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SIGNIFICANCE AND EXPLANATION

At the University of Wisconsin-Madison we have successfully used micro-

computers f or several years in our graduate level simulation courses. After

some initial start up problems, mostly caused by our failure to realize that

micro-computers are not used in the same manner as main frames, we feel that

we are able to teach simulation at least as effectively with micros as we

once were with our larger computers. One reason for this is our development

of a simulation "language" specifically designed for use in an educational

environment by "naive" users.

In spite of our success in using micro-computers for simulation for

education, we have been having difficulties answering reasonable questions

regarding the utility of micro-computer based simulations in non-educational

settings. Typical concerns include issues such as:

1. Are micro-computers too slow for serious simulations?

2. Is sufficient memory available for large models?

3. Which programming language is best suited for model development?

In this paper we will attempt to provide answers to these questions.

To provide for a fair comparison between different programming languages

we designed a simple discrete event simulation language with many of the

modelling features of more elaborate languages. This language was then imple-

mented in Microsoft FORTRAN, Pascal/MT+, and Ada/Janus, and the performance

of these implementations were compared.

The target language is presented in Section II. The three implementations

are discussed in Section III, and the evaluation of the implementation is pre-

sented in Section IV. The source codes of the three implementations are

available in a separate document 112].

The responsibility for the wording and views expressed in this descriptive
summary lies with MRC, and not with the authors of this report.



SOME EXPERIENCES WITH GASP-LIKE MICROCOMPUTER
SIMULATION LANGUAGES IN FORTRAN, PASCAL, AND ADA

Arne Thesen and Rekha De Silva

I - I N T-F U C3EI ON

At the University of Wisconsin-Madison we have successfully used
micro-computers for several years in our graduate level
simulation courses. After some initial start up problems, mostly
caused by our failure to realize that micro-computers are not
used in the same manner as main frames, we feel that we are able
to teach simulation at least as effectively with micros as we
once were with our larger computers. One reason for this is our
development of a simulation "language" specifically designed for
use in an educational environment by "naive" users.

In spite of our success in using micro-computers for simulation
for education, we have been having difficulties answering
reasonable questions regarding the utility of micro-computer
based simulations in non-educational settings. Typical concerns
include issues such as:

I. Are micro-computers too slow for serious simulations?
2. Is sufficient memory available for large models?
3. Which programming language is best suited for model

devel opment'?

In this paper we will attempt to provide answers to these

questions.

To provide for a fair comparison between different programming
languages we designed a simple discrete event simulation language
with many of the modelling features of more elaborate languages.
This language was then implemented in Microsoft FORTRAN,
Pascal /MT+, aid Ada/Janus, and the performance of these
implementations were compared.

The target langiage is presented irt Section II. The three
implementations are discussed in Section III and the evaluation
of the implementations is presented in Section IV. The source
codes of the three implementations are ivailable in a separate
document [I12.

Sponsored by the United States Army under Contract No. DAAG29-80-C-0041.
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A. Design Goals

The purpose of any simulation language is to free the analyst
from coding tasks so that she can concentrate on model
development and analysis. Here, this global goal was
operationalized by specifying modelling capabilities, interface
goals and resource restrictions as follows:

*---------------------------------------------------------------.
DESI6N 0BJECT IVE

4.---------------------------------------------------------------
MODELLING CAPABILITIES (general purpose)

*----------------------- ----------------------------------.
- Discrete event scheduling using user written event routines
- Automatic scheduling of recurrent events
- Floating point clock
- Set modelling capabilities with automatic data collection
- Service routines for collection and display of user

specicfied data.
- keyboard control of running models.
-Five common random number generators

------- --- -------------- --------------------------------
USER INTERFACE (user friendly)

*----------------------------------------------------------------
- The user should not need to understand the design of the
simulation data base.

- The user should not be able to cause run time errors in
the simulation package (for example by removing a non
existing entity).

- The resulting code should be a self documented model
- Host Language should be designed to facilitate program debugging
t Model verification should be facilitated by extensive error

checking and an interactivly controlled trace feature.
--------------- ----------------------------------
RESOURCE CONSIDERATIONS (run on 8 bit micros)

4...........----------------------------------------------------------
- The language should be small enough to allow rooe for
reasonably complex models on a 64k byte micro-computer.
Time required to compile and link a model should be
sufficiently small to facilitate interactive model development
on a CP/M based desk top computer.

-Time to execute a model should not be excessive.
4.---------------------------------------------------------------

Table I: Design Objectives.

The commands of a language intended to implement these objectives
are listed in Table 2. To keep the size ot the system smal I . some
desirable features were omitted. For example:

- Model building blocks such as facilities and inventories
are omitted.

-Al sets are rankedc on the first attribute value
- Ent. ities (-an only te removed trom the head of a set.
- Simple linearlv lirked lists are used tci represent ail sets.
- Orly t he most - otmnon r, .Ai(dom number qenerators are proviced.

E> per i ence I i s i owri t nat.. mo t commor I I enC. ount ered Model
feat.ur ea can- be eo,,. 1 v pr (.,qr anmied -L t I t. he too Is provi de3 b v th i s

IarI joqe. I I t i t.., .t -w Case. wier 0 l+t :1, S was dI tti Cul t , I t Was e~aFj
LLI a1d thte 1 (.., jiir sr, r- at ir e,-:.
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EVENT SCHEDULING COMMANDS Effect on simulation model

NextEvent Updates simulation clock and global variables Tkow and Code
--------------------------- 4------------------------------------------------- ---------------------------
Recurrent (EventCode,Neanlnterval) Schedule, perpetual sequence of events of type EventCode at expo-:

Inentially distributed randon intervals with a mean of Meani nterval:
-------------------------------- 4-------------------- -------------------------------------------------- ------

Schedule (EventCode,Tioelncrement)! Schedules a single occurence of an event of type EventCode to
1take place Timeincroent time units from current simulated time.

SET MANAGEMENT COMMANDS Effect on the simulation model

1InsertintoiSetNa,Attributes) Inserts the entity described by the vector Attributes into the sWt
Setho , such that the first attribute value for set members are
ranked in increasing order

4--------------------------4------------------------ ---------- ------------------------------------------

ResoveFrom(Set~o,Attributes) Removes the entity at the head of the set. Returns its attribute
values in the vector Attributes

4---------------------------------4----------------------------------------------------------------------------

1SizelSetNo) Returns the count of entities currently in set SetNo

1RANDOM NUMBER GENERATORS Distribution Type

Bernoulli Ip) Bernoulli with mean -p- Integer
4-------------------------------------------------------- ------------------------------------------

1Exponential (tmean) :Exponential with mean *mean* Real
4----------------------------------4---------------------------------------------------------------------------

1Normal (mean,stdv) Normal with mean 'mean' and standard deviation 'stdv' Real
4----------------------------------4---------------------------------------------------------------------------

SPoissonflambda) :Poisson with mean 'lambda' Integer:
4----------------------------------4---------------------------------------------------------------------------

Unifarm(a,b) Uniform between 'a' and Wb Real

OTHER COMMANDS Function

Collectibin, value) Collect point values
4---------------------------------4----------------------------------------------------------------------------

SHistogramivalue) Collect data for histogram
--------------------------- 4--------------------------------- -------------------------------------------

:Initialize ;Initialize entire data base
---------------------------------- 4----------------------------------------------------------------------------

SReport tDisplay statistical summaries
*---------------------------------4----------------------------------------------------------------------------

Tioelntegrate(Bin,NewValue) Collect data for time integrated averages
---- ---- ----

Tab Ie 2: Coiniands SUPported by Tar qet L_.,Ar-cjuaqe

Events: 'AE' 1DP

V 4-------------- ------------4 V
Flow: --- > Naiting Line:--,":1 Serverts ---

4-------- ------------

Sets: IL' 155'

F i quir E, I : Pr cc ess M1odelI oi 1,-sei iver OLA..eu1 q -,'vt Ti.~
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B. An Lxample

To introduce our simple language, we present in Froqram I, a
simulation model 0+ the n-server queuing s:ystem described in
Figure 1.

