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ABSTRACT

A systems analysis of a computer system to suoport the STAR
war aqaming model is presented. The war game is described
and the user's objectives are defined. Four conceptual
methods for implementing the user's objectives are oresented
and a preferred solution is chosenzf The characteristics of
the preferred solution that are necessary to meet the user's
objectives are described. Further software needed to
implement the objectives is briefly discussed. The code for
the current model is analyzed and a summary presented.
Conclusions from this systems analysis are derived and

future research areas are identified.
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I. INTRODUCTION
A computer simulation is the representation of a
mathematical model in a manner that allows the user to
examine the system being modeled and gain further insight
into the inner workings of lfhe system, Typically,
simulations fall into five classes: the presentation of
unobservable phenomena, ooerator training models, gaming
models, design tools and models of systems with factors that
preclude experimentation on the system itself (Rahe 1972].

Modern computers and graphics terminals have removed the
last barriers that previously. dictated all=digital
simulations. These terminals can be used as exceptionally
fast and versatile output devices. The computer may be
equipped with a graphical input device such as a aqraphic
tablet enabling the system to be used as a drafting device
with unique properties (Newman and Sproull 1973].

The computer system intended for use should provide on-
line, hands=on high=speed computation with excellent
displays and interfaces to external hardware. The
application of graphical support to war gaming adds a
dimension previously not available to the modeler. The
capability to visually monitor the simulation durina
execution provides insight into the system being modeled

that tabular results obtained after the fact can never hope

to attain. Interactive programming allows the development
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of applications which can interact with a user and enable
him to control the functions performed and the data operated
on by the program. The modeler may now interactively
participate in the simulation and at critical times make
decisions that will create changes in the outcome of the
simulation.

One important facet of interactive programming is the
aspect of man-computer symbiosis. By achieving a very close
coupling between the human and the computer,the computer may
facilitate formulative thinking and allow the human member
of the partnership to particiocate in making decisions and
controlling comolex situations without inflexible dependence
on predetermined orograms ([Licklider 1960].

Any system devised to attain such an interactive
simulation system with graphical support 'should not be
hastily thrown together. "Add=on" support tends to overly
complicate and. reduce the efficiency of the existing system,
For any system, the principles of simplicity and
effectiveness are essential to the usefulness of the system.
These two principles often compete with each other (Smith
1970]1 . In this 1light, it is critical that to support any
existing or planned system, a careful systems analysis and
design must be the first step toward imolementing that
support. This added effort should result in an efficient,
effective system while maintaining maximum flexibility and
simplicity. In the rush to implement a major system, the

emphasis is generally placed on the application with little
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considerstion given the human factors when the interface

t2tween man and his. program is implemented. Human interface
is desirabl? at setup time when there are many displays,
options and carameters for a user to control. If he is an
experienced user he does not want to be forced to cycle
through al)l the options. The user desires only enough
prompting information to change tho;e options necessary to
setup and execute his run, No matter how well a system
performs, it will be little used if it 1is difficult to
setup. The wuser must be considered first and effective
man-machine interface dialoque will  become 3 major
consideration, as ‘mportant as the apolication itself.

The process of extending an existing war game to include
interactive furictions is so complex that programming
productivity techniques must be planned and employed from
the onset. These modern techniques have proven to be
successful in control of software projects. Such technigues
as structured design, top=down design, top=down programming,
modularization, structured programming and walkthroughs,
chief programmer team concepts and a scheduling methodology
will be crucial to the development and maintenance of an
acceptable model.

This study considers all possible software concepts and
explores their applicability to the model. Some of these
that could prove to be useful tools are: database management
systems, SIMSCRIPT, graphic support languages and either

general purpose or tailored versions of operating systems.
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Various programming lanquages lend themselves to war

gaming. The advantages of a high level language are well
established and their usage is particularly signiffcant in
the area of programmer productivity. Because each of these
langquage instructions translates into 10-20 lines of
documented code, the daily productivity of the programmer is
increased at least three fold. Jhis increase has been
demonstrated in numerous studies (Brooks 1975]. High leve)
languages also contribute to lower application maintenance
costs, improved documentation and design through their
ability to allow self=documenting variable names, new
constructs and easier implementation of algorithms (stack
and queue manipulation for example).

SIMSCRIPT is an example of a high level language
especially developed for simulations. The internal functions
of SIMSCRIPT such as the event scheduling, queue
manipulation .and system defined variables enhance the
desirability for using it. FORTRAN subroutines can be
readily called from the language allowing program efficiency
to increase by emoloying critical code in the form of
FORTRAN subroutines. The current version of SIMSCRIPT II.S
was written in SIMSCRIPT II.S5. This fact demonstrates the
versatility of the larguage. In the 1last several vears
certain developments have improved the efficiency of
SIMSCRIPT, Among these developments was the move from the

generation of FORTRAN intermediate code to direct generation

of machine code. Additionally, the number of steps required




to compile, link=edit and execute a SIMSCRIPT program was
reduced, shortening compilation time.

This systems analysis parallels most systems analysis
procedures but addresses the question, "What resources do I
need to provide the desired capabilities given only the
constraint of using SIMSCRIPT II.S as a base simulation
language" versus "How can I design this system to run on a
particular computer”, This is ;onsidered the appropriate
approach to designing a system which truly meets the needs

of the combat modeling community. Figure 1.1 depicts the

systems analysis procedures followed.

UNCONSTRAINED SYSTEMS ANALYSIS STEPS

USER
0BJECTIVES

PERFORMANCE
CRITERIA

[ALTERNATIVES|

OF
ALTERNATIV

SOLUTION

ANALYSIS
OF
| PREFERRED

L SOLUTION J

FIGURE 1.1
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The first and key element of this systems analysis study
was the identification of the user's objectives. Without
3 this critical action the entire study would have been

meaningless, The objectives fell into the three general

areas of graphical display support, simulation of the battle

area and the capability to determine the status of the

S e

battle or any of the components of the battle at any desired g 1

instant of time during the simulat;on. f

Once the user's objectives were determined, the next

step was to select a set of general performance criteria.

Performance criteria are the key to measuring the degree of

success in attaining the objectives of the user. System

performance measures must be considered to oroduce an

- efficient and effective system for the entire life=cycle.

The system must possess the ability to reflect changes in

both friendly and enemy force structures and tactics. The |
data reflected by the display devices must be current at the
time of dis;lay. This could mean that the simulation would
have to be halted until a signal 1is generated by the

completion of the display. The quality of the data base r

will be reflected by the level of data integrity needed. The

size of the data base must be such that only necessary data
items be stored. Any abuse of this will surface in the

response time for any display invoked and the overall amount

AR i 5 5 s A0

of secondary storage required for the data base. The system
was d*signed with growth in mind so that additional

capabilities may be accommodated as new technology develops.
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As tactics and force structures change, the system must be
capable of easily absorbing these needed changes. Response
time, another performance measure, is considered to be from
the time a user depresses a carriage return after a display
request until that request is satisfied. From other studies
(Sutherland 1966] response times of greater than 10 seconds
are not desirable since the human mind will become impatient
after such a long waiting period. ; good response time is
usually three to five seconds.

