength, is arrt-ved. at through a

fubctional relationship with the actual insurgent troop stren~th. The, actual

governmnent troop s~rnth When- It is compared with -the indicated strength



for a particular time period, reveals the effects of the time delays placed

in the system for troop level maintenance.

Computer simulation results were obtained for a variety of initial

population allocations. Two initial allocations for the insurgent side

were investigated, 1 percent and 5 percent. Government allocations of 20

through 60 percent were used with each of the insurgent allocations.

Generally, the system behavior observed was the same for all initial popu-

lation profiles. There was an initial period of growth in both the insurgent

and government populations, attributable to propaganda effects on the

neutral poptilation. The troop levels and combat activity were low during

this growth period. Maximum population for insurgents and government

are reached at ab)ut 31 and 55 percent of the total, respectively. Combat

activity becomes predominant at this point and a general decline in the

government faction is observed. When the government population declines

to about 41 percent of the total population and the insurgent population

reaches its maximum of 31 percent, the system settles down to one of

relatively little activity. That is, the rate of change in the Ilsurgent and

government populations is very slow. This type of activity continues until

the end of the simulation run. The only difference noted in the behavior

of the 3ystem for differing initial population profiles was the speed with

which the system attained the various stages of activity Just described.

The rapidity with which the three stages of activity (growth, decline.

abatement) were observed grew with the initial size of the government

population. The general trend of behavior was, however, the same in all

cases. t0



11, INTRODUCTION

The purpose of the work reported in this paper was to study a general-

ized conception of an insurgency situation from a highly aggregated point

of view. Many studies have been conducted and models constructed to

investigate specific areas of Insurgencies, but apparently no effort has

been made to quantitatively study the complete insurgency system. The

fundamental premise of this study is that an insurgency can be represented

ns a bounded sy-ztem within which all behavior peculiar to an insurgency

is generated. It remains, then, to determine what variables are included

in this system, how they behave, and how they interact with one another.

The model constructed for this study supposes that an insurgency can

be segmented into two sectors: one called psychological and one called

military. This formulation recognizes that an insurgency is, in essence,

a contest between tw, -:rces for control of the population of a country or

an area of a country. In this contest, the insurgent force and the force in

p- wer (the government force) have two avenues of action open to them.

The first of these two courses of action is an attempt to win the popu-

lation through psychological appeals. This form of action encompasses a

wide range of possibilities for the accomplishment of goals. Some of the

methods by which either side might seek to accomplish its objectives in

the psychological area are: education, community services, civic action,

propaganda, and economic controls. In the insurgency growth model. all

of these factors are combined into one variable called propaganda.

11



The second type of" action the government or insurgent force can take

in order to gain power over the population is military. While psychological

action is pursued primarily for the purpose of winning over that portion of

the population which is uncommitted, that is the neutral population,

military action is exercised by the two opposing forces against one another

directly. The goal of either force when taking military action is to gain or

preserve power by eliminating the opposing force. The military sector of

an insurgency, therefore, is presumed to be concerned with combat.

This systems appraoch to insurgency is worthwhile, bec-ause once a

reasonable representation of the insurgency as a whole is achieved, one

is able to view all the implications of a proposed plan or action simul-

taneously. Isolated studies such as a cost-effectiveness study of a civic

action program or the evaluation of intelligence collection efforts are

worthwhile but their value increases greatly when one can view them in

the context of the entire system. Further, the systems approach allows

the analyst to conduct sensitivity analysis for the purpose of determining

those factors in the system which are most critical and therefore deserve

the most attention in research.

In this study, a model was constructed using the simplifications and

structure already outlined. A computer simulation was used to analyze

numerical results from the model. The computer simulation allows the

variables of the model to interact on a nearly continuous basis.

The model Is described in Chapter ItI,and the simulation is presented

in Chapter IV. Chapter V is devoted to a description of the aisumpttons

12



used in the model and an analysis of the rationale for those assumptions.

In Chapter VI, several indicators are suggested as useful in describing

the state of the insurgency as it is portrayed in this model. Also, Chapter

VI will anatyze simulation runs to give further Insight Into the workings of

the model. Chapter VII contains conclusions and several suggestions for

expansion of the insurgency growth model.

13



III. MODEL DESCRIPTION

An insurgency situation is described by a myriad of variables, as is

any complex politicai or soa.,al system. One of the aims of this paper is

to reduce the insurgency situation to a manageable number of variables.

Another goal of this project is to describe the interactions among the

various elements of insurgencies. This second goal is approached through

the use of the "system dynamics' method of modelling complex social and

industrial systems, attributable to Professor Jay W. Forrester of M. I. T. [4]

An overview of the system dynamics method is presented here. The

hierarchy in system structure, accordingj to Forrester, is summarized as

follows:

Closed Boundary

Feedback Loop Structure

Level and Rate Substructure.

The closed boundary concept defines a boundary which contains the system

of interest and Ftates that the behavior characteristic of that system is

created entirely within the boundary. Outside occurences may affect the

system but must be viewed as disturbances for the excitation of the system.

The feedback loop structure is really the essential element of the system.

This loop is a path in the model linking decision, action, level (or state)

of the system, and information about the system. The level and rate vari-

ables provide the foundation for the feedback loop. The level variables

14



JII~i III:

describe the condition of the, system at any time, and the rate variables

determine the rate of change of the level virlables. This :heirarchy -proý-

videz the means by which one may show, through the actions .(or rate

variables), all the interrelationships of the-elements of his model.

lit this insurgency model the closed boundary describes a hypothetical _

population split botween prow;-government j neutral', and insurgent factions. j
Unlike the Forrester structure, the model- is divided into two sectors:

propaganda %or psychological),, jd military. The levels and rates within

each of these sectors and the'r relationship to each Other describe the

insurgency :system. Both of these, sectors determine the rates for the

-generation and attrition- processes for each-of the th:e-e factions of the

population as well as total population. ,

A computer simulation was written for the model in DY-NAMO II. The

simulation will be discussed in detail in Chapters IV and V, -but it is

necessaiy at this point to understand the time-orientation of the simula-

tion in order to follow the rationale behind the equations of the model.

DYNAMO 11 is designed, for time-stepped simulatiOnS:. Once the- user.

determines the smallest time frame of in terest, he must tailor all the

equations of his model to that time frame. the basic time unit selected

-- for the insurgency growth nifdel was one month, so, the-output of theF

Sitmulatton in one itteration may be viewed as the result of one month's

activity in the insurgency system. For example, the insut~gent troop -at-

trition rate for one time .period in the, simuiation. is the result of one moiith

of combot between insurgent and goveydnment troops,

0 ' -iri~ll



A. PROPAGANDA SECTOR

The two most important levels contained in the propaganda sector are

those called insurgent propaganda effort and government propaganda effort.

These levels are an aggregation of al! possible actions the government and

insurgent sides can take other than tn,.se of a purely military nature. In-

cluded in the range of these variables are actions such as education, com-

munity services, civic action programs, propi.:4anda, and economic controls.

The intensity of the propaganda effort fr both the insurgent and

government sides is determined by an equation of the form:

EFFOPT = a* (Desired effort this time period)

+ (I - c) (Actual effort last time period), where 0 i of !9 1.

This equation allows the propaganda decision-maker to base his present

allocation of effort not only on the present indicators but on past trends as

well. Desired propaganda effort is determined from a functional relation-

ship for each side. The independent variable for this relationship is each

side's perception of the ratio of government citizens to the total population.

This perceived ratio is determined through the use of an intelligence co-

efficient for each side. The propaganda effort is scaled from zero to ten

for simplicity. This variable can be interpreted in terms of money, man-

power, or a quantity which embodies both. It is recognized that the zero

to ten scale is meaningless by itself, but is useful in a relative sense

for obtaining the important quantities of the propaganda sector, called

"propaganda probability coefficients."

16



The probability coefficients correspond to actual probabilities of cer-.

tain events taking place in a time period. They are used in the population

rate equations to determine population attrition and generation. There are

six probabilities from propagand3 (corresponding to six possible events):

1. The probability a neutral citizen changes allegiance to insurgent.

2. The probability a government citizen changes allegiance to insurgent.

3. The probability a government citizen changes allegiance to neutral.

4. The probability an insurgent changes allegiance to neutral.

S. The probability an insurgent changes allegiance to government.

6. The probability a neutral citizen changes allegiance to government.

The probabilities are computed from equations of the form:

P(x to y) = P(insurgents or govt. reaches a citizen)

P(citizen reached is x)

'P(ins. or govt. propaganda makes x change to y),

The probability that insurgent-government propaganda "reaches" a citizen

is found in a functional relationship for which the independent variable is

insurgent (or government) propaganda intensity. The probability that a

citizen will be x is simply the ratio of x citizens to the total population.

The probability that the insurgent-government propaganda is favorable

enough on x citizens to make them change their allegiance to the y popu-

lation is computed in one of six relationships (corresponding to the six

possible events previously listed) where the independent variable is

insurgent-government propaganda intensity. Once these probabilities are

obtained, they are used in the appropriate population rate equation. For

17



instance, the probability that an insurgent converts to the government

side (PMIG) would be used in the government population generation rate

equation in the following manner,

Govt. Generation Rate

S. . + PMIG - (Present No. of insurgents) +

B. THE MILITARY SECTOR

The military sector of this model is concerned with two related

problems: combat and troop replacement. The important levels of this

sector are the troop levels: insurgent, government polico,, and govern-

,n"nt regulars. They, almost as much as the populdticn profiles, serve

to describe the progress of the insurgency. The number of insurgent

troops, for instance, includes not just combat troops but the number of

full-time, hard-core insurgents present in the system. This number con-

trasted with the total Insurgent population (which might include everyone

from sympathizer to full-time soldier) could give one some insight relative

to the "seriousness" of the insurgency. Additionally, if the number of

troops on both sides increases, the combat model takes on more of the

characteristics of conventional warfare, which certainly has major impli-

cations for the conduct of counter-insurgenc]( operations.

C. THE COMBAT MODEL

The Ineans of determining the number of government and insurgent

troops killed in a time period is through an insurgent warfare modification

of Fredrick W. Lanchester's equations of combat.

18



Battlefteid attrition equations should provide for two distinct types of

combat. First, in the initial stages of insurgency, when insurgent strength

is low, 'the insurgent group is quite likely to devote relatively few of its

number to combat duties. At this point,, the insurgents ere tmo:re interested

in propag&nda and broadening their baseof support. Caonsequently, when

their force is small, the insurgents will prcbably be unWilling to engage

the government forces in combat. Also, when combat does occur, ihe in-

soucents should have the advantage, of fight:ing. on their owni terrain, and'

many times, on their-own terms. Equations for this type-of combat should

;refect government difficulty in- bringing the insurgents to battle as well as

the likely government disadvantage when cotnbat does occur.

