DE.U.I11BF.Dergisi
Cilt: 7, Say1: 2, 1992, s5.240-255.

COMPUTER SIMULATION WITH SIMSCRIPT ILS

Vahap TECIM (*) Agata MARTIN (*¥)
Abstract

Nowadays it is necessary to use camputers for simulation apphcatwn. The
purpose of this article is to list the most common simulation languages and to give
more details of a useful discrete sunulauon language called SIMSCRIPT I1.5 which

has two main objects an gctive object, which is called ER_Q_CE_&_S_ (e.g. customer
in a supermarket) and a passive object, which is called W (e.g. clerks or

cashiers in a supermarket) The main problem is to understand and manage the beha-

viour of these objects and their interactions. Stmscrtpt II.5 can solve comphcated
discrete simulation problems but in this article we would like to give only the essen-

One can solve the same problem in different ways with Stmscnpt

tial commands.
ILS

A . INTRODUCTION

. Simulation 18 the‘ process of imitating the behavior of the real syStem by

- contructing and expenmentmg with a model that 18 only a simplified
_ represeﬂtatlon of the system.

Anybody who can do the modellmg of the system (1 e. who knows how it

evolves) can built a computer simulation. This person (or group of persons) 1s
an expert who knows how the clements of the systern interacts together

From- smmlatmg the System, we may want 1o ﬁnd a solution to a problem ‘
by trying out different possihle alternatives. Also,we do not want to experiment

on the real system; that can be very expensive or even dangerous In some cases
~and sometimes, the system may not even exist. The main goal of computer

simulation is to find a satlsf ctory solutlon that can be.lmplernented

_ Computer simulation can elther be dlscrete (state changes m the physical
system are represented by a series of discrete changes) or continuous (system
changes happens depending on the time). For example, some discrete simulation
systems would be an airport, a bank, a supermarket and some continous
simulation systems would be more like an automobile suspension or the ejection
of a pilot from an airplane. In the case of contmuom sunulatlon the theoretical

(*) Ars. Gor. D.E.U. 1. I.B.F. Ekonometri Bolurnu
(" Depa.rtment of Smence Umvprsuy of Ottowa
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equations has to be known and may include derivatives.

When somebody wants to simulate a system, he (she) should follow
these steps: ' A

a) System ana1y51s
- Goals
- Measures of effectiveness
- Interrelationships, constraints, and experimental frame
- Solut on strategy

b) Formulation of model
c) Model verification, valldatton and Lerttﬁcatton

d) Implementatlon and documentatton

The most common computer simulation languages for'

' Contmuous System Slmulatlon Languages are:

- Continuous Systems Stmulatton Language (CSSL CSSL IV)

- Continous Systems Method of Programming (CSMP)
- DYNAMO '

- ACSL

Discrete System Simulation Languages are:
- SIMSCRIPT (1.5, II, IL5)

i Generalized Approach to Slmulatmn Programmmg (GASP II ,
I1I) '

- Computer Simulation Language (CSL)
- General- Purpuse Slmulatton Language (GPSS)
- -SIMULA .
- SLAM, SLAM II e
- SIMAN '

General programming languages like FORTRAN PL/l PASCAL C
' and BASIC can also be used for 51mulatton purposcs.

We will now discuss SIMSCRIP’T II.S which is one of the most common
discrete high level simulation languages.
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B. SIMSCRIPT I1.S

SIMSCRIPT II 5 ts a dlscrete system szmulatlon language. It has been '
. developed in 1960 by CACI Inc. and can be used on both mainframe and

personel computers. The latest and the most comprehensive verslon 1S
Simscript I1.5 which is divided into five levels: the first three levels provide

general-purpose programming capability; the fourth level contains powerful list
~ processing facilities for entity manipulations, and the fifth level 1s oniented

- towards d1screte system simulation.

. 1..General Characteristics of Simscript IL.S

. gimsenpt 1.5 can bc con51dered as a general purpose language (like
Fortran, Pascal, C or PL/1) to Wthh was added some S1mulat10n pnogrammlng

o features.

~ General features of Slmscnpt I1.5: English-like, free- form modular
(conceptual and separete comptlatlon) and dynamlc storage.

3 Every statement begins with a keyword
Ex: ACTIVATE A CUSTOMER NOW '
START SIMULATION

There are two kinds of variables that can be used Wl[h Slmscnpt system
vanables and user defined vanables S .

- a) System Variables: All end in "." "letter”

PLC - (Constant)
HOURS.V  (Variable)

= SORT.F @ . (Function)
~ TIMER (Routine)

EV.S (Set)

b) User Defined Variables: Any content of letters, digits and penOds can
have up to 8 characters. For example, COSTUMER;NO. OF. CUSTOMERS,
V34, V23.5. A simulation typically includes vanat..es of two classes.

