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EC TINO13-A IV-99
EC TINO1 3-B IV— lO l
ED TINO14-A IV- i03
ED TINO14-B IV-l05
ED TINO14-C IV-l07

I 
- EE TINO 15-A IV-l09

EE TINO 15—B IV—ll l  . -
,

EG TINui6-A IV- 1l3
EG TINO1 6—B IV —l l5

~ J EM TINO 17-A IV-l17
EM TINO17-B IV- ll8

L FA TINO18-A IV-1 20
P I FA TINO18-B IV- l22

FB TINO19-A P1-124
FB TINO19-B IV-126

• 
- FC TINO2O-A IV 128

FC TINO2O- 8 IV 130
HA TINO21 IV-l32
JA T1N022-A IV-l34
JA T1N022-A (Cont’d) IV- l35
JA T1N022-B IV- l37
JA T1N022-B (Cont ’d) IV-138

-
~~ JA T1N022-B (Cont ’d) P1-139

JA T1N022 C IV-l4 0

~ -~i KA T1N023 IV-l42
LA T1N024 IV- 144
LB T1N025-A IV- l46
LB T1N025-B IV-l47
OA T1N026 IV-149

• PA T1N027-A IV- 15l
PA T1N027-B IV- 153
PA TINO27-C IV- 155
PA T1N027-D IV—l57
PA T1N027-E IV- 159
PA T 1N027-F IV- 161
PA T1N027-G IV-163
PA 1IN027-H IV-l65
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QA TINO31 IV-l80
RA TINO32-A IV-l82
RA TINO32-A (Cont’d) IV-183
RA TINO32-B P1-184
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RB T1N033 IV-187

• WE T1N034-A IV-189
WE TINO34-B IV- l91
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COMMEL II USER’S MANUAL

CHAPTER I
INTRODUCTION

1. Purpose and Background

a. This document contains the information required to enable
non-ADP oriented military analysts and operations research analysts
to utilize the COMMEL Model and to develop and formulate the
required data to activate the model . It does not contain an
indepth description of the theory used to develop the model or a
descriptIon of the programing techniques contained In the model .

b. The descriptions and definitions contained herein concern
the model as it exists and do not address any possible revisions
that may be under consideration .

c. The basic text of this document was prepared by Evaluation
- 1 Technologies Incorporated (ETI) in January 1976 under contract to

the US Army Concepts Analysis Agency (CM). The Concepts Analysis
Agency has updated the text, where required , based on experience
gained while using the model in early 1976.

2. Model Description
I-.

a. General

(1) The COMMEL Model , described in t h i s  manual , is a
• research tool for use by scientists , engineers , systems designers ,

and operati ons research personnel in the study an~lysis, organiza-
t ion , development , and Implementation of future communications-

* electronics (C-E) concepts and systems for Army combat organizations
(division level and below) .

(2) The primary function of the model is to provide the
user with a dynamic, ground combat env i ronment In which the effect
n division level combat of a proposed C-E concept can be observed

in detail. The model can be used to explore the fundamental
characteristics and qualities of combat communications phenomena in

•
~ a variety of conditions.
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I 
(3) The model is a fully computerized, dynamic, two-sided ,

• free-running model that depicts ground combat between two forces to
division in size. The model Is a tool that:

(a) Permits detailed observation of communications
events In a combat environment , and

(b) Provides a means of measuring in terms of combat
outcomes the merit of competing communications systems concepts.

* (4) The model augments the usual war gaming methods
available to the communications system designer by providing :

(a) Precise computation of effects of combat phenomena ,

(b) Reports of actions that may be printed out in
exhaustive detail , or be held di rectly avai lable in computer
language for statistical analysis by computer techniques ,

(c) Consideration of combat details not usually

~ 
j played ,

(d) An easy expansion capability to accommodate
I, inclusion of models that are too complex for manual processing but

are desired for study in detail , and

(e) The ability to repeat games that have small
change parameters .

(5) The fol lowing tactical functions are played i n detai l
for each of as many as 257 units int’~ which the two combat forces

I can be organized.
I (a) Close combat fi res including attrition, splitting

of fi res from armor , infantry , and mechanized elements , and

II
- 

~ 
coordination between adjacent elements ,

(b) Artillery fires including target selection and
allocation of fires from both di rect and general support batteries ,

(c) Movement of front line units toward objectives
wi th rear line units adjusting positions appropriately,

- -*1
4.
‘I
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(d) Maneuver:

1. Offense to include advance to
contact , penetration, exploi tat ion , and reconnaissance i n
force,

~~~. Defense to include delaying
action and withdrawal,

3. Coiriri tment and ~ithdra~al ofcompanies, commitment of reserve battalions and
brigades, and allocation of artillery and other su~ portfrom reserves,

4. Selection of lines of
• departure , route, and objective, and

5. Movement and dep loyment of
Gene ral Outpost (GOPs) , special un its , rear echelon
elements, and reserves.

~ 1
(e) Communications of all types:

p •
~ 1. Specific, tactically essential

messages whose individua l delivery affects the course
of combat ,

2. General tactical and logistical
messa jes ~hose aggregate performance is applied 

• 
-

eventually as a coefficient of effectiveness to tires
of f ront  l ine un i t s,

3. Complete representation of the
operational capabil i t ies  of any type communications
system in a comla t  environment. (e.g., it s u f f e r s
attrition, moves, can be jammed).

(f) Combat surveillance, target
acq u isit ion , and

(g) Route selection as a f unction of
t
~
rrdin and intelligence.

(6) The model consists ot a large collection
of small computer subroutines each of which represents

* some specific combat• phenomenon and uses and operates
indep~ ndent  ly on a common store of data • Hence a n y  of

I — i

~~~w ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~i:~~~



.- • -- • -
~~~~~~

•
~~~~ 

• - - -  - - -• ~~~~~~~~~~~~~~~~~~~~~~~~~ 

the data items may be changed by the analyst at will
before a simulation run.

(7)  The model is free-running. It proceeds
from the start of an act icn to some designa ted
conclusion without  intervention. Since it is designed
as a test environment for the analysis of
communications systems performance, many elements of
tactics such as the options ava ilable to the
command/control decision programs are limited and are
£aot sufficient for more sophisticated or advanced
tactical studies. However, the basic programs that
compute fire, attrition, movement rates, artillery
damage, suppression and targeting, acquisition and
dissemination of intelligence, and which control
communications are considerably more sophisticated ttan
the equivalent conventional activities. Furthermore ,
they operate at computer speed.

(8) The CO!4MEL model cannot be used to:

J (a) Compare tactics

If  
(b) Compare weapcns systems

(C )  Measure loqistic requirements

(d) Compa re logistic policies

(e) Provide absolute values or measures
of eftect iveness of a given C—E system .

b. Model Construction

(1)  COMMEL consists of three submodels
opera t ing  on a large set of data . The f i r s t  of the
submodels consists of a set of detailed mathematical
and logical p roq rams which s imulate  the course of a

• qround b a t t l e  between two cpposing forces , on a minute
by minute basis.  Factors represented include:
movemen t, fire and at t r i t ion of f r o n t  l ine , reserve,
rear echelon and a r t i l l e r y  uni t s , acqu isition and
dissemination of intelligence, command decisions at
each of three echelons (battalion , brigade and division), and
the generation of explicit demands to transfer information

‘4I
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(2)  The second subni ode]., Communication Status
Checks, (COMCHK) , consists of another set of programs
which per iodically determine the curzent state of the
communications system as a function ot range, movement,
attrition , reliability, or other factors as may be
necessary to examine in detail.

(3 )  The t h ird subrn odel , T r a f f i c  Processor ,
(TRAFIC) , processes the demands for information
transter , which appea r as “messaqes”, through the
comrnunxcatic’ns system as it exists at the moment. I t
also determines length, encoding time, messaqe center
queues , inte r ference , and switching time.

( ‘4 )  The model is designed to portray the
commit ment of reserves, coordination of fire s,
selection ot targets, effects of artillery, and
movement of units as determined by the delivery of the
associated messages. Thus a “good” communications
system will permit the transfer of information at such
a rate that the degradation of combat effectiveness due

~ 1 to the co:nmunication s system will be negligible, while
a “poor” system will impose delays on critical messages
so that a significant reduction will occur in the

— ability of the force to tight.

(5) Cu r rent ly the model does not contain a
means of s imula t ing  air  traffic control, air defense,
tactical air , air mobile and other air operations.
Also, no provision is made for explicit play of special
(nuclear) weapons, CBR warfare, amphibious operations, —

guerr i l la  or counter—guerr i l la, and other specialized
military activities.

C. Model Operation

(1) The model provides a means to observe in
deta il the performance of military ccmmunications
systems in dy namic comba t. environments , and a means to
measure  the  relative contribution to combat of
competing communica t ions  systems in terms of combat
outcomes.

(2) To achieve the foregoing objectives, the
model operates as two distinct elements:

(a) The tactical simulator generates the
communications re luirements for control ot the tactical

L...U~~~TL ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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acti on as a direc t t unction of tactical s i tua t ions, and
responds to the performance of the comunications system under
test directly in term s of completion or failure of specific
comunications events .

1. The tactical element of the
model can be thought of as loadinq the system under
e v a l u a t i o n  w i th  rea l i s t ic  message communica t ions
demands , measu r ing the success of the tact ical  force in
response to the per formance  of the cczrmunications
system. Th-~ tactica l simulator performs fivef u n d a m e n t a l  fu n c t i ons . It moves comba t eleme r~ts on the
b a t t le fi e ld  in a realistic fashion . The s imula tor
causes the personnel and mater ie l  components of these elements
to be dama ged or destroyed by combat and non-
cain b at  fac tors .  It qenerd tes require ments  to t r ans f e r
i n f o r m a t i o n  in terms of the func t ions  of the u ni t s  and
the state of the battle . The simulator responds to the
success or failure of the communications system to
sa ti sty  the  r e q u i r em e n t s  fo r  in fo rmat ion  t r ans f e r  by

j  assiininq to each such “message” a specitic tactical
event or capability. It p rcvides a measure cf total.
comm unication s system capabil i ty  in terms of combat
ou tcomes by providinq deta iled information on the
strength , locat-i n, status, posture, and activi ty of
every combat element every minute of comba t time
throughout the course of the battle. These data can be
compared for difterent runs of the same battle , and
from -litference s observed , jud gmen ts can be made about
communications etfectivenss of the system under test.
In  addi tion, a detailed listinq of every communicaticn~
event that occurs throughout the battle is available
for analysis.

(b) The communica tions simulation
processes demands for information transfer in terms of
the specified capabilities and organization of the
comm un ications system under test. In other words ,
concurrent w i t h  the tactica l simulation , the
communica tions model simula tes  the f low at th~ rre .~saqes
generat~~i by the tactic-a l mcdel and returns to the
tactica l model these messages and their content , w h e r e

• . del ivery i~~; indicated. This tactical model in
2- subsequent simu lation acts on this information , and

thus reflects the impact of the per1~ormance of the C—F
system on the tactical operation. The coumunications

L port- ion of the model accepts the miemm ands for

1— 6
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informat i on t r a n s f e r, which appear as a large number of
individua l entries on a “message list,” and then
s imulates  the delivery ot the message through the
system described as a collection of “arcs” connecting
communicating “rodes.” The arcs may be unusable due to
busy  studies , wi re outage, ou t — o f — r a n g e , inter terencE ,
lack of special messengers, etc., and the nodes may be
i ncapab le  of han d l i n g  the messages due to equ ipm en t
failure , damage by enemy fire, lcng queues ,
nonavailability of encrypting equipment, (displacing),
etc. When the message is delivered in t ime , it  is
assigned to the message in the list. Finally, when
that time is reached by the clock keep ing track of
combat time , the action which is dependent on the
delivery of the messaqe is permitted to take place.

(3) During the play of a tactical simulation,
the model outputs data that can be used to determine
tactica l proq ress, success or failure to gain
objectives, casualties, equipmen t a t t r itio n, and comba t

~ 
j time. In addition to tactical data output, data on the

performance of the communications system are generated
ira the model output.

3. Simulat ion  Procedures

a. Normal use of the simulation involves the
following sequence ot events:

(1) The problem area is established as one in
which comba t dynamics are an integral par t of the
measurement or evaluation process.

F (2) A simulation is designed in the form of a
combat action that will produce the events from which a
judgment can be made.

( 3 ) A scenario is wr i t ten  in the form ot a
batt le between forces of sui table size and co m ple x i t y
( u s u a l l y  division level). Described in detail in the
form of “inpu t data” are the terrain of the battle
area , the organization of the forces on each side,
their derlloyment , strengths, ra tes of moveme n t,
objectives, lines of denirtur e, the ranqes,
e f f e c tiveness a nd vu lne rab i l ities of weapon s , and the
dec ision ~- arameters.

~~~~~~~~~~~~~~~~~~ 
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( L4 )  The communicat ions  system or concept
under study is detined in terms of another set of
“input cia ta.”

(5) The length (In simulated time) of the battle
is determined.

(6) The model together with the “inpu t data ”
is put into the computer, which then runs without
intervention either to the terminat ion of the battle or
to some intermedia te stopping point.

(7) At the end at the run , the deta iled
reports of the  comba t action and all associated
communications events are examined , ana lyzed , and
evaluated . Depending on the design of the experiment ,
the battle may be cont inued , restarted ~ith a different
set of initial conditions or system specifications, or
the outputs subjected to more deta iled or sophisticated
statistical analysis. - -

b. These are the requirements used in the
evaluation process of the communications system:

(1) A~ll the pertinent attribute s must be
accurately representable in terms of combat. These
at tributes are commonly listed as mobility,
tlex ihility, rel iab i l i t y ,  vulnerability, securi ty ,
main taina bi li ty,  and cost.

(2) The system must be usable in a large
variety ot combat missions ari d environments.

(3) The observations taken must be reducUl-
to a common set of measurements .

(L4 ) It must be possible to study trade—o lts
with oth-~r components ot comba t , such ar  weapons  or
vehicles.

(5)  The method trust  he rela tivel y inexpensive
per ~‘rTlication .

- -L4~~ C ) ~~MEL_Termino logy

a. Uni f .  — A unit is any callecticn of men,
n ateridi , functions, or equipment that for p’rposes of
the ~t-~]dy can be considered $-o he located at a sing le

I~~
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point on the map during the battle, and which move as a
single noirit. Communications equipment must be
assi gned to a unit , in which case the unit is also
called a node. The Blue and Red forces are each
divided into units, each of which is qiven an initial
loca tion, and assigned by function tc a Pattern. An
in t an t r y  battalion might be divided into 8 units: a
Bittdlion Command Post, a Battalion Tactical Command
Post, three rifle companies, and mortar, reconnaissance
and engineer platoons.

b. l attern. - A pattern is a collection ot units
tha t ordinar i ly  move to gether and ma inta in the sa me
spatial relationships during the action. While in
reserve, the units of the infantry battalion listed
above might be assigned to one pattern. The movement
of units in a pattern is determined by the movement of
the pattern ’s assigned leader , which may be another
p i ~-te rn  or a group . A pattern may move cont inuously,
or by bounds. No more than 10 units can be in one
~~ ttern.

C. Grou~ . - A group is a collection of one or
more front line unit s (usually an armor or infantry
co~s ra n y )  that move more or less together along a route,

‘
- a t  ~ rate determined by the terrain , the suppression ,

and the enemy force. A f t e r  c om m i tm e n t  of a ba t t a l ion,
one or more of its companies become front lire units
ar~ 1 transter from the pattern to form a group.
Therea f ter , these uni t s  move as a qroup along the
route , -m d  the remaining units in the pattern then
follow the group. Front line units move in ~ rp~ps,
wherea s rear units move in p~tterns. No more than tour
units can he in one qroup .

:• 

~ 
d. Ro-~~~ . — A series of straight lines connecting

two points representing the  l ine  of depar ture  and the
oblective, through the centers of grid squares which
const i tute the most des irable terrain for movement.
Routes are select ed automaticall y icr groups at the
beginning of the game , or when committed.

P . Objective. — A piece of t e r ra in , a unit , or an
offset from the line of depar ture  of a unit , defined in
the scenario and selected to generate reasonable
maneuver. ku collections of forces which are in

~ 
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groups will have objectives. These may be final positions In
retrograde or defensive actions . (See Figure I-i)

f. Mode. - Groups are assigned modes Initially or in the
course oUthe game which determi ne how they will move . Uncomitted
forces (those in patterns) are in the Reserve mode . Units in
Attack mode move forward toward the obj ective as rapidly as possible
consistent with terrain, mobility , and the intensity of enemy fire.
Units in Yield mode move rearward as slowly as possible consistent
with the same factors . Units in Hold mode do not move. Units in
Withdraw mode move rearward at a rate consistent with terrain.
Units in Leapfrog mode alternate between Hold and Withdraw modes .
When all the units of a group have reached the end of the assigned
route , the group simultaneously enters the hold mode . Units in

fr patterns moving to a new location , a l i n e  oT~~parture , or to a
blocking position , move in a straight line from the previous
positions without reference to terrain. (See Table 1-1)

g. Status Report. - A status report is a periodic message
from a unft to Its headquarters describing its current cc’~dit ion

~~

- 3 and location and any additional information needed by the commander
to make decisions. Status report frequency from front line units
(units in groups) depends on the amount of attrition, distance

-,  -
~ moved , and a specified time Interval. Other status reports are

sent at specified Intervals unless fighting is heavy , in which case
reports are sent as soon as the last one is received .

h. Coordination Messa~e

(1) The effect of fi re of adjacent front line units
decreases along with the coordination level as time elapses after
the completion of the last coordination message between the two
units. Messages are sent between units in a group , not between
groups.

(2) When a sufficient decrease in coordination leve l ha~occurred , a message is originated . When the message is completed ,
• the effect of fire is set back to a maximum.

i . Arcs. - An arc is a connection between a pair of units by
- ~i which mes ,’qes can be transmitted . Characteristics of arcs are

defined via input in data block ARCLOG (Chapter V). The various
arcs can be divided into three broad classes according to means o’
transmission: radio arcs , wi re arcs , and messenger arcs . Radio
arcs may be further subtyped according to the following character-
ist ics: voice /w irtten , FM/VHF/SSB/R ATT , sole user/comon user ,
telephone/teletype (applicable to wire arcs). A messenger arc Is

1-10
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TABLE I-i , Group Move Modes

- 

Response if Force Again st is
Group 

_________________________ _________________________

Mode
High Low

Reserve No effect until bn Is No effect until bn is
comitted and changes commi tted and changes

I mode . mode.
‘

a 
__________  ____________________  _____________________

- - - Attack Advance slows , may Advance progresses at
- stop . high rate in propor-

tion to force ratio.

Yield Retrograde movement Hold position and
at high rate in pro- resist , or retrograde
portion to force at low speed In pro-

- 
ratio. portion to force ratio.

Hold Hold position (objec- Hold position (objec-
tive) and resist. tive) and resist.

Withdraw* Retrograde movement Retrograde movement
at maximum speed. at maximum speed.

Lea’~~-og Alternate hold/with- Alternate hold/with-
• 
. , 

draw . Withdrawal draw. Hold more
- • more frequent. frequent.

L_______ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

*Wi thdraw rate of movement is not dependent on force
ratio.

• 1-12
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4 a route between two units over whi ch a messenger travels at
specified and regular intervals.

j. Independent of the above transmission classes are theI categories of simple arc and compound arc , applicable to all links .
A simple arc represents a direct user-to-user route between two
units. A compound arc connects two units , but transmis sions between
them are patched through one or more intermediary units (and Imp l ied
equipments).
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COMMEL II USER’S MANUAL

CHAPT ER II
THE TACTICAL SIMULATIO’I~

SECTION 1
INTRODUCT ION

— 1. Organiza tion of the Discussion of the Tactica l
Simu lation

a. This chapter describes the tactical 1ortion of
the s imu la t i on  in terms of the various combat

: .~ J - phenom ena. In general, it describes the function s of
combat in mi l i t a r y  terminology,  and describe the

- 
- 

- 
method by ‘~•~ich the t unetions are simulated.

b. The simulation is designed to be used as an
experimenta l tool. Ordinarily the study will tocu s

~ j upon the pertormance of a specified communication s
syste m in a par t icular  tactical environment , f r o m  which
the tactical inputs are determined.

~r
2. Topics Covered by the Following Sections

a. Section 2 describes the method by which t~ eb a t t l e fi el d  itself is de tj n ed .  Once an area has been
selected , it is di vided into “ gr id squa res ” and  each
sq ua re is assig ned four indices. From th is  data the
computer calculates  two values, ( 1 )  the Te r r a in  Inde x
wh ich is usa-i for route selection , and (2) the  T e r r a i n
Class which combines mobility, tield of fire , cover and
concealment, and obstacles in a different way such tha t
move rates, and surveillance factor:; are stored to I~e
us~~d by various tactical modules.

b. -~ection I discusses L I.. i t~~ selection. Since
combat implies movement  ot one or both forces towati
object ive s or r i n a l posi t ions , the scenar io  ~ i l 1
specify the expected flow of battle in terms of route~;
between l i n e s  of dep artur e and objectives. Some
rou~es, those ot the initially committed forces , ar”s p e cif i ed  as i npu t s .  Others , those of c om m i t t a b l 4 ~
re~~~rves , ar e  s peci ti ~’- d  by th e i r  end points
(object Lves) absolute or relative.

11—1
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C. Section 4 specifies the method by which the
actual forces engaged in the battle are located. These
are given explicit map locations in terms of a suitable
deployment relative to the initial lines of contact and
mission of the force as described in the scenario. The
objectives for Blue and the defensive posture for Red
(or vice versa, if desired) are established and
depicte l on the map. The components are described in

4 
terms of units, each representing some collection of
men, ma teriel, or functions which can be considered as
located at a single point for communication çurposes.

(1) In preparing the deployment, it is useful
to sketch in on the map the division , brigade ,
battalion , and support command areas and then construct

— the inventory of units, a list of the forces, uni t by
• unit , which will be given explicit unit indices and

locations. The units themselves are then located

~ I su it ab l y  on the map, and the x , y coo rdina t e s  rea d o ft
t rom the map and placed on the appropriate ~at.a sheet:~.

(2) Finally, the units are collected into
• pat terns and groups (See Section 6) in prepdratiou for

comple t ion  of input  documents , and the se-luence of
events is noted for use by ‘- he command decision
routines.

d. Section 5 discusses the method by which the
units themselves are defined for tactical purposes,
namely as a collection of weapons, by type ~~o

- r clu an t i ty .  The capabi l i t ies, ranges , f i r e p o w e r ,
mobility, and vulnera bility of the weapons are also
described with various miscellaneou s constants
associated with close combat tire power. A r t i l l e’ ; is
discussed in Section 11.

e. Section 6 describes the method s by which
movement of front line units and Units in p o t~t er r  a r e
simu lated , and provides guidance for the proper
selection of the parameters and flags which are

~ j t i i red.

t .  Section 7 develops the rules  by w h i c h
at t r i t i o n  is computed , and  describes how the  basic

11—2
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movement rate parameter, and the Force-Ratio (FR) are
developed.

g. Section 8 discusses the methods by which the
I • model determines which units are in contact (that is,
- 

close enough to the enemy to have an opportunity to
b r i n g  f i r e  to bear) , describes the selection of
parameters, and provides limits used by the contact
routines.

h. Section 9 discusses the acqu i s i t ion,
interpre ta t ion, and dissemina t ion  of inte ll iqence  by

I f ron t  l ine and long-range  surveil lance uni t s .

i. Section 10 describes the basic module
representing front Line, close combat tires.

j. Section 11 discusses the four  ar ti l le ry
modules .

k. Section 12 covers the modules which make the
) tact ical  decisions at bat ta lion , br igade, and d ivis ion

headg uarters, and th e general outpost uni ts .

4 1. Finally, Section 13 describes the message
gene ra t ion  procedure , including both tactica l and sub-
tact ical  (STM) (not t a c t i ca l l y  essential)  mnessaqe s,
gathering together in one section information and
descriptions wh ich appear throughout the model.

~
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CHAPTER II

THE TACTICAL SINULATION

SECTION 2
TER RAIN , ROUTES, AND OBJ ECTIV ES

1. ;ener~~l

a. This section presents the process of laying
out the terrain to be si mulated and of evaluating the
terrain t~ atures in such a way that they can be put
into the prog ram. Also discussed are the ways in which
t~~ terrain data are utilized internal to the computer
it se lt .

b . Some con siderations , which a re impor tant  when
stuiyinq map ~r- blems, are input into the computer only
by implication. Boundaries and objectives fall into
such a category. No specific data on these items is
supp lied tO the machine. However, the termi nal po int
of the route and the path itself that the attacker
t a k e s  can b~ determined only in  the light of this

r -
~ in~~~rmation . Hence, -~lthou qh only the terminal point-it i route is inpu t , considerat ions  about  the

boun i-ir i e s  an d objec t ives that  lead to the
e~~~~ b l i~~hmen t of the terminal point are also disc i~ sed
in t h i s  c h ap t e r .

2. Terrain

a. General .  - In comba t, terrain attects
4 mobili ty, maneuver , f i r e, attr i t ion, logistics, and

r communications , an d contr ibutes  to, or detracts from ,
other combat factors . Hence, it is necessary that the

- 

- 
- compu ter be informed of the basic t e r r ain fe atures of

the simulated battleground. This task is accomplished
by d i v i d i n g  the b a t t l e f i e ld  into an array of qr id
squares and by providing several indices for each grid
sq uare which describe the basic t e r r a in  f ea tu re s  within
the square. In the evaluation of the terrain we
isolate those terrain characteristics that affect the
tact ical  acti on , such as conto ur  and n a tu re  of the
ground , observation and field o~ f i r e , cover in- i
concealment, ari d obstacles. Of the origin-a l tour
indices which are constructed , only two need to be
input into the simu lation (see ~rir&~~raph  2c , below ).
The model uses these two indices to construct two

-
h 

~
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furt her indices which respond internal to the computer.
These internal indices describe the terrain

t characteristics in a manner that enables the compu terr k to simulate properly the terrain effects on route
selection, movement, tire, attrition, surveillance, and
even tua l ly ,  on communications. -

:

b. Initial Preparation of the Terrain M.~~~ 
- A

standard military map (1/50 ,000) is suitable tar
terrain analysis. Indicate on the map the zone of
action by blockinq out the simulation area. In this
area indicate unit boundaries , line of departure , obj ectives ,
and the attacker and defender rear boundaries. —

(1) At this time the simulation area is 
- 

-

~

divided into a regular array of grid squares.
Minimizing the number of grid squares reduces the
computer storage and running time. However, the -i ri l
squares should be small enough that each square
contains terrain of essentially one type. A 1,000

P -
~ meter x 1 ,O0~) meter military map grid square generally is

cons idered adequate.

(2) Considerati on must be given to the f a c t
that all movement rates are defined in terms of grid
squ ares. For example, a movement rate of “5 grid
s-4uares/hour” implies that the unit moves in one hour  a
distance equivalent to five times the width of one grid - -

square.

(3)  At this  point , mark out clearly on the
military map in the area between the line of departure
and the line ot objectives those terrain teatures that

: are considered te r ra in  obstacles for  the type of force
under simulation . For example, when simula t ing a force
that is predominantly armor, such terrain features as
streams , bl u t f s , heavy woods, marshes, and def i les  are
definite obstacles and should be so recresented.
Another type of force  may not consider these features
to be such serious obstacles.

c. The Four Terrain Description Indices.  - Four
indices which describe the following four qualities of
the terrain are provided for each grid square:

I l — S  

.~~~~~~
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Mobility
Observation and field of fire
Cover and concealment
Ter ra in  obstacles

The Obser vation and Field of Fire Index , and the Cover
and Concealment Index are very closely related to the
Mobility Index. Hence, for the purposes of the
simulator there is a one-to-one correspondence among
these three indices. Only the Mobility Index and the
Terrain Obstacles Index are input into the computer,
and then from the given value of the Mobil i ty  Inde? the
simulator supplies the corresponding values to the
Observation and Field of Fire Index and the Cover ~nd
Concealment Index. Detailed information about the

• latter two indices is given to the reader for two
reasons. First , in t he constr uction of future games
using unusual types of forces advancing over extreirely
unusual terrain, it may become necessary to alter or
-dissolve completely the one-to--one correspondence that

~~ j 
has been established . Second , it was discovered that
when the Mobili ty Index is assigned to a grid square
w ithout knowledge of the values of the other two 

—

indices which this assignment implies , minor
inaccurac ies  in the terrain description often result .

t ~~-~ncc- , the scena rist  should assign values to the —

Mobi l i ty  In dex, the Observation and Field of Fire
Index , and the Cover and Concealment Index
simultaneously in such a way that the three values as a
whole best describe the grid square under considera-
tion.

(1) Mobility Index. — Index each grid square
with in the zone of action with the Mobility Index.
This index ranges over the integ-~rs from 1 to 5
according to the genera l terrain presented by the grid
square. The terrain in each grid square is classified
under  one of f i v e ca tegories:

Type 1 — Generally flat, open te r r a in
with good marieuverinq. May or
may not have roads. Mobility
Index is 1.

Type 2 - Modera tely open . roll ing
t e r r a i n .  Good m a n e u v e r ab i l i t y .

‘ ~ Mobility Inde x is 2.

I r — 6
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Type 3 — Moderately closed terrain, one-third
to one-half covered by heavy woods
or steep grades . Tank movement
restricted. Mobility Index is 3.

Type 14 - Close terrain , tank movement
limited . Mobility Index is 4.

- Type 5 - Rugged terrain. Tank movement
limited to reconnoitered
routes, and engineer assistance
necessary .  Mobi l i ty  I:i lex is
5.

The index decided upon is placed in Ijo upper lef t ha n d
- _ 

corner of each grid square. Road nets and t er r a in  -
~~~~

- t obstacles do not influence this index. See Fiqur -~ II-

I 1.