The §econd type of combat situation becomes apparent when, the in-

surgent force grows larger. The insurgents now begin to shift their empha-

sis, to military, -,-erations in an attempt to- defeat the government decisively..

As this phase in the insurgency develops, combat begins. to resemble -con-

vnwntional warfare w~th increasing frequency of contact, larger forces in-

volved in combat during anry given contact, and more-of an advantage to

the force which has better equipment (presumably the government with air-

craft, tanks, etc.).

With this. second variety of combat in mind-, then,, we wish ,t write

the equations in such a way that they reflect the shift in emphasis by the

insurgent-group and the enauifng changes, in the combat situation. .. I.

fDeitchman 13] adapted Lanchester's- equations for use in the analysis of

19
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guerrilla waifare. His resulting equations for government and insurgent

attrition rate, are:

dGovt./dt a - a• (no. insurgent troops)

dIns./dt = - 5. (no govt. troops) • (no. ins. troops).

The equation for :he government attrition rate employs the Lanchoster form

for aimed fire. Th'•e equation for insurgent attrition rare, on the other hand,

utilizes the Lanchoster formi for area fire. Although different dimensionally,

the constants a arn0 can be view.ed as "weapons effectiveness coefficients."

Deitchman gives the aidvantage of ambush to the insurgent group in

these equations. This nay not be true for all In ,rgency situations.

More important than the cnceptual basis for th, equations, however, is

the behavior of the equation .. By using Deitchman's equations and Judi-

ciously choosing $ (government weapons effectiveness) one can represent

the difficulty government forces havt. historically experienced in achieving

significant military results against smain insurgent forces. That is, in the

equation for insurgent attrition rate, one carn see that as the insurgent

force grows smaller, fewer insurgents are killed per unit time. If one

views this arrangement as a reflection of the unwillinn.•ess of small in-

surgent groups to engage in combat, rather than in the insurget- ambush vs.

conventional warfare context, a reasonable representation of combat in the

beginning stages of an insurgency is achieved.

As the insurgent group grows, of course, the size of its military force

Increases as does the desire for combat. It would follow also, that with

20



these larger forces and the increased frequency of contact, combat begins

to take on more of the characteristics of conventional warfare. This phen-

omenon requires thct the model first have a criterion for determining when

this shift in combat emphasis occurs, and second that the model must be

able to reflect that shift in its equations for attrition.

In this insurgency model the first requircment, a criterion for determin-

ing when combat begins to shift toward conventional warfare, is satisfied

by setting a level of insurgent troop strength (1000 in this case) as the

beginning of the shift in combat emphasis. As this point, & number of

changes take place in the input to the attrition equations. These changes

can be described by contrasting the values the attrition equation variables

take on during the time that the insurgent force is considered "sm&ll" and

after the insurgent force has gained sufficient strength to begin conducting

more conventional combat operations.

The government and insurgent attrition rate equations appear in the

model as difference equations,

DG =FCI * TTI

DI =MFCG TTG IC,

where DG and DI represent goverrment and insurgent troops killed per time

period. The variables FCI and FCG are, respectively, the "fighting con-

stants" fbr insurgent and government troops and serve the same role as

Lanchester attrition coefficients. The total number of insurgent troops

involved in combat during the present time period is represented by TTI,

21



and TTG is the corresponding Variable f.,r government troops. The variable

IC is equal to TT When the insurgent force strength is below that required

by the model for the shift to more conventional warfare. After the insurgent

force reaches the required strength IC becomes a constant equal to 1000.

Prior'to the shift to conventional combat, theequations for DC and DI

are just as prev'ously-described. That is, the equation for government

attrition employs LAnchester's form reflecting aimed fire for the insurgents,

and the insurgent attrition rate uses Lanchester's form for area fire. To

achieve a reasonable representation of the early stages of combat, the

fighting constants are lced at 0. 1 for the insurgent force and 0. 0001 for

the government force. When 'corih-t shifts toward conventional warfare

FCI increases linearly to 'a maximum of 0.2. At the same time, FCG in-

creases linearly to 0.0002, but FCG reaches .its maximum more rapidly

than FCI. Since once the shift occurs IC assumes a constant Value of

1'000, the effect is to attrit both the gove:nment and insurgent -forces using

Lanchester's form for aimed fire, with ,the government fighting constant

assuming the same order of magnitude as the insurgent fighting constant.

The difference between the fates of increase for the government and in-

surgent fightin; -constants gives. an Initial "t,4uiipment " advantage- to the-

government forces when 'they bgin,-to, fight something resembling a con-

ventional war.

Th6 itariables: for total troops involved in combat are-also computed,

in two ways, ,dependl.ng on the phase of combat. when combat is in ,the

initial phase, the total troops involved for both sides is simply set at the

'-,---



total numberof soldierseach side has (or any multiple). After the shift

toward conventional warfare uccur., a, table is entered each time period

to find the expected number of encounters between government and in-IJ
surgent forces. The independent variable for this table is the total number

of insurgent troops. Another table is entered at the sameu time to find the

expected force size for both sides. Thequantitiesobtained by multiplying

expected force size by the expected numlber of encounters are the total

troops involved pertime period for both sides.

The combat submodel, in Summary, passes throughtwo stages. The

first stage can be described as guerrilla warfare. In this phase, the govern-

mert forces have a difficult time. locating and bringing the small insurgent

force to combat. Consequently, the insurgent force -underoraes a very small

attrition rate during this phase. As the number of insurgents grows, the

model begins to shift toward more conventional warfare. The attrition rate

is computed; under the same rules for both sides ai&A the advantage for the

government of'better equipment becomes apparent. Combat attrition for

both- sides is established always by the same two--equations. Government

forces, both policy and regulars, are, to ba attrited separately. This is

accomplished by simply multiplying the government attrition rate in a time

:Oeriod, by the fraction-of police and regulars present in the, system in that

time period.

D. TROOP GENERATION AND RrP, LACEMNT MODEL

The model uses the beginning levels of total population and insurgent

population to generate tnitial forces for both, the insurgents and the
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government. The decision rule for the insurgents is represented by finding

a percentage of their total strength which they desire to devote to combat.

This percentage depends on the current ratio of insurgents to the total

population. Generally, the fraction of insurgent strength allocated to

troops will be small when this ratio is small and relatively large as the

ratio becomes large.

The initial assignment of government forces is found in a functional

relationsiip which depends on the government intelligence estimate of

insurgent troop strength. As a rule, this relationship will attempt to main-

tain relatively high ratios of government troops to insurgent troops when

insurgent strength is low and, as Insurgent strength grows, this ratio will

apprach one. Additionally, as input to the model, the user must specify

what portion to the total government strength is to be devoted to police.

This is done by specifying the desired ratio of police to the total popula-

tion. The model then determines how many police are needed, and the

government regulars make up the difference.

As the insurgency progresses, the means used to determine the initial

government and insurgent troop requirements becomes a procedure for set-

ting "goals" for each successive time period. That is, for each time

period, insurgent troop strength is estimated by the government, and the

insurgents' share of the population is determined by the insurgent group.

The quantities obtained from the relationships for insurgents and the

government become the desired troop levels for the next time period.
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In, the case of the insurgents, the portion of the, total strength to be

devoted to troops is obteined and the required -nmbc , is added to the

",force in the n.xt 'ttMe period. If the actual, number of troops is greater

thnth6at ,re quired, those "extras," are-disposed of'by attrition. This process

is, in essendce, recruitment directly from the insurgent population. Thus,

the allowable size of the insutgent force is directly dependent on two things:

insUrgent share of-the total population and total insurgent strength. How-

ever, both-of these quantities depend On the effectiveness of the insur-

gents' propaganda campaign, or the number of people they are able to

recruit.

Thegovernment group has two categories in which to maintain troop

levels: police and regulars. The category of "police" as it Is used here

may be interpreted to include both police forces and local militia. this,

force- .4.-0btained entirely from the population. Replacement is called for

whenAthe number of police falls below the ,prescribed ra~tio With the popu-

lation, and any excess is allowed to diminish through combat attrition.

There is also a "training" delay for police repladement.

The government is allowed to generate additionial troops and replace

regular troops lost through -combat attrition from outside the system. In

this model, the government does- no recruiting directly from the. local popu-

•lation. Since the government desires to use its sresources most efficiently,

however" it is faced with the additional problem of removing soldiers ,from

the systerq when the number of, regulars hresent exceeds the number ,tcquired.
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8So0, in each time period,, the government determines the difference between

existing regulars and that number required by the present level of insurgent

strength. If- the difference shows that more regulars are required, tVat

numberIs added aftei" a delay attributable -tqjtraining and a-decision-

making process. ThiLs delay not-only holds up the entire requested reinhfcrce-

merit but allows the troops to, arrive in the system only a. few at a time.

This procedure prolides an element of realism, in. that ,the government +is in

a constant "huntinig" process in, an attempt to satisfy a troop level goal

about which it ne'ier has completely accurate information.

For thetask of removing troops which are in excess of those desired,.

the government gtoup has a -similar-problem. The difference here i's that

a lower iimit Is, set on the number of government regulars to be scheduled,

for~removal in ,any time period. This provides for government recognitioah

that their allocation system isnOt precise, and that an error in the--direction

of too many t.:,oops is better than leaving too few in. the, system. Once+ tfe.

decision ha., been made to remove regulartroops from the system-, a delay

of-the type ,fharacteristic of troop replacement is O•xperienced.

The- military Sector of the model- tnat we have-described- contains a

-process.of-attrition and replacement of not only the insurgent and govern-

ment forces but, through the insurgent and police forces, attrition of the

- total popu-ation as well. The combat attrition sub-model uses Lanchester's

equations of combat in two modes: traditional guerrilla warfare-and con-

ventionai warfare. Troop replacement-for the insurgent group is described
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as a relatively simp~le process of recru~ment from the existing -insurgent

pop~ulation, with their rwquirements being determined by their success in

conVerting 'the populationi th.,ough propaganda. Government troop rpae

mhent, on the other hand, Is structured as -a rather complex process with

bureaucratic an training-dielays as well as- decision-making based on ini-

complete or incorrect in fotfnation.

