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Chapter 1

Intr oduction

Thediscrete-gentsimulationlanguageGPSS(or GeneraPurposeSimulationSystemwasoriginally developedby Gor-
donatIBM in 1962. The languagehasbeenusedextensively anddifferentcommerciaimplementationsveredeveloped
ever sinceits conception Despiteits expressve power andflexibility , thelanguagesuffersfrom someweaknesseslhree
majordeficienciesanbedistinguished:

e Lackof conceptuabupportfor hierarchicaimodeling
¢ Poorinterfacingfacilitieswith othersoftwarecomponents
¢ No possibility of interferingwith theway the GPSSprocessoworks

By meansof the HGPSSproject, an effort hasbheenmadeto resol\e thesethreeproblems. The resultingHGPSSlan-
guagecanberegardedasa supersebf the GPSS/360ialect,introducedin 1967. In the following sectionsno attempt
will be madeto clarify the basicsof the GPSS/360danguage. In depthinformation canbe found in [Schriber1974,
[Neelamkail 1987 and[Gordon197§.

All threemajor GPSSproblemshave beenresolhedby theimplementatiorof atwo-level system.

e Thebottomlevel consistof ahostlanguagebject-orienteghrogrammingervironment.A discrete-gentsimulation
kernelhasbeendevelopedin this hostlanguage. The kernel consistsof a numberof interrelatedfunctionsand
classedor the supportof GPSS-lile process-interactiosimulation. Calls to this kernel are implementedby a
multitude of interfacefunctions. This interfacelanguagehasbeendenominatedHGPSS++.It shouldbe notedthat
performancessuesverenottakeninto accounin this stageof the developmenbf the HGPSS++kernel.

e Thetop level is madeup of a compilerthat corvertsHGPSSprogramstatementénto a setof correspondindiG-
PSS++kernelcalls.

C++ hasbeenchoserasthe hostlanguagdor thefirst level of the system.The C++ languages especiallywell suited
for discrete-gentsimulation. The object-orientegphilosophywasconcevedwith the developmentof the discrete-gent
simulationlanguageSIMULA, the earlyforerunnerof C++. An elaboratedescriptionof the C++ languagecanbe found
in [Stroustrupl987.

The HGPSSo HGPSS++compilerhasbeenimplementedvith the useof thelexical analyseigeneratot. EX andthe
parsergeneratolYACC [Mason& Brown 199Q.

The bottomlevel simulationkernelandthe HGPSS+Hanguagewill not be discussedry further. Additional infor-
mationcanbefoundin [Clagys 1993. Thetop level howeverwill bediscussedn detail.

Onemight wonderwhy GPSS despiteits disadwantagesis still interestingasa basisfor a new discrete-gentsimu-
lation system. The setof additionalfeaturesofferedby GPSSin respecto othersimulationlanguagesnay sene asan
answetto this question.The mostimportantadvantage®f GPSScanbe cateyorisedasfollows:

e Theprocess-interactioworld view.

e Thefactthatthe systemis verywell-know andwidely used.



e Thehigh-level charactenf thelanguageconstructs.
In fact, GPSSis afull programmindanguaggBoehm& Jacopinil966, becausét offers
e Basicactions,
e Action sequences,
e Conditionalstructures,

e lterative structures.



Chapter 2

A solution to the GPSSweaknesses

The first goal of the HGPSSproject, namelyto provide someconceptuakupportfor hierarchicalmodeling,hasbeen
accomplishedby the introduction of the submodelconcept,reflectedin the introductionand implementationof four
additionalbasicsimulationblocks:

¢ ENTERMODEL
e LEAVEMODEL
o INPUT

e OUTPUT

A submodels consideregsanentity andhasto bedeclaredby the nenly implementedSUBMODEL declaratiorstatement.
Theideais to breakup the model of the systemto be simulatedinto a numberof submodels.Eachsubmodelcanin
turn be subdvidedinto a numberof submodelsBy applyingthis proceduraecursvely, a tree-like modelhierarchywill
avolve. In the end,the submodelgepresentedby the leaves of the tree shouldrepresenthe basicprocessesvithin the
system.Furthermoresucha hierarchical decompositiompproachsupportsstepwiseefinementin which atomicblocks,
in particulartreeleaves,canbearbitrarily decomposetb reflectmoredetailed microscopicknowledgeaboutthe system.
The secondgoal, the creationof a methodof interfacingwith othersoftware componentshasbeenimplementedn
anumberof ways. Constructof the C++ hostlanguagecanbe interlacedwith HGPSSstatementin mary ways. Two
additionalbasicsimulationblocksalsoprovide interfacingsupport. Theseblocksare:

e INTERN
e EXTERN

By lettingthemodeleiinterferewith thewaythe HGPS Srocessoworks, thefinal goalof theprojectis accomplished.
TheHGPSSprocessois designedsanopensystenthatcanbeexpandedcandmodifiedin mary ways. Seg[Claeys 1992
for furtherdetailson this subject.



