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ABSTRACT

" A generalized conception of an insurgency situation is examined vﬂth
a systems approach. The model is divided into two sectors, propaganda
and military. The emphasis in the propaganda sector is on all actions
takven by the insurgent and goverrment sides which have a psychological
impact on the population. ;n the military sector variables associated with
combat and troop replacemenf. are examined. A computer simulation,
written in DYNAMO II, i3 ptovided and ceveral simulation runs are

examined. Suggestions for further research are also included.
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1. SUMMAiY

Past studies which have concentrated on the individual aspects and
variables related to an insurgency situation in ivolation from one another
ignore an impcrtant fact about insvrgencies 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 basis, aid the interactions -
are indispensable to the complete description of an insurgency. The alter-
native to isolating variables anc ignoring important interactions is tc model
insurgency as a system, with the ultimate goals of including the signifi-

cant variables of tt.e system and the description of their interaction with

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

model.,

The medium used in ‘tﬁe consiruction of this beginning insurgency
model was a method of modellitig called system dynamics. System dyramics
was devised by Professor Jay W. Forrester of M., I. T., as a ‘means of
modelling complex: social aﬂd industrial systems. In an attempt to demon-
strate the behavior of the s;'stem , as dericted in the insurgency growth
model, on a nearly contiauous basis, a computer simulation was writter
for this study. The gimulation was written for the DYNAMO compiler,
which was written to provide a computer language for time-stepped simu-
latior.s involving many iﬂterécting variables.

The basic insurgency growth model is divided into two sectors: propa-
ganda and military. The populatior -equations (that is, the breakdown of
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tha tota! population into insurgent, government, ana neutral populationsjy
collectively provide .a focal point for all system behavior generated in the
propaganda and military sectors. That is, all system behavior ultimately
results in some chande ‘in the population profile. The segmentation of the
population is- also the principal indicator of the state of the insurgency
system.

The propaganda sector of the model 15 the more highly aggregated-of
the two. In this sectof, all action of a psychological nature which either
the: insurgent side or the government side can take is combined in-one
variable called propaganda effort. Implicit in this variable are p‘;;ograms
such as education, ‘civic action, propaganda, and economic controls. ‘The
driving force which determines the intensity of the propaganda effort is
represented tc be »e‘acl:hﬂ,side's perception cf the ratio of government citi-
zens t.o the total population. Probability coefficients are derived in this
sector which-describe the probability that .a citizen-aligned with a particu-

" lar population faction will change his allegiance to some other faction.

The military .sector contains: combat and tréop-level sub-models. The

combat sub-model employs Lapchester"s equations of combat, writteén as
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difference equations, for detérmining the-battle attrition rates for botn
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
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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
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used forthe insurgent attrition rate. In the conventional warfare stage,,

the -équations reflect aimed fire for both sides.

The size of the trcop force for the insurgent$é is maintained at a ievel

proportional to the total insurgent population. The proportion is variable

and its magnitude is determined in a functional relatioaship with the in-

surgent share-of the population as thé independent variable. Insurgent

troop shortages are re¢ .iaced on an instantaneous basis. ‘Government

i ;
troop levels are rapiasentad as dependent on the size of the insurgent

combat force. The governiient troop &dditions and replacemeénts are

modeled as subject to various training and bureaucratic delays.

The DYNAMO simulation of the insurgency system provides the analyst

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

variables can-be observed over time which may give a deepér insight into

Some of the variables suggested

the operation of the insurgency system..

for inclusion in the simulation output for each time period are the populaticns,

the percent change in government and insurgent populations, and a running

total of govertiment and insurgent troops killed. Other variables which

might give some understanding of the procedure established for maintenance

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

indicated government t1o6p strength, and the actual gove'nment troop

strength, The indicated government troop strength is arrived at through a

funictional relationship with the actual insurgent troop strength. The. actual

_government troop strerngih, 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 S percent. Govemmentvallocations of 20
through 60 percent were used with each of the itnsurgent 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 popnlation. The troop levels and combat activity were low during
this growth period. Maximum population for insurgents and government
are reached at about 31 and 55 percent of the total, respectively. Combat
activity becomes predominant at this point and & 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 o.f 31 percent, the system settles down to one of
relatively little activity. That is, the rate of change in the insurgent 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 system for differing inltipl 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, 10



II, 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 apparenfly 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
as a bounded system within which all behavior peculiar to an insurgency
is generated. [t 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 ts an attempt to win the popu-
lation through psychological appeals. This form of action encompasses a
wide range of possibilities for the accomplishment of gosls. 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 acticn the government or insurgent force can take

in order to gain power over the population is military. While psychological
action is pursued primarily {or 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 i{s 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, because once a
reasonzble representation of the insurgency as a whole is achieved, one
fs 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 conductvsensitivity analysis for the purpose of determining
those factors in the system which are most critical and therefore deserve
the most attentl.on in research.

In this study, a model was constructed using the simpolifications and
structure already outlined. A computer simulation was used to analyze
numerical results from the model. The computer simulation allows the
varfables of the model to interact on a nearly continuous basis.

The model is described in Chapter 111 ,and the simulation ts presented

in Chapter [V. Chapter V is devoted to a description of the avsumptions

12




used in the mode! 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 anaiyze 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



II1. MODEL DESCRIFTION

An insurgency situation is dascribed by a myriad of variables, as is
any complex politicai or so:.al system. One of the aims of this paper is
to reduce the insurgency situation to @ manageable number of variables.
Another goal of this project is to describe the intzractions among the
various elements of insurgencies. This second goal is approaéhed 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, according 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 anc states 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 vart-

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

14




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

determine the rate of change of the level variables. This heirarcny pro-

vides thé méans by which one may show, through the actions (or rate

variables), all the interrelaticnships of the-elements of his mocel.

T this insurgency model the closed boundary describes a hypothetical

population split. between pro::government; neutral, and insurgent factions.

Unlike the Forrester structure, the mode! is divided into two sectors:

propaganda or psychological)}’“}"nd military. The levels and rates within

each of these sectors and their relationship to each other describe the

insurgency system. Both of thése sectors determineg the rates for the :

E

‘generation and attrition. processes for each.of the three factions of the

population as well as total pcpulation.

A computer simulation was written for the model in DYNAMO 11. The

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

necessary at this point to understand the time-corientation of the simula-

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

DYNAMO II is designed: for time-stepped simulations. Once the user." §v

) determines the smallest time frame of inierest, he must tailor all the
) equations of his mcdel to that timé frame. The basic time unit se,l”é&ed ? |
for the insurgency growth model was one month, sc, the-output of the g

R

"

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

activity in the insurgency system. For exaniple, the insurgent trOOp at-

& i . . <
trition rate for one time périod in the simulaticn is the result of ocne moiith

of combat between insurgent and govétament {roops.




A. PROPAGANDA SECTOR

The two most important levels contained {n the propaganda sector are
those called insurgent propaganda effort and government propaganda effort.
These levels are an aggregation of all possible actions the government and
insurgent sides can take other than tnr. 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, prop: janda, and economic controls.

The intensity of the propaganda effort {2r both the insurgent and

government sides is determined by an equation of the form:

EFFORT = « - (Desired effort this time period)

+ (1 - a) * (Actual effort last time period), where 0 < @ = 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 eaéh 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 piace in a time period. They are used in the population
rate equations to determine population attrition and generation. There are
six probabilities from propaganda (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 tnéurgent changes allegiance to neutral,
5. The probability an insurgent changes allegtance to government,
6. The probability a neutral citizen changes allegiance to government.
The probabilities are computed from eguations of the form:
P(x to y) = P(insurgents or govt. reaches a citizen)
s 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 i{s simply the ratio of x citizens to the total population.
The probability that the insurgent-government propaganda i{s favorable
enough on x citizens to make thein 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 probabtility that an insurgent converts to the government
side (PMIG) would be used in the government population generation rate
equation in the following manner,

Govt. Gencration Rate

s, ., ., +PMIG * (Present No. of insurgents) + . . .

