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PREFACE 

This project was originally initiated as a Special 
Problem, carrying 3-hours credit, in partial fulfillment of 
the non-thesis requirements for the degree of Master of 
Science in Industrial Engineering. As the work progressed, 
my advlsor-Dr. Joseph Krol-felt that the results obtained 
were significant enough to warrant their publication. Since 
there was Inadequate time to change from the non-thesis to 
the thesis program, it was decided to term this study a 
Master's Research Paper and to process it according to the 
regulations governing a Master's Thesis. 
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CHAPTER I 

INTRODUCTION 

1.1 The Nature of the Problem 
Ninety-nine per cent of the time the battlefield is 

a place of emptiness, desolation, and solitude. It erupts 
the other one per cent of the time into a holocaust of 
numerous, small, isolated firefights, extremely sporadic in 
nature. 

The basic ingredient of battle is fire; and as stated 
by the Honorable Robert B. Patterson, Secretary of War during 
World War II: "Finally, it is the volume of fire that counts. 
You win if you can kill more of the enemy than he can kill 
of you. If you cannot, you are defeated (1, p. 64).H Yet 
as simple as this principle is, its execution is one of the 
most complicated problems in the nature of warfare. General 
S. L. A. Marshall ably stated this problem in the following 
words: "The rarest thing in all battle is fire in good 
volume, accurately delivered, and steadily maintained (1, 
P. 66). M 

Military historians describe battles in great detail. 
However, the victor has never been satisfactorily predicted 
because the variables of warfare are far too numerous and 
dynamic (i.e. varying over time). 
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1.2 Objectives 
The purpose of this paper Is to Illustrate the con­

struction of military combat models by the use of the Indus­
trial dynamics technique developed by Professor Jay W. 
Forrester and his associates at the Massachusetts Institute 
of Technology (11). The end objective Is to develop a 
simulated model of an Infantry rifle platoon and Its fire 
upon the battlefield. 

1.3 Scope and Limitations 
The general model to be developed Is to portray the 

time-varying behavior of an Infantry rifle platoon over a 
24-hour period. The Initial model shows only the decline In 
firepower due to casualties sustained from enemy direct fire; 
however, more sophisticated models portray the effects of 
stragglers, ammunition supply, and indirect fire upon the 
platoon's rate of fire. The platoon undertakes a hasty 
defense of a position under the conditions of conventional 
warfare. A further assumption is made that upon losing two-
thirds of its initial strength during the period considered, 
the platoon becomes ineffective as a combat unit and must 
be replaced immediately or the position lost. 

1.4 Literature Search 
1.4.1 Early Development 

The earliest attempts to develop a science of military 
conflict culminated in a set of maxims named the principles 
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of war. These principles are some nine or ten in number 
depending upon the interpretation followed. The United 
States Army in an official publication, American Military 
History 1607-1958» states: "The principles of war are inter­
related. They are not absolute and have been successfully 
violated at times, but only for very special reasons that 
had been carefully considered beforehand (2, p. 3 ) . w 

Military historians, such as Jomini, Clausewitz, 
duPicq, Mahan, Foch, Douhet, and Fuller, have been notably 
lacking in quantitative thought. Clausewitz only goes so 
far as to state that the reserve should consist of from one-
third to one-half the strength of the force (4, p. 56). 

1.4.2 Lanchester Equations 
The first mathematical model to achieve limited 

success was proposed around 1916 by F. W. Lanchester in 
connection with aerial combat (7). The two sets of differ­
ential equations he advanced have become known as Lanchester1s 
linear law and Lanchester*s square law of warfare. An 
excellent review and the present state of development of 
these equations is to be found in Major James Robinson's the­
sis (8). The development has not been notably successful due 
to the required use of differential equations to handle the 
dynamics of the problem, the mathematical difficulties encoun­
tered in manipulating more than several variables, and the 
general lack of quantitative data concerning military combat. 
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1*4.3 Use of Computers 
With the advent of computers in the late 1950*s, a 

new and promising field was opened. A sophisticated computer 
model has been developed by the United States Army Strategy 
and Tactics Analysis Group (STAG) at Bethesda, Maryland (10). 

Its war games include such variables as weather, terrain, 
movement, fire, supply and replacements put in at various 
levels. The computer can handle not only the numerous vari­
ables of battle, but can also provide the dynamics required. 

While such programs are ideal for military "war-
gaming", they are not necessarily best suited for the pur­
poses of military research. In the latter case, the user 
must fully understand the parameters, the variables, and the 
dynamic relationships which have been programmed into the 
model. To do otherwise requires blind faith in the ability 
of the programmer and of the programs used. Understanding 
the program is difficult even to the experienced programmer 
due to the nature of the present computer languages and the 
method of constructing flow diagrams. 
1.4.4 Industrial Dynamics 

Professor Jay W. Forrester developed industrial 
dynamics in the early 1960,s. Essentially, this technique 
involves the formulation of a model of the dynamic behavior 
of an industrial organization by means of an easily under­
standable computer language known as Dynamo. Several 
examples of industrial sophisticated models are detailed in 
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Dr. Forrester's book, Industrial Dynamics ( 1 1 ) , 

The industrial dynamics approach, readily handling as 
many as 2,000 variables and being dynamic in nature, is also 
applicable to military organizations. Delay functions, so 
necessarily a part of warfare, are easily handled by the 
Dynamo language. 

1,5.1 Organization 
The rifle platoon (infantry) consists of 44 men 

organized into three rifle squads, one weapons squad, and 
a platoon headquarters as shown in Figure 1. 

1,5 The Rifle Platoon 

PLAT HQ RIFLE WEAPONS 

P L A T O O N L E A D E R 
P L A T O O N S E R G E A N T 
R A D I O T E L E P H O N E O P E R A T O R S Q U A D L E A D E R M A C H I N E G U N N E R 

A S S T M A C H I N E G U N N E R 

M A C H I N E G U N N E R 

A S S T M A C H I N E G U N N E R 

A N T I T A N K G U N N E R 

A S S T A N T I T A N K G U N N E R 

A N T I T A N K G U N N E R 

A S S T A N T I T A N K G U N N E R 

A M M U N I T I O N B E A R E R 
A M M U N I T I O N B E A R E R 

S Q U A D L E A D E R 

F I R E T E A M L E A D E R 
G R E N A D I E R 
A U T O R I F L E M A N 
R I F L E M A N 
R I F L E M A N 

F I R E T E A M L E A D E R 
G R E N A D I E R 
A U T O R I F L E M A N 
R I F L E M A N 

Figure 1. The Rifle Platoon, 
(Adapted from FM7-15 (9i P. 5)) 
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1.5.2 Mission 
The United States Army Field Manual 7-15 statest "The 

basic mission of the rifle platoon is to close with the 
enemy by means of fire and maneuver in order to destroy or 
capture him, or to repel his assault by fire and close 
combat (9* P. 3)." A concept of a rifle platoon accomplish­
ing the latter part of this mission is illustrated in 
Figure 2. 

Figure 2. A Rifle Platoon Repelling an Assault. 
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1.5.3 Weapons and Communications 
The weapons of the rifle platoon consist of thirty 

7.62 mm rifles (light barrel), two 7.62 mm rifles (heavy 
barrel), six 40 mm grenade launchers, two 3.5 in rocket 
launchers, and fourteen caliber .45 automatic pistols (15, 
p, 133). Each rifleman carries 100 rounds of ammunition and 
there is an additional 100 rounds per rifleman on carrier in 
the company trains (15, p. 30^)• 

1 2 The platoon has six AN/PRC-6 radios and six TA-l/PT 
telephones for internal communication. The telephones are 
used primarily in defensive positions. An AN/PRC-25 radio 
is used for external communications to the company command 
post (15, p. 133). 

