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INIROLUCTION
The Interactive Gaming Simulation Language
(L+6eSeLs) 1s opeing implemented at Cornell

Univers:ty because a "coanputer lag" has dev:sloped
1n the gaming simulation tield. The large scale
yamlLg simulations availaple today typically use
computing tocls that were availapble a Jdecade ago,

therepy failing to taxe rull advautage of the
computer's fpotential tor enricning the gaaing
€nV1IONDERT.

1.G.5.L. 1s desigred to serve the same

purpose IOL practitlonsrs Of 1Lteractive comfputer
gaming that larnguages such as SIMSCKIPI(1),
GPSS(2), ana GASE(3) serve for practitioners of
COLPUtEr SiMU1aTiCL. The need ror functions not
OILLsr€d Dy the traditional siwmulatvion languages is
a f=sult orf the fplace gamirg simulations occupy in
tne spectrum ot saimulaticn techniques. All
simulations can Le placea on a continuum ranging
trom maL simulation to Computer simulation. A man
simulation wutilizes human beings to wmodel the
system walCh 1S Leing simulated. On the other end
¢f the contiruum are the computer simulations, in
wolch tne structure and actaivity 1in ta: model are

entirely expressed 1n terms of a computsr program.
In LCetweern the man simulatach and computer
sifulation &Lds ©f ths Continuum is a large area

of activity called
tnese simulatiorns,

maL-COLputer simulation. In
the COmputer 1s us=d to model

part or tne sibulated systeum, and human
particigpants moael thre rswmeinder. Gaming
simulation can L= €itn€r man simulation or

man-computsr simulation, DUt must
one Cor MOLE€ ruBal faLTlClfabLts.

always include

Ths spscizic apgiication area of I.G.S.L.,
thén, 1S maL-computer simulation, which is also
KLOWL aS CCmEuterized jaming =i1mulation. In
addition to performing the runctions carried out
Ly tue computer simulaticr languagzs, I.G.S.L.
proviaes aaditioral facilitiss to improve tne

interaction crLetween tre
the wumar particrpants #hLicn together
computerized gamlry simulaticr.

comguter simulation and
Compriss a

Tals paper alLalyzes
jabiLg simulatiorns on the
dimensions c¢f Tresponsiv:iLess ana centrality of
computiry in the game environment. On the pasis
of tihls analysis, the SpeciriC design Lequirements
tor computer support of large scale gaming
simulaticLs are outlined, ana toe language
Capabilities incluaed in 1.6G.5.L. are presentza.

computer support ot
basis of <the twirn
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An application ot cowmputing tecaunology to any
farticular gaming simulation can be characterized
in terms of two continua. The first 1is the user
Lesponsiveness of the computer system enmployed.
The second is tne deyree to which tne computer is
central to the gyame environment. As will be shown
Lelow, mOre TIesponsive and central computing
allows the computer to enhance tne gams experience
of the participants in ways which extend beyond
simply modeling & fpart ot the simulated system.

The first continuum, responsiveness, refers
to the contrast between so-callea “batch" and
inrteractive computing racilities. Almost all of
the complex, multi-role gaming simulations that
depend on computer support rely on "batch"
computing. In this mode the players meet and make
their decisions 1n consultation with each other

and the game director(s). These decisions are
tuen read anto the «computer after transfer from
the player daecision forms to punched cards. The
ccmputer model, c¢n the basis of <these decisions
and data on the simulated system, prints out
information on the status ot the simulation for

the next time period, thereby providing the basis
tor the participants’ next round of
decision-making.

On the
Systems Ior
interactive
pedagogical
In this mode
the computer
language on

other hand, almost
ccmputer assisted

all of the general
instruction rely on
computingy because of its recognized
SuUp€riority over "batch'" computing.
the participant is asked questions by

and immediately replies in layman's
a typewriter-like keyboard. If the
questions need further exrlanation, the
participant can request help from the computer
system. If the answers are not among the correct
possibilities, the system notifies the user and
proviaes adaitional help 1in arriving at an
acceptaple answer. Thus, in a fully interactive
computing environment, the participant would make

decisions 1 L[eSEOonse to questions z1rom the
computelr simulation, auLd the results of those
decisions would te availlable directly from the

for a delay to
computer with

computer ternlnal without the need
process a “batch" job through the
its att=ndaLt clerical costs.