-
~ 

(2) Observation and Field of Fire Index. -

j Index each arid square within the zone of action wirL
the Observation and Field of Fire Index accordinq to
Table 11- 2, Column 2. As explained aaove, this index
follows directly from the Mobility Index. Thus , if  we
have indexed a grid square with a Mobility Index of 1
(open terrain) , then this same grid square will carry

r an Observation and Field of Fire Index ot .1. Low
values for this index imply good fields of fire and
hiqh values imply poor ones. Place the index qiven in

p the table in the upper right hand corner of the grid
square. See Figure Il-i.

-
~ (3) Cover and Concealment Index. - Index each

q ri-I square with the Cover and Concealment Index
according to Table II- 2, Column 3 . As with the
‘)bse rvatiOn and Field of Fire Index , this index follow s
d i rec t ly f r o m  the  Mobi l i ty  Index. For example , a
Mobility Index ot 5 (ruqqed terrain) implies a Cover

~m n1 Concediment value of .1. A low value implies good
cover whereas a high value implies poor cover. Place
the value deciie t upon in the lower right hand corner
d:3 in FiTure lI—i.

( (4 ) Terrain o bstacles Index . - Index each
~ 
,~ qr i d square  w i t h  d Terrain Obstacles Index aCcoL ~inq to

th e severity an-i extent ot the terrain obstacles
P present. The index ranges over all values (fractional

11-7 ¼
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as well  as in tegra l )  f rom zero to 5. Grid squares with
no obstacles receive an index of zero. Table II- 1
should serve as a guide for the establishment of proper
values tor this index. The value for this index should
be placed in the lower left hand corner of the grid
square. (See Figure 11-1)

(5) Terrain Index. - The Terrain Index, TI,
is a single-valued function of the original four
indices constructed in such a way that  it represents
the relative desirability of the grid square as a
segment of an attack or withdrawal route. The Terrain
Index is used exclusively in the route selection
routine.

(6) Terrain Class. — The Terra in  Class , KT ,
is an integer ranging from 1 to 15 combin ing together
the inf ormation contained in the Mobility Index and the

• I Terrain Obstacles Index. The interna l conversion is
performed in two steps. First, the Terrain Obstacles
Index is converted from the range zero to 5 to an
integer ç~ in accordance with the followinq table:

7 :
Value of Terrai n
Obstacles Ifl~~;~ Value ofQ

0.0 to 2.6 1

2.6 to 3.7 2

3.7 to 5.0 3

Then the Terrain Cldss, KT , is computed by the
fo l lowing fo rmula :

KT = 3M + Q — 3

where ~4 the Mobility Index.

1-
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TABLE It-i , Examples of Terrain Obstacle Weiqhts

Maximum Fraction of grid square attected
Obstacle value 1/4 1/2 3/4 Full

Ma rsh 5. 0 1.2 2.5 3. 7 5.0

stream—fordable 2.5 0.6 1.2 1.8 2 .5

Stream—bridge 3.7 0.9 1.8 2.8 3.7

Defile 1.2 0.3 0.6 0.9 1.2

Woods 3.7 0.9 1.8 2.8 3.7 —

NOTE: Table contains examples only

TABLE 11-2, Mobil i ty ,  Observation and Field
of Fire , and Cover and Concealment
Weights

Terrain Mobility Obs. and Cover and
t ype value FF va lue  concealment

value

A= 1 open 1 .1 1.0
- . 

-t B 2  mode ra te ly  ope n 2 .2 .6

C=3 moderately close 3 .2 .3

U = ( 4  close (4 .2

E=5 mountainous 5 1.0 . 1

NOTE: Table contains examples only

_ __ 
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d. Terrain Pseudo. - It is important to recognize
that , tor the purposes of evaluating communications and
tactical action, precision in developing the terrain
indices is not important, for the very simple reason
that the simulation is not restricted to working on
some special part of the real world. It the data
assigned are not precise, the operational effect is

- simply to portray a s l ight ly  d i t terent  terra in  than
that covered by the map being coded. In tact, it may
weLl be that for purposes of analysis some quite
unrealistic terrain would be most desirable, since this

- would tend to stress the capabilities of the
I communications system to an extreme and thus spotlight
- possible shortcomings in the system under Stud y in a

- 

- 
-
~ way that a more reasonable battlefield would not.

e. Terrain Factors in Movement Rates

(1) In simulating the rate of advance , the
tactical model con sults  the Terrain Class of the

- terrain over which the attacker advances. The Terrain
fl 

) Class of the grid square through which the attacker
unit is moving determines a nor n-al move rate for the
unit in question as long as it is in that particular

r grid square. For front-line units the nomina l move
ra te is mod ified by the “force against,” thereby
reflecting the enemy resistance encountered.

(2) The normal move rate for each Terrain
Class (an array of information which is input into the
computer) must be constructed by the following logic.

- Firat , a realistic movement rate ~.hould be established
for each value of the Mobility Index on the basis that
there are no obstacles present. On tne basis of the
movement rate established , the t ime req ui red to cross a
gr id square in the a bsence of any obstacle should be
calculated. Second , for each valuE: ot Q above , a delay
in minutes is establ ished. This uelay should represent
the average time necessary tot the advancing unit to
surmoun t the obstacle. The delay t ime is added to the

.~~~~~~~~ passage time in the absence ot obstacles. The sum
represents the tota l time required for the un it 1- pass

~~ 
-
~~~ 

- throu ~h the grid square and surmoun t the o•~stacle. —

I Finally, on the basis of the total passage time a
n o r m a l  move rate should be calculated suc h tha t a un it
moving at this rate crosses the entire qrid square in
the total time allottec.. Recommended values for the

- time delays imposed by terrain obstacles are shown in Table 11.3.

- ..‘ ~~- l I — l i
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f. Terrain Factors In Route Selection. - A series

of tests in route selection over a variety of terrain ,
using these values for terrain factors, indicate that
for armor these values give acceptable routes for the
purposes of this project. In a simulat ion involving a
torce not predominantly armor, it migh t be necessary to
use other values for the four external indices.
However, the terrain types and tactors as listed enable
the computer to properly utilize terrain for any type
of ground action.

TABLE 11-3 , Guide f o r  Time Delays Imposed by Terrain
Obstacles

Time delay
Obstacle (approximate) Remarks

Stream:
To bridge 2 hours at Per each MAB + Ribbon Bridge
To ford 1 hour b/ To prepare approaches

Ma rsh 2 hours b/ To l a y  corduroy
Woods 1 hour b/ T” clear trees
Defile 20 minutes c/ To change formation

NOTE: These delays are intended as i general guide to
the delay that should be imposed on a column
n egotiating obs tacles of the nature shown in this —

table.
ii

~.

a! Fro TM 101—10.

b/ No published data available. Based on protessional
mil i ta ry  estimate.

c/ ±~ased on time lenqth of open column .

NOTE : Table contains examnies only .
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TABLE 11- 4, Guide for Time Delays Imposed by
Detender—placed Obstacles

Time deldy
Obstacle (approximate)  Remarks

Minetield 120 mm Deliberate clearance

Minefield 30 mm Hasty clearance

Road crater 60 mm To fill

1 Tank ditch 30 miii To fill

Tank ditch over SOft 60 mm To bridge

- Tank ditch under SOft 10 mm Armored vehicle
la unched br id ge

}~odi barricade JO mm To demolish — clear

I
- Ahatis ~) m m To clear - per lOOft

Blow 1-’).~’r! 30 ~in To clear — per l O O f t

NOTE: Table c n tains examples only.

~
. . un- i ~~~~ ’s and Obj ectives

( 1 )  ~~- -ilH~tic boundaries are difficult top r - ) - 4 r - I m  into t-~~ t -ac1~ica l  simulation. Boundaries are
• : not -~ l w i j S  st ri iqh t lines, )tten following terrain
2 . ’ t ,~ i~~u r ~~ ; or o ther  well - - ie t ined  guides .  Then too ,

~oun i ir y  con t ro l  - l at a  m i s t  itot be incorporated into
u t -h ” r  terrain dati . This means then tha e data must be
pu t int - the compu ter (separate f rom the indexed
ter r uin i - it a )  t h a t  w i l l  kee p each attack column within
i.s sector. This is accomplished by prescribin~ a
sector width for eac~i attack column. Sector width is
the wid th of toe possible route the group can follow.

~ 
,~ Th~ compute r selected route cannot lead in to  grid

• 

* - squares that lie more than one-half th-~ sector wid th
- 

~ 
away from the lines that connects a route startinq point and

1 
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- 
- the route objective . Sector widths are dependent upon the tactical

layout of the simulation area and may be different for each column .
r These widths should be as wide as the tactical situation permi ts.

For a battalion size Task Force the width should not be less than
three gri d squares. A value for the sector width is assigned for
each grou p .

(2) Sector widths depend on the tactical disposition of
the grou p and may be di fferen t for each attac k co lumn . However ,
the program permits only one sector width entry for a column , i.e.,
the sector width once prescri bed for a group (attack or defense)
cannot change during the simulation .

- 
- (3) Each group and associated battalion should have an

objective assigned in the input data . If a group is not initially
comitted , it will not move toward its objective unti l it is

~~~. 
committed. The objective of a battalion (represented by a group)
may be a preestablished point (a terrain objective) or an offset
from a unit. Most past applications of the model have utilized

p only preestablished objectives.

~

- I h. Routes
F I

(1) Terrain Attack and Withdrawal Routes. - The tactical
model includ es a routine that selects routes of advance for each
attack column and , withdrawal routes for defender groups. This
route selection routine utilizes the Terrain Index.

(a) There Is a necessity for a route selection
routine , particularly for attacker groups comitted during the play
of the combat action , because it cannot be determined in the initial
layout of the problem when and where these reserve forces will be
committed. When reserve forces are comitted , the simulation must
have the capability to move such attack forces toward the objec-

— tives over suitable terrain.

(b) In an exercise where brigade or division reserves
will not be comi -tted , the routes could be selected from the map

- - . - and the information could be used as initial data input. This can
be done in any situation where the locations of the attack positions
and the objectives are Initially known . However , in an exercise
that may involve the commitment of brigade or division reserves , it
is not initially known when and where the reservec are to be brought
into play : hence , the program must have the capacity to accept
reserves at any place and provide these reserves with routes to the
objectives .

Cc) In the tactical model the computer selects the
routines for all attacker groups . The withdrawa l routes for

11-14
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defender forces might also be selected by this same routine , or the
T routes can be designated by initial Input data .

(d) The route selection routine operates
on the Terrain Index , i.e., it selects the most
appropriate terrain route to the objective. If terrain
difficulty Is treated as a form of “cost,” the model generally
selects a “least cost” route In each instance .

(e) To insure that the route selection
rout ine moves the columns along tactically sound routes
requires that the terrain data stored in the computer
by the initial terrain evaluation include those teriaun

• 

- t~ atures the commander considers when selecting a *

route , and assign these items relative values
comparable  to the commander ’ s evaluation. The computer
route selection will then reflect the commande r’s
evaluation and select routes based on sound terrain
utilization.

I

(t) When providunq terrain data tor the
- ‘  route selection routine the type of force has a major

bearin-j on the datum item values, particularly on the
M~ b i l i t y  Inde x and the Terrain Obstacles Index.

(2 ) Chan ges in Attack Routes

(a) Some apprehension has been expressed
concerning the combat validity of the computer selected
at tack route s , because the computer selects at tack
routes from Initial input data and then simulates the
action along these routes to the objective without
change. It has been pointed out that in actual comba t:
these routes might be changed by local commanders as
the s i t ua t i on  develops. However, tot the purposes of

- 
. this project, tactical simulations alo~g initiallyselected at tack routes  are acceptable i t  t- ne simulation

f u l l y  -iev ~~lops the communica t ions  r equ i rements .
simulatin~ m i n o r  c h a n 1~~s in  the a t t a ck  rou tes  would not
r1’~cessdriIy  lead to d more va l id  t a c t i c a l  background  or
a more complete evaluation of communications
r~ -~uirernents.

E li
- 

- (h)  The computer does in t roduco  now
r -:)u t ~ ’s in t : o  th f l  s i m u l a t i o n  as t he  act i on proQresses -

when the tactical situation warrants. ~hen br i—~a 1e or

11— 1 5
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div is ion  commits reserves, the computer selects routes
for those units. These routes are additions to the

- routes the computer selected for the initial attack
columns . The routes of the  newly coaimitted forces
serve to deploy attacker units to f i t  the changing
tactical situation as the action develops. Similarly
for detender , the computer selects withdrawal routes
for those units initially in position . Additiona l
routes are selected for units ordered to counterattack.

(c) The routes the computer simulates,
for both attacker and defender , are sufficient to
create  acceptable deployment  at  any  t i m e  d u r in g  the
action.

-
.
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CHAPTER II
T THE TACTICAL SIMULATION

SECTION 3
ROUTE SELECTION

1. Genera l. — This section contains a synopsis of the calcula-
tion of boundaries for route selection , and special types of routes.

2. Boundaries. - When a route is to be selected , generally the
computer subroutine is fur ~ished the starting point of the routeand the final objective . These boundaries are points one-half a
sector width on either side of the starting point and the final
objective, and points on either side of the intermediate objective
(If any) or mi ddle of the route .

3. Multiple Routes. - There is a provision in the route
selection routines to calculate several different routes and use

j ‘ the roLte with the least opposition.
I 4. Parameters

I -~

a. Sector Width. - Sector width and obj ectives offer the
only contro l over the location of a route. For a given objective ,
increasing the sector width causes less control over the route and
Increases the likel i hood of the best possibl e route being
selected. It also increases the probability that the route will
coincide (at least in part) with some other route.

b. Avoiding or Seeking the Enemy. - The model also contains
factors which cause enemy-seeking or enemy-avoiding routes to be
selected . These are currently programed as constants internal to

-
- 

- one of the command decision routines .
L t~
~ - ‘ 1
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CHAPTER II
THE TACTICAL SIMULATION

SECTION ti
DEPLOYMENT

1. Introduction. - Any combat force is observed to
occupy space and to consist of a large collection of
small organizations whose functions differ, and which
operate in an area whose center of mass is
representable by a singl e point . A s’-r aight forward
representation of this view is used in this simulation.

2. Definition of a Unit

a. The funda mental  organizat ional  e n t i t y  in the
model is called a unit. The combat forces on both
sides are divided into units, and when listed and
numbered consecutively, the number assigned to the unit
is the  uni t  index. Suppose that the two opposing
m i l i t a r y  torces are divided into N uni ts , of which M*
are Blue Units and (N-M) are Red Units. The Blue units
are numbered 1 ,2...., M , and the Red Units are numbered
Mi- i , M42, . . .,  N. The number of a unit is used to
identity that unit.

h. A unit is any collection of men, mate r i a l ,
equipment , or functions which for the purposes of the
study being made can be thought of as located at a
point. Since communications equipment can be located
in the model only at units, it some communications
complex Cannot accept-ably be considered as located at a
single point, then the organization must be further
divided into two or more units. If the combat

-
* qualitios of a unit are so complex as to make their

representation very -difficult , the unit should be
• divided unt il each resulting unit can be handled with

some degree of realism.

3. Properties of a Unit

*
~
‘M
~ 

is not a set value but simply a shorthand means to
describe where in the list oP units the Blue list ends.

—

11-18

— —a- - 
. — ~~~~

—~ -~~~ - — ..~~~~~~~~~~~ -



!II~~~

~~~~1

a. In general, the development of the list of
units will follow the normal TOE for the force down to
the level below which there exist no communications

— 
f u nctions pertinent to the problem at hand. But since
the unit is defined in the model by a fairly large
collection of operations, any aggregation of people or
functions for which these operations are realistic is
an acceptable unit. (Actually this is the only way to
define a un it expl icitly.) Thus a unit:

(1, Has an initial location (X,Y) which is
changed per iodical ly  according to the movement rules;

(2) Has a list of counts of “weapons” (the
“Strength Vector”) which when treated by the
tiresplitting (Section 10), attrition (Section 7), and
artillery (Section 11) submodels are periodically . 

-

attrited ;
(3) Serves as the location for a collection

of communica tions equi pment ;

J (L & ) Is the or iginator  or recipient of
“rnessaqes ” ; *

(5)  Is represented by a number in all enemy
intelliqence logs, the number being the “coe f f i cient of
intelligence” as developed by the survei l lance an d
other submodels;

(6) Provi des targets for  enemy ar t i l l e r y
t ire.

~~~
. Lists Associated with Units

a. Informa tion -issocjated with each unit includes
the tollowing items:

( 1) T~ counter representing cumulative-- 
- attrition suffered , distance moved, ~nd time;

~~

(~) ~ of comba t e f f e c t i v eness
reduction i~i~ to suppression by enem y a r ti l l e ry  t ire
a n d  the interva l of time the reducti-u~ appl ies ;

E l i
• 

* A unit cannot he botr~ the  origin and destination of
any ;n~~~; ~~~~ ~~~‘ p lay c  I by t h~ model , i.~~., a unit cannot
send a ‘~‘~~saO~’ ~~ itself.

t i 11— H
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(3) The unit index of the unit’ s own higher head-
quarters as the origin of displacement comand messages ;

(L 4 )  The unit’s mode, (attack , defense), the
gro up or pattern of wh ich it is a membe r, the type ot
terrain it is in , and its function (artillery,
infantry, recon platoon, CP, etc.), is called unit type in the
model.

5. Types of Unit

.~ - a. Any combat element for which the above
qualities can be defined can be a unit . In other
words, the idea of a uni t is abstract enough to provide
a vehicle for the representation of a large number of
possible combat components, although it  may be
necessary to add further modules to the simulator to
handle special qualities of the unit such as movemen t
or vulnerability.

b. Examples of possible units which are not
cu r r e n t l y  playe d would  be o t t - shore  naval  support ,

• helicopters, the person s of the var ious  commanders as
dist inct  f r o m  the CP’s, t rucks , and manned bunkers.
Where such assignments are made, the lists of unit - 

- -

types and modes must he increased it these units are to
be treated in a fashion different trcm those presentl y
considered.

c. Currently the model will play a total of 10
types of units.

5. I nven tor y of Units
~~- . ~I _ 4

a. All elements riayinq a part in the tactical or
communica tions simuiitjon must be a~~~reqated into these
combat units or listed i~~ separ a t e  units. These units
and the data associate-i with them comprise the
“inventory of units”. These unit s alone are piay~ in
th~ model. Currently the model is siz~’- i to handle up
t~ 257 :;e~)1rate “units ”.

h. The purpose ~rid ta~~ticai effec t of ~he
- -~r-~- pitjnn technique must Le kept in mind when
comp~ ling the invent u r y  of units , r~-u-emberin i that- each

~‘ 
.
~I I
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aggregate becomes a numbered simulation uni t  used
throughout the tac t ica l  simulation. Thereafter this
number represent~ all activities assiqned to that
location. Thi-. is done primarily to facilitate the
movement and ‘deployment of signal equipment , but th i s
technique also af t ec t s  other tactical da ta, —

particularly wea pon strength. NOTE: Command posts,
uni t  trains, Op, etc., each count as one unit. H

I
7. Empirical Factors

a. It is often necessary or desirable for
purposes ot simulation that units differ in strength
and compos ition from TOE l istings. In the s imula tion,
units ii~-iv be cross attached, some eleme nts aggreg a ted ,
and some activities detached. The initial composition
of un i ts and groups of units represen ts each force in
its combat post ure. The compositior of units reflects
the no rmal operational  s t ructure  of each combatant for
the tactical situation under study. ‘nusual
di spositions and unrealist ic  groupings are to be

~ 
j avoideu, unless such a tactical environment is

desirable to place special stresses on the
communica tions system.

- ‘1 I
b. Experience has shown tha t the s imula tor  works

c, best when ur’~ ts are formed using the foll~~ ing set of
rules :

(1) Tank and infantry elements are integrated
into teams at company level. These teams include
artillery and mortar observers. All elements of a
company size team are siMulated as a single unit.

( 2) A command post unit (company throuqh
division) includes all the stafi:, l iaison, or suppor t

- . 

i i elements that normally o )erate at considerable distance
from teams. Command posts are simulated as separate
units.

( 3 )  Units such is mortar , en gineer , or
reconna issance platoons that may operatu ’ it
considerable dist ince from teams or command rusts are
simulated as sepdr~ te units.

( L4 ) Direct support artillr’ry is sii-r~~lated at
battalion level unless a battery is detached , in wniczi
case it is si—~u 1ite1 us a separ -at- e unit , dOTE:

11—21
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Art i l lery  is simulated in greater detail within the
artillery model itself.

(5) For this model , division artillery includes all
artillery units not assigned direct support missions. Division
artillery Is simulated by battalion units and is treated as general
support artillery within the model .

(6) All elements of brigade trains are
s imulated as a single uni t ;  ma j or elements of division
trains are simulated as separate units.

C. The sole purpose of the unit is to consolidate
-: the location s of siqnal equipment , wherever such

consolidation will not invalidate the deployment of the
signal structure , hithough not at the same point
location, all this  eq uipment is ope ra ted from the
general location of a Cl’. For location purposes only,
the communications model accepts the CP location as the
location fo r  any piece of signal equipment groupe d at
that location.

3. Patterns

a. Another technique used by the tactical
simulator to reduce the data and programing load,
computer storage , and running time is the use of
tactical patterns. Tactical patterns are used in the
simulation as an expedient for the movement of units
dur ing the combat action and to provide the initial
inpu t data required by the routines that comprise the
tactical model. NOTE: No more than Lb patterns may be
used.

b. In the tactica l s imula tor  a l l  un its are
assigned a location in a pattern. Patterns are formed
by logical grouping of units according to the
operational doctr ine , composition , and type of force.
Patterns are a simulation expedient for movement and
con trol , but they must ~ot distort the tactically sound
deployment of the combatants.

:~ c. Tactical patterns must reflect tne operationa l
doctr ine of the type force they represent and for the

‘~ t - type action the simulation is playing. If by trial

~ 
,~i si~ ulat ions these patterns do not create realistic

deploymen t or otherwise fail to meet the requirements
‘
~~ - of the tactical simulation , then the patterns flee-i

11—22F

I

L . 
_ _ _  

-



rr~
w .