S S
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‘ o

- Time Variables changes dmonlmuously with time over the LOUI'SC of

the simulation. Ex. numbcr ol customer in a queue (ic. queue lcngth) the ;
| ‘Tuuhzatlon of a resource (bank teller, CPU)

- Sample Vanables maintains the collculon of measuremcnts of some ..
attribute which occurs during the snmulatlon/ of the entities wuhm a particular

class. Ex. the waiting time ot people in a queue, the time needed for a v
computer to execute a job. '

2._ The Simscript P-rograni Structure
PREAMPLE

Define all model componcnts stdncally (prou,ssus n.souru,s entities,
evems and sets) ' '

Define all global variables

Define all statistics to be gathefcd
' END ;

MAIN

- Execution starts here

START SIMULATION (now simulation time starts)

| (Pass control o [lmm}:, routine. Here can be wmm ali uutpulc rcsultq of
the smulauon) '

END

(Timing routine)

2y o
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PROCESS The description of an Ob_]CCt and the sequence of acuVlues _
which it experience» throughout its "life" in a simulation. A process models In
object (static) and its "life" in the system (dynamic). A snmulauon may contain
many copies of a single process and/or many different processes. Processes
interact by: Changmg system state, direct communication and comptlmg for
resources. Here are some simple pmcess commands where NEW. CUSTOMER
is the process name.

ACTIVATE A NEW. CUSTOMER NOW

ACTIVATE A NEW. CUSTOMER IN 5. HOURS

RESOURCES The descnptlon of an ob_;ect Wthh provxdes services to
the process objects. Acting to delay them if already occupled serving another} _
process object. A - m ilation may contain many different resources and/or
many.- units of each resource serving a single queue of processes Here are some
examples showmg you how 1o use the resources: ' '

- REQUEST 1 UNIT OF PUMP (l) or REQUEST 1 PUMP (l)
‘REQUESTSWORKERS e i J e
RELINQUISH | TELLER : .
- ENTITIES: Passive objects moved lhrough i Syatem gby i)

EVENTS: Instantaneous processes.

SETS: Ordered lists of entities, processes or resources. Sets the default

- setting is a First In First Out (FIFO) queue but it can be changed for Last In
FII’SI Out (LIFO) queue “ ‘

4. Some Important Simscript 1.5 Commands
‘4.1 ACCUMULATE and TALLY statements:

The statements ACCUMULATE and TALLY provide the means for
~conveniently acquiring various measurements where the variable can be either a
- time variable (for the Accumulate statement) or a sample vanable (for the tally
statement) ‘ ' .

i
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- Syntax: {ACCUMULATE /TALLY] storage vartable AS THE
~ {Number, Sum, Mean, Maximum, Minunum} OF variable.

4.2 *_CREATE' and DESTROY statements:

The CREATE statement is used to create a process notice for a parttcular
type of process without placmg 1t into the event hst |

Ex: CREATE A CUSTOMER '

The CREATE statement 1s used to create entlttes ThlS command 1S tO be
used in order to create resources.

. Ex: In order to create 3 PUMP resources we can use one of those two
block commands

2) CREATE EVERY PUMP (3)

b) LET N. PUMP=3
CREATE EVERY PUMP

c) PREAMPLE

. RESOURCE INCLUDE PUMP EVERY PUMP HAS A GRADE-
AND HAS A RESERVE (Where grade and reserve are pump s attributes. Note
that resources does not necessanly have such attributes.) '

~ END
MAIN
CREATE EVERY PUMP (3)

END
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Simscript will be creatmg a table for the above sequence of commands as
the one shown below ‘

---—
I---l

NXPUMP l

-1

I--- I

Where:

U.PUMP(I):Gives the number of "copies" of the jth variety of PUMP
'~ that exists. Is assigned by the user writing commands such as LET U. PUMP
(1)—6 LET U.PUMP(2)=2 and LET U. PUMP(B)-4 ‘

h N.X.PUMP(I):Maintains the current value of the number of the variety
of PUMP that are busy accommodanng a process that requested lhe resource.

N Q.PUMP(I):Maintains the value of the number of requests for the i 1
‘ vanety of PUMP that are currently waiting for the resource.

