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ABSTRACT

This thesis presents a computer assisted game, based on a current

map board exercise at the U. S. Army Signal Center and School, designed

to train army officers in the capabilities, organization, and deployment

techniques of the Corps Signal Battalion. A team of players using the

game direct a simulated signal battalion in a European tactical environ-

ment experiencing equipment failures, vehicle failures, and site attacks.

The decisions made by the players are similar to those in combat and are

entered by means of a remote computer terminal. These decisions include

installing and deleting communications systems, connecting and discon-

necting equipment, moving vehicles, and establishing communications sites

The computer, acting in the roles of battalion communications personnel,

nature, and the enemy, informs the players of its actions by means of

the same terminal.
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I. INTRODUCTION

An army corps is a tactical organization larger than a division

and smaller than a field army. It consists of a tactical headquarters

capable of controlling from two to seven divisions and auxiliary arms

and services. The actual number and type of divisions assigned to a

given corps is tailored to accomplish a specific mission and will vary

significantly with the mission. The administrative and logistical sup-

port provided by the corps is minimal with primary responsibility for

these tasks assigned to the field army and divisions.

One factor necessary for efficient operation of a corps is an ef-

fective tactical communications system. The basic requirement of this

system is the support of the units combat operations. To satisfy this

requirement the system must provide rapid, reliable, secure interchange

of information and orders within and between echelons of the headquarters

it serves and to major subordinate units. The size of the corps organiza-

tion requires that the communications system be large and complex -

involving many different types of equipment located throughout the corps

area of operations.

The communications are provided for a corps by both an organic signal

battalion and field army signal personnel. The Command Communications

System, a system linking only major corps and subordinate headquarters,

is provided by the Corps Signal Battalion. Field army signal personnel

provide an Area Communications System which serves both as a backup to

the Command System and a means for providing communications for units

not served by the other system.
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The size and complexity of the communications needed to support a

corps requires highly trained signal corps personnel to plan and operate

the communications systems. Providing these personnel is a continuous

problem due to frequent assignment changes, limited training time and

funds, and the need for diversity in assignment for signal corps officer

At the present time instruction in corps communications doctrine and

techniques is given primarily in a number of signal corps Military Oc-

cupational Speciality (MOS) courses and the Signal Officer Advanced

Course. In this instruction the capabilities and limitations of the

equipment available are discussed as well as the standard techniques of

employment. In the Signal Officer Advanced Course considerable time is

spent with a map board exercise in an effort to play a tactical scenario

which introduces, and presents proposed solutions to, some of the prob-

lem areas encountered in the field.

The optimal method of training officers in corps communications is

achieved by field exercises in which the student actually participates

in a dynamic training exercise and experiences first hand the problems

which arise. Unfortunately this method is not practical when the large

number of officers to be trained is considered. Field exercises are

time consuming, extremely expensive, and are capable of training only a

small number of officers with each exercise.

Map board exercises on the other hand take less time, are relatively

cheap, and by training many table groups at one time are able to accom-

modate a sizable number of officers. There are many problems, however,

associated with map board exercises. Typically, requirement or problem

sheets are distributed to a large number of table groups and the groups

are then given enough time to arrive at solutions. When the group
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solutions are formulated the instructor presents the "school solution"

and the groups compare their results to it. Unfortunately the require-

ments usually have many acceptable solutions and the group differing from

the school solution is frequently unsure of the merits of its result.

Since the exercise usually proceeds at the pace of the slowest table there

is considerable wasted time. Complex interrelationships present in opera-

tional units and field exercises are impossible due to the manual book-

keeping that would be required. As a result of the relatively simple,

clean problems necessary for this type of teaching one or two members of

the group typically perform the bulk of the work leaving the other two or

three members little to do resulting in little benefit to them.

The purpose of this thesis is to present a computer assisted game

for use as a teaching vehicle to supplement and partially replace cur-

rent map board exercises used in corps communications instruction. The

game allows the players to simulate the deployment and operation of a

Corps Signal Battalion in a tactical scenario facing problems similar to

those in a combat operation. The use of the computer allows a dynamic,

realistic approach to learning which includes equipment failures, vehicle

movement, sites attacks, and detail in scenario and player response not

possible in manual map board exercises. Wasted time is drastically re-

duced since the game proceeds at the pace of the single group using it.

Although the program was developed primarily for use as a teaching

vehicle it might also be used for evaluating new corps communications

techniques and proposed changes in doctrine. By employing the game a

large number of times using the proposed change in doctrine a representa-

tive outcome may be obtained and this outcome compared to that using cur-

rent doctrine. The sensitivity of various proposed doctrines to changes

in the level of conflict may also be examined by changing internally

stored parameters.
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The game was constructed in a general form to allow it to be easily

converted to signal units other than the Corps Signal Battalion (e.g.,

Division Signal Battalion, Airborne Corps Signal Battalion). Other

possible applications are varied and include such diverse areas as

power transmission and transportation problems. Other applications are

covered in more detail in a later section of this thesis.
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II. DESCRIPTION OF THE GAME

A. GENERAL

The computer assisted game developed for this thesis allows a group

of four to seven students playing it, under the supervision of an in-

structor, to act as planners and operational decision makers for a Corps

Signal Battalion area of operations in a hypothetical Western European

campaign. The scenario used in the game is the same as one currently

being employed in the Signal Officer Advanced Course at Ft. Monmouth,

New Jersey and is considered mid-intensity. A description of the tacti-

cal scenario used is included in Appendix B.

It is assumed in this section that the reader is familiar to some

extent with the organization and employment of the Corps Signal Bat-

talion. A short description of the Corps Signal Battalion is given in

Appendix A and more detailed information is available in References 2 to

4 of the Bibliography.

During the course of the game the computer plays three different

roles - signal battalion personnel, nature, and the enemy. It acts as

signal battalion personnel when it implements the instructions given to

it by the players. It performs the role of nature when it introduces

equipment failures based on the actual failure distributions of the

individual items of equipment. Finally it simulates the enemy when it

introduces site attacks and subsequent equipment damage.

The team of players, on the other hand, attempt to make optimal use

of the equipment organic to the Corps Signal Battalion by intelligent

initial equipment placement and equipment change commands during play.
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Placement and changes made by the players are similar to those encountered

by a signal battalion in the field. All computer introduced actions are

reported to the players by messages typed on a remote teletype terminal

attached to the computer. Likewise player commands are transmitted to

the computer by means of the same terminal.

The play of the game is divided into two phases - a setup phase and

a free play phase. The following sections describe each of these phases

in some detail.

B. SETUP PHASE

In the setup phase the players study the tactical scenario, which is

basically a corps in the defense preparing for resumption of the attack,

and choose locations for the communications sites and major items of

communications equipment. They then order communications installed be-

tween the sites.

1. Site Input

The players choice of site locations is based primarily upon

the location of the major corps and subordinate headquarters they must

provide communications for and the terrain of the area of operation.

They must choose the site location close enough to the supported head-

quarters to be able to provide communications for them but the location

must also have radio line-of-sight if certain communications equipment

is to be used.

When players enter each site location with its grid coordinates

the computer compares the location to that of the major corps and sub-

ordinate headquarters. If the site is sufficiently close to a head-

quarters to provide communications support it is automatically assigned
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as a site supporting that headquarters. If it is not sufficiently close

to a major headquarters it is classified as a radio relay site.

Because of the different equipment types usually employed at

corps main, alternate, and artillery headquarters a greater distance is

allowed between these sites and supported headquarters. A maximum of

thirty sites may be located.

2. Systems Input

Once the communications sites are located the players order

communications systems established between them. Three types of systems

are possible - multichannel cable, radio relay, and high frequency.

Each multichannel cable and radio relay system is capable of transmitting

twelve voice circuits while the high frequency systems transmit only one

per system. The number and type of systems between the sites is deter-

mined by communications doctrine, player judgement, terrain, and equip-

ment limitations.

3. Communication Vehicle and Generator Placement

In order to provide communications equipment to establish the

systems which have been ordered installed the players next distribute

the communications vehicles and generators organic to the battalion

among the sites in the corps area. This placement includes vehicles

used for backup as well as those needed for system installation.

