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PRE FACE

This technical report describes Phase One of a project to convert

the BALFRAM computer program from a batch-oriented program to an inter-

active program. Interactive means that the decision maker or other model

user can communicate directly with the model as it executes on the computer

and exami ne and mani pulate decision parameters to direct ly control the

problem solution. This report presents the technical details of the modi-

fications made during this model revision phase; this report is not in-

tended to present a complete description of the operation and use of

BALFRAM. For comp lete documentation on BALFRAM, readers are referred

to the fol low ing docu ments:

E. H. Means, C. L. Phillips, and S. E. Young, BALFRAN User Manual
for the Staff of the Commander in Chief Pacific, Stanford Research
institute, Menlo Park, CA 94025, Technical Note NWRC-TN-52 (Septem-
ber 1974).

0. F. Forsyth, C. L. Phillips, and S. E. Young, BALF RAN Program
Maintenance Manual for the Staff of the Commander in Chief Pacific,
Stanford Research Institute, Menlo Park, CA 94025 , Technical Note
NWRC-TN-53 (December 1974).

E. H. Means , BALFRAM Seminar Guide, Volumes I and II, Stanford
Research Inst i tute, Menlo Park , CA 94025 , Technica l Note NW RC-TN—63
(February 1976).

~CESS~O~_for . . - ..—- . .

v

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ... ~~~~ ~~~~~~~~~~~ 
—.—

~~~~~~~~ .— .



CONTENTS

PREFACE  V

LIST OF ILLUSTRATIONS ix

LIST OF TABLES ix

ACKNOWLEDGMENTS xi

1. INTRODUCTION 1

1.1 Background 1
1.2 The Concept of an Interactive BALFRAM . . .  2
1.3 Phase One--Model Revision 3
1.4 Report Organization 3

2. BALFRAN PROG RAM REVISIONS 5

2.1 Introduction 5
2.2 PARMCHNG Descriptor Improvements 6
2.3 Changes to Other Descriptors 12
2.4 Changes in Program Control and User Interface . . .  15

3. SOFTWARE DOCUMENTATION 21

3.1 Introduction 21
3.2 BALFRAN Program Structure 21
3.3 Block Diagrams of BALFRAM Control Routines 22
3.4 COMMON Variable Definitions 22
3.5 Subroutine COMMON References 22
3.6 BALFRAN File Descriptions 24
3.7 Descriptor Processing 31

APPENDICES

A REVISED USER MANUAL DESCRIPTOR DOCUMENTATI ON 33

B BLOCK DIAGRAMS OF BALFRPIM CONTROL ROUTINES 45

C VARIABLE DEFINITIONS 63

D BALF RAM DESCRIPTOR OVERVIEW 85

E TACTICAL PROBLEMS IN MAN-COMPUTE R INTE RFACE 93

DISTRIBUTION LIST  107

vii.



i&ez ~ i~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~ 

1

ILLUSTRATI ONS

1 BALFRAN Subroutine Linkage Sequence 17

TABLES

1 Capabilities of New PARMCHNC Descriptors 8

2 Revised PARMCHNG Variable Codes 10

3 Subroutine Block Diagram List 23

4 COMMON Block References--Usage by Subroutine 25

5 BALFRAM File Descriptions 30

6 BALFRAM Descriptors Processing Cross Reference 32

ix 

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



~~~~~~~~~~~~~~~ ~~— ----~~~----- --- -.- - .-.-.. —-- 

_ _ _ _  - 

,~~~~~~~~
_ _ _ _

Yay~ 7~~,v~r
- . 

--—--- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.z~

ACKNOWLEDGMENTS

The authors wish to express their sincere gratitude to the staff of

the Commander in Chief Pacific (CINCPAC) for their assistance during this

research. In particular thanks are due to Commander Karl Eulenstein , USN ,

of the Research and Analysis Office (J77) for his contribution to the

restructuring of BALFRAM and for providing insight into the use of BALFRAN

for analytic studies at CINCPAC, and to Mr. Roy F. Linsenmeyer , Chief

of the Research and Analysis Office for his support and guidance throughout

the course of this project.

We also wish to express our appreciation for direction and support

provided by Mr. Robert Miller, Directt’r of the Fleet Analysis and Support

Division, Office of Naval Research and his staff.

xi

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~~~~-.——-- _ _  _

1. INTRODUCTION

1. 1 BACKG ROUN D

BALFRAN is a computer model used in planning and analysis studies
for investigating military force interactions. The BALFRAN technique

uses specially designed input descriptions of military interactions to

construct a computer model tailored to a military situation or scenario.

These input commands permit the military situation to be described from

the perspective of, and in the terminology of, the military planner.

Using this technique, a planner can: analyze combinations of land, sea,

and air force levels; ana lyze capabilities , deployments, and employment

strategies required to achieve a desired outcome; and estimate the ef-

fectiveness of available forces in carrying out given operational plans.

BALFRAM has evolved over the past decade through a research and

development program sponsored by the Office of Naval Research (ONR).

Partial support for the program has been provided by the Commander in

Chief Pacific (CINCPAC) in recognition of BALFRAM ’s continuing value to

the planning function of that headquarters. BALFRAN computer programs

have been implemented on the World Wide Military Command and Control

System (WWMCCS) computer at CINCPAC. BALFRAM is also in use at: Head-

quarters , Pacific Air Forces; the U.S.-Taiwan Defense Command ; the

Ministry of National Defense of the Republic of China; and the U.S.

Naval Surface Weapons Center. The BALFRAN methodology is now being

t rans f err ed to the U.S./ROK Operational Planning Staff, U.S. Forces

Korea. In addition BALFRAM has been used in studies performed for the

Chief of Naval Operations (OP-60 and OP-96), CINCPACFLT, and Headquarters
Marine Corps.

The potential use of BALFRAM by various Naval and other service

commands is expected to increase. However, because of the evolutionary

nature of the development of BALFRAM methodology and the batch-processing

orientation of the model , restructuring work was done during this research

1
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to enhance the basic BALFRA.M concept and to make it a more effective

and responsive tool for military decision makers.

1.2 THE CONCEPT OF AN INTERACT IVE BALF RAN

The idea of an interactive B.ALFRAN program has existed for some

time. The proposed ultimate BALFRAM program is a CRT-oriented process

whereby the decision makers or analysts can interact with the computer

dynamically by using on-line terminals .

The conventiona l method of computer-aided modeling is essentially

a batch process, which does not adequately meet the needs of decision

makers. All the parameters and decision rules must be specified before

the model is run. The user has no knowledge of the interim results while

the model is executing and therefore cannot terminate computer processing

if his objective has been achieved of if the processing has become un-

stable. Once computer processing begins, the user cannot change param-

eters to facilitate convergence of the problem or study alternatives

that might become evident during the processing . Such alternatives may

not be evident in the masses of printed output currently generated.

These disadvantages result in “middlemen” (analysts, programmers, data

aides) being interposed between the decision maker and the model. The

result is a long reaction time between the user ’s decision and the model

feedback.

In the context of computerized wargaming, “interactive process” con-

notes a model that is dynamically responsive to the decision maker. It

implies that the decision maker can communicate with the executing model

during problem solving and options ana lysis. The decision maker can

examine and manipulate various aspects of his decision parameters to

control the process of problem convergence.

Because of the shortened cycle time and increased system responsive-

ness , the decision makers will take greater advantage of an interactive

computer-aided model as a decision tool. The added flexibility and feed-

back capabilities make convergence to an optima l set of solutions more

probable. The decision maker gains greater understanding of his problem

2

—-—_

~

—-———- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - - 

~~~~~~~~ :a. .. - . — -  - -~~~~._ -2-—& ,_ ......, 



~~~~~~~~~~
---- -—-

and the parameter interrelationshi ps through model manipulation . More

subt le  and comp lex jud gments that  def y computer  a lgor i thm s can be in-

cluded to more realistically represent the real world .

1.3 PHASE ONE--MODEL REVISION

ONR and CINCPAC funded this research program for the purpose of

developing an interactive BALFRAN. However, current users of BALFRAN

(especially CINCPAC) have, over the years since BALFRAN was installed ,

accumulated requirements for modifications to the batch version of

BALFRAN. Because these modifications affect the utility of BALFRAN for
operationa l commands and because interactive BALFRAM could not be fully

implemented immediately, this research program was directed toward the

needed modifications and other preparations for interactive BALFRAN.

The desired modifications can be divided into two classes. Struc-

tural modifications were made to remove superfluous routines that had

been superceded and to restructure the remaining routines into new

execution modules that would be more compact in memory. The second

class of modifications improved the utility of certain descriptors that

controlled the progress of the force interactions. New and changed

capabilities were desired that would make describing military scenarios

and force interactions more efficient.

A second objective of the research described in this report was to

improve the documentation of the BALFRAN programs in preparation for the

major changes that would take place during the design and implementation

of interactive BALFRAN. Changes made to the model software prior to and

during this research needed to be adequately documented , and the documen-

tation needed to be brought up to date. This new documentation would be

useful not only for the interactive systems design , but also for all the

other current users of BALFRAM.

1.4 REPORT ORGANIZATION

The desired model modifications have been made and are described in

this report. Section 2 discusses three areas of BALFRAN modifications.

3
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The major modifications to the parameter change card (PARMCHNG) are

discussed first. Changes to the other descriptors and to the program

control card and user interface are then discussed . Section 3 is a dis-

cussion of the software documentation and introduction to the individual

parts of the program documentation. Because of the large v ,lume of docu-

mentation , some material is included as appendices rather than within

Section 3.

Two of the appendices need special note. This technical report is

written with the assumption that the reader is familiar with BALFRAM ,

‘especially the use and functioning of the BALFRAN input cards (called
descriptors). For readers unfamiliar with the descriptors, Appendix D

provides a brief overview of the purpose of each descriptor.

Dr. Paul Tuan presented a paper at the Theater-Level Gaming Con-

ference in Washington, D.C. in September 1977. His paper , entitled

“Some Tactical Problems in Man/Computer Interactive Gaming,” centered

around BALFRAN, and is included with the accompanying illustrations in

this report as Appendix E.

4
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2 . BALFRAN P ROG RAM REVISION S

2.1 INTRODUCTION

BALFRAN has been used for  m i l i t a r y  s t ud i e s  and p lanning since the

ea r ly  1970s by severa l major  m i l i t a r y  commands . Dur ing  t h i s  t ime ,

a n a l y s t s  have de f ined  revis ions  t h a t  wou l d  make BALF RAN eas ie r  to appl y

to typ ical m i l i t a r y  problems or that  would enhance the use r  i n t e r f a c e

throug h revised inputs  and ou tpu t s . The task  work reported here is the

f i r s t  task in a logical progression leading to an in terac t ive  BALFRAN.
These changes  represent a beginning of the up d a t i n g  process.

Because BALFRAM is a large , complex model being used in several

commands , the change process proceeded in a conservative, methodical

way. Because the changed program would be converted to other computers ,

ANSI standard FORTRAN was followed . FORTRAN statements unique to a

par t icu lar  computer were avoided as an impediment to t r ans fe rab i l i t y.

When converting the or iginal  BALFRAN to the SRI CDC 6400 computer , the

changes were made in a form tha t  would require  l i t t l e  or no conversion

e f f o r t  when t r ans fe r r ing  back to the Honeywell WWNCCS computer . The

sof tware  improvements also were imp lemented in standard FORT RAN w i t h

l iberal  use of comments .

Where new capabi l i t ies  were added to old BALFRAM descriptors or

where new descr iptors  were added , exis t ing BALFRAN input formats  were

fo l lowed  as c losely as possible. All the ori g ina l  BALFRAM descr iptor

ca rds  cont inue  to func t ion  as described in BALFRAN User Manual  so tha t

ex i s t ing  data  decks can be used as  they are , w i t h  the improved program .

BALFRAI4 users  can incorporate  the improvements wi thou t  a major  t r a i n i n g

process or disruptions of existing uses of the model. With this ap-

proach, there was no need to make major changes to the input routines--

a job  t ha t  would have to be redone dur ing  the design and implementa t ion

of the in te rac t ive  version of BALFRAN.