Alternative designs were conceived, each possessing the
capability to provide all of the desired functions
identified as user objectives within the performance
criteria established. Alternative conceptual designs are
defined as concepts arrived at through "dreaming®™ with
objectives and restrictions in mind. In order to attempt to
capture the latest hardware and software capabilities and
philosophys and incorporate them into this system, a certain
amount of gene;al research was conducted in the areas of
simulation, interactive graphics, database design and
implementation, operating svstems and systems analysis and
designe.

After the list of designs was consolidated into general
concepts, each conceptual design was evaluated to insure
that the design under consideration met the objectives. The
advantages and disadvantages of each alternative were

determined. This reduced the 1list to only feasibile

solutions to the problem.
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Chapter II briefly discusses the history of war gaming,
the evolution of . STAR, a current description of STAR and
proposed enhancements with the support required to achieve
them. This tinal version of STAR is the entire reason for
this thesis, that is, the design of a system to reach this
goal.

Chapter III discusses the alternative approaches to the
design of a support system for STAR. The alternatives
include a database management system, an operating system, a
distributed system and graphical routines imbedoed in the
simulation program. These alternatives are described and
evaluated as to their individual capability to implement the
system., A prefered solution was then chosen.

Chaoter IV continues with the analysis of the operating
system needed to support the solution from chapter III. The
basic features needed to support STAR are described and
examples of their use are given. The modules of STAR not
previously written are outlined to give guidance in future
development activitye.

Chapter V presents the results of the analysis of the
current version of STAR. This chapter summarizes the
findings of the analysis and presents modifications and
recommendations that will lessen the storage requirements
for STAR while speeding up the execution of the model.

Chapter VI contains conclusions from this thesis and

recommends further courses of action to achieve the desired

end product.
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I1. BACKGROUND

A. HISTORY OF WAR GAMES

War games are nearly as old as organized waffare itself.
Evidence has been uncovered that indicates the use of games
to simulate war in ancient Eovpt.-Pfoqress in war gaming is
marked by a series of improvements in support techniques
available to the user.

During the latter half of the eighteenth century the
Prussians developed an increased emphasis on warfare as 2
branch of applied mathematics. In 1780, MHelwig, Master of
the Pages for the Duke of Brunswick, invented a game quite
similar to the modern commercial war game. The game used a
modi fied chessboard. Terrain was representéd by wusing
combinations of 1666 small squares tinted in various colors.
These small squares were grouped onto the board as terrain
features. In 1795 Georg Vinturinus modified the game by
constructing a map board of an actual piece of terrain.

In 1811 von Reisswitz, the Prussian war Counselor at
Breslau, transferred the war game to a sand table with
terrain modeled in sand to a scale of 1:2373. In 1824 Army
Lieutenant von Reisswitz, Jr. modified his father's game by
transferring the game to a realistic map~=like chart with a
scale of 1:8000. An umpire, detailed rules, and probability
tables were also introduced by von Reisswit2z, Jr. The size

of the game was limited to approximately four square miles
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of ground. The umpire not only monitored the play of the
game for compliance with the rules but also imposed two
minute time slices in the playing of the game. In this
manner the game could be stopped, as desired, and a
particular two minute round could be studied in detail.

Further improvements occured during the ninteenth
century. In 1866 Lieutenant Wm, McC. Little suggested a
game called "Naval War Game" that employed blackboards,
sheets of paper or charts, or maps placed on tables to
illustrate terrain. At about this same time celluloid sheets
or overlays were introduced. Information drawn on these
overlays was saved as a historical record that could be
analyzed at a later date. This idea of overlays is
attributed to the Naval War College,

Early in the twentieth century, new maps prepared
especially for map maneuvers showed larqge tracts of actual
terrain. The oldest map of American terrain made expressly
for map maneuvers dates from 1906, This map of Fort
Leavenworth, Kansas includes a tract approximately four
miles in width by six miles in length with a scale of 1:5280
and a contour interval of ten feet (JCS 1969].

In the post WW~-I] era, the military use of war games
became increasingly sophisticated and widespread.
Sophistication is achieved through increasing computer
technology. The computer allows large amounts of data to be
stored and manipulated without tedious bookkeeping on the

part of the user, There is some debate over the usefulness
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of such computer simulations. The amount of data generated
is so great that it can overwhelm the user, thereby
undermining the very reason for the simulation. |

Modern computer war games have seen evolution similar to
manual games. One parallel development is in the terrain
model associated with the game. Early games used flat
(imaginary) terrain. Terrain advanced to idealized, easily
constructed models that represented no identifiable terrain,
The next step was to represent real terrain through the use
of digitization at the expense of storage. The latest
breakthrough is the use of parametric terrain capable of
modeling any real terrain in a size never before imagined

(Needles 1976].

8. EVOLUTION OF SIMULATION OF TACTICAL ALTERNATIVE RESPONSES
(STAR)

A siqnific;nt effort is currently underway at the Naval
Postgraduate School to develop a mid=resolution combined
arms model to determine both hardware and training measures
of effectiveness. One of the primary goals of the model is
to achieve an acceptable level of resolution while assurina
that the model inouts and interactions are understood by the
military decision=maker.,

Five theses completed over the last two years form a
basis for continuing the mode! development. A parametric
terrain model was developed to provide a continuous macro=

terrain representation, This representation has several

17
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advantages over the classical approach of digitized terrain.
Line~of=-sight computations are made directly from
mathematical relationships as opposed to the time~consuming
iterative process required with digital terrain., Mobility
is truly continuously as opposed to piecewise linear
techniques used for digitized terrain. Terrain can be
considered as a parameter of the combined arms analysis as
opposed to a given. By aporopriate selection of input
parameters, any real section of terrain can be closely
approximated by the parametric terrain model. Any size
terrain sector can be easily generated without the storage
constraints of digital terrain. A dynamic smoke module has
been developed and operated in the parametric terrain model.
After development of the terrain model, two theses were
devoted to a target servicing evaluation of blue artillery
against a red ground threat, The result of this effort was a
working model programmed in SIMSCRIPT which provides dynamic
representation of the artillery missions down to the
individual! element level. This model forms the basis for
future enhancements of the combined arms model. An
ammunition supply model was developed to represent the
effects of such parameters as interdictive enemy fire, RAM=-
D, truck trips per day to the ammunition supply point, truck
replenishment rate, etc., on the number of rounds available
to the combat vehicles over any sustained combat period.
Current efforts are underway to incorporate two=sided

ground and artillery, with other systems as close air

’
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support, minefields, cannon launched guided projectiles,

advanced attack helicopters, air defense, etc. These
enhancements will be made to the blye battalion versus red
regiment model. In addition, a dymamic ammunition resupply

model is being developed.

C. CURRENT DESCRIPTION OF STAR

The structure of STAR is truly hierarchial in that it is
not confined to any specific unit size or configuration. The
parent=child set structure of SIMSCRIPT, coupled with the
flexible parametric terrain model, provides the required
capabilities to realize a hierarchial representation. The
level of resolution is prescribed by the requirements.