Four types of communications vehicles are located in addition

to generators:

(1) AN/MRC-103 (Radio Repeater)
(2) AN/MRC-102 (Radio Terminal)
(3) AN/MCC-6 (Telegraph -Telephone Terminal)
(4) AN/GRC-26 (Radio Terminal)

When this data is entered the computer has enough information

to assign individual radios and multiplexers to the systems ordered
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installed. Since the communications planner in the field who is con-

cerned with the overall corps communications picture normally does not

determine which of the individual items of equipment in the vehicles are

used on particular systems (this is left to site operating personnel) the

game does not require this detailed information. In assigning equipment

to systems the game uses the same logic a site operator would use as to

choice of vehicle type, number of spare pieces of equipment for each

vehicle, etc. The Program Construction section of this thesis discusses

the equipment assignment proceedure in more detail. If the players did

not place enough equipment at a site to establish the ordered systems a

message is printed at the terminal informing them of the site number where

the problem occured and the system type. All equipment is considered opera-

tional for the setup phase of the game.

Upon completion of the setup phase a master table of equipment

placement and systems for each site is printed as well as a table giving

generator location and status. Since these tables are lengthy they are

printed offline on a high speed printer. Appendix D gives a typical

printout of these tables for a sample equipment placement.

C. FREE PLAY PHASE

When the initial input is entered by the players and the detailed

assignment and checks are performed by the computer the game enters the

free play phase. In this phase the players react to a simulated campaign

by experiencing problems and making decisions similar to those in the field.

The computer acting as nature and the enemy introduces communications

equipment failures, vehicle failures, repairs of failed items, and site

attacks resulting in damaged or destroyed equipment. The players respond
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to the computer introduced messages by disconnecting and connecting equip-

ment on systems, deleting old systems and installing new ones, moving

vehicles, and establishing new sites.

1. Computer Introduced Actions

The players are notified of all computer introduced actions by

messages printed at the teletype terminal. A brief description of these

actions follows in this section with more detailed information available

in the Program Construction Section.

a. Communications Equipment Failures

Communications equipment failures occur on the major items

of communications equipment located throughout the battalion. These in-

clude radio AN/GRC-50, radio AN/GRC-26, and multiplex AN/TCC-7. Times to

failure for each item of communications equipment above is assumed to

be distributed with a truncated normal failure distribution.

During the setup phase each piece of communications equip-

ment is assigned a number of minutes of operation until its first failure.

When this time is reached the equipment fails and the players are notified.

Only equipment which is connected to a system is allowed to fail since it

is assumed that all others are on standby. Likewise the number of minutes

until failure for a piece of communications equipment is strictly minutes

connected to a system.

Although it is assumed that all equipment is operational

when the game enters the Free Play Phase it is not assumed that all equip-

ment is newly repaired. To allow for this the first failure times are

sampled from an approximation of the equilibrium distribution of the trun-

cated normal failure distribution associated with the item. Subsequent

failure times for the same item are sampled from the truncated normal

failure distribution itself.

19



When the equipment fails the system to which it is con-

nected must become non-operational if it was operational prior to the

failure. If the equipment causes a system failure the players are noti-

fied of this event by a message.

Since a signal battalion in the field has the means to

repair most failed items of equipment provision was made in the program

for repair. As soon as an item fails a time for repair is determined by

taking a sample from a truncated normal repair time distribution for the

appropriate type of equipment. This actual time for repair provides a

basis for providing the players with an estimated time of repair. By

using the actual repair time as the mean of another distribution the

player is provided with a printed estimate.

b. Communications Equipment Repair

Communication equipment repairs occur on the same items

of communications equipment as failures. When the time for repair,

determined when the item failed, has elapsed the players are notified

that the equipment is again operational. If the equipment is still con-

nected to a communications system the system is checked to determine if

it can now become operational. If it can the student is notified that

the system is working.

c. Generator Failure and Repair

Generator failure times are computed in a manner similar

to communications equipment failures. Since generators are assigned to

sites and not to specific systems, however, all generators are assumed

used and subject to failure. As in communication equipment failures a

repair time is established and the players are provided with an estimate

of this time. Similarly, when the generator is repaired the players are

notified of the event.
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d. Vehicle Failure

The four types of vehicles placed in the Setup Phase are

allowed to fail in the Free Play Phase. A failure for a vehicle implies

that a mechanical breakdown has occurred and it is assumed that these

happen only during transit.

A failure time (in km of road distance traveled until

scheduled failure) is generated for each of the vehicles during the Setup

Phase of the game from the equilibrium distribution associated with each

vehicle type. A truncated normal distribution is again assumed to be the

failure distribution of the vehicle type. The second and subsequent

failure times for a vehicle are sampled directly from the assumed trunc-

ated normal distribution.

When a failure occurs a time until repair (in minutes) is

calculated from a repair distribution and the vehicle is considered re-

paired after this amount of time has elapsed. An estimate of the time for

repair is provided for the players when the vehicle failure message is

printed.

e. Vehicle Repair

Vehicle repairs are effected for failed vehicles when the

time for repair described above has elapsed. When a vehicle is again

made operational the players are notified and the vehicle continues its

simulated trip to the ordered destination.

f. Site Attack

Signal sites are an effective command and control instru-

ment of the corps commander and are often isolated from major combat units.

As such they are frequent targets for enemy attacks and when this occurs

equipment is usually damaged or destroyed causing systems at the site

to become non-operational and vehicles unable to move.
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In the game signal sites are divided into three catagories:

(1) low risk, (2) medium risk, and (3) high risk. The low risk catagory

contains corps main, alternate, and artillery and is designated as low

risk because of the sites proximity to major headquarters. Medium risk

sites include all others except radio relay sites which are high risk

because of their isolation.

During the Setup Phase of the game a time is established

for an attack on each site by sampling a uniform distribution associated

with the risk catagory of the site. When sufficient play time has

elapsed for the attack players receive a message that the attack has oc-

curred.

Associated with each risk catagory is a probability p that

a vehicle or piece of communications equipment has been damaged upon at-

tack. Each vehicle and piece of communications equipment subject to

failure is inspected and if operational caused to fail with probability

p. The value of p associated with low risk sites is the smallest due

both to the amount of equipment located there and the speed with which

assistance can be expected. High risk sites, on the other hand, have

the largest value of p because of their isolation.

The players are notified of any equipment failures due to

the attack and these failures are handled identically as those described

in sections a through e above.

2. Player Initiated Actions

Since the computer, playing the roles of nature and the enemy,

is periodically changing the status of the communications network in-

stalled by the simulated battalion provision has been made to allow the

players to react to these changes. By typing desired changes on the remote
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teletype the players are able to take corrective action similar to that

required in actual combat. The player initiated actions, described briefly

below, are discussed in more detail in the Program Construction Section.

Players are provided the option of issuing commands when either

thirty minutes of play has elapsed since their last opportunity or after

a computer introduced action has occurred - whichever happens first. At

these times the players are allowed to introduce as many commands as they

desire.

a. Remove Communications Equipment from System

The players are allowed to remove the three types of com-

munications equipment discussed above from communications systems. They

do this by specifying the type of equipment, the site number, the system

number, and the type of system when necessary. Since it takes little

time to disconnect an actual piece of communications equipment from a sys-

tem the disconnect is accomplished immediately by the computer. If the

removal of this piece of equipment makes the system inoperative the players

are notified by a printed message. If the command cannot be accomplished,

possibly because no system exists at the site with the specified system

number or the equipment has already been disconnected, the players re-

ceive a message to that effect.

b. Install Communications Equipment on System

The same three types of communications equipment which can

be removed from systems may also be installed on systems. The players

accomplish this by specifying the equipment type, site number, system

number, system type, and vehicle number for the installation. Since in-

stallation of communications equipment is not instantaneous the computer

determines the time required for installation by taking a sample from a
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stored truncated normal installation time distribution. Upon receiving

the installation command the players receive a reply that the installa-

tion has begun. After the installation time has elapsed the players re-

ceive another message that it has been completed. If the installation of

this item is sufficient to make the system involved operational the status

of the system is changed and the players are notified.

As in the removal case if the command is impossible to ac-

complish because of lack of equipment, no existing system, or equipment

already connected the players receive a message informing them of the

problem.

c. Remove System

The players may remove existing systems by supplying the

computer with the system type, number, and sites involved. It is not

necessary to remove the equipment from the system since this command also

removes connected equipment. System removal is accomplished immediately

upon command and the players are notified of its completion and of any

communications equipment removed. Commands of this type which cannot be

executed are again refused and the players notified of the reason.

d. Install Systems

Installation of systems is accomplished by providing the

computer with the system type, number, and sites involved. Systems are

installed without communications equipment and as such are non-operational.

Players use the communications equipment installation command to inform

the computer of the specific radios and multiplex equipment to be used.

Installation is accomplished with no delay and the players are informed

if the command cannot be executed due to an existing system of the same

type and number between the sites involved.
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e. Move Vehicles

Players may move vehicles and generators between com-

munications sites by providing the computer with the vehicle type, loca-

tion, and destination. A preliminary transit time, based on the distance

between sites, is calculated by the computer upon receipt of the command.