Chapter 3

The HGPSSlanguage

3.1 Generalform of aHGPSSprogram

A HPGSSprogram,unlike a GPSSprogram,consistof a numberof separatesections.Therearetwo kinds of sections:
modelsectionsandcommandsections Eachprogramcanonly containonecommandsection. Thereis no limitation to
the numberof modelsections.The presencef the commandsectionis not mandatory The numberof modelsections
canbezeroaswell. Themodelsectionsanberegardedasthe modelframeof the systemwhereagshe commandsection
representthe experimentaframe[Zeigler 197¢. Eachof themodelsectiongepresentsneof thesubmodelshe system
is madeout of. Thesystemis modeledentirely by the collectionof modelsandtheirinterrelations Thecommandsection
depictsthe ernvironmentthe systemis in. In generalthe commandsectionwill specifywhatthe inputsto the systemare
andwhatkind of outputthe modeleris interestedn.

The following simple examplewill illustrate the conceptof modeland commandsection. A single-serer system,
more specificallya self-serviceshopwith one cashdesk,will be considered.Customersenterthe shop,take the goods
they want, thenjoin the queueof customersvaiting to checkout andfinally leave the queueandpaythebill. Figure3.1
shavs the HPGSSprogramfor simulationof this system.The line numbersarenot part of the languageandaresimply
usedfor referencing The HGPSSprogramconsistof onemodelsection(lines(1)-(10))andonecommandsection(lines
(12)-(16)).

A modelsectionalwayshasto be encapsulatetbetweena MODEL andan ENDMODEL statement.The MODEL keyword
hasto be followed by the nameof the model. The commandsectionbegins with COWWAND and endswith ENDCOMVAND.
EachHGPSSstatementakesexactly oneline. Therearefour kinds of statements:

o Block declaratiorstatements

o Entity declaratiorstatements

(1) MODEL Shop

(2) GENERATE 10,7 Enter the shop

(3) ADVANCE 20,8 Take goods

(4) QUEUE Vi t Joi n queue

(5) SEI ZE CashDesk Arrive at cash desk
(6) DEPART Wi t Leave the queue

(7 ADVANCE 8,2 Pay the bill

(8) RELEASE CashDesk Leave the cash desk
(9) TERM NATE 1 Leave the shop

(10) ENDMODEL

(11)

(12) COVMAND

(13) S| MULATE Shop Install nodel

(14) START 1000 Si mul ate 1000 customers
(15) PRI NT / Print all

(16) END Renove nodel

(17) ENDCOMVAND

Figure3.1: A self-serviceshoppingsystem



e Commandstatements

e Sectionmarlker statements
Thelastcategory includesonly four statements:

e MODEL

¢ ENDMODEL

¢ COMMAND

¢ ENDCOMMAND

The commandsectionconsistentirelyof commandstatementsThe modelsectionsareconstructedy mixing block
declaratiorstatementsvith entity declarationstatementsA completesummaryof all HGPSSstatementgxceptthe last
catggory canbefoundin Tables7.4,7.5,7.6,7.7and7.8. Eachstatementanbeprependeavith white spaceanddoesnot
haveto startin thefirst positionof theline asin GPSS Contraryto GPSSHGPSSis no longerFORTRAN-based Block
andentity declarationganoptionallybelabeled.A labelmustprecedehe statemenkeywordandmustbeseparatedrom
therestof the statemenby white space.An exactdefinition of white spacecanbe foundin the extendedBackusNaur
Formdescriptionof the HGPSSanguage EachHGPSSstatementonsistof a keywordfollowedby alist of parameters.
The parametersnustbe separatedrom the keyword by white space.The parameterareseparatedrom oneanotherby
a comma. Thereis no white spaceallowed betweenparameterand commas. The numberandtype of the parameters
dependsiponthe statementThe parametetist canoptionallybefollowedby a comment separatedrom this parameter
list by white space. Considerfor instanceline (2). The line containsa block declarationstatement.The keyword is
CGENERATE andthe parametersrerespectiely 10 and7. * * Enter the shop’’ isacomment.

3.2 Labels

In GPSSJabelswhererestrictedo capitalsanda maximumaof 5 charactersin HGPSSJabelscanbeup to 50 characters
long. They maycontainary letteror digit, andalsounderscoreanddollar-signs.Labelswith adigit asaleadingcharacter
arenotallowed. Onemusttake carenotto uselabelsthatclashwith HGPSSesernedwords. SinceHGPSSesernedwords
alwaysconsistof nothingbut capitals the clashingproblemwill certainlynotarisewhenonly lower casdabelsareused.
Lower caselabelswill alsoimprove programreadability

3.3 Comments

In Figure 3.1, oneway of writing commentss illustrated. In factthereis anotherway to write commentsn addition
to putting thembehindthe statemenparametersEvery sourceline thathasa* asa first non-whitespacecharacteris
consideredsaline of comments.