5
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Software changes were designed to minimize the memory and execution

time required. New functions were added to existing descriptors rather

than defining new descriptors and new variables. Changes were made to

allow as much processing as possible outside the innermost loop of sub-

routine TSMO, where event and time updates occur during the progression

of simulated time.

Design and program coding of any changes were done in a straight-

forward manner. Unusual methods that might save minor amounts of memory

or execution time (such as word packing or complex FORTRAN programming)

were avoided in the interest of program comprehension and maintainability.

A series of subtasks were specified in the SRI proposal and contract.

Additional changes were made as they were required. For clarity of dis-

cussion , these changes can be organized into the following areas:

• The PARMCHNG descriptor

• Other descriptors

• Program control and user interface.

2.2 PARMCHNG DESCRIPTOR IMPROVEMENTS

2.2.1 Background Leading to Improvements

The PARNCHNG (parameter change) descriptor resets input parameter

values at a specified time during a BALFRAM scenario. This descriptor

card specifies the unit and parameter that is to be changed and provides

the new parameter value and the time this new value is to take effect.

Several changes were needed to improve the utility of this card.

The original PARMCHNG card specified only one unit, one parameter ,
and one effective time. However, typical scenarios might require the

same parameter be changed for several units at the same time or several

parameters changed for one unit at once. These situations required a

multiple of almost identical PARMCHNG cards, making the input cumbersome

to assemble.

During sensitivity studies, EANDMSEQ and FRCRATIO cards often vary

the same parameters that are changed by PARMCHNG cards. The RANDMSEQ

6
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and FRCR.ATIO cards affect the initial game conditions according to the
input instructions. The PARMCHNG card replaces parameter values during

the play of the game. In choosing PARMCHNG values, the analyst usually
relates the new value to the initial value of the parameter so that the

new value is proportional to the initial value. Although the RANDMSEQ

and FRCRATIO cards would scale the initial values, they would not scale

the new values on the PARNCHNG card , thereby destroying the proportion

between the initial conditions and the updated conditions. This caused

inaccuracies in the sensitivity runs, reducing the value of automatic

generation of sensitivity studies.

The variables to be changed by the PARMCHNG cards are identified

by a code that can specify nine variables, primarily variables on the

UNITSPEC card. Use of the BALFRAN model in typical analytical situations

indicated that additional variables should be able to be changed. These

included variables on the NODEPROP card, which cannot be changed at all

in the original modes These additions would provide more flexibility

in describing the complexities of military situations.

2.2.2 Change to Permit Multiple Unit References
on a PARNC}~ G Card

To accommodate multiple changes on one PARMCHNG card, three new

descriptor cards were implemented. These new cards describe three types

of multiple change situations. Table 1 compares the number of units,

parameter codes, and parameter values per card of the original PARMCI-ING

descriptor cards with the capabilities of the three added descriptor

cards: PVCHANGE, UVCHANGE, and IJNCHANGE. The PVCHANGE descriptor card

permits changing up to four parameters for a specific unit. The UVCHANGE

descriptor card permits changing the same variable code for up to four

different units by providing a new parameter value for each of the four

units. The UNCHANGE descriptor card is similar to the IJVCHANGE descrip-

tor except that a single parameter is changed to a given value, but it

can be changed for up to ten units with the one input card. The descrip-

tar names refer to the fields changed. PVCHANGE changes multiple Param-

eter codes and Values; UVCHANGE changes multiple Units and lalues; and

UNCHANGE changes multiple UNits.

7
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CAPABILITIES OF NEW PARMCHNG DESCRI PTORS
(Table entry is the number of descriptor fields entered on one card)

Descriptor Field
Descriptor

Name Effective Unit Parameter New Parameter
Time Identification Code Value

PARMCHNG Single Single Single Single

PVCHANGE Single Single
Maximum Maximum

UVCHANGE Single SingleMaximum Maximum

UNCHANGE Single 
Ma,~~~Ium 

Single Single

Depending on the scenario updates to be made , each new descriptor

can save from three to nine cards in the input files. For example, if

10 aircraft units (squadrons, for example) were to be augmented with four

aircraft each 30 days after the start of the scenario, a single UNCHANGE

card could be used to describe the situation instead of the ten PARMCHNG

cards previously required. If the squadrons, however , were to be augmented

with differing number of aircraft per squadron, then the UVCHANGE card

would be used where the unit identifier for each squadron and the number

of aircraft augmented for that squadron would be entered for up to four

squadrons per card.

The FORTRAN program changes that implement the new descriptors effect

only the input processing. During the input edit processing, the multiple

values on the new descriptors are expanded to a series of equivalent single

PARMCHNG cards. The reordering by time of parameter changes in subroutine

MINV and the updating of the PARMCHNG values during the play of the battle

scenarios in subroutine ADCP5 remain the same. The maximum limit of 
1008



parameter changes is also retained . Software changes are only necessary

in subroutine INPUTB and do not add memory or processing requirements to

the critical overlays in the actua l battle processing.

The new card formats and data formatting instructions are included

in Appendix A. These instructions should be added to the BALFRAN User

Manual after the discussion of the PARMCHNG descriptor. The card formats

have been designed to adhere to the BALFRAN standard of five-and-ten-column
field definitions (although unit identifiers are generally three columns

wide).

2.2.3 Additional New PARMCRNG Variable Codes

To extend the PARNCHNG card capability, four new variable codes were

added to permit chang ing parameters found on the NODEPROP card. All f ields

on the NODEPROP descriptor were examined and only four fields were found
appropriate to change by means of the PARMCHNG descriptor. The major

NODEPROP fields not changed are the exogeneous firepower and time values.

The NODEPROP exogeneous firepower effect iveness  and its associated f ields

(scaling factor and fraction of order of battle to generate exogeneous

firepower) can already be changed by code 2 on the PARMCHNG descriptor

card. The NODEPROP time values were not included because of the inter-

acting effects of multiple time changes and the possibilities of difficult

contingency logic debugging when time changes occur in more than one place.

The new values of the parameter change codes are shown in Table 2.

The first nine codes are the same as the existing codes; the last four

(numbers 10 through 13) are the newly added NODPEPROP variable codes.

Table 2 provides the new code values as well as referencing the descriptor

and field location where the complete variable definition can be found

in the User Manual. These new codes are to be used on the PARMCHNG,

PVCHANGE , UVCHANGE , and the UNCHANGE descriptors.

The new variable codes were implemented in subroutine ADCP5, where

the PARMCHNG processing is accomplished during the scenario play. New

FORTRAN statements were added for processing codes 9 through 13 and a

9
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Table 2

REVISED PARMCHNG VARIABLE CODES

Variable
Variable Definition Reference
Change Variable Definition
Code Descriptor Field

Card Number

1 Increment to unit order of ba t t l e  UNITSPEC 5

2 Not used

3 Index of Combat Effectiveness (ICE) UNITSPEC 8

4 Mobility factor  UNITSPEC 10

5 Nodal objective of unit  UNITSPSC 12

6 Not  used

7 Exogenous firepower target node UNITSPEC 13

8 Disengagement code GUERI LLA 5,7,9,...

9 Defeat  criterion (actual order of UNITSPEC 7
battle - not percent)

10 Nodal location of units used to compute NODEPROP 4
exogenous firepower

11 Target node for exogenous firepower NODEPROP 5

12 An additi onal node whose use is NODEPROP 6
determined by the code supplied in
field 7 - NODEPROP

13 Exogenous firepower computation code NODEPROP 7

10 
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branch was inserted into the existing code to transfer to the new section

if the code value was greater than 9. This change permit ted implementa-

tion without substantial  reprogramming of subroutine ADCP5 .

2 .2 .4  PARMCHNG Adjustment  to Variables  A f f e c t e d  by FRC RATIO and RANDMSEQ
Descriptors

To properly scale PARMCHNG variables for sensitivity studies, new

FORT RAN programming was inserted to save the values input on the PARMCHNG

cards for subsequent scaling by FRC RATIO and RANDMSEQ processing. Since

init ial  conditions are already saved twice ( a f t e r  input has been read and

edited and a f t e r  FRC RATIO and DSTRIBUT variations are applied to the data),
the PARMCHNG data could be saved on the same files. Thus, the initial

PARMCHNG conditions could be retained the same as the other program data

even a f t e r  scaling by the FRCRATIO and RANDMSEQ parameters .

Scaling PARMC HNG values is required during FRC RATI O processing in

subroutine SURFGN and during RANDMSEQ processing in subroutine RANDM . In

both p laces , PARNCHNG scaling is required onl y when identical variables

from the identical units matched. Although identical variables are changed

by PARNCHNG , FRCRATIO, and RANDMSEQ descriptors, each descriptor used a

different variable code to identify variables. To efficiently match

identical variables , two translation tables were constructed for converting

the FRCRATIO and RANDMDEQ variable codes to the equivalent PARMCHNG code.

These tables (in arrays IFR2PC and IRS2PC) were built into subroutines

SURFGN (for FRCRATIO) and subroutine RANDM (for RANDMSEQ).

The general procedure for PARNCHNG scaling is the same for both

FRCRATIO and RANDMSEQ processing. After computing FRCRATIO and RANDMSEQ

scaling factors, all PARMCHNG cards are checked for a match on unit iden-

tifier and PARMCHNG variable code. When this match occurs, the scaling

factor is applied to the PARMCHNG new value. The scaling factors are then

applied to the variables specified on the FRCTATIO or RANDMSEQ cards. As

BALFRAM loops through variations in sensitiv ity studies, PARNCHNG variables

are automatically reset to initial conditions with the other program data

by being read from the appropriate files. This method requires additiona l

processing during the initial phase of each sensitivity run rather than

11
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in the game simulation loop during the play of a particular variation.

Such placement saves execution time by minimizing calculations in the

innermost loops of the game-play subroutines.

While subroutine RANDMN was being improved with the new PARMCHNG

programming, the format of the summary data that are printed was also

changed to print more information and to label the printed information

more descriptively.

2.3 CHANGES TO OTHER DESCRIPTORS

In addition to the major changes in the PARMCHNG descriptor, other

improvements increased the capabilities of or added functions to other

BALFRAN descriptors. These improvements expanded BALFRAN capability for

describing typical military situations. This section describes these

changes.

2.3.1 UNITSPEC Descriptor Sortie Rate

Some units in a military scenario have attrition expressed on a

per sortie basis. An example is an aircraft squadron where attrition is

measured on a sortie basis--one aircraft performing one mission. The

individual equipment might perform one mission more or less than once per

day depending on the scenario and equipment capability. Aircraft could

fly 1.5 sorties per day on the average (3 sorties every 2 days) or 0.5
sorties per day (1 sortie every other day). In assembling data for

equipment with sortie rates different than 1.0, the ana lyst would have

to multiply the equipment inventory by the sortie rate for input as the

order of battle. Handling data this way, however, obscures the quantity

of equipment available and the sortie rate.

BALFRAN was changed to make the sortie rate an explicit input on the

UNITSPEC card in place of a variable no longer used. During input editing

in subroutine INPUT, sortie rate (i.e., missions per time unit) and order

of battle (now interpreted as on-hand equipment) are multiplied to give

the order of battle for simulation play. When sortie rate is not appli-

cable, 1.0 is entered so the order of battle remains as specified on the

IJNITSPEC card.

12
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2.3.2 Increased Units on LCINTDIC and SUMUNIT Descriptors

As experience was gained with BALFRAN , it was found that the number

of units specified on the LCINTDIC and SUMUNIT descriptors were inadequate

to describe scenarios modelled. This situation was remedied by increasing

the size of the arrays for storing the unit identifiers. In addition ,

parameters controlling the input editing of these descriptors were ad-

jus ted to indicate the increase of un i t s  from 10 to 20. The input READ

statement also had to be adjusted to allow a second data card if required.