The first study application of STAR was in support of
the 105/120mm ammunition stowed load requirements for the
XM=1 tank. Initial production runs for the study were
conducted for. a blue battalion versus a red regiment in
December 1978. This version of STAR represented all
appropriate ground direct fire units, two=sided artillery,
minefields and smoke. Upon completion of the Phase I
battalion=level production runs (on 2 10 x 10 km
battlefield), Phase II was initiated. The result of Phase II
was a brigade-level model versus a red division on a
battiefield approximately S0 x S0 km. The Phase II model
will be capable of simulating a multi=echelon red regimental
attack on multiole avenues of approach in both the Covering

Force Area (CFA) and the Main Battle Area (MBA). Extented
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dynamic play of ammunition and POL resupply, as well as a
significant enhancement of the tactical representation of
battalion engagements, will result from the Phase Il mogel.
In addition, artillery units will be directly represented on
the battlefield, allowing for specific play of
counterbattery and counter air-defense fires. Finally, a
dynamic air-to-air defense model js being developed for
Phase II model representing two~sided air-to=air engagements
for both fixed and rotary wing aircraft. All appropriate red
and blue air defense systems will be played in the model.
The SIMSCRIPT language was selected for STAR because the
language was designed for discrete event simulations. The
many embedded features of the language give the programmer
wide latitude in the construction of event flow. The
language is English-like with regard to the construction of
commands. The heart of the embedded simulation facilities
is the timer;, which is uyused with certain structural
characteristics: entities, attributes, sets and events,
These facilities greatly simplify the process of writing a
simulation program and debugging the code. This is further
enhanced by a compiler which provides error messages and
trace-back routines similar to WATFOR and WATFIV if FORTRAN,
The structure pf STAR begins with the concept of an
entity. An entity is simply a representation or model of an
item, In STAR the basic entity is a weapon system
representing tanks, TOWS, artillery pieces, etc. Any of

these entities may be brought into existance by a simple
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phrase, which includes the name of the entity. For example,
the phrase CREATE A TANK reserves a place in memory for the
. entity and its attributes which the programmer has chosen to
call TANK, Associated with the word TANK is a pointer
variable which points to the location in memory where TANK

is stored. It is desirable to associate certain

characteristics with entities after they have been created.
These characteristics are referred to as attributes and are
affixed to an entity by the internal bookkeeping procedures
of SIMSCRIPT (the system) or are placed on the entity by the

programmer. Attributes must be changed by the programmer as

1 necessary to reflect changes in characteristics. Moreover,
the -system will change gystem=defined attributes as

- necessary. The concept of sets in SIMSCRIPT is very useful

when it is necessary to ‘group entities based on certain
characteristics or in the construction of queues. In STAR
sets have been wused primarily to portray membership in
organizations. The set structure mirrors organizational

structure and enhances the oprogrammer's ability to model

il unit tactics from a micro to macro level. An entity may
belong to any number of sets and the entity acquires a
i membership attribute which facilitates identification of an
entity's unit.,

An extremely flexible method of filing allows entities

| to be ordered in a set by ranking of certain attributes or

by a simple first=in=first-out basis. STAR uses the 1latter

system for most apolications. The set logic of SIMSCRIPT




allows this to be easily expanded to higﬁer level
organizations.

Each entity in STAR is modeled to reflect a flow of
activities over time, In particular, each entity initiates
or undergoes search, detection, target selection, firing or
impact. These five events are scheduled dynamically based on
the current tactical situation or an appropriate probability
distribution. When an event is scheduled for an entity, the
SIMSCRIPT timer makes a record of the time that the event is
to occur (in terms of overall simulation time) and the
entity for which the event has been scheduled. Other
characteristics of the event may be recorded in a manner
similar to the assignment of attributes, At the appropriate
simulation time, the event is executed unless cancelled by
some logic provided by the programmer, This event, when
. created, would be filed in an event set which contained,
among other thijngs, the time that the event 1is to take
place, the entities involved in the event and the event
location with respect to other scheduled events. When X
seconds had elaosed from the current simulated time, the
event would take place and the consequences of the logic
weitten in the event routine would be executed. Event
routines may in turn generate other events. FIRE, for
example, causes the scheduling of an IMPACT event. IMPACT
leads to the scheduling of other DETECT and TARGET.SELECT
events.

Event routines are supoorted by a number of

22
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computational subroutines in STAR. Subroutines are written
in both SIMSCRIPT and FORTRAN which has given the simulation
a great deal of flexibility. The difficult line-of=sight
calcularions, for example, are accomplished in FORTRAN
because the terrain model was originally written in FORTRAN.
It was this capability to call FORTRAN subroutines that made
SIMSCRIPT an even more appealing language. Existing FORTRAN
routines could be used with only minor modifications. Other
routines more closely tied to the entity structure of
SIMSCRIPT were written in that language. The routine that
updates the 1list of detected targets for each TANK is
written in SIMSCRIPT to take advantage of the dynamic
dimensioning capabilities of the lanquage and the pointer
variable link listing techniques available. For large target
arrays, these language features are.extremely efficient in

reducing memory requirements.

D. PROPOSED ENHANCEMENTS

The STAR combat model currently under development at the
Naval Postgraduate School operates in batch mode on the IBM
360=-67 computer in the W.,R. Church Computer Center. It is
difficult to build a simulation mode! in a batch processing
environment, Batch processing consumes much of the time in
developing the simulation. Interactive simulation is more
economical as well as more effective in problem analysis.
One of the primary goals of this project is to expand the

mode]l to operate in an interactive mode with graphical
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support. Figure 2.1 depicts the goals of Fhis project. The
modeler's ability to debug a simulation is greatly enhanced
5 by the interactive capabilities of a language. Since the
simulation user is constantly engaged in wuograding his }
simulation, interactive capabilities are an important

feature of any support system (Mills and Phil 19771,
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The ability to actively particioate in this war game in
an interactive mode would contribute to both the
productivity and the flexibility of the model, In an
interactive environment, the player or modeier would be able
to input decisions that would approximate those made by the
commander on the battlefields Through this man=computer
symbiosis, the ability of the model to more accurately
reflect the actual outcome of a battle would be attained.
The actual flow of the battle could be altered to reflect
realism rather than rigid programming which could lead to
unforseen, unrealistic circumstances.

A primary concern in the desian of an interactive
simulation system should be ease of user participation in
the simulation during execution, To facilitate this ease of
use, an appropriaté interrupt facility is necessary to allow
for suspension of the orogram at a given point in the
program logic and for the transfer of control to the user.
The interrupt handler should be flexihle enough to oprocess
any appropriate request at any time and return control to
the point of the interruption upon completion of the
handling of the interrupt. This interrupt facility would not
only allow inout to the model and output from the model but
also suspend the simulation to allow detailed examination.,
decision making and synchronization between simulation time
and wall=clock time.