3.4 EmbeddedC++ code

Oneof the major advantageof the HGPSSlanguagds the possibility of writing C++ codebetweenthe HGPSSstate-
ments.TheC++ codein aHGPSSprogramis simply copiedinto thefile containingthe generatedHGPSS++kernelcalls,
to beprocessetby the C++ compiler

Figure3.2is anextensionto theshoppingsystemandillustratesthewaysof putting C++ codeinto aHGPSSprogram.
Line (1) shovsthefirst wayto put C++codeinto aprogram.This methods verymuchlik e prependingline of comments
with a*. In thecaseof C++code theline hasto be prependedvith a- . Anythingfollowing the- until theendof theline
will be passediterally to the HGPSS++ranslator Lines (5)-(9) shav anothemway of putting C++ codeinto a program.
A block of C++ codehasbeenencapsulategvithin a % -% pair. The % hasto be the first non-whitespacecharacter
sequencentheline. The% sequencentheotherhandhasto betheverylastnon-blanktokenontheline. It is obvious
thatthe combinationof % and% will bethebestway to declarealargeblock of C++ code,while the- will bebetterin
casethereis justoneline to bedeclaredassuch.



(1) -#include <iostream h>

(2)

(3) MODEL Shop

(4)

(5) %4 /* The following line of C++ code will output a nessage

(6) to the standard output to indicate that the nodel

(7) section is being processed sinulation starts */

(8)

(9) cout << "Mbdel section being processed" << "\n"; }%

(10)

(11) GENERATE 10,7 Enter the shop

(12) ADVANCE 20,8 Take goods

(13) QUEUE Vi t Join queue

(14) SEI ZE CashDesk Arrive at cash desk
(15) DEPART Vi t Leave the queue
(16) ADVANCE 8,2 Pay the bill

(17) RELEASE CashDesk Leave the cash desk
(18) TERM NATE 1 Leave the shop

(19) ENDMODEL

(20)

(21) COVMMAND

(22) SI MULATE Shop Install nodel

(23) START 1000 Si mul ate 1000 customers
(24) PRI NT / Print all

(25) END Renove nodel

(26) ENDCOMVAND

Figure3.2: The shoppingsystemextendedwith C++ code

3.5 ReferencingC++ variables and functions in HGPSS

SinceC++ codeis allowed in betweenHGPSSstatementsn a programtheremustalso be a way of referencingC++
variablesandfunctionsin a pureHGPSSstatementThis canbe accomplishedy doublequotingcallsto C++ variables
andfunctionsin HGPSSstatements.This is illustratedin Figure3.3. In line (11) thereis a referencebeing madeto
the variablespr ead. In factnot only variablesand function calls but also entire C++ expressionsan be put between
doublequotes. Lines (4) and (5) could for instancebe deletedfrom the previous exampleand line (11) replacedby
ADVANCE 8, "6+sqrt(2)".

3.6 Functionsand variables

The GPSSFUNCTI ON, VARI ABLE, BVARI ABLE andFVARI ABLE statementaresupportedoy HGPSS but thesestatements
have beenextended. The extensionmakesit possibleto let the entitiesdeclaredby the previous statementsefer to
C++ functions. TheseC++ functionsmusthave val ue_t ype (in the caseof the FUNCTI ON, VARI ABLE and FVARI ABLE
statementsr bool ean_t ype (in the caseof the BVARI ABLE statementpsthetype of the returnedvalues. Thesetypes
areknown to the HGPSS++ranslator

In Figure 3.4, the GPSSand HGPSSway of function andvariabledeclarationareillustrated. In line (18) the C++
functionCppVar is assignedo the HGPSSvariableHGPSSVar . In line (30), the C++ function CppFun is assignedo the
HGPSSfunctionHGPSSFun. In bothcaseghe nameof the C++ functionis double-quotedThe slashin front of thename
of thefunctionis mandatoryto avoid confusionwith the usualway of declaringvariablesandfunctions.Especiallywhen
functionsareconcerneda lot canbe gainedby applyingthe HGPSSway. It makesthe useof vastfunctionlookuptables
obsolete.

In Figure3.4,anotherinterestingfeatureis displayed.In lines (5) and(8), arandomnumbergeneratootherthanthe
built-in HGPSSrandomnumbergeneratorss used,.e. thefunctionr and( ) , whichis partof the C++ standardibrary.

3.7 ReferencingHGPSSentitiesin C++ code

ReferencindgC++ variablesandfunctionsin HGPSSstatementss easyasillustratedbefore.Onecanalsodo the opposite:
referenceHGPSSentitiesin C++ code. This however requiresthe useof HGPSS++kernelcalls. Referto [Claeys 1992
for moredetails.