The outpuit from t'ie-propaganda and mhilitary sectors, comes together to

provide the basis for i h43population rate, equations. These -rate -equations,

in turn', determine the population levels; total, neutral, insurgentj and

government,; for each time, period. Table I shows, the contributors to -each

rate for the population, levels of interest.
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TABLE I

Generation and Attrition Factors for:Population Levels

total #opulationi Generation Attritior.

none 1. insurgent combnt attrition
_2 po0-e ,combat attrition rate

Neutral Population Generation Attrition-

L. propaganda convertion I. propaganda conversion-neutral
insurgent to neutral to -insurgent

2. propaganda conversion 2. propaganda conversion neutral
gCovernment to neutral to government

'Insurgent Populati6n, Generation Attrition

1. propaganes conversion neutral 1 . propaganda conversion insurgwnt
to insurgent to neutral

2. propaganda coiversion governr- 2. propaganda conversion. insurgent
ment to insurgent to government

3. insurgent combat attrition rate

Government Population Generation Attrition

1. propaganda conversion neutral 1. propaganda conversion government
neutral to government to neutral

2. propaganda conversion 2. propaganda- conversiofii government
insurgent to ,government to insurgent

3. police combat attrition rate.
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IV. DESCRIPTION OF THE COMPUTER SIMULATION

A corr puter simulation was written for this study in D~YNAMO HI for the

IBM 360-67 computer. The DYNAMO 1I compiler was designed by the In-

dustrial Dynamics Group at the Sloan School of Management, Massachu-

setts Institute of Technology, to provide a computer language to complement

the system dynamics method of modeling. A complete description of

D3YNAMO I1lis found In the DYNAMO II User's Manual [5]. The simulation,

therefore, Is structured in much the same manner as the model which was

described in Chapter III.

The simulation advances in one-month time steps for as many months

as the analyst desires. Through a system of time subscripting unique to

DYNAMO 11, the levels, which describe the state of the Insurgency, are

computed at the beginning of each one month time period, using hites com-

puted with inputs from the previous time period. For example, the present

insurgent generation rate to and subtracting the insurgent attrition rate from

insurgent popitlation level in the previous time period. The insurgent

generation and attrition rates would have been computed during the previous

time period.

There are four types of equations used in the simulation: level, rate,

auxiliary, and initial value. A level equation was Just described in an

example of the DYNAMO time procedures as they apply to this simulation.

The important level equations in tho simulation are total population.
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insurgent population, government population, neutral population, govern-

ment troop level (regulars), government troop level (police), and insurgent

troop level.

There are two rate equations associated with each of the important

level equations mentioned above. One rate equation depicts growth in a

particular level and the other depicts attrition or reduction in size. just

as in the level equations, new rates computed in each time period are

retained by the DYNAMO compiler for use in computing present level values.

Auxiliary equations are used principally to provide input for the rate

equations. They are always computed for the present time period, using

input from the present time period. An example of an auxiliary equation

is provided by the computation of the probability of an insurgent's con-

version to neutral status by' propaganda. This probability is the product

of the present values for the probability that the government reaches a

citizen with propaganda, the probability that the citizen 1.- an insurgent,

and the probability of converting an insurgent to neutral with propaganda.

The resulting value is then used as a propaganda coefficient in the Insur-

gent attrition rate and neutral citizen generation rate equations.

i Included in the topic of auxiliary equations are three special DYNAMO

function types used in the simulation. These functions are the tabular

function, noise function, and delay function. The table function is a

table look-up routine for which the argument is present value of some

system variable (i.e. levels or au'ciliaries). It is in these tables that

most of the critical assumptions of the model, and therefore the simulation.
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are contained. Since the individual tables will be discussed in detail in

Chapter V, it is important to note only a few characteristics of the tabular

function here. The independent variable for the table and its range of

values are set forth in an auxiliary equation. A "table" expression follows

this auxiliary equation. This expression provides values of the dependent

virtable at specified intervals. The program uses linear interpolation to

arrive at values between the provided coordinates.

The noise function is used for the generation of random numbers,

which are uniformly distributed between -1/2 and +1/2. This function can

be modified by a linear transformation to broaden or narrow the range of

numbers generated and Is most useful when used as a cor.fficient to reflect

the effectiveness of military intelligence. For ev-.mple, an intelligence

coefficient of this type is used to compute both the insurgent and govern-

ment evaluation of enemy strength.

The third special DYNAMO function used in the simulation is the delay

function. There are two types of delay functions used in DYNAMO. The

first simply holds up the delivery of information to the decision-making

process or material to the system by a user-specified number of time periods.

An example of this type of delay is provided by the delay brought on by the

need to train troops before using them as replacements. After the specified

delay all the material or information is allowed to reach its destination at

once.

The second type of delay used also stops delivery of information or

material for a specified number of time periods. In addition, this delay,
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after the waiting period has passed, allows only a portion of tho informa-

tion or material to arrive during succeeding time periods. That is, after

waiting the required time, the information or material is allowed to only

trickle into the system.

The initial value equations occur in three forms. Some initial values

are provided as numerical input by the user. Equations are also written

for initial values of certain variables, using constants and the initial values

of other variables as input. Many initial values in the simulation are com-

puted automatically by the DYNAMO compiler.

For this study the program written is composed of the foor major

equation types and the functions discussed above and is constructed around

three major parts: population, propaganda, and military. The population

segment of the program is composed of level equations which describe the

division of the population among the government, insurgent, and neutral

factions as well as the size of the total population in any time period.

The rate equations associated with each of the population levels are in-

cluded in this segment also.

In the propaganda sector the levels of interest are those which describe

the current propaganda effort for both the government and insurgent groups.

These levels are used in the functional relationships of the propaganda

sector to provide input to the relationships which compute the propaganda

probability coefficients (i.e. the probability that a citizen switches his

allegiance from one population faction to another). These coefficients are,
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in. turn, used In the population, rate equations. The propaganda effort

levels are computed from auxiliary .aquations..

The military sector contains the -equations for combat as well as those

for troop replacement. Government troops (regular), government troopt

,(police), and insurgent troops are the important levels in this sector.

There are also levels for total insurgent troops: killed•and total government

ftroops killed, but these -are only for scorek3eping purposes.
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V. ASSUMPTIONS AND RATIONALE

The insurgencr .growth. model, was discussed In general terms ini Chap-

ter Ill. Chapter IV provided ail explanation of the DYNAMO equAtions and

functionsý used in the simulation written, for this study. The basic structure

of the simulation was also discussed in. Chapter IV. This chapter provides

a detailed description of the assumptions employed In the simulation.

The organization of'this chapter will be based on the framework of the

comput. program.•. That is, there will be three -majo areas for discussion:

Population -equations, propaganda sector, !military sector. Much. the

material that follows wAIl be couched in terms of the D)YNAMO equations

and functions used in the simulation. Therefore, some review of, the

material inth- pievious two chapters will be implicit in the presentation

of this chapter.

The first section of the simulation mfidcerns population and contains

the most important levels in the modell., The profile resulting fromn the,

breakdown of the population among the three, factions; gover, 1zne ft, neutral,

and insurgent; yields a revealing statement about the state of the insurgency

at any, time. Also, the values that the three levels, for population take on

largely determine the behavior of the system. The initial values which.

must be supplied to this section are total popu~lation,, insurgent population,,

and government populatidn. These values are entirely arbitrary. The -at-

trition and generation rate equations associated with each population level
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depend on the coefficients for propaganda effectiveness which are generated

in the propaganda sector and the population attrition terms found in the

military sector.

In Chapter III, it can be seen that the propaganda effort for both the

insurgent and government sides was scaled from zero to ten. It is clear

that for interpretation, the propaganda effort should probably be expressed

in terms such as manpower or money. However, the relationships of the

model are stated, in a relative sense, so th&t the zero to ten scaling is

useful.

The propaganda effort decision rule for both sides makes use of the

exponential smoothing technique. If we let E be the actual propaganda

effort I months ago and let I be the indicated effort ("indicated" in the

sense of a current system goal) I months ago, then the decision equation

for either side takes the form,

NEW EFFORT= a I1 0 + (-a) E

where 0 <c 1. By substitution this equation becomes

NEW EORT=oil+of+(1--&)I +of(1-a) 22. ...
0 12

Thus, it is apparent that our assumption is that the insurgent and govern-

ment decision-makers rely on both the present indicated effort ,ind the

past trend to determine the actual effort to be devoted to propaganda in the

present time period. The coefficient for either side must be chosen by the
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user to be representative of the system under study. Clearly, the larger

a becomes,, the more responsive the system becomes to the indicated effort,

and consequently, to random fluctuations in the system. As. a general

rule 0= 0. 1 provides a satisfactory compromise between a system that 13

too stable and thus fails to. follow changes in. the real system and a system

th.iat fluctuates wildly with immediate indicators (2].

The term indicated effort was mentioned above in the .context of a

demand made or a goal set by the system in the present time period:. This

is really what indicated effort is, and is established for each side by a

functional relationship. (Figures 1 and 2). The, independent variables for

the insurgent and government indicated effort functions are the insurgent

and government perceptions-, respective!y, of the ratio of government poiu-

.lation to the total population. These perceived ratios are -arrived at

through a uniformally distributed intelligence proportionality coefficient

for each. side- to the actual, ratio. These intelligence coefficients reflect

the possible percentage error by ,either side in estimatlng the ratioof

government population to the total pcpulation. The range-of this coef-

ftlcient for the insurgent group is -1.4.1 to -0.1i and for the government side

the ,ange is -0.2 ,to 0. 2, -giving the advantage of better intelligence to

the insurgents. This- seems to be a reasonable approach since the insur-

gents have the, Initiative in-~recruiting from, the population and are generdIly

better oiganized at-the local level than, thne governmenit.

Both of the indicated propagatda effort functions in Figures 1 and, 2

are based on an intuitive idea of: what the emphasis on propaganda, might
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be ofo each side based on the current goverlimernt share o~f the population.

When the government -oriented -population Is large, relative to the total

population, the insurgent population will be relatively small and concerned

mainly with -bu ildiuig ~po pular support through propaganda-. On the.c0ther

bhand',,as the government's share of the population bec-',es small, the in-

surgent force will, probably become rreoriented toward pure !=ilitary

action, designed to drive the gbiwrnment completely from power. The,

governmeniVs poropaganda effort is largely undisturbed, except At the,

extreme end3, 'by the character of the, conflit. This is undoubtedly true

because the government i6 more ableto conduct operations simultaneously

In both spheres-of the conflict.