The actual transit time is computed by sampling a truncated normal dis-

tribution with the preliminary transit time used as the mean.

If the command can be executed the players receive a reply

that transit has begun immediately after the command has been entered.

Another message is printed when the vehicle arrives at its destination.

If a vehicle failure occurs during transit the players are notified in

the manner described in the vehicle failure section.

The move vehicle command is not implemented by the com-

puter if the vehicle is not located at the site indicated, it is non-

operational, if communications equipment in the vehicle is still connected

to a system, or the destination site does not exist.

f. Install Site

The players install new sites by simply giving the grid

coordinates of the new location and providing a site number. In a man-

ner similar to the Setup Phase the computer determines if the site is

supporting a tactical headquarters or is a radio relay site. This com-

mand is not accepted, and the players notified, if there already exists

a site of the same number. Communications equipment and vehicles must

be moved to the site by the vehicle movement command.

g. Information Commands

As the game progresses numerous changes are made in the

deployment of, and communications provided by, the Corps Signal Battalion.
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Even though it is recommended that the players maintain communications

status charts on acetate covered boards to facilitate easy updating and

reference it is possible for mistakes to be made.

In the event of a question concerning any or all of the

sites the players may utilize information commands provided to print

tables describing the current status of equipment and systems. Commands

provide the option of printing at the teletype terminal that segment of

the master table of equipment placement and systems involving a single

site. This table provides information on all the vehicles located at the

site, their operational status, the systems currently using the communi-

cations equipment in the vehicles, the status of the systems, and the

deadlined equipment for the vehicles. If this information is desired on

all sites it is automatically printed offline on a high speed printer.

A table is also available listing the location and status of generators

in the battalion.

D. EVALUATION OF PLAY

The game may be terminated at any time desired by issuing the game

termination command. Although it would be desirable to have tables of

play statistics such as system outage times, equipment deadlined times,

and number and type of vehicle movements, the time available for formu-

lating this thesis did not allow these to be included.

The primary value of the game is the insight into the problems and

interrelationships present in a Corps Signal Battalion in the field.

Players learn from their own mistakes and gain experience in the decis-

ions required. Their knowledge of the capabilities and limitations of

the available equipment is also reinforced.
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Evaluation of the quality of student play and constructive sugges-

tions are provided by the instructor who supervises the play of the group,

By discussing key decisions and overall philosophy during and after the

game the players acquire further insight into the techniques of deploying

and operating the battalion.
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III. INSTRUCTIONS FOR USE OF THE PROGRAM

A. INPUT /OUTPUT

Input data for the setup phase of the game may be entered either

manually at the remote terminal or from data on punched cards. Input

for the free play phase will always be entered at the remote terminal.

All data entered into the game is in integer format and with the excep-

tion of the gameword and random number entries explained below an image

of the input data is typed on the terminal immediately after its entry.

The image provided by the computer allows the players to check if the in-

put data was placed in the proper fields. Whenever input data is required

at the terminal a message is printed indicating the information required

and X's are placed on the terminal printout indicating the exact loca-

tion of the fields in which to enter it. All input is numerical and if

the field provided is larger than the number to be entered the input data

must be right justified in the field.

B. GAMEPLAY

1. Setup Phase

The setup phase of the game consists of game initialization,

the entering of site locations, systems required, and equipment location,

and the computer checks of this data,

a . Gameword

The first data request when starting the game is the

message 'ENTER GAMEWORD'. The gameword is a two digit binary number

which specifies the input/output options to be used. The players should

enter the combination in Table I desired.
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First Digit

Setup phase data to be entered at terminal
1 Setup phase data to be entered by punched

cards

Second Digit

All output to be printed at terminal
1 All complete master tables and initial

generator placement table to be printed
offline

Gameword Values

Table I

b. Random Number

When the gameword has been entered a request 'ENTER ODD

RANDOMNUMBER' is typed at the terminal. Although a field of seven

digits is provided any odd number of seven or less digits is acceptable.

The random number is used to start the assignment of those internal para-

meters determined by sampling distribution functions. Using the same

random number on two different plays of the game will cause the initial

equipment failure times, site attack times, and vehicle failures to be

the same for each game.

c. Site, System, and Vehicle Placement Data

Site, system, and vehicle placement data is entered after

the random number and the input is the same whether entered at the terminal

or by punched cards. If the data is entered at the terminal instructions

and fields are printed informing the players of the information desired.

The advantage of using punched cards is in the time saved for input since

cards may be punched prior to actual game play and read in at the time of

play. If punched cards are used a copy of how the data would have appeared

if entered at the terminal is automatically printed offline for easy refer-

ence.
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The data requested is divided into three sections: (1)

site placement, (2) system installation, and (3) vehicle placement. For

site placement first the total number of sites is entered and then the

grid coordinates of the individual sites. For systems, radio-relay are

entered first followed by multichannel cable and high frequency. For

each of these the total number of systems of a given type is entered first

followed by the system number, from site, and to site. Vehicles are

entered in the order AN/MRC-102, AN/MRC-103, AN/MCC-6, AN/GRC-26, and

generators. For each type the number of sites at which vehicles are to

be placed is first entered followed by individual site numbers with the

number of vehicles to be placed at the site.

If data is entered at the terminal the players have the

option of making changes or corrections to it immediately after each

block is entered. They made changes or corrections after replying af-

firmatively to a query by the computer after the desired block is entered.

When all data has been entered the computer prints error

messages at the terminal if enough equipment has not been located to

provide the systems ordered installed. A complete master table and a

table of generator placement is printed at the end of the setup phase.

2. Free Play Phase

The free play phase is entered automatically after the setup

phase. Players are given the option of entering commands after each

thirty minutes of simulation time or a computer introduced action -

whichever occurs first. Computer introduced actions are discussed in

the Description of the Game section. The simulation day and time is

printed each time the players are allowed to enter a command. If no

action is desired the command '000' allows the game to proceed. If
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additional information is required to execute a command the players

are asked by the computer to provide it after the initial command sub-

mission. Player commands available are listed in Table II. A descrip-

tion of the commands is also given in the Description of the Game section,

C. GAMETERMINATION

Termination of the game is accomplished by a player command of

•999'.

31



Command Description

100 Complete master table is printed
1XX Master table segment for site XX is printed
150 Complete generator placement table is printed

201 Remove AN/GRC-50 from system
202 Remove AN/TCC-7 from system
203 Remove AN/GRC-26 from system

301 Install AN/GRC-50 on system
302 Install AN/TCC-7 on system
303 Install AN/GRC-26 on system

401 Remove cable system
402 Remove radio-relay system
403 Remove high frequency system

501 Install cable system
502 Install radio-relay system
503 Install high frequency system

601 Move AN/MRC-103
602 Move AN/MCC-6
603 Move AN/MRC-102
604 Move AN/GRC-26
605 Move generator

701 Install site

Player Commands Available in Game

TABLE II
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IV. PROGRAMCONSTRUCTION

A. GENERAL

The computer assisted game presented in this thesis employs the

next-event simulation construction technique discussed in detail in refer-

ence (1). Although the game was written in FORTRAN IV many of the more

powerful commands available were not used in order to simplify the task

of transferring the program to other computers having only a modified

FORTRAN II capability. The program was constructed using an IBM 360-67

computer with a time sharing system.

Little effort was made to reduce the computation times involved in

the program since this occupies only a small fraction of the total play

time. Most of the play time is consumed by the players analyzing the

tactical environment and choosing their course of action. Complex con-

structions were avoided and some redundancy was allowed in order to make

the program logic clear enough to allow future additions and changes by

users of the game. Numerous comment cards were also inserted for this

purpose.

B. OVERVIEWOF CONSTRUCTION

Four types of simulation units are used in the program: (1) com-

munications vehicles, (2) communications equipment, (3) communications

systems, and (4) communications sites. The simulation units are integer

variables, each representing a single piece of equipment, a system, or a

site. They are made up of packed numbers which completely describe the

state of all simulated equipment and systems. Table III provides a sum-

mary of the simulation units and array names.
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Description
State

Variable Designation
Array
Name

Radio Site

Unit
supporting
XX XXXXXX.,

location
N/A LOCSIT

Radio and

Cable

Systems

op /n on -op
flag

jc,jC5 xx x
Y from

system
number

Radio Relay IRRSYS

High Freq. IHFSYS

Cable

ICBSYS

Communications

Vehicles

transit
flag

,
op/non-op \

f flag">_l
.XXXX. XX, X X

km until^site
next at

failure

AN/MRC-102 IM102

AN/MRC-103 IM103

AN/MCC-6 IMCC6

AN/GRC-26 IV 26

Generator IGEN

Radio and

Multiplex

Equipment

op /n on -op
veh flag

^type Jl
X XX XXX x' X

veh / sys
# / type

sys # to
site #

AN/GRC-26 IGRC26

AN/GRC-50 IGRC50

AN/TCC-7 ITCC7

Vehicle Type

1 - AN/MRC-102
2 - AN/MRC-103
3 - AN/MCC-6
4 - AN/GRC-26

System Type

1 - Cable
2 - Radio Relay
3 - High Freq.