-̂Army Navy/Portable Radio Communication 
telephone Apparatus-l/Power Telephone 



CHAPTER II 

PRELIMINARY MODEL FORMULATION 

2,1 Model Description 
In Industrial dynamics, a large number of variables 

may be considered for inclusion in a model. These variables 
are divided into two partst (1) a set of "endogenous" vari­
ables, each of which is directly influenced by the current 
or lagged value of other variables in the set (and/or by its 
own lagged values), and (2) a set of "exogenous" variables 
which have influence on the endogenous variables but are not 
influenced by them. 

Any industrial dynamics model, however complex, con­
sists of three parts* 

(1) Input, which is represented by a set of exogenous 
variables, 

(2) The structure of the simulated system, which is 
represented by a set of endogenous variables, and 

(3) Output, which consists of a time-dependent print­
out and plot of the values of selected endogenous and/or 
exogenous variables. 
Figure 3 shows graphically the relationships between the 
three parts of an industrial dynamics model. Input is 
represented by an exogenous variable "X"; the structure of 
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the simulated system is represented by the endogenous vari­
ables WA H, H B M , M C W , and "D w; and the output is represented 
by the selected variables HA H and HD H. 

A.B.C.D: Endogenous Variables 

X : Exogenous Variable 

Figure 3. Industrial Dynamics Model Concept. 
The first consideration in construction of a model is 

the scope of the system to be simulated. This scope may 
later be enlarged or reduced, but an initial determination 
of the general outline of the boundaries of the system must 
be established. In this research the general boundaries of 
the system are the rifle platoon. A few, but by no means 
all, of the endogenous variables of this system are battle­
field strength, casualty rate, rate of fire, and ammunition 
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resupply. Other endogenous variables are added as the model 
Is developed. 

The second consideration is the establishment of one 
or more exogenous variables. In the case of the rifle 
platoon, that variable which exerts the most influence over 
the behavior of the platoon and over which the platoon exerts 
no influence is the capability of the enemy to deliver fire 
against it. The enemy has the capability of delivering two 
types of fire against the platoons (1) direct fire primarily 
from small arms, and (2) indirect fire from mortars and 
artillery. The platoon, by its own means, can influence the 
enemy's effective use of his direct fire capability; the 
platoon cannot influence by its own means the enemy's effec­
tive use of his indirect fire means. Therefore, in the 
initial model only the enemy's direct fire capability is 
considered; however, later models developed in this study 
consider both means. In the initial model a constant input 
of 4000 rounds per hour is used for the enemy capability of 
direct fire. In later models several types of variable 
inputs are considered. 

Figure 4 shows the preliminary model which has so far 
been suggested: 

(1) An exogenous input of an enemy capability to deliver 
direct fire (E), 

(2) Endogenous variables of battlefield strength (S), 
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casualty rate (C), ammunition level (A), and rate of fire 
(F), and 

(3) Output showing the values of the platoon's rate of 
fire (F) and strength (S), both as a function of time. 

A : Ammunition Supply 
C• Casualty Rate 
F: Rate of Fire 
S : Platoon Strength 
E: Enemy Capability of Fire 

Figure 4. Preliminary Rifle Platoon Model. 

2.2 Primary Parameters and Relationships 
Although many parameters and relationships will be 

developed before completion of the initial model, a few 
principal ones require consideration before the details of 
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the model are developed. Among these are the number of 
rounds per casualty, the ratio of fire between combatants, 
and the effectiveness of the enemy fire capability. 
2.2.1 Casualties 

Because numerous variables such as range, terrain, 
ratio of fire, and supply establish the parameter value for 
the number of rounds required to produce a casualty, no 
value or approximation is found in the textbooks. An esti­
mate may be attained experimentally by firing at silhouette 
targets arranged as a platoon in a hasty defensive position 
from a nominal distance (say 300 meters). The number of 
rounds producing one casualty is attained by dividing the 
number of rounds fired by the number of targets hit. 

Without experimentation, the problem is approached 
in another manner. To an attacker, the rifle platoon offers 
targets which are irregularly arrayed, behind cover, and 
difficult to detect (14, p. 4). The enemy therefore fires 
into the general area of the platoon and not at a specific 
target. Since a defender usually entrenches on high ground, 
the assumption is made that the slope of the defended ground 
will be 30°, as shown in Figure 5. The primary defensive 
positions of the platoon on the forward slope of the hill 
cover an area some 400 meters wide and 100 meters deep as 
shown in Figure 6. With enemy fire directed at this area 
from a 30° angle, the area to be targeted by the enemy is: 
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Area = 400 m x 100 m x sin30° = 20,000 m 2 

Enemy Fire 

I Primary | Supplementary) 
Positions Positions 

Figure 5. Typical Platoon Defensive Position. 
(Not to Scale) 

Since the platoon will make the most of cover, the 
target usually offered to the enemy is that of a rifleman 

Figure 6. Platoon Defensive Position (Schematic), 
(Adapted from FM7-15 (9, P. 106)) 
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from the shoulders up as seen in Figure 7. Converting to the 
metric scale, the area of a target is: 

|* 24 in H 

Figure 7. Typical Battlefield Target. 
To cover the area occupied by the platoon and place one 
round in each 0.278 m area, the following number of rounds 
is required: 

Number of Rounds = 20,000 m _ 7 2 ,000 
0.278 m 2 

Assuming that all 44 men become casualties by the blanketing 
of the area with 72,000 rounds, 1650 rounds are required to 
produce a casualty. 

It may be argued that the enemy will not systematically 
place a round in each 0.278 m 2 area of the platoon target, 
instead some areas will be overshot and some not hit at all, 
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and that some of the platoon in a given instant will be 
totally behind cover. One may also theorize that rougher 
terrain requires additional rounds per casualty and that at 
night the number increases astronomically. But, a beginning 
must be made; for the purposes of this study, I 6 5 0 rounds 
produce one casualty. 

2.2.2 Ratio of Fire 
One of the more important endogenous variables is 

that of the ratio of friendly fire to the enemy capability 
to deliver direct fire. This ratio (hereafter called the 
ratio of fire) is important because the ability of a com­
batant to maneuver depends upon it. Most military men 
consider that a favorable two-to-one ratio permits relative 
freedom of maneuver and consequently a better placement and 
delivery of fire. Unfortunately for computer usage this 
ratio cannot remain as stated; for as the enemy capability 
to deliver fire approaches zero, the ratio of fire becomes 
infinite. To preclude such a possibility, the ratio of fire 
is therefore approximated by the following equation: 

Ratio of Fire = } + g j ; a t 0 0 * F 1 * * ^ r — 

1 + Enemy Capability of Direct Fire 
This approximation is adequate for use in any industrial 
dynamics model. 

2.2.3 Effectiveness of Fire Concept 
Upon being engaged by the enemy, the rifle platoon 
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returns the fire, attempting to gain and maintain fire 
superiority (14, p. 16). If the platoon can maintain a two-
to-one ratio of fire, then the effectiveness of the enemy 
firing capability is extremely low—say, near 15 per cent. 
In other words, the enemy soldier is pinned to the ground, 
is unable to maneuver and will in fact not "raise his head"; 
consequently his firing capability remains largely unused. 
On the other hand, if the platoon cannot maintain superiority 
and the ratio of fire falls to one-half, then the enemy has 
gained freedom of maneuver and may be expected to use his 
capability to deliver fire to the utmost. The effectiveness 
of the enemy capability is now near 100 per cent. If the 

Figure 8. Effectiveness of Enemy Fire Concept, 
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ratio Is near one, with neither side possessing superiority 
of fire, then the enemy should be expected to be able to 
utilize 50 per cent of his capability. This concept Is 
embodied in Figure 8, 

2.3 Programming in Dynamo 
2.3.1 Delta Time 

Inherent in any dynamic problem is the concept of 
Incremental time, that is the span from one time period to 
the next. In industrial dynamics this Incremental time is 
known as "Delta Time11 (DT). Time lagging one period in the 
past is represented by the letter, HJ H; present time is 
known as M K H , and time one Increment into the future is time 
"L M as shown in Figure 9. 