The model should operate in real=time if possible. The

term real=time, in the modeler's sense of the term, is not
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entirely critical. In modeling terminology. real=time is in
the sense of wall-clock time. One minute of clock time
constitutes one minute of simulation. If simulation of a
thirty=minute battle runs in thirty minutes of wall clock
time, the simulation is said to run in real time. Real=time
in the computer science vernacular is of utmost importance.
A computer system is said to be 'rgnning in real=time if
there 1is 'a computer program and some other process running
"in-gteo” in such a way that the associated process is not
caused to run slower by the computer program. This could be
exemplified by the simulation program and the grachics
disolay oprocess. If the simulation program sufficiently
slows the interactive graphical input process that the
inputs are received after they were needed for use in the
simulation, then the computer system iS not running in
real=time, The interactive cacability of the model will be
useless if the inputs are not entered in sufficient time to
effect the outcome of the battle., It is this real=time that
the system must achieve.

Facilities are needed to save the state of the model at
any time by executing a single command. Conversely, a
command should be available to restore the simulation to a
previously saved state and execution resumed from there.
Such a capability provides the ability to save intermediate
states of the simulation run for the purpose of returning to
the previous points in simulation time. This technique is

valuable in cases where an unexpected behavior enters the
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simulation or an important behavior was bypassed before its
presence was discovered (Sohnle 1973].

Since the primary purpose of the game is to function as
an analytic tool, any supoort system must be capable of
recording all interactive decisions for use in duplication
of runs with alternate modeling parameters. The flow of the
battle should also be recorded in order to allow in depth
analysis at the conclusion of the simulation run if desired.

There has been little imaginative use of computer
graphics as an input/output tool! for simulations. Some use
of simple plotting has been wused but the power of
interactive graphics is relatively untouéhed. Interfaces to
graphics languages will permit the modeler to provide more

meaningful displays for the simulation user. Input by way

- of graphics has been grossly underestimated. Special

purpose graphics input is a natural means of getting input
with today's interactive graphics devices.

The most fundamental capability of the proposed
graphical support package is displaying maps of the
battlefield, The standard map is a 10 X 10km contour map.
This map would be plotted by referencing one of 25 standard
map sections. These 25 standard map sections would cover the
S0 X SOkm battle area. By selecting one of the numbers from
1-25, the appropriate contour map would be drawn wusing the
default contour interval of 100 meters. An alternate mode

for plotting maos would be provided to allow the plotting of

larger areas. Larger maps are required to monitor such
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missions as counter-battery fire or long range surveillance.
These larger plots would be called by referencing the lower
lett corner and the upper right corner utilizing four digit
grid coordinates. Since the area to be plotted would be
larger (or smaller if so desired) a.contour interval must be
supplied. Scaling will be performed as a function of
maximum and minimum grid coordinates spec}fied.

The contour maps provided are the background for several
types of overlays. These overlays may be selected singly or
in any combination. The plotting of excessive numbers of
overlays may Jlead to cluttering of the display screen and
should be avoided. One such overlay is in supoort of the
dynamic smoke module included in the simulation. The smoke
overlay will show the location of smoke or other obscuring

elements such as fog or rain. Density of the smoke is

indicated by the intensity of the displayed smoke. As the'

smoke dissipates the intensity decreases. The effect of wind
on the smoke is shown by movement of the smoke display
across the screen. Results of patrols and reconnaisance
flights will be overlayed on the basic contour map. Targets
detected by both ground and aerial observers are displayed
while under observation. The results of active ground
detection will be wupdated as required by movement of
elements. The results of aerial reconnaisance are static in
hature after the completion of the flight. Other overlays

include the display of road networks, towns, obstacles, both

natural and man made, animation of firing events, receipt of
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enemy fire, nuclear planning aids and indirect fire.
Dynamic route and position selection will be supported
* from the graphics terminal. By utilizing a light pen, data : j
tablet, cursor, track ball, joy stick, thumb wheels or some
other type input device, the player should be able to
interactively input changes or supplimental information into
the model during execution. Thé graphical support package
also provides for the monitoring of unit movement through
the use of periodic updating of the current unit position.
During execution the modeler can select the level of the
unit to be plotted. If the modeler selects a unit level
other than individual element, the plotting of the unit is

performed using the standard military symbol for the unit.

g Dynamic movement on the battlefield gives additional

realism to the simulation and often discloses information

that words cannot convey. Unit movement is represented as it

occurs. The _actual firing of weapons to include round

flight and impact enhance the picture., Any combat introduced
visual effects such as smoke from exploding rounds is
depicted along with its dissipation and drift. One of the
largest benefits of displaying unit movement is having a
tool to debug the dynamic route selection module that will
be developed for STAR. Unless the modeler has the capability
to monitor the route taken by an element, he can never be
certain of the performance of dynamic route selection or

where that element is located.

Another analytic tool to be furnished the modeler is the




ability to draw line-ofwsight (LOS) fans. These LOS fans are
used to aid in selection of positions for weapons systems,
radars and other LOS dependent systems. Analytically, these
LOS fans serve to verify LOS calculations for firing events.
The LOS fan will be represented by shading on the contour

map, the heavier the shading the greater the visability. A

second type of LOS fan will ‘be offered, this being a
compliment display that shades the area that cannot be seen.
The support system will incorporate an inquiry
capability. Whenever a simulation creates significant
output, the statistics collection capabilities of the
simulation Jlanguage may not provide the modeler with the
information needed. Statistics collection by a simulation
language is often too general and if more agetail is
required, a dump of the state changes o% the model  must be
analyzed. This inquiry capability supports post execution {
analytic analysis by enabling specific information to be
retrieved and thus avoid searching volumes of data to obtain

a single data item. This feature of the war game allows the

various players from staff sections to ipauire and receive 3
information concerning any data the model maintains that s |
normally available to that staff member. For example the
G=1/S=1 needs information concerning command gstrength,
losses, individual and unit reolacements, friendly and enemy

prisoners of war (POW), civilian personnel, safety, i

personnel services, graves registration, casulty reporting, 5
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awards and decorations, medical supply and maintenance, g
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straggler disposition and headquarters movement, security,

operation, rear command post location and visitors, The

G=2/S=2 is concerned with recommending essential elements of

information (EEI), requests for target acquisitions,

surveillance, reconnaisance, interrogation of enemy POWs,

- debriefing, captured enemy documents, signal intelligence,
‘intelligence interpretation, weather, predicting NBC
fallout, situation maps, counterintelligence, recommending

proposed areas of operations to the G=-3/S=3, intelligence

training, aggressor forces if employed, civilian=military
operations and camouflage. The G=3/S-3 is tasked with
insuring the number and types of units assianed to support
and accomplish the mission, attachment and detachment of
units, organizing and equiping units, training, preparing

the operational estimate, integration of fire and maneuver,

basic and special loads for weapon systems, opriorities for
allocating critical resources, coordination and use of
airspace, designation of bivouacing areas, recommending

general location of the command post, electronic warfare

activities, communications and maintaining a current
estimate of the situation. The G=4/S=4 is concerned with
matters of supply, monitoring the distribution of supplies,
supervising the distribution of critical combat weapons and
munitions, recommending prescribed loads, managing special
weapons, procurement and storage of special weapons,

collection and disposal of excess equipment, maintenance,

repajr parts, evacuation or retrograde of unservicable
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equipment, transportation, refueling, construction, property
control, food services, use of POWs and civilians and
decontamination operations. This data is available in a

tabular form similar to figure 2.2.