(1) -#include <math. h>

(2)

(3) MODEL Shop

(4) - val ue_type spread;

(5) spread=6+sqrt(2);

(6) GENERATE 10,7 Enter the shop

(7) ADVANCE 20,8 Take goods

(8) QUEUE Vi t Join queue

(9) SEl ZE CashDesk Arrive at cash desk
(10) DEPART Wi t Leave the queue
(11) ADVANCE 8, "spread" Pay the bill

(12) RELEASE CashDesk Leave the cash desk
(13 TERM NATE 1 Leave the shop

(14) ENDVODEL

(15)

(16) COVMAND

(17) S| MULATE Shop Install nodel

(18) START 1000 Si mul ate 1000 customers
(19) PRI NT / Print all

(20) END Renove nodel

(21) ENDCOMVAND

Figure3.3: The shoppingsystemwith referenceo a C++ variable

-#include <stdlib.h>
-#include <math. h>

-val ue_type CppVar (voi d)
{ return(10+rand()*2); }

-val ue_t ype CppFun(voi d)
{ return(-log(1l-rand())); }

cLedegsEere

MODEL Var Fun

=~ o~ e~~~ o~~~ —~

[N
N =
-

*k ok k G)SS VARIABLE *k k%
13)
GPSSVar  VARI ABLE 104RNL*2

e
of

**xx HGPSS VARI ABLE ****

HGPSSVar VARI ABLE /" CppVar"

*#%% GPSS FUNCTI ON **+*

GPSSFun  FUNCTI ON RNL, C24
0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2-
.75,1.38/.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81-
.95,2.99/.96,3.2/.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998, 6. 2-
.999,7/.9998, 8

*#%% HGPSS FUNCTI ON ***

HGPSSFun FUNCTI ON /" CppFun”

WWNNRRNNNNNNDNE R R
P O WO NOUDsWRNRE OWOO~ O
TS =2

32) ENDMODEL

Figure3.4: The GPSSandHGPSSway of functionandvariabledeclaration
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(1) MODEL Model 1

(2) A SUBMCDEL Nbdel 2
(3) B SUBMCDEL Nbdel 3
(4)

(5) ENTERMODEL Aln
(6) L EAVEMODEL A, Qut
(7 ENTERMODEL B In
(8) L EAVEMODEL B, Qut
(9)

(10) ENDMODEL

(11)

(12) MODEL Mbdel 2

(13) I NPUT In
(14)

(15) QUTPUT out
(16) ENDMODEL

(17)

(18) MODEL Mbdel 3

(19) I NPUT In
(20)

(21) QUTPUT Qut
(22) ENDMODEL

(23)

(24) COMMAND

(25)

(26) SI MILATE Mbdel 1
(27)

(28) ENDCOVVAND

Figure3.5: A multi-modelsystem

Modell

Model2 Model3

Figure3.6: Model hierarchyof previousfigure

3.8 Hierar chical modeling

Perhapghe mostinterestingextensionto the GPSSlanguages the provision of somehierarchicaimodelingconstructs.
In all previous examplesonly single-modeprogramswvhereconsidered A programcanhowever containseveralmodel
sectionsgachdescribinga submodebf the completemodelof the system.Oneof the modelsectionamustdescribethe
modelattheroot of the hierarchytree. The nameof this modelmustbe notifiedto the systemby meansof the SI MULATE
command.Eachsubmodelusedin anothermodelmustbe declaredby the SUBMODEL statementA transactiorcurrently
in acertainmodelcanberoutedto a submodetelative to the first modelby the useof the ENTERMODEL block. This block
takestwo parametersThefirst parameterefersto the submodethetransactioris to beroutedto. The seconcdbarameter
refersto the locationin the submodewherethe transactionis to enter Theselocationscanbe declaredby the | NPUT
blocks. The | NPUT block takesasa parametethe nameof the input. The locationswherea transactioncanreturnto
themodelit is originatingfrom, aremarked by meansof a QUTPUT block. This block takesasa parametethe nameof
the output. Lastly thereis the LEAVEMODEL block. This block marksthe locationwherethetransactioris to returnin the
modelit is originatingfrom. A LEAVEMODEL block takestwo parametersThe first onerefersto the submodelandthe
secondneto the outputof the submodel.