B. THE MILITARY SECTOR

The military sector of this model is concerred with two related
problems: combat and troop replacement. The important levels of this
sector are the troop levels: insurgent, government policg, and govern-
mant regulars. They, almost as much as the populaticn profiles, serve
to doscribe 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 tull-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 tmpli-

cations for the conduct of counter-insurgency operations.

C. THE COMBAT MODEL
The means 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
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Battlefie.d attrition equations should provide for tws distinct types of
combat. First, in the initial stages of insurgency, when insurgent strength

is low, the insurgent group is quite likely t6 devote relatively few of its

number to combat duties. At ‘this point, the insurgents 2re mire interested :
in propag&nda and broadening their base-of support. Consequently, whzn
their force is small, the insurgénts will prcbably be unwilling to engage k )
the government forces in coinbat. Also, when combat does occur,rihe in= «
surgents should have the advantage of fighting on their owi: terrain, and ;;
many times, on their-own terms. Bquationé for this type-of combat should §; '
reflect government difficulty in. bringing the insurgénts to battle as well as ’ ﬁ
the likely government disadvantage when coimbat does occur. ‘
The second type of combat situation becomes apparent when the in- i
surgent force grows larger. The insurgents now begin to shift their empha- ’;
8is. to military - ;erations in an attempt to defeat fhe government decisively.
As this phase in the insurgency develops, combat begins to resemble con-
vantional warfare with increasing frequency of contact, larger forces in-
volved in combat during any given contact, and ﬁbrgfof an ;dvantage to
tha force which has better equipment (presumably time government with air-
craft, tanks, etc.). . - ; :
With tixis. second variety of combat in mind, then, we wish to write i
‘ the equations in such a way that they reflect the shift in émphasis by the g "

insurgent-group and the ensuing changes. in the combat situation. 8. J.

Deitchman {3] 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 - (no. insurgent troops)

dins./dt = - 8+ (no govt, troops) « (m». ins. troops).

The equation for :he govemmént attrition rate employs the Lanchester form
for aimed fire. Tie equation for insurgent attrition rave, on the other hand,
utilizes the Lanchuster forra for area fire. Although different dimensionally,
the constants @ anc 8 can‘be viewed ag "weapons effectiveness coefficients."

Deitchman gives the advantage of ambush to the insurgent group in
these equations. This may not be true for all in' rgency situations.
More important than the conceptual basis for th: equations, however, is
the behavior of the equation:. By using Deitchman's equations and judi-
clously choosing 8 (government weapons effectiveness) one can represent
the difficulty government forces hav<= historically experienced in achieving
significant military results against smail insurgent forces. That is, in the
equation for insurgent attrition rate, one can 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 unwillingness of small in-
surgent groups tc engage in combat, rather than in the insurgent ambush vs.
conventional warfare context, a reasonable representation of combat in the
beginning stages of an insurgency is achteved.

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 ipcreased frequency of contact, combat begins
to take on more of the characteristics of conventional warfare. This phen-
omenon requires thaf 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 {n 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 "small" and
after the insurgent force has gained sufficient strength to begin conducting
more conventional combat operations.

The government and insurgent attrition rate equations appear {n the

model as diiference equations,

DG =FCI - TII

DI =FCG * TIG ° IC,

where DG and DI represent governinent and insurgent troops killed per time
period. The variables FCI and FCG are, respectively, the "fighting con-
stants” for 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
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and TTG is the corresponding variable for government troops. The variable

IC is equal to TT" when the insurgert force stréncth is below that required

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

force reaches the required strenyth 1C becomes a constant equal to 1000,

Prior to the shift to conventional combat, the equations for DG and DI

are just as préviously described, That is, the equation for government

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

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

achieve.a reasconable representation of the early stages of combat, the

fighting constants are fixed at 0.1 for the insurgent force and 0.0001 for

the government forcé. When com*t shifts tnward conventional warfare

FCI increases linearly to a3 maximum of 0.2, At the same time, FCG in-

creases linearly to 0.0002, but FCG reaches its maximum mors rapidly

than FCI. Since onze the shift occurs IC assumes a constant value of

1000, the effect is to attrit both the govérnment and insurgent forces using

Lanchester's form for aimed tire, 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 fighting constants gives an initial "equipment" advantage to the

governmert forces when they boginto fight something resembling a con-

ventional war,

‘The Variables: for tota! troops involved in combat are-also computed.

in two ways, depending 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 number-of soldiers -each side has (or any multiple). After the shift

toward conventional warfare uccurs, a table is entered each time period

to find the expected number of encounters betw=en government and in-

surgent forces. The independent variable for thisg table is the total number

of insurgent troops. Ancther table {s entered at the same time to find the

expected force size {or both sides. The-Guantitie$ obtained by multiplying

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

troops involved pertime period for both sides.

The combat submodel, in suminary, passes through two stages. The

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

ment forces have a difficult time locating and bringing the small insurgent

force to combat. Consequently, the insurgent force undergres u very small

attritinn 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 ani the advantage for the

.government of better equipment becomes apparent. Combat attrition for

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

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

accomplished by simply multiplying the guvernment attrition rate in a time

‘period by the fraction-of pclice and regulars present in the system in that

time period.

D. TROOP GENERATION AND REPIACEMENT MODEL 2

The model uses the beginning levels of total population and insurgent - -

population to generate initial forces for both the insurgents and the



government. The decision rule for the lnsurgenté is represented by finding
a percentage of their total strength which they desire to devote to combat.
This peréentage 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
relationship 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
govemn'\.ent 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 govarnment, and the
insurgents’ share of the population i{s determined by the insurgent group.
The quantitles 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 {s obtained and the required aumbc.: is added to the
forcé in the next time period. If the aé:tualf number of troops is greater’
than that required, those "”extrgs«" ar’edisp?sed of 'by attrition. This process
is, in essence, recruitment directly from the insurgeﬁ\t population. Thus,
the allowable size of the insusgent force is difecth{ dependent on two things:
4insurgent share ofthe total population and total iﬁsurgent -strength. How-
ever, both-of these quantities de{ﬁend' on the effectiveness of the insur-

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

The-governmeént group has two categories in which to maintain troop
levels: police and regulars. The category of "pclice” as it is used here
may be interpreted to inciude both police forces and locai militia. This.
fdrc,e‘Ais:g‘bgained entirely from the population. Replacement is called for
when- the nu;nber of pciice falls below the prescribed ratio with the popu-
lation, and any excess is allowed to difinish through combat attrition.
There 1s also a "training" delay for police replac¢ement.

The government is allowed to generate additional troops and replace
regular troops 1ost through combat attrition from outside the system. In
this model, the government does. no recruiting directly from the local popu-

lation. Since thé government desires to use its resources most efficiently,

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

the system when the number of regulars present exceeds the number required,




'S0, in cach time period:, the government determines the difference between

o
!»

existing regulars and that number required by the present level of insurgent
strength. If the difference shows that more regulars are required, that
number is added aftei a delay attributable to_training and adectsion-

making procegs. This delay not-only holds up the entire requested reinférce-
mernt but allows the troops to arrive in the system oxly a few at a time.

This procedure bro,*ddés an element of realism in that the governmert s in

a constant "hunting” process in.an attempt to satisfy a troop level goal
about which it never has completely accurate informaticn.