Oncp i the decisrio-making process has, produced values for the prnoa-

ganda effort for bothpsidesp the propaganda probability coefficients must

-bedervd. In Chapter 111, Description of the Moudel, it was shown that

these coefficients represent the probabilities associated with six events,

() neutral citizen changes allegiance to insurgents, (2) government citi-

zen chuanges allegiance to insurgents, (3) government citizen changes

allegiance to neutral, (4) insurgent changes aoleriance to neutral, (5)

,insurgent change3 allegiance to government, and .(6) neutral changes al-

legiance te government. the probabilitces associated with each-of these

six evenits are compuited as follows

'F'(x changes to y thi's time period)

P(gort. or ins, propaganda reaches -a citizen)

_Ptthe cittze p is x)w

_Pgovt. or Ins. prnpagandi changes x to y)
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The ipirobability that a citizen is x (where x represents insurgent:, govern-

merit, or neutral) is simply the ratio of x citizens, to the total population.

There are two functions (Figures 3 and 4) which relate propaganda

effort to the probability of reaching a citizen, one for the government and

one, for the Insurgents.. The two curves in Figuies 3 and 4 are similar: at

low effort levels the probability of reaching a&citizen Is low,, in certain

raniges the incremental return for an increase in effort is large, and at

higher effort levels, diminishing marginal returns are experienced. These

ideas may' be intuit.vely appealing since one would expect that at the

lower levels of effort propaganda 'would' either be highly specialized or

- - spiead very thinly over the entire population,. Furthermore, one might

expect'that as. the effort increases, more and more people ate exposed to

-prcpaganda. Finally, the-tdiminishing marginal returns experienced re-

fle.-ts a situation in which the main portion of the population becomes

saturated with propaganda and the more elusive segments of ýthe population

-remain to be reached (e.g., insurgents trying to reach middle-class citi-

tzens of large government controlled population centers).

The two curves for the probabilities of reaching citizens with propaganda

differ in that insurgent :propaganda is portrayed as being generally more

effective in reaching'the population. The insurgents have the advantages

of being- close to the ,people and of having only one 'area in 'which to con-

cejitrate their effort.

'The functions representing'the probabilities of. propaganda causing

citizens to shift from one faction of the population to another -are found in
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Figures 5 through 10. These functions, reflecting the results of govern-

ment and insurgent propaganda efforts, differ only in that the insurgents

are represented as having the advantage of greater effectiveness in winning

over the neutral population and that their own people are less prone to

becoming neutrally oriented than are the government's. These two dif-

ferences are not hard to believe when one considers, once again, that the

insurgents are closer to the population and are, therefore, able to bring

more pressure to bear on the neutral faction. Also, the government citizens

probably would be more likely to become neutrally oriented than insurgents.

One can reason that when a citizen becomes an insurgent, he makes more

of a commitment, both physically and psychologically, than he does to

the better established and more familiar government cause. Finally, that

neither side has much success in directly converting citizens of the other

side is not unrealistic since a shift of this type is probably psychologically

difficult and may be fraught with danger for the persorn making the shift.

In the military sector, the tone of activity is determined by the number

or troops the insurgent group hds in the field. The size, of the insurgent

troop force is structured to depend on the size of the insurgent population

relative to the total population, or,

INSURGENT TROOPS = (percentage) (no. of insurgents),

where "percentage" is found by entering the function described in Figure

11 with the ratilo of insurgents to the total population. A curve such as the

one shown in Figure 11 is plausible for several reasons. First, when the
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insurgent share of the population is small t',ie emphasis will not be on com-

bat but on building popular support through propaganda. Therefore, only a

small, portion of the total force needs to ,se dedicated toU military tasks.

As the insurgent gioup growsi, ihie emphasis begins to shift toward military

iacIo, ,and the fraction-of the total force emplovyec as troops increases.

There is, however, a maximum value that this percentages can bake on (in

this case, 0.7). After tnis point, when the total force is large, increased

logistic and administrative requirements will undoubtedly necessitate re-

duction of the portionmof the force dedicated to Gombat duties.

The insurgent -force is represented as having the, capability to replace

any troops ;lost through combat -attrition in the time period following. the

loss, G.rernment troop-replacemnent is treated, as being subject to slightly

more complex decision rules, beginning with an "indicated" troop.-require-

ment. The indicated troop-requirement for the government is established

in any time period through the functional relationship shown in Figure 12.

There are two salient features of the function for indicated government

troop requirements. First, in the -a.ea of Figure 12 called guerrilld warfare,

the government has constant indicated strength requirement of 1000 troops.

Second:,, in the area of the figure labeled conventional warfare,, the relation-,

ship between government troop strength and perceived Insurgent troop

strength is linearly Increasing.. The feature of the Indicated government

troop strength function concerning the Change in the relationship between

.ndicated government strength and perceived insurgent strength at a level

-of '1000 insurgent troops, recognizes the probable fact that as insurgent
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strength grows, battle will begin to take on more of the charactistics of

conventional warfare. That is, when the insurgent military force is small

a high ratio of government troops to insurgent troops is desirable for the

government side. When the insurgent force becomes larger they will

probably begin to engage more freely with the government forces in large

unit operations, allowing the government force to use more sophisticated

weapons, lessening the need for numerical superiority.

The government perception of insurgent troop strength is derived in

the same manner as the government intelligence estimate of total Insurgent

strength in the propaganda sector. That is, the actual insurgent troop

strength is modified by a government intelligence error coefficient. This

coefficient provides for a uniformly distributed error of ± 20 percent.

The indicated government troop strength obtained from the function

shown in Figure 12 is used in several decision rules which cumulatively

determine the actual strength maintained in any time period. However, the

initial value for government troop strength is taken as the first value of

indicated strength. These decision rules will be discussed after an

analysis of the attrition portion of the military sector.

Chapter III gave the equations for government and insurgent troop

attrition as

GOVT. ATTRITION = FCI TTI

and INS. ATTRITION -FCG TTG • IC,

where FCI and FCG are insurgent and government fighting constants which
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take on values as shown in Figures 13 and 14. Chapter III described TTI

and M.. as the total troops involved in combat for the insurgents and the

government in any time period, and IC was shownr to- be-a variable equal-

to 1000 if the- insurgent troop str~ength, is greater than '1000 -and equal -to

TTl' if insurgent troop strength is less than 1000. -the tocdal troops involved,

in combAi for both sides is simply equal to the troop strength for each, side,

if insurgent, ýtroo p strength is below 1000. 'When ýinsurgent troop strength.

becomes greater than 1000, tTfl and 'TTG are equal and derived from it'Ie

following'relationshipý

'TI =T- (expected no'. of engagements)

(avercagp force size),

where the expected number of engagements and average -foice size, for both

sides are obtained 'fromt~he functional relationships in. Figures, 15 and. 16,

respectively.

The functions shown, in Figures 13, 14, .15, and' 16 undergo a funda-

mental change At the 1000-troop level, for insurgents. The twio functions

for the fighting constants, are fixed at 0. 1 -.)d 0. 0001 for' the insurgen' s

and, the government respectively, until an, insurgent troop level of 1000 It

* achieved. The fuhctiohs~ for -exptecied nuibe of engagenients: and average

Jbrc s ize, are also -gnsan up to 4-lý 1000 insurgent troo level. Thoee

chafige*- reflect thw. Mvebient'away ftom gju~rrllawr~etwr oe

conventional warfare.., Tbe 4xpedted numiet of enigagements; increases from

oneý y.-e pr-Alme period to a Maxi mumo thirpr time pert d.-
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When less than 1000 insurgent troops are present, the force size for

both sides is automatically set at their total troop strength. This procedure,

coup led with the constant value of 1.0 for expected encounters, has the

effect of entering the entire troop strength of each side into the-attrition

equations when the 'insurgent army strength is below 1.000 troops,. We

shaUl see in Chapter VI, that this procedure is justified in view of the

fairly, realistic results obtained from the simulation in Ithe area of guerrilla

wa-fare attrition, rtes.

,The fixed fighting constants for both sides during the guerrilla warfare

phise imply that the state of warfare is somewhat static. Neither side is

able to improve its pos~tion relative to the other in terms of weaponry

because of the skirmish-ilike characteristics of battle in guerrilla. warfare.

Once warfare.,mroves into -the conventional stage, both sides improve, their

weapons efficiency linearly -with time. The goverri•'ent force is allowed- to

do this more rapidly because it presumably -has more resources available

for this purpose. Moreover, the constant, IC,* in the -insurg.t attrition

equationremains fixed at I000 after the shift to conventional %arfare.

'Tnis has ,the effect of maintaininj the government's fighting 'constant on the

sameorder of magnitude as the' insurgent's. These changes acdomplish

the shift in Lanchester's equations discussed in Chapter III, from insur-

gents using aimed fire and governmeit forces using area fire in the guerilla

warfare stage-tO aimed fire for both sides in the conventional warfare stage,

With comabt-attrition occurring in every time period, tmop replacement

is naturally a subject of !nterest for both sides. Chapter [II outlined 'the
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decision rules for troop replacement. We will now examine the factors

behind those decision rules.

Earlier in this chapter it was mentioned that the insurgent force is

allowed to replace its losses, man for man, in the time period following

the one in which they were incurred. This should be a reasonable procedure

since the pool of men from which they draw replacements is present in the

area in which they operate. Additionally, the "percentage rule", which

each time period establishes the fraction of the total insurgent population

to be devoted to troops, will never allow the insurgents to exceed their

available manpower.

The government force, on the other hand, has some quite different

troop replacement problems. First, the government military force is split

between police and regular troops. The police must be recruited from the

local population, and the regular troops are replaced from sources outside

the system (that is, outside the contested area). Additionally, in the

matter of maintaining a sufficient force in the system (area) under study,

the government is of course concerned with making best use of its re-

sources (troops). For this reason, then, the government must have decision

rules not only for correcting troop shortages in the system but for removal

of troops in excess of the number desired as well.

We previously discussed the procedure for computing indicated govern-

ment troop strength through a functional relationship dependent on perceived

insurgent troop strength. In the simulation, this value is compared with

present total troop strength, police and regulars, to find shortages or
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surpluses, The disparity foi' police- forces is noted ffst. The number of

police desired is, determined i,,y a fixed (user supplied, ratio, of police to

the' population, 0. 05. in this simulation. If a, polce shortage exists, the

numberý required is added. o the, force after A recruiting 'and training delay

of three mnonths. Any police in excess ofthiose ~required are removed only

through comnbat: attrition. Shottages' nte nmeo rglrtrops r

replaced-after a~ delay of three 'time periods (months). The replacement

troops begin arrtVing after three time periods, but, theý entire replacement

requires: several time periods for completion.