Figure 3.5 will clarify the mechanism. The goal is to constructa programthat describesa systemconsistingof
two subsystemsThe secondsubsystenis to be activatedafter the first subsystenhasendedits task. The situationof
Figure 3.5 canalsobe depictedby Figure3.6. Thelinesin the figure without an arrow refer to the actualhierarchy
whereaghe arrowved lines refer to the transactionflow. It is importantto distinguishhierarchyfrom transactionflow

11



MODEL Mbdel 1

A SUBMODEL Model 2
B SUBMODEL Model 3
ENDMCDEL

MODEL Mbdel 2

ENDMODEL

MODEL Mbdel 3

ENDMODEL

COMVAND

16) SI MULATE Model 1

18) ENDOOMVAND

Figure3.7: A multi-modelsystemwithout transactiortransfer

Modell

Model2 Model3

Figure3.8: Model hierarchyof previousfigure

becausdransactionseednot necessarilflow from modelto submodebndback.

In Figure3.7,thesituationis describedvherea modelconsistof two submodelsvithout transferof transactionsin
factthis programmodelsa systemconsistingof two subsystemshat operateconcurently andwithout interaction. This
situationcanasin the previousexamplealsobe depictedby a diagramasin Figure3.8.

All kinds of combinationsof the previoustwo situationsare possible.In principle thereis no limitation to the depth
of the hierarchytree.

Eachmodelhasits own context. All entitiesusedin a modelarelocal. The only meansof interchangingnformation
betweermodelsare:

e viathetransferof transactions,
¢ via globalC++ variables.

Entitiescanonly bereferencedrom within the commandsectiononemodelat a time, this becauséhereis only one
modelactive in the commandsectionat a time. Initially the active modelis the root modelspecifiedin the SI MJLATE
command Theactive modelcanbe changedo oneof its submodeldy usingthe DOAMN command.This commandallows
descendinghehierarchytreeandtakesasa parametethe nameof the submodeto goto. Only whentheactive modelis
theroot model,identifierlabelscanbe used.In the othercasesiumberlabelsmustbe used.Onecango up thehierarchy
treeby the UP command.This commandakesno parameters.

Figure3.9 presentsomeexamplesof the useof the UP andDOMN commandsThecommandn line (22) will causeall
storage®f the root modelto be printed,whereaghe commandn line (24) will producesomeoutputon the storageof
therootmodel’s submodehamedvbdel A. In line (25), theuseof a numericlabelis mandatory

Whenusingidentifierlabelsasrespectreinputnameandoutputnameparametein the ENTERMODEL andLEAVEMODEL
statementst is necessarjo declarehesubmodeby the SUBMODEL statemenbeforethefirstoccurrenceof the ENTERMODEL
or LEAVEMODEL statementThe compilermustknow whatkind of submodels beingreferredto in thesetwo statements.

All submodelsisedin a modelneednot be describedn the sameprogramfile. It is possibleto compilesubmodels
separatelyandlink themwith other submodelsandthe commandsection. In Figure 3.10, an overview of the HGPSS

12



(1) MODEL Model 1
(2) Model A SUBMODEL Model 2
(3) ...
(4) StorA  STORAGE 2
(5) ...
(6) ENDMODEL
(7)
(8) MODEL Model 2
(9) 1 SUBMCDEL Model 3
(10) ...
(11) StorA  STORAGE 4
(12) ...
(13) ENDMODEL
(14)
(15) MODEL Mbdel 3
(16) ...
(17) ENDVODEL
(18)
(19) COMVAND
(20) e
(21) SI MULATE Model 1 Model 1 becomes active
(22) PRI NT ., STORAGE
(23) DOMN Model A Mbdel 2 becones active
(24) PRI NT ,» STORAGE
(25) DOWN 1 Model 3 becomes active
(26) e
(27) uP Model 2 becomes active
(28) e
(29) uP Mbdel 1 becones active
(30) e
(31) ENDCOMVAND

Figure3.9: The UP andDOWN commands
systemstructureis shown to clarify the possibilities.

3.9 Parameterisedmodels

Modelscanbeusedastemplateghatwill beadaptedo acertainsituationby the useof parametersTheway of assigning
parameterso modelsworksthe sameway asusingfunctionparameterin C++.

Figure3.11shonvshow aparameterisethodelcanbeconstructe@ndused.Theshoppingsystemis consideredgain.
The goal is not to simulatea thousandcustomersasin the previous casesbut 24 hours. A clock modelis therefore
constructedhatwill signalthe expiring of thetime span.At line (14) the MODEL resenedword is followed by the name
of the parameterisechodelwhich is onits turn followed by the formal parametetist. This startswith a( andendswith
a) . Anything betweerthesetwo charactersvill beregardedasthe C++ descriptionof the parametetfist. At line (2) the
Q ock modelis declaredasa submodetrelative to the Shop model. The nameof the submodels followed by the actual
parametelist.

It isimportantto notethatthereis only oneterminationcounterin thewhole HGPSSsystem.EachTERM NATE block
onwhateverlevel of themodelhierarchywill consequentlyeferto the sameterminationcounter

3.10 Interfacing and extendingthe language

A way of extendingthe HGPSSanguagendinterfacingwith othersoftwarecomponentss by makinguseof thel NTERN
andEXTERN blocks.