START

--------------- Initialize
INITIALIZE Recurrentl'AE',TArriv)

ServerCount = n
---.----------- Schedule('LE',TFin)

4-------------------

DETERMINE TIME :<-+ Repeat
OF NEXT EVENT, NextEvent

Case Code of
EXECUTE IT 'AE':Arrival

- -'DE':Departure
end

------ yes until 'LE'
; MORE? : --------
--------- Report

no
-----------------

PRINT SUMMARY :
-----------------

Procedure Arrival Procedure Departure Procedure Serve(EntryTime)
be in begin beqin
If SizeOfW'SS')(ServerCount RemoveFroa('SS' EosTEntry) ServiceTime:Expo(NeanTime)

then Collect(2 TNow-TEntry) Insertlnto('SS' ,TNo*+STise,EntryTiee)
Insertlnto('NL',TNow) if Sizedi|'w') >0 then Schedule('E',ServiceTime)

else RemoveFroml'NL' TEntry) end
Serve(TNov) Collect(l Tnow-fEntry)

end ServeiTEntry)
endif

end

Program 1: Target model of N-Server Queuing System

The overall logic of this model should be obvious arid is not
discussed here. Note that we chose to use an Algol-like block
structure in this model. Obviously the program structure used in
any implementation of the language is a function of the
sructures supported by the hcst language.

Statistics collected on sets Current time is = 100.00

Set Total Current ---- Time-In-Set---- Avg.
No Input size min avg max size

SS 14 0 0.13 0.32 0.69 0.45
NL 4 0 0.06 0.112 0.25 0.05

Statistics on user collected data Current time is = O.00

Unit 055 Mean Var StDev Mn NMax

1 4 0.12 0.01 0.09 0.06 0.25 Time in queue
14 0.36 0.03 0.17 0.13 0.69 Time in system I

- i .iur 2: Out put f r om Fr- or am i
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The statistical summary report produced by Lhi s model is
presenLed in Figure 2, and a portion of the trace produced by the
runninrgq model is reproduced in Fiqure :3. In addition to
automatically collected data. Figure 2 also includes summaries on
explicitly collected data on total time in the system and on time
in queue.

Tie Command Event Set n Unit Parameters

0.0 Initialize
Recurrent AE 0.49 0.50
Schedule LE 100.00 0.0

0.49 Event AE
Recurrent AE 0.71 0.50
SizeOf SS 0
Insertinto SS 1 0.70 0.49
Schedule DE 0.78 0.29

0.71 Event AE
Recurrent AE 1.39 0.50
Size0i SS I
InsertInto WL 1 0.71

0.78 Event DE
RemoveFroi SS 0.78 0.49
Collect 2 0.29
SizeOf WIL I
RemoveFrom WL 0.71
Collect 1 0.07
InsertInto SS 1 1.10 0.71
Schedule DE 1.10 0.32

FiQure 3: Fartial +race pr(:,duced by the model

C. MODELLING CONSTRUCTS

The language presented here is based on the GASF IV language [9].
Details of the language are discussed below.

1. Events and Event Scheduling

The act of entering information about future events in the future
events list is referred to as Event Scheduling. A typical event
list is shown in Figure 4. liwo mecharn isms tor event scheduling
are recognized. inese are discussed below.

Time : Code Events

203.54 AE' Arrival of customer
-.... ...--..... +
* 204.67 : 'DE' : Departure of customer
4-------4-

;100.00 1 LE' i End of simulation

Figure 4: Ypic..l event ii I

fi recurrent e-4,r -t. t.ReaII i f . equer E? u- ?'(ri Lt V -uc h as
t (. Ilftr, L a I. ; L , t occu al r at i, tnd, i tLL r vai i n de .-, (_L c r t I

it L ', i'~t - t .c-s V he i ;vL m efi n. dI ci i ,L ir L IiTsi. 1--'e e "'e IIts
I' .~-~r I I..,t i2 k+!r nia I yl k itd . U~i; *,s,- L Luflie.rs.
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machine break downs, message$ etc. In Program I the command
Recurrent(AE'.T~rrjv) is used to schedule a perpetual sequence
of type 'AE (arrival) events each of which is separated from its
neighbor by an exponentially distributed random interval with a
mean of Thrriv.

A scheduled event is one that is explicitly inserted into the
events list by the User written model. This modelling construct
is used to create events that are triggered by state changes in
the simulated system. In our example. the command
Schedule('DE' ,expo(TServ)) schedules a 'DE" (departure) event to
occur expo(TServ) time units from the Current simulated time.
Scheduled events differ from recurrent events in that they are
usually created when the state of the system a certain specified
state. Recurrent event streams do riot reflect the state of the
s ;s t eai.

22. User Defined Sets and Entities

The set modelling construct is used in most simulation languages
to represent and hold entities as they flow through the system
being simulated. In Program I we use the set 'WL' to hold the
Customers in the waiting line and the set 'SS to hold customers
being served.

In our- simple language all sets are ranked in increasing order ot
the first attribute of each entity. In Program 1 we want to serve
customers in the order they arrive. We therefore assiqn the timre
of arrival to attribute one for all Customers enterinig the queute.
Similarly. for customers entering the "being served set" we
assign the end-of-service time to the first attribute.

Entities call onlyr be removed from the head of a set. This is the
most :erious shortcoming of the present design. Our decision t o
exclude routines for removal of entities in the middle of a set
was due to the increase in complexity to find the desired entity
(the actual removal of an entity when its position is known is
trivial)

D. L4A1H-A:) MAW'.4tLMENT

To a U~ser,* a si mula.t ion I anquaqe may be thought. of - as a modellIi nc
too..: I TIL the ,i nquacqe impien-iertor however, 0..lok more li :.L a
id<-tta taecir.qmrtSiVtea*. Thin iE b+catE an e-laborate ockta
b as e i, Lc i e ) t riLf- Ot the con~ztai t lv chaiit nq t i *

L' itt th . 1* t erf. In the t 01 1 wi nq we U 1 : CLS the

flit .(4 n.1t 1:1.-A tl -t llii iiAL -Art* t Ari' CulrlLC-inetI in event notices.
1( h ijt Wt. L k t i --i i t ot I ci, oi i i i i " 1 I t Ito iit.1 Of
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1. 'Time of the event
2. Type of the event
3. Mean interval between recurrent events

To ensure proper e> ecutitin of events, these event noticec- are
stored (at least logically) in chronoloqical order in the
Simulation data base. The task of maintaining the notices in, thils
order is delegated to the event scheduling commands kTable 3.