Present Time 

J K L 
1 1 1 > . 

! DT • Time 
(JK) (KL) 

Figure 9. Dynamo Time Concept. 
Delta Time may be established as large or as small as 
desired; but it is to be remembered that any decision made 
at the start of a period must apply without change throughout 
the period (11, p. 74). If the decision does not apply 
throughout the period, then DT should be decreased until it 
does. In this study, DT is taken as l/l6th of an hour 
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(approximately 3.75 minutes). Delta Time may be readily 
changed even after completion of the model; however, it may 
not be changed during an actual run of the program. 
2.3.2 Level Equations 

Resources such as men, weapons, and ammunition are 
placed into the model by "level" equations. Levels may be 
considered as tanks or boxes which hold an amount of the 
resource, and they are represented on the flow diagram by a 
rectangle such as shown in Figure 10. 

Pipeline In 

Ammunition 

AMMO 

Pipeline Out 

Figure 10. Dynamo Level Symbol. 
The present level (K) is always equal to the level one time 
period ago (J) plus or minus the rate of the particular 
resource flowing into or out the level during the intervening 
time (JK). This statement forms the basis for all level 
equations. 
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Each type of resource has Its own distinct symbol 
showing its flow into and out of a particular level. For 
example, Professor Forrester distinguishes five types of 
flows other than information flow, namely: materials, orders, 
money, personnel, and capital equipment. 
2.3.3 Rate Equations 

The flow of a resource into or out of a level is 
known as a "rate". The rate equation may be considered as 
a valve on a pipeline which permits resources to flow from 
one tank into another tank. This rate decision is represented 
by the symbol of a butterfly valve as shown in Figure 11. 

The rate for the future time interval (KL) is always depend­
ent upon the state of the levels at the present time (K) and 
the rate of flows during the incremental time just past (JK). 
2,3.4 Auxiliary Equations 

In the real world, decisions are seldom based upon the 
state of Just one flow or one level; rather the states of 
several flows and rates are usually combined along with 

Pipeline Flow 

Figure 11. Dynamo Rate Symbol. 
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certain parameters. For example, the platoon's rate of fire 
may depend upon the considerations of the intensity of enemy 
fire, the desire to maintain a two-to-one ratio of fire, and 
the level of ammunition on hand. The auxiliary equations 
"tie" the levels, pipelines, and rates together; they repre­
sent auxiliary decisions in the flow of information within 
the model. Auxiliary equations are represented by circles; 
the flow of Information (from levels, rates, and other 
auxiliary variables) is represented by broken arrows as 
shown in Figure 12, Auxiliary variables are always computed 
at the present time (K) from the latest information avail­
able, i.e., time K from levels, time JK from rates, and time 
K from other auxiliaries. An auxiliary symbol must always 
have information flow in and Information flow out (except in 
the case of the exogenous variable when information may only 
flow out). 

Figure 12. Dynamo Auxiliary Symbol. 
2.3.5 Initial Conditions 

As in the case of differential and difference equa­
tions, initial conditions for the system under study must be 

Possible Rate of 
Fire per Man 
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established. Each level and rate equation requires an 
initial condition. As auxiliary values are computed from 
information received from level, rate, and other auxiliary 
equations, they require no initial conditions; the auxiliary 
equations are simply centers of information exchange. 
2.3.6 Constants 

A constant may be specified in the body of a level, 
rate, or auxiliary equation; or it may be expressed as sepa­
rate parameter of the system. For example, Delta Time is a 
parameter of the system and is expressed as: 

DT = 0.0625 

2.3.7 Equation Format 
Dynamo requires each equation to follow a specified 

format. The formats available for use are listed in the 
Dynamo User's Manual (13, p. 52). Adequate formats exist to 
express most algebraical equations with a little rearrange­
ment; certain special function formats also exist. Each 
format is numbered and this number must be punched into the 
first space available on the IBM card. Each number is fol­
lowed by the letter representing the type of equation, e.g.: 
L for level, R for rate, A for auxiliary, N for initial 
condition, and C for constant. 



CHAPTER III 

THE INITIAL MODEL 

3 .1 Battlefield Strength 
Construction of a model best begins with the develop­

ment of the level equation of foremost interest. In the case 
of the rifle platoon, the battlefield strength (BSTR) is such 
a level; it is the only level to be found in the flow diagram 
of the initial model as shown in Figure 13 . As replacements 
are not received on the battlefield, the battlefield strength 
(BSTR) is dependent only upon the casualty rate (CASR). The 
level equation for the battlefield strength (BSTR) is 
written: 

1L 1 BSTR.K=BSTR.J+(DT)(0-CASR.JK)2 

This equation states that the battlefield strength at 
the present time (BSTR.K) equals the strength at a time one 
incremental period in the past (BSTR.J) minus the casualty 
rate (CASR.JK) during the incremental period (DT). The 
initial strength of the platoon is 44 men: 

6N BSTR=44 

"'"Equation format number (13 , p. 52). 
2 
The zero is used to follow the specified Dynamo 

equation format. 
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3.2 Casualty Rate 
If the casualty rate (CASH) should exceed the strength 

of the platoon (BSTR) within a given incremental time, a 
negative platoon strength would result. This occurrence is 
prevented by establishing a negative casualty limit which 
the casualty rate cannot exceed: 

20A NEGC.K=BSTR.K/DT 

Use is now made of an "auxiliary" casualty rate (ACAS) 
which is defined as the casualty rate with no limitations. 
This variable is dependent upon the intensity of enemy fire 
(EINF) and the casualty parameter (1650 rounds per casualty) 
previously established. 

20A ACAS. K=EINF. K/I650 

The actual casualty rate (CASH) becomes the lesser of the 
auxiliary casualty rate (ACAS) or the negative casualty 
limit (NEGC)l 

5^R CASR,KL=MIN(ACAS.K,NEGC.K) 
6N CASR=0 

3 . 3 Enemy Fire 
The intensity of enemy fire (EINP) is dependent upon 

the capability of enemy to deliver direct fire (ECDP) and 
the effectiveness of this fire (EFFF)i 

12A EINF.K=(EFPF.K)(ECDF.K) 
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The enemy capability to deliver direct fire (ECDP) is the 
exogenous variable and has been discussed previously. For 
the first model, designated Model 1-4000(1), a constant rate 
of 4000 rounds per hour is arbitrarily established after an 
initial period of one hour, during which time the enemy 
capability will be zero. This initial value of zero is 
purposely programmed to insure that stability exists in the 
model at the start of the time under consideration. 

45A ECDF. K=STEP(4000,1) 

The effectiveness of enemy fire (EFFF) is dependent 
upon the ratio (RAT0) of friendly fire to the enemy capabil­
ity of fire as shown in Figure 8. This graph is translated 
into the Dynamo language ( 13 . P. 38): 

58A EFFF.K=TABHL(TBL2,RAT0.K,0,2.5,0.5) 
C TBL2*=l/0.9/0.5/0.3/0•2/0.15 

The ratio (RAT0) of actual friendly fire (AR0F) to 
the enemy capability of fire (ECDF) has been previously 
discussed and is written: 

26A RAT0.K=(1+AR0F.K+0)/(1+ECDF. K+0) 1 

3.4 Fire of the Platoon 
There exists for the platoon a possible rate of fire 

(PROF) which is established by the ammunition resupply rate. 