The | NTERN block takesasa parametethe nameof a C++ functionthatwill betriggeredwhena transactiorenters
theblock.

The EXTERN block takestwo parametersThe first parameteis the nameof the C++ functionthatwill be triggered
whenatransactiorentersthe block. The secondbarameteis the nameof a C++ functionthatwill betriggeredon every
active simulationtime point. It is clearthatthe EXTERN block providesaway of interfacingwith otherprogramsor routines
thatareasyndironousto thediscrete-gentsimulationtaking place.

13



] Model ﬂ
L - - - _ _ J
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C++ Description | |

HGPSSDescription |

L____I____J

HGPSSPrecompiler

I'____L____"I

[ SubmodeLibrary —A ObjectCode [

I'____i____"l

HGPSS++Description |

L - - _ - _—_

C++ Compiler J
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[ 1
Linker

1.

Simulator |

r——-
I

Figure3.10: Processnodelof the HGPSSsystem

14



(1) MODEL Shop

(2) 1 SUBMODEL Q ock(24) Initialize clock
(3)

(4) GENERATE 10,7 Enter the shop
(5) ADVANCE 20,8 Take goods

(6) QUEUE Wi t Join queue

(7) SEl ZE CashDesk Arrive at cash desk
(8) DEPART Wi t Leave the queue
(9) ADVANCE 8,2 Pay the bill

(10) RELEASE CashDesk Leave the cash desk
(11) TERM NATE / Leave the shop
(12) ENDVODEL

(13)

(14) MODEL O ock(long tine)

(15) GENERATE "time*60"

(16) TERM NATE 1

(17) ENDVODEL

(18)

(19) COMVAND

(20) SI MULATE Shop Install nodel
(21) START 1 Si nul ate nodel
(22) PRI NT / Print all

(23) END Rermove nodel
(24) ENDCOMVAND

Figure3.11: Theshoppingsystemwith a clock

Figure3.12present@anexampleof theuseof anl NTERN block. Eachtime atransactiorreachesheblock,a message
will be printedonthe standarcutput.

In Figure 3.13, a messages printed at every active simulationtime point. The EXTERN block is put outsidethe
transactiorflow becauséhereis norelevantactionto be performedf atransactiorwereto entertheblock. Consequently
theNULL refersto thefactthatthereis nofunctionto be calleduponarrival of atransaction.

Figure3.14illustratesthe useof an| NTERN block to performlow-level actionson thetransactiongnteringthe block.
Thelow-level actionsarecarriedoutby HGPSS++kernelcalls.

3.11 Multiple analogousdeclarations

Supposeseveral entities of the samekind have to be declared. Insteadof writing the desirednumberof declaration
statementsa procedureasillustratedin Figure3.15canbeused.Multiple copiesof a storagewith capacity? arecreated
by puttingthe STORAGE commandnsidea loop. A C++ variableis usedasalabel. Notethatthe useof C++ expressions
aslabelsis only allowedin the context of the declaratiorof entitiesandnot blocks. This methoddoesnot work whenthe
entitieshave to beidentifierlabeled.

3.12 Output

A GPSSsimulation automaticallygeneratesan output file containingall information gatheredduring the simulation
process.The HGPSSsystemon the otherhanddoesnot outputinformationunlessexplicitly askedfor. Theinformation
relevantfor a certainsimulationcanbe selected.In fact, therearetwo waysof extractinginformationfrom the system.
First of all thereis the PRI NT block. This block alsoexistsin GPSS.The parametersf the HGPSShlock however are
somavhatdifferentfrom thoseof the GPSSblock. Thefirst andsecondarameterrethe sameasin GPSSThey arealso
optional. Thethird parameteis asin GPSSanentity mnemonic.Themnemonicsarenotthesameasin GPSSTable7.3
lists all HGPSSentity mnemonics Whenthis parameteis unspecifiedinformationaboutall entitieswill be output. The
optionalfourth HGPSSparameters a C++ pointerto afile. Whenthis parameteis unspecifiedinformationwill be sent
to thedefault outputfile. Whenthe parameteis specifiedjnformationcanberedirectedo thefile pointedto by the C++
file pointer

Anotherway to generateutputis by usingthe PRI NT command.This commandworks entirelythe sameway asthe
block with the samename.