Simulation Units

TABLE III
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unit
type

IEVCAL (I) XX, X ^CXX,

type unit
#

JEVCAL (I) XXXXXj^,

time in
minutes

Type

1 - Equipment failure
2 - Equipment repair
3 - Equipment installation complete
4 - Vehicle movement complete
5 - Vehicle breakdown
6 - Vehicle repair
7 - Site attack

Unit Type

1 - AN/GRC-50
2 - AN/TCC-7
3 - AN/GRC-26
4 - Generator

1,6 - AN/MRC-103
2,7 - AN/MCC-6
3,8 - AN/MRC-102
4,9 - AN/GRC-26
,10 - Generator

Events in Future
Events Table

TABLE IV

35



Seven types of simulation events are created internally by the com-

puter and stored in the future events table. Simulation events are used

to implement computer introduced events which may or may not be a result

of past player introduced actions. Table IV provides a summary of in-

ternally created events.

C. SUBROUTINECONSTRUCTION

The following sections provide a short description of the main pro-

gram and twenty-nine subroutines used in the program with gross flow
(

charts included for major subroutines. A complete listing of the pro-

gram is included in a later section of the thesis.

1. Main Program

The main program (Figure 1) serves two primary functions.

During the setup phase of the game it is a calling routine which causes

data to be read, equipment assigned, and initial tables to be printed.

During the free play phase it determines when computer introduced events

are to be used and accepts and processes player introduced decisions.

2. Subroutine INPT

Subroutine INPT accepts data for the setup phase of the game

either from cards or directly from the terminal. This subroutine also

calls the initial failure time program discussed below (INFAIL) to

determine the time of first failure for communications equipment and

vehicles.

3. Subroutine ASSIGN

Subroutine ASSIGN first assigns radios organic to the bat-

talion to communications vehicles for internal bookkeeping purposes and

then assigns the battalion communications equipment which was placed by
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the players to the systems ordered installed. The designation of the

headquarters which the sites are supporting is determined and the initial

site attack times are computed. Figures 2 to 6 illustrate the construc-

tion of this subroutine.

4. Subroutine INFAIL

Subroutine INFAIL (Figure 7) is used to assign initial failure

times to both communications equipment and vehicles. The need for a

separate subroutine for this task, rather than simply taking a sample

from the appropriate truncated normal time to failure distribution, is

the assumption that all communications equipment and vehicles have been

operating for an undefined period of time and are not newly repaired. As

a result of this some equipment may be close to failing while others may

have been operating after repair only a very short time.

The goal of this subroutine is to provide a sample from the

equilibrium distribution of the truncated normal failure distribution

for an item (see Reference 8 for a discussion of renewal theory mathe-

matics). Although a mathematical technique exists for determining the

exact form of the equilibrium distribution by integrating over the tail

of the failure distribution function the truncated normal distribution

function, which cannot be expressed in closed form, does not produce a

closed form result upon integration.

The method used in INFAIL to approximate a sample from the

equilibrium distribution is to choose an arbitrary time t to use as a

comparison time. Samples are taken from the truncated normal failure

distribution of an item and added together until their sum is equal to

or greater than t. The difference between the sum and t is an approxi-

mate sample from the equilibrium distribution.
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The accuracy of the approximation depends on the parameters of

the failure distribution, truncation limits, and t. As t gets large with-

out bound the resulting distribution approaches the true equilibrium dis-

tribution. Unfortunately as t is made larger more samples must be taken

from the failure distribution resulting in larger computational times.

The values of t used in the program were determined by a separate analysis

which compared the changes in the approximated equilibrium distribution

as t was varied.

5. Subroutines TABLE and TABLE1

Subroutine TABLE is used to examine the simulation units in

order to produce a table of the status and location of communications

vehicles by site. When the complete table is printed it orders the sites

numerically and gives supported headquarters and grid coordinates of the

site. Subroutine TABLE1 is used to print individual lines of the table

after they are generated by subroutine TABLE.

6. Subroutine SYSOP

Subroutine SYSOP is used to locate and determine the opera-

tional status of the system unit in the appropriate system array when

provided with the terminal site numbers and system number. If the system

does not exist an indicator to that effect is returned.

7. Subroutine GENTAB

Subroutine GENTAB produces a table of generators by site number.

The number operational, dead lined, and total number are given for each

site.

8. Subroutine SEARCH

Subroutine SEARCH (Figure 8) is used to place events in the

future events calander by sequentially checking each equipment simulation
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unit subject to failure and each site placing those with the earliest oc-

currence times in the future events calander. Only equipment units which

are operational and connected to a system are considered. The search for

future events is stopped when fifty-five are present in the calander.

This leaves enough room in the calander for including events caused by

player decisions but provides enough to insure that the time of events

used is sequential.

9. Subroutine UPDATE

Subroutine UPDATE is used to correct the time until failure of

equipment subject to failure and in use but not included as events in the

future events calander. After the simulation time is incremented UPDATE

searches equipment arrays and subtracts the increment from the time until

failure for the equipment. Site attack times not in the future events

calander also have the increment subtracted.

10. Subroutine SWITCH

Subroutine SWITCH is used to call the subroutines necessary for

processing either a player decision or an internally generated event.

11. Subroutine EQFAIL

Subroutine EQFAIL (Figure 9) is used to cause communications

equipment to fail when an equipment failure event is designated as the

current event. It also causes equipment failure when site attacks

result in damaged equipment. If the equipment is connected to an opera-

tional system the system is caused to fail. A repair time is calculated

and a repair event using it is scheduled. An estimate of repair time is

printed for player information.

12. Subroutine EQREP

This subroutine is used to repair communication equipment after
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a repair event becomes the current event. Although only the AN/GRC-50

radio is illustrated in Figure 10 the repair routine for the AN/TCC-7,

AN/GRC-26, and generators is similar.

13. Subroutines OP50, 0P7 t and OP26

These subroutines are used in conjunction with subroutine

EQREP. OP50 determines if the repaired AN/GRC-50 radio will enable the

system to which it is connected to resume operation. This will occur only

if operational equipment is currently connected wherever else required

on the system. 0P7 performs a similar function for AN/TCC-7 multiplex

units and OP26 for AN/GRC-26 radios.

14. Subroutine VEHBKD

Subroutine VEHBKD (Figure 11) causes the communications vehicles

and generators simulated in the program to break down during transit or

site attack when the appropriate event becomes the current event. A re-

pair event is scheduled and an estimate of repair time is printed for

the players.

15. Subroutine VEHREP

Subroutine VEHREP (Figure 12) repairs vehicles when a repair

event is encountered. If the vehicle was in transit to a site when it

broke down the remainder of the trip is started and an arrival event is

scheduled.

16. Subroutine SITACK

Subroutine SITACK (Figure 13) causes a specific site to be at-

tacked and probabilistically determines which vehicles and equipment are

damaged based on a probability assigned for the type of site. If a vehicle

is damaged subroutine VEHBKD is called to process it while subroutine

EQFAIL is called for equipment damage. The figure illustrates the process
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for AN/MRC-103 vehicles only although others are handled in a similar

manner.

17. Subroutines EQREMand EQINST

Subroutine EQREM (Figure 14) is called when a player request

for equipment removal is received. Subroutine EQINST (Figure 15), on

the other hand, is used for connecting communications equipment on systems.

For both of these subroutines only AN/GRC-50 radios are illustrated.

18. Subroutine CKEVNT

Subroutine CKEVNT is used to search the future events calander,

when a radio or multiplex is repaired, for installation completion events

on equipment in use on the same system. This is necessary since the para-

meters in the simulation unit for a piece of equipment are changed to re-

flect usage as soon as installation is begun even though the system cannot

operate until the installation is complete. If an installation comple-

tion event on the same system is found the system cannot become operational

with the equipment just repaired.

19. Subroutine SYSREM

Subroutine SYSREM (Figure 16) is used to delete systems when

this decision is entered by the players. If equipment is connected to

the system it is disconnected and the players are notified.