Removal of a surplus in the number of regular governmenit troops is4

accomplished- afte -r a delay of the same magnitude and- type as that for

regular troop replacement. A rule reflecting the -government's desire -to

take advrantage of economyý of -scale is -used in the~decision-making process

for trobp withdrawal. The rule allows troop wit16hdrawal in a-'time period

-orly, if the number of surplus troops exceed's 1,00 mene,

Ira, this chapter, we have discusse.i the assumpttons which~are input

fl forthe insurgency growth simulation. The next chapter wAl 'be devoted to

a detcription~of some~Of Lae results'obtained from the computer simulation.
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VI. SIMULATION-REFSm.TS

'In this chapter, we will Invebtigate some of the- results obtatndiAe

from the -Insurtgency growth simulation. The. hytothetical data used as in-

put. for the simula tion runs to be discussed, her&Oarg, essentially -the same

as, those, discussed in tche ,ptevious chapter. All the simulation runs were

for 60, time periods, which, corresponds to 5 yea!zs in the time context of

the zequatipns of the -model. Simulation runs Were conducted for a variety

of-initial population profiles,, which ranged, from 120 percent of the' total

population for the government and 1 to 5 -percent for the insurgents, A

short discussion of the. format of the output from~a tV.YiNAM6 program will

preceed 'the ýdiscussion, of the. actualI output of thc s imulation,.

A. OUTPUT FROM THEDYNAMOCOMPILER

The D)YNAMO compiler provides for two forms of )utput: tabular and,

graphical. The tabular output allows the user to print any 40a ntilty, des ired.,

Time is automatically printed, in the leftmost column. The, user may specify-

the quantities to be printed in each of fourteen rehamingn columns. The
variable name of.th~e quantity-to be tabulated is printed at the too~di the

page. The scale factors used are printed uinder etch variable name. The

0YNAMO co~mpiler will provide automfatic scaling if desired~, or the user

May speiy tesaling-of the quantities to be parited,. All variables

classified as levels or auxiliaries (intermediate re sults) correspond to t'hef Instant of time indicated in -the row in which they'appear. RAte~s, such as
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population generation and attrition-, on, the other haýnd,. correspond to the

interval fro~n the current time, period to, the next. In other word's,, the

government troop- attrition rate for time period- I would actually correspond

to the attrition rate over the intorval' (i. j').

The~graphical form of output in. DYNAMO provides a time-dependent,

plot of the s imulatiohn:output qua ' Yities. Up to ten, quantities may -be

specified foz each plot. The us,&r may plot all quantities on the same, scale,,

specify diffetent scales for the quantities, or let -the DY-NAMO comolier

choose the most convenient scal~es for the quantities to be plotted. 'In any

casel, the variable names- appear to the right of the-appropriate scales at

the top-of the graph. The plotting symbols for the variables are -also

'Indicated at the top of thie graph.,-

B. 'VARUABLE.S AS- NSURGENCY INDICATORS

There are several quantities which may be--obtained as-output fromh the

simulation -vhticr wilii serve as, useful indicators about the progress of the

A ~insurgency. The most obvious indicators are the population profiles at any

time.. The- values for the- insurgent, government, and neutral populations

describe the state of -the system in absolute ýterms. The ratios of insurgent,

-government-, and neutral- popu~lations to the total- population -also yield this

information in a -more easily absorbed, relative form.

In the, propaganda sector it, is desirable to present the relative effective-

* -nessof government -and insurgent propaganda. Two expressions which yield

a measure Otfrelative propaganda effedtiveness Lvt a, particular time period

are the ratios of the- number of citizens changing their allegiance due to
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government Propaganda to the ýqovernment propaganda effort and the -number

of tlt!zens changoing theýir allegilance due, to insurgent propaganda. to the

insurgent propagad fot h nmerators, pf the se-expressitons, include

all changes -in allegiance -ii a time period,. For example. -includedl In

changjesyof allegiance due to- government propagoanda-,are 'ihsurce~nt-toý-noutta1,

insurgent-to-government, and neutral'-to-governiment.ý

there are-Ttwo, types of useful indicator~s to be found in ,the, military

sector -of the model. 'the first of these it a running, total of the government

and insurgent ttroops killed in combat. The second is the coimputbtibn of

an exchange ratio-at the end of each time period-as follows,

='Govt. killed- -(
Exchangie Ratio Ins, killed ()

Two add itional' inidicators which might býe usefful in describinjg the

4 overall dynamics- of zhe insurgency system At any timfe, ate variables which

will- yield-the percentage change in. the §o'~ternment and insurgent populaý-

tions over -each time, period. These, variables take -the form~,,

Govt. % change (i. J) ~ ( Govt. po.(j rbti 6. '(1)
Govt.'pop. (i)"

6fnd

Iins. %change- (i, J) _j.PP 1 Is O. ()
Ins. POP. Wi)

These_ variables are useful nt: -only in a relative sense, that Is, for a

60 6a-ý1 ,1jj~



direct comparison of government and insurgent rates of increase or decrease

in population., but in an absolute sense for studying the behavior of the

system. In other words, as the rates of increase or decrease for both

sides become small, the insurgency system is clearly slowing down to a

form of equilibrium.

The indicators just discussed along with the values of other variables

will now be used to describe the output obtained from several simulation

runs. Two forms of output will be employed. One will be essentially

military, with exchange ratios, the running totals of troops killed, the

troop levels for each time period, and variables describing the troop re-

placement process. The other form of output will involve population quan-

tities and ratios as well as the propaganda effectiveness indicators.

The most interesting. output is that for which the initial population

profile is heavily neutral. Specifically, the results selected for study in

detail are from the simulation run with an initial neutral population of 79

percent (7900), an insurgent population of 1 percent (100), and a government

population of 20 percent (2000). This particular simulation run was selected

because it gives the best description of the entire spectrum of system

activity. That is, as shown in Figure 17 both the insurgent and govern-

ment populations begin small and grow relatively slowly up to the 20th time

period. Until time period 29, the troop levels, Figure 18, are also small,

allowing the observation of government and insurgent propaganda effects,

as well as the guerrilla warfare phase, in the combat sector. After time

period 29, troop levels increase, and at time 35 the insurgents have a
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combat force in excess of 1000 troops. This allows the observation of

the next phase of combat, conventional warfare, as well as the troop re-

placement procedures of the government side.,

"The results for the other initial population profiles (i.e. 30% - 60%

government and 5%. insurgent) are similar to those of the run which is being

examined, in that the growth patterns are essentially the same for the popu-

lations and troops. Also, 'the approximate ratio of insurgent population to

government population after 60 time periods is, . 70., for all initial popula-

tion profiles. The important difference in, the output between the 1%- 20% -

79% insurgent-government-neutral population, profile and. all, other beginning

profiles is the rate of population, growth, and ,the consequent rate ofcombat

forces growth. With the larger initial allocations for government and in-

surgent populations we see an immediate rapid growth in the insurgent

population and arapid initial decrease in the government population. The

principal, c~ause for this anomaly is that the functional relationship for the

-insurgent propaganda effort depends on the ratio of government population

to the, total population (Figure 1),. When this ratio is large initially,, a high

initial insurgent propaganda effort is dictated'. This results in large initial

gains for the inisurgents.

The graphicaloutput for the 1% - 20% - 79% initial: population profile

can be seen in Figures 17 and 18, and the tabled output is contained in

Tables Itthrough V. The growth in both populations in an absolute sense

appeaOs to be rather small until time 19'. This'is s mewhat misleadingf since, as seen in Table III, the growth rates for the government and insurgent
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populations per'time period are 2% to 5% Snd 4% to %, respectively. How-

ever, since the -populations are still small ,un'il time 19, the troop levels

are low,, as are the ,insurgent and government death rates. Obviously,

troop replacement poses no problem for the government Sforce dvring this

interval.

At time 19 both the, government andý insurgent populations begtn to grow

"rapidly. This just mark-s the beginning of rapidly increasing propaganda

effort -on both sides at about the time the government attains, a 30 percent

share of the total population (Figures, i and 2 of Chapter IV):. The insurgent

troop force also- begins to grow tatber rapidly after time 19, but combat

does not become, a, major consideration ,until about time 35.

At time 35, the insurgent co,.,bat force exceeds 1000 men for the first

time.. This marks the shift toward more convention&l warfare. There are

several characteristics of the output worthy of note after time 35,. First,

the rates of chaige become severely dampened by combat, during tWs

phase of more conventional warfare. The government and insurgent pOpu-

lation ratios are high at time 35, and', as a, consequence,, the propaganda

effort on both sides is high. However, -increased combat deaths on ,both

sides produce net decreases in'both populatiorns,

In Table IV, it can be seen .-hat the exchange ratio4, or the ratio of

government dead -to, insurgent dead, is almost constant at 2 for ,each time

period up to time 34. At time 35, 'this exchange ratio begins-'to decrease.

The decrease in the exchange ratio is explained by 'the irncreased ability

of Athe government force to use superior ,weapons, as the, character of the
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conflict becomes more conventional. The changeover to conventional

warfare can be noted in the rapid linear increase of the government fighting

constant at the 1O000-insurgent troop level in Figure 6., Chapter IV.

After the insurgent troop strength reaches 1000 men, according to

Figure 5 inChapter IV, the indicated goverinment troop strength will match,

on a-one-for-one basis, the government intelligence estimate-of the number

of insurgent troops. From Tables IV and V, it is apparent that the indicated

troop strength and the actual total government troop strength never match

the-actual insurgent troop strength. Thereare two reasons for this dis-

Crepancy. The first reason is that indicated government troop strength

is based on an intelligence estimate of the actual insurgent troop strength.

The error in this estimate is uniformly distributed between -20 percent and'

. +20 ,percent. The~discrepancies found in Figure 18 between indicated

government txroop strength and actual insurgent troop strength arefound to

be Within these ,parameters.

The second reason for these discrepancies is attributable todelays in

government troop replacement for both regulars and police as well as delays

'in excess troop-withdrawal in the case of regulars. These delays, cause

the total actual troop strength to consistently lag indicated troop strength.

The delays, for regular troops and police replacement and the delay for

regular troop withdrawal are cascaded. That is, a demand is- made in time

period I, and, after i + delay time periods, the demand begins to be sati-s-

fled. It is, completely satisfied incrementally 4in each of several time

,periods thereafter. This is not readily apparent from, looking at the output-
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data in Table V. However, one can see by comparing regulars desired

with regulars, added, regulars tn excess of demand with regulars removed,

and police-desired with police added that there is clearly a lag in system

'response to demands placed upon it.