No changes were required in subroutines ADCP4 or ADC P7 where the LCINTDIC

and SUMUNIT parameters are processed because this processing is controlled
by indexes constructed during input editing.

2.3.3 New STOPBTLE Descriptor Functions

The only method to stop the simulation play in the original BALFRAN

model was based on the destruction of all units on an input list. Exten-

sive use of BALFRAM indicated that other criteria based on time and unit

objectives would be useful for stopping the battles. Thus, two more

criteria have been added--stopping when the duration of the battle reaches

a predefined time and stopping when any one of a list of units reaches

its final objective.

Rather than introduce new descriptor cards, the STOPBTLE card was

modified to accommodate these two new functions along with the function

it already performs. The first unit in the list of units on the STOPBTLE

card is now used as a code value. If this unit is positive, the STOPBTLE

card processes as it always has. If the field for the first unit contains

-1, the field for the second unit is interpreted as the time to end the

battle. If the field for the first unit contains -2, the battle is

stopped if any unit in the list of units has reached its final objective.

New programming was added to subroutine ADCP to process the new forms of
STOPBTLE and to subroutine SHFREF to eliminate the internal unit identifier

conversion.

Appendix A contains descriptions of the new functions of the STOPBTLE

card for insertion into the appropriate place in the BALFRAM User Manual.

13
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2 .3 .4  Added PROASIGN Descriptor Function

The original PROASIGN descriptor redistributed the total surviving

order of b a t t l e  of a set of un i t s  back among those un i t s  according to

input apportionment factors. These factors could be changed as a func-

tion of time. As comp lex scenarios were developed , a new requirement was

evident. The order of battle to be apportioned could be a function of

the remaining order of ba t t l e  of another un i t  upon whom the l ist  of uni ts

were dependent. Such a case migh t be the air wings on a carrier. As the

carrier is damaged , two effects occur: aircraft on board the carrier are

also damaged , and the capacity of the carrier to launch the recover air-

craft is diminished so that all the undamaged aircraft on board cannot

be launched. To account for these effects, a second function was added

to the PROASIGN descriptor. This work was not done under this contract ,

but it is reported here to update the BALFRAN documentation.

The new PROASIGN function computes the sum of the remaining order of

battle of a set of units and compares it with the produc t of a given con-

stant multiplied by the remaining order of battle of a specified unit.

The minimum value of the comparison is then allocated to the set of units

according to the apportionment factors.

Appendix A contains a description of the new PROASIGN function for

insertion into the appropriate place in the BALFRAN User Manual.

2.3.5 Program Control Card Changes

Several minor changes were made on the Program Control Card to peririt

input of additional control information.

During this contract , fields 17 to 26 (columns 51 to 70) were added

as input flags to contro l BALFRAN processing. Only fields 17 and 18 cur-

rently have significance--the remaining fields are available for future

use. Field 17 controls the production of a file for use with a plotting

program. SRI wrote a small, off-line plotting routine to test the capa-

bility for plotting, but no plotting capability was included in BALFRAN

a t  this time . Field 18 adds another control to the pr int ing of the ba t t l e

history. When field 18 contains a 1 battle history is printed only if

14 
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an event other than a time update occurs. This feature limits the output

to only significant events.

Other changes were made to the Program Control Card prior to the

current SRI contract, but they were not formally documented previously.

Field 5 was originally used only to control the number of battle steps

before beginning the battle history printout. As an added feature, the

battle history can be selectively printed every nth step by entering -n

in field 5. A +n works as originally specified . A new field 6 (columns

26-30) has been added that controls the reading of the NODH geography.

To read NODH data from file generated by the NODH program a zero or blank

is entered in field 6. New fields 7-16 (columns 31-50) have been reserved

for a user supplied program logic indicator array. Although read and

printed this array is not otherwise used apparently as a result of other

program modifications.

The current version of the Program Control Card is documented in

Appendix A.

2.4 CHANGES IN PROGRAM CONTROL AND USER INTERFACE

In addition to the changes in the functioning of certain descriptors ,

changes were made in the subroutines that control the BALFRAM program and

that read and print data. The program was streamlined and the output

formats changed to make the presentation of data easier for the user to

interpret.

2.4.1 Restructure the BALFRAM Software

The BALFRAN program used as a starting point for this research con-

tained 20 subroutines used for computing allocation of forces in a dynamic

situation (called the SABRE GRAND model). Research subsequent to the

introduction of these subroutines into BALFRAN showed that the theorctical

basis of these routines was not compatible with BALFRAN. These routines

were never used in BALFRAN scenarios, but had not been removed from the

program. These subroutines and the storage associated with them were

removed.

15 
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Overlays (or l inks in Honeywell terminology) are a method of seg-

menting a program so that only portions that are needed for immediate

execution are in memory. This permits large programs to execute in a

smaller memory space. The original BALFRAN overlay structure used overlay

methods unique to Honeywell computers. These methods increased the effort

necessary to transfer BALFRAN to other commands or other potential users.

A new overlay structure was designed and implemented that provided

a tree-like hierarchy of subroutine calling sequences and overlay parti-

tions. This sequence can be implemented on the Honeywell as well as other

computers (such as the CDC 6400 at SRI) with only minor syntax changes
to reflect the host computer linkage syntax.

Figure 1 shows the new overlay structure and subroutine calling

sequence. The new structure requires copies of some subroutines (LLRK 1,

MLRK1, and the geometric subroutines) in two overlays. This is imple-

mented easily by placing these subroutines in a user library so that the

loader has access to the routines for loading both overlays , yet only one

copy of the FORTRAN programs need be maintained .

2.4.2 Corrections to the Nonhomogeneous Linear Battle

One of the BtLFRAN program difficulties identified by analysts was

the inability to run nonhomogeneous linear battles with surveillance.

Analyst intuition and manual checking revealed that the answers produced

were unreasonable. Further analysis and test cases run by SRI eventually
traced the error to a typographical error in a variable name in subroutine

INVLB , which subsequently w~is corrected.

2.4.3 Revision of BALFRAN Outputs

Severa l changes were made to make BALFRAN o’itputs easier to read by

re fo rma t t i ng  the output  or correct ing errors in producing the outputs .

If the full battle history printout is selected for a BALFRAM sce-

nario , the resultant output is an extremely large amount of paper, only
part of which is useful. The large quantity of paper is caused by the
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number of events t r iggered by both b a t t l e  contingencies and by the passage

of simulated time. One of the new op t ion  indicators  tha t  can be set at

input  time wi l l  disable the b a t t l e  h i s to ry  pr in t  of rout ine  time update

events , which leaves onl y the contingency events in the b a t t l e  h i s to ry .

This change can reduce the amount of the b a t t l e  h i s to ry  p r in t .

New ou tpu t  fo rmats  were desi gned for  the program control  card data

and the BTLENODE-Homogeneous descriptor  da ta .  The amount of descript ive

labeling was increased and all the data pertaining to each node was dis-

played together to facilitate comparison.

A correct ion was made to the log ic tha t controls  the pr int ing of

FEBA movement h i s tory ,  log istic in terdic t ion  his tory , and interpreted

descriptors for sensitivity analysis iterations. Previously, the print-

outs were not enabled at  the proper times during the ba t t l es .

Formats for the NODH geography program were changed. Additional

labeling information was included on the printout of the three matrices

(input distance , minimum distance , and next node in shortest path). A

l i s t ing of the input in a descriptive fo rma t  was also added for  ease of

checking the input da ta .

All FORMAT statements for error message s in BALFRAN and NODH were

rewritten to provide added identification information for error resolu-

tion. The subroutine name and FORMAT statement number were added to the

text of the error message. This will facilitate error resolution by

identifying the location in the program where the error was processed.

To facilitate adding a full plotting capability for the time variation

of selected variables , one of the BALFRAM input files (file I) was con-
verted to a plot file. This file was originally used only during the

input processing and was therefore able to be additionally used for plot-

ting data during the simulation. An option switch was established in the

input to enable writing the plot tape when desired . A small off-line

plotting routine was written for the SRI version of BALFRAM to test the
feasibility of plotting data.

18
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2 . 4 .4  Revisions to Inpu t  Processing

Two changes were made to the process ing of inpu t  da t a .  The ori g ina l

version of BALFRAM printed all  the i n p u t  data  twice--once wi th  the input

cards numbered consecutively as they ‘.‘ere read into the program and a

second time when each card was edited . The second l ist  was intended to

be used when there were ed i t ing  er rors .  This second list was changed to

pr in t  input  onl y when an error is p resen t .

Each sect ion of the input  processing that  reads a desc r ip to r  with

the desi gna t ion  “ Red” or “Blue ” contains  program s ta tements  to in te rpre t

the color .  Sinc e 26 of 33 descri p tors  have such in format ion , there is

much redundant  programming.  In p r e p a r a t i o n  for  the major  design changes

of interactive BALFRAM , a code was wr i t t en  to in te rpre t  the side only

once dur ing  the inpu t  processing.  New descrip tors  added during this con-

tract and any descriptor input processing that is changed will take advan-

tage of this coding to reduce the program length for processing input.

To improve the f l ex ib i l i ty  of BALFRAM for fu tu re  sof tware  changes ,

a new COMMON storage area has been inserted . This COMMON has a floating

point and a fixed point  array that  can be used when communication is

required between subrout ines  for debugg ing or test ing.  This COMMON also

includes an a r ray  for  selecting various processing options.  Cur ren t ly,

only two of the options are u t i l i zed  a l though there is space for  up to

20 options.

19
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3. SOFTWA RE DOCUMENTATION

3.1 INTRODUCTION

As part of this research on an interact ive BALF RAM program, SRI up-

dated the software documentation of the BALFRAN program. In addition,

to updating existing documentat ion to indicate the current status of the

mode l a f t e r  the most recent changes , new documentation was developed.

Section 3 discusses this documentatio n. The purpose of this documenta-

tion work is to make the desi gn and Liplementation of interactive BALFRPIN

faster and more eff ic ient  by providing tools for ident ifying and under-

standi ng the pert inent sections of the BALFRAM software.

Some documentation is too voluminous to be included in this section
H of the report and is more appropriately p laced in appendices. The appen-

di x material , however , is discussed in this section. Information dis-
cussed previously in the repo r t is al so refer enced in this section to

p rovide in one section a complete discussion of software documentation.

3. 2 BALFRAN PROG RAM STRUCTURE

In subsection 2 .4 .1, the restructu ring of the BALFRAM softwa re was

discussed. In that section , Figure 1 showed the overlay structure and

subroutine calling sequence. Fi gure 1 is also important software docu-
mentation for understanding the physical organization of the BALFRAN
prog ram and the hierarchy of references between subroutines. Further
in formation on the purpo se of each subroutine can be found in the BALFRAM
Program Maintenance Manua l , Section 2 .2 .2 .1 .  Additiona l information on

th e logic and local variables of each subroutine can be found in the

BALFRAM Program Notebook developed during this research and included with
the BALF RAM working notes in the Research and Analysis Office (J77) at
CINC PAC .
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3.3 BLOCK DIAG RAMS OF BALFRAN CONTROL ROUTINES

To document more fully the logical working of the BALFRAM program ,
the major control subroutines were block diagrammed during this research.

The block diag rams show the flow of program processing at  a macro-level

of deta i l .  I ndividual FORT RAN statements are not shown , but collections

of statements that perform pa r t icu lar  func t ions  are sho-wn a long wi th  the

logical branches that control the execution of the major program sections.

At this leve l of detail , the important program construction and log ical

fea tu res are evident without  the confusing bu rden of detailed variable

processing. The block diagrams are keyed to the FORT RAN program by ref-
erencing program staterient numbers so that specific details in the pro-

gram can be readily identified. Table 3 provides a list of those sub-

routines for which block diagrams have been drawn. Because of the volume

of the block diagrams , they are included in Append ix B.

3.4 COMMON VARIABLE DEFINITI ONS

The information content of variables is critical to understanding

and changing a program. A dictionary of the variables in each COMMON

block of BALF R.M4 has bee n assembled and updated during this research.