Centrality 1s determined by the extent to

whicn the ccmputer plays a crucial role in the
creation ard malntenance ot the playing
environmert of the gaming =imulation. Thus, for

instance, the computer woula not be central to the

game 11 1t were simply used as a calculating
device by the game airector. on the other hand,
it the players wmade all decisions in response to

ot thelr interaction with
participants in tne game
computer, the computing
as hignly central

computer stimull and all
the simulation and other
weI<e controllesa Ly the
facility would be characterized
to the gamirng simulation.



DLoiGN nkyUlrcdENIS Or COMPUILE GAuMING 3IMULATIGCNS

1ne nire major design Cnaracteristics ot
large scale interactive gaming simulations which
LEQUILE COMputer tacilitics arle discusszd below.

High capacity fol Detalld

Since the primary objsctive of most gawlny
s1mulations 1s to pIrovide a SililUlated eXPELlenceé
witn a large ana comn,lex segment of reality, a
nigh level ot aetail must be reproduced to support
the realisns of the gane. 1ne more detailed a
gaminy simulation becom=s, the more important the
computer vecomes, for withcut .t tne participants
are quickly overwhelmed witn the clerical and ruls
€LIOrCEMENnt IegulrLements oOf the game. MHoreover,
as the computer plays a larger role in tne gaming
simulation, it Lecomes more central to thns yawe
environment and nceds to be more rLesponsive.

Variable Level of StrLucture

Gaming-simulations
from highly structured, or
structured, oI Ile€e~-IOLN. In highly s*ructured
games, all yplayer options are designed into the
game before play begins and attempts to MmOvVe tns
game beycnd tnese predetermined boundaries ar= Ot
allowed. In Loosely structurcea games, a COntrol
team e€valuates eacn player decision as 1t is made
and determines the appropriate response of tne
simulated environment on an ad hoc pasis. Loosely
structured games obviously provide a much w@more
flexibtle game <experience tor the participants.
Due to tae fact that all player options must ke
anticipated in advance or tne gaming session 1in
computer gaming, gaming simuiations which utilize

range along a contiLnuum
rigid, to loosely

the computer as a central element are usually
oighly structured. It would be d=siracle,
nowever, to provide ror a mix cf rigid ana free

form play by providing the starf with capabilities
for overriding the computer portion of the model
in order to respond to uranticipated decisions on
tone part of the fplayers.

wide Disciplibary Scope

The disciplirnary scope Oof a gamling sibulation

is not only inrluenced oy the complexity oOf th=
system being modelea, but also py the leval of
detail the game design<r wishes to inciude. As
the disciplirary scops ot the gaming simulation

increases, the need tor responsive and central
computing alsc 1ncreases. This 1s a result both
ot the 1ncreasing detail which usually accompanies
a troadeniny of disciplinary scope and also of the
increased difficulty of assembling a
multidisciplinary statff to direct the game. The
wmore help the participant can obtain from the
computer, the less dependent successrul use of the
game will oe on the availability or staff.

1t the gaming simulation is to have
multidisciplinary coverage, the computer component
must not only incluae submodels from tne relevant
disciplines, but provias for substantial
interactioL betwecern those sutmoaels. Because
gawing simulatiocns are trequently changed and
augmentea, it 1s 1mportant that <changes to one
suktmodel require wminimum alterations in oOther
submodels of the simulation, and that new
sutmodels can be added to the simulation with
minimum disruption of the pre-existent simulation.

Variaple Number of Participants

inciude wmore than one human

is ecpecially true of gaming
simulations because th< eiements of int:erp2rsonal
cooperation and competiticn are often central to
tue processes peing modeled. Depending on tne

Most gJames
participant. This

goals or the gaming simulaticL, however, it may be
gesirable to keep the number oI participants to a
miniwum. TLus, for 1instance, 1L a game 1is
deslgned to provide 1rncCleasea 1nsight into the
interaction of che [Cle with its environmernt, it
may be guite costly to proviae that environment
tnrougn a group <I  nukanl participants. As an
altelnative, a Le=sponsive computer model can often
prov.de a realistic siwmulaticn cr the actions or
cth2r relevant IOLES 1n the ganme, theretky
oLviating tne need ror tue e€xpenditure of other
participants' time 1o CLeate the environment.