TABULAR DISPLAYS
"INGRES FLAVOR"

! unit | position (#rds lefti#rds firead! fuel | #tgts |

FIGURE 2.2

The graphics package will include the capability to
represent terrain in three=dimensional form. This facility
enables the modeler to verify that the shape of the terrain
used in the model is in reaiity a true representation of the
actual terrain. Three=dimensional terrain plotting also
serves to verify LOS calculations and aids in selection of
routes and positions. Through the use of three dimensional
terrain, aircraft flight simulation is possible. The viewina
screen is capable of displaying terrain as seen from an

aircraft. The display includes the terrain, vegetation and
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all elements located on the terrain being traversed.

Additionally this " three=dimensioned terrain feature can be

PRP—

expanded to provide 360 degree scans from any point selected
by the user,

The use of color in graphical displays was determinad to
be of extreme importance. The representation of red and blue !
forces is an obvious advantage. The ability to use color to
represent vegetation lends realism to the display. The
number of items to be represented is so large thgh without
color it will be difficult, if not impossible, to
distinguish features displayed.

A report writer is of practical importance to the

' analyst. This report writer will be highly formatted to
provide statistics required by the analyst. The user will be

able to specify the statistics to be displayed and the table

will be generated automatically. Additional! hard copy

i

support will _be available in the form of a copy device

R SMRG v 4

attached to the terminal that may be used to copy the
current image on the display device. -

Any graphical support system devised would not be
complete without providing assistance to the user durina
execution. Instructions for use must be available, on call,
at any time, with various Jlevels of detail for various
levels of experience in playing the game, This type of
M interactive counseling will be provided in the form of a
help function. . This help function will be provided for two |

levels of expertise, the novicé and the experienced. The
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novice user needs information concerning functions
available, their formats and their commands. The expert, on
the other hand, requires only a reference to the commands 1
available since he is familiar with their formats, ‘ j
Certain tutorials and guides must be supplied to the |

user, Directions for position selection using the line of Y

sight fans must be readily avai!ablg for use during setup of

the simulatione. A military symbol library should be

incluyded with the descriptions of the available symbols and

the method of placement of the symbol of the overlay. This
description includes details of how the computer decides

where the automatically generated symbol is placed. Any

i S

graphical support provided for this system must provide for

? an interactive means with which the user can generate the
5 parametric terrain and verify it against the actual terrain
or a mape. This terrain package must provide not only
assistance in design of the terrain, but also the capability
to record the parameters selected for later use in the
simulation. It is highly desirable that the user have the
means to obtain a hard copy of this terrain generation for

this verification process.

. E. TYPES OF GRAPHICAL DISPLAYS
The graphical support opackage vill consist of three
separate types of applications packages. The first type of

support is provided in the form of monitors. These monitors

RS

are the devices that provide the selective terrain plots.
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The terrain plots are selected by the user and displayed
until the user elects to either terminate the display or
request another sector. The display monitor reflects
current unit movement located within the terrain sector.
The user has limited control over functions of these
monitors. These monitors have the basic function of
displaying the contour maps. The user will be able to select
from a standard set of 10 X 10km contour maps, or he may
specify a sector using grid coordinates and the desired
contour interval, The wuser may also specify the unit or
element to be displayed. These monitors have a selective
zZoom feature to allow the user to focus on a given area in
greater detail.

A second type of display incorporates the inquiry mode
of the support package. These displays will be alpha-
numeric terminals. These terminals enable the various staff
players to inquire about personnel, logistical and other
routine affairs of a unit., Levels of inquiry are controlled
by the user. The terminal initiates a hierarchical search
with the highest level unit available, giving the ootion of
making the inquiry at this level of resolution or displayina
subordinate units at a level one unit lower. If the user
elects to make his inquiry, then action is initiated to
determine the type inquiry from a menu of possible choices.
The information is then displayed and execution continues.
Should the user elect to traverse through the hierarchy in a

downward direction, the monitor will display the subordinate
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units and ask the user to indicate the uni; in which he s
interested. This is continued until the user reaches the
level he desires and the inquiry is initiated.

A third type of display will provide the function of the
master graphics console. This console is fully interactive
and accomplishes all dynamic changes and selections in the
program. This terminal 1is antijcipated to be larger with
greater resolution. The caoability/ for drawing in three
dimensions is realized at this terminal. All graphical
requests are originated at this terminal with the possible
exception of the inaquiry functions. Inquiries may also be
initiated at the alpha=numeric terminals. For ease in
selection of the function to be performed, a menu selection
technique is used. The user selects, by means of a light=pen
or some curser positioning device, the desired function to
be performed. This initial selection leads to the
fullfiliment of the user's request or the display of another
menu. In addi;ion to providing the executive routine which
manages the execution of the simulation, the monitor
provides the ability for the user to interact with the
simulation program directly from the terminal. This allows
the user to not only observe, verify and record data, but
also interrupt the simulation to change parameter values or

modify the model structure. Figure 2.3 depicts types of

displays.
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IIT. CONCEPTUAL SOLUTIONS

The problem at hand is to implement graphical support
and inquiry capability to an existing war game without
serious degradation of performance. This problem is
generated by the merging of sevgral capabilities. These
capabilities include maintaining a real time environment,
sharing of common data items without data redundancy.,
process synchronization, accurate and timely displays and
interactive participation by both the user and programs,
The puzzle is to fit these areas into a complete picture,
This puzzle is the very essence of this thesis. The basic
probliem has been simplified by one assumption. The type of
computer utilized is irrelevent providing it is capable of
performing to the specified standards. The question of
mini, maxi or micro implementation revolves around the state
of the art at implementation time and the purpose of the
computing system itself., If this simulation system is to
become highly portable, then the preferred choice may be a
microcomputer due to its low cost and portability, If this
simulation system is to run "stand=alone”™ on a dedicated
system, then .it may be appropriate to develoo the system on
a minicomputer. If this simulation system is to share time
with other programs in a multiprogramming environment, then
the approoriate choice may be a large mainframe capable of

both multiprogramming and multiprocessing. This thesis
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leaves machine choice to the individual implementer.
Solutions to the puzzle fall into four general classes
with various degrees of difficulty and performance
standards. These choices include a database management
system, a tailored operating system, a distributed system
and graphic subroutines embedded within the simulation
itself. Brief descriptions of the characteristics of these
four approaches are discussed in the next four sections.
Section E evaluates each approach's ability to implement the
simulation system. The preferred solution is chosen in

Section F.