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

t ~~ 1~

ad j ust m ent.  NOTE: A pat tern cannot have more than  10
- units assigned to it.

d. It might be questioned whether the use of
these patterns so stereotypes the tactical action that
deployment variations are lost. To a degree this is
true, but for the purpose of evaluating signal systems
this does not invalidate the tactical simulation if the
attack patterns hold to tactical doctrine. The command

‘ post locations that result from these patterns are
sufficiently realistic to present a valid
communications deployment.

I e. At task force level, the composition of units
in at tack pat terns but not in groups (see pa ragraph  9

-: below) varies with the force ratio that develops
against the forward elements of each column. The

- - i attack patterns used at brigade or division level are
more stable but vary with the attack plan and also with
the force rat io  when it becomes necessary to commi t

-~ brigade or division reserves.
L

9. Group~
¼ a. Some patterns have units that move out of

I \ / the ir pattern location (but not their  pa t t e rn )  when
contact is made and form groups. A group is a
collection of one or more tank, infantry, or cavalry
units (company size) that have been committed or could
be committed to action. Groups are a simulation
expedient for  movement and control. NOTE: No mo re
tha n 19 groups (total) may be used .

I b. All units of a pattern which are front-line
units (or could become front-line unit-s when they are[ committed ) are assigned to a qroup. All units assigned
to one group must be members of the same pattern. In
other words, the units of a group are a subset of the

-
~~~ units in the associated pattern. NOTE: A ~roup cannot

~~ • have more than ~ assigned units .

c. The primary purpose of the concept of the
;
~roup is  to facilitate the movement of tront-line

~ 
.~~~~ un i ts .  ;roups move toward and along routes which lead

t- . ’ objectives. ~ pattern with an associated grou p

I ~~~ ~y t oll~~~inq its own group. Ot her patterns which
have no associated group move by following other groups
or other patterns.

11—23 
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10. Armor Attack Patterns

It is realized that the attack patterns and the
variations when committing reserves do not cover all
Sound methods of employing armor or committing
reserves. Assuming that the purpose of the tactical

— 
simulation does not go beyond creating a realistic
dynamic combat environment and generating essential
communications for evaluating the performance of
supporting signal systems, it becomes appa rent that  a
greater variety of deployment patterns is not a
necessity. These patterns are suf f icientl y varied to
bring into play the communications support that is
necessary to commit and control the units. Similarly,
the compu ter rules tha t qo with  these patterns are not
sufficiently comprehensive to cover all the situations
that confront units in combat. These rules limit
comman d decisions to specific courses of action that
are tac t ica l ly  real ist ic  and whose execut ion requires
the communications support that is to be brought into
the communicat ions s imulat ion. The important point  is

~ j  that the simulation patterns create, with an acceptable
deq ree of va l id i ty ,  dispersions and tactical maneuvers
applicable to the force under simula tion and i ts
operational doctrine.

~
- 11 . Division Attack Groupings

There are no fIxed patterns for the division as a
whole. All rear elements of the division are grouped
into putterns, but the composition of the patterns and
the relative location of units depend largely on the
tactical situation.

(I 11—24
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CHAPTER II
THE TACTICAL SIMU LAT ION

SECTION 5
WEAPON STRENGTH

1. Introduction. - In the model , as in real combat,
the strength of the combatants is a critical factor in
the determination of the combat outcome. The computer
accounts for the strength of each unit. This strength
is at t r i ted ; enters into the calculation of close
combat fires, intelligence acquisition, artillery —

target values and movement rates; is involved in
comman d decisions ; and can be a factor in route
selection. -

- 
-

2. Inventory of Units

a. In Section 4 , Deployment, the inventory of
units is discussed in detail. Associated with each
simulated unit is a list called the Strength Vector.
This list c r ~tains 15 items , the f i rst 12 of which
contain counts of the d i f f e r e n t  types ot weapons the

( unit has. NOTE: Red and Blue each can have up to 12
weapon s and they need not be the same.

b. Art i l lery  tubes are not ncluded in the weapon
— strength. Ar t i l l e ry  (both DS and GS) is simulated by

separate artillery routines which select targets,
deliver fire, and compute attrition and suppression.

c. The tactical simulator is more sensitive to
changes in the communications simuL-itor if all
artillery fire is simulated by concentration on targets
selected by surveillance. Thus, the e f f e c t s  of
artillery tire are compu ted separately - hut its effect
on the combat action is included in the tactical
simulation.

~~

3. Applications of Strength

a. General. - The paragraphs helow are not
intended to describe exhaustively the uses of the
Strength Vector in the model; instead , they are
intended to qive the reader only a qeneral idea of the
meaning of the Strength Vector.

11- 25
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~~~~~~ ‘, b. Firesplitting. - The calculation of the close

combat f i r e s  that uni t s  are receiving is discussed in
detail in Section 10 , Close Combat Fires.

(1) Distribution of Fire. — In real combat,
when a unit is in contact with several enemy units, it
generally will allocate some fire to each of these
units. Furthermore, it will try to allocate fire from
different weapons in different ways. For example , it
will try to place more antitank gun fire against tank
units than against infantry . The model simulates this
aspect of combat directly. For a given unit in contact
the model takes each of the 12 weapon categories and

• I distributes tire from each of these on each enemy unit
(within ranqe) with which the given unit is is contact.
Fire from weapons of a given category is distributed
among ene my uni ts  in a way that depends on how far away
each one is , how large its current combat value is , and
the desirability of using this type ot weapon against
that type of unit. Table 11-5 contains an example of
the type data used to represent the relative

j  desirability of using the weapon types against three
d i f f erent types of un i t s .

11-26
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TABLE 11-5, Relative Desirability of Firing Types of
Weapons Against Types of Units

Red unit type

Weapon category Armored Dismounted
(Blue , i n f a n t r y  i n f a n t r y  Armo r

Tank 750 1 1000
An t i t a n k  750 1 1000
Machi negu n iSo 1000 1
TOW 75 0 1 1000
4.2—inch mortar 500 1000 1
81mm mortar 500 1000 1
Dragon 500 1 1000
Hand weapons 500 1000 1

Data are based on profess ional mi l i t a ry  j u dqrrent  and
have a range of 1 - 1000. NOTE: Table contains

~ P -~ examples only.

TABLE 11-6, Effective Combat Value of Types of
Weapon s Aqainst  Types of Uni ts  - -

-

Red unit type

I Weapon category Armored Dismounted
-

• - 
I (Blue) infantry infantry Armor

I
— i~ — ______________________________________________________________________________________—

- ‘ I

Tank 30.0 30.0 30 .3
Antitank 20.0 10.0 20.0
Machinegun 8.0 8.0 4.0
TOW 25.0 12.5 25.0
14 .2—inch mortar 15.0 ‘ 15.0 7.5

- 
81mm mortar 12.0 12.0 6.0

.s~’ Dragon 10.0 5.0 10.0
Hand weapons 1.0 1. .5

Data are based on professional military judgment and have a range
of 1-30 . NOTE : Table contains examples oniy.
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(2) Vulnerability

(a) Not all types of units ar~ equallyvulnerable to the fire of a given weapon. The model
reflects this fact by taking tire allocated as m di—
cated above and multiplying it by a tactor which
represents the effective combat value ot using the
weapon against the type of unit. Table 11- 6 is an
example of t-he type of data used to represent these
effective combat valUes.

(b) Such an effective combat value is
considered by tne model to be the fire delivered from
the weapon on the unit. The sum of a ll such f ire t r om
all weapons of al l  u n i t s  in contact with a given unit
is the  “force against” the unit and is stored in the
computer. Note that “force against” is calculated for
both attacker and defender units.

• ,. (C ) This “torce against” is used in many
ways in the  model :

1 In the calculation of r Jvem~~~1t

rates,

2 In the calculation of att r it ion
rates, and 

—

3 In the determination )~ when to
commit and withdraw companies.

(-1) The model expects “force a-~ iin~it ”  to
be com m ensurate with unit total strenqths.

c. Short Range Surveillance

( 1 )  The short range surveillance suLr’odel is
covered in more de ta i l  in Section 9 , Survei l lance and
Intelligence. Both attacker and detender units use the
short range intelligence submodel every minute of play
to accumulate ground intelligence on enemy units with
which they are in contact.

.‘ 
-
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(2) Consider a unit in contact. The model
calculates a detection probability dependent on
distance for each of the 15 strength categories. The
ground intelligence increment the g iven unit picks up
on the enemy unit is a weighted average of these
probabilities modified by a terrain tactor. The
weights used in the average are the produc t of the
nu nber of items the enemy has in a given strength
category and the detection value of the category. Note
that categories 13—15 , the visible object categories,
are included in the short range surveillance
cal culat ions but not in the “force aqains t”
calculat ions discussed above . Tabl e 11-7 show~;
representative detection values.

#
4 d. Artillery Target Value • -

(1) l~ combat, artillery is selective of its
ta rgets. I t faced with  a choice between two potent ia l
targets of the same type, artillery may make its choice

~~ ) on the basis of variations in weapon strength between
the two units.

-r (2) The artillery submodel (Section 11 ,
Ar t i l l e ry )  selects direct and general support targe-s
by calculating a target value for every enemy unit
within range. This target value, among other things,
determines which units are fired upon and by which
batteries.

(3) TJ’° target value depends on intelligence
that the FDC has on the enemy unit, distance, its unit
type , and how strong the unit is in each of its 15
strength categories. Specifically, the unit’s entries
in each of these categories are multiplied by weighting
factors. The sum of these products is a factor in the

-, target value. Table 11-8 contains weights cur re n t l y
used .

~~
- • -.,~~~~~ (4) Inclusion of visible object categories in

this calculation reflects the fact that low visibility is
a valuable attribute of a target.
Furthermore , the inclusion of these categories helps

- 

~~~‘ solve the problem of qeneratina counter-battery fire.
This problem exists because, although an artillery unit

~ ~~~ is an exceptiona l ly  worthwhile target in real combat,
it is dirficult in the model to qenerate a hig h target
value for an artillery unit , using just the first 12

11—2 9
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weapon categories and the other factors. Generally, an
artillery unit is not particularly strong in the first
12 categories, and the fact that artillery is likely to
be considerably tarther away than other potential
targets causes the distance and intelligence factors to
be relatively weak.

- TABLE 11-7, Detection Value for Each Strength Category

Strength category Detection value
I — —

- Tank 15
Ant i tank  10
Machinequn 5
TOW 5
4.2—inch morta r 5

L 
j  81mm mortar 5

Dragon 3
- 1 Hand weapons 1

High visibility objects 15
• Medium visibility objects 8

Low visibility objects S

Data are based on professional military judgmen t and have
d range of 11 - 15. NOTE : Table contains examples
only.

- I
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TABLE 11-8, Target Value Weights tor Types of

Weapons in Types of Units

Red unit type

Blue weapon category Artillery Dismounted
infantry Armor

- Tank .60 .20 .30
Antitank gun .140 .13 .20
Machinequn .16 .05 .08
TOW .50 .17 .25
4.2—inch mortar .30 .10 .15
81mm mortar .24 .08 .12
Dragon .20 .07 .101 - Han d weapons .02 .01 .01
High visibility objects .00 .00 .00

~ I ~
- Medium visibility objects .00 .00 .00( Low visibility objects .00 .00 .00

Data are based on professional military judgment and
- have a va lue of 0.0 — 10. NOTE: Table contains

examples only.

•

I
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TABLE 11-9, Combat Value for Each Strength Category

Strength category Combat value

Tank 30
Antitank gun 20
Machinegun 8
TOW 25
4.2—inch mortar 15
8 1mm mortar 12
Dragon 10
Hand weapons 1
High visibility objects 0
Medium visibility objects 0
Low visibil i ty objects 0

j Data are based on professional military judgment and
have a ranqe of 0.0 - 30.0. NOTE: Table contains
examples only.

e. Combat Value. - Aggregation is one of the
model builder ’s most important  tools. Aggregation resul ts
In avo id anc e of unnecessary detail , tend s to conserve i nterna l
computer storage and computer time , and
prevents significant results from being lost in a mass
of output detail. There are several functions in this
model for which consideration of individua l weapon and
visibility categories would contribute little or

~

‘
-
~ 

F nothing to the purpose of the model. For these
- . ‘ 

- functions the categories are aggregated to represent
the total strength or combat value of the unit.

(1) Calculation of Combat Value

(a) The total strength or combat value
of a unit may be thought of as its total tirepower. It
is calculated by computing the unit’s combat value in
each of its weapon and visibility categories and then
adding these values together. There is a list in the
computer which contains the combat value of each

p 
category in each type of unit. (Table 11-9 contains
ex3mples .)

,

i

~j  
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(b) When a unit is attritei, each entry
in its Strength Vector is reduced. Then the reduced
entries are used to recalculate the unit’s new current
total strength.

(2) Unit  Force Ratio

(a) In combat a unit’s firepower ,
relative to tr~e fire it is receiving, is often a strong
factor in the unit’s ability to move and its attrition
rate. In the model this is simulated by calculating
for  each f ront—line  unit , every minut e of game t ime , a
unit force ratio which depends, among other things, on
the unit’s current total strength.

(b) The unit force ratio is a major
• f ac tor in determining the un i t’ s movement rate, i ts

attrition rate, and the commitment and withdrawal of
units.

(3) Br igade Force Ratio

The decision to commit a reserve
battal ion is often strongly influence i by the progress
the committed battalions are making and by intelligence
on potential resistance. The model simulates this
process by havinq the commi t decision, as well as the
frequency of status reports to division, depend on a
“brigade force ratio”. This “brigade force ratio”
involves the current total strength of the brigade ’s
combat units in committed battalions and the brigade’s
estimate of the current total strength of enemy units.
(See Section 12 , Command Decisions.)

(4) Long—Range Surveillance

~~~

- -
~~~~ In addition to depending on terrain ,

distance, unit type, and surveillance device
characteristics , the intelligence acquisition rate in
the range surveillance model depends strongly on the
observed unit’s total strength. (See Section 9,
Surveillance and Intelligence.)

‘I
P .
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estimate of the location and current total strength of
enemy units. (See Section 2, Terrain, Routes, and
Objectives.)

(6) Cumulative Attrition

- Cumulative attrition often results in
degraded performance in excess of that attributable to

- attrition alone. In other words, a unit which has
suttered 10 percent attrition may have Its combat
effectiveness reduced by 15 or 20 percent attrition. The model

- simulates this by multiplying a unit’s current total
strength in firesplitting and unit force ratio
calculations by an effectiveness factor which depends
on the unit’s cumulative attrition, i.e., its current
total strength divided by its original total strength.

- (See Section 7, Attrition.) . 
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CHAPTER II
— 

THE TACTICAL SIMULATION

SECTION 6
MOVEMENT

1. Introduction

a. General Remarks on Movement

(1) The ability of opposing combat units (or
groups of units) to advance or resist is determined by

- a comparison of their combat values. Combat value is
- firepower modified by terrain, intelligence, control,

— and logistics. Firepower is also modified by such
factors as position effectiveness, unit perf or mance ,

I and weapons effectiveness. A comparison of the
- adjusted combat values determines the flow of the

conthat action.

~ i (2) Two principal factors have separate and
cumulative effects on the rates of advance. These are
first, the terrain, arid secon d, the amount of enemy
resistance. Examples have been tabulated in reference

~ to both of these factors. Other factors which have a
- 

— bearing on rates of movement, such as morale, fatigue,
- extent of prior planning and reconnaissance, amount of

I preparation and briefing and similar items, although
having important effects, are not simulated.

(3) In the tactical model the rate of advance
is calculated primarily from the terrain and force—

I ratio (FR) factors. (FR measures the resistance.)

-
~ (4) Terrain data enable the computer to

select routes for the attacking force. These routes
represent tne commander ’s decision based on informationH ~~~. from reconnaissance or map studies. They provide the
best mobility, cover, and fields of fire, and avoid
major  terrain obstacles to the objective.

(5) What the commander does not know at this
point , or knows onl y pa r t i a l ly ,  is the enemy resistance

- ~~.
‘; he wi l l  encounter along the route on which his force

moves. The resistance consists of enemy units in his
path of advance . Whatever the resistance , the model must have

-
~~~~~~~~~ the rules , techniques , and data to s imula te  the rate of advance .
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(6) The attacker ra te of advance is
determined by his capability to negotiate the terrain
over which the route leads him. The problem here is
realistically to modify this terrain rate by the
etfects of the resistance encountered. The combination
of the terrain and resistance gives us the combat rate
of advance the attacker will achieve.

(7) The movement routines are the heart of
the tactical simulation. They manipulate the data that
create the dynamics for the combat action under
simulation. By combining the movement we get from

• these routines with the deployment and tactical
aggregation, we enable the computer to print out unit
and command post locations throughout the tactical
simulation. These locations are a necessary element of
information for the evaluation of the performance of

I- / the signal system.

(8) To simulate the flow of the tactical
action, the computer manipulates data that represent
the comparative strength of the combatants along the
routes the attacker has selected for the advance of his
column. Terrain and resistance are the factors that
provide the data for simulating the rate of advance
along each attack route; terrain and intensity of
attack affect the rate of retrograde movement of the
defender along his routes.

(a) Terrain

- 
-~ 1 Each grid square in the

simulation area receives a Terrain Index which depends
on the Terrain Obstacle Index and Mobility Index for
the square. The Terrain Obstacle Index and Mobility
Index are supplied as inputs by the scenarist. The
Terrain Index may be thought of as the cost of using
the square for a route. It is used only tor route
selection.

2 Fa ch grid square is also given
a Terrain  Class ; this depends on the square ’s Terr a in

P Obstacle Index and Mobility Index, too, but in a way
different trom the Terrain Index. The Terrain Class is

I ~
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- used in determining movement ra tes, weapon ranges ,

rates of intelli gence acquisition, etc.

(b) Unit Force Ratio , Resistance , and
I ~

- Intensity of Attack

1 In most war gaming a standard
method of determining rates of advance for an attacker

- is by reference to his force ratio, i.e., the
attacker ’s comba t strength or value relative to the
defender ’s. Force ratio is a method of measuring
resistance: a high force ratio impl ies low resistance
and results in a high r ate of movemen t (ignoring
terrain factors) ; a low force ratio implies high
resistance and results in a low rate of movement.

2 But in actual combat resistance
is determined by the fire a unit is receiving relative
to its own firepower. This model calculates the fire
each unit (attacker or defender) is I eceivinq . Then

- 1 for each unit a force ratio is calculated ; this , of
course, is different than that conventionally used
because of the actual calculation of the fire received .

P This unit force ratio is the ratio of the unit’s combat
• ,~ firepower to the close combat fires which it is

receiving. The unit’ s combat value is modified by

1 several factors; major among these are whether the unit
is being suppressed by artillery fire and whether the - 

-

unit has been attrited to the point that its
effectiveness is seriously degraded.

- 

3 In this model the resistance is
measured by the attacker’s force ratio, and the
intensity of the attack is measured by the defender ’s

- • force ratio.

b. Limitations. - The current tactical simulator -;
• .- does not include the routines or data necessary to

simulate the tactical effects of nuclear strikes , air
strikes , or weather .

2. Group

a. Introduction

P (1) Movement and deployment are simulated in
the model by a group movement submodel. One of the
main moti ves in the construction of the model was to
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- provide a tool which could compare signal communication

systems by the differ ences in combat outcome they
produced. One important measure of combat outcome is
deployment. Thus, the part of the model which
simulates movement, particularly the movement of front

i ~ line units, is a very important one; understandably, it
- - 

‘

~
- is a fairly detailed submodel.

(2) For the purposes of movement, a group is
: considered to be the set of front line units of a

battalion. The group movement submodel endeavors to
move groups along a relatively smooth course following

-
~ 

a preselected route. Several different movement modes
-

- -
~ : are possible to simulate battalion movement in

different tactical situations, e.g., attack and
.
~ defense. Within limits the units in a group are moved

individually to reflect variables in the tactical
situation, such as terrain, artillery suppression ,
cumulative casualties, and force ratio (fire

- -- 
power/direct fire received).

b. Group Movement Mode

- (1) Withdrawal (Mode 1). - This mode,
-

~ 

intended tor defender groups, results in all units
~, \~-__ - ha v ing the ma ximu m m ove rate , M.

- ; (2) Leapfrog (Mode 2)

(a) In this mode, intended for defender
groups, all units may be committed initially, perhaps
two up and one back. Each unit remains immobile until
it either gets too far away from its aiming point or
its force ratio drops below a pre—determined cutoff.
In either case, the unit then starts leapfrogging.

(b) If all units in a group are
leapf rogging , it is unlikely that any will stop until• the end of the route is reached. To prevent this from
happening , it all units are moving, of all those thatIi 
are under fire, the one with the best force ratio is

•~ stopped.

(C) Delays are introduced at the start
- of movement to correspond to the deqree of

.3 communications existing between the unit and its
- headqua rters. The assumption is that, if the unit

needs to move and is in contact with its headquarters,

11-38
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it will either be ordered to move or will request and
receive prompt permission to move. If the unit is not
in contact with its headquarters, it will not start
moving as quickly.

1 (d) When a group in the leapfrog mode
reaches the end of its route, the associated pattern
(the one containing this group’s front line units) is
changed to become a type zero pattern (continuous

- following this group with zero move rate). This causes
the pattern to cease movement.

(3) Reserve (Mode 3). - No units in a group
- -

~ I of this mode are front line units; hence none should
- •

~ 

receive any movement rate. Instead, they are moved by
the pattern movement routines.

• (4) Yield (Mode LI)

- (a) The model has three modes f o rj defender groups, each of which results in a different
type of movement. One, the hold mode, allows no
movement; the second, the withdraw mode, allows - -

movement only at full speed to the rear; the third, the
yield mode , makes units stop if the force ratio is
sufficiently good (high), move to the rear at full
speed if the force ratio is sufficiently poor, and move

- at a rate proportional to the negative of the force
ratio for intermediate values. It was anticipated that
this mode, coupled with a battalion decision model
which committed and withdrew in response to essentially
the same force ratio, would allow defender units to
move in a satisfactory fashion.

-

. - (b) The model assumes that if a unit is
in range of any of a certain class of weapons of an
opposing unit it is within range of all the unit’s
weapons of this class and, except for tire split to
other units, is receiving full fire from all those
weapons. Thus, a change of a few meters in the

• 
.,. ~ separation of opposing units can cause a considerable

change in the fire that these units receive and a
consequent large variation in force ratio.

TY~1 (5) Mode 5. - Not used in model .

(6) Static Defense (Mode 6). - For defender groups , this ~
- 

-

state is equivalent to the hold mode . Units in this mode do not move .
:4 

-
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‘ Also , when all units of a group are at the end of the route the
group mode Is changed to static defense. (There is no mode 5 in
the current model.)

(7) Attack (Mode 7). - Units in this mode move forward
at full speedif the force ratio is good , stop if the force ratio
is poor, and move at a rate proportional to the force ratio for
Intermediate values . The group move rate is also dependent on
whether movement is vehicular or dismounted .

c. Pattern Movement

(1) All movement is related to the movement of front-line
uni ts th at are organized In groups and move along routes at a
velocity determi ned by inherent mobi l i ty , terrain , force rat i o
(ratio of uni t strength times combat effectiveness to enemy fire
received) and amount of artillery suppression . The non-front-line
units , which are organized into patterns, follow these groups , or
other patterns which themselves follow groups. In retrograde move-

L - ment, patterns are actually “pushed” to the rear by the retreating
j  front-line units .

• - (2) A patte r ~y move continuously, that is , its location
Is adjusted every five minutes to mainta in a constant di stance from
its leader , or it may mGve by bounds , remai ni ng at a fixed location
until Its leader has moved to a speci fied distance from it , and
then displacing to a new location another specified distance from( ft .  Thus, four types of pattern movement are defined:

0 - Move continuously following a group
1 - Move by bounds fol low ing a group
2 - Move continuously following a pattern
3 - Move -by bounds following a pattern.

Eac h pattern Is assigned a type which remains constant throughout
the exercise (except in the case of the commitment of a reserve
bat ta l ion which ordinari l y is type 2, but is shifted to type 1
until it reaches the line of departure and then is shifted to type 0
when it receives a route and Its i ni t i a l companies are commi tted to
form a group).

(3) It is important to differentiate between a pattern and
the units in the pattern 1 The pattern itself can be thought of as
a collection of aiming points (destination or objective) toward —

.3 which the units In the pattern are directed when the unit is not on
its aimi ng point. This distinction of units and aiming points Is

-
~~~~~ necessary because of the difference between continuous and bounding

movement, and because of the desirability to maintain the deploy-
ment of the units in some cons tant arrangement.

U - 11-40
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C H APTER II
THE TACTICAL SIMULATION

SECTION 7
ATTRITION

1. Types of Attrition

a. This tactical model simulates two types of
attrition:

(1) Attrition due to enemy action

(2) Attrition from non—combat causes.

b. According to the rates prescribed by initial
input data, attrition against each unit accumulates as
the action progresses.

c. Attrition for both attacker and detender is

~ j  necessary in this tactical simulation in order to keep
the combat value of units current. This is necessary
for the computation of force-ratios by which the
computer simulates the flow of the tactical action.
Attrition is also a [actor used in comparison of
tactical outcomes. The equipment attrition is a factor
that has an application in the communications
sirnulat ion.

2. Combat Attrition

a. There are combat attrition rates for units of
division size based on a day of combat. These rates
are averages that can be expected. They depend
primarily on the type of division, the type of combat,
the intensity, and the terrain. The predicted combat
attrition rates are the basis for the attrition rates
used in this simulation.

b. Data have been obtained on average combat
casualty rates for prolonged combat tor larqe units
(divisions) in terms of percent (of personnel ) per combat
day . In general , the rates for the division vary between 3
percent per combat day for light combut and 15 percent

‘I for heavy combat. The combat day is taken as 14 hours.
Since these are battle casualites, we assume for this

p s imulat ion that the rate is higher in the forward

(~
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- -units. Accordingly, the divisi~~ area was divided Into-. two zones from front to rear and the overall rates were
adjusted to these zones. (Table II— 9.)