Cn tne other hana, if the richness of a
multlpie partiClpant yame i€ desirea, the computer
can (LOV1Aé a CONMUN1CatiOLsS aLd coordinating
facility among the players. IL Order to Support a
game designea to 1incluae tLtoth the single- ang
multi-participant modes ot operation, the computer
must pe programmed coth to simulate role players
when the roles are unrepresented by numans and to
see that a slow participant does not create a
pottleneck 1n tne game whica @might hinaer the
activity or the other participants.

Cafracity tor Distiibuted Gawing

lost gaming simulaticns reguire that all o1
the parvicipants Le lccatea at a s£ingle geographic
location. while having all 1ole players in
face-to-Iace commuLication aads an important
e¢lement OI 1nterpersonal communication to the

game, it is often desiraple, ror either
feaagogical or rinancial reasorns, to have the
tlayers geograpnically distrioutea rather tharn

centralized. Such distriputed gawing is possible
11 theé COMpPUTEl 1& rLespcnsive and central to the
gaming €LV1IIONMELt. The computer can create the
common simulated environment for all participants
and serve as a nessage processor tor
communications amcng participants in the ganme.
1his basic communications capability is already
present in @ multi-role gaming simulation if the
computer 1s a central component of th: gaming
¢Lvironment. Tne addition c¢r a telsconferencing
Capability provides tne pltayers with a structured
system of communication withcut makKing it
necessary to leave the gaming environment.

Elexapility ¢f ScheduliLg

Short duration games nave the important
advantage of being easily irntegrated into a
curriculum, put they are limited in <richness and
complexity by tneir total length. Games which

Ifegqulre more than a Iew
are wusually played an

hours for their execution
several sescsions over a
period  of time. Unfortunately, it is often
difricult to adapt such games to tne needs of
courses and training exercises in which the game
1s not the central rocus. Ir tte computer is a
central element 1n the gawe environment, some of
the problems 1nherent in cowmplex games designed
tor _ play over an extended period «can be
amelicrated. The CoDjputer cak preserve the
current status of the simulation when requested to
4o so py a cparticipant or game director. At a
su;seguent session, the computer «can present a
brief summary of action in previous sessions as
part or the arnitial scenario. Using this
capabiilty, gaming sessions can be of varying
durathn, depending oL the schedule of the
farticipants.

Additiornally, 1t the game director wants the
Farticipants' experience tc focus on a particular
period in simulated time, it as possiple for the
game director to play tne game to the beginning ot
the desired period and, using the status saving
featuie, initialize <the game for the students at
the chosen point in sinulatea time. Finally, the
Capapility tC [reserve tne status of the



simulation at Wwill means that a participant can
replay tne game cver sclected portions of
sipulated time by saving tue Status OL the game at
the beginninyg OI thé selecCteéd period, playing the
game rorward <toO tne ¢nd cr the period, ana then
restarting tre game at theé beginming or the period
Ior ancther trial.

Experamental Capabiiity

nDEL a
unaerstana the
the 1m.act OI a
cimulatea systsm, he

participant 1s attempting to
beravior or the moael or evaluate
particular decision on the
Nseds to be akle to analyze
the output ct tae yaming simuiation in a
systematic fashion. This otservational and
aralytic capapility 1s mor:= easily jrovided it the
computer 1s cential to the gaming simulation. If
all particCipant decisicns are reached and
1mplementsd through interaction with the comput=r,
a ccmplste reccra carn Le kept of those
interactions. kPurtnermore, 1t the results orf
tncse declsions are calculated by toe computer
ncdel betfore teing communxcated to the
participants 1L the game, thcse results can also
be made available ror analysis. A responsive
computing E€NVironLent carn racilitate the analysis

ot data coliected aurirg a simulation run if a
rudimerntary content aralysis capability and a
statistical package are integrated into the

computing racility.