•'•The zeroes are used to follow the specified Dynamo 
equation format. 
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If the assumption is made that ammunition can be resupplied 
each hour, then the hourly rate of fire per rifleman is his 
basic load of 100 rounds: 

12A PROF,K*(100)(BSTR.K) 

It is obvious, however, that if the enemy fires at a 
rate of one round per hour, the platoon does not desire to 
fire at a rate of 4400 rounds per hour. Once the two-to-one 
ratio of fire is established, the platoon has little to gain 
by firing at a greater rate. In reality, as the platoon is 
never assured of an ammunition resupply, it will tend to con­
serve ammunition. The platoon, therefore, has a desired 
rate of fire (DROP) which is two times the enemy capability: 

12A DR0F«(2)(ECDF.K) 

The actual rate of fire (AROF) becomes the lesser of either 
the desired rate of fire (DROF) or the possible rate of fire 
(PROF): 

5^A AROF,K*MIN(PROF.K,DROF.K) 

The equations relating to the flow diagram shown in 
Figure 8 have been completed, 

3,5 Run Equations 
To obtain print-out and plot of the variables of 

interest, the following two cards are required: 
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PRINT 1)BSTR/2)AR0F/3)RAT0/4)EINF 
PLOT BSTR=S(0,60)/AROF=F,EINF=E(0,12000)/RATO=R(0,4) 

AMMO=A(0,10000) 

The figures in parentheses indicate the scale desired in 
the plot. 

The duration of Delta Time, the total length of time 
being considered, and the intervals of time at which to 
print and plot the variables of interest are placed on a 
specification card. DT is already established as one six­
teenth of an hour (0,0625). The values of the variables of 
interest are printed each half-hour in time and plotted 
each quarter of an hour: 

SPEC DT=0.0625/LENGTH=2VPRTPER=0,5/PLTPER=0,25 

A run card to initiate action by the Dynamo program is also 
required: 

RUN 

3.6 Analysis 
3.6.1 Model 1-4000(1) 

These equations are now punched, along with the format 
numbers and letters on IBM cards, a deck is assembled and a 
pass made through the computer. The resulting output is 
shown in Figure 14 (a card listing), Figure 15 (print-out of 
the variables of interest), and Figure 16 (plot of the vari­
ables of Interest). 
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The most interesting of these three figures is the 
plot for it shows at a glance the dynamic behavior of the 
platoon. During the initial hour period of zero enemy capa­
bility the model demonstrates stability with no changes 
occurring from the initial conditions of platoon strength 
(S), ratio of fire (R), enemy intensity of fire (E), and the 
platoon rate of fire (P). Against the 4000 rounds of fire 
per hour, the platoon cannot obtain a two-to-one ratio of 
fire (R). Consequently, the platoon strength (S) drops off 
quite rapidly to three by the end of the 24 hour period. 
Under the criterion established in the scope and limitations 
of this study, the platoon ceases to become an effective 
fighting unit at the end of approximately 18 hours when it 
has lost two-thirds of its strength. As the platoon's 
strength (S) decreases, both the rate of fire (P) and the 
ratio of fire (R) decrease proportionally; however, the 
intensity of the enemy fire (E) increases as the enemy can 
more effectively use his fire capability. It should be 
noted that the platoon strength (S) is not a linear function; 
rather the weaker the platoon becomes, the greater is its 
casualty rate per time period. 
3.6.2 Model 2-2000(1) 

Model 2-2000(1) is essentially the same as Model 
1-4000(1) except that the enemy capability to deliver direct 
fire after the first hour has been halved to 2000 rounds per 
hour from 4000 rounds per hour. The plot of the variables 



32 

of interest of this model is shown in Figure 17. As might 
be expected, since the platoon can now maintain a two-to-one 
ratio of fire (R) for a period of about 19 hours, the battle­
field strength (S) of the platoon remains quite high; at the 
end of 24 hours, there are still 38 men remaining in the 
platoon. As the platoon's rate of fire (F) decreases due to 
its losses, the intensity of the enemy fire (E) is seen to 
increase; and as this occurs the ratio of fire (R) also 
decreases. However, the ratio of fire (R) even at the end 
of the 24 hour period is almost at the desired two-to-one 
value. In other words, the platoon can adequately defend 
against an enemy capability of 2000 rounds of fire per hour 
for a period of 24 hours. 
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CHAPTER IV 

A SOPHISTICATED MODEL 

4.1 Stragglers: Model 3-4000(S) 
There occurs In combat the problem of straggling, i.e. 

the wandering of men away from their unit, usually by acci­
dent but occasionally by design. Its effect is to decrease 
the strength of the unit and therefore the rate of fire of 
the unit for the period of time the straggler is absent. 
Consequently, the strength of the platoon (BSTR) must be 
changed by the subtraction of a straggler rate (STRG) and 
the addition of a return rate (RETR): 

52L BSTR.K=BSTR.J+(DT) (RETR. JK-STRG. JK-CASR. JK+O) 

The straggler rate is primarily dependent upon the 
intensity of enemy fire when men stray due to panic, upon 
becoming lost or disoriented, or in order to aid a stricken 
comrade. No study is available giving a quantitative esti­
mate of this parameter which may be as great as the casualty 
rate. For the purposes of this paper, however, the rate 
will arbitrarily be established as one-half of the auxiliary 
casualty rate (ACAS), As with the casualty rate, a negative 
straggler limit (NEGS) is required. Due to the prior com­
mitment of subtracting casualties (CASH) from the level of 



35 

platoon strength (BSTR) the construction of the negative 
straggler limit (NEGS) Is determined by subtracting the 
auxiliary casualty rate (ACAS) from the negative casualty 
limit (NEGC). If the quantity (NEGS) Is negative, then the 
straggler rate (STRG) must be zero since there Is no 
strength remaining In the platoon. If the quantity (NEGS) 
Is positive then the straggler rate (STRG) Is the minimum 
of the auxiliary casualty rate (ASTG) and the positive 
quantity, now called the positive straggler limit (PSTG): 

54R STRG.KL=MIN(ASTG.K,PSTG.K) 
12A ASTG.K=(0.5)(ACAS.K) -, 
51A PS TG.K=CLIP(0,NEGS.K,NEGC.K,ACAS.K) 
7A NEGS.K=NEGC.K-ACAS.K 

Before calculating the straggler return rate (RETR), 
the time the straggler is absent, or his delay in returning 
(SDEL) to his unit, must be established. With no enemy 
fire, the straggler returns quickly—say, in an hour. On 
the other hand, the more intense the enemy fire the more 
prolonged the delay, at least initially. There is probably 
some time, however, which is not exceeded regardless of the 
intensity of fire. This relationship is expressed in Figure 
18, where the maximum limit of delay time has arbitrarily 
been established at five hours. 

1PSTG = 0 if NEGC £ ACAS 
PSTG = NEGS if NEGC < ACAS 
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Straggler 
Delay (SDEL) 

(Hours) 

0 1000 2000 3000 Intensity of 
Enemy Fire (EINF) 
(Rounds per Hour) 

Figure 18. Variable Straggler Delay. 
From this function, a table is made in the Dynamo language! 

58A S D E L . K « T A B H L (TBL3 , E I N F . K , 0 , 3 0 0 0 , 1 0 0 0 ) 
C TBL3*-1. 0 / 3 . 5 A . 5 / 5 . 0 

The straggler return rate (RETR) may now be written as: 

20R RETR.KLsSTGL.K/SDEL.K 

From the variables which have been established, the number 
of stragglers absent from the platoon at any given instance 
(STGL) can be calculated as: 

1L S T G L . K * S T G L . J + ( D T ) ( S T R G . J K - R E T R . J K ) 
6N STGL=0 
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These equations, when added to those of Model 1-4000(1) form 
Model 3-^000(S)# No separate flow diagram has been drawn 
for this model, but the straggler flow from and into the 
platoon becomes a part of the flow diagram of the more 
sophisticated model shown in Figure 24. This flow diagram, 
in addition to including the initial model shown in Figure 
13» incorporates all the modifications discussed in this 
chapter. 