• c. Since damage from artillery fire is assessed
-~ separately from attrition due to close comba t fires,

the rate used in the computer are adjusted lounwar l
trom those shown in Table 11—9. FurthermOre, the
rates used in the model are per minute of combat,
rather than per combat day.

- 
3. Non-combat Attrition

a. In addition to combat casualti~ s, combatproduces disease and injury attrition, and materiel
• - attrition due to accident or lack of maintenance.

These losses are distributed at a uniform rate over all
units in the simulation, both attacker and detender.

b. A comparison of the “contact” figures in
parentheses in Table II- 9 with the “noncontact”
figures shows that the effects of attrition from non-
combat causes are inconsequential for short periods.
However , for prolonged tactical ar-i .ns the noncombat

- - attrition rate becomes an influenbial factor in the
\ -_> computation of combat values. The overall  noncomba t

attrition figure currently used In the model is about 2.4 percent
per 14-hour combat day. 

-

-

I
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- 4. Effects of Attrition. - Unit performance is a
direct function of the amount of accumulated attrition
that the unit in question has received since the
beginning of the action. The unit performance for
various types of units versus the amount of accumulated

- attritic that it has received is given in Table 11-11 .

(1). To apply, multiply current combat value
by performance factor.

- 
(2). When pertormance factor reaches zero,

unit is ineffective; combat value 0.

(3). This performance factor must not be
confused with  combat value computations. This is a

- factor that degrades computed current combat value , due
to lowering of the efficiency ot the unit caused by the

- 
loss of personnel and operations equipment necessary

L - for the delivery of the combat power that the unit has
j  available.

‘P TABLE il-il , Unit Performance Factors

% Accumulated Armor Infant ry Artillery
attrition Atk Def Atk Def Atk DeL

0—5 1.00 1.00 1.00 1.00 1.00 1.00
5— 10 1.00 1.00 0.90 1.00 1.00 1.00 - -

- .  

10—15 1.00 1.00 0.80 0.90 1.00 1.00
- 15—20 1.00 1.00 0.60 0.~~0 0.90 0.90

20—25 0.90 1.00 0.50 0.70 0.90 0.90
L -

~ ~5—30 0.80 1.00 0. 0.60 0.80 0.80
30—35 0.70 0.90 0. 0.50 0.80 0.80
35—40 0.70 0.80 0. 0.40 0.80 0.80
40—45 0.60 0.70 0. 0. 0.60 0.60
45—50 0.60 0.60 0. 0. 0.60 0.60I 50— ’S 0 .50  0.50 0. 0. 0.50 0.50
55—60 0.50 0.50 0. 0. 0.50 0.50
60— 65 0. 0. 0. 0. J. 0.

NOTE: ;able contains examples only. Protect
decima l wi th  zero when not preceded by another number.
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5. AppLication of Attrition

a. Table 11-10 provides the attrition data
m~r~ip’Uated by the tactical model during the tactical - 

-
~

simulat.on. Attrition starts at combat time zero (at
the line of departure) and accumulates with combat
time. Attrition varies with terrain and torce-ratio.
The attrition rate, both materiel and personnel, is
determined at the beginning of each simulation time
cycle by application of data derived from Table 11—10.
Casualties and damage are then computed and applied
against the combat val.ue of each unit.

b. Terrain classification for each five-minute —

cycle is taken as the terrain of the grid square in
which the unit is located at the beginning of the
cycle. This classification is simulated for the entire
five minutes although the unit may enter another type -

~~~

terrain during this period.

~ -t C. The force-ratio for each time cycle is
computed at the beginning of the cycle from current
combat values and close combat fires received.

P - 6. Attrition of Front Line Units

a. Two subroutines work together to simulate
at t r i t ion and movement of front line units. One
determines the more immediate results of the clash of
opposing ground units by determining attrition and a
current velocity f or the unit. The second then finds a
new location for the unit. Each minute the first
subroutine computes for each company-sized front line
unit: (1) its attrition rate, (2) its movement rate,

k 
- and (3) as a result, computes tor each unit its

cumulative attrition, its move r~te for the next
-
, minute, changes in status governing the generation of a

I... - 
message to the next higher headquarters, and its
current total strength.

b. The first subroutine sweeps on a One-minute
cycle all front line battalions or simi lar combat
groups, and picks up all company—sized units in each
group that are not in reserve status, and determines
for each unit whether it is or has recently been under

~~ 
,~ artillery tire. If so, the unit’s combat effectiveness

L ~~~~ as affected by suppression from this tire is
ascertained.
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- c. The unit is next tested tor force against it.
- If non-zero, the Unit’s current total strength or

combat value and effectiveness are looked up. Force—
- ratio and attrition rate are computed.

-
- 7. Attrition of Pattern Units

- a. A subroutine simulates the attrition of all.
units which are not front line units f r om all causes

- except artillery fire. It calculates current rates of
attrition on these Units and revises their current

— strength (combat value) accordingly.
- - 

b. On a five-minute cycle the subroutine sweeps
- each pattern and within each pattern sweeps each of its

- - 
- units. It the unit is a front- line unit, it is

ignored, since its attrition is accomplished by the
- one-minute cycle. If the unit is not a front-line unit , the

• 
~ 

noncombat attrition rates are applied .
L j
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CHAPT ER II

THE TACTICAL SIMULATION

SECTION 8
CONTACT

1. General Concepts

a. The simulation by the model of two very
important aspects of ground combat, direct fire and
intelligence acquisition by short—range surveillance
devices, depends on the determination of which pairs of
opposing units are in contact. Using a list of these )
pairs, the tiresplitting submodel allocates direct

- 
- fire , and the short-range surveillance submodel

acquires intelligence.

b. The contact submodel does not assume contact
to be symmetrical; i.e., unit A in contact with unit B
does not necessarily imply unit B in contact with unit
A. This means that the number of possible pairs is the
product of the number of attacker units and the number
of defender units. Examining each of these pai rs to
determine which are in contact would be a rather t ime
consuming task even on a high-speed computer, so the
contact submodel was constructed in such a way as to
reduce the number of pairs which must be handled.

c. This reduction is accomplished by dividing
each side into sets of relatively small numbers of
Units, determining which of these opposing sets are in
contact, and then examining pairs of units from pairs
of sets which are in contact. These sets are of two
types, groups and patterns.

2. Pattern-Group Contact

-~ •,~~~~~~ a. Pattern-group contact is determined once every
fifteen minutes of game time. A pattern—grou p pair is
considered to be in con tact if the perimeters are
within range or could be within range with fifteen
min utes of movement.

b. Group centers are recalculated every minute of
the game as the center of gravity (average of the
coordinates of front line units in the groups). Thus,
it a qroup has only one unit up, the group center is

~~~ 
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f l y
located at that unit; if it has two up, the center is
half way between the units; etc.

I c. The radii of patterns and groups are contained
- - in input lists. A group radius could be chosen as the
- radius of the smallest circle capable of enclosing the

perimeters of all committed companies in the group when
- the maximum number are committed. Pattern radius
- should be chosen as the radius of the smallest circle
- capable of enclosing the perimeters of all uncommitted

companies in the pattern when the minimum number are
committed . Figure 11-2 represents pattern and group

— - - - deployments which determine radii. In many cases it
-~ may be possible to locate pattern centers relatively

close to the tront of the pattern and choose the radii
to enclose only the most forward elements of the

- - 
pattern on the grounds that the most remote elements
a~~~~ unimportant from contact considerations.

(

•
d~: 

-
~:

t‘1
L 11-48

: •
~

-~~~~~~~
-
~~~= =~~~~~~ -~~ : ~



• _~~~~~~~ --.~ _ 
~ - -,-~—--~~ ---.~.—55-

H r 
r

5 -

‘- -p

24 ~~~~~~~~~~~~~~~~~

22 

GROUP RADI US

4 
- 

— ~. FRON T LINE UNIT

- 
- 

I -GROUP CENTER
20 - ~~~~ ~~ -

~ 7 PATTERN CENTER
- 1 •  - I ~~~ -~~~~~

- 
I 

- / 
- S— PATTERN RADIUS

1 8 -  ‘ ~~~~ - . /
_

~~~~- -L -~~
-‘

— PATTERN CENTER
- PATTERN RADIUS

— 
1 6—  I I I I I I

18 20 22 24 26 28 30 32 34

ARTILLERY PATTERN AND RADIUS: BATTALION PATTERN AND GROUP
AND RADII . ONE COMPANY UP

I
-

I

7~~~~~~~~~~~~~~~~:: ( ~~~ ~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

GROUP CENTER

- PATTERN ‘<~~ - /
— CENTER ~~~~~ - - -

~~~ 
21 - - 

PATTERN RADIUS -~

GROUP RADIUS

‘4 20I. ‘-
,

Ii 1 9 -

P -
~ 18 I I I I I I

24 25 26 27 28 29 30 31 32 33 34

II~~ 
‘

~~~~ 

- 

-~ BATTALION PATTERN AND GROUP WITH RADII . THREE COMPANIES UP

I
FIGURE 11- 2, RelatIonship of Pattern Radius to Group Radius

11-49

- . 1

~~~~~~~~~~~~~~ c ~~~~~i:



--

d. The distance a pattern or group could move in
fifteen minutes is the maximum distance a continuously
moving pattern could move in fifteen minutes. This
seems to be an adequately large value, although it
hasn ’t been studied in detail. The only case in which
it would seem to be too small would be where the
defender has units in bounding patterns which may
occasionally get close to the front lines. It such a
condition does exist, then it would seem advisable to
increase this constant by the length of bound of these
patterns.

e. Figure 11-3 is an illustration of pattern-
group contact.

f. For each group and pattern a list is kept, the
contents of which are indices of other groups and
patterns with  which it is in contact. The list is
symmetric in the sense that if A is in contact with B,
then B is in contact with A. Stored with each index is
a flag to indicate whether the index is for a group or
a pattern, and the center-center distance.

q. To conserve storage in the computer, it may be
— necessary to restrict the size of these lists. The

possibility of some of these lists filling up
complicates the contact algorithm, which otherwise
would be t r iv ia l ly  simple.

h. When a group-pattern pair is found to be in
contact, a check is made to determine whether tne list
for either is tull. If so, the center-center distance
for this pair is compared with the maximum such
distance stored in the list. If the distance for this I -

pair exceeds the maximum , this pair will be dropped
from the contact lists. Otherwise it replaces the pair
which had the maximum distance. In order to keep the 

- - -

• lists symmetric, the other entry on the “bumped ” pai r
is also removed. Processing of pairs is done in this

ui~~~ order:

(1)  A t tacker groups and defender  groups

(2) Attacker groups and defender pattern s

(3) Attacker patterns and defender groups

(4 )  Attacker patterns and detender patterns.
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3. Simulation Rules for Units in Contact

a. The leading task force of each attack column
is in contact.

b All units organic, attached, or in direct
support of a task force in contact, are in contact.

c. All direct support artillery and heavy mortar 
- 

-

units are in contact.

d. All units falling under the “contact” category
of rules (a), (b), or (C) above absorb combat
attrition. (See Table 11— 10, Section 7. Attrition
rates within parentheses apply.)

e. All other units of the division absorb only
non-combat attrition. (See Table 11— 10, Section 7.
Attrition rates without parentheses apply.)

I ‘i 
- 

-

11-52
‘P

1
- ~~~~~~~~~ •~~~ - - 

L~~ 
L -

~~~~~~~~~~~~~~~~
I-

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

—‘

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



rr~ 
- - ~~~~~~~~~~~~~~~~ ~~~~_ _ ~~-~ --- -~~~.--- •---—~~ - -

~1~E ~~~~~~~~~~~~~

CHAPTER II
THE TACTICAL SIMULATION

SECT ION 9
SURVEILLANCE AND IN TELLIGENC E

1. Combat Surveillance Activities

a. Battlefield surveillance activities require
communications to transmit information to proper

- headquarters for evaluation and action. To dissem inate
• - 

the intelligence thus gathered generates more
— communications requirements. The performance of the

signal system that transmits these messages is in turn
- 

ref lected in terms of tactica l outcome by such tactors - -

as timeliness ot artillery fires, reserve movements, —

- warnings  of enemy action, and other tactical actions
that depend on combat intelligence.

j b. It is not a requirement of the tactical model
to simulate surveillance systems for purpose of
comparison or evaluation. To do so would require much
greater detail in input data and more comprehensive

~ simu lation routines than are provided in the
/ surveillance and intelligence submodels. It is,

- however, necessary to generate communications tha t
— 

result from surveillance activities , and the tactical
model must have the capability to react to intelligence
the surveillance system provides.

c. The tactical model simulates short range and
long range combat surveillance. Each type of

-
- 

• surveilldnce is simulated by a separate set of —

- subrout ines .
-I

d. Short range surveillance is conducted by front
line units in contact with the enemy. These units are

- - given a surveillance index of 1. They observe from theL - ground , usinq field glasses, BC scopes, etc. Artillery
and mortar FO are the chief source of information from
units with surveillance index 1.

I e. Long range surveillance is simulated by two
subrout ines .  Th ese subroutines extend the surve i l lance
deepe r into the enemy ter r i tory  by means of air

• observers, ground OP wi th  radars , and other equipment
a
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and techniques that gather information on enemy
locations that lie beyond short range surveillance
capability.

t. Surveillance equipment is simulated as listed
in the appropriate TOE. This equipment is deployed

- among the units of both combatants and assigned a
surveillance index according to the surveillance
capability that the equipment or activity represents.

- The deployment of this equipment, and in some cases the
- surveillance capability, is largely a matter of
I professional judgment.

2. The Simulation of rntelligence

a. The proper conduct of combat tactics depends
- - - strongly upon knowledge of the dispositions , strength,

- quality, and intentions of the enemy. Because its
acquisition, interpretation, and dissemination r4~lyheavily upon communication s, these activities are

~ I 
- represented in substantial detail in the simulator.

b. Intelligence can be treated eftectively in
terms of its end products, which are to increase the

~
- -i - 

effectiveness ~f tire on the enemy and to permit the
~ selection of tactically sound maneuver. No perceptible

loss of tactical validity is incurred if the
intermediate mental stages of information processing
are simply assumed to occur in the minds of those

N combat personnel concerned. The model is restricted to
the acquisition of information in a generalized sense,

- 
its transmission, and its direct application to fire

I and movement in some abstract numerical form. Thus,
the specific interchange and interpretation of the

• 1 voluminous minutiae ot data which normally flow through
channels, which are abstracted into concepts like

H the enemy order of battle, and which then become the
basis for tactical decisions are avoided in the
simulat ion and replaced by the fo l l owing  assumptions:

(1) The more that is known about the enemy as

~~ 

-
~~~ a target, the more likely he is to be tir~ ct on by

artillery.

- 
(2) The more that is known about the enemy,

- :  - the more likely commander s are to act promptly.

-
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c. This list of uses of intelligence obviously
does not exhaust the possibilities; for example, no use
is made of intelligence in selection of lines of

I - - departure or intermediate objectives, nor in varying
the sequence of commitme~ts, all of which areformalized in this simulation in order to reduce
variability which tends to obscure small effects in
communications systems changes. The list is

- consistent, however, in that communications - - ‘~nts
— interplay with tactics so that an improvement in the
- one causes a parallel improvement in the Other. As

long as there is at least one such phenomenon in the
model, the objectives are satisfied.

-• d. Since there is assumed a direct correlation
- between information about the enemy and tactical
• effectiveness, it suffices to treat intelligence and

- - all its manifold associated activities as a
- dimensionless number between zero and one, which

increases with acquisition of knowledge (or facts)
about the enemy, and decreases with time as its

- 1
_ 

pertinence declines, and to tie this number to an enemy
I unit and a friendly intelliqence agency. Thus, if

friendly CP(i) knows something about enemy unit- (j),
this knowledge is represented in (j’s) column in the

— in tel l igence log of (i) as a number between 0 and 1.
When those functions of (i) which depend on (i’ s)

- knowledge of ~j )  are more effectively or soundly
carried out, the closer the value of the intelligence
factor stored in (i’s) log about ( j )  is to 1.

- 
e. Intelligence in this abstract numerical form

- originates at units in contact with the enemy or
I equipped with a surveillance capability. Set

originally (at the game’s beginning) at i level
-
- 

corresponding to the estimated level about the enemy
- ~- that would be known at that time, the values are

incremented with time , representing the fact that
• •-; information about and understanding of the intentions

of the enemy units tend to increase as the period of
- . - - observation increases. Obviously, the more that is

known about the enemy, the smaller will be the
~~ :-~~ increment of new information gained in any unit of

time , so that when “everything ” is known, rio amount of
-
~~ “new ” in~orm-i tion can be gained. We limit the intelligence

~ 
,

~ 
- 

fac tor to a range of 0 to 1.
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f. The value of intelligence is not realized
tactically until the information is transterred to the
component which acts or functions as a result of the
intelligence, namely, the command decision personnel at
artillery FDC’s ~nd command posts. It is against this
requirement tor the prompt and regular transmission of
intelligence messages that the performance of the
communications system is measured. Thus, the simulator
must reflect the development of needs to transter this
information and the effects of the complet i on of the
transmission. As mentioned above, there ~xists in themodel a set of intelligence logs or other storage
locations, one for each intelligence—using element on
each side, and within each log a space assigned to each
enemy unit, in which the present level of the

• - intelligence on that enemy unit know n ~y that  user is
- - stored.

g. If at any t ime intelligence level on any enemy
J unit in one log (A) exceeds by a specitied amount the

~ I I level in the appropriate successor loq (B) (the one to
which A normally reports), then a message is generated I ’

from A to B. When the message is delivered, all the
entries (i.e., for all enemy units) in B’s log are set

- ( ) to the higher of the two vaJues.

-

~~

- / h. In this fashion the information flow from log
to log is simulated , with the result that under
conditions of perfect communications, no log about a
given enemy unit differs from another by more than the
d i f f e rence specified, plus the amount one level may
have been decreased by the operation of one of the
“fading” routines since the last time the transfer
process was considered. The “fading ” routines decrease the
value of stored intelligence as time elaoses.

i. When intelligence transfer messages are
received at the successor log , the difference between

- • the intelligence levels in each log can be considered
new data to the log containing the lowest value

I and is therefore transferred directly across without
“merging”. Where information is transferred up from
tront line observers or long- range surveillance

C’ 11-56
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sections (drones, radar, air OP. etc.), a merging
process is carried out.

j. The Justificat ion for reducing the increment
by an amount representing that part of the increment
already known is somewhat obscured by the tact that the
sender will not ordinarily repeat himself , and further ,
that a repetition of information already transmitted
constitutes a form of information -in itself (e.g., “the
enemy components are still in the area”). However , it
we consider what occurs when this infor.iation arrives,
we see that a “shaking down” or abstracting process
takes place in the mini of the receiver. That is, the
intelligence level , s-iv at battalion, abou’ a given
enemy unit is numerically perhaps the same value as
tha t  at one or more F.O.’s or air OP’s or ‘t its
company CP’s. But it is obvious that if there is more
than one ource of informa tion, the battakion valu~represents an enriched or broader view of the situation
than either of the two direct observers can have
independently. Therefore , ilthough the increment
received is all new dat -i, its maqnitude or significance
at battalion is not as 7reat as that at the observer,

-p and therefore it is compressed or “merged” into the

~ 
j  / battalion log value .

k. Hardware or activities that are the raw
material for intelligence messages do come into the

— simulation in terms of visibility and importance
factors which determine how large the increment about a
given unit will he during the observed time , given a
specified surveillance capability, distance away,
terrain and the like. Thus, a fourth tank in an open
village will provide eftective intelligence about a
tank company every cycl e time. As the intelligence level buflds
up, the added intell igence gets smaller , so that the fourth tank

L may be represented as the increment gained in ti.~
tourth cycle time. If the unit observed is large
enough, the first periods of observation will provide
steps which represent almost equal objects, so when it
has a level of say .15 this can be sdid to re~ resent 3of a 20 tank company. ruririg the fourth cvcie time its
level will be

I.- .15 + .05  — (.05) ( . 1 5 )  .U ) 2 5

:1 or an increment almost edual to the value of the first
tank.
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1. To the observer this is an important item to

be forwarded to his headquarters, but to the S-2 whose
intelligence on the unit may be .65, the receipt of a
message containing .0425 information, all of which is

a new to the observer, becomes

.65 + .0425 — ~.65) (.0425) = .6649

or in effect the S—2 has only increased his own
knowledge by .0149 about this unit.

- 

rn. To avoid confusion, let it be restated here
that information up from originators (F.O.’s, etc.) to
logs depends on the increment in the F.O.’s own log.

• When information is transferred among logs, the amount
transferred to the recipient is exactly the ditference
between the logs, provided -the sender ’s level is

I greater than the recipient’s. In the example above, if
an FDC log had a level of .69 on the enemy unit, it
might send a message to the ba4-talion , in which case

— the battalion log would be stepped to .69. A diagram
~

- on the relationships is given as Figure 1.

p - n. Fad ing ,  mentioned above, represents the
~ I obvious fact that the reliability of intelligence

~ 
decreases with the passage of time. It at any time t

I a level I(i,j) exists at unit i ~or log i about enemy
un it j ) ,  and if during an interv-~l no f u r t h e r

• information is received , then at time t + t,

I ( i ,j , t+  t )  = I(i,j,t) (F)b (2)

where F = the fraction of the original still good after
1 minute,

and
-
•

n = the number of minutes  between “fades ”.

o. In some modules F is programmed as ( 1-G) ,
~~~ where G is a small nunloer (like .002). Otherwise F is

- - a number close to 1 (like .998) . In other cases, the
- - value  ot F is pre-cornputed as Hm where H is the one-

minute rate and m the cycle—time of the modu le. Then
the p rogram compu tes onl y the product .

p. Different fade tactors are used in various
-- parts of the sirm Litor representing the fact that the

- ef fec t ive  leve l or n a t u r e  of the intelligence at the

11—58
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1 various logs will vary. For example, the fade rate ot

intelligence at artillery FDC is greater than at
division headquarters because the effectiveness of
artillery is greatly dependent on a knowledge of

- location of the target. If the latter is moving
- - 

irregularly, then an artillery barrage based on
slightly aged information can miss the target
completely. As it happens, the model simulates this
phenomenon in a roundabout fashion, since an enemy unit

- must be considered a suitable target before a mission
• - can be called. The suitability in turn depends on the

- intelligence level of the target unit at the
appropriate FDC. Further, the damage brought on the
target by the f i r e  miss ion if the unit is fired on is
proportional to the intelligence level.

~ 

q. In the case of the division CP, the
information pertinent to larger scale tactical
decisions does not lose its value as rapidly, so that
the fading coefficient is closer to 1. On the other

- 
- ha n d , informat ion does not accrue so rapidly since the

transfer differential cutoff is usually larger. ~n anyevent, all of these values are input par meters and may
be adjusted to develop communications and tactical

~ I 
event patterns which meet standards ot realism .

3. Contact Intelligence

a. It may be presumed legitimately that a unit
close enough to an enemy to apply fire is also close

1 - enough to make some estimate of its strength,
- -_ composition , role (or activity) , a~ d location. While

the information gathered by obser-iation may be sketchy
I - - 

at the fir- t moment of contact, es the battle or fire-
fight progresses, more and more information is gathered

- . 

- 
- until at some time a fairly accurate description of the

locally opposing force can be made. Included in the
sources of intelligence at this level are artillery
torward observers and outposts.

- 

~~~~ b. The in te lligence  (or more precisely the
- 

information) gathered at this level is ordinarily used
in three ways :

( 1 )  It serves as a basis for fire and
I ~

- maneuver of the f ront line unit itselt.
~

I -

U 
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1;
(2) It is forwarded to battalion

headquarters, where it is assimilated, interpreted , and
used as a basis for battalion level decisions (at which
point it can be said to become intelligence).

(3) It is forwarded to the appropriate FDC,
where it constitutes the basis for fire mission
decisions.

4 . Long Range Surveillance

a. Two subroutines simulate the acquisition of
intelligence about enemy units behind the line of
contact. This intormation is gathered by surveilia.~ceradar and photo reconnaissance.

• b. Each of the surveillance equipment types is
- 

- defined by a set ot values representing its ab i l i t y  to
acquire useful information about enemy units. This

- 
acquisition rate is determined by the long range
surveillance device capability as a function of

- j  - observer type, e.g., radar , morta r locator, and as a
- function of range of the device, the terrain of the

-
~ observer, the terrain of the object, the strength and

type of the observed unit, and the distance apart.

L
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CHAPTER II
THE TACTICAL SIMULATION

SECTION 10
CLOSE COMBAT FIRES

~ 1. Introduction

- a. In the tactical model the simulation program
includes techniques designed to distribute the tire
from direct tire weapons on enemy tarqets according to
range, strength , and target suitability. The purpose

— of this distribution of fire (called fire splitting) is
to obtain greater combat realism in the comparison of
opposing force-ra t ios .

$ - 
b. Force—ratio is a basic factor in the

simulation for computing movement rates, attrition , and
deploymen t, and it enters many other aspects of t-he

-
; 

- 
tactical simulation . Without a realistic comçariSon of

j  opposing tire strengths , the computer will not create
an acceptable flow of combat action ; and without a

-t combat— realistic ~1istribution ot fire, the computer( will not have realistic force-ratio data.
—

c. The fire splitting routine distrioutes the
fire of the vario is type weapons of both combat-ants on
the available targets. By this routine, the computer - 

-

is enabled to simulate the distribution of tire over
the battle area in a manner that approximates the

2. The Fire Splitting Routine

a. Fire splitting is a complicated computer
operation. It  involve — weapon ranges, proximity of
targets, suitability ot tarqets, and characterist-ics of
weapons. These tactors must be reduced to simu lation
data and rules by which the computer distributes the
available fire Onto the available targets. All of it
must be adapted to the tire splitting routine.

b. When two forces meet in combat and begin to
shoot at each other, there is normally a matching of

~ 
,~j - 

the weapons on one side to the targets on the other.
This matching attempts to assign each target type the
weapon most likely to successfully destroy that target,

(
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so that the total damage to the enemy caused by all the
weapons is maximized .