High Level c¢f ILaLSEAISRCy

level o1 detail and
simulation increases,

in the complexity ot
model, the

Typically, as tne
complexity of tre gamingyg
Wltno & coucommitarLt 1ncrease
the computer CCODPOLELT ot the

sipulaticn mcdel becomes more difficult to
understend. While the modularity of the wmodel,
toe availatilit; cf ooservational rolss, and tne

availaktle to the
provide aids to understanding the
simulation mcésl, tnese racilities alone are not
always adeguate. 4 nignly responsive and central
computing cépapility can further alleviate the
opacity of ccmplicx mcdels by makiny documentation
of tke interral workings of tne model availapnle to
the particifparnt.

experimental
particifpant

capapilities

Grapnic Capakilities

Kost gaming simulations 1ncorporate scme type
of graphic capapiiity. In fact, most environwents
which are complex <enough tc warrant gaming as an
educational ¢r researcn tool are hard to d=al with
if grapnic techrnigues are not used to supplement
spckern  and written communications. The more
complex tne galilLg €nV1IOLmELt pecomes, the more
important good graphic techniques are to the
success orf the gaming simulation. It the computer
1s to be a central element 1L the gaming
eLvironment, graphic techniques must bpe a part of
the [panopiy or meaia used for communication.
turthermore, these grapnic capabilities should be
integrated with the data analysis capabilities
provided in the gaming simulaticn. Finally, the
grapkics should te resporsive or interactive. The
participant should be aole to use graphic
techrniques tc input decisions ana use time-phased
graphics to mON1tor cCLabge in the simulated
eLviionment over simulated time.

CabABIIITIES OF 1hE

iN1rhACTIIVE GANMING SIMULATICN

LaNoUAGE

hesponsive and central computing makes
FOSsirtle amportant aavances 1in the design of
gaming siwulations, many of which wer< outlined in
the secticn above. Ever with today's computing
techrnology, however, providirg the computing

SeIV1CES rLegulrea tC SUfpcrt tue
ci1ted above is a complex and dirricult task. The
uruertaking beccmes wmucn more tenable if the
sutstantive aesign of tne gawing simulation can be

design features

1bolat§d trcm the computaticnal asgects of the
game implementation. This goal can be Etest
accowplished through a programming system which

includes the basic racilities
lnteéractive ¢amling simulaticrns.

needed to implement

The practitioners ot computei simulation have
developea a series CI programming languages such
as SIHNSCRIE1(1), GPSS(2), ana GASP (3) which
eliminate many of the difficult and tedious
programsing tasks common to all simulations and
allow the aesigner of a computer simulation to
concentrate on the <substarnce or the model.
krcvaociy pecause few larye scale computer gaming
simulations rave opeen aevelopged and because of a
lack of communication between the practitioners of
computer sirulaticn anda the gaming saimulation
community, O similar programming language has
Leen develcpea to inplement large gaming
simulation models. However, on the basis of the
special racilities neeaed to 1implement these
models, it 1s obvious that such a language is
Lc€d€d 11 substantial progress is to be made in
computer gaming simulation. The Interactive
Gaming Simulaticr Language is an attempt at
Frcviaing these capakbilities, and is test
descriced 1ir terms or the facilities it 1is
designed to provide.

Discrete-Continucus Simulatich Capability

The pasic task of the computer in a gaming
simulation 1s tc simulate those aspects of the
overall model which are not simulated by player
activities. While the computer is used for this
purpose 1n most ccmputerized gaming simulations,
none of the well-known games utilize a simulation
programming larnguage. This gap between the
computer simulation practitioners and the gaming
simulation community has made large scale gaming
simulations expensive to develop, maintain, and
modify.

1.6.5.L. orters most of the facilities for
computer simulation proviaea in SIMSCRIPT and GASP
iv. These facilities include fprovisions for
continuous ana discretve updating ot the status of
the simulated system, 1list processing, collection
of statistics on the simulated system, and the
generaticn c¢f random variates. Additionally,
siuce I1.G6.S.L. is implemented as an expansion of a
general purpose (rogramming language, it also
1ncorporates all of the very substantial power of
PLs/I(4), 1ts base language.

1.6.5.L. requires the simulation model and
prcgram to Le organized into suksystems, e€ach of
which possesses tne rollcwing characteristics and
cafpabilities: an indepenaent data storage area
inaccessible to procedures 1n other subsystems,
ability to communicate with other subsystems
through a glotal storage area under the control of
a simple and carefully defined protocol, control
over the advancement of simulated time 1n the
subsystem, and facilities tor defining and
communicating with the game participants (or
roles) 1n the subsystem. These facilities allow
each subsystem in the overall gaming simulation to



be developed and changed with minimal impact on

the remainder of the simulation.