20. Subroutine SYINST

Subroutine SYINST (Figure 17) is used for establishing any of

the three types of communications systems on entry of the appropriate

player decision.

21. Subroutine VEHMOV

Subroutine VEHMOV (Figure 18) serves two functions. First it

begins vehicle movement when the decision is received from the players.
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If the vehicle breaks down enroute a breakdown event is scheduled and

the remaining distance to travel is stored. Second it prints a message

informing the players when a vehicle arrives and changes the transit para-

meter in the vehicle simulation unit.

22. Subroutines RANDUand GAUSS

Subroutine RANDU is an IBM supplied random number generator

for use on the IBM 360 computer. It employs the power residue method

of generating random numbers and has a cycle length much larger than

that required by the game. Subroutine GAUSS is an IBM supplied sub-

routine which generates normally distributed samples adjusted to an in-

put mean and standard deviation. The normal sample is formed from twelve

random numbers from randu using the central limit theorem.

23. Subroutine ORDERT

Subroutine ORDERT is used to order the future events calander

by time of event. If a single event is added to the calander it is placed

initially in position one hundred by the subroutine generating it and

subsequently placed in proper order when ORDERT is called.

24. Subroutine TIME

Subroutine TIME is used to convert the simulation play time

which is stored in minutes to days, hours, and minutes for player use.

25. BLOCK DATA

The BLOCK DATA section is used for array initialization.
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V. ADAPTING THE PROGRAMFOR OTHERAPPLICATIONS

Four major types of simulation units are employed in the program:

(1) equipment units, (2) vehicle units, (3) system units, and (4) site

units. The information stored in arrays associated with each of these

units completely describes the current status and deployment of all

simulated equipment as well as future actions for each generated by the

computer. Equipment units include radios and multiplexers while vehicle

units include communications vehicles and generators. System units pro-

vide information on the three types of systems and site units do the same

for communications sites. By changing the equipment associated with the

program units, along with array size and possibly employment rules, the

same basic program may be used for other applications.

The easiest conversion, that is the one requiring fewest program

changes, would be adapting the program to other signal organizations.

Since the Division Signal Battalion, Airborne Division Signal Battalion,

Army Area Signal Battalion, Airborne Corps Signal Battalion, and Army

Command Radio and Cable Battalion all perform similar missions with

similar equipment, major changes in the current program would include

only array sizes and assignment proceedures. All program units would

still represent equipment or systems performing the functions currently

assigned to them.

The program may be modified to simulate a power transmission system,

either in peacetime or during conflict, by somewhat more extensive changes,

Vehicle units might now represent major items of power generation or

transmission equipment while equipment units represent components of these,
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Systems could include different transmission methods or routes and sites

the location where the generator or transmission equipment is located.

Transportation problems, including motor vehicle, railroad, or air,

may also be simulated by appropriate changes. Vehicle units could in-

clude not only the carriers themselves but also bridges, underpasses,

overpasses, major switches, and airport facilities as appropriate.

Equipment units would be components of the vehicle units. Systems would

correspond to the routes used and sites the garages, yards, or airports.
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VI. SUGGESTEDAREAS FOR FURTHERDEVELOPMENT

The two areas which appear the most promising subjects for further

development of the program deal with increasing the level of detail and

improving the accuracy of the internal parameters used.

Increased detail might prove useful in a number of areas. At pre-

sent there is no check in the program to insure that radio line-of-sight

exists for radio-relay systems. The burden of seeing that it is maintained

is left to the instructor who supervises the play. Some preliminary in-

vestigation was made toward including this information in a binary matrix

by grid location, but an efficient way to determine mutual line-of-sight

properties between all points in the corps area of operations must be de-

vised before this approach becomes practical.

In the current program only a defensive phase is included in addi-

tion to setup. Although movement of sites corresponding to an attack

may be played it is likely, in actual combat, that the level of conflict

would increase during an attack. Incorporating a change in the level of

conflict would increase the realism of a simulated attack.

The current liklihood of a site being attacked is governed solely by

the classification of the site as a relay site, a major terminal, or a

minor terminal. Many other factors such as accessibility, proximity to

front lines, and security provided will influence the safety of the site

and therefore could be included.

A table of play statistics generated at game termination might prove

to be a valuable measure of the effectiveness of student play although

the stochastic nature of the game prevents any absolute scale from being
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used. Useful entries could include number of system failures, mean length

of failure, number of vehicle movements, average distance moved, etc.

In the current program vehicles may fail during transit but they can-

not be attacked. A more realistic approach might be to include both

these factors and also provide a capability for changing the destination

of a vehicle in transit.

Improving the accuracy of the internal constants which define the

failure, repair, site attack, installation, and transit time distributions

would be a whorthwhile, but difficult, task. Little firm data appears to

be available in most of these areas and, as a result, much of it was

based on a limited sample of military judgement. Even if firm data is

not available more accurate parameters could be obtained by a larger

sample of military communicators experienced in corps communications.
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APPENDIX A

INTRODUCTION TO ARMY CORPS COMMUNICATIONS

A. GENERAL

The purpose of this appendix is to present a quick overview of the

communications capabilities of the Corps Signal Battalion for readers

not familiar with signal corps organization and operation. The only as-

pects covered in any reasonable detail are those directly concerned with

the construction of the game and readers interested in further explana-

tion should consult references (2), (4), and (7).

Signal communications are provided for corps headquarters through

command signal centers established at corps main, corps alternate, and

corps tactical (when employed) command posts. Each of these signal

centers provides a communications center for processing printed classi-

fied messages, telephone switching, teletype terminal facilities, and

radio wire integration facilities for interfacing radio and telephone

circuits. Facsimilie (image transmission) and teletype tape relay faci-

lities are provided at corps main and corps alternate only. Scheduled

messenger, both motor and air, is provided from corps main and alternate

to other signal centers, to subordinate division command posts, and to

other major subordinate commands of the corps. Special (unscheduled)

messenger service is provided at each command signal center. Additional

facilities, such as automatic data processing, may be provided if authori-

zed.

Messages transmitted electronically between corps and subordinate

unit headquarters are usually transmitted on either multichannel radio-

relay systems, multichannel cable systems, or high frequency radio nets.
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A short description and some advantages and disadvantages of each is

discussed below.

Radio-relay systems are the primary means of communications within

a corps and each system is capable of simultaneously transmitting and

receiving twelve telephone conversations. A system of this type requires

a radio located near each of the headquarters being supported and the

radios operate in a frequency range requiring radio line-of -sight between

transmitter and receiver (the system cannot operate if the transmitter

and receiver have obsticals blocking a straight line path). As a re-

sult, relay sites are often required in mountainous or uneven terrain.

The distance between radios on this type of system should normally not

exceed thirty miles. The advantages of radio-relay systems include high

message density capability and relatively short installation times (approx.

thirty minutes). Disadvantages include relatively easy interception of

messages and the need for isolated relay sites on long or difficult

systems.

Multichannel cable systems are capable of simultaineously trans-

mitting and receiving twelve telephone circuits using a four conductor

cable between the system end points. The cable may be run overhead or

placed directly on the ground and for long systems unattended or attended

repeaters may be required. Since distances between headquarters in the

corps area of operations are large multichannel cable systems are not

frequently used. Advantages of multichannel cable include high message

density and security from message interception. Disadvantages are long

installation time, the need for attended repeaters on long systems, and

susceptability to breakage of the cable by friendly troops.
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A high frequency (H-F) radio net established by the Corps Signal

Battalion typically contains from three to seven different stations cap-

able of communicating with each other on the same frequency. One voice

circuit and one teletype circuit can be transmitted simultaneously and

the battalion is capable of installing a number of H-F nets. Advantages

of H-F include quick setup times (approx. ten minutes) and no require-

ment for repeaters. Disadvantages include low message density and ease

of interception.

The placement of communications equipment at a supported headquarters

usually involves establishing two signal locations. One of these, com-

monly referred to as radio-relay hill, is located on a high piece of ter-

rain near the supported headquarters and contains those radios requiring

line-of -sight and other radios having transmission difficulties. Equip-

ment such as telephone switching, message centers, etc., are usually

placed in the supported headquarters compound and connected to radio-relay

hill by cable.

Only the communications equipment and vehicles necessary for estab-

lishing the three types of communications systems described above were

included in the game for placement and failure. This was due both to the

time constraint on program construction and the fact that these items

constitute the bulk of communications equipment which commonly fail and

are frequently moved. Equipment such as telephone exchanges, communi-

cations centers, and teletype tape relays are provided only for specific

headquarters and little reorganization or moving will occur in combat.