. The factors considered in this matching
process are the number and types of weapons available,
their ranges, and more particularly, the vulnerability
of a given target to a given weapon. Thus, while anti-
tank weapons can destroy infantry as well as tanks,
light machine guns are not very effective against
tanks, so ordinarily the antitank weapons would be
applied to armored vehicles and machine guns to
infantry.

- d. Further , it the enemy presents two targets of
- - different types at different locations, the t i re  of the
— friendly side is divided proportionate to the threat

• posed by, and vulnerability of, the targets, and
- 

-• according to the des i rab i l i ty  of the enemy unit as
targets for each friendly weapon.

e. This process of allocation is called fire
splitting and is simulated by a subroutine. The output
ot the subroutine is a number for each uni t , called
AFOR , which describes quantitatively the amoun t of f i r e

P — 

( that the unit in question is receiving from all the

~ enemy weapons with wh ich it is in contact that appear
in the enemy ’s strength vector. Fire from artillery is
considered by another set of subroutines , (See Section
11, Artillery.)

t. The value of AFOR is used in subsequent
subroutines to determine attrition and force-ratio,
which in turn determine move rate and indirectly,
maneuver and command decisions.

3. General Descript ion

a. The t~ rst function of the subroutine ,
apportionment of fire among opposing units, re f lec t s
the ground combat observation that a unit armed with

.~~~~~~~~ va rious typo s  of weapons and confronted with two or
more units within ranqe will allocate a greater volume

~~:- ~ • of tire a-iainst that enemy unit

( 1 ) w~~~~e composition t ype (tters the more
r emunera t ive  t~~rget~ ; f o r  the  f i r i n g  U n i t ’ s weap ons

• (antitank we~pons seek tanks , machine guns seek Infantry , etc.),

o tI-b2
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(2) which is of greater strength (a larger

-
~ unit presents a more attractive target and a greater

potential danger), and

(3) which is nearer (threat increases with
proximity).

I - b. That is , the volume of f i r e  which a particul ar
unit amon g others in range receives trom a specific
weapon in a given enemy unit is directly proportional

- - to both the unit’s target suitability for that weapon
I and its total strength, and inversely proportional to

the distance between the unit and this enemy weapon.

c. After the proportions of the fire from the
weapon of the given enemy unit have been calculated for

~ I each opposing unit in range of the weapon, the
proportions are converted into combat values or
firepower by multiplying by a constant which represents

-~ the combat value of the type of weapon against the type

~ / of uni t and mu lt iplying that  by the number of weapons
the enemy unit has of this type.

I.
d. The effectiveness of this fire is influenced

by a number of tac~tors related to the attitude and theI - posture of the firing unit, suppression by artillery
fire, and exposure and vulnerability while firing . The
resultant of these factors is called “effectiveness”
and is the product o f :

(1) any suppression the firing unit may be
undergoing as a result  of artillery tire,

(2) i t s  position effectiveness as a func t ion
-

• of its unit mode, as att~.ck or defense,

(3) its effect iveness as a function of the
mode of its group, as hold , yield , etc.,

(~ ) its fighting efficiency as may be
affected by casualties, and

(5)  t he  degree of support the unit has
received from rear echelon elements, in turn an

~ ,j ~ indirect function of the performance of tt’-~
communications ~;~~;t~ in.

(
~
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e. All the fire put out by each type of weapon of
a unit is multiplied by this unit’s ettectiveness.

f .  Simi l a r l y ,  each remaining weapon of the firinq
unit may be taken in turn and the allocation of this
weapon’s tire on opposing units within range
determined. The fire of each such weapon is
accumajated for each unit affected in a temporary list
called FCON until all weapons and all units in contact
have been processed. Thus, after the above process has
been completed, FCON contains tor each unit in contact
a list of the units with which it is in contact and the
tire from each.

g. The second function of the subroutine is to
combine the FCON ent r ies  for each unit to obtain the
total fire it is receiving. If there is no
coordinat ion between the units firing on a ~iven unit,the entr ies  are s i m p l y  added to get the  t o t a l  t i r e .

h. In combat it is genera l ly  t rue  tha t  the e ff e c t
J of the combined fire of two Uni ts  on an enemy un i t  is

heightened if the two units are coordinating their
f i r e .  This is played in the model by coordinat ion
messages between ad jacen t  f ron t  l ine u n i t s  of a
battalion. (NOTE: Coordination message3 are only  sent
between units in a single group , not between groups.)

i. A list of coordinating pairs ot units and of
coeff ic ients  ind icat ing  the  degree of coordinat ion is
maintained by the command decisions submodel.
Corresponding to this list of coordinating pairs is a
list of coordination coefficients indicating the degree
of coordination which exists between the units of a
pair. This latter list is updated during play.

5 j. A coordination coetficient of zero is used to
indicate perfect coordination and one to indicate
complete lack of coordination . Subroutine INTCO
increments all coordinati on coefficients every minute;

~~~ when a coordination coefficient is tirst found to
exceed a cutoff , a message is generated between the
units. When the message is completed , the coordination
coefficient is reset to zero.

~~
I k~ Thus, the fire from a pair which has perfect

coordination will not be reduced at all; non-zero
coordination coefficients result in some reduction in

11-614
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firepower. (There would appea ’. to be a mino r flaw in
the logic at this point: a unit receiving fire from
flank units of two adjacent battalions will receive the
full effect of their fire, since coordination is only
played for units of the same battalion ; on the other
hand, if the same unit should happen to be receiving
fire from two equivalent units in similar situations
but in the same group, this fire will be smaller,
having been degraded somewhat by the coordination
coefficient. This would not appear to have any clear-
cut effect on the evaluation of signal systems, but it
might increase the model ’s variability somewhat.)
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CHAPTER II

THE TACTICAL SIMULATION

SECTION 11
ARTI LLERY

1. General Discussion

a. Artillery receives a detailed simulation in
this tactical model. The reasons are discussed below.

b. A tactical model is required that sin’ulates
the tactical acti rn of units in sufficient detail to
create a realistic combat environment. It is not the
purpose nor the intent to cr-~ate a detailed war game,except when tactical minutiae are essential to the
communications evaluation. Artillery, however, is of
such importance to qround~combat that its simulation
must be in considerable detail.

c. In ground combat it is the mission of
artillery to support , with tire, the action ot the
forward combat elements and give depth to and isolate
the battlefield. To accomplish this mission requires
artillery units to acquire targets, communicate , shoot,
and move. To simulate with acceptable reali~sm howartillery units nov~ arid shoot during combat , and
generate the communications necessary to move and
shoot, is the purpose of the simulation routines that
comprise the artillery module ot t ’

~ie tactica l model.

d. Artillery units are organic to all types of
divisions. A r t i l l e r y  weapons represent  a m a j o r  por t ion
of a division’s f i r e  power. O f t e n  t h e  o rga n i c
artillery fire power is augmented  by at t ac h i ng
additional artillery units to divisions for a
particular action. Where this tire (artillery) is
placed, its timeliness , volume, and caliber are often
the deciding tactors in t he  f l w  of a conbat art-jon.
With this in mind jt is clear that cont inuous,
comprehensive artillery simulation is essential in the
tactical model.

•

1

e. Th~ model simulates two types of irtiliery:
(1) direct support ; (2) general support . The
simulation unit is the battalion m d  the fire uni t is

a,
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the battery. The model has the flexibility to simulate
organic and additional artillery units of any caliber.

f. The artillery simulation routines are designed
to bring into the tactical model a continuous,
realistic play of artillery during the tactical action,
and into the communications model the communications
requirements necessary for the artillery to accomplish
its tactical mission. Specitically, these routines are
designed to simulate the acquisition of targets, the
placement of tire on these targets, the assessment of
the damage that results from this fire and , of primary
importance, to generate into the communications model
the communications links the artillery units need to
accomplish the i r  mission.

- 

- 

g. Much of the data required by the artillery
simu lation routines are available f rom of f i c ia l ly
published a r t i l l e r y  documents. There are , f o r  example ,
data available from the artillery school documents that
list for the various weapons systems, the lethal areas,
ranges, rates of tire, etc. Data are ivailable that
describe the capability of artillery surveillance

• 1 equipment, and from the organization and employment of
: t artillery units, data become available for

communications requirements.

h. Fol l~~iinq is a description of the way the
-
, model simulates how art illery shoots. In this section

the description of tarq~~t acquisition, comm u n ication,
and movement is less detailed, since these functions
are treated in depth in other sections.

2. Target Acquisition. — The artillery model has
provisions tor generating tire missions ~t t -~~~ types :
tarqets of opportunity and help missions.

I
a. Targets of Opportunity

(1) Intelligence

(a) ~‘ire missions for tirqets of
opportunity are generated from the intelligence log of :
the direct support FDC in the case of direct support
a r t il lery ~i iI from thai- of the Divarty FDC tot general

-~ ~~• suoport artillery. -rho generation ot intelligence is
discussed in Section 9, Surveillance and Intelligence.L A briet discussion of it will suffice here.

4 
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(b) Each intelligence log consists of

one number for each enemy unit. This number ranges
from zero (complete ignorance) to one (perfect
intelligence). There are three sources of intelligence
in the model: ground intelligence, intelligence from
long range surveillance devices, and exchange with
other logs.

1. Ground Intelligence. — In
• reality, irtillery forward observers (FO’s) are in

frequent communication with FDC ’s, aiding in target
selection, fire missions, fire adjustment, and
supplying intelligence. In the model the intelligence
function of the FO is simulated by having him
accumulate intelligence about enemy units with which he
is in visual (short range surveillance) contact.. When
the intelligence he has on any of these units is
sufficiently great, he sends a message to the FDC.
Upon the completion of that message, all the FO’s
intelligence accumulation is transferred to the FDC’s
intelligence log. For reasons which will be more
apparent when target selection is discussed below , the •

p process of accumulating intelligence by the FO and
relaying it to the FDC may be regarded as s imulating

4 the FO’s target acquisition function .

‘—I• 2. Intel l igence f rom Long Range
~~rveillance Devices. 

- Aer ia l  observers and long range -•

surveillance devices are a source ot targets and
intelligence for artillery, and in the model this is
simulated by having them represented as separate units,

• each with an intelligence log with an entry for every
enemy unit. Associated with each such aerial observer
or long range surveillance device is an intelliqence

( log to which it reports. This intelligence log may be
(and frequently is) the log of an FDC . A subroutine
checks these surveillance logs, and when the in-
telligence on any unit is sufticiently great, a message
is sent from the unit which has the log to the unit
which has the log to which it reports. When the
message is complete, the intelligence is transfer red  to
this latter log.

3. E x c h a n g e  w i t h  Ot her Loss. - An
important function of a front line u n it  in combat is to
acquire intelligence for its battalion headquarters.
This function is simul ated in the model by subroutine
GNDINF. Artiller y liaison of fi cers a r e  main ta ined  in

I - 
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supported headquarters where they keep their FDC ’s
abreast of tactical developments, coordinate the
artillery effort with the effort of the supported
organization, and relay intelligence trom the
headquarters. Subroutine INTRA N simulates this last
function. In addition, it simulates the flow of
intelligence between direct support FDC’s and Divarty.
A pair of intelligence logs (from the ENTPR list) is
selected. Then the routine examines the entries for
each enemy unit. If there is a unit for which there is
a sufficient difference in the entry for that unit in
the intelligence logs, then a message is sent trom the
unit with the surplus to the other unit. When the
message is completed, the intelligence from the log of
the originating unit is transferred to the log of the

• other unit. —
(2) Target Selection

(a) In reality, target selection is
1. j based on many considerations, such as need for

artillery tire, suitability and availability of weapons
— and ammunition, range, etc. In the model, most of the

important considerations enter directly or indirectly
into the process of target selection.

• (b) Direct Support

1. Selection of targets of - •

opportunity for direct support artillery takes place in
subroutine TARGET. Every minute of game time for every
direct support FDC, the entry for each enemy unit in
the FDC ’s intelligence log is checked. If the entry on

• a given unit is qreater than zero, if no mission is
currently in process against this unit from any of this
FDC’s batteries and if the time since this unit was
last fired on by any of this FDC ’s batteries is greater
than a cutoff, then the unit is considered a potential
target, providing there is a forward observer in a
position to observe this unit.

2. The forward observer is
regarded by the model as being with the unit which last
sent a ground intelligence message to this FDC with
intelligence about this unit. Note that it an FDC has
received intellinence about an enemy unit only through
long range surveillance or intelligence exchange, the
unit will never be fire-I upon as a target of

11— 69
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opportunity by this direct support ar t i l lery  unit. If
there is a f orward observer , the distance from the
forwar d observer to the potential target is calculated
as the distance between the perimeters of the forward
observer ’s unit and the potential target, unless the

1 
- perimeters overlap, in which case the distance is taken

to be zero.

3. This distance enters into the
calculation of the target value of the unit . The
target value of the unit is the product of three
factors: the intelligence the FDC has on the potential
target, a tunction of the distance mentioned above , and

- - a weight function which depends on the type,
composition, and strength of the potential target.

- ( C)  General Support

1. In combat, Divarty may
occasionally acquire enough intelligence on an enemy

L 
~ 

unit so that it will order its battalions to fire on
the unit if they have an opportunity to do so in
between more urgent fire missions. This is simulated
in the model. For each Divarty, each enemy unit is
checked to see if it is currently being fired on by any
of Divarty ’s battalions or if it has recently been
fired on by them. It not, it is examined to determine
whether it might be a worthwhile target. for at least
one of Divarty’s battalions.

2. For any battalion, if the unit
is within maximum range of any of the battalion’s
batteries, if the target value of the uni t  exceeds the
minimum requirements  ot any of the battalion’s
batteries ( f rom the FDC list), and it the battalion has
not recently been requested to fire on the unit, a
message is sent from Divarty to the battalion and an
entry is made on the battalion ’s help list.

3. The distance which is used in
the range check is tha t  f rom the perimeter of the
battalion to the perimeter of the unit. This same
distance is used in the calculation of target value,

1 , the formula for wh ich i5 identical to that used for the
direct support calculation, the intelligence value used
being taken from the Divart.y log. The help list entry
has associated with it a relatively low priority.

a,
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4 . Each battalion which is
emplaced, has batteries available, and has ammunition ,
takes entries f rom its help list in order of decreasing
priority.  If the battalion has not recently shot at

r the unit and is now shooting at it, the tarqet value of
the unit is calculated as above. If this value is
suff iciently large, the model attempts to select at
least one battery to fire on the unit.

b. • Help Requests

(1) Direct Support

(a) Frequently, direct support artillery —

is requested to provide fire support to a particular
I unit. Currently, the model has the capability to

process such “help” requests.

(b) When a help request ~T s ~iq~ is
completed, if the direct support FDC is empl 4ced and

- 
[ has available batteries with ammunition , the mode l

~ 
j obtains the index of the enemy unit which is delivering

the most fire on the unit for which aid was requested.
• (This is obtained from the AFOR list.) It this enemy

unit is not currently under tire from this FDC and has
‘1 not been under fire from it recently, the model

~,. I - 
attempts to select a battery to tire on the enemy unit.

(2) General. Support

(a)  One of the most i mportant  missions
of general support artillery is to provide reinforcing
fire for the direct support artillery.

(b) In the model re inforcing f i r e  is
~~; 

t.
’ provided in two ways.

(C) Type 1. — As explained above, the
target value of a potential target is ca lcula ted  in the
direct support routine , and in some cases the target
may be passed up to Divarty as a help request. If the

~~~
- “

~~ value exceeds a cutoff , the routine checks the
~ ~ Divarty he lp  list to determine whe the r  there is a l r eady

a request for fire against this unit t rom th i s  FDC . If
- - not, an entry is made in this help l ist, ~nd a message

is sent f rom the FDC to Divar ty .  The e n t r y  conta ins
the index of the un i t  to be f i red  on , the message
number, and the priority which this request should

C) 11-71
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have. The priority is also dependent on the FDC. (The
tact that the cutoff and the priority depend on the FDC
means that reinforcing fire can be allocated, to some
extent, to the main e f for t .  This could be done by
making the cutoff  for  a main e f f o r t  FDc relat ively low
and the corresponding priority high.)

(d) Type 2. - It  the target va lue  of a
prospective direct support target is not hiqh enough
for the unit to quality as a Type I target, but the
value is higher than a second ~u t ot f , which depends on
the FDC , and for some reason, such as range , batteries
being occupied, etc., the FDC can ’t tire on the unit,
then an entry will also be made in the Divarty help
list and a message sent,unless there is alread y such an

• entry on the list.

3. Fire Missions

- 
• j a. Selection

(1) General Support

(a) Battalion Selection

~~~ 

-~ 1. In selecting a ba t ta l ion  to
- -

~ 

fire, first a nominal range is deter:~ined for each of
Divarty ’s battalions. This range i~ t he  maximum range
of any of the battalion ’s batteries. Next, the model
considers each entry in the i varty help list for which
the message has been completed.

• 2. For a aiven help request,
Divarty examines e~~ h of its battalions to determinewhich is best suited to h an ~iie the r~~~uest. Ba t tal ions

L •,~~ - are considered only it f-hey are within ring’3 of the
target and have empt y slots in the bat- f - -~lion help list.
For a given e1i~~i bl i~ b at t a l i o n , if- s ca l iber  is obtained
from an inpu t  list of -~en er i l  suppor t  ba t t a l i on; then
the value of t h i s  ty~~I ;~ of mi t  as a t a rge t  f o r  th i s
type of b a t t a l i on  is obta ined  t r u ;n  an inp~~ l i s t .  The
e l ig ib le  ba t t a l i on  f o r  which thi~ value is highest then
has an entry made on its hat~~alion help list , and amessaqe is genera ted  f rom D i v - i r f - y to the  ~ i tt a l io n  FDC .
Then , if no b a t ta l i o n s ar e  t cun d , w h i c h  can happen it
the only  e l ig ib le  t t ~~ ) j ~ rns ~~~~~ zerc) v i l u e s  aga ins t
th is  type of u n i t , the e~i t r y  is rr~~ovei t r o m  the
Divarty help list.
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(b) Battery Selection

1. Given that  a general support
batt alion is emplaced , has available batteries, and has
ammunition, then the en try  with  highest pr ior i ty  is
selected from its help list. If the message trom
Divarty to the battalion FDC is not complete, the entry
is ignored and the one with next highest priority is
taken. In any event, if a help request message has
been completed, a check is made to determine whether a
mission is currently in process against the target unit
or if there has recently been one. It it. has, or if an
attempt to assign the target unit to a battery is
unsuccessful , the request is eli~~in ~-i ted .

2. Th e t~rocess of assigning the
— request to a bat tery  involves ca lcu la t ing  target value

of the target  and compa ring this va lue  wi th  an input
cutoff. If th is  is not a wor thwh i l e  ta rget , i.e. , if
its value is less than the cutoft , no battery will be
selected. Otherwise the model looks for a batter y
suitable for firinq on this target. This is done by
comparing battery weights with the target value. The

P battery weights are carried in an input  list and are
selected to prevent batteries from tiring on unsuitable
targets. Thus, an 8 inch battery might have a
relatively high weight, a 105 ba t t e ry  a re la t ive ly  low
one. If a battery can be found wit h a sufficiently low
weight so that it can fire on thi s ta rge t , and if the
battery is available and in range of the tarqet, then
it is assigned the fire mis~~ion , and an en t r y  is made
for it on the battalion fire mission list. This entry
inc ludes the s ta r t ing  t ime  of the miss ion , which  is the
current time plus the battalion ’s j: :_miss ion delay
( t rom FDC l ist) . The complet ion t i~~e is the s ta r t ing

t time plus the battalion’s mission lenqth (also from FDC
list) . A f t e r  the t i r e  mis s ion  h i s  heen ass igned, the
target value is reducec.~ by t h e  wei~~~t of the battery ,
and this new value is a g a i n  comnared w i th  t he  c u t o f f .
If  the new value is st i l l  gr eater t h an th is  cu to f f , an
attempt is made to find another battery (avillable and
in range) with a weight less than the value. If such a
battery can be found, its contribution is added to the
fire mission entry. This proc~~;s is repeated until
either the value is less than t h e  cutof f or no su i tab le
battery can be found.

(2 )  Direct Support Sa tt e ry selection
‘I

t 1- ’ f l
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-~ (a) Targets of Opportunity

-
~~~ 1. In the discussion that follows,

whenever a battery is referred to , the assumption is
- that the battery is not currently fi r i n g  a mission and

has not f i red  one recently. (“Recently” is def ined by
a number in the FDC list and represents time between
missions. )

- 

2. For each uni t  that  is
considered a potential target  and has a va lue  grea ter
than a cutoff , the model goes through a process
designed to assign the  target to a bat tery and to

- 

- attempt to give every battery a target.

- 3. This process is accomplished by
- making tentative assignments of targets to batteries

and re f in ing  these assignments as more targets are
- 

- 
considered. The batteries without tentative
assignments are examined  one by one u n t i l  one is f ound
which has a weight  less t h a n  the va lue of the target
and a range greater than  the  distance to the target.

‘P ~ It one is found, the targ~ t is tentatively assigned to
that battery. If not, the batteries are again examined

-~ to determine if a bat tery in range of the target has a
N tentative assignment of lower value than  the target.

- If one is found , it is replaced by the target and the
process is repeated with the replaced target .
Eventually a set of reassignments is found such tha t  no
further reassignment can be made. At this point, there
is a target which is unassigned. Its value is compared
to determine whether it is suitable for a Type 2

-: - 
request to Divarty for reinforcing fire as described
above.

-
~~~ 4 .  After all targets have been

• processed, an entry is made on the fire mission list
for  each ba t te ry  aga ins t  its tentat ive target, and a
fire mission message is generated from the fo r w a r d
observer to the FDc. As each mission is put on the
list , an a t tempt is made to genera te a miss i n against
this target for  some other battery which has no
tentative assignment. This is done by subtracting the

~; 
-

~~~~ 
weight of the battery from the value of the target to

~~ ~~~~ - obtain a new target value. If this new value exceeds a
cutoff , the batteries without t en ta t ive  as.;i~~nrr ents  are
examined one by one, ani the first one in range of the
target and with a weight less than the new tarqet value

“-74
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is assigned a f i re  mission on this target . Agai n a new
target value for the unit is computed, and the process
is repeated until either the new target value is less
than the cutoff or there are no more suitable
batteries.

(b) Help Req~iests

1• For an emplaced battalion, with
available batteries and ammunition, a subroutine takes
a help request (an entry from the FDC help list). —
The request gives the unit index of the unit to be
helped. If thi s request is not already being acted
upon, the enemy unit giving the most fire to the unit
to be helped is determined (from AFOR list). If there
is not currently nor has there been recently a mission
from this FDC on that enemy unit, the target value of
the unit is calculated. The distance used is that from

r the perimeter of the unit to be helped to the perimeter
of the enemy unit.

2. Next, the FDC available
batteries are considered one by one, and the first one
in range of the target is given a mission against the
target. A message is generated from the FDC to the
unit  at which there is a forward observer (obt ained -

:
from the FDC intell igence log).

I
3. The target va lue  is reduced by

the weight of the battery to which the mission was
assigned, and the new value is compared to an input
cutoff. It it exceeds the cutoff, an attempt is made
to find another battery as described above, and the
process continues until there are no more batteries or
the target value is finally reduced to less than the
cutoff. As additional batteries are selected , their

- . - contribution is added to the fire mission (an entry on
FMIS list).

b. Fir ing

(1)  General Support

(a)  Start  of Mission. - If a mission for
a given general support battalion should start the
current minute, the entry on the fire mission list

• 

- 

(FMI S) is modi f ied  to indica te  that the miss ion  is in
process, and an entry is made in the damage assessment

- 
•—
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list. This entry includes the effective intelligence
Divarty has on the target and the amount of fire to be
delivered.

(b) Mission in Process. — If a mission
is in process , an entry in the damage assessment list
is made .

(C)  Mission Completed. - If a mission —

was completed the previous minute, the damage
assessment and fire mission entries are wiped out, and

-
• 

a list (FDC) is modified to reflect the next time that
the batteries will be available (current time plus
post—mission delay, the latter also being obtained from
PDC list). Then the ammunition level of the battalion
is reduced. The new level is the old less the rate of
ammun it ion consumption.

(2) Direct Support. - Direct support tire
L - 

- missions are handled in the same way as those of
general support , except that the effective intelligence J —

is not degraded by the unobserved fire factor, since
there are (in the model) observers for all direct fire :~ -

support .