A, DATABASE MANAGEMENT SYSTEM
One approach to ‘the orcblem of supolying graphical
support to the STAR model is through the use of a database

management system. A database management system is a

SR T o

collection of software procedures, designed to facilitate
access to a data base, This data base is shared by diverse
users, In this approach the main simulation program,
written in SIMSCRIPT, would act as a high=level language
applications program. The user would interface with the
applications program through the use of any standard
k. alphanumeric terminal. The graphics routines would act as
other high=level language applications programs. Since a

database management system has the property of being able to

present the same data to various users in differing formats,

ﬁ the applications programmers would have their own external

39

zem——— — T  ——




S N ks e s S e

models of the data available to them (Curtice 1976). This
differing view would allow the graphics programs to be {
written in some language other than SIMSCRIPT since at this ! 1
time there S no provision for graphical support in |
SIMSCRIPT., 5
The actual data that is being manipulated by the | L
applications program is stored in_a common area within the |
computer system. The function of the database management
system 1is to allow the sharing of the data and create data
independence to allow for different views of the data. It
is the responsibility of the database administrator to
develop and maintain the schemas allowing this mapping to
occur [Martin 1976]. 5
Database management systems must interface with the
operating system in order to accomplish the actual mapping i
of data into memory. The operatin§ system and the database i
manggement system must coexist, but this does not
necessarily timit the usage of a database management system.
Operating systems are available under which any given

database management system may operate, There s an

important relationship that must be discussed. Database
management systems and operating systems provide the user !

with a variety of common functions. The database management :

system design must take into account the services provided 1
by the operating system in order to minimize costly ;
- duplication. Some of the most common services provided by

operating systems include process management, file=system
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support, input and output support and usage measurement

(Wiederhold 19771. Some operating systems also provide
facilities for sharing of data segments (Organik 1972].

The use of a database management system has several
advantages. The database management system supports multiple
users of the system at any given time. Data redundancy is
reduced if not eliminated. Aopligations programs are data
independent. The database management system provides
internal safeguards for data integrity (Date 1977]. Post~-
execution analysis is also facilitateds The ability of a
user to conduct inquiries is simplified by the adoption of a
highly tailored data manioulation |anguage.

A database management system offers a broad range of
facilities for organiiing. viewing and manip&latina
information. The creation of data tables by the wuser
requires only a minimum knowledge of the system. Often new
tables can be constructed automatically from existing tables
on the basis of some format property of the original table
(Fram et.al., 19771.

Typically, data manipulation languages are written in
English=like commands. With minimal training, a novice user
can do useful work on the database management system using
the data manipulation )anguage. Many of the more common
commands may be invoked in a dialog form in which the system
prompts the user for additional data or instructions.

One of the largest disadvantages is the addition of more

overhead and hence additional execution time. Part of this
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probem may be overcome by the design of a.compiled database
management system'instead of an interpreted one ([Wiederhold
1977). In a typical database management system, a single
user command may result in the performance :of several
physical input or output operations. Each input or output
operation must be initiated by the central processor unit.
In a multiprocessing environmént, this requires the seizing
and releasing of the central processor unit several times to
carry out a user command, therefore 'a significant overhead
due to task switching may be accrued. The order of
increased complexity introduced to the system by the
database management sSystem concept must be considered.
Database management systems are considered by many to be as
complex as some operating systems and hence introduce an
additional complexity factor over and beyond the operating
system and the basic application programs. Figures 3.1-3.2

diagrams the roll of a Database Management System,
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B. OPERATING SYSTEM

Modern computer hardware is very powerful and may be
used for a variety of tasks, The hardware machine is
difficult and awkward to use. In order to simplify usage of
the bare computer, operating Ssystems have been developed to
provide a more hospitable interface with users, Operating
systems have become so essentijal to efficient computer

operation that many people view them as inseparable from the




hardware [Madnick and Donovan 1974],

An operating system is a collection of software modules
within the computer system that control the operation of the
computer. These modules simplify the use of the system,
attempt to optimize performance and resolve conflicts within
the system. The modules manage the oprocessors, main
stérage, secondary storage, input/output devices and files.,
The operating system performs the t;sk ot scheduling the use
of the computer. Sophisticated operating systems increase
the efficiency and subsequently decrease the cost of using a
computer.

Operating systems vary in complexity from simple monitor
systems on microcomputers to sophisticated large scale
systems capable of multiprogramming and multiprocessing
while providing protection and interrupt hardware.
Regardiess of the complexity of the system, all operating
systems orovide binding for orocessors and memories. The
operating svst;m binds data to physical memory locations and
output files to output devices. A process is bound to a
processor. The ability to perform binding is fundgmental to
all operating systems.

Operating systems are somewhat distinct in their ability
to provide protection mechanisms (Graham and Denning 1972).
The first level of protection provided by operating systems
is common to all reliable systems. This is the protection

of the operating system itself from destruction by tampering

due to the executing program. This tampering may be
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accidental due to the miscalculation of a subscript or some
similar mistake, or it may be an intentional effort to
sabatoge the system. Whatever the source of the tampering,
the operating system must protect itself. A significant
difference in operating systems is the ability to protect
classified data within the computer system. Some computer
systems are secure only in the dédicated mode where only
classified material is allowed in the computer and the
security perimeter is external to the machine. A more
complicated but more useful type of security is the
multilevel mode. In the multilevel mode the system may have
various users with varying levels of security
classification, all competing for system resources
simultaneously (whitmore et.al. 19731, The security
perimeter is internal to the computer and provided by a
mechanism of the operating system, Access permission is
determined by the operating system. This security mechanism
may implement a descretionary or nondescretionary policy.
Some operating systems are capable of multiprogramming.
In a multiprogramming environment, several user programs are
allowed to compete for system resources simultaneously
(Dennis 1965]. It is the function of the operating system
to decide which job will be run at any given time, It may
be possible for the user to define the priority of the job
to the operating system, If this is the case the operating
system does not have the problem of enforcing a

descretionary priority policye. Determination of the
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priority may be left to the operating system. Operating
systems use various criteria for establishing priority.
Methods include estimated length of execution, estimated
storage requirements, estimated execution time and estimated
output lines. An operating system may also use a
combination of these two techniques, It is left up to the
operating system to limit the numbgr of programs the system
will accept.

Some operating systems allow multiprocessing (Smith
19771. In a multiprocessing environment the computer system
has multiple processors, each capable of independent
operation. It is the responsibility of the central
processor unit (CPU) to coordinate or synchronize the
functioning of the processors. In a system such as this it
will be possible for one processor to be performing
calculations while another processor is controlling output
to the line printer,

The operating system not only provides memorv =znagement
in the form of binding but also is capable 5f creating
virtual memory. Virtual memory allows the address space of
the program being cxcéuted to be either greater than or less
the the physical memory of the machine. Utilizing this
virtual memory, the user need not be limited by the physical
size of the main memory (Denning 19701,

Another feature of operating systems is their ability to
handle interrupts. Through the use of an interrupt handler,

the operating system may accept an interrupt, process it
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according to the instructions in the interrupt handler and
return execution to-the program in progress at the point of
the interrupt. Operating systems have system defined
interrupt handlers but many have provisions for the user to

define his own interrupt handlers.