The plot of Model 3-4000(S) is shown in Figure 19. 
It is to be noted that when the enemy capability of direct 
fire is fixed at 4000 rounds per hour (except for the first 
hour), stragglers have the effect of shortening the time 
span of the platoon's effectiveness as a fighting unit from 
the 19 hours of Model 1-4000(1) to 16 hours. 

4.2 Ammunition Resupply. Model 4-4000(A) 
The role played by ammunition and its resupply is 

important since the sustained firing rate of modem weapons 
is such that the limiting factor in the volume of fire is 
the resupply of ammunition rather than of the weapon. The 
U. S . Rifle, Ml4, for example, has the capability of a sus­
tained rate of fire of 15 rounds per minute; or 40 rounds 
may be fired in each of the first two minutes of firing 
(16, p. 5). As the basic load of a rifleman is 100 rounds, 
ammunition resupply on the battlefield is of paramount 
importance. 

The ammunition level of the platoon (AMMO) is 



Figure 19. Plot of the Variables of Interest: Model 3-*K)00(S). 
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dependent upon the actual ammunition resupply rate (AARR) 
minus that ammunition expended against the enemy (AMER) and 
that ammunition removed by casualties (CARR) and stragglers 
(SARR). In addition, returning stragglers add ammunition 
to that available (SAIR); there also exists an amount of 
ammunition present on stragglers who have not yet returned 
(SAML) I 

2L AMMO. K=AMMO. J+(DT) (AARR. JK+SAIR. JK-AMER. JK-CARR. JK 
-SARR.JK+O) 

12N AMMO=(BSTR)(100) 
6R AMER.KL=AR0F.K 
6N AMER=0 -, 
50R SAIR.KL=(SAML.K)(RETR.K)/(0.05+STGL.K) 
6N SAIR=0 
1L SAML. K= (SAML. J)+(DT) (SARR. JK-SAIR. JK) 
6N SAML=0 

As with any level which cannot fall below zero, negative 
limits must be established for those rates which are sub­
tracted from the level equations. Since the actual rate of 
fire (AROP) must be less than the ammunition supply, the 
ammunition expended (AMER) already has its limit established. 
However, a negative straggler ammunition removal limit (NAMS) 
must be established along with a tried ammunition straggler 
removal rate (TSAR). Likewise a negative casualty removal 
limit (NAMC) and a tried casualty removal rate (TCAR) are 
established. An auxiliary straggler rate (ASAR) is also 
required in the formation of these equationsi 

0.05 is introduced to prevent this term becoming zero. 
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27 A NAMS. K=AMMO. K/DT-AROF. K 
50A TSAR.K«(AMMO.K)(STRG.JK)/(0,05+BSTR.K) 
54R SARR.KL=MIN(TSAR.K,NAMS.K) 
6N SARR=0 
7A NAMC. K-NAMS. K- AS AR. K 
54A ASAR.K=MIN(TSAR.K,NAMS,K) 1 

50A TCAR.K=(AMMO.K)(CASR.JK)/(0.05+BSTR.K) 
54R CARR. KL=MIN(TCAR.K,NAMC.K) 
6N CARR=0 

The actual ammunition resupply rate (AARR) is sup­
plied from ammunition in transit (AINT). In order to 
maintain simplicity the assumption is made that the ammuni­
tion is delivered to the platoon by a company bearer as is 
sometimes the case in combat. Should this assumption not 
be made, then the strength of the platoon would require 
reduction by the number of men in the ammunition resupply 
party for the length of their absence. 

A time lag (ADEL) exists between the time that 
ammunition Is requested and the time that it is delivered. 
This time lag is to a certain extent dependent upon the 
intensity of enemy fire. It is assumed here that the delay 
is half-an-hour if the intensity of enemy fire Is less than 
300 rounds per hour; otherwise the delay is an hour. 

20R AARR. KL=AINT.K/ADEL.K 
6N AARR=0 
5 1 A ADEL.K=CLIP(1,0.5,EINF.K,300) 

The time lag as constructed In this case is not desirable. 

0.05 is introduced to prevent this term becoming 
zero. 



An absolute delay be means of a programming device called a 
boxcar train (11, p. klQ) is more appropriate and closer to 
reality. Unfortunately this feature was not incorporated 
into the Burrough's 5500 Dynamo program at the time this 
paper was written. 

Ammunition resupply may take place under two condi­
tions t (1) no enemy fire is being received (and the label 
used is ARNP), and (2) during a firefight (and the label 
used is ARWF). 

Ammunition resupply in the first case (ARNP) is begun 
if the amount of ammunition on hand (AMMO) and in transit 
(AINT) is less than the desired ammunition (ADES) of 100 
rounds per man (the basic load). The ammunition requested 
(AREQ) is the desired amount (ADES) minus that on hand (AMMO) 
and in transit (AINT). If this amount (AREQ) should be 
negative, then the amount desired (PREQ) would be zero since 
the platoon would not actually give up ammunition. The 
actual request rate (ARRN) must occur in one time period, 
i.e. instantaneously: 

^9R ARNF.KL*SWITCH(ARRN.K,0,EINP.K) 
6N ARNF=0 
20A ARRN.K=PREQ.K/DT 
kkk PREQ.K«CLIP(AREQ.K,0,AREQ.K,0) 
8A AREQ.K-ADES. K-AMMO.K-AINT.K 
12A ADES.K*(100)(BSTR.K) 

Ammunition resupply in the second case (ARWP) is 
undertaken when half of the basic load is depleted. 
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Ammunition on hand is not accounted for; the platoon leader 
simply requests (ARRW) a full basic load of ammunition, i.e. 
(BSTR)(100) rounds. This request (ARRW) must meet two con­
ditions t (1) the state (RAWF) that the ammunition on hand 
per man (PRPM) is less than half the basic load per man (50), 
and (2) the state (PLAT) that the total ammunition per man 
(TOTA) which is on hand (AMMO) and in transit (AINT) is less 
than the basic load (100): 

49R ARWP.KL=SWITCH(0,PLAT.K,EINF.K) 
6N ARWF=0 
51A PLAT.K=rCLIP(0,RAWF.K,T0TA.K,4400) 
26A TO TA. K= (AMMO. K+AINT. K+0) / (0.05+BSTR. K+0) 
51A RAWF.K=CLIP(0,ARRW.K,PRFM.K,50) 
44A ARRW.K=(BSTR)(10 0)/DT 
48A PRFM.K»AMM0.K/(0.05+BSTR.K) 

To complete the set of ammunition resupply equations 
the level of ammunition in transit requires definition: 

52L AINT.K=AINT.J+(DT)(ARNF,JK+ARWF.JK-AARR.JK+0) 
6N AINT=0 

These equations are incorporated into the straggler 
Model 3-4000(S) by the platoons possible rate of fire 
equation in the following form: 

12A PROF.K=(PRFM.K)(BSTR.K) 

The addition of these equations for ammunition 
resupply to Model 3-4000(S) form Model 4-4000(A). A plot 
of the variables of interest in this model, using the step 
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input of 4000 rounds per hour beginning at time one hour, 
is shown in Figure 20. It will be noted that limiting the 
ammunition supply has the effect of further decreasing the 
time the unit is considered an effective fighting force. 
In Model 4-4000(A) the platoon is no longer an effective 
unit at the end of 12 hours, as compared to the 16 hours of 
Model 3-4000(S). 

It is also interesting to note that the platoon^ 
rate of fire (F) and the ratio of fire (R) vary directly 
with the ammunition available to the platoon (A) while the 
intensity of enemy (E) varies inversely. A pipeline delay 
of the ammunition resupply would have caused the ammunition 
level (A) to be saw-toothed in nature; the delay function 
actually used causes it to be somewhat smoothed, but the 
results obtained give an adequate representation of reality. 

4.3 Friendly Indirect Fire; Model 5-4000(FIF) 
By the expeditious use of Indirect fire from mortars 

and artillery, the platoon can conserve its ammunition and 
limit the effectiveness and Intensity of the enemy fire. 