C$~ Damage Assessment

a. Consolidation

(1) If a unit is being hit by artillery fire
f rom several different missions , the suppressive effect
and the damage inflicted are essentially the same as if
the fire were from one mission of equivalent firepower.
The model simulates this by surveying the damage
assessment list to find if there are any targets fo r
which there is more than one entry in the list. It

- - there is a duplication, the second entry is combined
with the first and the list is again examined for
further duplication , which, if found, results in the

~,
- ‘

~~~
‘
~ duplicate entry again being combined with the (new)

f i r s t  entry.

• (2) A damage assessment entry contains (among
other things) the intelligence the battalion had on the
target at the time of f i r i n g  and the amount of t i r e
delivered.
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(3) The combined entry for fire consists of
the sum of the amounts of fire of all the entries on a
given target. The entry for intelligence we ights the
individual intelligence entries by the corresponding
amount of tire.

b. Damage. - The damage inflicted by ar tillery
depends on the accuracy of the Lire, the amount of
f i re, and the vulnerability of the target. The
level of damage -Is dependent upon the amount of
intelligence on the target (from the da ma ge assessment
list) , the amount of fire which is represented directly
(also from the damage assessment list), and the target
vulnerability which is directly proportional to the
strength per unit area of the target and is influenced

• 

- 
by the unit type and whether it is attacker or -

~

defender.

c. Suppression

- J (1) An important effect of artillery fire on
a targe L unit  is its suppressive effect on the unit’s
movement and firepower. This effect may persist for
some time after a f i re  mission.

‘- (2) In the model this effect  is played by
using a pair of numbers for each unit (the CEF list).
These numbers are the suppression factor and the time - -

appl i cable. They are applied against u n i t  move rates , the direct
fire allocated, and the artillery fire (for artillery units).
If the time applicable exceeds the current game time,
the suppression factor multiplies the move rate of the

¶ unit, the direct f i r e  it delivers, and, if it is an
artillery unit, the artillery fire it delivers.

~
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CHAPTER II

THE TACTICAL SIMULATI ON

SECTION 12
COMMANP DECISIONS

1. Introduction

a. Command decisions are difficult to program
into a computer simulation. Decisions are continuous
at all levels of command during tactical operations and
involve many factors that must be reduced to computer
rules or mathemati ca l formulas.  However , decisions
activate the tactical simulation and therefore are a

- 

- part of the tactical model.

b. The question then arises how tactical
decisions can be initiated and reflected in the
tactical simulation. These decisions must motivate the
tactical play, hold the action to operational
procedures, and create a tactical environment with

j suff ic ient  de tail to meet requirements. To answer this
question we must examine the part which the tactical
simulation plays in the combat simulation model.

c. A combat simulation model is not required that
permits evaluation of tactics or tactical decisions.
It requires a tactical simulation that permits
evaluation of the signal system. Its sole purpose is
to evaluate the performance of the signal system that
supports the tactical action. The tactical simulation
must bring into play the communications requirements
that each tactical situation requires.

- 

- 
d. Communications are required to initiate the

need for a decision and, having made the decision,
communications are required to execute the decision.
The tactical simulation must bring into play these

-~~ communications requirements. For this purpose the
- 

~~~~~ 
-
~ model uses computer techniques that stimulate and

direct the tactical action along sound tactical
courses. These simulation techniques must bring into

g play the tactical actions that require communications
to execute. The decision itself is of no concern. It
must be tactically reasonable.

e. Foll~~ ing this philosophy, the tacticaldecisions can be very stereotyped. The personal
—a,
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characteristics of commanders are entirely erased. No
element of choice enters the decision making process.
A ll commanders react entirely according to the tactics
of the combatants under simulation. The tactical
situations, as they develop during the computer
simulation, torce all command decisions, according to
rules that keep the tactical simulation wi th in  tactical
capability . Command decisions, as such, are submerged
in the movement, fire support, and force-ratio (FR)
routines. The tactical simulation thus exploits each
tactical situation according to the tactical
capabilities of the opposing forces, and exposes the
tactical situation to communications requirements and
performance evaluation. Obviously this type of
tactical simulation falls short of war gaming tactics,
organization, weapons, and many other aspects of
tactical operations, but it exposes for communications
evaluation the performance of the signal system that
supports a tactical operation.

L j f. Combat patterns, attack or defense, provide
the computer with simulation techniques that give the
combat action deployment and dynamics, and generate
communications and command decisions. Each change in

(J the combat patterns, manipulated according to
fundamental rules of combat that fit the tactical
situations as they arise during the simulation,
reflects command decisions. Although the change in the
combat pattern is initiated in the computer by the
force ratio (FR), in the computer simulation the
c~.1mman der’s decision is automatic, but it cannot be
made until he is informed (by necessary
communications,), nor can his decision be executed
unless the necessary communications exist. Thus,
changes in combat patterns generate communications and
reflect command decisions. This simulation technique
extends through all echelons of command and involves

- 
- committing reserves, manipulating fire support, and

acquiring intelligence.

2. Commitment of Reserves

• 
a. In combat, decisions depend on many factors,

some of which can be measured in term s of terrain,
weapon strenqth, and combat intelliqence, but there are
also many intangibles.

- a
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b. In the tactical simulation the decision to -

commit reserves is achieved by manipulation of data in -

the decision routines. These data, man ipulated
according to the simulation routines, enable the
computer to arrive at a force ratio comparison of the -opposing forces, and again by comparison of this FR -

with other input data the computer arrives at a commit
— -

- 
decision. The decision results entirely trom the
manipulation of input data. When the decision is made, -

~

the reserve reacts according to input data and 
-

simulation routines that move it to its desired
location. Thereafter the unit reacts according to the
regular movement routines.

c. In this tactical model reserves are committed j
~ .
‘ at three (3) echelons of command:

(1) Battalion or task force level H
(2) Brigade or regimental level and -

(3) DiviSion level. -

1 — 3. Descr iption

a. It usually becomes necessary f or commanders to H
support the attack or defense by the commitment of
reserves, to regain committed reserves once a local
point of resistance is reduced, and to maintain close -

~

coordination with subordinate, adjacent and superior
echelons of command through the transmission of status
reports. The command decision package carries out 

-

these functions by simula ting the actions and decisions
of the commanders at battalion, brigade, and division
level.

b. The decision routines are run in a sequence
and cycle time. The routines function as pairs, the
longer cycle routine making the decisions, the shorter

~~~
. ~: cycle routine checking delivery of the generated

messages and carrying out the decii~ion when the -

appropriate messages are complete. Decisions at each

~ echelon are generally dependent on the delivery of
status reports from subordinate headquarters, so that
significant leverage is applied to tactics by failure —

of communications. —

-i
I
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4. Decisions at the Battalion Level. - A routine
simulates the decision of the battalion commander of a
committed battalion to commit his reserve (if
designated) on the basis of the battalion force-ratio,
the timeliness of status reports from his companies,
his mission, and his location .

5. Decisions at the Brigade Level

a. Decisions at the brigade level (BGE) follow
generally the pattern at battalion level. The critical
communications at brigade level that are related to
this commitment are: the gathering ot intelligence
about the enemy, the receipt of status reports,

— notification for supporting elements ot his action s and
plans, and f inally the command ordering commitmen t of
the result.

b. The brigade decision package consists of two
subroutines that perform the following functions:

J (1) Keeps track of the condition ot each
battalion and generates status report messages from
battalion to brigade, (a) continually if the battalion
is in trouble and (b) otherwise periodically.

(2) Orders the reserve battalion into the
attack by a commit message if the brigade is in the
attack or, if the brigade is withdrawing, orders the
reserve battalion into a blocking or counterattacking
role if the attacker is approaching ground desired to
be held.

(3) Selects a line of departure to a
preassigned objective and arranges for the notification
of subordinate units of the move to the line of
departure by triggering another routine.

(4) Causes battalions in retrograde and
attack to enter the hold mode when they have reached
the end of their routes.

(5) Causes the selection of a route from the
line of departure to the objective.

(6) Sets up the order of battle for the
-~ 

- battalion elements, i.e., sequence f or commitment of
~~~• ~ reserve battalions.

11— 81
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(7) If a reserve brigade is under
examination, accepts the commitment order from division
and generates orders to his battalions to advance to
the line of departure and enter the attack.

~~
- c. The commi tment rule for the attacker is one-

dimensional. A check is made every 15 minutes of the
resistance that the brigade is meeting in terms of its

- own strength and the strength of nearby and resisting
enemy units about which sufficient intelligence has
been acquized. When it becomes obvious that the
resistance will cause the momentum of the attack to
drop below an acceptable level, the commitment sequence
is initiated. The condition of the brigade main attack
is usually considered paramount, and in fact another
battalion will not be committed unless the main effort
battalion has committed all its companies, but the
degree to which it and the supporting efforts are
balanced is determined by an input weight allocated to
each effort.

L
d. The brigade commander considers each battalion

in turn and, depending on whether he has had a status
report recently enough, decides to commit his reserve.
He then sends a message to the reserve battalion
headquarters. When this message is received, the line
of departure is calculated as an offset from the center
ot one of the tiqhting battalions, usually the main
attack. A route is selected from the line of departure

;~. to the pre-established objective, usually a point near
the brigade final objective.

e. The response of the battalion commander when
he receives the commit message is to notify his ~~nsubordinate units via standard move messages to move to the line
of departure.

f. The brigade decision package keeps track of
the sequence of events and the units involved, and when
the units have all reached the proper points around the
line of departure, the module puts the leading company
or companies in the attack mode, and f rom there on the
battalion is handled by the battalion and company
decision modules unti l it reaches the end of the route.
At that point, a sub-routine changes the units in the
battalion f rom at tack mode to hold mode, representing
the securing of the objective and organizing it to
withstand a counterattack.
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g. The commitment rule for the defender is simil iarly one-
dimensional . When the attacker reaches a certain distance (the
“comm it radius ”) from the final objective, the defender acts to
prevent its capture by committing the defender reserve battalion
either to block or to counterattack. The selection or maneuver Is
an input. If a blocking role is to be taken, the objective is
located very close to the line of departure. If a counterattack
Is planned , the objective is located farther away, presumably at
some desirable terrain objective in the near rear of the attacking
force. Different maneuvers can be simulated by selection of the
commit radius , the line of departure offset, and the objective.

• h. Other than for the commit rule, the attacker
and defender forces are treated identically.

i. An important part of the brigade decisions
routines is the generation of status reports. Status
reports are sent at a fixed interval after the delivery
of the last one, so that the time between reports
varies with the effectiveness of communications.. There

~ 
j is no explicit tactical significance to these reports,

except that a reserve battalion may not be committed if
status reports have not been received from all
committed battalions within some specified period.
Thus , the failure of one battalion to report its
condition can prevent the commitment of the reserve at
a crucial moment. These messages have an implied - 

-

reciprocity , that is, when battalion is trying to call
brigade, brigade is trying at the same time to call
this battalion. This “lost” battalion effect
emphasizes the fact that communications are most needed
when they are most likely to be in bad shape, or when
the brigade is in need of reinforcement.

6. Division Decisions
~

a. The division decision modu le works with the
-
. 

- brigade decision module to effect the commitment of the
reserve brigade. Status reports are generated from
bri-jade to division and make the commitment decision.

b. The commitment process is best understood as
- :~~~ two distinct sequences: the commitment of reserve

battalions of a committed brigade, and the commitment
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~~~- v of the scheduled front line battalions of a reserve
brigade. Actually, when the reserve brigage is
committed, the assigned f ront line battalions are
treated as if they were reserve battalions of a front
line brigade and committed to lines of departure in the
same way that reserve battalions of an original front
line brigade are committed.

7. Simulation of General Outpost Lines

a. For computerized play, the in it ial
manipulation of a battalion or similar comba t group in
the role of a general outpost or reconnaissance and
security force is similar to any such group in the
yield mode. The group and its associated pattern
fight, move, gather intelligence, and are attrited by
the standard subroutines. On the GOP group’s approach
to the FEBA , however, the subroutine takes over and
moves the group to a position in rear of the FEBA.

b. GOPOUT input list (GOPLST) contains a “within
~
- I - distance cutoff” equal to the range of the longest

direct f ire weapon of the FEBA plus the radius of a
FEB-A company unit , (thus simulating local security echelon).
When the distance from the GOP group center to the
group final objective becomes equal to the “within
distance cutoff,” GOPOUT decommits the GOP group, and
in effect converts the group and its associated pattern
to a rear line pattern. For the pattern that the
associated pa ttern has been fol lowing, GOPOUT now
substitutes from the GOPO UT input list a new pattern in
the rear, and for the pattern offsets of the former
pattern it substitutes offsets measured from the new
pattern center and of such magnitude as to place the
GOP group in the desired rearward position. The
pattern movement subroutines now move the GOP to its

~~ 
-~~ final position as a conventional pattern.

- 

- 

8. Status Reports from Front Line Units to Battalion
~~~~

a. For each unit an attrition distance time
counter is maintained (ADTC). Entries in this list are
incremented by the attrition routines, the movement
routines, and a routine which increments it
periodically.
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F! ’ 

_ _ _ _.—~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - - — -  - - -

ti
b. The attrition routines increment the unit’s

attrition-distance-time counter by multiplying the
unit’s attrition rate by a constant and adding the
product to the counter. Specifically, if the unit is a
front line unit , the increment is (attrit ion rate) x
( DAA) , where DAA is an input constant. This is done
every minute of game time.

c. The movement routines increment the unit’s
attrition—distance-time counter by multiplying the
unit’s movement rate by a constant and adding the
product to the counter. Specifically, if the unit is a
front line unit, the increment is (distance moved in
one minute) x (DAD), where DAD is an input constant.
This is done every minute of game time by a subroutine.

d. Every minute of game time, a subroutine
increments the attrition distance time counter ot every
unit which is in a group by DAT, an input constant.

- The subroutine then checks to see if the unit has a
j -

~ status report in process. If so, it checks to see
whether the message was completed the previous minute.

~
. -

~ 
- It the message was completed, it is erased and the

attrition—distance-time counter is set to zero. If the
message is still in process, it is ignored. It the

S 
message is reported tailed, it is regenerated. If

- 
- there is no message in process, the attrition-distance-

time counter is compared with CDAT, an input constant.
If the counter is greater than or equal to CDAT, a
message is generated.

t

-

~~~~~~~ 
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T i~~c CHAPTER II
THE TACTICAL SIMULATION

SECTION 13
MESSAGE GENERATION

1. Introduction. - During the combat action
commanders, staffs, units, and activities at all
echelons have a need to communicate. The signal system
that supports the tactical action provides the
facilities that accommodate these communications needs.
The tactical model generates the communications needs
(messages) that arise during the combat action.

2. Two Types of Messaq~~

a. Tactical Messages. — The tactical routines
have written into them the rules, criteria, and data
that enable them to arrive at message decisions, i.e.,

j the routines indicate when a message requirement
exists, be it coordination between units, intelligence
exchange, move orders, fire requests, etc. In this
manner the tactical routines generate explicit messages
that stimulate the tactical action. Each message thus
generated is passed to the communications model for
processing.

b. Other Messages. - In addition to the messages
generated by the tactical routines for specific eve~tsas outlined above, there is a load of traftic that
arises from administrative and logistical activities.
This type traffic is not generated by the tactical
routines. However, it is necessarj to include these
messages in the traffic load processed by the
communications model. Traffic of this nature is
brought into the communications model by use of service
routines that operate on computer storage data designed
to generate a representative load of subtactical
t r a f f i c .

c. Deadline Inter’,al (DLINE) and USAGE Lists

(1) The DLINE and USAGE lists are a
compilation of data about the different types of
messages generated by the tactical model and, when
generated, passed to the communications model for
processing through the signal system. There are no
published data for lists of this nature. The message
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types lis ted and the accompanying usage data were
prepared from studies of communications needs during
ground combat.

(2) The DUNE and USAGE lists provide spaces
tor 200 different types of messages. Types 1-50 are

-: I used to describe tactically essential messages; types
51-200 are available for subtactica]. messages (the STM
list). Each type message is assigned an index number
and is further described by various items that instruct
the communications model how the message is to be
processed.

(3) Both DUNE and USAGE are one-dimensional
lists, indexed by message type. Taken together they
may be thought of as a single two-dimensional list,
whose rows represent the various types of messages and
whose columns represent the various characteristics of
a given type of message. These characteristics include

- the following:

(a) Deadline Interval , i.e., the time interval by
whic h the message must be del ivered to have value to the recipient.

(b )  Security classification of this message type.

(c) Precedence of this message type in minutes .

(d) Mean length of messages of this type in minutes .

(e) Message mode ; voice or written .

(f) Usage of this message type , i.e., the type of
net which usually carries a messa ge of t hi s type.

: - (g) Information as to whether this type of
message is to be sent by special messenger if ordinary means of
transmission fail.

d. Tact ical ly  Essential Messages

(1) The DUNE and USAGE lists describe the
non-textual qualities of messages the tactical model
qenerates during the combat simulation. These

‘ ,1 characteristics are passed to the communications modelp 
- by the tactical model. The data that follow each type

t~J number are used by the communications model routines
that process the message through the signal system.
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(2) It will be noted from the nature of the
messages in the tactically essential part of the DUNE
and USAGE lists, that these messages represent
information transfer requirements that commanders,
stafts , and activities of all, echelons need to control
the tactical operation. When the communications links
required by these messages are not available as needed,
the failure or delay that results has an impac t on the
subsequent tactical action. The nature or severity of
this impact is reflected by the tactical routines as
the action continues. For example: If front line
units tail to coordinate, their fire effectiveness
decreases; if artillery FO’s cannot reach the FDC, the
artillery cannot shoot; if front line reports do not
reach the proper Hq, reserves are not committed, etc.
From this it is apparent that the DLINE and USAGE lists
of messages must be comprehensive and realistic, for it
is primarily from the performance of these messages
(thr ough the signal system) that the tactical model can
be used to rate the combat effectiveness of the signal

L j system.

(3) Type Number. - The DLINE and USAGE lists
have space for 50 different types of tactical explicit
messages. At present all of these types are not
utilized.

e. Subtactical Messages

(1) In addition to the tactically essential
messages, i.e., the first 50 types in DLINE and USAGE,
the combat signal system must accommodate a load of
traffic that arises from administrative and logistical
activities related to the tactical action. These

- . 
- messages flow through the signal system concurrently

with the tactically essential messages, and, although
-
. 

the failure or delay of these messages is not
-

. 
- individually measured in direct tactical penalties,

their presence in the commun ications load has an impact
on the performance of the signal system. This
“subtactical” traffic, the STM traffic, is a separate
part of the DUNE and USAGE lists, numbered upward from
51.

(2) It is intended that from the nature of
the messages included in the DLINE and USAGE lists, and

~ ‘~~~~~ the frequency of their occurrence, the tactical model
will place on the communications model a realistic

::-~
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message load. Comparison of the computer outputs
(message count) for typical periods of combat with
available combat experience data, war games, or
professional estimates will indicate whether the
composition of these lists is acceptable.

3. The Subtactical Message Package (STM). - The
explicit messages generated by the model in response to
specific tactical conditions which affect specific
tactical parameters travel among combat elements in the
f orward portion of the division area and to CP’s up to
division main. For this reason a sizable portion of
the division communications system is not exercised by
tactical explicit messages. While this portion

- 
.
~ 

- contributes less to the immediate tactical action than
do the battalion command nets, there is a long term and
accumulating effect on combat. It has a debilitating
effect if these subordinate and rear echelon elements
of the signal system do not function properly.
Therefore, the model includes a routine which generates

L j “subtactical messages” to load the communications
system.

a. Assumptions

(1) There is a collection of messages that
di rectly and immediately a f f ec t  tactica l action. By
this we mean some measure of the length ot t ime  it
takes from the appearance of the necessity to
communicate at the point of origin to the moment at
which the recipient is able to act on the content of
the message. Th is time includes the length ot the
mes sage itself , encrypt ing and decrypting time, waiting
fo r  service on the arcs , and switching t ime through the
nodes in the circuit. Performance is defined
arbitrarily and quantitatively as the message length
di vided by the time described in the previous sentence.

- 
- -~~ Pe rformance can never be better than one , and could be

zero if the message were never delivered. Actual ly it
is never the latter, since provision is made for
messenger del ivery if  electronic means f a i l ;  the
delivery time is assumed to be rouqhly the distance
between sender arid receiver divided by rate at travel
of messenger.

• (2) There is a collection ot messages whose
performance in aggregate eventua l ly  a f f e c t s  the
tactical action.

‘
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(3) There is a collection of messages which
have no affect on tactics but do load the signal system
in such a way as to compete with types (1) and (2) for
service. We call these three classes (1) tactical
explicit, (2) subtactical explicit, and (3) background.

b. Background Traffic

(1) There exists at any time between units A
and B a steady flow of information which has no effect
on battle. In spite of this fact, it still has a
precedence and security distribution which causes it to
interfere, to a certain extent, with the passage of
other traffic. It may be important traffic. For
example , a simplification in the simulation assumes one
message to be sufficient to effect such important
changes in the course of battle as commitment of a f u l l
brigade. The background represents all those messages

J associated with this commitment which are not played
- -explicitly, plus the gathering of extraneous data.

(2) The implicit content ot this backqround
will vary with time and circumstances, but its level is
assumed to remain about constant. As battle conditions
move from quiet to critical the content of the
background moves from low-level to high-level staff
coordination, but as long as a means to communicate is
available, it will be used. In general, people will
exercise enough self—control to set their own
precedences in a reasonable fashion. Thus, the
background should never rise to seriously restrict flow
of important information, but never drop below some

-t level.

(3) Volume of background traffic is difficult
to establish , being in large measure a product of

‘ -‘
~~ intangible factors such as the degree and effectiveness

of communications discipline, t ra ining,  morale , and the
tactical operation. It is furthermore essentially
constant. Therefore, for purposes of the expected uses
of this simulation , it is not considered. Trattic is
restricted to explicit messages.

c. Subtactical Explici t  T r a f f i c

(1)  There is a substantial amount of t r a tt i c
in the division area whose performance affects combat
in an indirL ct fashion over the long term. The farther

:1 ~ 
-
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from the front and the less direct the functions of the
units communicating, the less significant are the
messages individually. On the other hand, as the
density of explicit tactical t r af f i c  drops oft with
distance from the front , the density of subtactical
explicit traffic increases. Thus, an individual
message history is less important in the rear, but the
aggregate performance of these messages, since there
are so many of them, increases as the battle continues,
and a poor rear area system will eventually cut down
comba t efficiency to a critical degree. The effect  of
this process can be achieved by aggregating the
performance of individual messages into a coefficient
applied directly to the strength of the combat
elements.

(2) Subtactical traffic applied on all arcs
is a method of measuring overall perf ormance of the
division signal system in terms of combat outcome and a

- practical method of observing performance of one part

~ I of the system. While it is impossible to establish
P precisely the aggregate load and importance of

subtactical traff ic, which are inputs to the model, it
is equally impossible to assign a realistic tactical

( effect to the performance of these messages if played
as tactical explicit traffic. The proper choice of

- , inputs is in either ease a matter of judgment.

‘1
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“ - COMMEL II USER ’S MANUAL

CHAPTER III
THE COMMUNICATIONS SIMULATION

S ECT ION 1
INTRODUCTION

1. General. - The communications s imulator , taken
together with the data on which the simulator operates,
simu lates two communications systems — one for each of
two opposing military forces — and the operation of the
two systems. The data describe two systems f rom the
class of communications systems which can be simulated ,
certain aspects of the environment of each system, and

— the messages which are being processed by each system.
It simulate-s changes in the systems, and the processing
of messages. The simulator determines new values for
some of the var iables  in the data. The new values

L~ describe the communication s systems after the simulated
changeF, and the messages after the simulated processing .
The simulator permi ts alternate modes of operation where
commun ications is simulated for no side or for one side only. If
communications is not simulated for a side (i.e., perfect
comunications is assumed), no communications input data are
required for that side. Due to computer storage constrai nts,
comunications cannot be simulated for both sides in one run on
the UNIVAC 11 08 system.

2. Section 2. - This section describes the concept of
a communications system as used in this document and
upon which the simulation is based. It defines terms
used in the description of the system as used by the

— 
simulation. It sets the scenario and establishes a
common understanding for analysts using the simulator.