* Function Effect on event set

NextEvent(EventCode,Tise) Retrieves code and time of next event
in list and deletes the corresponding

1event notice
*--------------------------------------------------------------------------

Recurrent EventCode, Mean Interval): Creates event notice. Inserts notice
:at proper place in set

--------------------------------- 4---------------------------------------------

t Schedule (EventCode, Time Increment): Creates event notice. Flags event as
:nonrecurrent. Insertes in set

+-----------------------.-------------------------------4

Table 3: Effect on Event Schedulinq Commands on the Database.

The design of efficient data Structures for simulation has been a
subjiec t Of considerable interest in recent year s -j5., :: ..
However to k.-eep our language simple, the Only data structure Used
in this project is the linked list. F2qur-e 5 shows how the event
set in Figure 4 can be represented as a linked list.

4-------------------------------------

V
4--- 4---------------- 4---------------- 4---------------

: Type=Departure; hlype=End~iSiau; :Typez Arrival:
IHead ! Time= 204.67:->ITise= 204.67: :Time= 203.54:

:lntervalz 0 : ;nterval= 0 l nterval:3.00;
4---- 4---------------- 4---------------- 4---------------

4---------------------------------
4----------------------------------------------------

Figure 5: Linked List Representation of Event-- List in- Fiour e4.

Sinrce the djetailied implementation oi data structures depend!-- on
the proqr amni ng t1~gU.Aqe used, vwe duc- er the SPe-C 1 f- I L t i 01 ' ct
r ecor d format and content +or eVe n t fno0t I Lesi to the thr--e
irrplementiont s5ctAiLrs.

2. User Octrned Setas and Ent :tt. ice

Irdi1 vi 1du(AlI eriti t i e-- CAr e r epre-s(ertt-'d Lv entity records. 10 44
the EV steln s.I rnpi 4, W*-+. a e icJdf1 5 Ltlzll~ .1k. ed t.I SLS t.L. If -I t- A f

the r eco dE, i n pr oper, or der . t.. j 11 la- t-ioe 1At1.1t L(. u I I t L (A I

o~jf [peL- i Orm(1,AIInce dat . . thte h4e--der r ecuor d T or -e-,ic h di i t er, t--it
I I L I Ud',- -~cCE? 1-r- t t t ol 1 tj . --z (,,At I -t jc Ld ct---:
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I. Number oi: entries into the set.
2. CLurrent size Ot the set.
7. ToLal time in s-jet at time of last state change.

4. Time of last change in state of set.
5. Ma;imum time an eiftity has spent in the set.
6. Minimum time an entity haE spent in the set.

In Table 4 we summarize the effect of different set management
commands on the simulation data base.

-----------------------------.----------------------------------------------------------------------------

Function ; Effect on the data structure
*----------------------------+----------------------------------------------------------------------------

Insertlnto(SetNo,Attributes) Obtains an entity record. Saves attribute values and other data.:
Links record into proper logical position in set.

---------------------------- 4----------------------------------------------------------------------------4

RemoveFroo(SetNo.Attributes) Moves attribute data from entity record to vector Attributes.
Deletes entity record. Collects data on set utilization

------------------------- 4---------------------------------------------------------------------------- +

I Size(SetNo) i No effect on data structure
4------------------------4---------------------------------------------------------------------------- +

Table 4: Effect on Database of Set Management Comman -

Language Features: Janus/Ada 1 FORTRAN-80 Pascal/T+

Dynamic Memory Yes I No I Yes
Management

------------------.------------------------------- --------------

Include Files Yes No I Yes
. ..---------------------------------------------------------

Separately coop- Yes Yes fYes
iled library

---------------------------------------------------------------

S Strongly Typed? ; Yes I No Yes
--------------------.---------------- .----------------------------
Variable Names Any Length i 6 char max 8 signif.chr:

:::::::::: 4::::::::::::::: 4::::::: +:::

Variables

Double Precision No I Yes I No
----------------.----------------.----------------- -------------

! Real Variables ; No Yes Yes
--------------------.--------------.------------------------------

: Record Type Yes I No t Yes
----------------------------------.-------------------------------

: Scope of variabl. Many options: Local,COMMON: Nested
..------------.-----------------------------------------------

Static Variables Yes No No a
::::::::::: 4::::::: 4::::::: 4::::::: 4:::

Resource Reqmts
::::::::::: 4::::::: 4::::::: 4::::::: 4:::

Floppy 5isks 2 $ 25bk 2 $ 80k 2 $ 256k
4----------------------------------------------------------------

:Memory Required o4k I 64k 64k
4----------------------- ---- ----------------- -------------

Operating Svstem CF/A Cp" ; PiM
::::: 4 -:::::::::: ::::::::::::::::::::::- - - -4::

railj I e: ,.: Di t ,L I *li t i ra] L.,i ,a,.j4e' Fea, tLI?-k



I n thi F- -ection we present the liripierentatiorib of~ the torciet
1& ,rquaqe in the thr-ee di rterent programmning I an-LUaqeEs. Eiutt first.

tor- r eaders noat famialiar With) the ieatures cif the I.-:ngLuaqC-S Used
in this~ report, we preste-nt in Table 5 kpage 8i a brief sumrmary of
a rnpcrtent f edtLureie.

A siunmffarv of the commiands Used in our implementationts is giVen in
Table 6. os we shall see, langu-age differences have an important
imrpact on the manner in which these commrands are imnplemrented.

tTarget Language FORTRAN-8O Pascal IMT4. Ada/Janus

NextEvent tcall NEXTEV~ievent) NextEvent Next Event(Current Event)
Recurrentlcode mean): call RECURhievteanl Recurrent(code,Meanlnterval) Recurrentitvent Code Mean);
Schedulelcode,'Ticr): call SCHED~iev,tinter)8 Schedule(code,intterval) Schedule(Code,Tinterl

+---- --------------------------------------------------------------------------------
lnsertInto(Set,Attr) call INSERT(iset,a) losertlnto(set) Insert lnto(Set number)
ReaoveFrom(SetAttr): call REIIOVE~iset,a) ReaoveFromiset) Remove FromtSet Nueber)
Size(Set) :NSlZEliset) Size~f (set) Size OB Set Number)

4.------------------------------------------------------------------------------------- ----------------
Callect(bin,value) call COLCT(ix) Collectiiinkumber,Value) Collect(EBxn,Valuei

call ERROR1i)
Histogramivalue) call HISTOW) Histogram
Initialize call INIT Initialize Initialize Events

Initialize Sets
Initializeflata Collection:

Report call REPORT Report Set Report
ColfectReport

Timelnteqrate~binVU call TCULCT(a~xti Tcollect (BinData) T~ollect(Bin,Value)
4.---------------------------------------------------------------------------------------------------
;Bernoul i)(p) IDERNO(p) bernoulliip)
IExponential itsean) EXPOit) Expoidmean)
Normal mean, stdv)
poissonilambla) lPOISNia) PoissonhllmbWa
Uniiora(a,bJ UNlFNA,B) Unii(Ilimit,ulimxt Rno(,