Participant-Simulation Coordination

Because I.G.S.L. 1s designed to support a
gawing simulation which allows a large and varying
number of participants to simultaneously interact
1L a common game, a Very substantial problem of
coordination between the activities of the
participants and the simulaticn model as a whole
arises. For example, the decision of one
participant may be dependent on computer
simulation results which are, in turn, dependent
on the decisions of another [flayer who may be
located at a difterent site. The computer progranm
must allow the first participant to proceed with
all decisions that are mnot dependent on the
actions ot the seccnd participant, while
simultaneously notifying the second participant
that a decision 1s necessary. Furthermore, the
computer program should, insotar as possible, keep
the participants mcving through simulated time at
abcut the same rate in order to minimize the
frequency of cases 1n which one player's progress
is retarded by another player.

I.G.S.L. contains
deperndencies Letween
subsystens. A

facilities for
subsystems and
provision 1is

specifying
roles within
made to include
simulations of non-playing roles and to utilize
these simulations to provide time-critical
decisions if a rparticipant is unwilling to do so
after being notirfied. Furthermore, a priority
system 1s included which prcvides faster computer
response to participants with a heavy decision
agenda, and slcwer resgonse to those with a light
decision agenda, thereby attempting to move all
participants through simulated time at similar
rates.

Computer Simulation-Particirant Commupnication

Highly detailed, multiaisciplinary, many
participant, long duraticn gaming simulations
require the atility to store and manipulate a
large amount of textual material to support a
realistic and convenient tlow of information
between the computer sinmulation and the ganme
participants. The preparation and maintenance of
this material is one of the wmajor tasks in the
construction of a large scale gaming simulation;
and the task can become impossible if the material
is included in the computer program itself.

I.G.S.L. provides a facility Ior the
manipulation of the textual information which does
Lot require progran modification. The programmer
is also provided with a convenient and flexilkle
system for sending messages to the participant and
checking the responses. Special attention is
given to making the message handling systenm easy
for an 1irexperienced role player to use as well as
tresing the programmer from concern with the
managebent Of computer-participant dialogue.

If a gaming simulaticn 1s to be used in a
distributed, or multi-site mode, provision must be
made for the participants to communicate with each
other as well as with tne computer simulation.
I.6.S.L. is designed to allow any participant in
communicatiorn with the computer simulation model
to communicate with other particapants if the game
director so allcws.

Furthermore, 1t will be possible to store and

classity all such communications Ly subject,
simulated time of transmission, real time of
transmission, participant name, and role name so

the communications can be reviewed by interested
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parties as needed during and
simulaticn. This storage and
system will also apply to messages transmitted
Letween the computer simulaticn and the
participants, thereby providing a complete record
of the dialcgue for Leview 1n a systematic
tashion. Firally, since all conmunications will
pve classitiea by subject and participant role, the
game director will be arle to monitor selected
interections and mcdity the text before it is sent
to 1ts destination, if suca wmodifications are
required or desirable.

after the gaming
classification

duration, multi-cession

Long gaming
simulations which are to ke used for tLoth
pedagogical ana experimental purposes need a
fiexible capability to preserve the status of the
simulaticn pending its future restart. I.G.S.L.,
through a cowbination of data  structuring

techniques ana service [procedures, provides the
Frcgrammer with the option of storing all of the
information required to reipitiate the simulation
on a disk or tape tnrough the execution of one
program statemert.

Inccrporated into the design of I.G.SJL. are
syntax and facilities for convenient use of
graphic capabilities which are =so crucial to
successful gaming simulation. The routines that
manage the textual ccmmunication also will be
cafpable ot storing and aisplaying graphi¢
communications, including displays which are
partially preformatted and partially dynanic.
Provision will be made for graphic response from
the participants using a variety of graphic input
devices such as a graphic tablet, joystick, or
light pen. Finally, one participant will be atle
to serd a graphic display to anotner participant.
The recipient will then te able to modify the
display while the sender observes the
modification. Thus the graphic capability will
provide for inter-participant communication as
well as communication between the computer
simulation and the partacipants.

A real world decision maker is usually gble
tc gain information on which to base his decisions
ty collecting and analyzing relevant data. A
gaming simulation should give the participants the
same carpaktility. Furthermcre, the apility to
subject the output of the simulation to
statistical analysis 1s apn important debugging and
validaticn tool.