By default,thenameof the outputfile is hgpsspp. out . Thedefaultfile namecanbe changedy giving thenew name
asasecondarameteto the S| MULATE command.
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-#include <iostream h>

-voi d Message(voi d)
{ cout << "A customer pays the bill\n"; }

MODEL Shop
GENERATE 10,7
ADVANCE 20,8
QUEUE Wi t
SEI ZE CashDesk
DEPART Vi t
| NTERN "Message"
ADVANCE 8,2
RELEASE CashDesk
TERM NATE 1
ENDMODEL
COMVAND
SI MULATE Shop
START 1000
PRI NT /
END
ENDCOMVAND

Enter the shop
Take goods

Join queue

Arrive at cash desk
Leave the queue
Print nessage

Pay the bill

Leave the cash desk
Leave the shop

Install nodel

Si mul ate 1000 customers
Print all

Renmove nodel

Figure3.12: Theshoppingsystemusingan INTERN block

-#include <iostream h>

-voi d Message(voi d)
{ cout << "Active time point\n"; }

MOXDEL Shop

EXTERN "NULL", " Message"

Figure3.13: Theshoppingsystemusinga EXTERN block

0

/1 The follow ng function copies the nunber of paraneters of
/1 the active transaction into its first paraneter.

voi d Copy(voi d)
{

TransactionC ass *transaction;
transacti on=Processor. Transaction();

transaction->Set Parameter (1, transaction->NorOf Paraneters());

}
%
MODEL Model
T INTERN " Copy”

ENDMODEL

Figure3.14: Low-level actionsusingan INTERN block
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(1) MODEL Model
(2)
(3) *Witing the same statenent 5 tinmes in GPSS,
(4)
(5 1 STORAGE 2
(6) 2 STORAGE 2
(7) 3 STORAGE 2
(8) 4 STORAGE 2
(9) 5 STORAGE 2
(10)
(11) *reduces to this in HGPSS
(12)
(13) - for (int i=1; i<=5; i++)
(14) "i" STORAGE 2
(15)
(16) ENDVODEL
Figure3.15: Multiple analogousleclarations
(1) -#include <fstreamh>
(2)
(3) COMVAND
(4)
(5 - of stream file_pointer;
(6) - file_pointer=fopen("output.txt");
(7)
(8) *CQutput info on all facilities to default output file
(9)
(10) PRI NT ., FACILITY
(11)
(12) *CQutput info on facility Ato default output file
(13)
(14) PRI NT A ,FACILITY
(15)
(16) *CQutput info on absolute clock to file pointed to by "file_pointer”
(17)
(18) PRI NT ., ABSOLUTECLOCK, " fi | e_poi nter"
(19)
(20) *Change name of default output file to "output.txt"
(21)
(22) SI MULATE Model Name, "out put . txt"
(23)
(24) ENDCOMVAND

Figure3.16: Someoutputrelatedcommands

Figure3.16 presentsomeexamplesof outputrelatedcommands.
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Chapter 4

HGPSSversusGPSS

4.1

Intr oduction

In this section,an overview of the syntacticandsemantiaddifferencedetweenGPSS/36@andHGPSSwill be presented.
Also, the new block declarationsentity declarationsandcommandswill bediscussed.

4.2 Block declarations

4.2.1 GPSSblock declarations

1.

© 00 N o 0o b~ wWw N

10.
11.

ADVANCE:

e Syntax:Whenall parametergareomitted,a slashis neededo eliminatesomeparserambiguities.
e SemanticsNo differences.

. ASSEMBLE: No differences.
. ASSIGN:No differences.

. BUFFER:No differences.

. DEPART: No differences.

. ENTER:No differences.

. GATE: No differences.

. GATHER: No differences.

. GENERATE:

¢ Syntax:Whenall parametergreomitted,a slashis neededo eliminatesomeparserambiguities.
e Semantics:

— Theoptionalparametervhich indicatesthe type of the parametersf the transactiongeneratedhasno
effect. Whetherthis parameteis suppliedor not, thetype of the parametersvill alwaysbeval ue_t ype.

— Thenumberof parameters transactiorwill be suppliedwith hasto be specifiedexplicitly. Defaulting
thenumberof parameterss allowed, but resultsin the generatiorof a transactiorwith zeroparameters.

LEAVE: No differences.
LINK: No differences.
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12. LOGIC: No differences.
13. LOOP:No differences.
14. MARK:

e Syntax:Whenall parametergareomitted,a slashis neededo eliminatesomeparserambiguities.
e SemanticsNo differences.

15. MATCH: No differences.
16. MSAVEVALUE:

e Syntax:No differences.
e SemanticsThe optionalmatrix type parametehasno effect. Whetherthis parameteis suppliedor not, the
type of the elementf the matrix will alwaysbeval ue_t ype.
17. PREEMPT

e Syntax:No differences.

e Semantics:In GPSSthereare threealternatvesto the way a transactionthat hasbeenpreemptedrom a
facility, behaes:

(a) Thepreemptedransactions putonaninterruptchainandwill berestoredo thefacility whenthefacility
is returnedto it.

(b) The preemptedransactioris routedto someotherblock in the model,andis removed from contention
for useof thefacility. Thatis, it will notlaterbeautomaticallyreinstatedy the processoasthecapturer
of thefacility.