C. DISTRIBUTED SYSTEM 5

A distributed system is a computer system composed of
multiple central processors that cooperate in problem
solving. These CPU's may be spread over many miles or
located in the same room. In order for the distributed
system to function, coordination between the processors is
accomplished by a distributed operating system,

The problem of extending the execution time of the model
miggt be alleviated by the concept of a distributed
computing system composed of one computer to process the
simulation portion and maintain a master data base and a
smaller computer providing the graphics and inquiry
capabilities. A distributed system has the chacteristic
that the functions are distributed or spread over multiple
CPU's each designated to handle a particular function. This
approach becomes advantageous by using a second processor to
reduce the work load of the main CPU. Consider the case of
a front-end processor connected to a main processor as

indicated by figure 3.3,
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. DISPLAYS DATA FILES

FIGURE 3.3

The front-end processor controls the interface with the

user, Graphical displays and user command interpretation

inclyding editing are performed on the front=end processor.
This allows the power of the main processor to be devoted to
the computation bound simulation functions. In this case

the main processor would have to pass the required display

data to the graphics processor as needed. Assuming that
this would take a small amount of time unader CPU to CPU
commynication with a communication 1line of high transfer

rate eaqual to the slower rate of the two processors, the
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main processor could continue to simulate while the graphics
processor generates the display list and causes the display
to occur. This would have the effect of halting the
simulation for only a minimum time frame and thereby not
significantly degrade the system. Should it be desirable to
stop the simulation for some update of information from the
graphics processor, an interrupt coqld be generated by the
graphics processor and sent to the main processor which
would then halt the simulation to receive the update. The
problem of maintaining data integrity emerges from the
aforementioned situation. There is no way to dete;mine if
the data to be changed exists at the time of update or if
the data displayed is current. This problem will have to be
resolved by generating an update request, displaying the
current status of the battle area and then updating the
data. This must be handled tirough some automated means so
that the user is not confronted with the problem, he has
enough to be concerned with without the system complicating
the situation for him.

The distributed system functions as follows. First there
must be established priorities that each CPU follows. For
instance, on the simulation CPU, communication between CPU's
has a higher priority than the simulation and can be
represented by the following pseudo code,"while (not
communicating) do simulation". This action will give

priority to CPU=-CPU communication, allowing the user's

inquiries to be answered more rapidly. The graphics CPU
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continuously tests the terminals for the (ndicator that the
user desires to perform some function. This can be also
accomplished through an interrupt mechanism. Upon
identification of the user's desired function, an argument
list is constructed in conjunction with additional wuser
supplied data, if required, and an interrupt is generated to
the simulation CPU indicating that the graphics CPU desires
to communicate. Upon receiot o; the argument list the
simulation CPU stops the simulation, stores the machine
state and executes a "case" structure similiar to:
switch(function=id):

éase(t): terrain information;

case(ij: inquiry;

case(u): updgate;

}
passing back to the graphics CPU any resulting information.
The graphics CPU now processes the information received from

the host CPU and continues the function originally

identified by the user, such as producing a display.

D. EMBEDDED GRAPHICS

The simplest and perhaps the most direct implementation
of the desired capabilities is the execution of the craphic
capability from a direct subroutine call from the SIMSCRIPT

simulation program. Figure 3.4 depicts the embedded grapohics

approach.




SUBROUTINE CALL

PREAMBLE
MAIN
I...L
g
SIMULATIO SIMULATION coe GRAPHICS
ROUTINE 1! ROUTINE 2 coe ROUTINES
FIGURE 3.4

There are several advantages to this approach. The graohics
package can be developed separately from the simulation
model, keeping in mind that necessary parameters required by
the display must be passed from the simulation program to
the graphics subroutine., A simple driver could minic the
functions of the call to the graphics routine during the
development of the graphics package. In the same way.,

should the graphics subroutine provide the interface with

A e

the user for the interactive portions of the model, certain

parameters would have to be returned to the simulation

program. These parameters must define the type of function
that the user desires to perform along with any function

parameters reauired. The values of the parameters could be

established through interpretation of light pen input from
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the user. This intercretation could take the form of a CASE
or nested IF type structure where parameter values would be

established from an interpretation or series of

interpretations of the light pen input. Once the parameter
list is formed the graphics subroutine is called.

There are disadvantages to this concept. Due to the
nature of subroutine cs&slls, the action of the simulation

>

program is at a standstill until the execution of the call

is completed. This will increase the execution time of the
simulation program and thereby increase the wall=clock time
required to simulate any given battle. This problem ceases
to retain great importance if it is desirable that the
simulation be halted to allow any update information to be

passed to the simulation process and thus maintain data

. integrity.

B Because data integrity is a requirement of the system,

the graphical displays must be capable of depicting the

exact state of the simulation upon the display 4device. To

change the route of march of a particular unit or element

! that item must be located in the depicted position at the

time of the update or the exact position must be known to

the user.

E. EVALUATION OF ALTERNATIVES

1. Common Considerations

SeASGRE 4. ) M

There are several items that are common to all

approaches. Included in these items are the use of color
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displays, hard copy devices and the treatmgnt of static data
such as contour maps. Hard copy devices are required to
record selective displays upon command of the user. Contour
maps are thought of as any required data to enable a rapid
draw of the desired area of terrain. Once the parametric
terrain data is constructed, prior to the simulation
execution and during some system initialization orocedures,
there 1is no need for the simulati;n process to have access
to it since the simulation routines compute any required
terrain data dynamically during execution. There is only the
need to have this data available to the graphics display
routines. The impact of a hard copy device wupon the
solution is seen as device dependent and therefore not of
concern in the selection process. In the same manner the
method of drawing contour maps is device dependent and the
use of color is independent of implementation. These two
factors are also omitted from the evaluation process. This
evaluation foéuses on the ability or inability of the
alternative to support the simulation, evaluating failures
on the lowest possible level,
2. Database Management System

In the database management system approach, the
simulation program assumes the role of a high~level lanquage
applications program. A}l graphical routines except the
inquiry program are also high=level applications programs.
The inquiry program is an applications program written in a

tailored data manipulation )anguage.
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A database management system is designed to allow the

sharing of data and eliminate data duplication. Through the |

e

design of appropriate schemas, the database designer is able
to present each apolications programmer with an independent
view of the data and allow the orogrammer to access any data
within the data base. This aoproach presents a problem with
multiple users attempting to write data simultaneously.
This problem can be minimized t;rouqh careful design and
judiciously granting write access to shared data. Should
two users desire to write data to the same file, the last
copy written will prevail,

The recording of dynamic events presents a
significant problem to the database management system
approach. The ability of the system to accept and store
input data from the user is routine to a database system.
Anything that can be input and stored may also be recorded
on secondary storage media. The significant problem arises

-

when the machine state must be saved. Only the operating

system has the capability to monitor and modify all the
registers in the machine. For the database management

system to save the machine state, close cooperation with the

<t

operating system is required. When it is desired to return
to a decision point to resume execution with another
[ decision, the database management system must relinauish
| control to the operating system while the operating system
restores the values of the variables and the machine state.