Finally, something'should be said about the behavior'of the; system

in the latter part of a simulation run. *Between time periods 36 and 39, in

the simulation umn under consideration, ,the, rates of change of the insur-

gent and oovernmdnt populations for each time period, describe a' transition

toý a period'iof relatively little net activity in, the. system.. While the troop

levelsu.are still relatively high,-and propaganda effort is still, being expendtd,

the system has apparently- settled down to a situation in which -neither side

: 1 makes appreciable gains or suffers appreciable losses in significant

"lengths of time. This pheonomenon is reflected in the. ratios. of government

041itins:to insurgents, insurgents to total. ppopulation, -and government

dltislens to total, population as well as the rates of populatton change for

Moh-ts..e priod,
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TABLE Ii

SSimulation Results: population Profiles

Time -Government Insurgfent ?utral
Population Population 1-opulation

0 0010 7V0
"" 204.9. 103, 748
2 2100 105 7794

3 2152 109 ?739
4 2201' 112 2687

5 22521 115 17632
6 2304 118 7577
7 2358 121 7520

924-10 126 '7463
9 2465 130- 7403

10- 2521L 135 7282
vi 2575 *1 r2822'
12 2628 147 7223
13 2682 54 162
14 2736 161 7101
.1 5789 168 7039
16 2842 1'77 6978

17 2899 186 6911.
18, 2965, 195 6835
"19, 305 206 6734
20 31815 21? 6594
21 3355 23 6401
22 3581 265, 617
23 3810 301 576'-
24 41 '0 355 5476
25 4596 4_23 497

265 5022 522 '4444
2g, 535,9 666 39E-I

" 5527 906 3554
2 9 .4-73 1,208 -3294

630 5266 1557 3140
31 4995 1'06 30o4o-
32 4692' 2238. 2974
33 4492480 ~7,
34 4258 2654
35 4082 27,76 27

36 '4007 2880 2783
37 3935 2944 2764

38 3869 2985 2751
9 3&32- 2990 2737

40 .3821 2969 2720
41 3814 2942' 2704
42 380i 2923 26,97
43 3787 2907 2676
4_ 3760 2903 2664
45 3726 2905 2653
,46 37Q9 2894 2637
47 3692 2879. 2623



Time Governmenot Insurgent Neutral
PooAlmatiqn Population -populA-tion.

-48, 3691 .2851" 26C7
49 3674, 2837 25
50 3669 2816 2580
51 3663 2795 2568
52 3671 2765 2555
53 3673 2743 2543
54 3650 -744 2536
55 3644 2735 2523
56 3638 2722 251,0
57 3651 2690 2496
58 3675 2649 2680
59 3698 2612 2467
60 3707 2591 24.8
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TABLE III

Simulation Results: Population Ratios and Growth Rates

Time Ratio Ratio Govt. Ins.
Ins. to Govt. to Growth Growth
Total Pop. Total Pop. Rate Rate

0 .01 ;20 .000 .000
.01 .21 .024 .027

2 .01 .21 .024 .026
3 .01 .22 .024 .029
4 .01 .22 .022 .028
5 .01 .23 .023 .028
6 .01 .2, .022 .028

.01 *24 .023 .028

.01 .24 .022 .033
9 .01 .25 .022 .035
10 .01 25 .022 .041
11 .01 .26 1021 .040
12 .01 .26 .020 .042
13 .02 .27 .020 .045
14 .02 .27 .020 .045
15 .02 .28 .019 .048
16 .o02 .28 .018 .049
17 .02 .29 .020 .049
18 .02 .30 .022 .053
19 .o02 .31 .030 .053
20 .02 .32 .041 .065
21 .02 :3 .054 .082
22 .03 3t .067 .116
23 .03 .38 .063 .135
24 .04 .42 .091 .179
25 .04 .46 .104 .191
26 .05 .50 .092 .235
27 .07 054 .067 .274
28 .09 -55 .031 .352
29 .12 .55 -. 009 .341
30 .16 -53 -. 037 .289
31 .19 .50 .051 .223
32 .23 .47 -. 060 .17
33 .25 -45 -. 049 M
34 .27 .44 -. 045 .070
35 .29 .42 -. 041 .045
36 .30 .41 -. 018 .037
37 .31 .41 -. 017 .022
38 .31 .41 -. 016 .o013
39 .31 .o40 .009 .001
40 .31 .40 -. 003 -. 007
41 .31 .o40 -. 001 -00
42 .31 .40 -. 003 -. 006
43 .31 .40 -. 003 -. 005
44 .31 .40 .006 -. 001
45 .31 .40 -. 009 .000
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46 .3l .40 -o004 -. 003
47 .3,1 .40 -. 004 .00.5
48 ,31 ,40 -. • -.090
49 .31 .4 )-,i004 -. 004
-3 .31 .40 -. 001 -,007

S51 .31. 41 -001 -:007
52 .31 A1t A02 -. 01o
53 .34 .40 .0o0 ,.oo8

54 31 41-.0066 .00055 .31 .41 -,0 -. 03* 56 .31 Al -00

-.30 .41 .005 -o01-l
.30 .42 .006 -. 015

59 .30 A2 .OO -. ,0o
60. C•e .0 -. 008

'71y

71*
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TABLE IV

Si-ziulation Results: Troop Piofiles

Insurgent Government Exchange
fTime, Troops Troops _Ratio
o a 1ooo a.oo1 - 1000 2100

1 1 1000 2.003 2 1000 2.00,

4 2 1,000 205 1000 2.C".<6 2 WO 2.CO
o 2 1000 2.00

8 2 1000 2.03

9 2 1000 2.00
0 2 1000 2.oo
10 3 1000 2.00b

2 3 1o00 2.0,
13 .3 1000 2.05,
'14, 3 1000' 2.00

5 4 000
16 4 1000 2.001.5500 2 * CX

561000 2.00
19 6 1060 2.00
20 6 1000 2.00
21 7 1000 2.00
22 8 I00O 2.00
23 10 999 2.00
24 10 999 2000
-25 1 999 2.100
26 26 998 2Z.0k
27 .39 997 2.09
28 65 995 2.PC
;29 1.19 991 2.01i
30 221 986 2o02"
31 381 974 2.04,
32 50 949 2.o07
S780 918 2.129
34 937, 896 2i.16,
35 106,1 889 i.81
36 1200 973 1.50ý
3j 1,273 InL7 1.38

39 1355 1305 1.27
40 1361 1.501 1.26
4-1: ý1548 4?9, 1.-8
42 1333 1452 1.30
43 1324, 141~9 1.34
44 1317 1309 1.32
45 1319 1-142 1.31
46 1327 11,52 1.30
4 4 1321 1157 1.31
4 135 I11,94 l.32



Insuroent Government Excchange
time -Vop Troops Ratio

'49 1298 12 1-34
50 10-93 120 1.35

*51 1-980 1369- 1.3:
5.2 1Ž-68 15811 1.38
53, 1248, 154~6 .441
54 12P36 1399 1.43
55 1w4 1,124 1.43
56, 1236 816, 1.43

5?l7, '1230 Z91II
5' 1,207 9~9 4
6 1154798
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TABLE J'3

Simulation Resul-ts: troop, Replacement Figures

Regulars RegulJars Regulars Regulars Polie Police
Ti-me Desired Add'ed in Excess Removed Destred -Added

b 0 0 0- 0 0 0

3 .00 -0 0
4 0 0 O 0 0 0
4 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0

8 0 0 0 0 0' 0
.9 0 0 0 0 0 0
q10 0 0 0 0 0

16 0' 0 0- 0 0- 01

1.1 0 0 0 0ý 0

02 0 0 0 0 0'

19 0 0 0 0 0 0
-1 0 0 0 0 0 0

215 ' 0 0 0 01 01

21 0 0 0 0 0' 0

11 0 0 0 0.

24 0 0 0 0 0 0
29 0 0 0 0 1 0
PR6 1 0 0 0 0 0

o 0 0 0 0
1 0 0 0 0 0

23 0 0 0 0 0 1

-- •308 2 0 0 O5 3

24 0 0 0 0 0 0
-2• 1 0 0 21 0
23 1 1 0 0 0 1
3 8-2 0 0 10 30

35 10-4 0 0 28 41
36 11 6 0 0 6 19

33 80 0 0 13
,~ 12 16 0 0 0 84

3387 1507 0 0 216 5
40 2612 0 0 35 10
41 2 0 0 0 91 20
42 103 05 60 0 08 416

33 7 00 ~ 0 08
1244 0 06 0~ 75 0 4

35 08 10 02 13 26 4

4624 31 0 0 14 16

-- 47 143 29o 0 0 15
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Regulars Regulars Regulars Regilars Police Police
Time 'Desired Added in Excess Removed Desired Added

48- 314P 67 000 7149 0 0 15, 39 20- 0
5 0 33? 105 0 10 R'11

51 340 181 0 0 0 21
52 164 234, 0 0 0 10.
53 0 0ý 346 70554 0' 0 514 120 2
55 0 0 365 2-51 46

56 0 0 25 289 911
434 101 0 0
325 172 0, 0 12,

-59' 420 .20 aL 28
60 145 g28i 0 0 1 1
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VII. CONCLUSIONS AND SUGGESTED TOPICS FOR FPURTHER RESEARCH

The foregoing development of an 4nsurgency growth model using the

systems approach has demonstrated that it is possible to ,model, a system

such as an- insurgency in the whole. That is, it is possible to cofistruct

a model which not only includes the essential variables of an insurgency

situation 'but their interactions as well. The remainder of -this chapter will

be devoted to recommendations -for the expansion and refinement of the in-

surgency growthmG 4

Now that the basic framework has been constructed for the systems

modeling, of insurgency, it, is apparent that the majority of the work

necessary to produce a practicable insurgency model: lies ahead. Within

the structure of this beginning, model, there are several refinements which

could be made in both the. propaganda and the military sectors. Refine-

ments could be approached In either of two ways. First, one could select

an existing, or past insurgency and' attempt to shape the model and. its re-

visions to fit that insurgency, specifically. The second course would be

to keep the model general by concentrating on attributes which -insurgencies

have historically held in common and by attempting to discern universal

characteristics. or trends in the behavior of those attributes and their rela-

* tionship-to each other. This second course has the advantage of usefulness

in application to hypothetical or incipient insurgencies.