For the task of removing troops which are in excess of those desired,.
the government group has a similar problem. The difference here is that
a lower .imit is set on the number of government regulars to be scheduled
for:removal in any time period. This provides for government recognition
that their allocation system is.not precise and that an error in the-direction
of too many troops is better thén leaving too few in.the system., Onc(? tihd
decision has been made to remove reqgular troops. from the system, a delay
of the type characteristi¢ of troop replacement is éxperienced.

The military sector of the model that we have-.described contains a
‘process. of attrition and feplacement of not onily the ingurgent and govern-
mernt forces biit, through the insurgent and police forces, attrition of the
total popuiation aé well. The combe* attrition sub-modeél uses Lanchester's
equatio’n.:;l of combat in two modes: traditional querrilla warfare-and con-

ventional warfare. Troop replacement for the insurgent group is described

ot dy? s o
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as a relatively simple ,‘iﬁr‘s‘mcess of recruicment from the existing insurgent
population, with their requirements beipg determined by their success in
converting the po;;ulatidni thiough propaganda. (Government troop replace=

ment, on the other hand, is structured as a rather complex preccess with

bureaucratic gﬁd training delays as well &8 decision-making based on in-

\

complete or incorrect information.
The output from the propaganda and military sectors comes together to

provide the basis for thejpopulation rate equations. These tate equations,

in turn, determine the pogulation levels; total, neutral, insurgent; and

government; for each time period. Table I shows the contributors toc each

rate for the population: levels of interest.
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TABLE I

Iz

Generation and Attrition Factors for Population Levels

Tota! ?ogplatiqﬂ\.qyehera;ﬁon

-none

Neutral Population:Generation

1. propaganda convergion
insurgent to neutral

2. progpaganda conversion
.government to neutral

Insurgent Populgftiéns Generation

1. propaganca conversion neutral
to insurgernt

2. propajanda conversion govern-
-ment to insurgent

Government Population Gengration

1. propaganda convéersion neutral
neutral to government

2. propaganda conversion
insurgent to government

Attrition
fnsurgent combat attriticn
police combat attrition rate
Q{trition»
propaganda conversion néutral
to insurgent
propaganda conversion neutral
to government

Attrit ion

propaganda qbnverslon insurguont
to neutral

propaganda conversion insurgent

to -government
insurgent combat attrition rate

Attﬁt fon

propaganda conversion government
to neutral

propaganda conversion government
to insurgent

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

A corrputer simulation was written for this study in DYNAMO II for the

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

'dustrlal 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
DYNAMO 11 is found in the DYNAMO II User's Manual [S]. The simulation,
therefore, is structured in much the same manner as the model which was
described in Chapter III.

The stmulation 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 1ates com-~
puted with inputs from the previous time perfod. For example, the present
insurgent generation rate to and subtracting the insurgent attrition rate from
insurgent population 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 the 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 equétions 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 zach time period are
retained by the DYNAMO compiler for use {n. computing present level values.

Auxiliary equations are used principally to provide fnput 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 protability that the citizen iz an {nsurgent,
and the probability of convertirg an insurgent to neutral with propaganda.
The res'ultmg value is then used as a propaganda coefficient in the insur-
gent attrition rate and neutral citizen generation rate equations.,

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 {s present value of some

systam variable (i.e. levels or auxiliaries). 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 de'tail in

Chapter V, it i{s important to note only a few characteristics of the tabular
function here. The independent variabls 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
variable 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 batween -1/2 and +1/2. This function can
be modifted by a linear transformation to broaden or narrow the range of
numbers generated and i3 most useful when used as a c_m.-fﬂctent to reflect
the etfectiveness of military intelligence. For exzmple, 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 twp types of delay functions used {in DYNAMO. The
first sirpply 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 providea 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‘dellvery of information or

material for a specifted number of time periods. In addition, this delay,
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after the waiting period has passed, allows only a portion of the informa-
tion or material to arrive during succeeding time periods. That i{s, 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 {nitial values
are provided as numerical fnput 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 v;!lues in the simulation are com-
putad automatically by the DYNAMO compller.

For this study the program written is composed of the four 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 repl/ac'ement; :L-;OVerhment troops {regular), go{remment troops
(police), and insurgent trodés are the important levels in this sector.

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

woops killed, but these are only for scorekzeping purposgé.
;'ylwl
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V. ASSUMPTIONS AND RATIONALE

s

b -

The insurgenc growth. model was discussed in general terms in Chap-

ter I1i. Chapter iV provided an explanation of the DYNAMO equations and
functiong used in the simulation writtén, for this study. The basic structure
of the simulation was also-discussed in Chapter IV. Thi's chapter provides
a detailed description of the assumptions eémployed in the simulation.

The organization of this chapter will be based on the framework of the
computés program.. That is, there will be three major areas for discussion:
Population equations, propaganda sector, and military sector. Much-¢f the
material that follows will be couched in terms of the DYNAMO equations
and functions used in the simulation. Therefore, some review of the
material in the previous two chapters will be implicit in the presentation
of this chapter.

The first section of the simulation ¢oncerns popuiation and contains
the most {mportant levels in the model. The profile resulting from th2
breakdown of the population among the three factions; goveg‘-'t;j\eht, 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 population, insurgent population,

and government pooulation. These values are entirely arbitrary. The at-
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trition and generation rate equations associated with each population level




depend on the coefficients for propaganda effectiveness which are generated

in the propacanda sector and the population attrition terms found in the
military sector.

In Chapter 111, it can be seen that the propaganda effort for both the
insurgent and govemment sides was scaled from zero to ten. It is clear
that for interpretation, the propaganda effort should probably be expressed
in terms such as menpower or money. However, the relationships of the
model are stated, in a relative sense, so that the zero to ten scaling is
uscful.

The propaganda effort decision rule for both sides makes use of the
exponential smoothing technique. If we let Ei be the actual propaganda
effort i months ago and let I i be the indicated effort ("indicated” in the
sense of a current system goal) { months ago, then the decision equation

for either side takes the form,
NEW EFFORT = alo'!' Q1 —a)Bl,
where 0 <a<l. By substitution this equation becomes

NEW EFPORT=an+a(1 --az)I1 +a(l - o) 212 4.0,

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 pericd. The coefficient for either side must be chosen by the

st e i s+
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user to be representative of the system under study. Clearly, the larger

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

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

rule@ = 0.] provides a satisfactory compromise between a system that {3

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

that fluctuates wildly with immediate indicators [2].

The torm 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 {5 eéstablishéed 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., respectively, of the rat:o of government pofu-~

lation to the total population. These peérceived ratios are arrived at

through a uniformally distributed intelligence proportionality coefficient

for each.side to the actual ratio. These intelligénce ccefficients reflect

the possible percentage error by .either side in estimating the ratio-of

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

ficient for the insurgent group is 1.1 to -0.1 and for the government side

the qange is ~0.2 t0 0.2, -giving the advantage of better intelligence to

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

B NN

gents have the. inftiative in recruiting from.the population and are generaily

better organized at-the local level than the government.

Both of the indicated propaganda effort functions in Figures ! and 2

are based on an intuitive idea of what thé emphasis on propaganda might
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‘be for each side based on the current goverument share of the population.

When the government-oriented -population is large relative to the total

population, thé insurgent population will be relatively small and concerned

mainly with buvilding popular support through propaganda. On the other

hand, ‘as the government's share of the population becsmes small, the in-

surgent force will probably become more-oriented toward pure military

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

government's propaganda effort is largely undisturbed, except at the

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

5 - -r
’ .

because the goverfiment {$ more able to conduct operations simultaneously

‘in both spheres of the conflict.