I.6.5.L. will allow the fprcgrammer, using the
statistical capabilities of the 1language, to
specify selected program variables as "monitored"
variables. ‘“Monitored" variables can be analyzad
by statistical ccmmands which are included in the
computer-participant communication system. The
participant thereby will be [provided with a means
to analyze data without leaving the sinmulated
environment and to use the graphic display
capabilities of i.G.S.L. to present the results of
his analyses.

In aadition, some of the most important
information a real world aecision wmaker has
availatle 15 his record of the comnmunications
between the key actors in the systenm. since the
communicatiorns system of I.G.S.L. will record and
classity all communications among participants and
the computer model, it will ke possitle to
retrieve arnd study these communications on @
szlective bpasis. cf course, in both the areas of
statistical and textual data, a given participant



should only pe allowed access to certain data, and
the system will ailow the game designer to specify
the range of access available to ecach participant.

the mcst severe criticisms of large
results from the inadequacy of the
on their assumptions and
documentation etrorts are
neglectea because OCf FLESSULE 1O complete the
simulation and funds are depleted before the
documentatiorn can be done. 1The 1result is a model

One of
scale models
availatle documentation
operation. Typically,

difficult to use for €ither research or
pedagogical purposes arnd nearly 1mpossible to
maintain and wmodify. Even if some documentation

is produced, it 1s usually difficult to relate to
the spscific outcomes of a run of the gaming
simulaticn because it is not cross-indexed
adequately with the computer simulation programs.

I.G.S.L. 1s designea to attack the
documentatiorn protlem Dy providing for
documentatior of the computer simulation element
of & gaming sigulaticn to bpe produced as the
computsr programs are written. It well-structured
programs are produced with explenatory comments on

each block, I.G.S.L. will provide a facility to
make these CODDELtS availavle to game
Farticipants. Luring use of the gaming
simuletion, & user will Le able to g=t specifac
documentatior <ror any section ot the computer
[rogram. Tne graphic display capability, 1in

conjurctior with an automatic flowcharting system,
wiil SeIve tec make this documentation
comprehensibie and clearly indicate the
relationsnlips almcng blocks 1r the fprogranm.

1he i1rLcreasirng availability of inexpensive,
powertul micro-computers results inL a need for the

incorporaticr cf SUfppcrt ror distributed
computing, that is, a sharing of the computing
activity Ly a numcer of ccmputers. For instance,

by UsSirLg grathic display terminals which
incorporate sgall computers, much cf the extensive
dialogue petween participants and the simulation
on the <central computer can ©Le condensed to
transnission of control codes Letween computers.
In€Se SnOLt CCLULCL messages L[ecall a particular

message oOr display from the small terminal
computer's nass storagye, display 1t to the
Farticirparnt, PLOLEt the par+ticipant for a

LEeSpOLSe, Check tne Trespcnse for appropriateness,
arnd transmit a code for the response tack to the
central cComputer. While this mcde of operation
does rnot eliminate a needa for the capakbility to
transmit ratner lengthy uessages 1n special cases,
1t does greatiy reduce the level of communications
trafric needed to support a distributed game and
makes intsractive graphics financially feasitle.

I.G.S.L. is aesigned to support both
progranmaktle and ncn-programmapble remote terminals
through ite communications package. The
programmer will not nave tc¢ o€ ccucerned with tue
distinction between distributed or centralized
computing operaticn wnile 1igplementing a program.
If the computer is commuLicCating through a
non-progranmabie terminal, 1t will carry out the
full cowmmunications function. 0On the other hand,
ir thke communicaticn 1= via a programmable
terminal, a condensed communicatious format will
Le automatically used, and graphic display
functions will be executed Ly the terminal rather
than the certral computer.
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In view of the revolution in computing
techniques which has taken place in the last
decade, the potertial usefulness of computers in
gaming simulaticn extends bpeyona the restricted
arena ot calculation, record-keeping, and
modeling. Indeed, the computer can now assist
with the interrace Letween the participants and
the computer wmodel in =such a way as to greatly
increase the efrectiveness of man-computer
simulaticn as a research and teaching tool. The
Interactive Gaming Simulation Language is designed
to facilitate such an advance.
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