B. COMMUNICATIONSEQUIPMENTNEEDEDFOR SYSTEMS

The following section provides a brief description of the vehicles
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and equipment necessary to establish the three types of communications

systems installed by the Corps Signal Battalion.

A radio-relay system with no relay sites requires at each terminal

one AN/GRC-50 radio and one AN/TCC-7 multiplexer. The purpose of the

multiplexer is to combine the twelve voice circuits into a single band

for transmission and to separate the voice circuits upon reception.

The radio receives the signal to be transmitted from the multiplexer by

cable and transmits it to a radio at the other site. The radio at the

other site feeds the received signal to its associated multiplexer also

by cable. Each radio and multiplexer is capable of receiving and trans-

mitting simultaneously.

Each radio-relay site inserted in a radio-relay system requires two

AN/GRC-50 radios - one to operate with adjacent sites on either side.

No multiplex equipment is required since it is necessary to have intelli-

gible voice circuits only at the terminals.

A multichannel cable system requires one AN/TCC-7 multiplex unit

located at each of the supported headquarters the cable system connects.

The purpose of the multiplexer is the same as in radio relay systems.

Spiral Four (four conductor) cable is used to connect the multiplexers

with AN/TCC-11 (unattended) and AN/TCC-8 (attended) repeaters placed as

required at specified intervals along the cable. The program presented

in this thesis does not consider placement or failure of repeaters for

cable systems.

High frequency nets require one AN/GRC-26 radio at each of the head-

quarters using the net.

Figures 19 through 21 provide an illustration of the type of equip-

ment required for typical systems of each type.
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C. COMMUNICATIONSVEHICLES

Four types of communications vehicles are organic to the Corps

Signal Battalion to provide equipment for installation of systems. The

vehicles and major equipment contained are listed in Table V below.

Vehicle Name Number

22

Description Equipment

AN/MRC-102 Radio Terminal one AN/TCC-7
two AN/GRC-50

AN/MRC-103 32 Radio Repeater three AN/GRC-50
AN/MCC-6 17 Telephone Teleg

Terminal
two AN/TCC-7

AN/GRC-26 21 Radio Terminal one AN/GRC-26

*AN/TCC-50 in AN/MCC-6 is considered identical to AN/TCC-7 for game.

MAJOREQUIPMENTCONTAINED IN COMMUNICATIONSVEHICLES

TABLE V

Although any vehicle combination containing the equipment needed

for establishing a system may be used to support any headquarters,

special considerations not discussed here usually cause AN/MRC-103' s and

AN/MCC-6' s to be used for radio-relay terminals at corps main, alternate,

and artillery headquarters while AN/MRC-102 's are used for radio-relay

terminals at other headquarters. Model systems interconnection plans,

commonly called doctrinal systems, which specify the recommended number

and type of systems connecting major headquarters in the corps area have

been developed. Details of these systems can be found in Reference (2).
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APPENDIX B

TACTICAL SCENARIO FOR GAME

A. GENERAL

The tactical scenario described in this appendix is a condensed

version of the scenario used in the Corps Communications Practical Exer-

cise at the Signal Officers Advanced Course. The offensive portion of the

scenario has been deleted since only the defensive portion is used for the

game. For the complete scenario readers should consult Reference (7).

B. STRATEGIC SITUATION

Aggressor forces initiated general war against the North Atlantic

Treaty Organization (NATO) last year during the month of September.

The outbreak of the war was preceeded by a period of increasing diplomatic

tension, and as a result, the NATO forces were deployed. To secure his

southern flank Aggressor respected the neutrality of Austria, Switzerland,

and Yugoslavia. The Aggressor gound attack was preceeded by large scale

strategic nuclear bombing of cities and military installations in Western

Europe and North America, which initially rendered the United States in-

capable of reinforcing its forces in Europe. The Aggressor armies and

air force, employing tactical nuclear weapons on a large scale, rapidly

pushed the NATO forces across France west of the Rhine River. The lines

of communication across France were nearly destroyed and approximately

seventy-five percent of the NATO airfields in Western Europe and North

America were rendered inoperable. However, NATO retaliatory operations

against the Aggressor homeland and his lines of communication were extremely

effective and reinforcement of Aggressor's initial attack was not possible
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on a large scale. The land battle in West Germany and at the Rhine de-

fensive line resulted in such losses to both forces that all large scale

movement came to a halt during the fall months. During the winter the

Rhine defenses held firm and the conditions in the rear of Aggressor forces

deteriorated badly as a result of satellite unrest and the destruction of

his homeland. During the same period the United States was partially

able to rebuild its forces in NATO and a large, but inadequately equipped,

French Army was mobilized. The surviving West German forces, constituting

a four division corps and supporting forces, became part of this army.

Strategic intelligence indicated this spring that, if NATO could take the

offensive and linkup with resistance movements in Germany and Czechoslovak!,

mass uprisings would occur in these and other satellite countries and

Aggressor resistance would collapse. By this time the buildup of NATO

tactical air forces and the intensive campaign against Aggressor nuclear

delivery means had given NATO an offensive capability.

C. GROUNDSITUATION

1. NATO Forces

The 30th (US) Army, a part of the Central Army Group, crossed

the Rhine River on 3 July. The attack was initiated with numerous nuc-

lear attacks east of the Rhine. By exploiting the effects of these

weapons, NATO forces were able to advance rapidly toward the cities of

Kassel, Nurnberg, and Munchen. However, Aggressor resistance began to

stiffen on 8 August along the entire front. 30th (US) Army was ordered

to assume a defensive posture east of the Altmuhl and Wertach Lech Rivers.

Preparations are being made to continue the attack on 16 August to seize

crossing sites over the Ludwigs Kanal to ensure the rapid advance of NATO

forces to border areas where linkup with guerrilla forces will be ac-

complished.
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2. 1st (US) Corps

The 1st (US) Corps, a part of the 30th Army is organized as

a four division corps with supporting troops. On 10 August the attacking

elements of the corps were ordered to assume a defensive posture along

the Wornitz River in order to reorganize and resupply prior to continuing

the attack on 16 August. Units average approximately 85 percent strength

but, because of equipment shortages, are considered only 75 percent com-

bat effective. There has been a continuing shortage of all supplies,

replacement personnel, and equipment. Since the Rhine crossing most re-

placement of personnel and equipment have come from the cannibalization

of battle damaged units. However, 30th Army has indicated that all corps

signal units will receive personnel and equipment to fill all existing

TOE shortages prior to 16 August.

D. REQUIREMENT

Acting as the 1st (US) Corps Signal Battalion commander and staff

you are to locate signal sites, place communications equipment, and in-

stall systems in the corps area of operations to support the corps during

the defensive phase. Subsequent to initial installation you are to take

whatever action necessary to maintain these communications to the best of

your ability.
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COMPUTERPROGRAM

This section of the thesis provides a listing of the computer

assisted game which was developed.
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SAMPLE TERMINAL PRINTOUT

The following pages provide an illustration of the general format

of the printout at the remote terminal. The sample game segment shown

used punched cards for input with the master and generator tables

printed offline.

154



K%

Q
oro
ui
Z<

3
0.
Z X—X

K> H-

to
UJ w

a: K-
MJ —
r- to
Z w >

H
a: or
a. <

>-
o H- CO
UJ or o.
UJ < or
Ol o
to to o

a.
X or 3Ea O Oo or
X u_

>- < rH
GO QO ui or
UJ h- uj
h- < CO
z o z •_ O 3 z
or -1 z —
a.