The variable Called propaganda effort in-this modei is an aggregation

-of all the actions of a psychological nature the govetrnment or insurgent
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sides could take. Propaganda., in this model,, might also'beý defined, as

those actions by either side which are not purely military. Included 4in

this- variable areprograms such, as propaganda itself,, education, control

of the legal system, and civic action. One expansion of the basic insurgency

model, would be to ;build submodels for each of these, and perhaps other,

programs. The main inputs for submodels such as propaganda, education

and civic action would be variables such as money and manpower. The

group undertaking the program-,(the government and the insurgents) would

have to be implicitly scored on efficiency and the output could. be a proba-

bility statement about the effectiveness of the program ino persuading citi-

zens to change their allegiance. Attributes such as the one for control of

the legal, system might be expressed as an absolute advantage in terms of

contribution to the-overall psychological effort of either side. That is,

control of the legal system could ,be expressed as a percentage for both

sides which might be dependent onsome other variable such as physical

control of territory. This percentage variable could, then be used as a co-

efficient for the, other psychological programs of both sides, yielding a net

advantage in these programs to the side with majority control. Each of the

major programs should also be weighted proportionally according to their

contribution to the total psychological effort;

In the military Sector of-the model, the principal efforts shbuld be aimed

at more research. For example, it is clear that the-government side in an

insurgency Situation will tailor the size of its combat force in a Contested

area ýaccording'to its perceptior., of the sizeof -the insurgent combat force.
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The subject for ,research would be to discover what general trends (if any)

for government troop ,allocation are to be found in historical data and to

apply those trends in the insurgency mod~l. The same could be done for

variables such, a s the expect~ed -total troops involved in, combat in any given

time period for various force levels on each side and the relationship

between the insurgent share of the total population and the sizeof its com-

bat force. Further., it is apparent that any system such as one for combat

troop replacement, and reenforcement 'has inherent delays attributable to

such causes as xecruitmenrt, decision-making,, training, and transportation.

The topic for study 'in this area' would be to first find' the conditions which

contribute to these delays and second to find, the behavior of the delays

tinder varying conditions. For example, as an tnszrgency becomes drawn

out the delay due to decision-making is likely to shorten, while that por-

tion of the total delay attributable to *recruitment, will likely become longer.

Two other areas for expansion in-,the insurgency model bridge the nitli-

tary and psychological sectors. These are the areas of taxatiOn and troop

recruitment. Generally sj.eakino, it is unlikely that 'the insurgent .force

will recruit its combat troops directly from the population. Rather, ,the in-

surgents, will, in all likelihood', form their combat force from the hard-core

of Its existing complement. On the )ther hand, the full-time insurgent

group depends almost entirely on the local population for its livelihood.

As the group becomes more combat-oriented, the need, for -a larger full-time

organization-becomes greater. Hence, asthe insurgency grows, the in-

surgent group becomes more and moredependent on taxationof the local

population for survival. 78
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The government group has some advantage in the area ofltaxation in

that it does not have to tax exclusively in the area (or areas) in Which the

-insurgents are located. The government may even tax those areas, of the

count•y under firm control more heavily,, thereby relieving the contested

areas. On the other hand, the government must ýrecruit combat troops

directly frcm, the population.

* Ultimately, the effect of taxationof money and food and/or the, recruit-

'ment of manpower away from the, population, is to reduce the civilian standard

of living. Historically, contested, areas in insurgency situations have been

-ones~oi a 'low standard ot living. Undoubtedly there sxists a point at

which one or both sides. begin, to ,pay a ,penalty for taxation and& recruitment

in their psychological efforts. If an analyst were able to gain some in-

sight into what constitutes a perceptible change in 'the standard of living

in terms of money, food and. manpower removel froma given beginning

standard, he could include this factor as a negative influence on, both

sides' propaganda efforts. Experiments -could then be conducted using

various government recruitment and taxation policies. For example, one

might attempt to determine the net effect on the system of a governmental

policy of removing. enough food from the contested area population to

f reduce them to subsistance living, thereby denying supplies to the insuir-•

I gents. It is not clear what the benefits,and dangers of such a policy are.

- Ift carefully researched- and' constructed, this taxation and recruitment sub-

-I model could' be a most rewarding addition to 'the insurgency growth model.
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This insurgency model and the accompanying computer simulation were

developed to provide a basis from which others could , through additional

research, formulate an analytical tool for use by government planners and

aualysts in the course of dealing with the seemingly ever-present problem

of Insurgency. It is hoped that the suggestions for further research con-

tained in this chapter will encourage a continuation of the effort to produce

a practicable Insurgency growth model.
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APPENDIX

The following comnputer-pro-gram was written in IY-NAMO, 1 foi fhe

IBMý 3W6016 computer. The- peagram was em~ployed as arr insurgency growth

simulation in this; study.



* l~lS!)rrEI'CY fllUlTI' rTtoyrLI
flOT E
!ZOTE BEG I POP'LAT I Ot E¶)ATiO!!s
NOUTE
N PT-10000 TOTAL POPULATIWI
11 IfSZ41USC fUSuURGE11T POPULATIO,:

* II GC-GCC COVERA??MET POrULATIM0
C irjsc-ioo
C GCC-5000
11 P IPRE-wPIT 111S. PROPAGAUDA LAST )T,
If PGPR.E=PGT GOVT. PROPAGAR11lA LAST DT
H fIC-PT-tIFS-(TrnC ItSITIAL tIEUTRAL POPULATIO:l
Rt GCL=GC

L GCL.K*GC.J
A GIfIC.K-(GC.K-GCL.11O/GCL.K
LI IIISL. KuI ?S. J
A I I fC. K= CI ffS. K- 1,5 ,L.K)/fflSL.fK
L 1115.K1 tUS.J,0DT*(1GR..JK-IArl.J') 111S. POP. LEVEL

R MA~(mPtld, GI)ISKD. lS. POP'. ATTRITION! RATE

L GC:G.rlT(G.?-.f.K OVT.'!P~r. LEVEL

L fIC.K=tlC.J+DT*(?lICcr.JK-'ICAP.J!'.) INEIJTRAL POPUL~AT1O!' LEVEL
r?:c.LPflI*l.r!ClKe. !!EUTRAL POP. (SEtlRATION!
P. IICAR. KL- Plt! I :C.Uc. '~.r*r!G. * *:C.K r! !EUT;IAL P011. ATTP IT o-!!

NOTE
11OTE BEItffl PRlOPAGANlDA EQUATIMIG;
nJOTE

C AZERO-0

C ALPIIAI-.1 COIIS-TANT MOl EXP. SIIOOTI!IIJG, I NS.
11 11At PIM~ -OIIE-ALPIIA I
C ALP!IAC=.1 COfISTAN4T FOq EXP. SM.1COTHINIGf, CO'IT.
ff11 IALPUACEUE-ALrIIAG
NOUTE 3EGIII 1113. PnO'M"ASAUDA ElQUAT I O'S
110TE
L PIPRE.K=PI.J IUS1. POP.,.PREV. OT
A .PI.IK=ALP.%AI*PIT.r.+71ALP:IAl*Pprp.E.K INS. PRoPAGAWNDA
A PiT.1K=T ABLE(TPlTCRItO,.1 I!S., PROP.
T TPIT=(J,.l,.,.,,8,O,.25OTAL FOR~ IMS. PROP.
A GCR!.I.K .!*P*(GC.IK/PT.Kv)+,.%C.K/PT.K I!IS" LEST.' OF MOT. POP.
A I1Mf.K~lUOISEof5 WlS. ITITELLI(W.'ICE (IULTI Pl.I ER
NOTE
flUTE PROg!IALITY M1ULTIPLfErS FROtI INs. p.n1OPAGAtIDA
llOTE
A Ptir1I.1KwPflf.K*NCRZ.K*Pr.'f.K P11,01, * EIJT.A L-TO-H'S.
A PRI.KmTA3LE(TPRI..PI.K,O,1O,1) PMflp. 11.114. PROP. RrACIIES
T TPRIml.2 .0,O) 17.;..7 .7, ' T' Or, RI
A NCR;~ HCP. K !MElisnvuTL-.TO-TCAL POP. R/t iiO

*A PF~II.1K=TA.3LE(TPFM!I,PJ4!',f,IO1,1) 111.0-. iris. Pron rV VC

NOUTE
A Ptitfl.KmPRI~lý*flCna.r~r~rI.'K 'Uo'. GOVT.-TO-MtS.
A (ICR.KwGC.K/r'T.K GOVT.-~Tf-T(1TAL POP. PATIO

82 Pdrm



A PFG1.K=TA1LE(TPFriDI'Il.K,0,10,2) PR~O!% CcCGOES Iris.
T TFIOO5.,1,1,1,TA3LE FoR PFrI
NOTE
A PIIGUi. F=Pi I. K*GC,. K*Pr-rGU. t rpnn',. GOVT. -TO-IJEUTRAL.
A PF( .t;=TA3LE(TPFrII,P, .K,f),1O,2) P."O',. nC WOES NEUTRAL
T TPGSO.,2.~.t5TA'3I.E FOr PFCP!
NOTE
NOTE 3EGIll GOVT. PIZOPAGAMMD EQUATIMPIS,
tIOT E
A 1I.-Pit.'IrSKpI.*t'KP;'.*C.)/G
L pnpRE.K=PC.J PREVIOUS GOVT. PROP.
A Pr..K-ALP!IAfl.PGT.'+.1ALP?4i.r*PflPPE?.K PRESCIT GOV!T. PI'O!'.
A PGT.K-TA'OLE(TPGT,GCPn.K(,,1,.1) O>'VT. MrO. REqUIRED
T TPflTiO,j,3,5,O1O,l'395,3,1,fl TWI~LE FOR PGT
A GCC! .K-I GC.iv*(fC.K/PT.I,).GC.K/PT.K GOVT. EST. OF RATIO
A IlrlG.K-N=OISEo/2.5 GOVT. ISTELIICENCE MIULTIPLIE.R
NOTE
NOTE PROCAIIILITY MILITIPLIERS FP.O1.' GOVT. PROPAGANDA
NlOTE
A Ptl1i!.i"=PRG.K*!R".rK*PFI!I.lv PRO!;l. It?!S.-Tfl-'*EUTP.,AL
A PRG.K.-TA3LE(TPRG,PG.K,G,1G,1) Mso'!. GOVT. PROP. REACH1ES
T TP GU.2.5.9*3*2,6&nS*2*7. TA-ILF FOR PRG
A IR.K=IrJS.'r'/PT.K ACTUAL IINS.-TO-TOTAL POP. RATIO
A Prifl.KuTA!9LE(TPFlfl,PG.K,0,10,2,) P1:03. IIlS. GOES !IEIJTRAL
T TPFIrJ-O,.03,.CGi,.150.23,.2G TAILE FOR PFIM
NOTE
A PI.!PG.*R5*FC PR03. 1I!S.-TO-GoVT.
A PFIG.I=TAtLE(TPFIG,,PC,.K,0,I1O,2) PnI~O. INS. WOES rGOVT.
T TFuJOS.2.G.,1JTA:1E Foil 11FIC
NOTE
A PM'PG.K-PI!C. l*,ICfl. I.*PF.!G.1' PRO'!. NEUTRAL-TO-GOVT.
A !,,F:IG.Kr=TA',LE(TPF!:G, PC,.i;%, 010..2') PRODD. NEUTRAL GOES GOVT.
T TPF~lG=O,.O5,.1,.25,.57,.39 TA10LE FOR PF!?G
NOTE IIILITARY SrG'!FJIT
C ?IJLu4~Z
C T1101.=1000
C PER. 0 5
C DEL-!
C DELP-3
C Hti"=1O10)
15 TGPTEPUZE2oz
I' lE'EAn-ZERO
11 GrlrAD=ZERO
H1 TI PtrIS*t!I5 INITIAL M1S. TROOPS
I! TGP=PER*PT 1141TIAL GOVT. PeLICE
14 TGR-TG-TGP INI1TIAL GOVT. REGULARS
N TG-TIMI
A KILLR.iKwDj.K/DI K
L GDEAD.ImGI)EAD.JTGPAIl.J)K+T(,IAR.,1K TOTAL GOVT. TROOPS.DEAD
L IDEAD.;t=IDrAD.J.TIARt.J: TOTAL I11S. TROGS frECAD
L TG.11%=TG.J.DT*(TGGR.JK-TflARI.JI) kGOVT. T!invlOIS L.EVEL
R 71rGR.vL-TGAfD~.r, GOVT. TROOP GEHEP.ATIOI RATE
R TGAR.l'LwTGSUl.K.DC.K GOVT. TROPP ATTRITIOP RATE
L TGP.:'%uTGP.J+flT*(TGPGR".Ji,--TGPA~t.J'<) COVT. POLICE LEVEL
It TGPGR.1,L=TGPADD.K PULICE rMENERA~TIM~ RATE~
R TGPAR.KLumPOLF.K*Ilr.K* rJI~CE ATTRITIOI! IIATE
L TORI..FuTGII.J.DT*(TGrC.ri.J!',-TGR.AI1.Ji") CO'.'. REMG1-lAR TROOPS
R TC!I'GR.IKL*TGkADDf.K. RE.GULAR GEMIFliTIO0I HATE Iwou m