T1a b 1 +- t,: Sumar-y nf Impl1emren tedJ Lomm~andJs

F F F Ft-,,N -- 8

L 1 k-i-I4r ok-i ii

T h e F0R& FRA~-N i (ip I t.(fe ~n L: t iL C) r +1i wr- I t ten n I iI ilI c V- ki't t F 0 i .i N - o
[I j hi hl0biVI R 0N dJij al t ect f ,as A ;;- II CiI; f41, P1. 1" Gk a -s e t.

kUiI ii Lai C t- F r~t LC-fI ' I iC I U th -e .. na I II t V to t r- ( e f Uet I - [I km ES
tj o rt L a. 1, e, br .u-U II. ne';s . )L H-f.i C Q~a Fil h. I :on I e r an d
L r i; t: r :.trE.,b uuIi i a~r j. r ina I1 tr t t ha i E tniie orn v I.e an LjAa qeP

0 k:. .i I 1ASi. os' wiur He"-.tIr I~ th I ri IC F -1M 0U t E!r wi 1i-h

saje cs- i '4' (Ji S s. h I't 1n uc 0-~ j- f i i no , i nq
i rsi~ I . Fc o 1; 17. 1 iw a inur Ca i.fll- L Ejit !t. t., tEC: .or t (Ti i f t- a n ri-d 1 r



2. The N--Server Queuingj Systeni

To illustrate the FORTRAN implementation we present in Program
the FORTRAN version o+ the N-server queuing system example.

C ...........................................-- C ----------------
C SIMULATION MODEL OF SIMPLE QUEUIN6 SYSTEM subroutine arrvl
C + --------------------------------------------- C ----------------

common idata/nserv,tarriv,tserv,ibin C place in service if server is avaiiable
common ICLOCKitnos tend dimension attrib(4)
common ICOLCT/nc(IO),other(40) common/data/nservtarrivtserv,ibin
common iLIST/nlists,ievset,ighead,alist(4,400),iptr(400 commoniCLOCW/ tnow
common iSEED/iseed if (NSIZE(1).qe.nserv) go to 1000
common ITRACEiitrace call serve(tnow)

C VARIABLES return
C --------- C place in queue
I nserv = number of servers 1000 attribl) = Tnow
C tarriv : mean inter arrival time attrib(2) z Tnoi
C tqerv = mean service time call INSERT(2,attrib)
C C schedule next arrival
C MODELLING UNITS return
C end
C Eventil) = Customer arrival (recurrent event) C -------------------.....
C (2) = End of service (triqgered event) subroutine servetentry)
C Colct(l) = Wait time in queue C -------------------
C (2) : Wait times in system dimension attrib(4)
C common Idatainserv,tarriv,tserv,tbin

call INIT common /CLOCK/tno(w
tarriv = 0.5 twait:tnow-tentry
TFin : 100.0 call COLCT(1,twait)
nserv = 2 ts=ERLANSttserv,3)
tserv = 0.6 attrzbll)=ts+tnoW
call RECURltarriv) call INSERTHl attrib)
call SCHED(3,TFin) call SCHED(2,tsJ

1000 call NEXTEV(icode) return
if(Icode.eq.l) call arrvl end
iiiicode.eq.2) call depart C -----------------
if(icode.ne.3) goto 1000 subroutine depart

call REPORT C -----------------
stop dimension attrib
end common idata/nserv,tarriv,tservibin

common /CLOCKitnow
C server finishinq first is first in set

call REMOVE(I,attribi
tsys=tnow-attrib%2)
call COLCT(2 tsys)
iniNSlZEQ2).e.0) return
call REMOVEi2,attribi
call servetattribkl))
return
end

F'ropram 2: FORTR -N Ver'sion Ci N-Server Queuinrq 'Svstem

i. The i1), ta at se SvsLem

]ur FO CIjF 'q --8 ip1 ementation is parti. cul ar 1 v wea n i t e Ie .

iTnsi Q1?e1'nt 1Ae- . .nce F0P.T'R;AN I does not support records ai,
dvn,ii c ,reincrv mnaqernerit, it was necessirv tc' i=rete a I ar-ue t wo
ci i om i. cnl i. r rav, t v: tih r"tw it whi (Ji would be avai .Iatl e tor
p !-:i I t i* -,A I t *' I " t-. '* r ;-_Ai A r I even i-. Cr.11 i G a n en t a t v r e( cir d .
k er- ,Li u I, buti rC.t;att i r t. L (.:sde, ire it t e *iaime size. e ) When I0ot. III
U, 11, t,, (! : I.?0 I' (D ,a';.. ' ru.nrU? t eji.-,h:r I a .I, garbage list tro

Uric I ti-, , I E. e.. I jj ai- Lc whi c V E Cr . R r C

rC-_ t..cA; it' bGhtg Il I I' Ijet t .1lrt._.. le 1 ci Qi Vi Ci.L t. t I I tco Q

f U1i I, C ai 00-W :, t--' dt.-l"f- Ii e; o i p yAI,



+ --- 4 -$
SubroutineiFunction: Purpose

INIT Creates the record pool and links all
records into the qarbaqe lst.

---------------------------------- --------------

NENRECidusay) Removes next available record from
the qarbage list and returns its index

*-------------------------------4,--------------4,-
LNKREC(iset,irec) : Links record 'irec' into set number 'iset't

4,----------------------------------------4,-

LNKOUT(iset,ipos) Removes the record in logical position
'ipos' from set 'iset', returns its index

.......................------------------------------------------

Table 7: List Processinq Routines tor FORTRAN Implementation.

The records used for event sc:hedulinq and set management are all
stored in the array LIST in the common area /LIST/ (note the non
standard naming convention). Their content is described in Figure
6. Note that a considerable amount of memory space is wasted due
to the restriction that all records be of the same size.

4,- 4,----.-------------------------
: HEADER RECORDS ENTITY RECORDS

Field --------------------------------------
' number:USER DEF- 'EVENT ;USER :EVENT
*------tINED SET 1 NOTICE DEFINED ;NOTICE
int:rea: HEADER HEADER tENTITY

' Number of 'Number of :Time
t I tinsertions:insertionst :of

I--- - --4, ..--- ------- attrib()l)event
: Current :Current :

2: size of :size of :set ranked;
---- ------ 4------------ -------- -

t : Time spent: ?Event
3 :in set by: :Code

+--- 2 :entities not used attrib(2) ----------
1 :no longer
: 4 1 in set
- - --.- ------------------ -- -4,----------
: :Time of 1
5: 'last ?

3--- :change in not used attrib(3);not used:
* : !state of
*6 :set

----- --------------------- --------
; not used! *Avg inte.

7 : :rval for?
*--- 4 --------- not used attribl4)?recur'nt:

: tevents, ;
8 t : not used tor zero

----- - 4,----------------4-4,-

Ficgure 6: Content o Record, in FORIRAN-80 Implementati ort

For convenience we store 4 tvte recis and 2 bvte nteqe ,rs i 1 the
-aine array,. The foIlowing equi V'alefInCe statteihent in F0F:1Ri N .*r e
iSed ft-or this purpU.e:

REAL$4 ALIST(4,1O0)
INTE6ER$2 LIST(8,100)
EDUIVALENCE (ALIST(l,l),LISTI.i)
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All set relaited da~ita is stored in the COMMON area /LIST/.
Headers, event r ecord s. and entity records are stored in the
array ALIST, pointers are s.tored in the array IPTR. In Figure- 7
we illustrate how the event list in Figures 4 and 5 might be
stored in this Structure:

6ir Fut set set
big ure 1 2

4-----------4-----.---4.------* - - -----------

t 2 3 4 5 6 7 : : 99: record number

lit(,flo - 0 : 99: 1

4-----------4-------------*--2 4.-00 . -0.4-----

:Iist(,i)::: 2
------------------ ------------- 4--4----- ---.-----

: is (3 i) - ', - - : 3 : - - :
+-----------------.-------4.---4.---.--4---4---4.

is(4 W'- -' '- : - : -:1-

4-----------*------------4.---------4--4.------4

*---------------------------4.---4--.-4.----4----.