The platoon leader requests this fire by means of 
radio or telephone. The volume of indirect fire desired 
(DVOL) is that amount which renders the enemy fire relatively 
ineffective, i.e. twice the volume of the enemy indirect 
fire averaged over the last 15 minutes (ESDF). This smooth­
ing average is taken since the platoon leader normally 



Figure 20. Plot of the Variables of Interest! Model 4-4000(A). 
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relies upon his own means of fire within the platoon to reply-
to a short burst of intense fire or to prolonged fire of very 
low intensity. The platoon leader, therefore, establishes a 
desired level (DINF) below which he will not call for 
indirect fire. This level is established in this study at 
300 rounds per hour. The volume requested is in "equivalent** 
rounds of direct fire, and no attempt is made here to equate 
direct fire to indirect fire. 

A stipulation is made that a delay of six minutes 
occurs between the indirect fire desired (DINF) and the 
actual delivery of the fire (AINF). It is further assumed 
that indirect fire requested is always received. (By 
enlarging the model with more variables this latter assump­
tion need not be made.) The platoon^ desired rate of fire 
(DROF), formulated earlier, makes up the difference (IROF) 
between the actual indirect fire support received at the 
moment (AINF) and the total volume of fire desired (DTVF). 
The indirect fire support must also be added to the ratio 
of fire (RATO): 

3L ESDF.K=ESDF.J+(DT)/(1/4)(ECDF.K-ESDF.J) 
6N ESDF=0 
12A DVOL.K=(2)(ESDF.K) 
20R AINF.KL=LDIF.K/0.2 
1L LDIF.K=LDIF.J+(DT)(DINF.JK-AINF.JK) 
6N LDIF=0 
12A DTVF.K=(2)(ECDF.K) 
51R DINF.KL=CLIP(DVOL.K,0,ESDF.K,300) 
6N DINF=0 
7A IROF.K=DTVF.K-AINF.JK 
51A DROF.K=CLIP(IROF.K,0,IROF.K,0) 
26A RATO.K=(1+AR0F.K+AINF.JK)/(1+ECDF.K+0) 
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These equations are added to Model 4-4000(A) to produce 
Model 5-^000(FIF), whose plot of the variables of interest 
is shown in Figure 21. The addition of a friendly indirect 
fire capability has a noticeable effect upon the strength 
of the platoon (S). Whereas in previous models the platoon 
could not obtain the desired two-to-one ratio of fire (R), 
this ratio can now be obtained. Consequently, the platoon 
strength (S) drops rapidly during the first several hours 
until the desired ratio is obtained. Thereafter it decreases 
slowly; at the end of 24 hours some 30 men still remain in 
the platoon. As might be expected from a constant input, 
the model variables eventually reach a point of stability. 
By the end of the 24-hour period, indirect fire is meeting 
the entire enemy capability, no fire (F) is being put out by 
the platoon and no ammunition (A) is being expended. It 
takes the platoon five hours, however, to achieve this 
stability (and break away from the sinusoidal effect of 
Model 4-4000(A)). This period of time is considered exces­
sive and the smoothing constant of fire averaged over 15 
minutes probably requires modification. Such alteration is 
not undertaken in this paper as a better insight to the 
nature of the dynamic problem is obtained if stabilization 
is reached in five hours rather than in one hour. 

4.4 Enemy Indirect Fire. Model 6-4000(SOPH) 
So far only the exogenous variable of an enemy direct 
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Figure 21. Plot of the Variables of Interesti Model 5-4000(FIF). 
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fire capability has been considered; now the important 
exogenous variable of the enemy indirect fire (ECIP) will be 
introduced. Any influence over the enemy capability of 
indirect fire lies with units other than the rifle platoon. 
Therefore, the input variable considers only the number of 
indirect fire rounds landing within the platoon area. 

The assumption is made that the enemy indirect fire 
consists of 4.2 inch mortar rounds, which have an effective 
bursting area of 600 square meters (15, p. 323). Since this 
fire cannot be delivered with precise accuracy, i.e. targets 
of indirect fire are area targets, the entire platoon 
position including the rear slope of the hill must be 
covered. As this target is some 80,000 square meters in 
area (see Figure 6), 167 rounds are required to blanket the 
area. Since this same area must be covered regardless of 
the strength of the platoon, the number of rounds required 
to produce one casualty becomes 167 divided by the strength 
of the platoon at the moment, 

A constant I650 rounds of small arms fire, i.e. direct 
fire, produce one casualty; but with indirect fire, the 
number of rounds to produce one casualty varies inversely 
with the strength of the platoon. Therefore, any "equivalent" 
round parameter must be a variable; and one indirect fire 
round becomes the equivalent of (l650)(BSTR.K)/l671 rounds 

1BSTR,K is defined as the strength of the platoon at 
the moment of time under consideration. 
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of direct fire. Such dynamic formulation is generally not 
found in military texts which usually list equivalencies in 
deterministic quantities (18, p. 28). 

As an input variable, an enemy indirect fire rate 
(BCIF) of 12 rounds on the platoon position every six hours, 
beginning four hours after the start of the time period, is 
arbitrarily established. The formulation of the appropriate 
equation is obtained with the aid of the PULSE function 
available in the Dynamo program. 

Due to the limitations of equation format, auxiliary 
equations for direct fire casualties (ACDF) and for indirect 
fire casualties (ACIF) must first be formulated and then 
totaled to form the auxiliary casualty rate (ACAS). The 
total intensity of enemy fire (EINT) now becomes the sum of 
the intensity due to direct fire (EINF) and that due to 
indirect fire in equivalent rounds (EINI)t 

4lA ECIF.K=PULSE(12,4,6) 
44A ACIF.K«(BSTR.K)(ECIF.K)/l67 
20A ACDF.K«EINF.K/1650 
7A ACAS. K=ACIF. K+ACDF. K 
7A EINT. K»EINF. K+EINI .K 
46A EINI.Ka(ECIF.K)(BSTH.K)(l650)/(l67)(D(l) 

These equations when added to Model 5-4000(FIF) form 
the "sophisticated" model (SOPH). The plot of the variables 
of interest of Model 6-4000(S0PH), where the constant step 
input of 4000 rounds per hour is used, is shown in Figure 22. 
As should be expected, when compared to Model 5-^000(FIF), 



Figure 22. Plot of the Variables of Interest: Model 6-4000(S0PH) 
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RUN 
NOTE SIMULATED RIF|_E PLA T DON* 11 f 04 » LDUIS E AbE|_E, DR JUSEPH K*UL 
45A E C D F . K s S T E P U O O O , 1 ) E N F M T CAPABILITY JF DIRECT F I ri E 
41 A ECIF.K»PIJLSE( 12»4,6) ENEMY INDIRECT F IkL CAPAHlLlTY 
52L BSTR .K»HSTK. J•CDT ) (RETR . JK-S1HG , JK-CASK. JK + O) 8 A U L F F I E L L ) SlKENGTrl 
6N BSTR"44 INITIAL CONDITION 
54R casr .k l»minucas .k»negc .k ) CASUALTY RATE 
AN CASK»0 INITIAL CONDITION 
20A NEGCtK«8STK.K/0T NEGATIVE CASUALTY LIMIT 
12A EINF .K«(EFFf .K H E C D F . K ) ENEMY INTENSITY UF FIRE 
58A EEFE.KaTAHHLCT8L2 , K A T Q . K#U,2.5 , 0.5) EFF E C T I V E N E S S UF tNEMY FIRE 
C TBL2*»l/0.V/0 . 5/0,J/0.?/U . 1 5 TABLE 2 
7A ACAS . K*AClF . K+ACOF . K AUXILIARY CASUALTY RATE 
20A ACUF.K»EINF.K/1650 AUXILIARY CASUALTY DIRECT 
44A A C I F . K»CRSTR . K)CEClF . K)/16f AUXILIARY CASUALTY KATE INQIREC 
7A EINT . K»EINF . K+EINI . K TOTAL INTENSITY UF FIRE 
46A EINI .K«{ECIF .K) (8STR.K) (1650) / ( 167)( 1 )( 1 ) INTENSITY INDIRECT FIRE 
26A RATO«K"'( 1+AROF . K+AiNF. JK)/( 1+ECDF .K+O) RATIO UF FIRE FRILND TO ENEMY 
20R AINF.KL-LDIK . K/0 . 2 ACTUAL INDIRECT FIRE 
6N AINF ' O INITIAL CONDITION 
1L L0IF . K»L0IF.J+C O T ) CDINF.JK-AINF,JK) LEVEL OF DESIRED INDIRECT FIRE 
6N LDIF=0 INITIAL CONOITION 