CD Z z
UJ r-i UJ r*.

or »-
< or to

UJ >- to
to CD (O or
UJ Z z>
-J => z o
CO z o X
<
»- CO

trs Z rH

or O—<-N

o Hh jf 00
h- 1 < rH m— UJ
< o or Z r-

to or or uj uj Ul Ul _
o Ul z o- h- Z 1- to

et or z o — — to
UJ < Ul z to h- >- O
CD o CO —tO w to 1-
Z < or
Z3 >- Q O 2 — Z sZ CD z mm < o O< uiaoa. 0. or z
z o or < —co Ul u.
=5 LU z DOCO or zQ or Ul _J < >- <M z UlZ UJ t- —o or i- o o o o »-

2
»-
z to

>-
<
u.

ia or
i •<

Ul
1-

oo to
in

1

to
>-

UJ to o o < CJ toO r- Or UJ rH Z o or
o 00 Ul 2 CO —« lO ^ UJ CO %OX»H — 1- Ul *>» — 1- o o x •*X fH Ul 2 z < o to T-i Ul Z X t~1

H- X i-h 1- —J CL< U. I- Ul or >OX rH 3 a. __ Ul o Ul X rHA.XH a. z: => >• h- X l"H iH z 1-
Z X rH z o a < z x o o UJ —x m—X IH • o Ul o Ul X CM CM or to X

155



LU

a:
CC

to

o

o
u_

rn

>O
UJ

LU
00

CO<X
K\ J"

LU UJ

CO to

I- o< I-

Or LU
LU |-
00 —
2 CO
r>2 2O
K^ OCO U-
i-H

1 .-1o CM z
cc en o oZ LU o —

CO o to2 s: ——3 oz LU
-3- Q
l-l o 21 l-H

LT> LU 0£
tH • 1- LUo to >- K- X f-H-H
N"\ co- < Z X oo

ts to c LU X K\ io

LU
h-
CO
>-
to

o
in

lO

<
I-
to

LU

to
>-
to

LU
>

CMC
l-H

Io

II

CM

o
i-H

Io

o_
>-

X X
LU X> X

J- J-

to

0«-H
LU
l-LU
<l-o —
o to
-J

o
CM

o
LU

o —
tH tO

IOS
ccro
zo:

—to

02:
ir> LU

1 h-OCO
a: >-
o to

LUoa cm z
Ct O o

z o —o o to

o x j- j-
Z X CM CM

UJXHH
Z -X^io— to X

I- z
<=3
-J o
-J LU< CO
I-
co to
z <—X

>-
<

o
LU
a
a:
LU
I— X o
Z X o
LU X O

156



o
to
>-

or

o

<
OT
LU
O.
O

oz
to

to
UJ

h- H-<
to

-*
<M oO 1-
Ct LU
LUh- K>
00 LU
2-J
= Q- LUZZ t-O •_
K\0 COO
i-HZ x

1 LU oOLU or
or go u.
X

to |Hz<—X or
LU

K*l 00o 2
in r>

1 LU z
Ol-
or — z:
C3 tO LU

LL.O to
OK- >- tn z LA z

to |H o Jf o
ZJt o — o •»
0«H >- o to o toM < "• —
k- LU -J o o
<l- LU LU LU
-J — or Q o
-J to iH iH
< o or or
l-z — LU LU
to o o >- K- xoo >- *- x
z or < < z xo < Z X—U- or o LU X O o LU X

IA z
iH o
iH —
O to

OT
o
LUo

rH
or
LU

>- - X O< Z X oo LU X O

157



rA

tO

(X.<
tO
o.
ccoo
r-<

<Oo

en

ro

oc ae cc
a: cc or

s: £ £o O o
o: G£ C£
LL LL LL

o a O
LU LU LU
> > >o o oz 2 2:
UJ UJ LU
cc: oe CC

z z z
UJ LU LU
LU LU LU
CD CO CO

CO to to
< < <X X X

• • •HN CJCM tHCM

LULU LULU LULU
r-H hH r-H
toto coto toto

r-O »-o l-O<H <r- <H
Io

—o
LUo o;

o <
cc < o.—C£. LU< or >n z0.0 to O
LU LT» 2 rH —
Of I LU O LOO LU —
h- cn cq oZC LU
LU "»s»tO O
IE Z < rH
a. < x o:

3
cr

>-
<

LU

X evicgX o oX & j*

LU
r-
to
>-
to

or
cr

LU
=3

oo
to

O X i-HrH
r-sXNN
£ Xo
CC XHH
LL X

ct: lu
LUh-
CQ—
SCO
zz:o
OLL
rH

I rH
O
era:
ZLU

caZ£—=>

O 21
in LU

l h-o to
or >-
o to

i/v

<X LU QCLU

CO—
2: co
z>
zs:o
rne:
OLL
rH

I rH
O
aa:

COZ2
Z

os:
ir. lu

I r-O to
cc >-
C3 tO

CO—
StO
=>

o
Of
LL

CO
I rH
O
occ

COzz

r«.LU
I r-

oto
r-tO

158



oc
oc

•

Z Qo Ul
ec >
u. ozo UJ
UJ oc>o z
3E Ui
UJ Ul
OC CO

z to
UJ <
UJ X
CO

cm
to<X UJ

• \-
CM <N

to

UJ UJ ol-H 1-
^— **-

to to iH

1- o
<l- UJ

O* f-H

to

oc uj z
uj H o
eo — ocX co u_
=>zz rHo

oc oc
Ul UJ

to CO
1 rH zo => K\ 2o oc K\ oZ uj •H

CO z o toz z Ul _—=> 1- oz to Ul
>- oz to 1-i

o> UJ oc
1 *- Ulo to oc >- »- x oo >- oc < Z X o

1- to o Ul X o

UJ
I-

to

o o
CM •—
o to

o
UJo

IH
oc
Ul

>- I- x o< Z X oo Ul X o

K\ z
K\ o
CM •»
O to

o
Ul
o

iH
oc
UJ

>- l-X o< z x oo UJX o

to
o.
ocoo

o
Ul
I-<oo

oc
Ul
CO

UJ 2E
oc r>
=9 Z
-J—OC< o
U- \-

<H ocZ UJ
Ul zZ ui
O. d

G
Ul

159



CO
LU w

co

<
2—CO< o.
5: cco
10 o
cc zo oo a:

< IH

in

co
Of3OX

co

UJ

h-

<
CL
IU
cc

a
lu a:
»- LU< 00o z •o => 2
-J 2 _

S
•H S

LU 00
H- CV|

cr oo
LU >- CO
00 CO Q£
3E r>
=> 2 o2 O X

CD in

CO i-H

<o

-3- O
CM —O CO

o
LUQ

•H O
N*» —O CO

o
LUo

a:

x ooX ox o
>-
<

cc
LU
h- X o o
2 X O
LU X O

m2o —^*
i-H J— K> CO

1 < CM B.o cc
a: lu lu LUZ O. H- zO—
2 CO £—CO w

< ccOS -_
"• <

LU OO LU 0.
OS < —K LU
r> cc a — cc
_J < CO o 2—o or o •d- O< in >- LU K> _
U_ 1 . < t- O COOC —

1

<
I— a: lu lu Z o2 C5 -J cc LU
LU "^v — 1- OZ 2< O co r-l
a- <u_ t- LU a:— LU3 >- »- XC < 2 X
LU o LU X

160



<
UJa

# • «

UJ
a.o

a.
>-

co h-z
UJ
H- Z
>- 2
CO

o

o

« *

a:
UJ
a.
o

to
UJ

o
X
UJ>

a.
>-

« « *

<oo

CO

o
IOa

* * *#«««««*«««**«««*« «*«««
O COCOtOCOcOtOCOcoCOCOCOCOZ UJ UJ UJ UJ UJUJ UJ UJ UJ UJ UJ UJ

ct aaaa arcc aacrcraa

OCO to coco CO to COZ UJ UJ UJUJ UJ UJ UJ

cac ccococ cc.cc
CCCCCC CCCCCC Oi.CC

CM

K> Kl k\ H"» A &Jt ©OCM K* K»
CM CM CM CM CM CMCM i-t i-l

K> K> K> KN^^.*0
CM CM CM CMCMCMCMtH

CO CO CO CO COCO CO cocococo CO to CO
UJ UJ UJ UJ UJUJ UJ UJ UJ UJ UJ UJ UJ UJ

CM tr\ Jt tTk tO h» W90H CM K>

t*\ K> K> KN K\ K\ rn K»rAKko o O O OO O OOO
•H rH tH tH iH fH rH HHH«0

I I I I t I I I I I Io o o o OO o oooo
ee cc cc tt cc cc ec ararccoz z z z z z z zzz z

OO —
CM <

CO
a.

rH CCoo

to (O IO
1 1 1o o oo o oz z z

161



* * * « * « *

to to to toto
UJUJ UJ UJU-I

cccc cc cccc
cccc cc cccc

CMCMrH CMtH

rA

to

o
r-

z

OCSI rA tr\tr\
UJOo
cc
a.