Once the decision-making process has. produced values for the propa-

: ganda effort for both sides, the pmpagéndé probability coefficients must
‘be-derived. In Chapter III, Description of the Model, it was shown that
these coéfficients represent the probabilities associated with six events,

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

T A AR T if?'ﬁ}',.""??} PP
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zen changes allegiance to insurgents, (3) government .citizen changes

allegiance 1© neutral, (4) insurgent changes ailegiance to neutral, (5)

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

legiance to-government, The probabilities associated with each.of these

six events are computed as follows

*(x changes t0 y this time period)

= P{govt. or ins. propaganda reaches a citizen)

« P(the citizen is x)

. P{govt. or ins. prcpaganda changas x to y)
39




The jirobability that a citizen is x (where x represents insurgent, govern-

ment, or neurial) 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 urobability of reaching a citizen, one for the goVérnment and
one for the insurgents. The two curves in Figures 3 and 4 are similar: &t
low effort levels the probability of reaching a-citizen is low, in certain

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

e

higher effort levels, diminishing marginal returns are experienced. These

ideas may be intuii.fvely appealing since one would expect that at the

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

b 2o
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spiead very thinly over the entire population. Furthermore, one might

expect that as. the etfort increases, more and more people are exposed to

‘prapaganda. Finally, the-diminishing marginal returns experienced re-

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

saturated with propaganda and the more elusive segments of the population

Temain to be rexched (e.g., insurgents trying to reach middle-class citi- ‘

zens of large government controlled pdpulation 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 ciose to the people and of having only one ‘area in which to con-

ceitrate their effort.

‘The functions representing the probabilities of propagands caucing

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 bropaganda 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, cnce again, that the
insurgents are closer to the population and are, therefore, able io 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 famtliar 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 {8 probably psychologically
difficult and may be fraught with danger for the person making the shift.

In the military sector, the tone of activity is determined by the number
or troops the tnsurgent.group hus in the field. The siz2 of the insurgent
troop fdrce is structured to depend on the size of the {nsurgent population

relative to the total population, or,

INSURGENT TRCOPS = (percentage} (no. of insurgents),

where "percentage” {s found by entering the function described in Figure
11 with the ratio 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 the emphasis will not be on com-

‘bat but on building popular support through propaganda. Therefore, only a
small portion of the total force needs tc be dedicated 1 military tasks, :
As the insurgent gioup grows; ihe emphasis begins to shift téward military ;‘ )
actica,; and the faction-of the total force emploved as troops increases. g |
There s, hcweéver, a maximum value that this percéntagé‘- ‘gan «ake on (in g
this case, 0.7). .After tnis poix{t, when the total force is large, increased %
logistic.and administrative requirements will undoubtedly necessitate re- ? .
duction of the portion.of the force dedicated to combat duties. 2
The insurgent force is represented as having the capability to replace :;. ‘

e

e N

any troops lost through combat attrition in the time period follcwing the

loss. Guvernment troop replacement is treated as béing subject to slightly

more complex decision ruies, 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 ajea of Figure 12 called querrilld 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 7conceming} the change in the relationship between

indicated goverriment strength and perceived insurgent strength at a level

Y

lof *190'5 insurgent ?troobs. 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 slde._ 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 strenqgth obtained from the function
shown tin Figure 12 is used in several decision rules which cumulatively
determine the actual strength maintained in any time period. However, the
initfal 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 {nsurgent troop

attrition as

GOVT. ATTRITION = FCI - TTI

and INS. ATTRITION = PCG » TIG - IC,

where FCI and FCG are insurgent and government fighting constants which
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take on values as shown in Pigures 13 and 14. Chapter 11l described TTI
and TTG as the total troops involved in combat for the insurgents and the
government in any time period, and IC was shown to be-a variable equal
.to 1000 if the insurgent troop strength is greater than 1000 and equal to
TTI if insurgent troop strength is less than: 1000. The to.al trodps involved
in combat for both sides is simply equal to the troop strength for each side.
if insurgent troop strength {3 below 1000. ‘Whan insurgént troop strendgth
becomes greater than 10900, TT! and TTG are equal and derived from i.ié

foliowing relationship

o

TTI = TTG = {expécted no. of engagements)

- (average force size),

where the expected number-of éngagements and average fo.ce size for both
sides are obtained from the functional relationships in: Figurés 15 and 16,
respectively.

The functions shown in Figures 13, 14, 15, and 16 undergo a funda-
mental change at the lboo-tro()p level for ingurgents. The two functions
for the fighting constants are fixed at 0.1 and 0.0001 for the insurgenis

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

‘achieved. The furictions for expecied nuf, iber of engagements and Average

&

force slze are asso constan* up to *he— 1000 insurgent trOOp level. Theae

vchanges reflect tha movement away from guarrma warfare toward more.

ﬁconventional warfare,» The expected number- of’ engagements increases from

a
&

>

"one pertime period ta a maximum\thirty per time periﬁd.
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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,
coupled with the constant value of 1.0 for expected encounters, has the
effest of entering the entire troop stréngth of each side i{nto the attrition
equations whon the insurgent army strength is below 1000 troops. We
shail see in Chapter VI, that this procedure is justified in view of the
fairly realistic results obtained from the simulation in the area of guerrilla
waifare attrition rates.

. The fixed fignting constants for both sides during the guerrilla warfare
phase imply that the state of warfare is somewhat static. Neither side is
-#bl,e to improve its position relétive to the other in terms of wearonry
because of the skirmish=like éharacferistiqs of battle in guerrilla warfare.
Once warfare‘,%moves into the conventicnal stage, both sides improve their
weapons efffélency linearly with time. The govermment force is allowed to

do this more rapidly because it presumably has more resources available

for this purpose. Moreover, the constant, IC, in the insurgert attrition

equation.remains fixed at 1000 after the shift to conventional warfare.
“Inis hag the effect of maintaining the government's ftghtin§ constant on the
same. order of magnitude as the insurgent's. These changes accomplish:
the shift in Lanchester's equations discuésed. in Chapter 111, from insur-
gents using aimed fire and government forces using area fire in the guérrilla
warfare stage to aimed fire for both sides in the conventional warfare stage.
With comabt attrition occurring in every time. period, troop replacement
is naturally a subject of interest for both sides.. Chapter III 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 {n 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 gsources 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 cc;urse concerned with making best use of its re~
sourceé (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 for police forces iz noted first. The number of
police desived is determinéd bty a fixed (user supplied) ratio of police to
the population, 0.05. in this simulation. If & police stortage exists, the

number required is added.to the force after a recruiting:and training delay

of three months. Any police in excess of thiose required are removed only

through combat: attrition, Shortages:-in the number-of regular troops are
replaced after = delay of three time periods (months). The replacement
troops begin amy’im‘j after three time periods, but the entire replacement
requires. several time periods for completion.

Removal-of a surplus in the number of regular government troops is
accomplished aftgr a delay of the same magnitude and type as that for
regular trocp replacement. A rule reflecting the government's desire to
take advantage of economy of scale 1s used in the decision-imaking pfocess
for troop withdrawal. The rule-allows troop withdrawal in a time period
only if the number of surplus troops - -exceeds 100 men.

In this chapter, we have discusseu the assumptions which.are input
for the insurgency growth simulation. The next chapter w.ll be devoted to

a description.of some:of ine results-obtained from the computer simulation.




VI. SIMULATION RESUITS

In this chapter, we will investigate some of the results obtainauie
from the insurgency growth simulation. The hygothetical data used as in-
4 put for the simulation runs to ke discussed here:are essentially the same
as those discussed in the tpr‘e\}ifous chapter. All the simulation runs were
for 60 time periods, which corresponds to 5 years in the time context of
the equations of the modei. Simulation runs were conducted for a variety
of initial population profiles, which ranged from 20 percent of the totai

population for the governiment and 1 to § percent for the insurgent3s., A

AT

short discussion of the format of the output from a DY:NAMO program will
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preceed the discussion of the actual output of the simulation.