3. Section 3. - This section describes the
communications simulation as performed by the
simulator. It explains the mechanics of establishinq

‘
~~ 

-
~~~ the simu lation and provides the user with specifics on

how the components of a Communications system are
-

, 
• treated by the simulator.
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CHAPTER III

THE COMMUNICATIONS SIMULATION

SECTION 2
A COMMUNICATIONS SYSTEM

1. General

a. A communica tions system consists of a complex of equipment
and personnel , distributed over a geographical area, designed for
the purpose of transmitting information between points in the area.
It Is convenient to conceive of a communications system as con-
sisting of “units ” and “arcs ” - a unit being a concentration of
equipment and personnel , an arc being a communi cation link between
a pair of units .

b. A un it is a concentration of equipment and personnel that
- ) at any given time occup ies a small area . Consequently, a unit can

be treated as a point and l ocated in terms of a pair of coordi nates.
Units do not merge or divide.

t ~

- 2. Arcs

a. An arc is a connection between a pair of units by means of
which messages can be transmi tted. Characteristics of arcs are
defined via input in data block ARCLOG (Chapter V). The various
transmission : radio arcs, wire arcs, and messenger arcs. Radio
arcs may be further subtyped according to the following character-
istics: voice/written , FM/VHF/SSB/RATT, sole user/common user ,
telephone/teletype. The latter pair may also apply to wire arcs .
A messenger arc is a route between two units over which a messenger
travels at regular intervals.

b. Independent of the above transmission classes are the
categories of simple arc and compound arc , applicable to all links.
A simple arc represents a direct user-to-user route between two
units. A compound arc connec ts two units , but transmi ss ions between
the two are patched through one or more intermediary units (and
related equipments).

c. An arc has certain properties that determine whether it is
suitable for use in the transmission of a given message type.

(1) An arc may be inoperative for any number of reasons.
A radio arc is inoperative i-f the units on the ends of the arc are
out of range of one another. An arc may become inoperative if one

(J 111-2
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~H of its end uni ts Is moving. Also , failed equipment (due to combat
damage or “wear-and-tear”) at a terminal will cause the associated
arc to fail. Jamming may also temporarily block the transmission
of messages. An inoperative arc becomes operative after the cause
of failure Is removed.

(2) An arc has a security classifi cation. The security
class of all messages transmitted over an arc must be no higher
than that of the arc which carries them.

(3) An arc has a “mode” - voice or written. Some arcs
are used for transmission of wri tten messages . However, under

- - certain conditi ons, the mode of a message is converted , i.e., a
message that was originall y written may be read over an arc
intended for oral messa ges , and v ice versa .

(4) An arc has a single usage (e.g., command, intelli-
gence , operations , common-user). The usage of a message must
exactly match the usage of the arc transmitting it. However,

~ 
) alternate usages may be specified (via input) for messages so that

messages blocked in the original net may be switched -for trans-
mission over an al terna te (hopefully open) net.

.? ~,

(5) Some arcs are not “switchable. ” Suppose unit I and
unit J are the t,io e I ts of an arc, and unit I can transmi t
messages along the arc. The arc is switchable with respect to
unit I if, and only if, a message can be transmi tted from (or
through) unIt 1, along the arc, to uni t J, and then along some arc
that Is availab le to unit J. If the arc Is not swi tchable w ith
respect to unit I, it can still be used for the transmission of
messages to unit J, but not through unit J.

(6) Suppose that a message is to ~e transmitted fromr unit I to unit J , but there is no arc that has unit I at one end and
unit J at the other. In addition , let us suppose that there is a

L pair of arcs, one from unit I to another unit , unit K, and the
second from unit K to unit J. This pa ir of arcs may be used as the
route for the message, but it Is necessary that the pair of arcs be
capable or being connected. Whether or not a given ordered pair of
arcs is capable of being connected is described in the input data
of the simulation .

• (7) If an arc is to be used for the transmission of a
messa ge , it is necessary that the arc not be busy , or that the
message be of sufficientl y high precedence to cause another message
to be “bumped .” Message precedence is assigned via input for each
message type.

III ~.3
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(8) If two arcs are equally acceptable for
use by a message, with respect to the considerations
mentioned above, one may still he preferred to the
other for some reason which need not be specified.
This is effected in the simulation by the use of

- . “in i t i a l  routing costs ” for arcs , and “connecting
costs” for pairs of arcs.

3. Cha nnels  and Circui ts

a. A circuit is a connection between two or more
units by means of which messages may be transmitted one
at a time. A channel is a set of identical circuits

- identical insofar as they connect the same units, and
are the same with respect to all characteristics of

- 
.
~ arcs that are described in the data. It is apparent

that the number of messages which can be in the process
-
~ of transmiss ion over a channel at any one time is the —

same as the number of circuits in the channel.

I.. -
~ 

— ~,. An arc is not necessaril y a circuit or a
channei . . An arc is a part of a channel. The relation
between the terms “arc ,” “circuit, ” and “channel” can

- - be clarified by means of an example. Consider a part
- - of a communica tions system which consists of three

arcs. Suppose that these three arcs are all radio
arcs, and that the same frequency is being used by all

- three for t ransmiss ion.  Suppose that one of these arcs
- connects uni ts  I and J, the second, units J and K, and

the third, units I and K. Then these three arcs are
parts of the same one-circuit channel. There is only
one circuit, for , if art attempt were made to transmit
more than  one messaqe it one time, interference would
occur.

: 
~

-

.3.
‘I
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~ ‘. L$~ Message Processing. - The processing of a message
by a communications system begins with the decision to
send the message, arid ends either when the message is
in the possession of the addressee in a useable form
(i.e., decoded or decrypted), or when the message fails
(i.e., when attempts to transmit the message cease).
During this time the message undergoes several stages
of processing:

a. Encoding. - Whether or not a messaqe requires
encoding depends on the security classification of the
message. In the simulation, three securi ty classes of
messages are distinguished: those that require

-: - encoding, those that require encrypting, and those that
require neither encoding nor encrypting.

b. Delivery. - In general , equipment for sending
oral messages is distiibu-ted throuqhout a unit, but
equipment for send ing written messages is centrally
located, at the message center of a unit.

~ J Consequently, when a message is to be transmitted by
telephone or voice radio, there is little delay for
qetting to a telephone or radio; there is usually one
near to the person who is s-ending the message. ~utwhen a message is to be sent by teletype, a delay is
incurred by the necessity for delivery of the message

ç 
I from the person sending the message to the message

center of the sendirtq unit.

c. Selection of a Route. - Some messages are
transmitted by special messenger; a person is
dispatched to hand-carry a single message directly from
the sender to the addressee. For any other message, a
sequence of arcs is selected — a route — over which the
message is to be transmitted.  The route which is

- 
- selected for a message depends on characteristics of

-. - j  the messaqe — the security, mode, and usage of the
message — and on the characteristics of the arcs of the
communications system. Sometimes an attempt to select
a route for a message is not successful. ~ihat happensthen depends upon the type of message and the previous
history of the message . The d i f f e r e n t  possibilities
are the fol lowing:

(1) An a t tempt .  is made to select a route of
an alternate usage.

1TT 5 -~~~
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(2) An attempt is made to select a route of
the other mode.

(3) A special messenger is dispatched with
the message.

(4) The message waits, and later another
attempt is made to select a route.

(5) The messaqe fails.

d. Encryptina. - A message which requires
encrypting may have to be encrypted before transmission
starts. otherwise, encrypting takes place
automatically during transmisssion. Whether or not - -

encrypting takes place automatically in a particular
case is determined by the characteristics of the f i r st
arc of the route of the message.

e. Connection of a Route. - The arcs of the route
L J of a message are connected one at a time. If it is

J time to connect an arc in the route of a message and
that arc is busy, an attempt is made to connect a
parallel arc. If there are no parallel arcs, or the
parallel arc s are also busy, consideration is given to
“bumping ” one of the messa ges tha t are causing the arc

ç 
I or a parallel arc to be busy. Bumping occurs when an

arc is busy because of a message of low precedence, and
the arc is required for the transmission of a message
of high precedence. If a message cannot be transmitted
because an arc in its route is busy, an d the message is
not of s u f f i c i e n t l y  high precedence to cause bumping .
the  message ei ther waits fc r  the arc to be freed , or

r ta i ls, or another rout e is selected for the message ,
dependinq on the characteristics of the busy arc and
the message. The treatment of the message which is
bumped is similar.

f .  Transmission. - When the route of a message is
~~ completely connected , the transmisssion of the message

begins. The length of time for which the rnessaqe is
“on the air ” depends on the  characterist ics of the
message and the condition of the route. The length of
time for which the message is “on the air ” i f the rou te
is ope rat ing pe r fec t ly  is one of the character is t ics

~~ ,i which make up the initial description of the message.
If one of the arcs of the route is not operating

111-6
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-~~ ‘ — perfectly, the time for which the message is “on the
- air” is lengthened.

q. Decrypting. - Whether or not a rnessaqe is
decrypted automatically depends on the character ot the -

last arc of the route.

- 

- 

h. Delivery. — Written messages require delivery -

from the message center of the unit of the addressee ;
oral messages do not. - —

i. Decoding. - If a message is encoded, it must
¶ he decoded before the information can be used by the

- addressee.

H
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CHAPT ER III
THE COMMUNICATIONS SIMULATION

SECTION 3
THE SIMULATION

1. General. - The simulation of a communications
system consists of two parts: the simulator and the
data. The simulator is a function in the mathematical
sense; it is a rule of calculating which operates on
some of the data (the input variables), and determines
some of the data (the output variables) .

2. Input Data. - A detailed description of the data on
which the simulator operates follows. The bulk of this
data describes the units, the arcs, and the messages:

a. General. - Each item of the data is labeled by
a letter in parentheses: (I) identifies an input

‘. j constant or a set of input constants; (T) identities
data which are determined by the tactical model; (C)
ident i f ies  data which are determined by the
communications model. In i t ia l  values are assigned to
thre e ki nd s of i npu t  data.  The values of the type (I)

t “ data are not changed by the operation of either the
tactical o the communications models. The values of
type (T) data are changed by the operation of the
tactical model. The values of type (C) data are
changed by the operation of the communications model.

h. Data That Describe the Units. - Suppose that
the  two opposing militar y forces are divided into n
un i t s , of which m*are Blue units and (n-rn) are Red

-. units. The Blue units are numbeRed 1, 2,..., m, and the
Red units  are numbered in + 1, ir + 2, ...,, n. The —

number of a unit is used to identify that unit. (In
the computer program , the number of a unit is used as
an index for referring to the data which describe the
uni t . )  The data which describe the units consist of:

(1)  n , the number of units (I)
- I

-
-’-

(2) m , the number of Blue units (I) and

*“m ’ is not a set va l ue but simply a shorthand means to
describe where in the list of units the Blue list ends .p -
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(3) A description of each unit.

C. Data Changes. - Certain data describing a ~initchange during the operation of the simulation. For
example, the location of a unit changes. At any given
time the descr iption of a given unit consists of:

(1) The location of the unit (T)

(2) The attrition of the unit for the last
five minutes (of simulated time) (T)

(3) A list of the arcs on which the unit can
transmit (I)

(1$ ) In dication of whether or not each of
these arcs is switchable with respect to the unit (I)

(5) Th~ “initial routing cost” for each of
these arcs with respect to the unit (I)

(6) Indication of whether or not the unit has
r a crypto facility (1)

(7) If the unit has a crypto facility, a
description of:

(a) The num ber of messages which can be
processed by the crypto faci lity at any r - te time (I)

(b) A list of messages which are
currently being processed by the crypto facility (C)

(C) A number tha t is mult ipl ied by the
length of a message to determine the time required to

r -: 
- 

- - 

- 
encrypt (or decrypt-) the message (I) .

(8) The activity of the unit is described.
The data (‘F) enables classification of the activity of
the unit as

(a) Moving ,

h)  Pre paring to move ,
— (c) Just now stoppinq at a new location or

- -
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(d) Otherwise.

(9) The data indicate the time at which the
unit last stopped moving (C). When the unit is
preparing to move, the data enable determination of the
time at which it wi l l  begin to move (‘F) .

d. The Data That Describe the Messages. - When a
message is generated by the tactical simulator , it is
assigned a messaqe number to identify it, an d a
description of the message is plac ed in the data on
which the communications model operates (T) . The

— 
— description of the message , as generated by the

tactical simulator, consists of the following items:
1 -

(1) Sending unit identification .
(2) Addressee unit i dentification.

(3) Security classification idenfification. Four
security classes are permitted. A message of security class one
is transmitted in the clear. The highest security is assigned

P to class four. Security class four requires off-line encryption . -:

(4) The mode of the message is identified as
oral (class zero) or written (class one).

(5) The usage of the message is identified , e.g., FM
comand , SSB coninand, RATT opns/inte lligence , or RATT admin/
logistics. The usage classes are numbered and the usa ge of a —

message is identified by the corresponding integer.

r (6) The message is assigned a precedence
value , which is an integer between one and six. The
larger this integer, the higher the precedence of the
message.

(7) The length of the message is specified in
uni ts  of time. This tiie is the time for  which the
messaqe will be on the air , if the route on which the
message is transmitted is operating perfectly.

111-10 
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(8) The origin time of the message, the time
at which the decision is made to send the message, is
specified.

(9) The type of the message is specified by
means of a “message type number” (also called a DLINE
index) .

= (10) The data which describe the message
contain three items which indicate the treatment tha t
the message is to receive if d i f f i c u l t y  is encountered
in qettinq it t r ansmi t t ed :

(a) One indicates whether or not the
mode of the message is to be changed if there is no
route available for the message in its original,  mode.

(h) A second indicates whether or not a
specia l messenger is to be dispatched with the message,
i t  the “ deadline time” of the message has elapsed and
the message has not yet been transmitted.

~ j (C) The third is the “deadline time” of —

the message. This is the time at which the messaqe
f a i l s, or the time at which a special messenger isp dispatched , depending on the preceding data item.

t (11) Of the data items listed above, only one
- j is changed by the operation of the communications

simulator, name ly ,  the “deadline t ime. ” If th e deadl ine
time is passed , and a special messenger is dispatched,
the deadline time is changed to the time at which the
messenger will arrive at the addressee.

e. Data Added by the Simulator .  - The following
data (C) are added t.o the description of a message by

- 

I

J

~ 
the communications simulator — most ly at the sta rt of
the processing of the message — to he used and changed
lur ing the processin’- of the message: —

(1)  Th e “ message t ime ” of the message. This
is the time at which the next stage in the processing
of the message is to begin. When a message is generated ,
the message time is the origin time of the ~essage ,

(2) A number of data items , each of which indicates
whether or not one of the following statements is true:

111-11
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(a) The message has undergone no
processing ; i.e., it has just been generated.

(h) A special messenger has been
dispatched with the message.

(c) The message arrives at the addressee
by special messenger at the messaqe time.

(d) The message has undergone mode
conversion.

(e) The message is on the air.

( f )  The message has fai led.
— (q) The message has been completed.

(h) The next  step in the processing of
the message is to attempt to select a route.

( i )  The message is being encrypted.

( j )  The message is encrypted.

: (k) The message is wai t ing  to be
decrypted.

(1) The message is being decrypted.

(m) The messaqe has undergone a delay
for  encrypting.

(n) The message has encountered a busy state and
is del ayed.

(o) The circuit carrying the message has l’ailed.

(p) The message has been preempted by a message
of higher precedence.

f. Message Routing Data. - When a message is generated , the
followi ng message route se lection data are maintained .

(1) After a route has been selec ted for a messa ge , the
data include an ordered list of the arcs of the route .

i ..’ 
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(2) A f t e r  a route has been selected for a
— 

/ 
message, the data include indications of which of the
arcs of the route have been connected, and which are to
be connected next .

(3) The data include a list of zero to six
arcs to be avoided when a route is selected , these arcs
havi ng been found to be busy.

g. The Data That Describe the Arcs and Channels.
- Su ppose that there are n arcs in a communications
system that is to be simulated. The arcs are numbered
1,2 ,..., n. The description of a given arc at a qiven
time consists of the followin q data:

(1) The units at the two ends of the arc are
identified (I)

(2) The mode of the arc is identified , in the
same way as is the mode of a message (I).

(3) The usage of the arc is identified, in
the same way as is the usage of a message (I) .

(4) The security of the arc if identified as
being of class one , two , or three (I). Arcs of
security class one can only be used for the
transmission of messages of security class one. Arcs
of security two can he used for messages of securities
one and two. Arcs of security three can be used for
messages of securities one , two, and three ,

(5) Arcs of security three are divided into
two classes: those that encrypt and decrypt messages
automa tically dur ing transmission, and those that do
not. If a message of security three is to be
transmitted over a route the first arc of which does

-~~~ riot encrypt, then the message must be encrypted before
transmission. Similarly, if the last arc of the rou te
does not decrypt, the message must be decrypted after
transmission (I).

- -v , (6) The data include an indication of whether
or not each arc is current ly  operative, and , when an

~ ,~i arc is inoperative, the time at which i” will again
become operative — provi ded, of course , that, at that
time, there exists no ct-her reason for the arc to be
inoperative (C).
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(7) The data indicate whether each arc is a
wi re , radio, m~ ssenqer , or compound arc (I).

(a)  The data which describe a wire arc
include:

L 1. The average number of fa i lures
per minute per kilometer (1)

2. The minimum repair time and the
maximum repair time (I)

3. If the wire is inoperative, the
time at which the wire will be repaired (C).

(b) The data which describe a messenger
arc include:

1. The time that a messenger wil l
next sta rt along the arc if that time has been
determined (C) -

2. The time that a messenger will
next f in ish  travelling along the arc if that  time has
been determined (C)

3. Indications of whether or not
each of these two times has been determined (C).

(C) The data which describe a radio arc
include:

1. A “set type number ” for each of
the arcs (I)

2. Indications of whether or not
the arc is jammable (I) .

(d) The data which describe a compound
‘m.~ arc include:

1. Identification of the units on
each end of each link of the arc IT)

2. Ident if icat ion of each link as
j  a radio or a wire link (I)

I
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3. DescrIption of the equipment on each end of
each link (I,C). Trhe descr iption of the equipment on one end of
a l ink of a compound arc is the same as the description of the
same equipment on one end of a noncompound arc.)

4. For each end of each radio link, a “set type
number” Is includea~ In the data.

5. The description of a wire link of a compound
— arc includes data analogous to that included in the description of

a noncompound wire arc (I,C) .
(8) The data include the “arc type number” of each ear (I).

Examples of the different arc types are shown below; each type used
in the simulation would be assigned an identifying number.

(a) Conunon user — VHF multichann el voice, out when
moving .

~ I 
(b) Sole user - VHF multichannel voice, out when - :

moving.

(c) Common user - VHF multichannel teletype, out
— 

when moving.

(ci) Common user cable voice (field wire), out when
moving.

(e) Comon user cable teletype (field wire), out
when moving .

(f) Common user - VHF multichannel voice, in when
moving.

(g) FM radio - voice/comand, in when moving .

(h) HF/SSB voice - cay sqdn command , in when moving .

(1) HF/SSB RATT - opns/intell , in when moving .

(j) FM radio - voice admin/logistics , in when moving .

(k) HF/SSB RAT1 - admin/logistics , in when moving .

~
-
- ( 1) Common user - VHF mult ichannel teletype, in when

movin g.

(m) Sole user - VHF multichannel voice , in when moving.
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(9) In the determination of whether or not an

arc can be connected to another arc, the ordered pair
- of arc type numbers is used, and , if they can be

connected, the ordered pair of arc type numbers
determines the “connectir*q cost” and “connecting
delay.” Also, the arc type number of an arc indicates

L~ -~ whether or not the arc is inoperative when a unit using
it is moving.

— (10) The following data are not required in
- 

the description of a messenger arc, but are required in
the description of all non-messenger arcs:

-
. / (a) The data include an “arc multiplier ”

- 
- 

/ for each arc (C) . The arc multiplier is equal to one
if the arc is operating perfec tly, and greater than one

p ~ othe rwise. (Note: If the arc is operatinq at anything
( less than perfect then it is necessary that the arc

multiplier be something greater than one to measure the
delay. For example, if an arc is operating at one-half

- efficiency, the arc multiplier would he two since it
would take twic-~ as lonq to deliver the message.) The

- 
arc multipliers of the arcs of the route of a message
are used in the determination of the length of time
the message is “on the air. ”

(b) The data furnish whether or not
ther e are any arcs parallel to a given arc (I), and, if
there are, the data list the arcs that are parallel to
the given arc (I).

-
- 

-
~~

. (C) The data establish the “in i t i a l
connecting delay ” and the “te rmina l  connecting delay ”
for each arc (I)

- 

(d) The data iden t i fy  the equipment on
-: each end of each arc . The description of the equi pment

on one end of an arc consists of:
H
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~~~
. The probability of “failure” of

‘-he equipment during a five minute period (I)

a. The number of components (e.g.,
teletypewriter , antennae, crypto device, etc.) of the
equipment in each of eight vulnerability classes (I).

3. An indication of whether the
equipment components are arranged in parallel or series
(I)

— 

- 

4 • The average repair time for the
equipment after damage (I)

5. An indication of whether or not
the equipment is current ly  operative (C)

~~. If the equipment is
inoperative, the t ime at which it will again become
operative (C) .

(e) The description of an arc identifies
the “channel” which contains the arc ( I ) .

(11) As mentioned above, in the data which
describe an arc, there is a number which identifies the

-
~~ channel which contains the arc. The description of a

channe l consists of :

(a) The number of circuits in the
channe l (I)

(h) A list of the messages that are
currently using the channel (C)

j t (C) P-i indication of whether messages
queue on the channel (I)

h. Other Input Data. - In addition to the data
wh ich describe uni ts, messa ges, arcs, and channels,

~~
‘ -~~~ there  are other data which are input to the

communications model. These data are described below:

‘1 (1) There are data which are us ?d in the
determina tion of whe ther a qiven ordered pair  of arcs
can he connected to form a route or part of a route for
a message. These data are in the form of a list of

(
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connectable ordered pairs uf arc type numbers. When
the model is finding a route for a message, and
considering connecting a given ordered pair at arcs,
the arc type numbers for the two arcs are determined.
The resulting ordered pair of arc type numbers is
compared to the list of connectable ordered pairs of
arc type numbers ; if it apçears on the list, the arcs
are connec table; if it does not, the arcs are not
connectable (I).

(2) The data include a “connecting cost” and
a “connecting delay” for each connectable ordered pair
of arc type numbers (I).

(3) The data include a list of constants, one
for each equipment vulnerabi l i ty  class, each ind icative
of the vulne rability of the corresponding class of
equipment 1’).

(I l)  The data include a list of (non-ordered)
pairs of “set type numbers,” each identifying a pair of

L j types of radio sets. For eacn of these pairs of set
types, the data include the nominal range (I).

(5) The data include a list of delivery
delays, one for each of the possible values of message
precedence (I). This table is used in the
determination of the delivery delays which occur
between the generation and completion of a written
message of a given precedence.

(~~~~ ) The data include a list of “arc
emplacement delays” and a list of “arc displacement
delays” ( I ) .  There is an emp lacement delay and a
displacement delay for each of the types of arcs which
are “out when movinq .” An arc of one of these types is

• inoperative when a unit on it is moving , and fo r  a time
before the unit starts to move (the corresponding
displacement delay), and for a time after it has
stopped moving (the corresponding emplacement delay).

-~ 

- (7) The data include a table called the
~
. I “message usage conversion” table (I). This table is

used when the commun ications model cannot find a route
‘ for a messaqe that is of the same usage as the message.

The table indica tes whether or not an attempt is to be
b made to find a route of an alternate usage, and, it so,
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lists the alternate usages in the order in which they
are to be tried.

(8) The data are used to keep track of the
-; movement of scheduled messengers along messenger arcs (C).

Messenger arcs are described in terms of sets, called
“messenger routes.” A messenger route is an ordered set
of messenger arcs, the f irst arc from some unit, say
unit I, to another unit, unit 3, the second arc from
unit 3 to another unit, unit K, the last arc returning
to unit I. Messengers start out on the first arc of a
route at regular intervals. The time required for a
messenger to travel along an arc is determined from the
distance between the end units of the arc . Five minutes

- — after a messenger arrives at the far end of an arc , he starts out
• - on the next arc of the route (unless the one that he just

traveled along was the last arc of the messenger route). Special
messengers do not require messenger arcs.

(9) The data include the following constants:

(a) The speed of a messenger (I). The
distance betweer two units , divided by this constant,
gives the time required for a messenger to travel
between the two units.

(h) A lelay that occurs to messages that
are sent by special messenger (I). When a message is
sent by special messenqer this constant, plus the time

j required for a messenger to travel from sender to
a idressee, gives the time required for transmission of
the message.

(C) A constant , which is mult ipl ied by
the length of a message of security two, to determine

~ 1 the delay required for encodinq or decoding (I).

(d) Two constants used in the
determinat ion of whether or not two radio sets are
within range of one another (I).

(e) A constant which indicates which of
two communications systems are being simulated (I).

4i ‘ There are four possibilities: Red only, Blue only, neither , and
both.

-p 3. Output Data. - Much of the input data, which are
described above, can also be considered to be output
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data — namely, that which is labeled as “generated by
the communications simulator” (by the notat ..on, “(C)”).
Much of this data are written on output files during
the operation of the computer program, and later
printed or further processed. Output data that are not
described above, as input data, consist of the
follc~~inq:

a. The number of completed messages

h. The number of failed messages

c. If the communications model has determined
that a message is or will be completed, the output data
include the time at which it is completed — i.e., the
time at which it is available to the addressee in a
useable form (i.e., decoded or decrypted).

d. If a message has failed , the output data
include the time at which the decision was made that
the message had failed.

14, Processing of Messages

a. Message Initiation

- - (1) After a message has been generated, the
processing of the message is simulated by the
communications simulator. In the course of processing —a message, the communications simulator operates on the
message at several different times. At each of these
time s, the simulator determines the nature of the next
step of the processing of the message, and the time
required f or the next step ; then the communications
simulator re files the message, to be processed fur ther ,
after the required time has elapsed — i.e., at the new
“message t ime” of the message.

(2) The simulation would be simpler, if ,
instead of s imula t ing  the processing of a message
piecemeal, it were to simulate all of the processing of
a message the first time it encountered the message .

-
~~~ But thi s is not possible, for, at the time when one
5 step of the processing of a message begins, it is often

not possible to determine how much time a later step
will require, and, in some cases, it is not even
possible to determine whether a later step will take
place at all. For example , if a message is to be
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encoded before transmission, then, at the time that
encoding begins, it is not possible to determine
whether the route will be busy when the messa ge has
been encoded and is ready to be transmitted.
Consequently, the message that is selected as next to
be processed by the communications model is the message
with the smallest “message time.” The processing of the
message is simulated as far as it can be at this time.
Then, if the processing of the message is not
determined to completion or failure, the messa ge is
ref iled, to be processed further by the communcation s
simulator at a new, later “message time.” when a
message is generated by the tactical simulator, the
“message time” is the time at which someone decides to
send the message (called the origin time). When the —

communications simulator processes any message, it
either determines the time at which the message is
completed or f ailed, or it determines a new “message
time” at which the next step of the processing of the
message is to begin.

(3) When the communica tions simula tor has
selected the next message to be processed, the
processing of the message begins with a sequence ofI 

~ tests which determine what the next step of th -~-
processing is. These tests place any message in one of
the following categories:

(a) The message has undergone no
processing; it has just been qenerated.

(b) The next step of the processing of
the message is the selection of a route.

-
~~ ( C)  The message is next to be encrypted.

(d) The messaqe has just finished being
encrypted.

(e) The route of the message is being
connected.

air. 
(f) The messaqe has just gone off the

(g) The messaqe is next to be decrypted.
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s’ — (h) The message has just finished being
decrypted.

(i) The message has just arrived at the
addressee by special messenger.

(4) The initial processing that this message
undergoes at this time depends on which of these
categories the message is placed in, and the current
state of the communications system. The STM messages are
treated by the simulator in the same way as tactically
essential messages and are, in fact, distinguishab le
only by their DLINE i ndex , i.e., own message type number.

b. Message Handling

(1) When the communications simulator first
encounters a mess age, the messa qe is marked as havinq
undergone no processing, and the “messaqe time” of the
message is the time at which the message is generated
(the origin time of the message).

(2) The processing of the message beqins with
a determination of whether the message is to undergo a

P simpli fied type of processing. An input constant
indicates whether the simplified processing is to be
applied to messa ges between Blue units only, to
messages between Red units only, to neither, or to
both. The simplified processing consists of marking
the message as completed, calculating the completion
time of the messa ge as the origin time plus the length,
and , then , ref j u ng the message. Simplifi ed processing is
used to simula te “perfect” communications.

(3) If a message is not to undergo this
simplified processing, then the communications
simulator examines the usage, security, and precedence
of the message .

(4) If the message is not of usage 8, or is
neither of precedence 6 nor security 2, then the
communications simulator next determines if the message
requires encoding, delivery, or both before it is
transmitted. Encoding is required if the message is of
security 2. The time required for encoding is an input

:- ,~ constant times the length of the message. Delivery is

-
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necessary if the message is written. The time required
f or delivery is determined from the precedence of the
message, using a tab le of input constants, which lists
a delivery delay for each of the possible values of
precedence. If neithe r encoding nor delivery is
required, the message :s marked as next to have a route

• selected, and the processing of the message continues.
If either encoding or delivery or both are required,
the message is, in most ca ses, ref iled to be processed
again by the communications simulator after the
corresponding delay has elapsed, but first the new
“message time” is compared to the “deadline time” of
the messaqe.