Flexibility of play will require the database :




management system to maintain some mechanism to generate the
appropriate data structure for the level of play. The
flexibility of play is not an insurmountable problem but the
mechanism to achieve this goal may be Quite complicated.
The flexibility of display will be quite easily attained
since display is dependent only on the data stored once the
data structure for storing the dafa has been created. The
ability to store various force structures must also be
attained by some dynamic means since the actual size of the
data structure required will not be known until run time.

The degree of interactive programming attained by the
database management system will vary from routine to
routine. The inguiry routines will have the full
interactive characteristics of any database management
system. The programs written in high=level languages are
limited by the degree of interaction provided by the
corresponding !anguages. The database management system has
no means of incorporating interrupt driven oprocessing.
Interrupt driven processing requires action by the operating
system and therefore a close relationship between the
database management system and the operating system.

The database management system aporoach will

adversely affect the real-time capability of the program,

Overhead in a database management system is extensive. The

——————

desirable trait of data independence reauires the additional
; cost of address translation. Various references to the same

data element require the system ¢to translate these
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references into the same physical memory location.
Additional overhead in execution time is required by the
necessity to translate or compile input requests during
execution.

The report writer is facilitated by the database
management system approach. The database design allows for
the user to request information in a standard format and
have it displayed for him on the’screen. Any information
stored may be displayed as well as an§ combination of data
items that may be created using relational calculus or
standard boolean operators.

3. Operating System

Under the operating system concept, the simulation

'program becomes one of many in a multiprogramming

environment. The graphics routines are organized into
programs with related functions. These graphics programs
become additional programs that will compete with all other
programs for s;stem resources.

The problem of sharing files is not significant to an
operating system that uses segmentation. Any progran
division that is important enough to be named may be created
as a segment. In a system supporting this segmentation, any
segment may be addressed by potentially any processor. By
careful designation of the ability to read and write to a
given segment, it is possible to allow a segment that is

responsible for a file ¢to create the file and to allow a

segment that must use that data for display or other
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purposes to access the data and use it. These segments that
are sharing the data need not be in the same program, The
programs need only be active at the time of sharing of the
data, One potential problem may arise if more than one
segment is allowed to write to any one data segment. In
this case the last segment to write will be the segment that
dictates the data value written,- Py carefull design of the
programs involved, this problem may be made insignificant.

The: ability to record dynamic events such as
decisions by the wuser and simulation status present no
significant problem for the operating system. At the time
the user inputs his decision, the operating system needs to
write the input data into the aocprooriate area in memory to
affect the simulation. At this same time the operating
system will make a copy of the decision information along
with the machine state and any pertinate variable values
before the decjsion is made. This additional information
may be written to some secondary storage medium for use at a
later time. At a later time when it is desired to return to
a given decision point and change or modify the previous
decision, the operating system has all the information
needed to restore variable values and restore the machine
state. Execution may then resume from the point of decision
rather than requiring the entire simulation to be executed
again.

In the area of flexibility, the operating system

approach presents no problem. It is the normal function of
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some operating systems to allocate storage for problem
elements. At execution time the operating system will
allocate storage as required by the simulation program.

The area of interactive programming is affected by
the interactive capabilities of the programming language.
These puilt in capabilities are the base level for the
simulation. Further interactive capabilities may be
provided by the operating system. For a system to be
genuinely interactive, it is necessary for the system to be
interrupt driven. In an interrupt driven system, the user
generates an interrupt and the operating system then
transfers control to the appropriate interrupt handler. The
instructions 1in this interrupt handler dictate the response
~to the interrupt. Operating systems allow the user to write
%his own interrupt handlers to either supplement or replace
the system provided handlers. In the event the user elects
not to provide his own handler, the operating system
provides default handlers, By anticipating the required
types of interrupts and the appropriate responses, the user
may effectively interrupt the execution, create a display or
input data, and return to the point of interruption and
continue execution.

The operating system approach may enhance the real
time capability of the simulation. A ~mu\tiprocessino
environment allows the operating system to perform
computation on one process while simultaneously performing

input/output, paging or some other operation on another
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process. This means the programs of the simulation may

iatiio,

fully utilize the processors of the computer system and the
processors need not be idle while a single program switches
from one processor to another leaving the rest of the
processors idle until the simulation needs its services. As
a worst case, the operating system will add no more
execution time to the program, The operating system is

needed to provide user interface to the bare machine and 4

hence is already present as overhead to any program run on

the machine. E

The post analysis report writer is still another

program to exist in the multiprogramming environment. The
operating system keeps the segments belonging to all
simulation programs on call wuntil the report writer
. comgletes its usage of the data. Once the report writer
concludes execution, the system is allowed to free storage
for other usage.,
4. Distrib;ted System
The envisioned solution would have two central processors.
The simulation functions will reside on the main processor
due to it's computation bound characteristics, while the
graphics and inauiry functions will reside under the control
of another possibly smaller orocessor.
o Since the main CPU is charged with the responsibility
of maintaining the master data base, there can be no sharing

of data items between processors. The graphics processor

must receive all data items that are dynmamically changing.
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It must also interpret all user commands and generate a CPU
to CPU request for the data items necessary to fulfill the
user's request. Any attempt to sStore these ever changing
items is fruig;ess and will result in either duplicated
files or excessive data transmission between the two CPUs.
The request for data must be be generated on an interrupt
basis to the main processor so .tﬁat the excessive data
transmission and data redundancy situations do not occur.

Dynamic event recording must be accomplished on both
processars to enable system to be restarted at any specified
state. The graphics processor will be required to store
user commands and decisions, machine state and perhaps
display generation data. The main CPU will be tasked with
saving its machine state and all variable values for the
simulation restart.

Flexibility of the system now spreads over the two
processors. Not only must the implementer be concerned with
the mechanism for level of play, level of display and size
of forces represented but also the corresponding volume of
data transmission betweer the two processors. This is an
added concern in the distributed approach.

Since interactive play is desired, the graohics
processor must interpret the wuser's commands in an
interactive role and also generate an appropriate interrupt
to the main processor for each type of request. This will

require a user written interrupt handler on the main

processor to decipher the interrupt and process it. The
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interrupt handler will orobably not be .on the operating
system level and thereby will cause additional delay prior
to processing it.

The idea of distributing the STAR system functions to
two processors was conceived to sclve the real-time
requirement problem. Certainly the distributed system would
run closer to real=time than a subroutine call system. The
required CPU to CPU communication will generate some
overhead that other approaches do not. The user must see the
current situation status displays and his participation must
be received in time to accurately effect the outcome of the
battle.

The problem of where to locate the report writer for

# post-execution evaluation arises. It should be capable of
providing the user with his requirements at the location
generating the displays. This means that the main processor
must either continue to function only to pass data to the
graphics processor for this puroose or create a file that is
readable by the graphics processor during this phase. Once
again additional overhead is required to accomplish both. In

the first case additional execution time is required by the

main to retrieve, process and transmit data to the graphics
processor. In the latter case additional time 1is required

to create the readable file should the two processors expect

different file characteristics. The overhead of generating

the file remains in either case and under all concepts
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