A. OUTPUT FROM THE.DYNAMO. COMPILER

The DYNAMO compiler provides for two forms: of (utput: tabuiar and.
graphical. The tabular output allows the user to ;:rtht any Juantity desired..
Time is ahtomatically i)timegi« in the leftmost coluinn. The user may specify’
the quantities to be printed in cach of fourteen reriaining columns. The
variable name of the guantity to be tabulated is printed at the top:of the
page. The scale factors used are printed under edch variable name. The
DYNAMO compiler will provide autératic scaling if desired, or the user
may spegify the scaling of the quantitiés to be printed. All variables
classified as levels or auxiliaries (intermediate results) correspond to the

instant of time indicated in the row in which they appear. Rates, such as




population generation and attriticn, of: the other hand, correspond to the
interval from the current time period to the next. In othér words, ‘the
government troop- attrition rate for time peried { weuld actually ¢orre spond
to the attrition rate over the interval {1, 3).

The -graphical form of output in DYNAMO provides a time~dependent
plot of the simulation:output qu&}yitlties. Up t6 ten quantities may be

{

épeciﬁgd for each plot. The usér may plot all quantitics on thé same: scale,
specify diffetent scales for the quantities, or let the DYNAMO .complter
choose the most convenient scales for the quantities to bé plotied. In any
case, the variable names appear tc the right of the appropriate scales at
the top of the graph. The plotting symbols for the variables are.also

b,

indicated at the top of the graph.

B. VARIABLES AS.INSURGENCY INDICATORS

There éi‘é .several quantities which may be-obtained as-output frora the
simulaticn wiitch will serve as useful indicators about the progress of the
insurgency. The most cbvious indicators are the population profiles at any
time. The values for the insurgent, government, and neutral populations
describe the state of the gystem in absoiute terms. The ratios of insurgent,
-government, and neutral populations to the total population-also yield this
tnformation in a ‘more easily absorbed, relative form.

In the propaganda sector it is desirable to present the relative effective-
ness of government and insurgant propaganda. Twe expressicns which yield
a measure of relative propaganda effectiveness fus a particular time period

are the ratios of the number of citizens ¢'.anging their allegiance due to
59
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government propaganda to the government 'pro,pagandayeffort‘ and the number

. " of citizens chaﬁginé- their allegiance due to insurgent propaganda to thé
insurgent propaganda éffort, The numerators. of these expressions include
all changes in.allegiance in a time period. Fer example, included: in
chahges:of allegiance due to government propaganda.are ihsurgent-to=-ngutral,
insurgent~to-government, and neutral-to-govemment.

There are two types of useful indicator.s to be found in the military

sector-of the model. The first of these is a running total of the government
and insurgent troops killed in combat. The second is the c,omputatiémdf

an exchange ratio.at the end of each time period as follocws,

Gowt. killed (i)
Ins: killed (1)

Exchange Ratio =

Two additional indicators which might be uséful in déscribing the
overall dynamics. ¢f the insurgency system at any time are variables which
will yield the percentage change in the government and insurgert popula-

tions over each time period. Thesé variabies take the form,

Govt. % change (1, §) = S HOBs. ‘21- ;oiwtnﬁﬁ_u B

Ins. pop. (1). - Ins. pop. (i}
Ins. pop. (i) o

Ins. % charge (i, §) =

These variables are useful not only in a relative sénse, that is, for a
*
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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 decreaée for both

sides become small, the insurgency system is clearly slowing down to a
form of equml;rium.

The indicators just discussed along with the values of other variables
will now be used to describe the output olitained 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 fndica‘ors.

The most interesting output is that for which the initial population
profile is heavily neutral. Specifically, the resuits 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 (106) , and a government
population of 20 percent (2000). This particular simulation run was selected
becausé 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 rela:tively 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. Thi\s allows the cbservation of
the next phase of combat, c¢onventional warfare, as well as the troop re-
placement procedures of the‘éjovem‘ment side.

The results for the other initial population profiles (i.e. 36% - 60%
government ang__ _5%. incurgent) are similar to those of the run which is being
examined, in t-h‘ag the .growth pattems are essentially the same for the popu=

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

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

< e

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

R L VPR Ry

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

.-

profiles is the rate of population. growth. and the conséquent rate of .combat

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

3
ToraE
:g

surgent populations we see an immediate rapid growth in the insurgent
‘population and a rapid initial decrease in the government population. The
principal causé for this anomaly is that the funictional relationship for the
insurgent propaganda effort depends on the ratio of government population
to the total population (Pigure 1}.. When this ratio is large initially, a high
initial insurgent propaganda effort is dictated. This results in large initial
gains for the inusurgents.

The graphical output for the 1% - 20% - 79% -initial population profile
can be seen in Pigqres 17 and 18, and the tabled output is contained in

Tabizg I-through V. The growth in both populations in an absolute sense

appears to be rather small until time 19, This is somewhat misleading

airice, as seen in Table III, the growth rates for the government and incurgent

N A ;




. populations per time period are 2% to 5% ind 2% to 3%, respectively. How-
ever, since the populations are still small unx il time 19, the troop levels
are low, as are the insurdent and governmerit death rates. Obviously,
troop replacement poses no. problem for the government force during this
interval. A

At time 19 both the gov‘emmeni and insurgent populations begin to grow
rapidly. This just marks the beginning l<;f rapidly increasing propaganda

effort on both sides at about the time the governmernt attains.a 30 percent

share of the ‘totdl population (Figures 1 and 2 of Cliapter IV).. The insurgent

troop force .also-begins to grew rather rapidly after time 19, but combat
.does not become a malor consideration until ahout time 35.

At time 35, the insurgent:co..bat force exceeds 1000 men for the first
time. This marks the shift toward more conventional warfarz. There ar;'—:
geveral characteristics of the output worthy of note after time 35. First,
the rates of chauge beconie severely dampened by combat, during this
phase of moré conventional warfare. The government 2nd insurgent POpu-
lation ratios are high St 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 populations,

In Table 1V, it can be seen :hat the exchange ratio, or the ratid 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 éxchange ratio is explained by the irc¢reased ability

of the government force t6 use superior weapons, as the character of the
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conflict becOmés more conventional. The changeover to conventional
»warfare can be noted in the rapid linear increase of the government fighting
¢onstant at the 1000~insurgent troop: level in Figure 6, Chapter IV,

After the insurgent troop strength reaches 1000 men, according to
Figure 5 in Chapter IV, the indicated goverriment 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. There are two reasons for this dis-
crepancy. The first reason is that indicated government troop sii‘ength
is based on an intelligence estimate of the actual insurgent troop strength.
The error in this estimate is uniformly distributed between =20 percént and
+20 percen*, The-discrepancies found in Figure 18 betweér indicated
government iroop strength and actual insurgent troop strength are found to

be within these parameéters.