: iptrh0 '8 :7 :3 :4 : 6 :2 : 5 :3 :I
*----------- --- ----- ----- -----4. 4- ----------

Figure 7: FORTRAN Representation of Event List in Figure 6.

4. Some Notes on Program Development

In developing the target language we tookr special care to
separate informiation that the modeller needs f rom in-formation
that she does not need. This design goal was only partiall9Y met
in our FORTRAN implementation. Specifically, we were unable to
h ide4-- the simulation rjata base from the Luser, as she is required
to include data base related (COMMON statements in almost all her
SUt.-rcj.-ut in*c-. Not. cOni (JC-es- this reduce program readability. it
In t ro (.t S le z a si i i c -an t sourc e of errors as programmers

f requt-ent I,'. til tLo pliace identical COMMON statements in all
+ uAI]C I if IS anfId suiAbrVouLkt i neS

-rnut.her (A .a I of th -Ie tar-qet language was to -facilitate the
(;levelopmerit u mdlsthat were sel + documenti ng and easy to
r t-,, .:qi . 41g A - LA ir' F (JR1 RAN i np i eaten tat ion w asE on 1 y par ti al I y

1 UC., C f;i tu I. Wi th +I:hi t var : 5iblIe names, no compil1e time constants
:Andk 1u 10 ti i.[ t r k't--u: Lr' it. is &X~tremnelv di ffi cult to write
r -ad a:-, opI > prc our ams. in FORFTRAN.

-12-



B. FASCAL/1M+

I. Background

Pascal/M-'+ is a CF/M based true compiler with usefil extensions
such as overlays, strings and separately compiled modules. Thas
compiler is substantially larger and slower than our FORTRAN
compiler, and we were not able to use it on olur Heath/Zenith Z89
computer with single density 5 1/4" drives. Instead. we used a
iarger system (Sierra l)ata Systems) with 8" drives.

2. The N-server queuing system

Our Pascal implementation of the N-server queueig model is
presented in Program 3.

progras qfinput,output); ---------------
ilDeclns) procedure Depart
01iDecil) (---------------

(Start of user written modeli
-------------------- var

dproce e Simulate; TiaelnSvstea: real;

var begin
--variables used in simulation oooel ----- ResoveFroo(BeingServedSetj;

EndTiae . Real; TimeInSystes := Tnow - Attribute[2]:
Eoshime . Real; Collect 1 2, TilelnSystei );
HeanlnterArrivalTise real; If SizeOfliaitingLineSet) ; 0 then begin
NeanServTiee : Real; ResoveFros iWaitingLineSeti;
Servers Integer; StartService;

-- -- -- -- -- -- end;
procedure arrival; end;
(---------------
begin
attributel ]:=TNow; begin (Simulate)
if SizeOf(BeingServedSet) ( Servers
then StartService Endlie := W;

else Insertinto(WaitingLineSet); MeaninterArrivalTliee := 0.5;
end; MeanServTime := 0.4;

.................----- Servers - I;
(procedure StartService;.e

------------------- Initialize;
vaT Recurrent (ArrivalEvent, MeanlnterArrivalTime);
ServiceTime ; real; Schedule kLastEvent. EndTiael:
TimeWaited real;

begin repeat
TiseWaited TNow - ate[2J; NextEvent;
if i TiseWaited ( 0.0 case CurrentEvent oi

Collect 0,TiaeWaited ArrivalEvent arrival;
ServiceTise:= Erlanqi(eanServTiae,3 ; DepartureEvent depart;
Attribute~ll::ServiceTise f TNow; end;
InsertintoiBeinServedSet); untii (CurrentEvent LastEventi;
Schedule4DepartureEvent,ServyceTie; Report;

end; Histogram;
end; (Siulatec

end ot user model
begin

Si uiate;
end.

-13-



3. Data base Design

The design of the database capitalizes on the +act that Pascal is
able to create and dispose of records dynamically as needed
without any cumbersome user-defined garbage list. (The price we
pay for this is that we no longer know in advance the e>:act
location of any specific record. Instead, we use pointer
variables to lead us indirectly to the desired information.)

Event notices are represented as records with the following
format:

Eventnotice : record
Time : real; (Tim of event)
Type integer; (Type of event)
Next : Eventnotice (Pointer to another event notice)

end;

Entities are represented as records with an essentially similar
f ormat.

Unlike our FORTRAN implementation in which all records were
required to be of the same size! our Pascal implementation allows
records of different sizes. We e>.ploit this flexibility by making
our header records larger than our entity records so that
additional performance information can be collected for each set.

The structure of the resulting database is presented in Figure U:

Permanent Records Records Dynamically Created and Disposed as Needed
.... .... .... .... .... ... . .... .... .... ... ----- ---- ---- ---- ---- ---- ---- ---- ---- ----

Event Header Event notices
4-----------. 4---------- 4- - -----

I pointer ---------------- ;! Data I pointer! ----..>. ...... ---- > Data I pointer,---''"
.----------- ----------------. ------ -. -.-

Set Header(s) Entity Records
4-----------. 4------------------

Array I -------------------- Data
.----------- . collectea
' of -- -.. on set
4-----------. 4------------------ 4-----------------
I pointers I ------ ! entity pointer ! --------------- Attributes I pointer'
4-----------. 4------------------ 4--------------------

4----------- 4-------------.
V

4--------------------

I Attributes I oointerl
4--------------4.---

Collect Polnter~s;
4. ----- 4----------------

Array o '------------------ Collected
----- ---- aata

pointers .. . ----------------
-----------

1 -J Ur 1-1 LA: LU kI. 'I 1*(-LAI L' 0 t. A tJ.P 0 '
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4. Some Notes on Program Development

Pascal is a strongly typed language ki.e. all variables must be
defined before they are used). Students trained in FORTRAN find
this to be annoying at first. However., there is no doubt that
this feature substantially reduces the length of time it takes to
develop a working program.

Since Pascal does not support static variables, it was necessary
to give a global scope to all variables used by our language.
This was done by declaring these variables in the main program.
Fortunately, Pascal/MT+ provides an "include" macro instruction
whereby the name of a file containin~g declarations can be used in
lieu of the declarations themselves. This reduces user effort arid
increases readability.

A separate procedure "Simulate" is used to contain the user
written model. This causes a clear separation between user
written code and data and qlobal data used by the language itself.

-15-



1. Baci .ground

Ada is a l arge and complex language that appears -f rom its
specifications to be extremely well suited for the design goals
of this project. A nice introduction to Ada is given in [I].
Bryant E33 discusses simulation programming in Ada.