" 51R D l N F . K L » C L l P C 0 V U L . K / 0 , E S U F ,K> 300) DESIRED INDIRECT FIRE 
6N DINF - 0 INITIAL CONOITION 
3L E S D F . K » E S D F . J + CDT) Cl/4)lECDF . K-ESDF. J ) ENEMY SMOOTHED DIRECT FIRE CAP 
6N ES0F»0 INITIAL CONOITION 
12A DV0L . K«C2)(ESDF . K ) OESIRED VOLUME OF FIRE 
54A AROF . K»MINCPROF . K,UROF . K ) ACTUAL RATE UF FIKE 
4BA PRFM . K»AMMU . K/C0.05+RSTR . K ) POSSIHLE RATE UF FIRE / MAN 
12A PROF . K»CPKFM . K)(«STR . K ) POSSIBLE RATE UF F1 RE 
52L ~ AMMU .K«AMMU.J+CDTHAARR.JK + SAIR,JK-AMEK. JK -CARR,JK-SARR.JK+ O ) AMMO LEVEL 
12N A M M O ' C B S T R M 100) INITIAL CONDITION 
2 OR AARR.KL«AINr .K/AOEL .K ACTUAL AMMO RESUPPLY RATE 
6N AARK»0 INITIAL CONDITION 
51A ADEL•K»CLIPC1 » 0.5 #tCOF . K*300) AMMU DELAY 
2L A I N T . K = A I N T . J + C U T ) C A R N F . J K + A K W F . J K - A A R H . JK+O+0+0) AMMO IN IKANSIT 
6N AINT»0 INITIAL CONOITION 
49R ARNF.KL»SWircHCARRN.K#0*ElNF .K) AMMO RESUPPLY W/NU FIREFIGHT 
<JN ~ARNF=0 * INITIAL CONOITION 
20A ARRN . K»PREU . K/UT AMMO RESUPPLY KATt H/U FIRE 
51 A PREQ.K«CLIP rCAREQ.K»0» ARtQ . K»0) POSITIVE AMMO REQUISITION 
SA ARE« . K=AOES . K-AMMO . K-AINT . K AMMO HEUUISITIUNEO 
12A AOES.K»nOO)CBSrR.K) AMMO DESIRED 
49R ARHF.KL«S»UTCHCO,plAT .K>ElNF .K) AMMO RESUPPLY W/F1KEFIGHT 
6N AKWF»0 INITIAL CONDITION 
51A PLAT.K«CLIPCOj>RAHF«Kj>TOTA.Kj>100) PIPELINE AMMO TEST 
26A TOTA .K«CAINT .K+AMMU ,K+0)/C0.05+BSTR.K+0) TOTAL AMMO 
44A RAHF.K«CLlPlO ,AKRH.K#pRFM .K#i>0) REQUESTED AMMO W/FlKEFISHT 
44A ARR*.K«C 100)CBSTR ) /OT BASIC LOAD RESUPPLY RATE 
50R SAIR.KL«CSAML.K)CRETR.JK)/C0.05+STGL.K) STRAGGLER AMMU INCREASE RATE ' 
"6H SAIK«0 INITIAL CONDITION 

1L SAML .K«SAML.J+COT J ISARR.JK-SAIR,JK) STRAGGLER AMMU LEVEL 
6N SAML'O INITIAL CONOITION 
54R SARR.KL«MIN(TSAR . K'NAMS . K ) STRAGGLER AMMU REMUVAL RATE 
6N SAKR«0 INITIAL CONOITION 
50A TSAK . K«CAMMU . K M S T H G . J K ) / C 0 . O S + BSTR . K ) TRIED STRAGGLER AMMU RATE 
27 A N AMS . K« AMMO , K/ 0 T « AKOF . K NEG STKAGGLEK AMMJ LIMIT 
6R AMER•KL«ARUF,K AMMO EXPENDITURE KATE 
6N AME"R BQ INITIAL CONDITION 
54R CARR.KL«MINCTCAR.K»iNAMCK) CASUALTY 3EMUVAL RATE 
JN " CARK«0 INITIAL CONDITION 
50 A TCAR . K « CAMMU . K)CCASR.JK ) / C 0 . 0 5 + BSTR . K ) t r i ed Casualty ammu removal 
7A NAMCK'NAMS .K-ASAR .K NEG CASUALTY AMMU REMOVAL 
54A ASAR . K»MINCTSAR . K#NAMS . K ) AUXILIARY STRAGGLtK AMMO 
51A DROF . K»CLIPCIR0F . K»0»iKUf . K>U) DESIRED RATE UF FIRE 
7A IROF .K»DTVF .K-AINF.JK INCREMENTAL RATE ULS I RED FIRE 
12A 0TVF . K = C 2)CECDF . K ) DESIRED TOTAL VOLUME OF FIRE 
54R S T R G . K L » M I N C A S T G . K » P S T G . K ) STRAGGLER RATE 
6N STRG - 0 INITIAL CONOITION 
12A AsrG.K»C0.5)CACAS.K) AUXILIARY S TRAGGLLR RATE 
51A PSTG .K«CLIPCO*NEGS»K,NEGC .K *ACAS.K) - POSSIBLE STRAGGLER RATE 
7A NEGS.K"NEGC.K-ACAS»K NEGATIVE STRAGGLER LIMIT 
20R RETR.KL»STGL .K /SOEL .K STRAGGLER RETURN RATE 
6N RETR»0 INITIAL CONOITION 
58A S0EL«K«TABML (TBL3j>EINF .Kj>Oj> 3000* 1000) STRAGGLER DELAY 
C TBL3*al.0/3.5/4.5/3 .0 TABLE 3 
1L STGL.K«STGL.J+CDT)CSTRG.JK-KLTRtJK) STRAGGLER LEVEL 
6N STGL ' O INITIAL CONDITION 
PRINT 1 ) B S1R / 2 )AR0F / 3)RA( 0 /4 ) E INF/i)AMMO 
PLOT HSTK»S(0»60)/AH0F«F*EINF»E(0*12000)/RATU «R(0»4)/AMM0»A(0»10000) 
SPEC DT« 0 . 0 6 2 3/LENGTHs2«/pRTPtK« 0.5/PLTPER« 0 . 25 

Figure 23. Card Listing! Model 6-4000(SOPH). 
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the enemy intensity of fire (E) Jumps when indirect fire is 
placed upon the platoon (at hours 4, 10, 16 and 22); and the 
strength of the platoon (S) naturally decreases at a slightly 
greater rate. 

The card listing and flow diagram of Model 6-4000(SOPH), 
which shows all the essential features of the "sophisticated** 
model, are shown in Figures 23 and 24, respectively. 