Because of the number of variables , the tables containing the definitions

are presented in Appendix C.

In the BALFRAN program, variables are assembled into COMMON blocks

according to their usage. Generally variables associated with a partic-

ular descriptor are organized into the same COMMON block. To preserve

the correspondence of variables and their COMMON blocks, the variable

definitions are also organized by COMMON block. All variables in each

COMMON block are defined , their size (DIMENSION) given, and the source

of the data is provided for cross reference.

3.5 SUBROUTINE COMMON REFERENCE S

When interpreting and debugging programs it is important to know

the information contained by each variable and the subroutines where the

variable values are defined and referenced. The information definition

22
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Table 3

SUBROUTINE BLOCK DIAG RAM LIST

Subroutine Subroutine PurposeBlock-Diag rammed

INILT Reads and edits input descriptors for errors.

SURE GN The mai n driver for ba t t le  computations.
Establishes initial conditions for battle via
FRCRATIO, DSTRIBUT, and RANDMSEQ control instruc-
tions .

RANDM Randomizes designated input parameters according
to RANDMSEQ card set inputs and assigns variable
values for individual battles.

TSMO The main bat t le  scenario driver. Controls
scenario by determining next event and time.
W rites ba t t le  history.

BATTLE Ca lcu la tes  a t t r i t ion duri ng the in t er action of
homogeneous forces.

INVB AT Computes the time required for units  engaged in
homogeneous battle to reach their respective
defeat criteria.

LINBAT Calculates  a t t r i t ion  during linear , nonhomoge neous
interactions.

INVLB Computes the time required for units engaged in
linear nonhomoge neous ba t t l e  to reach the ir
respective defeat criteria.

ADCP5 Processes parameter changes as required by the
PARNCHNG descriptors.
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was discussed in Section 3.4. The subroutine usage of variable data is

discussed in this section.

Compiler variable maps give only definition and reference information

relative to a single subroutine (intra-subroutine). For tracing, variable

references are needed on a global basis (inter-subroutine). Special pro-

grams must be executed to obtain such information. In the absence of

complete globa l information , knowledge of the COMMON references by sub-

routine are useful in tracing the usage of a particular variable. Table 4

provides the map of COMMON block references by subroutine for BALFRAM .

In Table 4, individual subroutines can be identified as users of a COMMON

containing a variable of interest. Reference to the compiler variable

map can then be used to identify the usage of the par t icular  variable.

3.6 BALF RAM FILE DESCRIPTI ONS

The BALFRAM program uses disk files to read input , to write output

for the printer , and to store intermediate results for minimizing the

requirements for memory. Table 5 describes the files used by BALFRAN .

The File Logical Unit Number is the uni t number referenced by the READ

or WRI TE statements in the program. On the WWMCCS computer , this number

is linked to a physical file through a FILE or PRMFL control card in the

job control deck depending on the disposition of the file. On the SRI

CDC 6400 computer , the file logical unit number is linked to a physical

file through the file designations on the FORTRAN PROG RAM card and through
the job control cards.

Table 5 indicates the subroutines where files are used and the in-

formation content of the files. Files 1 and 2 are created by copying the

input file and are used to read each input card twice. The first read

(from file 2) is used to determine the type of descriptor of the input

card . After branching to the appropriate section in subroutine INPUT, the

descriptor card is read from file 1 according to the proper FORMAT for

that descriptor.

Files 50, 52, and 54 store variable initializations when sensitivity

studies are to be generated. FRC RATI O , DSTRIBUT , and RANDMSEQ descriptors

24
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scale variables with multiplicative constants. For each variation , the

program variables must be restored to the appropriate initial values by

reading one of the files. File 42 stores the summary values for each

variation in the sensitivity studies to minimize the memory required .

A f te r  the last  sensi t ivi ty var ia t ion , f i l e  42 is r ead , and the summa ry

output  fo rmatted and pr inted by subroutine OUTMTR.

3 . 7  DESCRI PTOR P ROCESSING

In designing and implementing interactive the BALFRAM program , de-

scriptor processing will be altered . To make changes , it is impo r tant

to know whe re the processing f or each desc riptor ta kes place. Users of

the existing BALFRAN also need such a cross reference to make their own

cha nges to desc ripto r processing. Table 6 provides a reference to the

subroutine where each descriptor is processed , both during input editing

and during the execution of the contingency logic. Since all input and

editing is done in three very large subroutines , statement numbers are

furnished to further locate the input processing sections.