To our kno~wledge no complete implementation of Ada is available
for CF/11 based micro-computers. However several .'subsets" are
available. We acquired two versions for this study. Unfortunately
neither of these provide all the features required for a
simulation language. Ada/Supersoft E11] does riot support records
and dynamic memory management (not to mention packages and
separate compilation *). Ada/Janus [l01 provides these features,
but does not (yet) support real variables. Both vendors promise
to implement the entire Ada languages in later versions.

In order to investigate the powers of Ada. we chose to use
Ada/Janus, as we felt that the omission of real variables is
outweighed by the presence of records, memory management and
separately compiled packages. (We Undierstand that real variables
will be provided "soon".)

A4t a f-irst glance one may notice that Ada is very similar to
Pakscal. However, Ada has more to offer in elegance and
program structure. Ada boasts of a high level of data
abstraction. By this we mean that it is possible in ADA to build
modules which are entirely independent of each other, and which
can be used wi thout any,, knowi edge of the internal design of the
module. This is; one uf the most advanced features of ADA.

These miodules are called "Packages". Facikaces are the main
constructS of an ADA programi. Each pAckag;Le has a decl aration part
(op t in a I anid a body pia-r t. The declaration part represents the
rescources (data !.s.trUCtUreS,, types and the niames. of the

proedues'i.Acti~s)avail able to the 'ster . The package body
i (lip Ieternt's these resources. The pAckage body mDay contain

i iipI iierati oi-dcpede Lr-eSoUI C4:s? hidden t r m the User. Fac: [aqes
cc'-di nnqonly type a~nd object decl aratiuns do not need a body,
A ~ 'there- ret II- inpl1ernentv at ion de ta~ii h t..) hidce t-rain the ur.

These Ina tbe used like t;he name..d IOMMLON bln c L s iri FOR AN. only
theh;e i: an Lie u', ed inuch micr et . iI

Un1 TIi k".' - ': ,. wf-er ei 1l t .he q 1 o al 1 f P' F-Ji* CAANI ANT -i . dat a
at~ r~ t dr e-v .-A I i taU b e i h ad LuL b e cle a ar ~c.- i the11 .- b - i rl n I n Ot

-t: -'jrom, olnd c red b , i~i 1.1 . hf-* i-iiul OHi)- C a n bu L~ d uip
D:'-'. 1 I1 -iC.*' suI I th I IthC I-~g I obalI I v VE,: C CONS I #A~N T S, data

r uj t 4 r~ I' C-1 L 'iL't t ec !. -.4 1 d r .L bu-It ' i' m iic ,i t t t ? p,, cd :.a (I es to
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2 The N-server queueng system

The Ada impierent tation of the N-server queuelnq a'ude I s
follows:

With s,Events, Sets, Datacol; -------------------
procedure arrive is

package body Simulate is -------............
use s! Events, Sets, Datacol; begin

attributed)) Tine Now;
Arrival Event constant 'a'; attribute(2) Time Now;
Departuie Event constant 1: 'b'; if Size ofieingservedsetb Number of Servers
Last Evenf : constant I ; thin Start Service,

else Insert1ito (MaitingLineSet);
beingservedSet constant :: 1; end if;
WaitingLineSet constant 2; end;

Current Event character; -------------------
End Timi integer := 32000; procedure depart is
Neai Inter Arrival Time integer --8 -------------
Mean'Service Time " integer .I;; lime-Spent-inSystem : integer;
Numbir-ofServers integer 3;

begin
Iemove Fro(BeingservedSet);
Time Spent in System - Tint No* - Attributei2i;

procedure Start Service is Collect t 7, Time Spent in.System );
------------------------ .if Size of (WaitingLine~eti ; 0 then
Service Time : integer; Remove From (WaitingLineSet);
Time Waited : integer; StartService;

end if;
be in end;

Time Waited := Time Now - Attribute (2);
if Time Waited ) 0 then
Collect (ilTimeaited); beqin

end if; initialize Event List;
Initialize'Sets;-

Service Time :z Random (Mean Service Time); Initialize Data Collection;
Attribufedl) := Service Time- Time Bow; recurrent(rrival Event, Mean Inter Arrival_Time);
Insert Into (eingServeiSet); - Schedule (Last Event, End Ti);
Schedule (DepartureEvent, ServiceTime);

end; loop
Next Event iCurrent Event);
if (Eurrent Even t LstEvent) or else (Time.No)R32760

then exft;
elsif Current Event Arrival-Event then arrive;
else depart;

end ii;
end loop;

Set Report:
CollectReport;

end simulate;

F:rc)jc ir Ejr 4 v-Lv.'; ,'crgL,,: N--- ,er 'er tiU..U4~ . rq )'uud I

'~ d. t F~ 4.i( tir ..i c Ed 1 1 1 e H L f-3 I I - - 1 10 > t L Of 1 1
(i c ic -, t- '. . 4 4t. (:)t t.he - ,.3i' f +i t Ltr t'Ti.I ' - I , i'LwcE .. 9-r 1 0I

I i 1d,~ I fi-nwro t :o t on (- t o 3: e s tri it Ir'.f- i r t.~ if i. i ii(i t d1 i t Itr eo) t

h 4 k.dr, o ., Li*: ,e fd . *I i 3 t i aeI. - tl thij iti i

T I om i . '-i ~ r tt+ m:r :i J. t i. I o-I i' f~ "I, *. (I 3 t rj 11r11
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that Package Itself. However. a packaqle can be made VL5isbl& to
another at compile 'time with the use of) a "WI1H--C laUSe. (his
means that one Package can use and alter another's data. a nd
Olal variables of a package will remain in~ existence between

calls to the packalge.

4. No--tes on Program Development

In our HLdA/JanUS implementation we tound it easy to develop and
hide train the user separately compiled modules each containinq
par ts of the entire simulation database and list processing
rout ines. Th is was one of our major design goals which we were
able- to achieve only in this implementation. Another goal we
ach ieved here was total freedomr in the lenqth of variable names.
This also contributed to the code being extremely self-
ducum(TE-rIt i nq .

Ada's modules are useful tools for providing the programmer wi th
modular- computational ease. rhey allow algorithms /operations to
be independently developed and used as components ofi larger
programs. This facilitates top-down program development which is
only possible with a iangt-age whose program units have a well
defined user' interface that hides the implementation details. i*he
on-ly/ global variables in our Implementation were time "Time" a nd
"Trace".

Mhe packages we developed in addition to the main program were:

E vefn rit scheduliang package (EVENTS):
contains iii its declaration part the event record
type, event list, etc. It contains in its body tne

procedures f or event scheduling given 11n Fabl 1 . 1F
andon number generator a I so r c-si des in thi s pac k-tne

body since It Was used +or the generation of events.

Set mnagement (SE-S):
Lontains in its declaration the structure ot the .et
header r ecor ds, entity recordus, etc..* and iII its ud v

the procedUre&S. outlined ini lable 4.

Data Cul lectiont kDATALCL):
contains In its decl arat ion the data str-utUres LIT thfe
v ar Iou S data Loll ecLir-tg a- .ivs. a-nd i tis bodv ---rf be
sieen i n L 12-1

f (P . r )r or & wb ac i; ot t I I I p i rm n t tit L or; II s t t t t htz t 1. t

c onI- t a4 r i r 1 ( the packitqe had to have the salnf- name As thle k-.a 4;,
f -r tU i $'~I. tile fpaWkaqp nc'-oe i 0 ch~a~r. V'erndor
~d .~r, cpeto haveti i rf.C . tr ic-i onr emoved Eic-.