4.5 Variable Direct Fire Input 
4.5.1 Model 7-VFDF(S0PH)1 

So far in the treatment of the direct fire capability 
of the enemy (ECDF) only a step function has been considered. 
It may be expected that the enemy, for reasons best suited 
to his purposes, will alter his capability to fire. For 
example, if the enemy decides to break off an attack for a 
certain period, then he purposely reduces his capability of 
firing on the platoon to zero for the period of decision. 
Alteration of the direct fire capability can be made to fit 
any desired function, such as the one shown in Figure 25. 
By changing the time scale of this diagram, any function can 
be approximated with any desired degree of accuracy. In 
Dynamo language this input becomes: 

Variable function for direct fire (sophisticated 
model), 
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Enemy Capability of Direct Fire (ECDF) 
(Thousands of Rounds per Hour) 

Time 

Figure 25. Variable Direct Fire Input for Model ? - V F D F ( S O P H ) . 

58A E C D F . K s T A B H L ( T B L l , C L O K . K 1 , 0 , 2 4 , 1 ) 
C TBLl*«0 /0/3000/3000/3000 / 0 /0 /0 /8000 /8000 /0 /0 /0 /0 / o 

1 2 0 0 0 / 0 / 0 / 0 / 1 0 0 0 / 1 0 0 0 / 1 0 0 0 / 1 0 0 0 / 0 / 0 / 0 ^ 
1 L C L 0 K . K - C L 0 K . J + ( D T ) ( 1 + 0 ) 
6N CL0K=0 

The plot of the variables of interest of Model 7-VFDF(S0PH) 

is shown in Figure 26. The model performs as expected; 
when the enemy intensity of fire (EINT) is high due to 
either direct or indirect fire, the platoon decreases in 
strength ( S ) . When it is zero, the platoon suffers no 
losses. Due to the platoon's use of indirect fire and the 

Present time in the model. 
nJse of a continuation card is necessary as an IBM 

card holds only 72 spaces for programming purposes (13, 
P. 25). 
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Figure 26. Plot of the Variables of Interest! Model 7-VFDF(S0PH). 
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slow responsiveness of this type of fire to the actual enemy 
capability, the ratio of fire (R) is often quite large, as 
is to be expected. 
4.5.2 Model 8-RFDF(S0PH)1 

The Dynamo language permits the selection of a random 
input. This may be done either through the use of a table 
in which values are randomly selected or through use of the 
normal distribution, should fire be so distributed. As an 
example, one might suppose that enemy fire averages^ 4000 
rounds per hour, but is normally distributed with a standard 
deviation of 1000 rounds. 

34A ECDF. K= (1)NORMRN(4000,1000) 

The plot of the variables of interest of this model is shown 
in Figure 27. This plot is quite interesting; for it shows 
that despite the complete randomness of the enemy capability 
of fire, the platoon's strength (S) behaves as it did in 
Model 6-4000(SOPH) where the capability of enemy fire was 
maintained at a constant rate of 4000 rounds per hour. 

4.6 Additional Experimentation 
The sophisticated model is considered to be developed 

adequately to permit additional experimentation. The basic 
load, for example, may be established at 200 rounds per man 

•'•Random function of direct fire (sophisticated model). 
2 
i.e., has a mean of 
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Figure 27. Plot of the Variables of Interest: Model 8-RFDF(S0PH). ^ 
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instead of 100. Ammunition may be delayed five hours, or 
friendly indirect fire may not be delivered during certain 
time Intervals due to other commitments. Each of these 
changes would have its effect, either large or small, on the 
other variables of the model. The number of changes and 
variations is infinite and depends only upon the ingenuity 
of the model builder. However, the objectives of this study 
as established in paragraph 1.2 have been accomplished and 
only a few additional comments relating to the model sensi­
tivity will be made. 

The parameter of the number of rounds of direct fire 
required to cause one casualty (1650) was rather artifically 
and arbitrarily derived. An assumption is now made that this 
parameter is erroneous by a 50 P«r cent margin, i.e. the 
number of rounds required to produce one casualty is 2475. 
Model 9-4000(S0PH-A) shows this effect in the plot of the 
variables of interest appearing in Figure 28. It will be 
noted that at the end of the 24-hour period the strength of 
the platoon (S) is 34 men as compared to the 30 men of Model 
6-4000(S0PH). This is a noticeable, but not a particularly 
significant, change in the model. The variables of interest, 
it will be noted, other than for slight changes in value, 
behave in much the same manner regardless of which parameter 
value is used. In other words, due to the numerous variables 
involved in an industrial dynamics model, variables are not 
particularly sensitive to gross errors of determination. 



Figure 2 8 . Plot of the Variables of Interest! Model 9-^000{S0PH-A). 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 
The behavior of a military unit upon the delivery of 

fire on the battlefield has been probed in the nine models 
developed in this study. The probe is admittedly incomplete 
and the surface has been merely scratched. Difficulties were 
experienced in the lack of quantitative data, and in conse­
quence the interrelationships of many of the variables are 
undoubtedly inaccurate. More detailed observation combined 
with statistical studies can provide a closer approach to 
reality. However, it should be pointed out, that with the 
possible exception of several dominant variables, the other 
variables render but a small contribution to the overall 
performance of the model. In other words, in the dynamics 
of the model, even a gross error in the relationship of a 
function, or in the estimation of a parameter, contributes 
but a slight change in the behavior of the significant output 
variables. 

Only the most Important parameters of a rifle platoon 
model have been examined. Certainly the fighting spirit, or 
aggressive will, is an important variable^" requiring addition 

•'•See General S. L. A. Marshall's work, Men Against 
Fire (1), for the importance of this variable. 
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to the set of equations. Other variables such as range, 
terrain, and the conditions of visibility also play a role. 
Perhaps even the sophisticated model is too crude, and the 
variable of the platoon's strength should be divided into 
automatic and semi-automatic weapons' personnel. Furthermore, 
the effect of the platoon's high-explosive type weapons, such 
as the rocket launcher, may require separate treatment. 

The addition of any or all such variables can be made 
to the military model using the technique of industrial 
dynamics. The MsophisticatedM models of this paper require 
no more than 70 variables out of the 2000 variables which 
present Dynamo computer programs can handle. However 
imperfect these simulated models may be, they are far 
superior to the mathematical models which employ only a few 
variables in portraying the dynamics of complex military 
problems. The industrial dynamics flow diagram, with its 
matching set of equations, can be easily read and understood 
by any professional officer not possessing computer program­
ming skill. This feature alone makes the industrial dynamics 
approach superior to the other presently developed computer 
languages designed to deal with the dynamic problems of 
management. 

5.2 Recommendations 
Further expansion of the Dynamo language would mate­

rially aid the development of operational methods. Absolute 
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delays were not available for the author's use In the Dynamo 
program developed for the Burrough's 5500 computer; such 
delays are available, however, in the IBM 709^ program. 
Development of a greater variety of special functions, and 
in particular of a pulse function whose interval over time 
could be varied, would be especially useful. 

A model of a rifle platoon in the assault, programmed 
over a period of perhaps one hour from its occupation of the 
assembly area through the enemy counterattack after its 
objective has been seized, should prove illuminating. In 
such a model the number of casualties should be dependent 
upon the range from the objective and should not necessarily 
be linear in nature. 

The overall examination of the organization of a field 
army or of the Defense Establishment should throw new light 
and understanding on the interplay of such systems. The 
industrial dynamics model is not limited to examination of 
small organizations. It works equally well, in fact perhaps 
better, in models of large organizations for it strips away 
all unessential features. 

Finally, the Defense Establishment must gather, 
evaluate, and publish the data so necessary to the develop­
ment of any quantitative model. As evidenced by General 
S. L. A. Marshall's book, Men Against Fire (1), a beginning 
was made during World War II. From this experience, the 
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HUMRO studies have led to new concepts in rifle marksman­
ship. Further research, using improved mathematical and 
statistical techniques, must illuminate the way in studies 
of organization, communications, weapons, tactics and 
doctrine and portray their interrelationships and interplay 
with one another. The method of industrial dynamics is 
ideally suited to these purposes. 

1Human Research Organization 
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