31  

_ _ _



-—V - ‘-

~

“——--I

~~~

— —‘-- — -- — --. - -- - -. - __ —__.~~~-.~~~ -—-5
_
S_-~ --— --— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-----—---

Table  6

SALFI1IAM DESCR IPTORS PROCESSING CROSS REFERENCE

Loc a (Ion
Loca tion øf input 

Of LOgIC31
Descr iptor Processing Processing De sc ri ptor Purp ose
Acronym

Subroutine Statement Subroutine
Name Number  Name

Program Con trol Instructions

Titl e Card IN ILT 12 None Descriptive title information
Program I NILT 20 IN ILT Sets general pr ogram parameters
Control
Ca rd

LIN SOI.11 INPU TS 2000 LINSOL Generates the order of battle required to
produce a st i pulated outcom e

SUMMARY INPUT 1000 OUTMTR Summarizes survivors , firepo wer results .
duration of battle

SL1M TITLE INPUT 1900 OUTNTR Provides headings for summaries
END iNPUT 9998 INPUT Signals comple tion of input

Force Defini tion Inputs

UNITSPEC INPUT 100 None Describes comba t forces
CI ERILLA INPUT 1800 INPUT Establishes disengagement rules
PARMC HNG * INPUTS 3000 ADCP5 Changes parame ters , such as order  of ba t tle ,

firepower

Ba ttle Logic Inputs

BTLENOOE INPUT 1100 ADCP Describes nodes for homogeneous and non—
homogeneous ba tt les

STOPBTLE INPUTC 700 ADCP Terminates the b attle
NODATFAC INPUT 1300 ADCP3 Sets at trition factors for specified

conditions
SODEPROP INPUT 500 ADC P Specifies allocation and effectiveness of

suppor ting firepo wer
StMUNI T INPUTS 3100 ADCP7 Perm its orders of battle of several units

to be merged
EXOCUN IT I N P U T S  2300 ADCP Directs firepower to enemy units at nodes

occupied by friendly uni ts
OPEXOG U N INPUTS 2400 ADCP Directs supporting firep ower at the loca-

tions of specified units
PROASIGN INPUT 1400 ADCP2 Propor tionally assigns and redistributes

f orces
LCINTD IC iNPUTS 2600 ADCP4 Describes logis tic pipelines and effects of

interdic tion

Movemen t Logic Inputs

ADVANCE INPUT 400 ADCP2 Moves units from node to node contingent on
arrival events

RETREAT INPUT 600 ADCP2 Moves uni ts contingent on defeat events at
nodes

OBJCTADV INP UT 1200 ADCP3 Relocates units when enemy is defeated
STRTEGRT INPUT 1700 ADCP3 Wi thdraws units if force ratio is

unfavorable
TIMEADVN INPUT 2200 ADCP Relocates units at specified times
CHASE INPUTC 1500 ADcP2 Causes one force to track ano ther
RENDEVOU INPUTC 1600 ADCP2 Establishes a sequential link—up of forces
REDEPLOY INPUTC 300 ADCP Redeploys units after battle is won
FEBANOVE INPUTS 2900 ADCP6 Traces movement of forward edge of the

battle area

Sens i t iv i ty  Analysis Instructions

FRCR AT I O INPUT 200 SURF GN Mult ip l ies order of batt le , ICE , or f i r e —
power to vary scenario ou t come

DST RIBU T INP UT 900 SUR FG N Allocates forces between two missions and/
or areas

RANDMSEQ INPUTB 2500 RAISON Generates parameter sensitivity studies

*Also: PVCHANGE , UVCHANGE , UNCHANGE.
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Appendix A

REVISED USER MANUAL DESCRIPTOR DOC UMENTATION

1. INTRODUCTION

During the interactive BALFRAM research , new functions were added
to several of the descriptor cards. Because these modifications affected
the input of data , the descriptions of input data assembly in the User
Manual~ were outdated. The following sections of this appendix update
the descriptor documentation to include new functions and capabilities.
This new documentation should replace existing documentation in the User
Manual. New documentation is included for:

• Program control card

• Parameter change cards

• STOPBTLE card

• P ROASIGN ca rd

• UNITSPEC , LGINTDIC , and SUNUNIT cards .

E H. Means, C. L. Phillips , and S. E. Young, “BALFRAM User Manua l for
the Staff of the Commander in Chief Pacific ,” Stanford Research Institute ,
Menlo Park, CA 94025, Technical Note NWRC-TN-52 , September 1974.
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2. PROG RAM CONTROL CARD (615 , 2012)

A Program Control  Card mus t  immediatel y fol low the Ti t le  Card fo r
each BALFRAN scenario. The Program Control  Card provides opt ions for
user control  of the scenario processing:

(1) FIELD I (columns 1-5) (15) states how many nodes (i.e., the
highest node numbe r) are in the NODH f i l e  ( f i l e  20) for  scenario
geograph y. This number must not exceed 80.

( 2) FI ELD 2 (columns 6-10) (15) contains the code , listed be low , for
the d e f a u l t  f i ght law , which is imp lemented when a f ight  law is
not specified on the applicable BTLENODE card. (See Appendix B
of the User Manua l for discussion of fight laws.)

Code Law

Blank or 1 Differential square fight law.

2 Differential linear fight law.

3 Differential mixed fight law :
BLUE suffers attrition by the
d i f f e r e n t i a l  square fi ght  law ,
RED su f f e r s  a t t r i t ion by the
dif ferent ia l  linear f i ght law.

4 D i f f e r en t i a l  mixed figh t law:
RED s u f f e r s  a t t r i t i on  by the
d i f f e ren t i a l  square f ight  law ,
BLU E suf f er s a t t r i t i on by the
d i f f e r ent ial  linear f i ght law.

(3) FIELD 3 (columns 11-15) (15) sets the maximum number of battle
steps to be pe rformed. This limits the e f f ec t s  of possible
loops in the calculations.  I t  also enables the ana lyst to
limit the scenario play for test purposes.

(4) FIELD 4 (columns 16-20) (IS) contains a code , l isted be low ,
tha t governs the pr intout  of scenario results .

Code Pr in tout

0 Comp lete battle history , FEBA
movement h i s tory , log istic in-
terdiction history, and summa-
ries.

1 Summaries only.
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Code Pr intout

2 FEBA movement history , logistic
interdiction history, battle
node information , and summaries.

3 Summaries and interpreted de-
scriptors for each sensitivity
anal ysis i terat ion.

4 Summaries plus normalized a t t r i -
tion fac tors  for linear nonhomo-
geneous bat t le.

(5) FIELD S (columns 2 1—25 ) (15) sets the number of battle steps to
be performed befo re the ba t t l e  history printout  beg ins. If
this field contains a zero or blan k , the printout  will beg in
immediately. If this field is negative (i .e. , -n) , the ba t t l e
his tory  is pr in ted on ly every nth step.

(6) FIELD 6 (columns 26-30) (15) contains blank or zero if the
geography of the scenario--distance between nodes , min imum
distanc e between any two nodes , and the mat r ix of next nodes
in the pat h of minimum distance--is to be read in from f i l e  20.
Any other values are ignored.

( 7) FIELDS 7 to 16 (columns 31-50) (1012) consist of a user supp lied
program logic indicator array that is presently unused.

(8) FIELD S 17 to 26 (columns 51-70) (1012) are indicators for se-
lecting processing options. A blank or 0 in an option field
has no e f f e c t ;  a 1 has the f ollowing e f f e c t :

Field Columns Processing Option

17 51-52 Write variables on file 1 after each event step
for subsequent plotting or c her processing .

18 53-54 Print battle history for an event only if it is
not the result of a game time increment (i.e.,
print only nonroutine events).

19 to 26 55-70 Not presently used .
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3. PARAMETER CHANGE CARD S

The single PARNC HNG Ca rd in the or igina l BALFR AM has been augmented
by three new cards for changing parameter values at specified times during
o BALF RAM scenario. The individual cards differ in the combinations of
paramete r codes , new values , and uni t s  on each card type. A maximum of
100 parameter changes is permitted in a scenario. Each of the multiple
changes on a sing le PVCHANGE , tJVCHANGE , and UN CHANGE card is counted as
one parameter change. In contrast to the original BALFRAM , all parameter
change reset values are subject  to adjustment  by FRC RATIO and RANDMSEQ
descriptors , if appropriate. When changing NODEPROP parameters , see the
ins t ruct ions  associated with the appropriate  field for special conditions:

(1) PARMCHNG Card (2A4 , 2X , A4 , lx , 215 , 2F 1O. 5) .  The PA RMC HNG
(parameter change) card resets a single parameter for a single
unit to a new value at a given time during the BALFRAN scenario:

(a )  FIELD 1 (columns 1-8) (2A4) contains ‘PARMCHNG ’.

(b) FIELD 2 (columns 11-14) (A4) contains ‘BLUE ’ or ‘RED’ to
denote the side to which the parameter change applies.

(c) FIELD 3 (columns 16-20) (IS) contains a code , listed below ,
that indicates which parameter is to be changed :

Code Parameter

1 Increment to unit order of battle (Field S, UNITSPEC
card). Note tha t the incrementmustbe multiplied
by the sortie rate before entry (if applicable).

2 Not used .

3 ICE (Field 8, UNITSPEC card).

4 Mobility factor (Field 10, UNITSPEC card).

5 Nodal objective of unit (Field 12, UNITSPEC card).

6 Not used .

7 Exogenous firepower target node (Field 13,
UNITSPE C card).

8 Dise ngagement code (Fields 5,7,9,..., GIJE RILLA
card).

9 Defeat criterion—-actua l order of battle , not
percent (see Field 7, UNITSPEC card).

10 Nodal location of units used to compute exogenous
firepower (Field 4, NODEPROP card).

11 Target node for exogenous firepower (Field 5,
NODEPROP card).
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Code Parameter

12 Node or unit fo r additiona l code dependi ng on
value in Field 7 of NODEPROP card (Field 6,
NODEPROP card).

13 Exogenous firepower computation code (Field 7,
NODEPRO P ca rd) .

(d) FIELD 4 (columns 21-25) (IS).  If Field 3 is 9 or less,
Field 4 contains the identifier of the unit that is to
have a parameter changed. If Field 3 is 10 or more , Field
4 contains the sequential position of the NODEPROP card
to be changed with respect to all NODEPROP cards in the
input.

(e) FIELD 5 (columns 26—35) (FlO.5) contains the time at which
the parameter is to change.

(f) FIELD 6 (columns 36-45) (FlO.S) contains the new value of
the parameter.

(2) PVCHANGE card (2A4, 2X, A4 , lx , FlO.S , 15, 4 (13, F7.2)). The
PVCHANGE (parameter and value change) card resets multiple
parameters for a single unit or NODEPROP card at a given time
in the BALFRAN scenario :

(a) FIELD 1 (columns 1-8) (2A4) contains ‘PVCHANGE ’.

(b) FIELD 2 (columns 11-14) (A4) contains ‘BLUE’ or ‘RED’ to
denote the side to which the parameter change applies.

(c) FIELD 3 (columns 16-25) (F1O.S) contains the time at which
the parameters are to change.

(d) FIELD 4 (columns 26-30) (IS). If Field S is 9 or less,
Field 4 contains the identifier of the unit that is to
have a parameter changed. If Field S is 10 or more ,
Field 4 contains the sequential position of the NODEPROP
card to be changed with respect to all NODEPROP cards in
the input.

(e) FIELDS 5,7,9, and 11 (columns 31-33, 41—43, S1-53, 61-63)
(13) contain a code that indicates which parameter is to
be changed . The codes are same as for Field 3 of the
PARMCHNG card , described in 3(1), above. All codes on a
single PVCHANGE card must be either 9 or less or 10 or
greater to preserve the correspondence with Field 4.

(f) FIELDS 6,8,10, and 12 (columns 34-40, 44-50, 54-60, 64-70)
(F7.2) contain the new values of the parameter. See
U’NITSPEC and NODEPROP descriptor discussions in the User
Manual for applicable special conditions for these values.
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(3) UVCHANGE card (2A4 , 2X , A4 , lx , FlO.5, 15, 4 (13, F7.2)). The
UVCHANGE (unit and value change) card reoets a single parameter
on multiple UNITSPEC or NODEPROP cards with new values at a
given time in the BALFRAN scenario:

(a) FIELD 1 (columns 1-8) (2A4 ) contains ‘UVCHANGE.’
(b) FIELD 2 (columns 11-14) (A4) contains ‘BLUE’ or ‘RED’ to

denote the side to which the parameter change applies.

(c) FIELD 3 (columns 16-25) (FlO.5) contains the time at which
the parameters are to change.

(d) FIELD 4 (columns 26-30) (15) contains a code that indicates
which parameter is to be changed. The codes are the same
as for the PARMCHNG card , listed in 3(1), above.

(e) FIELDS 5,7,9, and 11 (columns 31-33, 41-43, S1-53 , 61-63)
(13). If Field 4 is 9 or less, Field 5,7,9, and 11 contain
the identifier of a unit that is to have a parameter changed .
If Field 4 is 10 or more, Field 5,7,9, and 11 contain the
sequential position of the NODEPROP card to be changed with
respect to all NODEPROP cards in the input~

(f) FIELDS 6,8,10, and 12 (columns 34-40, 44-SO, 54-60, 64-70)
(F7.2) contain the new values of the parameter. See
UNITSPEC and NODEPROP descriptor discussions in the User
Manual for applicable special conditions for these values.

(4) UNCHANCJI card ( 2A4 , 2X , A4 , lx , F10.S, IS , 3X, F7 .2 , 1013). The
UNCHANGE (unit change) card resets a single parameter on mul-
tiple UNITSPEC or NODEPROP cards to a single value at a given
time in the BALFRAN scenario :

(a) FIELD 1 (column s 1-8) (2A4) contains ‘UNCHANGE.’

(b) FIELD 2 (columns 11-14) (A4) contains ‘BLUE’ or ‘RED’ to
denote the side to which the parameter change app lies.

(c) FIELD 3 (columns 16-25) (FlO.5) contains the time at which
the parameters are to change.

(d) FIELD 4 (columns 26-30) (15) contains a code that indicates
which parameter is to be changed. The codes are the same
as for Field 3 of the PARMCHNG card, described in 3(1),
above.

(e) FIELD 5 (columns 34-40) (F7.2) contains the new values of
the parameter to be used for all units or NODEPROP cards.
See the UNITSPEC and NODEPROP descriptor discussions in
the User Manual for the applicable special conditions for
this value.

( f )  FIELDS 6ff. (columns 41-43, 44—46, .. . ,  68-70). If Field
4 is 9 or less, Fields 6ff. contain the identifier of the
unit that is to have the parameter changed. If Field 4
is 10 or more, these fields contain the sequential posi-
tion of the NODEPROP card to be changed with reapec t to
all NODEPROP cards in the input.
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4. STOPBTLE CARD (2A4, 2X, A4 , lx, is, 2013/1013)

STOPBTLE (stop battle) cards cause the scenario play to terminate
when: all the units designated on a STOPBTLE card fall below their
respective defeat criteria (Field 7, UNITSPEC card); any one of the units
designated on the STOPBTLE card attains Its geographic objective (Field
12, UNITSPEC card); or simulated game time exceeds the designated time.
A maximum of 5 STOPBTLE cards is permitted :

(1) FIELD I (columns 1-8) (2A4) contains ‘STOPBTLE.’

(2) FIELD 2 (columns 11-14) (A4 ) contains ‘BLUE ’ or ‘RED ’ to denote
the side on which the designated units fight. Use either BLUE
or RED for time limit.

(3) FIELD 3 (columns 16-20) (15) indicates how many values are
entered in Fields 4ff. (must be 30 or less).

(a ) For defeat  cr i ter ia , enter the number of units governed
by this card.

(b) For attaining objective , enter the number of units governed
by this card p lus 1.

(c) For time limit, enter 2.

(4) FIELD 4 (column s 21-23) (13) contains a unit identif ier  or a
code indicating alternate use of the STOPBTLE card.

(a) For defeat criteri1 , enter the unit identifier of the
f i rst unit governed by this card .

(b) For attaining objective , enter -2 (negative 2).

(c) For time limit, enter -l (negative 1).

(5) FIELD 5 (columns 24-26) (13) contains a unit identifier or the
time limit for stopping the battle.

(a) For defeat criteria, enter the unit identifier of the
second unit governed by this card (if any) .

(b) For attaining objective, enter the unit identifier of the
first unit governed by this card.

(c) For time limit , enter the time limit for ending the game
rounded to the nearest integer and entered without a
decima l point.

(6) FIELDS 6 f f .  (columns 27-29 , 30-32 , . . .,  78—80, 1-3, ...) (13)

contains the unit identifiers for the remaining units in the
list for defeat criteria or attaining objective. A continua-
tion card may be used if required , format (13), beginning in
column 1. If the entry in Field 3 is 20, a blank continuation
card is required even though all the units are listtd on the
basic card .
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5. PROASIGN CARD SET

The PROASIGN (proportiona l assignment) card sets apportion the forces
in a theater of war. At each step in the model calculations, the total
surviving order of ba t t le o f a set of unit s is redistributed amo ng the
units according to specified rules. Two sets of rules are available with
the PROASIGN card. One set is described in the BALFRAN User Manual. This
section documents an additional set added subsequent to publication of the
User Manual. A maximum of twenty total PROASIGN cards is permitted.

With this alternate use of the PROASIGN Card , two sets of units are
used--Set A and Set B. Set A is used in a fashion similar to the set of
units in the other use of the PROASIGN card. The BALFRAM program com-
putes two control values--the sum of the remaining order of battle of the
units in Set A and the product of a constant (last value entered itt
Fields 12 to 18) multiplied by the remaining order of battle of the unit
in Set B. The program then apportions the lesser of these two values to
the units in Set A according to the factors specified (in Fields 12 to 18):

(1) Card I for PROASIGN Set (2A4, 2X , A4, 212, 713, 1X , 7F5 . l ) :

(a) FIELD 1 (columns 1-8) ( 2A4 ) contains ‘PROASIGN. ’

(b) FIELD 2 (columns 11-14) (A4) contains ‘BLUE’ or ‘ RED ’ to
denote the side whose forces are to be redistributed.

(c) FIELD 3 (columns 15-16) (12) contains a 2 to have the
program read Card 2 of this PROASIGN card set.

(d) FIELD 4 (columns 17-18) (12) indicates how many units are
in the two sets. This number must be greater than I, but
must not exceed 7. Set B must contain exactly one unit.

(e) FI ELDS 5 to 11 (column s 19-21 , 22 —24 , . . . ,  37-39) (13)
contain the identifiers of the units among which the order
of battle is to be apportioned (Set A) and the control
unit (Set B), given in successive fields of three columns
each. Units to which explicit quantities of the order of
battle are to be assigned should be input according to
priority and should precede units that are to receive
proportional assignments. If the specified order of battle
is insufficient for all of the explicit quantity assign-
ments , full assignments will be made in the order in which
these units are input until the surviving order of battle
is exhausted. Units must be entered for Set A first fol-
lowed by the Set B unit.

( f )  FIELDS 12 to 18 (columns 41-45, 46-SO , . . . ,  71-75) (F5.l)
contain the apportionment factors applied to the units in
Fields 5 to 11 (Set A) and the constant multiplier for the
unit in Set B, respectively. If the numbers for Set A
are negative, the absolute value is the explicit quantity
of the order of battle assigned to the corresponding unit
in Fields 5 to 11. If the numbers in these fields are
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positive , they indicate the fraction of the total force
remaining, a f t e r  the previous assignments , to be a l located
to the corresponding unit. (For example , entries of 0.75,
0.5 , and 1.0 mean that 7S% of the total order of battle is
to be assigned to the first unit , 507. of the remaining
order of battle to the second unit, and all the remaining
order of battle to the third unit.)

(2) Card 2 for PROASIGN Set (40X , F5.l)

(a) FIELD 1 (column s 41-45) (F5.l) contains the negative num-
ber of units in Set A. The negative sign is the indicator
for this alternate use of the PROASIGN Card Set.
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6. UNITSPEC, LGINTDIC , and SUMUNIT Card Changes

6.1 UNITSPEC Card Change

The UNITSPEC card describes the forces in the BALFRAN scenario. A
single field on the UNITSPEC card has been changed to require input of an
initial sortie rate for the order of battle resources. The following
paragraph should be inserted in the User Manual to describe this change.

( 6) FIELD 6 ( columns 31-35) (FS.1) indicates the initial sortie
rate for the forces provided in Field 5 above . The sortie
rate is the number of en gagements perf ormed pe r scen ar io time
unit for each force element. The initial order of battle used
in the scenario is the product of Field 5 and Field 6. If a
sortie rate does not apply to the forces in Field 5, 1.0 is
entered in Field 6.

6.2 LGINTDIC Card Change

Field 3 on the LGINTDIC (logistic interdiction) card specifies the
number of nodes for resupply.  The maximum number of nodes has been
increased from 10 to 20.

6.3 SUNUNIT Card Change

Field 5 ott the SUMUNIT (summed units) card specifies the number of
units that are to have their parameters aggregated. The maximum number
of units has been increased from 10 to 20.
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Appendix B

BLOCK DIAG RAMS OF BALF RAN CON TROL ROUTINES

To document more fully the logical working of the BALFRM4 program ,
thi s appendix presents block diagrams of the major control routines.
These block diagrams show the flow of program processing at a macro-level
of detail. Individual FORTRAN statements that perform particular func-
tions are grouped together and described by the function performed. The
logical branches that control the execution of the major program sections
are also shown. At this level of detail the important program construc-
tion and logical features are evident without the confusing burden of
detailed variable processing.

Table B-l defines all the symbol shapes used in the block diagrams.
The block diagrams are keyed to the FORTRAN program by referencing pro-
gram statement numbers so that specific code in the program can be readily
identified. The statement numbers are located on the top left of the
symbol describing the associated logic. Capitalized names appearing
within symbols are program variable names and are used to aid in under-
standing the detailed processing of the subprograms. In many cases, the
same processing is performed on the Blue then the Red variables. In such
cases, the variable names are separated by a slash (/ ) .

Block diagrams (presented as Figures B-l to B-9) are included in
this appendix for the following subprograms :

• INILT • INVBAT

• SURFGN e LINBAT

• RANDN • INVLB

• TSMO • ADCP5

• BATTLE
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Table B-i

BLOCK DIAGRAM SYMBOL DEFINITIONS

*Symbol Definition

Process symbol——execu ting a defined
opera tion or group of operations
resulting in a change of value , form ,

_____________ or lo c a tio n .

NAME Process performed by a subrout ine or
func tion named NAME .

Input or output function .

Annotation function——addition of descrip—
tive comments or explanatory notes.

cD Decision function——switching operation
that determines which alternative path
is to be followed .

Terminal symbol——start or end of a

___________ 
subprogram .

Q 

Connector symbol——a junction in the line
of flow . Two connectors are used to
represent continued flow when flow would
be broken by flow chart limitation.

*Numbers on upper left side of symbol (if present) indicate the FORTRAN state-
ment number near or at the point in the program where the described action is
performed.

Capitalized names appearing within symbols refer to variables within the
program.
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(
~ Subro ~~~~~~~

’\
INILT J

Ini tiali ze and zero arrays

4
/ Read Tit le Card and

/ Program Control Card

4
/ RDNND /
/ Rea d node data on TAPE2O /•

~ 
— — — — 1

4 These subroutines are called from

INPUT . INPUTS, INPUTC 
program INILTI in OVERLAY 1 ,1

Copy input data to fi le 6, f i le 1, and file 2 — —
Ini tialize control variables (entry points ININPB and
ININPC). R ead and edit descriptor data.

4
INPUT2

Reorder units by ty pe (Ground , Air , Naval , and Special )
Reset unit indices .—.—I
Set fi ght laws and base attrition factors (BRFNAFIRRPNAF )
Print Prog ram Control Card , figh t laws, and base attrition factors

4
INOUT 

-I
Prin t interprete d descriptors 

I

4
M I N V , INDPRT J These subroutines are called from
Reorder PARMCHNG carda in time sequence program INILT2 in OVERLAY 1,2
Renumber units for internal program use by

converting to a sequential unit index numbe r —
Print unit dent cross reference list (INOPRT)
Initialize miscellaneous arrays
Set firing and target units for exogeneous f i re  in

nonhomogeneous linear law battles

SHFREF , SHFRF2

Reset all unit numbers to new sequential unit index — — _J
in all descriptor—card variables

Range check all Red/Blue unit number s (SHFRF2)

4
init ia’ values for battle historv/

4
C END D SA-5822-2

FIGURE B-i SUBROUTINE INILT BLOCK DIAGRAM
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Subroutine