 Note that for all , UPUMP(D)=N.X.PUMP(I)+N.Q PUMP(I) at all time
' dunng the smulatlon i |

: The DESTROY statement is used to destroy (Le. to make non exlstent) 2.
. process notice which is in the "created™ state. '

Ex: DESTROY THE CUSTOMER
4.3 ASSIGNMENT (LET):

Relational operators IF, FOR, DO-LOOP statements are the same as
- Fortran. ' ' ' _
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- OBX: FOR EACH PUMP‘ ‘
DO% -
‘_ LET RESERVE (PUI\ LP,..1000
LET U. PUMP(PUMP)- '
,'LOOP

4.4 LOGICAL TESTS AND SEARCH STRUCTURE

Ex 1: IF GRADE (PUMP) QF GULAR AND RESERVE(PUMP)<56OO

OR N. Q PUMP(PUMP)>0

ALWAYS

Ex 2: FOR EACH PUMP,
- WITH GRADE (PUMP)=REGULAR AND RESERVE(PUMP)>0
~ FIND THE FIRST CASE

[F FOUND
" ELSE
ALWAYS

- Ry If we wish to know which PUMP has the shortest queue, we must
wrile, g o - - - : . . .

FOR EACH PUMP,
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COMPUTE MY. CHOICE AS THE MINIMUM(PUMP) OF
N. Q PUMP(PUMP) T *

REQUEST 1UNIT OF PUMP(MY.CHOICE)

AR A!HCTIVAFTE statement:
|

)

Th1s statement is used to create a process notice for a parucular process ‘
and the unmedlately place the nouce in the event list.

'Ex: ACTIVATE A CUSTOMER IN 25. MINUTES '

ACTIVATE A (‘USTOMER IN EXPONENTIAL F(2.5. 13
MINUTES ' ' *

4.6 REQUEST and RELINQUISH statement

- The REQUEST statement is used by a particular process entity in Its pro-
cess routine to request a certain number of units of a specified resource. If the
- number of resources requested are avaliable, then these units are activated and

the process entity immediately moves to the next statement in its process rou-
tine (usually a work statement). If the requested units are not all available, then

the process entity is put into the queue for the requested type of resource and
' control 1S retumed o the (iming routme '

Ex: REQUEST 1 UNIT OF CASHIER(1)

'REQUEST 1 CASHIER(1)

' T RELINQUISH statement is used by a particular process entity to re-
linquish a certain number of units of a resource of a specified type. If a queue

corresponding to the relinquished type of resource is not empty, the resources
made available by the relinquish statement can be used by another process
which had requested the resources that were unavanlable

Ex: RELINQUISH 1 UNIT OFCASHIER(I)
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4 7 WORK and WAIT statements

Those statements are used by a parncular process, Wthh 1S executing
and it prevents itself from doing anything else for a specified amount of time.

A WORK statement represents service times and a WAIT statement reprcsents
interevent (mterarrwal) times. '

Ex: WORK 40.MINUTES or WAIT 2.HOURS
4.3 SUSPEND and'REACTIVE THE statements:

The SUSPEND statement 1S used by a parttcular process to stop its own
execution for an unspecified amount of time.

“ Syntax: SUSPEND

The REACT IVATE THE (or THUS) statement 1S used In a process or
normal routine to reactivate  -eviously suspended proccss(es) ‘

Ex: REACI‘IVATE THE CUSTOMER NOW
4.9 INTERRUPT and RESUME statements: '

Thc INTERRUPT statement 1S uscd In a process or normal routine to de-

lay the actwatxon of a process other than the one where the statement 1S called
from. ‘

Ex: INTERRUPT THE CUSTOMER

The RESUME statement is used in a process or nonnal routme to resume
an mterrupted process. '

" Ex: RESUME THE CUSTOMER

~ 4.10 END and RETURN statements:

‘The END statement is placed at the end of each process routine. .

Syntax: END
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The RETURN statement may be placed in the middle of a process rou-
tine, if executed by a process entity, 1t has the same effects as the END statc-
' ment. ' .
Syntax: RETURN
~4.11 DEFINE and DEFINE TO MEAN statements:

The DEFINE statement define every variables which are either integer,
real or characters. The variables can be either global or local: When a variable
is defined in the PREAMPLE it is a global variable but when it is deﬁned n
any subprograms other than PREAMPLE 1t 18 local to that subprogram.

Syntax: DEFINE varl (var2..) AS [A] {REALINTEGER TEXT}

” The DEFINE TO MEAN statement can be used to substitute a character
string for a single word, thereby making the program more readable.