(5) Associated with each message is a
“deadline time.” In the above case, and in all of those
cases which follow, in which a message is about to be
refiled to await further processing by the
communications simulator at a new “message time,” the
new “message time” is compared to the “deadline time.”
If the new “message time” is less than the “deadline
time,” the message is simply ref iled to await further
processing ; otherwise, what happens to the message
depends on which, if any, of the fol lowing condi tion s

p is observed:

(a) The message is on the air, or being
decrypted , or waiting to be decrypted.

(b) The message has been dispatched by
special messenqer.

(c) The message is to be dispatched by
special messenger if it has not been transmitted by its
“deadline time.”

-
~~ (6) If condition (a) is observed , the messaqe

is simply refiled to await further processing. If
condition (a) is not observed , hut condition (b) is,
then the message will arrive by special messenger at
the “deadline t ime ,” and at tempts  to send it by any
other means now cease. If neither condition (a) nor

~ ; -
~~~ condition (h) is observed , but condition (c) is , then

the message is marked as dispatched by special
messenger, and the “deadline time” is changed to the
time at which the special messenger will arrive at the
addressee. At tempt s that  are being made t.o send the
message by another  means continue unt i l  the new

I(
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“deadline time.” If none of the three conditions is
obse rved, the message fails; attempts to transmit the
message cease even though the message has not been
transmitted; the message is marked as tailed and
refi led to be processe d and then erased by the tactical
model.

c. Message Routing

(1) When the communications simulator selects
the message next to be processed , and finds that the
next step in the processing of the message is the
selection of a route for the messa ge, it proceeds to
attempt to select a route. A route for a message from
unit I to unit J is an ordered set of arcs , the first
arc from unit I to some other unit, unit K, the second

- 
- arc from unit K to som e other unit , unit L, the last

arc to uni t 1. In order to be a route, the ordered set
of arcs must have the follcwing properties:

(a) Unit I must be able to transmit on

~ I the first arc; unit K must he able to transmi t on the
second arc; etc.

(b) Each of the arcs, except the last,
must be switchabl~ with respect to the unit from whichit starts. (E.g. ,  the seu- ’nd arc must be switchable
with respect to unit K.)

(C) Each of the arcs must be operative.

(d) Each of the arc s must be of
s u f f icient security, as determined by the security of
the message.

-
• (e) Each of the arcs must be of the same

-
~~ mode as the message.

(f) Each of the arcs must be of the same
usage as the message .

;- ~~~ (q) Each consecutive pair of arcs must
be capable of heinq connected.

(2) If  the re is more than one route for  a
message , the communications simul&-or selects the
cheapest one. The cost of a route is the sum of an
“ini t ia l  routing cost” , and a number ot “connecting
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“ p costs” , one for each junction of a pair of arcs in the
route. The initial routing cost of a route is
determined, given the identity of the sending unit and
the first arc of the route. The connecting cost f or
the joining of a pair of arcs is determined, qiven the
ordered pair of arc ty pe numbers.

(3) If a route is selected for a message, the —

processing of the message continues. If a route is not
selected, the treatment that the messa ge rece ives
depends on whether the communications simulator was
attempting to select a “pr imary” or an “alternate”
route. If some arc of that route is busy, and the
message is not of sufficiently high precedence to cause
bumping, then either the message waits for the busy arc
to be freed, or an attempt is made to select another
route — an alternate route — that does not contain the
busy arc. The message waits for the busy arc to be
freed if the busy arc is part of what is labeled by the
input data as a queuing channel: otherwise , an
alternate route is selected. If an alternate route is
selected, and it is also busy, the message waits or an
attempt is made to select a second alternate route — a
rout e which does not conta in either of the two busy

— arcs. As many as six alternate routes may be tried.
• - If all the alternate routes are busy, or if there are

no alternate routes, then a primary route is again
selected, af ter  a delay. The pr imary route selected at
that time is the same as the primary route originally
selected, except in certain cases where an arc changes
from operative to inoperative, or vice versa, during
the interval between the two times at which primary
routes are selected.

(4)  The distinction between primary routes
and alternate routes amounts  to this. If there is no
primary route than can be used for a message, then
there is no route that can be used for the message ; but
if an attempt to select an a l te rna te  route for  a
message fai ls, then ther~ may still be a route that  has
been tr ied ear l ie r  and foun d to be busy wi th re la t ively

:~ -~~~ high precedence t r a f f i c .  When no route can be selected
for  a message , the message is refiled , to be processed
again by the communications simulator at a new message
time. At that time , an attempt will be made to select
a pr imary  route fo r  the message. When the
communications s imu la to r  a t tempts  to select a p r imary
route for a message and fails, an attempt is trade to
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select a route of a usage alternate to that of the
message. If a route of an alternate usage is selected,
the processing of the message continues. If there is
no alternate usage or the attempt to select a route of
an alternate usage fai ls , then the message is refiled;
another attempt to select a route will be made at a new

— message time (assuming that the new message time is
less than the “deadline time” ) .  Before the message is
refiled, consideration is given to changing the mode of
the message — i.e., to changing the message from
written to oral, or vice versa. (Data included in the
original descriptinn of the message ind icate whether or
not the message undergoes mode conversion under these
conditions.

d. Encrypting

(1) Af te r  the con~.tunications simulator has
selected a route for a messa~~~, it determines whether
the message requires encrypting. Encrypting is
required if the message is of security 3. If the
message is not of securi ty 3, the communications
simulator next begins to connect the route of the

p - message. If the message is of security 3, the first
arc of the route of the message is exa m ined; if the arc
is described by the input data as being of a type that
encrypts messages automatically during transmission,
then the message is marked as having been encrypted and
the communications model begins to connect the route;
if the first arc does not encrypt, the message must be
encrypted by the crypto f ac i l i t y  of the unit that is
sending the message before the route is connected.

(2) A crypto facility consists of a number of
“circuits,” this number being the number of messages
ti~at the crypto facility can be processing (i.e.,
encryptinq or decrypting) at any time. The number of
circuits in a crypto facility and a list of the
messages currently being processed by the crypto
faci l i ty  are contained in the da ta . Whe n a message,
message M , is to be encrypted by a crypto facility, the
communications simulator determines whether the crypto
fac i l i ty  can begin to encrypt the messages now ; it can
if there is a circuit that is not in use, or if one of
the circuits is being used by a message of lower

~ ,J precedence than message M; otherwise , message M must
wait for a circuit of the crypto facility to he freed.

111-26 -
~~

_ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ :~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - -
~~

-
~~ 
-

(a) If message N must wait, it is
ref iled to be processed again by the communications
simulator at the time that a circuit of the crypto
facility will next be free.

(b) If the encrypting of message N can
begin now, then the message is marked as being
encrypted and ref iled to be processed again by the
communications simulator after a delay for encrypting
has elapsed. This delay is the length of the message
times a multiplier . The multiplier is included in the
data that describe the crypto facility.

(ci If all of the circuits of the crypto
facility are in use, but at least one is in use by a
message of lower precedence than message M, then a
message is bumped from the crypto facility — namely,
the message of those using the crypto facility that has
the lowe st precedence. The encrypting or decrypting of
the humped message is interrupted , to begin again when
the crypto facility is no longer busy.

(3) When the message selected as next to be
processed by the communications model is marked “being
encrypted,” then the message time of the message (i.e.,
current time) is the time at which the crypto facility
of the sending uni t  finishes encrypting the message.
Accordingly, the message is marked encrypted , a circuit
of the crypto facility is freed, and an attempt is made
to begin to connect the route of the message. It is
assumed that encrypting by a crypto facility results in
hard copy of the encrypted message that eliminates the

4 necessity for encrypting the message again if
transmission is interrupted. Accordingly, the message
is marked “delayed for encrypting ”; this tag is
examined if transmission is interrupted.

-
• e. Establishing Communications

(1) The arcs of the route of a message are
connected one at a time. When the communications
simulator selects the next message to be processed , if
it f inds  tha t the message is next to have an arc of its
route connected, it determines which of the arcs of the
route is next to be connected, and then determines
whether or not the arc can be connected now. If it
can, a delay for the connection is determined , and the
message is ref iled, to be processed again after the
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delay has elapsed; if it cannot, the message is refiled
80 that after a delay either another attempt is made to
connect the arc, or an attempt is made to select a
diff erect route. When the last arc of the route of a
message is connected, the message is marked on the air,
and refiled to be processed again at the time when it
goes off the air - i.e., at the time when it has been
completely transmitted.

(2) When the communications simulator is to
connect an arc in the route of a message, it first
determines whether the arc is operative. (It may have
become inoperative after the route was selected.) If

-
• the arc is not operative, any arcs of the route that

have been connected (i.e. seited) for the transmission
of the message are unloaded (i.e., the corresponding
channels a~e freed for use by other messages) ; then,

- -
~ the message is ref iled to have a d i f ferent  route

selected after a delay.

(3) If the arc to be connected is operative
L J and a messenger arc , the communications simulator
• compares the “start time” of the messenger arc to

current time.

(a) If the start time is equal to
current time , a scheduled messenger is now starting out along the
arc. In this  case , the time at which the messenger
will arrjv~ at the other end of the arc has been
determined. The message time is changed to this
completion time , and the message is refiled to be
processed again by the communications model at that
time. At the new message time, an attempt will be made
to connect the next arc of the route of the message, if
there is a next arc; if there is no next arc , then the

-
- - 

new message time is the time at which the message
arrives at the addressee.

(b) If the start time is greater than
current time, then it is the time at which a messenger
will next start out along the arc. The message is
refil~d, to be processed again at the start time of themessenger arc. At that time there will be another
attempt to connect the arc.

(c) If the start tjr~e is less than
current time , then the t ime at which the next messenger
starts out along the arc has not yet been determined.

- ‘ 

-

~~
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- However, it is known that no messenger will start out
during the next five minutes. Accordingly, the message
time is increased by five minutes, and the message is

I ref iled.

( 14) If the arc to be connected is operative
and not a messenger arc, the communications simulator
determines whether the arc can be connected now. It

-
~ can if there is a circuit of the corresponding channel,

or a parallel channel, that is not in use, or if such a
circuit is being used by a message of lower precedence.

- (a) Suppose that the arc to be connected
1 cannot be connected now, because the channel and all

— parallel channels are being used by messages, none of
-

. 
- which is of lower precedence. The treatment of the

message that was to be connected depends on the
character of the channel that was to be connected ; if
the channel is a queuing channel, the message waits for
a circuit of the channel to be freed; if the channel is

j not a queuing channel, an attempt is made to select
another route for the message after a delay.

(b) Suppose that the channel and all
parallel channels are busy, but at least one of the
messages using these channels is of lower precedence ;— then a message is bumped - in particular a message that
is of the lowest precedence of those that are using
these channels. The bumped messaqe waits for the
channel to be freed, or an attempt is made after a
delay to select another route, depending on whether the

- - channel is a queuing or a non-queuing channel.

-

~~ ~ (C) Suppose that the arc to be connected
-~~ can be connected, with or without bumping :

1. If the arc is not the last arc
- 

- 
,
- of the route, then an attempt will be made to connect

- the next arc of the route after a delay. The delay is
the “initial connecting delay” of the arc being
connected, if the arc being connected is the first arc

~ 
j  of the route ; otherwise, it is an “intermediate

connecting delay,” which is determined by the types of
the arc begin connected and the arc that precedes this
arc in the rout.e of the message.

2. If the arc that is being
connected is the last arc of the route, the message is

r

4 
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marked “on the air ” and refiled to be processed again
by the communications simulator after a delay. The
delay is the sum of three components:

a. The length of the message
times the arc multiplier of the last arc of the route

b. The “terminal connecting
delay” of the last arc of the route and

C. An “intermediate
connecting delay” or an “initial connecting delay” -
the latter if there is only the arc in the route.

f. End of Transmission. - When the message
selected as next to be processed by the communications
simulator is marked “on the air ,” then the message time
of the messaqe (i.e., current time) is the time at
which the message goes “of f the air” — i.e. the time at
which transmission of the message is completed.
Accordingly, the message is marked as no longer being

~ 
j on the air, and any channels that have been used for

the transmission of the message are freed for use by
other messages. The message is now ready to be

~ decrypted, decoded , or delivered from the message
center of the addressee unit to the person who is to

-
‘ receive the message. If decrypting of the message is

necessary (i.e., if the message is of security 3 and
the last arc of the route of the message does not
decrypt), then the processing of the message continues.
If decrypting is not necessary, the message is marked
“completed” and a completion time is determined. The
completion time is current time plus a delay for
decoding or delivery or both, if such processing is
necessary. (After the completion time has elapsed, the
message will be processed, and then erased by the
tactical simulator.) —

g. Decrypting. - When the message selected as
next to be processed by the communications simulator is
marked “waiting to be decrypted,” then the message time
of the messaqe (i.e., current time) is the time at
which an attempt is ne xt to be made to begin to decrypt
the message. Decrypting can begin now if the crypto
facility of the add ressee unit is not busy, or if it is
busy because of the processing of a lower precedence
message. The message to be decrypted waits, or
decrypting begins, with or without bumping.

.~~i ~~
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( 1)  The message waits if the crypto facility
is busy, and none of the circuits is in use by a
message of lower precedence. The messaqe is ref iled to
be processed again by the communications model when a
circuit of the crypto facility will be free.

(2) Decrypting begins now if the crypto
facility is not busy, or if one of the circuits is in
use by a message of lower precedence. The message is
marked “being decrypted,” a delay for decrypting is
determined, and the message is ref iled to be processed
again by the communications simulator after this delay
has elapsed. (The delay is the length of the message
times the crypto facility multiplier.)

(3) Bumping occurs if the crypto facility is
• busy, but one of the circuits of the crypto facility is

in use by a message of lower precedence. The
decrypting or encrypting of the bumped message is
interrupted, to begin again when the crypto facility is
no longer busy.

~~
-
- I

(14) When the message selected as next to be
- t - 

processed by the communications simulator is marked
“being decrypted ,” then the message time is the time at
which the addressee unit finishes decrypting the
message. A circuit of the crypto facility is freed,
and the message is marked completed and assigned a
complet”(v’ time. The completion time is current time,
plus a delay for delivery, if the message is written.

• (After the completion time has elapsed, the message
will be processed and then erased by the tactical
simulator.)

h. Special Messenger. - When the messaqe selected
is marked “to arrive at the addressee by special
messenger ,” then the message arri ves at the specified time
at the addressee . It is marked completed ; the

- - :  completion time is current time (i.e., the message
time); the message is refiled to await processing and
erasure by the tactical simulator.

5. Changes in the Communications System Status

a. The input data provide the description of the
initial status of a communications system which is
simulated. The communications status check (COMCHK)
submodel simulates changes in the communication system
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by changing the appropriate data in the model file
during the course of a simulation run. Two types of
changes of the communications system are simulated:

- ( 1) The movement of messengers and
- 

- (2) Changes in the state of the arcs of the
- communications system between the three possible

states:

(a) Operating perfectly

— (b) Operating imperfectly

(C) Inoperative.

b. The Movement of Messengers

(1) There are two kinds of messengers that
are simulated:

(a) A “special messenger ” may be
dispatched with a single message, when either the

• nature of the message indicates that it is to be
~f -

~ transmitted by speci al messenger , or when attempts to
send the message by other means fa i l .  Messenger arcs are

- not needed to link units by special messenger.

(b) “Regular messengers” travel at
intervals around “messenger routes,” pausing at points

- along their routes to pick up messages that have been
• wa it ing  for them, and to deliver messages they have
• 

been carrying. Regular messengers must travel on messenger arcs.
- .  

(2) The simulation of the movement of special
messengers has already been described. The part of the
model that simulates the movement of regular messengers
is described here.

(3) Each regular messenger travels along a
- - “messenqer route,” which is an ordered set of

- “messenger arc s,” the first arc from some unit, uni t I,
to another unit, unit 1, the second arc from unit J to
another unit, uni t K, the last arc of the route• returning to uni t I. Messenger arcs have two
characteristics that make them somewhat unusual:

‘ 1
~
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(a) All messenger arcs are one-way; of

the two units on a messenger arc, one can only transmit
messages, and the other can only receive.

(b) A messenger arc is never busy; it is
assumed that a messenger is never carrying so many
messages that he cannot carry one more.

(4) Messengers start out on a messenger route
p at intervals. A messenger moves along the first arc of

his route, then alonq the second arc of his route,
etc., and eventually back to the unit at which the
route starts. The time required for a messenger to
travel along an arc of his route depends upon the
length of the arc. When a messenger arrives at the

~ .~ 
- unit at the end of an arc (other than the last arc of

- • the route), there is a short delay before he starts out
on the next arc of his route. This delay corresponds
to picking up and leaving messages at the message
center of the unit.

~ I c. Changes in the State of the Arc

(1) At any given time each of the arcs of the
communications system is in one of three states:

(a) Operating perfectly

(b) Operating imperfectly

( C)  Inoperative.

(2) Initially, all of the arcs are operating
perfectly. As time progresses conditions change (e.g.,
equipment is damaged), and the arcs begin to operate
imperfectly or to be inoperative. Later, condi tions
change further (e.g., equipment is repaired), and arcs
return to the state of operating perfectly.

(3) At five minute intervals, the data which
describe the communica tions system are examined, and
changes in the states of the arcs are simulated. The
operations that are performed by this part of the
communications simulator are described in the following
paragraphs, in the order in which they are performed at
a qiven time.

I’
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(a) Restoration of Arcs to the Operative
State. - In the paragraphs that follow, it will be
noted that, whenever the communications simulator marks
an arc inoperative, it determines and stores a “time
next to be checked” for the arc; this is the time that

t the condition that causes the arc to be inoperative
will cease to exist. For example, when damage to
equipment causes an arc to be inoperative, the time at
which the condition that causes the arc to be
inoperative will cease to exist is the time at which
the equipment will be repaired or replaced, and this
time can be anticipated at the time the damage occurs.
However, the arc will not necessarily become operative
again at that time, for, in the meantime, some other
condition may have come into existence (e.g.,
additional damage) that causes the arc to remain
inoperative.

(b) The Effect of the Movement of Units

1. If an arc is one of a number of
types — those with arc type numbers less than eleven —
it will be inoperative when a unit on it is moving, and

1’, - for short periods before and after the movement of a
unit  on it. The periods before and after movement
during which such an arc is inoperative correspond to
packing up equipment before a move (the displacement
delay), and to setting up equipment after a move (the
emplacement delay). The lengths of the emplacement and
displacement delay are different for different types of
arcs.

2. Every five minutes (immediately
after directional antenna adjustment) the
communications simulator examines all operative arcs

- 4 that have arc type numbers less than eleven. For each
such arc, the communications simulator determines if

• any unit on the arc:

a. Is moving, or

b. Will start to move within
the corres ponding disp lacement delay, or

:4 
• .c. Has stopped moving within

~~ . ,~ ~ the corresponding emplacement delay.
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3. If one of these three
conditions is observed, the arc is marked inoperative
and the “time next to be checked” is set.

( C)  Damage, Failure, and Repair of the
Equipment at the Ends of Arcs and Links

1. At each end of each arc, and at
each end of each link of each compound arc, there is an
equipment complex. In the case of a wire arc , the
equipment complex may consist of a switchboard, several
te lephones , and connecting wiring. In the case of a

-

• radio arc, the “equipment complex” may be simply a set
for receiving and transmitting oral messages. Each of
these equipment complexes is to some extent susceptible
to damage from enemy action and to “failure”.

a. In the input data of the
communications simulator each equipment complex is
described as consisting of a number of components, andj each component of an equipment complex is identified as
belonging to a certain one of eight vulnerability
classes. The components of an equipment complex are
arranged either in parallel or in series. If the
components are in series , the complex becomes
inoperative if any one of the components becomes
inoperative; if the components are in parallel, the
complex becomes inoperative only if all of its
components become inoperative.

3. At five minute intervals the
communications simulator simulates damage, failure, and
repair of equipment complexes during the preceding five 

—

minutes. The equipment complexes are examined one at a
time. The operations that are performed for a given
equipment complex are as follows:

-
~~~~~~ a. The communications

simulator determines whether during the last five
minutes  the equipment complex ha s sustained suf ficient

- 
- damage to cause it to be inoperative. If so, a repair

time is determined, and the equipment complex is marked
as inoperative due to damage. (This determination is

- - 
4.i made whether or not the equipment complex was operative

during the preceding five minutes.)

~~. If the equipment complex
was operative and undamaged during the last five
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minu tes, the communications simulator determines
whether or not the equipment now fails. It so, it is —

marked inoperative due to failure.

.9. If the equipment complex
was inoperative and undamaged during the last five
minutes, the communications simulator determines
whether the equipment complex is now repaired. If so,
it is marked as operative.

~~. The three changes in the state
of an equipment comp lex — damage, failure, and repair —

are described in more detail in the following
- -~ paragraphs.

a. Damage. - At five minute
- 

- intervals the communications simulator assesses the
• - damage to mach equipment complex. If the components of

an equipment complex are arranged in series then the
probabili ty, P, that the equipment complex has, during
the last five minutes, sustained sufficient damage ‘o

j cause it to be inoperative is determined by a formula.

j2. Failure. - If an equipment

k complex was not damaged durinq the last five minutes, —
t - and it was operative, then it may now tail. The

probability, P, that a given equipment complex fails
during a five minute period is included in the input
data that de scribes the equi pment complex. The
communication s simulator decides whether cr not a given
complex has failed by comparing the probability, P, to
a random number. When an equipment complex fails, it
is marked as ir- Dperas-ive due to failure, and the time
at which it wiil he repaired is set to current tin~eplus five minutes.

c. Repair. — If an equipment
complex was not damaged during the last five minutes,
and it was inoperative, then it may now be repaired.
It is, if the repair time is rot greater than the
current  time .

(d) Conditions Under Which Arcs Become
Inoperative

1. 1~t five minute intervals, after
the simulated damage, failure, and repair of equipment
comp lexe s, the comtctunications simulator examines each
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of the arcs that are marked as operative (except
messenge r arcs which are never inoperative), and checks
for the existence of conditions which would cause an
arc to be inoperative. There are three conditions which

—
- cause a wire to be inoperative.

~~. A wire arc with an arc
type number less than eleven is inoperative when the
unit at either end is moving, and for periods preceding
and following the movement of such a unit. The
simu lation of the effec t of movemen t of a unit occurs
at an earlier part of the simulator.

~~. A wire arc is inopera tive
when the equipment complex at either end is

• 

- inoperative, due to damage or failure that is not yet
repaired. When the communications simulator. finds that
this is the ca se for a wire arc, the arc is marked
inoperative and the time that the arc is next to be
checked is set to the repair time of the inoperative

J equipment complex.

c. A wire arc becomes
‘ -

~ inoperative when there has been a failure of the wire
which extends between the two ends of the arc. Every
five minutes the communications simulator checks for
wire failures during the preceding five minutes. when - -

one occurs , the arc is marke d inoperative, a repair
time is determined , and the time the arc is next to be
checked is set to this repair time.

2. There are three conditions —

that can cause a radi o arc to be inoperati ve:

a. Current, recent, or ne ar
fu ture  movement of ~he unit at either end

b. Failure or damage of the
equi pment complex at either end of the arc

c. The distance between the

~~

, ~ un i t s  at the  ends of the arc  exceeds the range of the
pair ot radio sets at the  ends of the arc.

3. A compound arc consists of
radio l inks and wire links . A compound arc is

-
~~~~~ inoperative if any  of its l inks  is inope rative. Th~conditions that  cause -a wire l ink to be inoperative ~re 
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the same as those that cause a wire arc to be
inoperative. The conditions for a radio link are the

— same as those for  a radio arc .

4. Every f ive  minutes the —

communications simulator determines whether each wire
arc is operative for the next five minutes. The
simulator tests for the existence of each of the three
conditions that cause wire arcs to be inoperative. If

- - a wire arc is not inoperative:

a. Because of the movement of
a unit, or

b. Because of damage or
f a i lu re  of an equi pment complex at either end of the
arc , or

c. Because of a previous wi re
failure that has not yet been repaired , then the
communications simulator determines whether a wire
failure has occurred during the preceding five minutes.

(e) The Effect of Radio Range

1. Every five minutes the
communications simulator determines whether each radio
arc is operative for the next five minutes. First, the
simulator determines if a radio arc is inoperative due
to the movement of a unit, or due to damage or failure
of the equipment at either end of the arc. If not, the - -
mode l next determines whether the two ends of the arc
are out of range.

2. The input data include a list
-t of nominal  ranges , one for  each of the d i f f e r e n t  pairs

of radio set types. The input data that describe a
radio arc include a pair of “set type numbers ,” one for
each end of the arc, identifying the types of radio
set.s on each ~nd of the arc. The range of a particularradio arc at a par t icu lar  time is not the nominal  range

-~~~ for the given pair of set types; it is a random
variable that depends on other variables between the two ends of
the arc . However, the probability that the two ends of an arc
are out of range:

S
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a. Is zero if the two ends of the arc are

- 
very close together.

b. Rises as the distance between the two
ends of the arc approaches the nominal range.

c. Approaches one as the distance becomes
very large.

3. The coni~unication~ simulator determineswhether the two ends of a radio arc are out of range by deterinin-
ing the probability , P, and then comparing this probability to a
random number. When the ends of a radio arc are out of range , the
arc i s marked as inoperati ve.

— - - (f) Tile Imperfect Operations of Arcs. The effect of
imperfect operation of an arc is that it takes alonger time than
usual to transmi t a message along the arc. The time required to
transmit a message over an arc is the length of the message times
the arc multiplier of the arc . The arc multiplier Is one if the
arc is operating perfectly, greater than one if the arc is

-~~ ~ operating imperfectly.

(g) Jaming. - The program has the capability of
-: ( jaming arcs based on options read in at program execution time .- 

(See Append ix C) A certain percentage of those nets that contain- - specified arcs, one end of which has been emplaced a minimum time ,
- will be jamed for a specified number of minutes . The arc types

jammed , the percentage jammed, the minimum emplacement time , and
the duration of janining are al l user input.
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