The second reason for these discrepancies is attributable to:delays in

government troop replacement for both regulars and police as well as delays
in éxcess troop withdrawal in the case of régulars. These delays cause
the total actual troop strength to consistently lagindicated troop strength.
The delays. for regular troops and police replacement and the delay for
regulartroop withdrawal are cascaded. That is, a demand is made in time
period 1, -and, after { + delay time periods, the demand begins to be satis-
fled. It {s completely satisfied incrementally in each of séveral timeé

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

Finally, something should be sald about the behaviorof the system
in the latter part of a simulation run.. Between time periocdsg 36 and 39, in
the simulation run under consideration, 'the. rates of change of the insur-
gent and government populations for each time period-describe a transition
to & period.of r,elaiiVelY little net activity in the system. While the troop
levels. are still relatively high.and propaganda effort is still being expendad,
the system hasg apparently.settled down to a situation in which neither side
makes appreciable gains or suffers appreciable lossaes in significant

lengths of time. This pheonomenon 1s reflected in the ratios of government

citizens to insurgents, insurgents to total pupulation, .and government

oitisene to total population.as well ag the ’rqtgg«fof population change. for
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Simulatfion Results: Population Profiles

;

Government  Insurgent utral
POpulation Population kopulation
2000 100 7%20
2049 103 7848
2109 105 2794
2152 109 7739
2201 142 7687
2252 115 7632
2204 118 577
2358 121 7520
2410 126 463
2465 130 7403
2521 135 7342
2575 141 7282
2628 147 7223
2682 154 7162
3?36 161 7101
2739 168 7039
28n2 177 6978

2899 186
2965 195

292 206
3151 21
3395 23
3581 265
3810 301
4160 355
4596 423
5022 522
5359 666
5527 Y
5473 1208
5266 1557
4995 1906
4,692 2238
4459 2480
4258 2654
5082 2%06
{007 288¢C
3935 2944
3869 2985
3832 29%
3821 2969
3814 2942
380¢ 2923
3787 2907
3760 2903
3726 2905
3709 2594
3692 2879




Time Government  Insurgent Neutral
Population Populaiion Popuiatiocn.

2851 26C7
2837 2594
2816 2580
2795 2568
2765 2555
2743 2543
274l 2536
2735 2523
2722 2510
2690 2496
2649 24,80
2612 2467
2591 2458
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TABLE IIIX
Simulation Results: Population Ratios and Growth Rates

Time Ratilo Ratio Govt. Ins,
Ins. to Govt, to Growth Growth
Total Pop. Total Pop. Rate Rate
? ;g: «20 .000 000
21

¢ : ¢ 024 027
2 .01 .21 .02y .026
3 .01 22 024 029
h 01 22 022 028
5 .01 23 .023 028
6 .01 23 022 028
g .01 o2h «023 023
01 o2k 022 «033
9 01 25 .022 «035
10 .01 25 «022 <041
11 01 26 021 040
12 .01 26 020 042
13 .02 27 020 045
14 02 27 .020 045
15 .02 28 019 048
16 .02 .28 018 049
17 .02 29 .020 049
18 .02 30 .022 <053
19 «02 31 .030 053
20 .02 32 041 <065
21 .02 3 054 082
22 «03 o3 067 116
23 .03 38 .063 «135
21) .0’-} .1}2 009‘ L4 179
25 04 46 . 104 191
26 .05 «50 092 235
27 07 o5l -067 o271
28 .09 .55 031 352
29 . 12 .55 "0009 .31-}1
30 16 53 ~-4037 289
3‘ 019 .50 "0051 .223
32 23 olt? -,060 17
33 - .25 45 -.049 .10
3 27 A - 045 «070
35 .29 02 -.041 045
36 30 o1 -.018 037
37 31 41 -,017 022
38 31 ot -.016 013
39 .31 40 =.009  ,001
40 31 40 -.003 =.00

[ 31 «40 -,001 =400
1}2 031 0""0 "0003 "'0006
L3 o 31 40 -,005 =,005
"l.’ '51 .l’o "'0006 -.001
45 o3 40 -.009 «000
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Sirmulation Results: Troop Profiles

Insurgent Government Exchange
Troops JTroops | _Ratio

1000 2,00
1000 2.00
1000 20(;'0‘
1000 200
1000 2.C0
1000 2.C0
1000 2.C0
1000 2.00
1000 2.C0
1000 2.00
1000 2.60
1000 2,00
1000 2,09
1000 2,00
1000 2,00
1000 2.00
1000 2,00
1000 2.00
2.00

2.00

2,00

2,00

2,00

2,00

2.,0C

2,0C

2.0C

2.01

2,02

2404

2007Y

2.12

2,16
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) Insurgent  Government  Exchange
Iime _Troops .  __Troops . Ratio .

= nm
1268 1581 1,38
1248 1546 Vol
1236 1399 1ob3
12he 112 1o43
R I
1207 589 108
1154 1 1,58




TABLE V

?ro6p Replacement Figures

Simulation Results:

Police- Police

,,.'Des iwred

Regulars

Regulars Regulars Regulars

Ti‘me/ Desired

nAdd ed
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in Excess

Added
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Regulars Requlars Regulars Regulars Police Police
e Desired Added  in Excess Remcved  Desired Added
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30 7 67 0
-0 -0 15
332 105 0
30 181 0 0
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VII. CONCLUSIONS AND.SUGGESTED TOPICS FOR PURTHER RESEARCH £

The foregoing development of an insurgency growth modél using the -

systems approach has demonstrated that it is possible to mcdel a system k.

such as an.insurgency in the whole. That {s, it is possible to construct

a model which not only includes the essential variables. of an insurgency

situation but their interactions as well. The remainder of this chapter will A

be devoted to recommendations for the expansion and refinement of the in-

surgency growth mcdol, Y

Now that the basic framework has been constructed for the systems

modeling.of insurgency, it is apparent that the majority of the work A

necessary to produce a practicable insurgency model lies ahzad. Within -

the structure of this beginning model, there are several refinements which g

could be made in both the propaganda and the military sectors. Refine-

ments could be approached in either of two ways. First, one ¢ould select

~ an existing or past insurgency and’ attempt to shape the model and. its re-

visions to fit that insurgéncy, specifically. The second course would be

to keep the model general by concentrating on attributes which irisurgencies

have historically heid in common and by attempting to discern universal

characteristics or trends in the behavior of those attributes and theirrela+

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 psychclogical hature the goveinment or insurgent




sides cculd take. Propaganda, in this model, might also be defined as

those actions by either side which are not purely military. Included in

this variable are programs such as propaganda itself, education, cc’mtro,IJ
] 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 cther,
programs. The méin inputs for submodels such as propaganda, education
and civic action would be variables such as money and manpower. The
group undertaking the program (the governmert 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 in. 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 on:some 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 thé total psychological effort.

~

In the military sector of the model, the principdl efforts should be aimed

at more research. Tor example, it is clear that the-government side in an

insurgency situation will tailor the size of its combat force in a contested

area :according-to its perceptior. of the size.of the insurgent combat force.
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The subject for research Yould be to discover what general trends (if any)
for government trocp allocation are to be ffo;md in histerical data and to
apply those trends in the insurgency mod‘él. The same could be done for
variables such-asthe expected total troops involved in combdt in any given
time pariod for various forcé levels on each §ide and the relationship
between the insurgent share of the total population and the size of its com~
bat force. Further, it is apparent that any system such as one for combat
troop replacement and reenforcement ‘has inherent delays attributable té
such causes as récruitment, decision-making, training, and transpcrtation,
The topic for study 'in this area would bé to first find the conditions which
contribute to these delays and second to find the behavior of the delays
under varying conditions. For example, as an insurgency 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 arezs for expansion in the insurgency mcdel bridge the mili-
tary and psychological sectors. These are the areas of taxation and troop
tecruitment, Generall}; speéking, it 1s uniikely that the insurgent force
will recruit its combat troops directly from the population. Rather, thé in-
surgents will, in all likelihood, form their combat for¢e from the hard-core
of its existing gomp}'ement. On the nther hand, the full-time insurgent
group depends aimost 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, as the insurgency grows, the in-
surgent group becomes more and more dependent on taxation-of the local

population for survival.
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The government group has some advantage in the area of taxation. in
that it does not have to tax jexclusiv,e‘,ly in the area (or areas) in which the
insurgents are located. The government may even tax those areas of the
country under firm control more heavily, thereby relieving the contested
areas. ©On the other hand, the government must recruit combat troops

directly frcm the population.