Ex: DEFINE IN. COMING TO MEAN 1

We can also define the time units for the simulation clock which is given
by a variable called TIME.V. The default unit of time for TIME.V is day,
which means that any output vanables(e g. mean delay of customer in queue)
‘w111 also be in days. User can change the mean units by using:

_Ex: DEFINE_ .MINUTES -TO MEAN UNITS

In Simscript, we can use 3 default simulation time units: DAYS,
HOURS and MINUTES. Simscript knows that 1 Day=24 Hours and 1 Hour=60
| Minutes. The system vanable TIME.V i1s the system s clock and the ﬂexrbrhty -
of the system allows the user to redefine the time umts -

Ex DEFINE SECONDS TO MEAN HOURS

4 12 RANDOM F and SEED. V statements

. The RANDOM.F statement 1s a random number gencrator in SIM-
SCRIPT. It generates numbers between 0 and i ; '
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Ex: LET V=RAN DOM.F(I)

whcre [, an integer between | and 10, is th numbu of the deslred stream.
Random numbel strcam [ 18 111111..111/a,d by the SEED. V(I) (for I=1,2,...,10)

with each new submittal of a situmulution modcl [t iS very important for any
stochastic mmulatxon modc! 10 have i v 00d umdom number generator, that 1s a
mechanism for generating mdcpcnduu samplu from a untform dlsmbutlon on
' the mtewal 10,11 ' ‘ '

Ex: LET T1=SEED. V(1)

4.13 S'tatu*s Of Process
During the snmul..mon e uscr cun wnllol all lh(, plou,ssc,s Using the
built-in (,ommand .8 § A.A, one can obmm Llu, actual status of a process:

STA.A(process)=0 when 11‘1c-pr0cCss ‘is,not active (waiting stage)
=1 when the process is active (working stage)
=2 when the process is suspended

=3 when the process is interrupted

4.14 Statistical In l:'m‘_m:.ltion

“Simseript 1.5 can use st: lnd ard discrete dlSlllbU[lOll (delc 4.14.1) and/ . .
- or sldnd ard Lonlmuous dl\lllbtlllk)ll ( Table 4. 14, 7) defined bLlOW and wherc 1S

a stream numbu
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Table 4.14.1 Standard Discrete Distribution in'Simscript

Distribution

- Function Name and Argument

‘ Discretg Uniform RANDI.F(A,B,])

Poiskon " POISSON.F(MEAN.I)

 PRAninkl ~ 8t N = BINOMINAL.F(N.P.)

~ Table 4.14.2 Standard Discrete Distribution in Simscript

Function Name and Arguments

EXPONENTIAL.F(MEAN,I)
 GAMMA.F(MEAN,ALPHA )

- ERLANG.F(MEAN,ALPHA,I)

WEIBULL.F(ALPHA BETA.I)

LOG.NORMAL.F(MU,SIGMA.I)

NORMAL.F(MU,SIGMA.I)

BETA.F(ALPHA1,ALPHA2,I)

UNIFORM.F(A,B,I)
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- Ex1: Do I=110 5()()
ACTIVATE 4 customer now
W.AIT EXPONENTIAL.F( 1,1) .minutes

Loop

Ex2: REQUEST | pump
'WORK UNIFORM.F(1,4.7) .hours
. RELINQUISH 1 pump

S.Comments

In conclution, Simscript 1.5 is very uselul for simulating a system and
the commands are very casy 1o usc and very flexible. But belore deciding to
usc SIMSCRIPT 11.5 you should take inlo cmﬁlsidcrulion the tollowing:

‘1) The mainframe version docs nol have any umphlc, mu,rtace but 15 fast
in giving the results. ' '

2 ThL PC version has lhu umplm intertace but It 1s qunu, slow even W1th
%mall problum.s ' ' -

3) The available documentation is hard to understand and incomplete.

4) The "debugging” of a Simscript program can be very time consuming
because the crror codes do not give the user the knowledge of the exact cause
of the problem. ‘ ] | ' ‘ |

OZET
GunumU/dL stmulasyon uyuulam alarimn bllsrlsayarlarld yapllmd31 '
Lorunluluk halinc gelmigtir. Bu mal\alunn amacr ge cnel kabul gormus
simulasyon pl()y..imlanm ditlerimi listelemcek ve kullanimi oldukg¢a yaygin olan
kesikli programlama dili SIMSCRIPT: 11.5 hakkinda daha detayh bilgi
vermektir. Simseript ILS iki ana objeye \..1h|pm Aktil obje, PROCESS olarak
adlandlrllmakm (supunmnlxn,llclxl miisteri) ve pasif obje RESOURCE olarak

ddlandmlmakmdnr (sipcrmarketteki Kasiyer). Esas problecm bu 1ki1 objenm
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- hareketlenm anlaylp ybnetebllmek ve birbirleri ‘arasindaki 11et1§1m1 _
saglayabilmektir. Simscript I1.5 karmaslk kesikli simulasyon problemlerinin
¢bzme imkanina da sahip olmakla birlikte biz bu makalede sadece onemli
sayilabilecek komutlan vermek istiyoruz. Ele alinan problcm Slmscnpt IL.5 ile
degisik yollardan ¢dziilme imkanina sah]ptlr
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