to

*******
COCO tO CO tO
UJUJ UJ UJ UJ
>->- >- >- >-

LAUD r^ 00 ,h

UJ

co

oz<

UJ

CMO
CO10 ID WO rH

1 1 1 1 100 O OO00 O O C£
2:2: s: 2i 21

«*«««*«

O CO
t-

h-
UJ U_> UJO -J
2E

CO
% <

UJ X
1-
«- O
CO

z r- cc z
-3- O < UJ J-
Kk » K* CO rA MB
O CO O % 2: O CO

r-l CC => SB
1 UJ z O

UJ O CO X rA rA UJ
or s: x <M CM UJ

rH X 3 _J rH
as z > r-l rH or
UJ UJ X » Ul

>- hXrtH > X X >- H- x< Z X 00 O UJ X UJ < Z X OO UJXIOIO X > X > O UJ x

162



CM

CO

CO
o.
a.oo

o
UJ
I-<oo

CN

cc
UJ
CC
Z
=>

CO

•H O
o co

o
UJQ

UJ
>- t ><
< at xQ UJ X

<
o
UJ>
mm
cc
ec<
CO<X
0>

o z cc K\ z
J* o UJ O O
Jt •» CD m •—
o CO Z o CO« o *—

o o
UJ UJo K% o

iH O •H
ec iH ec
UJ 1 UJ

>- K X o o O >- H X< z x © ec < Z Xo UJ X o Z o UJ X

CO
Ioo
z

x
UJ
-1

u. |

o

ZZ

C

163



cm

en
cc

II

CM

LU

co

CD

II

o.
>•

to

oroo

to
>•
CO

LU

z or _
o or to
or
u. zo o

1-
iH

a:

or
u.

o
a: or o z
LU UJ
CO ii > zz o UJo eg z h-z

%
UJ
or

to
>-

z —j CO
UJ CO z
h- O LU %
to UJ o
>- • II CD z
CO z

t-l to X
or Z %m* < UJ
cc

to UJ
a.

X
CMtn*

>

z >- **
o to

CC
»-

UJ UJ
to

1

CJ =3 z Hh uz O UJ o
«— X 1- tooo z
*- to II

< |H >- HO CM
cc to <H
II 1 ^» %
O. LA tO « OCM CMo ™" UJ iH O

iH
CO UJ UJ Oi or uj 1<»- z ZtO UJ|- os — — UJ CQ— z or

to t- HO Zco UJ z
x^-* tOH => H ii

UJ cc >- zz co IH
-J •— to « o >- w
O. < o or to—H- 0- zz u. UJ
1—

'

LU o to z Q.
-J< or ors 1 iH o >-
=> to z U_ UJ o iO z H-z> o §H o h- oor iH o r-»— LU m •• r-» to Zlu Lft — i X

. a 1- o </> i >- CO O to o UI
O < ^» oto z z ^ o >
LU rH z o O X CMCM —Z3 o H
-J cm •- LU t- % Z UI %» 1- o Ox tr\ u\ o -J O<P to •H LU z x y t-H -J z
U_ H LU CC > r^ ui or <

UJ OUJXHh i 1- UI H UI
>- H X CMCM Zh- o to >- h- X CMCM to »-< Z X OO UJ—X CM CM o>- < z x ©o z ^
o UJ X CM CM or to x h- </) o LU X K> rA " to

164



oo

Oz
to

CM

UJ

00

< #

inQ
LU
K UJ< 1-O __
c to
-J

o
csi »-

to
>-
to

zo
CM

UJ

to

<
or
UJ
o_o

to

CM

U3 CO
Io 2:O o2 a:

u.z—to

2:

• l-O COo >.
I- CO

X CM CM O CC
ccx in m z

x o

CO z
tH O
in «-
O CO

X r-t t-, I- Z< =>X CM CM -J UX rH ,-» _J UJ iH
< CDX CM CM l-
to CO >-

X CM CM Z < <X —x o

O
UJo

t- x o oZ X o
UJ X o

CM
|H in

O
CC UJ
UJ J- UJ
C0 UJ 1-
2: -J —
Z> a. toz 2:

h-

to z CM
1 LUO UJ

CO UJ
2 H

CO —
z < to—X 2

CM O
CC

r- U_
1 UJO »- l-tO—

1- to cc
UJ

u_ CO
1- 2 z

=3 mz m Z in —
O to— 2 —
»- UJ UJ< H- H Ul
_i — to
-J to >- tH
< to cc
h- 2: UJ
to >- J— xz ex cc < Z X—la- cc O Ul x

z
CO

to
2

C3
to

<Oo

CM

UJ
CO

CMo
Io

cc
2

X
Ul
—J
o_

CC -J

< r^
U. IoK oz I-
Ul ^2 Z
O- <

Ul

165



BIBLIOGRAPHY

1. Evans, G. W., Wallace, G. F., Sutherland, G. L. , Simulation Using
Digital Computers , Prentice-Hall, 1967.

2. Corps Signal Battalion and Airborne Corps Signal Battalion (FM-11-92),
Department of the Army Field Manual, 1968.

3. Signal Reference Data (ST 11-154-1), U. S. Army Signal Center and
School, 1966.

4. Signal Reference Data (ST 11-154-2), U. S. Army Signal Center and
School, 1966.

5. Communications-Electronics Reference Data (FM 24-19), Department of
the Army Field Manual, 1964.

6. Electrical Communications Systems Engineering Definitions and
Abbreviations (TM 11-486-11), Department of the Army Technical
Manual, 1963.

7. Corps Communications Practical Exercise (36-051-1 through 36-051-26),
U. S. Army Signal Center and School, 1969.

8. Cox, D. R., Renewal Theory , Methuen, 1962.

166



INITIAL DISTRIBUTION LIST

No. Copies

1. Defense Documentation Center 20
Cameron Station
Alexandria, Virginia 22314

2. Library, Code 0212 2

Naval Postgraduate School
Monterey, California 93940

3. Commanding General 1

U. S. Army Signal Center and School
FT Monmouth, New Jersey 07703

4. Chief, Applied Communications Division 1

Department of Command Communications
U. S. Army Signal Center and School
FT Monmouth, New Jersey 07703

5. Asst Professor James G. Taylor 1

Department of Operations Analysis
Naval Postgraduate School
Monterey, California 93940

6. CAPT Alexander J. Fox 1

1552 Third Ave.,
Watervliet, New York 12189

7. Department of Operations Analysis, Code 55 1

Naval Postgraduate School
Monterey, California 93940

8. Civil Schools Branch 1

Office of Personnel Operations
Washington, D. C. 20315

167





UNCLASSIFIED
Security Classification

DOCUMENTCONTROLDATA -R&D
(Security classitication ol title, body of abstract and indexing annotation must be entered when the overall report is classified)

1 ORIGINATING ACTIVITY (Corporate author)

Naval Postgraduate School
Monterey, California 93940

2a. REPORTSECURITY CLASSIFICATION

Unclassified
26. GROUP

3 REPOR T TITLE

A Computer Assisted Game for Training Army Corps Communicators

4 descriptive NOT E S (Type ol report and. inclusi ve dates)

Master's Thesis; April 1970
s. au TMOR(S) (First name, middle initial, last name)

Alexander Joseph Fox

6 REPORTDATE

April 1970
la. TOTAL NO. OF PAGES

166
76. NO. OF REFS

•a. CONTRACTOR GRANTNO.

6. PROJECT NO.

9a. ORIGINATOR'S REPORTNUMBER(S)

06. OTHERREPORTNOiSl (Any other numbera that may be aasigned
thla report)

io distribution statement This document has been approved for public release and sale,
its distribution is unlimited.

11. SUPPLEMENTARYNOTES 12. SPONSORINGMILI TARY ACTIVITY

Naval Postgraduate School
Monterey, California 93940

13. ABSTRACT

This thesis presents a computer assisted game, based on a current map
board exercise at the U. S. Army Signal Center and School, designed to train
army officers in the capabilities, organization, and deployment techniques of

the Corps Signal Battalion. A team of players using the game direct a simulated
signal battalion in a European tactical environment experiencing equipment
failures, vehicle failures, and site attacks. The decisions made by the players
are similar to those in combat and are entered by means of a remote computer
terminal. These decisions include installing and deleting communications
systems, connecting and disconnecting equipment, moving vehicles, and establishing
communications sites. The computer, acting in the roles of battalion com-
munications personnel, nature, and the enemy, informs the players of its
actions by means of the same terminal.

DD, F
r,"..1473 (P4GE "

S/N 01 01 -807-681

1

169
UNCLASSIFIED

Security Classification
A-31408



UNCLASSIFIED
Security Classification

KEY WOROS
LINK C

Army

Communications

Computer

Corps

Education

Game

Simulation

DD ,r."„1473 back.

I 01 • 6 9 ?

1

170 UNCLASSIFIED
Security Classification







25<4 1 8

(duplicate) 120207
Thesis
F664 Fox
c ' 1 A computer assisted

game for training
Army Corps, communi-
cators .

/

Thes i s 120207
F664 Fox
C.3 A computer assisted

game for training
Army Corps, communi-
cators.



J
thesF664

A computer assisted game for training Ar

3 2768 000 99859 5
DUDLEYKNOXLIBRARY