I E - EV LU'IT I "1-4

Given the many diltferent schools of thought in all areas 0 1

applied simulation analysis, we do not hope to be able to provide
definitive answers to the question of which lanquage is "best"

for simulation. Instead. we restrict our evaluation to a
comparative study our three micro-computer bases 1 an]uaqe
implementations. The results of this evaluation are discussed in
the following sections, ano they are summarized in Table G.

4---------------------------------------------------------------------------------------------------------
DESIGN OBJECTIVE Objectivenet ?

---------------------------------------------------------------------- ----------- ----------------
MODELLING CAPABILITIES (general purpose) Ada/Janus FORTRAN-8O Pascal/HT-

*-----------------------------------------------------------------------------------------

- Discrete event scheduling using user written event routines yes yes yes
Automatic scheduling of recurrent events yes yes yes
Floating point clock no yes no
Set modelling capabilities with automatic data collection yes yes yes
Service routines for collection and display of user :only integers: yes yes
specicfied data.

- Keyboard control of running models. * yes yes yes
Five common random number generators :only integers: yes yes

----------------------------- --------------------------------------- -----------.......... 4 ----
USER INTERFACE (user friendly)

. . . . .. . . . . . . . . ..-------------------------------------------------------------------.---------------------
- The user should not need to understand the design of the yes no yes

simulation data base.
- The user should not be able to cause run time errors in yes somewhat yes

the simulation package (for example by removing a non
existing entity).

- The resulting code should be a self-documented model yes no yes
Host language should be designed to facilitate program debugging yes no yes
Model verification should be facilitated by extensive error yes 1 yes yes
checking and an interactively controlled trace feature.

4----------------------------------------------------------------------------------------------------

RESOURCE CONSIDERATIONS (run on 8 bit micros)
..-------------------------------------------------------------------.------------. ---------- -----------
-The language should be small enough ko allow room for yes ves yes
reasonably complex models on a b4k byte micro-computer.

- Time required to compile and link a model should be perhaps yes Yes
sufficiently small to facilitate interactive model development
on a desk top computer.

- Time to execute a model should not be excessive. perhaps perhaps perhaps
.-------------------------------------------------------------------..--------------------------------

Table 8: Evaluation summi.rv.

A. Modellinq Capabilities.

With the e icepti on of Adoi/Janus" a t-isence (t t I t It Ii It pjlI i
variables. we were able to i mipl ement the enti re ,i .u. . L 1ioi .- A I'41,

in each program inq 1 anquac'e. Howe,ver, the F t6I i' 1'4 , m, I ,,er I ri I ,.I
waS I es' f I ,i Le than the (i tler .i rup.i len tl i t 0 , Wi.' (-)' t4

reqUi red L u tp ec If + Y A t. Lcllp . t. L il it I l TIO 1,011 .J 11ii III iL I (t A

da t vt CCI i.I Lori arld '-e? 1 4rrIfief i ' Ift eli' t

;i C,-Au I rl LJ- A r 1 (4 U a 4e t I C I i t % V ' 'e k L I I I Q

r IjLI lU, le ., f t1aC Ii L '-4t. r E.."utI I m~. 4 (I Iet r LotIt Iii 't 1 i
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D~. UEser I VI LL-r t 6L.

Perhaps t he roos. s; L cnri it i -ctrit di f t-er r I'nLes I f-I Our Imap 1 t-fient at 1 Or IS
are in the data ba,.s_ tr ea. CJ Ur p!r I maryV g 0al of hidarnq the data-
b ase fromi the user was ni 01 ul V t UIVMet in tda.' Janus wher e thie use
oti s ,p Ar at H pacd AgO, Comp itietel v removed the entire si mulat ior.
database trL0111 the SCope Cut the user. We wL-re -:lmo:St Successful
i n h ida i t"ide t( L, -. fa in Pa scal I11T +. B y nesting the User
pr ugr.Ams insa due the iii riul ati or syE~teal, we relieved the user froml
h _Aving to dei-ire the dat.,abase. However the entire database is
still wi thi n her scupe. In FORTRAN-BC' it was not possible to hide
the database at all.

Phe relI at ed goal of pre-veningr the user f rom acci dentallIy
c hang i niq thei i-. cortent o+ the database was met in Ada/Janus and
Pascal - It was onl y pa-rtially mef,_t irn FOR'TRAIN-80. (Errors in user-
written COMMON Statements might result in a corrupted data base.)

Wi th r espect to the qo-al that the 1languages result in readable
zi mtl at ion models. we would .JUdQe that thi s goal was reached for
#-d a, ,. u s and , to a slightly less3er degree by Pascal /MT+. The
g (.a was not I, cached for the FORTR4N-86 implementation. (A seen
it, Frcocirani 4 ever a ;simple, well written FORTR4N--80 program is
di f +I LUit Wo re&ad.) Triese differences in readability were Caused
b', several factoirs. We believe the most important of these to be.

1 . The abilitv to hide confusing detai ls
The Use Lit I oitg variable names
R~ Iouc k s t r Cucr ed p r ogri ami ng (b egqin -end,. i f -t hen-eIse

4,. Use ot niamed corstants.
SUtie ot records.

We+- w I-r+e aole to implemrent reasonable errojr checking an d trace
fe -t ur e- SL rin all1 s':tems. Mocdel it i ri er ror-: shoul d therefore be
equally' easy, to, find it, each- implemrentation. lhis is not so. for
L0011r14- mis-+es a-(_ab .i-MT± tnru #:da; 3arius are both stronql v typed
anIQuA. QCe. I hi oe f ni- that eac&h -variable alU St be explicitly

Lc fne+7!d Lifoiri:' it 1!s USeU. While Lhis is Annoyinq to a FORTRAN
Ero~iiit.d prt .tir irter . fter e isl noI~ doubt i r, (:-,kr- op ini on that this is

a v I .,tjlu ~tu othtt helps cliai.Lnat.ei coda nc errors and reduce
th. I I u a A i m.-, r :ei ul i -d I: 0 dtrve I ., a WUI-1< t i. pi' curam.

FuF1 I k_<W-8t_ -ar r mesgswetl :ur-t 'us1i ri arid of ten mi sicad inq.
adu t~i f~Uk I~N -~j:cuohip~i ir pi' L'ved -to nave a +c-ew str ancle

1) 1a ~p. a 1 I +EIS :itt .Ii. O(OC t Lie : e Unrip ed i ctablie
k i . 1. o _ . I .:!I r , um L. t (.j I, r t.. i mi.o- t. k. iV V7r e ac ci Pt Cc,

0 1 t h. t L. cifi i o Ii t N 0 Ir LJ~' i *.u--L I 1 * t I ier e -1 t2: r- ia t.o beI a bug (A In

t I i,- w~ it ai I I.,f oii I(! I I c~ *. *t OLA, LIC W .a retSurnedIC1o
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Pct'.aSL A I / M I-4. L ;I IiiU I_ I I t4-Ati I. f-2' t. 0 d eL t. 0(4 .11 1 d 1' 1 - its kC_ I L) tv t 1: c: UInp. I I Er
er r or- msa . I lt- moiantial Is v;I '_usastc mch Lw t er , IC'weve:r We i-teel

that t hi. L M I Usi Onl 0- MOr e LADMP I e-tc- e%' vmlp -Oe-, woU I (j+ be re--. Pt i
#4 d a / Ja n Lt htas a I I t I i A d', aritaqes over F LFA IR#&V tthot . (sca i has,
arid i a addi Lic on it,, nIfarUal i '. qIuiite rleAdabi e.