Ultimately, the effect of taxation of money and tood and/or the recruit-

ment of manpower away from the population is to reduce the civilian standard
of living. Historically, contested areas 'in insurgency s@tuaﬂons have begn
.ones of a low standard ot living. Undoubtedly there sxists a point at
which:oneé or both sides. begin to pay a penalty for taxation and: recruitment

in their psychological efforts. If an analyst were able to gain. someé in-

sight in>o what constitutés a perceptible change in the standard of living

in terms of money, food and manpower removel from-a given beginning 7

standard, he could include this factor as a negative influence on both

sides' propaganda efforts. Experiments could then be conducted using
various government récrvitment and taxation policies. For example., one
might attempt to datermine the net efféct on the system of a governmental
policy of removing. enough food from the contested area population to

reduce them to subsistance living, thereby denying supplies to the insur+
-gents. It is not clear what the benefits.and dangers of such a policy are.

If carefully researched and constructed, this taxation and recruitmént sub-

model could be a most rewarding addition to ‘the insurgency growth model.




This insurgency model and the éccompanying cv:o/rinputer 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 vdea‘nn'g with the seemingly eﬁer-présent problem
of insurgency. It {s hoped that the suggestions for further research con-

tained in this chapter will encourage & continuation of the effort to produce

a practicable insurgency growth model.
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APPENDIX

The following cofmputer program was written in D¥NAMO I for thé

IBM 360<67 computer. The program was employed as an insurgency growth

simulation in this study.
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. INSUPGENCY GRUMTI 1ODTL

NOTE

HOTE  BEGIN POPULATION :qnarro"s
HOTE

M PT=10000 TOTAL POPULATIO!

N INS=INSC INSURGENT POPULATION

N GC=GCC COVERNMENT POPULATION

C INSC=100 |
C GCC=3000 SRR S
N PIPRE=PIT INS. PROPAGAMDA LAST DT
N PGPRE=PGT GOVT. PROPAGANDA LAST DT
N HC=PT-IHS=-GC IHITIAL MEUTRAL POPULATION

I RITIIC>Sr>r

i GCL=GC

i 1HNSL=1{s
GCL.K=GC.J
GINC.K=(GC.K~GCL. Y)/GCL K
INSL.K=INS.J
HINC.K=(INS. K~ IN'L K)/INaL o
INS.K=INS .J*DT*(IFR.JV-IAP JK) ins, rPop, LEVEL
!GR.KLSPIWI. NG, KeNCSAF  K+P0 1 K&GC K INS. POP. GEN. RTE.
TARKL=(PUIN K+ PHIG.K)#INSG  K+D1 X IN5. POP. ATTRITION RATE
GC. U=6GC. J+DT*(GGR,JK~FAR.JK) GOVT. POP, LEVEL
COGRKL=PIG, K2NC  KaNCSAF X+ PIIC Ko NS KX GOVT, POP, GEN,
GAR.KL=(PHCN K+ PIICT  KY#OC K+ POLF  K# PR K GOYT, POP, ATTR,
HC.K=sNC . J+DT= (MNCGR, J¥~1ICAP , JX) IEUTRAL POPULATIOM LEVEL
NCAR KL=PIIN Kol MS KePHON KACC K NEUTRAL POP, GENERATION
HCAR, KL=P?41il [ {otIC KePINIG, K#NC, K NEUTRAL POP, ATTRITION

A NECSAF . K=FIFGE(ONE, ZERO,NC. K, ZERG) DUy :

INOTE '

NOTE BEGIN PROPAGANDA EQUATICHS

HOTE

A LIN, K=(PJNI *BC.K+PHC!.K*GC.K*PHGN;K*GC.K)/Pl.K
C ZERO=9

C OllE=1

C ALPHAl=.1 LONoTAdT FOR EKP. SHOOTHIPG, NS,

N HALPHAI =ONE-ALPHAL

C ALPHAG=.1 CONSTANT FOR EX P. SMOOTHIﬂP GOVT

H UALPHAG=UNE-ALPHAG :

NOTE BEGIH 115, PROPASANIDA EQUATIOHo

HOTE - .
L PIPRE.K=Pl.J !15. POP..PREV DT

A Pl .K=SALPHAT#PIT, K+IIALPIAL+PIPRE.K iNS PROPAGANﬁ\

A PIT.K=TABLE(TPIT,GCRI. K,O 1,.1) 14S.. proP,

T TP17=0,.1,.5,1.5,6,2.8,10,9,5.5,2.5,0 TATLL FOR INS. PRCP,
A GCRI . K=1111 . X~(GC. Y/PT.K)* C.V/PT K»IWS.. :ST. OF GOYT., POP,
ao%ﬂl KBNOISE()IS IMs |1TELL|GF"CC HULT'PL!ER

MOTE PROQABILITY HULTIPLIFP% FROd lhﬁ PQO“AGAND\

HOTE

A PHnL, V:PR! K*HCR.K#PF'I K FPROY, WEUTRAL-TO-INS.

A PRI X=TABLE(TPRI,PI1.K,0, 10 1) PROT, '1NG, PROP, REACUES

T TPRI=n,,02,.05,.09,.17, .Ju 7,.75,.79,.% TATLE FOR R}
A NCR,K=fIC. %/ PT. K NENTR £-T TofaL parl "RATIG
A PFUI. VsTABLE(TPFNI,PI.n,ﬂ zo 1) PROT. INS. PROD, FAV. NG
EO;EF’II-O,.IZ,.ZZ, 030038' .’Slo.hﬁ,.ka,.h'),.'m,..o TAILE PFM)
A PHGI,K=PRI; K*GOR.KePECT . € PROR, GOYT.=TO=1NS.
A GCR,K=GC.K/PT.K GUVT,=TO=TOTAL POP, RATIO

. - * A t _v b o e
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A PFGI.R=TASBLE(TPFGI,Pt.X,0,10,2) PROB, GC GOES 1115,

T TPFGY=0,.05,.1,.16,.18,.19 TAH FOR r
HOTE ’ o1, P sl LE PFCI

A PHGH.K=PRI.K*«GCR.K*PECH.K PROY, GOVT.-TO-NEUTRAL
A PFGN.X=TABLE(TPFON, PI.K,0,10,2) PROT. GC GOCS NEUTRAL
T TPFGN'O,.1,..,.-3,.3&,.35 TASLE FOR PFGH

HOTE

NO;E GEGIN GOVT. PROPAGANDA ENUATIONS:

HOTE o

A GHIN K=(PHIN K INS KeP G R TN5  RePING KeNC.K) /PG K

L PGPRE.K=PG.J PREVIOUS G0OVT, PROP,

A PC.K=ALPHAG2POT W+ IALPHAG*PRPRE (K PRESENT GOYT., PROP,
A PGT.K=TABLE(TPGT,GCNG.X,1,1,.1) GOVT, PROP, REAUIRED

T TPGT=0,1,5,5,9, 10 Q,),),I,O TABLE FOR PGT

A GCPG.K=11'G.XK*(6GC, KIPT KI+GC.K/PT. K GOVT, EST. OF RATIO
A

IC.K=aMOISE()/2.5 GOVT. INTELLICENCE MULTIPLIER
NOTE . T
HOTE PROBABILITY MULTIPLIERS FPOIt GOYT. PROPAGAHDA
NOTE ‘ ‘ - .
A PHIN,K=PRG.K*IR.K*PFI!l X PROTG, IMNS.-TO-NEUTRAL
A PRG.K=TABLE(TPRG,PG.K,6,13,1) PROT. GOVT. PROP. REACHES
T TPRG'O,.OZ,.OS,.OQ,.13,.26,.5,.35,.92,.97,1 TABLE FOR °PRG
A IR.K=TNS . K/PT.K ACTUAL INS,.-TO-TOTAL POP. RATIO
A PFIN.KsTASLECTPFIN,PC.X,0,10,2) PROS, 1!S. GOES MEUTRAL
T TPFIN=0,.03,.06,.15,.25,.206 TASLE FOR PFIN
NHOTE
A PUIGC.K=PRG.X* IR, K*PFIG, X PRO3. INS.-TO=GOVT,
A PFIG.RK=TASLE(TPFIG,PG.X,0,10,2) PROTJ, NS, GUES GOVT.
T TPFIG=9,.03,.12,.16,.18,.13 TALGLE FOX PFIC
NOTE ‘
A PMMG,K=PRGC. K% "CR.K*PFHG.V PROT, NEUTRAL-TO-GOVT,
A VRNG.K=TASLLE(TPF!G,PG.¥%,0,10,2) PRCB, HEUTRAL GUES GOVT.
T TPF: '039,005101'0-."-)7'0)9 TAD LE FOP PFNG
NOTE MILITARY SIGENT
C MYLT=4 '
C THGU=1300
C PER=,05
C DEL=2
C DCLP=3
C HUM=109 :
N TGPTEP=JEROD
N IRPEAD=ZERO
H GREAD=IERO
N Ti=PIusS+=tl1S INITIAL IMNS. TROOPS
! TGP=PER*PT INITIAL GOVT, POLICE
N TGR=TG~TGP INITIAL GCOVT. REGULARS
N TG=TiC
A KILLR.K=DG.X/DI K
L GDEAD.R=GDEAD. J*TGPAR.JV+T’MAR.JV TOTAL GOVT. TROO“S .DEAD
L IDEAD.Z=1DCAD J+TIARLJX TOTAL N3, TROGPS DEAD
L TG.KsTG,J+DT*(TGGR. JK=TGAR,JK) GOVT, TKOCPS LEVEL
R TOGR.KL=TGADBL . K GOVT. TROOP GENERATIO!N RATE
R TGAR.RL=TGSUZ.K+DC. K GOVT, TROCP ATTRITION RATE
L TGP.K=TGP, J*PT'(OGPFn.Jt-TGPAR JX) GOVT, POLICE LEVEL
R TGPGR.KL=TGPAED.K POLICE GENERATION RATE
R TGPAR.KL=POLF.R*DG. K POLICE ATT?ITIOH PATE
L TCGR.K=TGR,J+DT*(TGRAR, JR=TGRAR,JRX) GOYT., REGULAR TR“OPS
R TOGRGR.KL=TGRADD,R REGULAR GENER ’\T'ﬂ! RATE t.p"d“ Trom
st availa Llo |
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R TSRAR.KEL=TGRSUN KREAF el 1 DFRYLAR ATTRITIONY RATE
LTI, K=T| JEIT(TIGR, JR=-TIAR, JK) NS . THOOP LEVEL

R

R TIAR, KL=DI.K 185, TROGP ATTRITION DATE

L

NOTE
NHOTE

A

>RSP PP PRI IA> P DD A I DI >

HOTE

HOTE

PLOT TiiC=#» , TGTOT=G,Tl=!

3550 DT’I/LEhGTN=CU/°"TPFQ=’/PLTPER'I

TIGR KL=PIHS. K*IN3,X-T1.K ING. TROOP GENERATINY RATE

PT.K=PT.J~DT*(TIAR,JX+TGPAR,JN) TOTAL POP, LEVEL

REGF ., X=TGR,.X/TGTGT . X REGULAR-TO=-TGTAL GOYT. TROCPS RATIO
POLF.K=0ME~REGF.X POLICE-TO-TOTAL GCYT. TROOPS RATIO
IHSR. &= INS.K/PT.K ING,-TO-TOTAL POP, RATIO
PINS.K=TASLE(TPINS, INISR.K,0,1,.1) PERCENT OF INS,
Tp'rl\)=0’.1Jl.)3’ O!')'OS\J' 07' 067' .ﬁ,.‘05, o!', .18 T)‘QSLF PINS
TIEST. KTl K+ INC %*T1 . K COVT., EST. QF INS.TROOPS

™Ge. =TABLE(TTHF TIEST.X,6,5000,1000) GOYT,. TROOPS REN.
TTNC'IOUO 1000,2000,5000, QOOO,DOOO TARBLE FOR THG
TGDIF.K=Ti0. X-TG. X PRESENT GOVT. TROOP RLQUIREMINT
TGDIFP, X==-TGDIF.K

TGADD.K=FIFCE(TGDIF.%X,ZERO,TGDIF.K, ZE”O) GOVT ADD

TGSUN. K=FIFGE(ZERO,TGDIFP X, TGDIF. X, ZERQ) GOVT,. REMO,
rC|.('TAWLE(TFCi T!.., »,5008,1000) FIGHTING CONSTANT INS
TFCl=.1,.1,.12 5,.15,.175,.2 TATLE FOR FCI

FCG.K=TABLE(TFCG,T!.K,0,5000,1006) FIGHTINC CONSTANT GOV
TFCG=, ooons,. 00085, 2050158, .0002,.0002,.0002 TASLE FOR FCG

EENC.K=TABLE(TEE!NC,T!.K,0,5000,1000) £XP, “0 ENG.
TEENC=1,1,15,25,30,30 TATNLE FOR EENC

AFSG. k=FIFGELFS f.~,TP.x,|I K, THo') AVFQ“GC FoncE FOVT
AFSH K=FIFGE(FST . K, TI . %, TV, K,TVOU) AYERAGE FONCE 1S
FST. V=Tﬂ"lE(TF§T,TI.n, 3009,10909) TP“FF S1EE
TFST=(,50,100,200, JOO, 00 TASLE FOR FS

TTG.K=EENC, V'AF’F * TOTAL GovYT. ,TPOO"Q IMVOLVED
TTI.K=EENC R*AFS) X TOTAL 1S, TR00P5 INMYOLYED
IC.X=FIFGE(T!ION, TTI.\,Tl.n,TNPU) COMSTANT FOR COM3AT ENN.
DG.%=FC! . K*#TTI.K GOYT. TROOPS KILLED

DI.X=FCG.X*TTG. K#IC. X NS, TENOPS KILLED
TGPTEP.K=TGPT£H.J : ,

TGPACT . X=FIFGE(TGPTE! . K, TGPTEP. K, TCPTEN. K, TGPTEP.K)
TGPDES .. Y=lULT# (TGPACT . K~-TCPTEP.K) -

TGPTE! ). K=FIFC E(TGPLIF ', ZERO, TGPRIF. 4, ZERO) POLICE DES.,
TGPDIF . K=PEK*PT.K-TGP. X POLICE RENUVIRED

TGPADLD, h=PfLAY1(TG°DF°.k,DFL) CELAY FCR ADGITION OF TOL,
TGRDIF  K=TIG. K=TCGP. X=TCI. K REGULARS NLQUIKED

TGRDES . R=FIFCE(TCOROIF. X, ZERO, TGRDIF K, ZERD) REGULARS DES
LOTS.K=FIFGE(ZERD,ADSDIF . K, TGPDIT . K, ZEND) REGULARS EXC,
ABSDIF . K==-TGRDIF. X

REHL.K=FIFGE(LOTS.K,ZERG,LOTS.K,HU”) RENOYE ANY?
TGRSURT.K=DELAYL(RE:'L.K,DELP) DELAY FOR REGULAR RCHOVAL
TGRANDT. Y-uELAYl(TG FS.K,DﬁLP) DELAY FOR NTGULANS ADDED
TGRADD . K=FIFTE(TGRADDT . K, ZERO, TAGRDIF K, ZLRO)
TGRSUB.K=F!FGE(ZERO,TGRGUBT.K,TGRD!T.Q,ZERO)
TGTOT.K=TGR.R+TGP,. X TNTAL GOVT. TROOPS -

T —————

Reproduced from -
bast available eopg "
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