83



flTRA .mr tP.rI~2*P~, .ULMR ATTrITIO"1 RATE
L Tt.KmTI.J+DT*(TInR.Jl-TIAR.J?') WIS. TtlO(')(P LEVEL
R IG.!LPtZ *Ir.-T I J.T!ROOP rE?!ERZATI OM RATr
IZ TIAR.KLmDl.tv INS. TROOP ATTRITIO': f!ATE
L PT.K-PT.J-f)T*(TIAPR.J':4TCPAR.,j!*) TOTAL POP*. LEVEL
llOTE
NOTE
A REGF.r%=TGR.IK/TGTflT.K R1EGULAR-TO-TOTA"L. GOVT. TROOPS RATIO

AP0LF.K=O:!E-REGF.!# POLICE-TO-TOTAL GWIT. TrzOOPS AI
A I tjsR. insI uS.K/ PT. K Ill'S.-TO-TOTAL POP. RATIO
A PINS.KuTA3LE(TPINIS,INISR.K,O,1,.l) PER~CEN4T OF IriS.

A TIEST.KTI.K+I!G.l'*TI.r. rOVT. EST. or IN1S.TROOPS
ATr1G.K-TABLE(TTI " TIEST..k,0,5OOO0,1OOO) GOVT. TROOP RE.

T TTtIC.1I(000,1000,21000,300l,l4000,5000 TAnl-E FOR TM1
A TGDIF.K=T;IC.K-TG.K PRESENT GOVT. TROOP REQUIPFEflFNT
A TGDIFP.K=-TGDIF."
A TGADD.K-rIFCE(TGDIF.t,&*.ZER!O,TGDIF.K,-ZERO) GOVT. ADD
A TGSUrI4K=FIFGE(ZERO,TGDIFP.K,TGDIF.K,ZERtO) GOVT. REMiO.
A rci.K-TA3LE(TFCI,TI.'.',O,!OOO,1OOO) FfGIIT.IIG CON:STANIT INS
T TFCI.1,.1,.125,.15,.175,.2 TAILE FOR ZFCI
A FCG.K=TAILE(TFCG TI.r. 0) 000,100O) FMITHTIN C0,13TAFIT GO'!
T TFCG-.00OO5,.O0fl65,.fl5O15,.0002,.noO2,.flOO2 TAI3LE FOR FCG
A EEIC.K-TAflLE(TEE'IC,TI.IK,O,5OOO,10flO) EXP. NO. ENO.
T TEEtZCu1,1,15,25 30 30 TA"LE Fnp rE:IC
A AFSG.! =FlFCE(Fff.t~tTG.K,T l.r,T"OI1') AVErZAGE "OPCE rOVT.
A AFSI.!',=FIFrE(FejT.K,Tt.IK,Tt.K,T!'OUl) 40YEPA.CE FOR'CE P!IS.
A F~T"T"ETSl!.t,;:1)I~ll rr~lj !U
T TFST"0,5fl,100,200,30'),500 TAILE FOR FST
A TTG.K=EErJC.;K*AFcSC. !l TOTAL GOV/T. TRP,00"S IA!VOLVE)
A TTI.K=EEtICJZ*AF:;I.!z TOTAL IrIS. TIOOPS) INVOLVED
A IC.K-rIFrE(T:,ou),TTI .',TI .",T!l'OU) Col"PTANT FOR CMr'3AT UF.P4
A DG.;l.-FC!.I*TTI.,K GOVT. TR~flPS KI LIED
A DI."-FCG.'l*TTG.K.*IC.!. IWS. TROOPS' KILLED~
L TGPTEP. v%=TGPTEdI.J
A TGPACT..t=FIFGE(TGPTEc:;..K,TGPTEP.K,.TCrTF.:1.K,TGPTEP.K)
A TGPDES3.K.=IULT*CTGPACT.1.-TCPTEP..K)

A TGPTE!I.:%=I~TT~~ ~ZPTPI.,EO POL.ICE DrS.
A TGPDtr.K=PE~i*PT.K-TrP.v POLICE PUr1UIflD
A TGPADD.K-DELAY1(TGpIW.s.K,DEL) DITLAY Ml! A.)r1TIO.* Or r01.
A TGRD1 F * l=T!!G. !'.-TGP *K-TCR'.. ' REGULARS !W[QlU I !,u
A TGHtDES.!*%=F IFOE (TGbD I F. ",ZER.O, TG!':)I r. K~,ZERO) REGULARS DES.

ALOTS.1=FIFGE('ErO.I,A-:I.KTPDI.-)EO % RGULAR- EXC.
A AflSDIF.K=-TGltDIF.;'
A REMf nt'l FCFE(LOTS.&KZEn0, LOTS. K,I'UN*) REMOVE ANY?
A TGlRSUqT.K-DELAYl(RE:!L.K,DELP) DELAY FOR IlEGULAR REMODVAL
A TGRtMIOT. K='VELAYI TGrprS4%, DE.LP) 19CLAY F-Or ".GULA!1,' ADDEP
A TGflADD.KuFIF',E(TGRAflOT.K,ZERfl,TGCflIF.K,ZEPo)

A TGT0T.K-TGR.T%'+TGP.K. TnTAL GOVT. TRIOOP3
llOTE
1NOTE
PLOT TI!Cn*,TrTOTuG,,TI ul
SPEC Dlul/LENGTPl-uiO/?R"TPEQ=-1/PLTPER-1

R~m R.Poduc* 4b from
av ilal copy.

84,



SELECT BIBLIOGRAPHY

1. Barrett, E. A., Lindsay, G. F., Read, R. R., Some Aspects of the
Current Insurgency and Counterinsurgency Efforts in Thailand,
Naval Postgraduate School paper, 1967.

2. Brown, Robert G., Statistical Forecasting for Inventory Control,
McGraw-Hill Book Company, Inc., 1959.

3. Deichman, S. J., "A Lanchester Model of Guerrilla Warfare," Operations
Research November-December 1962.

4. Forrester, Jay W., Principles of Systems, Wright-Allen Press Inc.,

1968.

S. Pugh, Alexander L. III, DYNAMO !! User's Manual, The MIT Press,

1970.

6. Simonsen, R. L., Proposed Measure of Effectiveness for Counterinsur-
gency Operations, M. S. Thesis, Naval Postgraduate School,

Monterey, California, June, 1967.

7. Sullivan, Edward F., Methods for Estimating Present and Future Insur-

gent Strength, M. S. Thesis, Naval Postgraduate School, Monterey,

California, October, 1969.

8. Defense Research Corp. Report TM-353, The Feasibility of Applying
War Gaming and Computer Simulation to Counterinsurgency, by B.

Fitzgerald, et. al., April, 1966.

9. Research Analysis Corp., Guidelines for Measuring Success in Counter-

Insurgency, by S. N. BJelajac.

10. Research Analysis Corp. TP-163 (C), Concept of Insurgency Conflict,
by Dorthy K. Clark, et. al., July, 1965.

11. Research Analysis Corp. Field Paper 20, Insurgent Psychological
Operations, Recruitment, and Training In Thailand, by Richard G.

Sharp, January, 1969.

12. R•AND Corp. RM-5239-ISA/ARPA, Insurgent Organization and Operations:

A Case Study of the V. C. in the Delta, by M. Anderson, et. al.,
August, 1967.

85



13. RAND Corp. RM-6358/PR, Predicting Insurgent and Government Deci-
sions: The Power Bloc Model by W. M. Jones, December, 1970.

14. RAND Corp. Report 3 P-2642, Notes on Non-military Measures in
Control of Insurgency, by Guy J. Pauker, October, 1962.

15. RAND Corp. RM-5500-ARPA, The Insurgent Environment by Michael
R. Pearce, May 1969.

16. RAND Corp. P-1840, The Role of Operations Research in Planning for
limited War, by M. G. Weiner, May 1960.

17. Stanford Research Institute RSSC-RM 4923-30, Counterinsurgency Or-
ganizations and Programs: South Thailand, by Robert E. Morse,
March 1969.

18. Stanford Research Institute Report 67-2000, The Malayan Communist
Youth League: A Case Study of Communist Population Control in
Southern Thailand, by F. M. Osanka, January 1967.

19. Stanford Research Institute Report 67-1422, The Communist Terrorist
Organization in Southern Thailand, by D. A. Price, January 1967.

20. Stanford Research Institute RSSC-RM 4923-11, An Analytic Approach
to the Estimation of Counterguerrilla Capabilities, by R. F. Rhyne,
September 1968.

21. Stanford Research Institute Report 66-4160, Selected Documents
Describing the Communist Terrorist Organization in Southern
Thailand, by D. E. Seeley, September 1966.

86