C. F~k+o-,Qr-(_ cc eq(ui reffeiit S

1. 1. Ie.iory R-2q(.i r emei tt

As pr e.i+rted i n I AblIe i' si qn i ti1 c art t di 1 er unc~es i n stor &qe
retlUirementaL were observed:

Add/Janus FORTRAN-80 Pascal /MT14

Size of File containing 26k 44k 27k
Executable Model

4---------------------------4---------------------------------------

Maximum Queue size for 2035 1562 1007
N Server model

Table ': A- Compari son of Mlemory ReqUirements

I t i s seen that a i-ORTRuAN--GCO model requirCeS suLbsts-_rtialv mor e
di sk space than the other 1 anIUagesi. WhilIe-- th is 1 n i tse' It i no~t
a serious probl em, i t is a symptom o-f a seriou~ts drawbaci- with the
FORTRAN'4-) System; riame1l' that the link er creates a: +ile thI-Iat
corut ai I - both 1 ItheI - e~eCt-tab1 e code arid the data sitorage area.
i n c the .iirike-_r iind this -f ile must be mfemcory r esi dent at the

sam~e time, the etFective (liecirvty space available to a program Is'
reue.The oth ter conp i 1 er sz ar e ableI t (D stor e da ! in the aireLa

Uisedj by the .1 1 1 ker DRIi-Ok -T s not)

III or I d E- to0( ~et R me 1a 5U r e ut th 1- ela t iC iz 0+ prc b I e ms that
cOUlId tjE- model led wi th ur three i mp 1 ementat i uris, we measuired the
I A r we- t. S(*A sI.Ze-IS that oudbe atCLCHTOat ed wi thci;ut FE-Mur V

II ks. r e 1l . 1 !! .I sc. pr esent ed ± I I th abocZe ta. ec. 1t' s. seen thai.
FN ' It I-i I har-idie abtrt .UU~ tfirE At DiFe t.i I e IIIP_ i 1 e

Fiih [ k#ti14 (-ut 0 I-] 1i d L- .['jQo arid fdc; a anu, It i.Ot 2b t:- :i±nce - -I a
Ii (us m.h a 1 1 orI.'nq~i... Ae tho~ n .i vi w E, r -c ~U r -- 'e d t 0

,:J*'- thril I. L .t a L, ftu ( II. .i. o . - t ofUr oat a L 1'4 - I: t- ;I " e~ E, t. a wheie v-Yer

I A i ch.inqvtc i lie.- i r o r i. UiF' so- 1aa.m ~ w ,i 1 o 1) ofl: I I a
-~iiI a[ he &u If t~ hirAr a Ii L 6 ",Iw i.*I:'-i C, " Lae J C u

I+ I i L. . . r . h a 1 1 S I , { L U , 1 1 . g g .1 W *. vg' ,I -e d I i t_

fai.l -- I. ~ I 1 1514e L Ii --t I I. .1 "I q-,.i , .I i I I U 'A

1il. -r i':. ta se . . I. [Ie I '' s-r :1 lIJ VI/ . ~In- t C I I L,,t e'

ti & ~ta i-h-. et] .Ini the i he IL trqo l ut i.I -r r I
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2. Speed

In Table It) we present the results of tour- ditferent tIllIIq
eva4 t Ions. tA +itth measure "time to simulate C)'C.) departures"
IlIded meaningless results due to Ada/Janus' absence of floating

point variables).

Ada/Janus FORTRN-S' Pascal/Ml74

t Time to compile Simulat-: 795 sec 75 sec 62 sec.
; ion library 11
+--------------------------------------------------- -------------

: Time to compile model : 116 sec 16 sec 62 sec :
-----------------------------------------------------------------
STime to link proqram : 53 sec 88 sec 56 .ec :
+------------------------4------------4-------------4---- ---------
Time to compile and link: 169 sec : 104 sec 1l8 sec

Table It: o Comparison of Resource Requirements

It is seers- that the time to compile the simulation system itsel+
is an order of magnitude slower- with Avda/janus than with the
othter sYstems. his is not a serious problem as the user would
not be e>'pected to recompile this system very often. [urning now
to the L1 _i r equl red to compi le the model and to l in : it to the
rest of the simulation system. we see that FOR IRAN has the

Ctest Compiler and the s1owest l irnker. Combining the times tor
c(mplII 1 1n and linkingl we see that Pa.cal.MT+ ,and FOckI Rt4N- 6t
are equal.1y I fast (or slow?) and that Ada/Janus is about t'.
S ower.
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- C P -ZL- Li ' I L I4

Eiach o+ Our 1 anqUaqe i mplI emetit i is- e;- c c in1- some Vr t v
FO~RTRAN-80 is f ast and memorY e'+t-lci enlt Pascal, 11+ is O nr-
friendly and reasonably fasit. arid, ~ia nshas an e.:ceptit.-'rAJI lv
nice structur-e leadinq to proqr-ains that a-re qui te re a d a b r i ad
easy to work: with.

Oti the oither- hand PORTRAN-8k) is di tICUELt to debucl. Pas-cal-H+ liit
rnot very memory effic ient , anld imda is slow arnd doces not Eit this
time support real. variables.

iv en the absence ot ireal var 1 ables: in, the present .ii pl errsen~iiati,
of Ada ' Jar US. we concl ude that of the three I an--qlaqes. FPasLcal /)+
I S t he( one b etit sui ted i-LOr (i i c r-OCc ikupt er Lbas ed I mul ~t i on
analysis at this time. However- we were e>xtremrelv impressed W It h
t he structure of odaRJaOUS, and. wrer i L olat i nq pot int an iI . s
btecome avail able, we b eIi E oe f-d 6,, J anu k oo t!-JLI b e the £ ai~llaqou
worth cioridering.

Asa final. considerati on, wt,-, t triat the clos e tO two 1mi u1tOeS
requi red to COMP IlIe an-d Ii cI - Qr --I U Il , L ,o irodc, 1s tel t q Ll t f-
el' Ce Ssi VC-. '61nCE, MrOSt ffiuot>'i S Ar,' LLffI~fled incj r-ecumpi led -( lo-J
number of times, this may inde :cd LI+- pi-ohibL.1yi Ve e Ces si e. W 4-
t h ,r e + or t bel ceve that other ippr cj. hes ti irto cc o-COifIvpute L--Casedj

,iimul atI or Lnalv ysi s that do not i nyt vol VC com-ip a I :,t i on anid I " nFt: I1 Cl

of usier wr itLen proqrams Ar c- e 1(-1 el feaerqeL ill the I ta Rr- t tr o.41 .
a ino re v iable appro ac h t Lu ac ro(,C( F coju IM 11~e samiat I k:[
model I i nq.
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