~~~~ 
SURFGN~~~~

I Init ial ize FRCRATIO and OSTRIBUT loop I
variables I

Compute index limits for SUMMARY outPuts
j

FR CRAT IO and I
OSTRIBUT Loop — 

Write COMMON data on
f i le  50 to
save initial conditionsI I ____________

1’50-106

Set initial fo rce level multiple and I
counter(M ) for appr opriate FRCRATIO I
ca rds and DSTRIBUT cards I
(Nested loops with separate ent ry points)

h f

Read COMMON data

/ 
from f i le  50 to reset initial condi t ioj

00170 If

Loop over all  FRCRATIO card s varying
appropriate parameters

D0330 If
Loop over all DSTRIBUT card s
apportioning order of battle between
appropriate units

YesZero RANDMSEQ cards~ 2B

No

Write COMMON data
on f i le 54 to sa ve initial conditions

after processing a FRCRATIO and
DSTRIBUT var iat ion

2A

SA—5 822- 3

FIGURE B-2 SUBROUTINE SURFGN BLOCK DIAGRAM
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Start of RANDMSEQr variation

______________________ 

If
/ Read COMMON data from

Do not need to initialize / file 54 to reset initial Conditions for
arrays on 1st cycle ‘ 

/ 

FRCRATIO & DSTRIBUT variation

I [~ hese subroutInes are called
2A r’~~~~~~~~~~from pro wam SURFG1

I in OVERLAY 2, 1

RANDM , RINOUT

Select a random number
Multiply appropriate parameters by

No RANDM SEQ scaled random number

processing — —
~ 

I f  required , print parameter values

I with subroutine RINOUT

28

384
LINSOLYes

L I NSOL U card in input? Find inverse solution
to battle

No

TSMO

Play through time
steps of scenario .
recording interactions

This subroutIne Ii called

All loops satisfied — 

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

SI~~~~~~~~~3a

FIGURE B-2 SUBROUTINE SURFGN BLOCK DIAGRAM (Cc’ ic luded )
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Subrou tine
R A N D M

00320

Loop on PARMCI-ING
tard

Set: Parameter chang e code (NCI
Number of unit s (JJ )
Ratio for scaling parameters (RSFAC)

300

Does parameter code Yet Scale order
of battle for exogeneous

equal 6? fire powe r

No

No - 
Yes

Is unit a Red Unit?

_ _ _ _ _ _ _ _ _ _ _  

196

Process appropriate Same process for Red units
parameter for Blue as for Blue units

Loop on units; scale
parameter by ratio RSFAC

320

Yes! \
Next PARMCHNG card

No

R I NOUT

Print parameter values if
required

R E T U R N

SA-5822-4

FIGURE B-3 SUBROUTINE RANDM BLOCK DIAGRAM
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0036, 00’37. 0080, + D090, 94
Initialize control variables
Ini tialize for both Red & Blue:

Unit effectiveness (BUE /RUE )
Threshold of survival (BTOS/RTOS)
Unit status (BST /RST)
Unit objective (BOBJ /ROBJ )
Exogenous firepower target
location (BPL F /RPLF )

Next time Uni t location (BLOC/RLOC)
— Set differential for time (SMAL l)

and su Nivors (SMA LSV)
increment

I 

~1

I 
Print history (f ile 6)
if required

258

Increment number of battle steps (NTIME) 1
If

AOCP

Process battle and move ment

Print results in bathe history if required __]

log ic descriptors

If — from program TSMO1 in
[These subroutines are called

NODOBJ 
O V E R L A Y  2,3

-JSet next objective and unit status
for Red and Blue

K~ 
Have any STOPBTLE
criteria been met?
(f lag NSTP Set ) 

~~~Njes 

~~~~ URND

If No

0
SA-5822-5

FIGURE B-4 SUBROUTINE TSMO BLOCK DIAGRAM
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00290 to 380

Determine minimum time to next desc riptor event and associated
event type (NTC) and time (DTI for Red and Blue

If 
_____________________INVBAT, INVLB

Compute minimum time for a unit to reach the These subrout ines are called

thr eshold of survival for homogeneous (subroutine — — —
~ 

from program TSMO2
INVBAT) and nonhomgeneous (subroutine INVLB) in OVERLAY 2,4
battles

If
BATTLE , L I N B A T

Given minimum time to next event OT, compute attrition at each node
and reduce order of battle for homogeneous (BATTLE) and These subroutines are called

nonhomogeneous ILINBAT) interactions — — from program TSMO3 in

Accumulate attrition by unit 
OVERLAY 2, 5

Write node summary in battle history if required

398 If
Increment time to next event (TIME I
Update time of last event (BTA /RTA ) for
each interacting unit (i.e.. to reflect
BATTLE/LINBAT computational

100, 00180. 188 , D0250 If
Update unit status , location, obj ective for Units waiting,
completing moves, being deployed, and reaching objectives

Process side which caused last event, then the
other side

SA-5822-5.

FIGURE B-4 SUBROUTINE TSMO BLOCK DIAGRAM (Concluded)
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Next node
~1_ ~~ Set unit index limits j

~~~~~~~~~~ 0090 If
Loop on nodes for Current

II!

Initialize variables

0010. D014 0020, 0024

Sum Blue and Red:
Order of battle (BTRUP/RTRUP)
Normalized order of battle (BAW /RAW )
Normalized exogenous effectiveness (B FPA/R FPA)
Exogenous effectiveness (BFPAA /RFPAA ) — Next node

Save unit indexes (BU/ RU) r

Number of Blue or Red units Yes IAND normalized exogenous 2C
effectiveness equal 0?

No

Blue and Red
present at node?

Both Blue and Red Either no Blue
present at node — — — — — — — or no Red
__________________ 

present at node

2A 26

SA-5822-9

FIGURE B-5 SUBROUTINE BATTLE BLOCK DIAGRAM
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_ 0 

_
Both Blu e and Red — _~ 

Either no Blue or no
present at node — — — — — Red present at node

3 250, 310

Compute normahiation
factors for linear and Compute normalization facto s
mixed laws IBNORM/RNORMI Normalize order of battle and

Normalize exogenous firepower exogenous effeciiveness
IBF PA/ RFPA) according to figh t law

Normalize time so nest event IT)

Yes 
Square

CALCML
Normali,~e order of battle

(SAW /RAW) and axogen Compute attrition in time period
Oun factors IBFPA/RFPA I that is due to

exogenou s fir e only IBSV/ RSVI

CALCM
Solve normalized differential fIght law
equatIons analyti call y or by numerIcal
methods producI ng total normalIzed
ettrited order of battle at node dur Ing
time DT

29

Unnorma lize attrition
according to fight law IBSV/RSVI

Print battle his tory output
for node Ill required l

0030, 0031 . 0040, 0038
Riducs order of battle propoetloselly

for each unit Ut node for all Blue
and Red units (BLU/REDI

Accumulate attrItion by sttrltlng
unit lBl LF/RIt.F)

2C

90

Next node 
Yet 

lB

No
100

Yes
Nest battle type 1A

No

END

SA-5822-ga

FIGURE B-5 SUBROUTINE BATTLE BLOCK DIAGRAM (Concluded)
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outin g ~\Next type — -  
~~~ lNVBA T~~ ,,,)

I D0100

1A 
1 Loop on battle type

(ground , air , sea)

2, 4, 6

Nex t node — Set unit inde x limits

D090

0 
1 

[ 
Loop on nodes for current

Initialize variables

0010, DO 14 4 D020, D024
Sum Blue and Red :

or der of battle (BTRUP/ RTRUP)
normalize d order of battle (BAW/RAW)
normalized exog enous effectiveness (BFPA /RFPA)
exog enous effectiveness (BFPAA /R PPAA ) r Next node

Save unit indexes (BU/BU)

Number of Blue or Red units Yes
AND normali zed exogenous 2C
effectIveness equal 0?

D032, D042 No

Determine Blue and Red unit closest
to threshold of SURVIVAL and compute
rati o of threshold to order of battle
(BS /RS)

Blue and Red
present at node?

Both Blue and Red 
— — — — — ,j Either no Blue or no

present at node LRed present at node

2A 2B

SA-5822-7

FIGURE B-6 SUBROUTINE INVBAT BLOCK DIAGRAM
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0 0
and Red — — ~~ther no 8~~eor  no Red

___________ ___________ 
250. 310

Compute normalization
factors for linear and Compute normalization factors
mIxed l aws IBNORM/ Normalize order of battle and
RNORM I exogenous effectiveness

NormalIze exogenous according to fight law
firepowe r (BFPA/8FPA I

_________ 

1~
Square law? )

210. 220. 230

TIMSOL
Normalize order of battle
IBAW /RAW I and exogen- Compute time to arri ve at
out factors BFPA /RFDA I thre s hold of s urvi v al due to

exogenous fire only ITTI

5-

240

Compute normalized order of
battle required to reach
threshold (B SV/R SV)

TIMSQ

Solve normaliz ed differential fig ht
law equations analytically or by
numerical methods producing —
i rne to ar rive at threshold of
survival (Ti’)

29

Convert titee to regular form

Find mini mum time to arrive
at threshold of survival IT)

2C

Yes
Nest node • lB

No
100

Yes
Nets battle type IA

No

END

SA -6822-7.

FIGURE B-6 SUBROUTINE INVBAT BLOCK DIAGRAM (Concluded )
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L INBAT ~~ ,)

D0300 If
____________ 

Loop on BTLENODE , non-
homo genous cards

If
Compute indexes to node ( IN) , and
number of Blue and Red Units (KB/KR)

00130, 00170

For Blue and Red units , compute:
Uni t index (iS/ iA)
Order of battle (X/Y )
Unit ordinal on BTL ENODE card (KJB/KJR )
Sum of exog enous firepowe r effectiveness
on unit IC/DI

If
Comp ute matrices of:

Normalized unit attrition coefficients (A/B )
Surveillance effectiveness coefficients (ALP/BET )

If
LVTSLV

Compute att rition during period T
for nonhomo genous linear battle

If
Compute order of battle of Blue
and Red units at end of time period

SA-5822- 10

FIGURE B-i SUBROUT INE LINBAT BLOCK DIAGRAM

59

_______ ______ _____

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

-

~~

-

~~~~~~~

-

~~~



r~ ~~~~~~~~~~~~~ ~~~
- -

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

---

~~~~~~~~

~~~~~~~

rou tineD

D0300 If
______________ 

Loop on BTLENODE , non-
homogenous cards

If
Compute indexes to node (IN) and
number of Blue and Red units (KB/KR )

00130, 00170 Jr

For Blue and Red units , compute:
Uni t index (iS/iA);
Order of battle (X/Y );  

—

Order of battle at defeat (XS/YS) ;
Unit ordinal on BTLENODE card (KJB/KJR );
Sum of exogenous firepower effectiveness on Unit (C/D)

00 180 If
Compute matrices of:

Normalized unit attrition coefficients (A/B ) and
Surveillance effectiveness coefficients (ALP /BET )

II!
INLVSV

Compute time required for unit closest to
threshol d of survival to reach defeat (TT)

Jr
Store minimum time (T)

SA-5822-8

FIGURE B-8 SUBROUTINE INVLB BLOCK DIAGRAM
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__________

C~=D
90

Initialize variables
it first time called

INGG 0)

90

Is th e numb er of PARMCHNG Yes
cards zero or are all PARMCHNG RETURN

proce ssed? 

No

- ______________________ Loop on PARMCHNG cards starting
with next card not yet processed

3 5655-5664

[ It variable from Yes Update NODE PROP parameter
a NODEPROP card? according to variable code

4 
No

No - Yes
Is unit a Red unit?

400-475 480-565

Update BLUE parameter Update RED parameter
according to verible code according to variable code

3
570 3

V.a /  Next PARM-
ClING card?

3 No

Set index to next card to be
processed (IJPM)

4

(
~~~~TU~~~~

) SA-5822-6

FIGURE 8-9 SUBROUTINE ADCP5 BLOCK DIAGRAM
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Appendix C

VARIABLE DEFINITION S

The inf ormatio n content of var iables is cr i t ica l to understanding
and changing the features of a program. A dictionary of the variables
in each COMMON block of BALFRAM has been assembled and updated during
this research and is included in this appendix.

The BALFRAM program uses numerou s dimensioned variables or arrays
to store input data and intermediate results. Variables are assembled
into COMMON blocks according to their usage. Generally, variables asso-
ciated with a particular descriptor are organized into the same COMMON
block. To preserve the correspondence of variables and their COMMON
b locks , the var iab le de f initions a re a lso organi zed by COMMON block. All
variables in each COMMON block are defined , their size (DIMENSION) given,
and the source of the data is provided for cross reference. Table C-l is
an alphabetical guide to the page location of each COMMON block definition.

Tab le C-2 provides the current dimensions allowed for each descri ptor
type, the symbol for each dimension that is used in the tables in this
appendix, and the COMMON where associated data is stored. The remaining
Tables C-3 to C-27 provide the definitions of the variable parameters
for each COMMON. The data origin entry specifies the source of the data
in that variable.  I f  the data origin is a specific field on one of the
descriptor cards, refer to the BALFRAI!1 User Manual for further informa-
tion. If the entry is a subroutine name, refer to that subroutine. An
entry enclosed in parentheses means that at least one step of processing
is involved between the source shown and the storage array.

This appendix should replace Appendix D in the BALFRAM Programmer
Maintenance Manual.
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Table C-i

GUIDE TO COMMON BLOCK TABLES

Common Name Page Number

BLUE 68

CALCMC 69

DCMN 69

E 70

F 73

FB 73

FBA 74
C 74
H 75
L 76

LC 77

LSOLA 77

NLOG 78

OL11 78
0VL22 79

0VL23 79
0VL245 79

PATCH 78
PLAN56 79

PLN 80

R 81

RED 81

SUMRY 82

SUNIT 82
TEM P 83
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Table C- 2

DESCRIPTOR DIMENSION LIMI TS

Maximum Dimension Allowed
__________ _______________ COMMON Blo c k(s)Descriptor Type

Number Name in Which Used

UNITSPEC 120 $NU BLUE ,RED ,DCMN
NODEPROP 80 $NP E
FRCRATIO 6 $FR F
ADVANCE 40 $AD E
RETREAT 40 ,20 $RT ,$RT2 E

DSTRIBUT 12 ,20 $DR , $DR2 H
SUMMARY 40 ,50 $SM ,$SM2 SUMRY
BTLENODE
a. Homogeneous 50 $BH CALCM
b. Nonhomogeneous 10,20 ,20 $BN ,$BN2 ,$BN3 L

OBJCTADV 40 ,20 $OA ,$0A2 E
NODATFAC 20 $NA E
PROASIGN 20 $PR C
STRTEGRT 40 $SR G
TIMEADV 40 $TA E

RANDMSEQ 20,30 $RS ,$RS2 R
SUMUNIT 10,20 5SU ,$SU2 SUNIT
REDEPLOY 10 $RE , $RE2 , $RE3 E
CHASE 20 $CH G
RENDEV OU 20 $RV C

EXOGUNIT 40 $EX2 E
OPEXOGUN TO sop E
LGINTDIC 5 ,20 ,20 5LC , $LG2 , $LG3 LG
PARNCHNG 100 $Pc FB
STOPBTLE 5 $ST E
LINSOLU 1 -- LSOLA

Number of Nodes 80 5ND CALCM
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Appendix D

BALFRAM DESCRI PTOR OVERVIEW

1. INTRODUC TI ON

Input data for the BALFRAM program consist of descriptor cards and
card sets. This appendix is included to provide the reader who is un-
familiar with BALFRIIN a brief overview of the capabilities of each de-
scriptor. For more detailed information readers are referred to the
User Manual and the Seminar Guide.

For expository purposes , inputs to the BALF RAM program (descriptors)
have been organized into five groups, as follows:

• Program control  instructions

• Fo rce def in i t ion  inputs

• Battle logic inputs

• Movement logic inputs

• Sensitivity analysis instructions.

Each group of descriptors is discussed below.

2. PROGRAM CONTROL INSTRUCTIONS

These descriptors specify the number of nodes in the scenario, the
type of output to be produced , and how that output is to be labeled .

2.1 Title Card

This ca rd gives the scenario title.

2 .2  Program Control Card

This card furnishes information to the program concerning: number
of nodes used to generate geographic input , selection of attrition com-
putation equations , maximum length of simulated battle , output of detailed
batt le  histo ry,  elapsed time before battle history output is started ,
source of geographic input , and other options for processing.
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2.3 LINSOLIJ Card

This is an optiona l program instruction that can be used to generate
the order of battle or number of forces required to produce a desired
battle outcome where the desired battle outcome is stipulated in terms
of the difference between surviving BLUE and RED forces.

2.4 SUMMARY Card Set

This card set selects and labels information to be included in the
batt le  summary output. Use of this card set is optional, but if no
SIMIARY card set is input, there will be no summary printout.

2.5 SUMTITLE Card Set

This card set provides row and column headings when battle summary
pri ntout is in matr ix form .

2.6  END Card

This card signals the end of the descriptor set.

3. FORCE DEFINITION INPUTS

These descriptors specify the sizes and capabilities of forces and
include the option of changing force characteristics at user-specified
times in the battle,

3.1 UNITSPEC Card

This card describes the size and capabilities of forces involved
in the scenario .

3.2 GUE RILLA Ca rd

This card stipulates the conditions under which the various units
may disengage when they are involved in a battle. If no specific disen-
gagement rule is specified for a unit, it cannot disengage while involved
in a battle.

3.3 PARMC HNG Card

This card (and its variants PVCHANGE , UVCHANGE , and UNCHANGE)
changes the value of certain force characteristics at specified times
during the scenario.
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4. BATTLE LOGIC INPUTS

These descriptors specify where battles can take place and define
additiona l force characteristics that are specific to conditions at
those locations.

4.1 BTLENODE--Homogeneous Card Set

This card set desc r ibes the nodes at which homogeneous battles may
occur. Homogeneous battles are interactions between sets of units of
like type , e.g., BLUE ground forces versus RED ground forces. Additional
information concerning attrition characteristics for BLUE and RED and
the manner in which the attrition is to be calculated are also input with
this card set.

4.2 BTLENODE_
~
Noz-shomo&eneous Card Set

This card set describes nodes at which nonhomogeneous battles may
occur. These are interactions between sets of units which are not neces-
sarily of like type and whose mutual attrition can be approximated by
the differential linear i~aw.

4.3 STOPBTLE Card

This card causes battles to cease when a set of designated units
fall below their respective defeat criteria, when any unit of a set
reaches its objective , or when a time limit is exceeded.

44 NODATFAC Card Set

This card set inputs a tabular set of 1C adjustment factors that
app ly under stipulated conditions at a specified node. This card set
would be used when the attrition factors for BLUE and RED inpu t on the
corresponding BTLENODE card do not pertain to all situations that may
occur at that node.

4.5 NODEPROP Card

This card describes interaction between units of unlike type through
exogenous firepower and specifies the effectiveness of exogenous fire-
power. It may also be used to substitute expected value computations
for other programmed attrition computa tions.

89



r ~~~~~~~~~~~~ 
- -

~~~~~~~~~~~~~~ - ::- - -
~~~~

-
~ ~~~~~~~~~~~~~~~ 2 L ~ 1~~T T  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- --

4.6 EXOGL’NIT Card

This card directs the exogenous firepower of a unit at enemy units
which sha re the firing unit ’s nodal location.

4.7 OPEXOGUN Card

This card directs exogenous firepower of a specified unit at the
location of a designated enemy unit.

4.8 PROASIGN Card Set

This card set assigns or redistributes available forces among spe-
cified units.

4.9 LGINTD[C Card Set

This card set describes the logistic pipelines of the scenario and
inc-’rporates the effects of reduction of pipeline capacity as a result
of interdiction. Provision is made for pipeline regeneration rates ,
dep loyment and resuppl y rate factors , and locations of nodes which are
to be supplied.

5. MOVEMENT LOGIC INPUTS

These descriptors control the planned and contingent movements of
units in the scenario. Contingent movements are determined by deployments
and events that occur during the battles.

5.1 ADVANCE Card

This card moves units from one node to another contingent upon the
arriva l of designated forces at a third node.

5.2 RETREAT Card

This card moves units f r om one node to another , contingent upon
designated forces no longer being at a third node.

5.3 OBJCTADV Card

This card relocates specified units when enemy forces at the des-
ignated unit ’s present node are defeated or depart. However, if enemy
units subsequently occupy the node from which the units have advanced ,
the friendly units return to this node.
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5.4 STRTEGRT Card

This card withdraws units when the casualty-inflicting power ratio
of the enemy to friend ly forces is unfavorable. “Unfavorable” is also
a quantitatively defined user input,

5.5 TIMEADVN Card

This card relocates units at stipulated times.

5.6 CHASE Card

This card causes one force to track another. The CHASE instruction
can be implemented as a function of the location of friendly or enemy
forces, the destruction of friendly or enemy forces, or the ratio of the
casualty-inflicting power of friendly to enemy units at a designated node.

5.7 RENDEVOU Card

This card is similar to the CHASE card in that it causes a sequerk-
tial link-up of forces. However , unlike the CHASE card , which is used
to track or link-up forces of opposing sides, the RENDEVOU card links
forces of the same side. The criteria for implementing the RENDEVOU
instruction are identical to those for the CHASE card.

5.8 REDEPLOY Card Set

This card set redeploys designated units after a battle has been
won. It also includes a provision for holding redeployed forces at a
staging area for retrofit prior to redeployment.

5.9 FEBANOV E Card Set

This card set resets unit mobility factors on the basis of the force
ratio of the two opposing forces to reflect alternate movement rates at
the Forward Edge of Battle Area (FEBA) during the course of a battle.

6 SENSITIVITY ANALYSIS INSTRUCTIONS

These descriptors control the changes in scenario parameters that
are made between automatic , repetitive iterations in order to provide
output for use in sensitivity and game theoretic analyses.
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6.1 FRC RATI O Card

This card multiplies the order of battle , the index of combat effec-
tiveness , or the exogenous firepower of units by specified factors.

6.2 DSTRIBUT Card

This card allocates progressively larger percentages of forces from
one group of units to another group of units.

6.3 RANDMSEQ Card Set

This card set generates parameter sensitivity studies and allows
certain parameters to be input as a normal distribution.
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Appendix E

*TACTICAL PROBLEMS IN MAN-COMPUTER INTERACTIVE MODELS

1. INTRODUCTION

Just a short time ago , a paper of this nature would not be consid-
ered suitable for an audience composed primarily of senior-level experts
in military gaming. The subjects discussed here would probably be clas-
sified as simply computer programming problems that could be solved by
programmers or technicians. But experience has taught us otherwise.
Indeed , very often the failure to solve a tactical problem can prevent
the realization of important innovations or breakthroughs of more theo-
retical types. As a simple example , linear programming applications
became possible only because of the availability of sophisticated computer
hardware and software.

During this conference, speakers have been mentioning the need for
man-computer interactive gaming, which is also called “man-in-the-
loopt’ gaming. This paper addresses some 1-actical problems that seem to
be common to a number of man-computer interactive gaming models. These
tactical problems involve some nonmilitary man-computer models, because,
from a modeling point-of-view, they are very similar to military gaming
models -

The term “interactive gaming” means computer-based gaming in which
the users or operators may interject their decisions on-line through a
remote terminal in a cooperative manner with the computer. It is not
required that all the input data be submitted to the computer at the
outset of the game because a simulation run can take only a single path
from start to finish. It is not necessary, then, that contingency logic
be supplied at every decision node. For this process , the amount of
input , which otherwise would be required in conventional gaming, can be
greatly reduced. If each game process is viewed as a path in a decision
tree , the nodes that would require data input are shown in Figure E-l
as solid circles. In a non-interative process, all the nodes would re-
quire input data based on the chance that any path might be taken.

*This appendix documents a paper given at the Theater-Level Gaming and
Analysis Workshop, Leesburg, Virginia on 29 September 1977 by Dr. Paul
L Tuan. The Workshop was sponsored by the Office of Naval Research.
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To use BALFRAM (Balanced Force Requirements Ana lysis Model) as an
example, we envision a typical interactive process such as shown in
Figure E-2. The points in the interactive simulation process of man-
computer interface are highlighted. In general, at these points the man
furnishes a list of data or simulation parameters used to control the
next steps in the simulation.

The BALFRAN project is currently sponsored by the Fleet Analysis and
Support Division (Code 230) of the Office of Naval Research, and we are
now at the beginning of the second phase of interactive design. BALFRAM
is currently used by CINCPAC and its subordinate commands as a theater-
level gaming tool for analyzing JSOP or JSOP-related plans. Because of
its flexibility in accepting user-designed contingency logic and different
levels of data aggregation, BALF RAN has a built-in advantage for easy
adaptation to man-computer interactive process.

In the course of designing and implementing an interactive type of
system, often we encounter the following problems :

• Levels of human control

• Human judgment versus algorithmic judgment

• Decomposition schemes

• Computer information filtering and distribution

• Human factor problems.

These problems are not all inclusive, nor do they necessarily represent
all of the most important problems in man-computer interactive design.
Only a few significant problems are presented to ~~‘w the type and scope
of problems encountered .

2. LEVELS OF HUMAN CONTROL

Generally, there are two levels of human control that should be
designed into an interactive process--the macrolevel and the microlevel.
The macrolevel can also be called the “parametric level,” and the micro-
level can be called the “heuristics level.” At the parametric level,
the process remains essentially model-driven, but the operator may select
and adjust certain parameter values or functions. For example, the
operator may: change certain coefficient values in the objective func-
tion; select an alternative objective function ; change on a probability
function or its parameters; replace Lanchester equations with arbitrary
functions. The influence of such control is global.

At the microlevel or heuristics level , the human operator may make -

specific decisions at certain decision points in a subjective manner.
At this level, the operator may decide what percentage of the available
air power should a specific unit commit to close air support (CAS) at a
particular node or whether a red ground force unit should be considered
viable for further combat. These decisions will be made by an on-line
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FIGURE E-2 ILLUSTRATION OF A MAN-COMPUTER INTERACT IVE PROCESS
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evaluation of the battle conditions at the decision point rather than
using predetermined decision criteria.

In designing and implementing this two-level approach , we have used
two basic design methods. The first approach divides the macrolevels and
microlevels into two independent stages as shown in Figure E-3. The first
stage is designed for macrolevel control in which the operator may change
control parameters and run the simulation on-line from the CRT iteratively.
When no more improvements can be made at the macrol.evel, then the operator
will enter. the next stage and make arbitrary and subjective decisions.
The model, at this stage, would only serve as a referee and bookkeeper
and would not attempt to conduct optimization procedures. Also , under
this approach , once the process enters stage 2 , it cannot return to stage
1 without forfeiting the changes made by the operator during stage 2.

The second approach is more flexible in mixing the macroLevels and
znicrolevels. Figure E-4 depicts a system in which the normal control is
automatic , but in which the operator can interrupt the decision ioop at
two points to make subjective decisions. This system is capable of
returning to automatic model control after each interruption.

It is not clear that either of these approaches has a distinc t ad-
vantage. The first approach is generally less costly to design because
the two stages are segregated and no recycling is allowed. The second
approach offers a greater flexibility for man-computer interaction.

3. HUMAN JUDGMENT VE RSUS ALGORI THMIC JUDGMENT

There can be a problem when an operator must interface with a com-
plex model that handles many parameters. Interface requirements must be
specified and the operator decisions must be compatible with the algo-
rithmic decisions (or vice versa). For example, if a model uses an inter-
active procedure for reaching an optimum , what would happen to the final
solution when an intermediate value , which is a result of automatic com-
putations , is replaced by a heuristically generated value? Would the
computations become unstable? Part of the answer is in the proper design
of filters and software controls so that the operator input cannot vio-
late the designed algorithm objectives. Another part of the answer is
in the method of decomposition , or partitioning of the model functions.
If the interactive process is decomposed properly , the conflict between
human jud~ iient and algorithmic judgment can be avoided.

4. DECOMPOSITION SCHEMES

Unlike mathematical programming, the decomposition scheme in a man-
computer interactive simulation process does not always lend itself to
precisely defined terms. The most common means of partitioning an inter-
active process are by:
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• l ime d i v i s i o n

• Geographical partition

• Hierarchical structure of decision-making

• Levels of aggregation.

Decomposition by geographical partition can be done easily as long
as the resultant subgraphs are not interrelated in such a way that they
have overlapping activities at the boundaries. Decomposition by levels-
of-aggregation is a very worthwhile proposition because the model is more
responsive to user requirements for data resolution and the user cost
for data acquisition.

Our current effort on several man-computer projects is centered around
a combination of time and decision hierarchy partitions. Figure E-5
shows a straightforward sequential simulation in which the gaming process
within each stage can be executed without having to be concerned about
other stages. Figure E-6 shows a more involved man-computer simulation
in which the process can be recycled to previous stages. The method shown
in Figure E-6 requires more sophisticated software and terminal display
capabilities.

5. COMPUTER INFORMATION FILTERING AND DISTRIBUTION

Most of the theater-level games are currently supported by large
computers that are not designed for distributed information processing.
Performing remote on-line interactive gaming with these computer systems
would not be realistic because of the high cost of real-time processing
in a multiprogram environment.

With the advent of low-cost microprocessors and graphics CRT ter-
minals, games could be played at intelligent (interactive) terminals with
only occasional coninunication with the main-frame computer. Much of the
map composition, input/output data editing and formatting, instructions
to operators, and even some simple gaming logic can be done at the local
terminal (see Figure E-7). The communication between the local terminal
and the main-frame computer can be on a batch basis, which would signif-
icantly reduce processing cost. The determination of what and how much
information is to be transmitted back and forth is a design task that
should be studied in depth , then carefully specified.

6. HUMAN FACTOR PROBLEMS

Often the tasks of CRT formatting such as color selection (if color
CRT is to be used), keyboard arrangement, and graphics generation, are
left to the programmers as the last stage of the design phase. If an
interactive tool is to be introduced to decision-makers the console en-
vironment must be designed to meet the needs of noncomputer personnel and
not solely for professional programmers or operators. The problems of
console management , reaction time, perforiqance feedbacks, stress factors,
human cognitive process, and CRT screen formatting, and the like, should
have high priority design and implementation status.
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