(c) Thepreemptedransactions routedto someotherblockin themodel,but is notremovedfrom contention
for laterautomaticreinstatemenasthe capturerof thefacility.

In HGPSSonly thefirst alternatve is implementedThe parametersf the PREEMPT statementhatreferto the
two otheralternatvescanhowever be suppliedbut will have no effect.

18. PRINT:

e Syntax:

— Whenall parametersreomitted,a slashis neededo eliminatesomeparserambiguities.

— Thethird parametestill refersto anentity mnemonicbut the HGPSSentity mnemonicsaredifferentto
thoseof GPSS.

— Thereis anoptionalfourth parameterThis parameterefersto a C++ file pointer The outputgenerated
by theblock will be sentto thefile pointedto by the pointer, andnotto thedefault outputfile.

o SemanticsNo differences.
19. PRIORITY: No differences.
20. QUEUE: No differences.
21. RELEASE:No differences.
22. RETURN:No differences.
23. SAVEVALUE:

e Syntax:No differences.

e SemanticsThe optional savevaluetype parametehasno effect. Whetherthis parameteis suppliedor not,
thetypeof thesavevaluewill alwaysbeval ue_t ype.

19



24.
25.
26.
27.
28.

29.
30.

31.

SEIZE:No differences.
SELECT No differences.
SPLIT: No differences.
TABULATE: No differences.
TERMINATE:

¢ Syntax:Whenall parametergareomitted,a slashis neededo eliminatesomeparserambiguities.
e SemanticsNo differences.

TEST: No differences.
TRANSFER:

e Syntax:In the caseof a statisticalblock anda StandardNumericalAttribute asthe selectioormodeparameter
the selectionmodeparametehadto be prependedvith a dotin GPSS.This dot wasrequiredto indicatethe
factthatthe integervaluedefinedby the selectionmodeparametewas consideredasthe fractionalpartof a
realwith zeroastheintegerpart. In HGPSShowever this parameteshouldby itself represenarealbetween
zeroandone.Thedotis consequentiyot allowedin HGPSS.

e SemanticsNo differences.

UNLINK: No differences.

4.2.2 HGPSSblock declarations

1.

ENTERMODEL:Whenatransactiorentershisblock, it will beremovedfrom themodelit is currentlyin, andwill
beinjectedin the submodekpecifiedby thefirst parameterThe secondparameters the numberof theinput of the
submodethetransactions injectedinto.

. EXTERN: Thisblockallows interfacingwith otherprogramsor routinesthatareasynchronouto thediscrete-gent

simulation. The block takestwo parametersThe first parameteis the nameof a C++ functionthatwill becalled
whena transactiorentersthe block. The secondparameters the nameof a functionthatwill be calledon every
active simulationtime point. To indicatethatthereis nofunctionto becalled,aNULL maybeenterecasaparameter

. INPUT: This blockindicatesaninputto a model. Via thisinput, transaction®riginatingfrom a higherlevel in the

modelhierarchycanbeinjectedin the model. The parametespecifieghe nameof theinput.

. INTERN: This block allows interfacingwith otherroutinesor programs. The block takes one parameter This

parameters the nameof a C++ functionthatwill be calledwhenatransactiorentersheblock.

. LEAVEMODEL: This block indicatesthe locationin the modelwherea transactiorthat haspreviously beenin-

jectedin a submodelcanreturninto the first model. The first parametespecifiesthe submodelandthe second
parametethe numberof the outputof the submodel.

. OUTPUT: Thisblockindicatesanoutputto the model. Via this output,transaction®riginatingfrom a higherlevel

in the modelhierarchycanreturnto the modelthey originatedfrom. The parametespecifieshe numberor name
of theoutput.
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4.3 Entity declarations

4.3.1 GPSSentity declarations
1. BVARIABLE:

¢ Syntax: Besidesthe original GPSSform of the statementthereis anothernewnly implementedorm. The
HGPSShoolearvariablecanbeassignedo a C++ function. Eachtime thebooleanvariableis referencedthe
C++ functionwill be called. The nameof the C++ function hasto be double-quotecind prependedvith a
slash.

o SemanticsNo differences.
2. FUNCTION:

e Syntax:

— In casethelist of functionpointsis spreacbver morethanoneline, this hasto beindicatedwith a- atthe
endof all linesbut thelast.

— Besideghe original GPSSform of the statementthereis anothemewly implementedorm. TheHGPSS
functioncanbe assignedo a C++ function. Eachtime the functionis referencedthe C++ functionwill
be called. The nameof the C++ function hasto be double-quote@ndprependedvith a slash.

— As opposedo GPSSmatrix StandardNumericalAttributesareallowedasfunctionarguments.
¢ SemanticsNo differences.

3. MATRIX:

¢ Syntax:No differences.
e SemanticsThe matrix type parametehasno effect. Whetherthis parameteis setto H or F, the type of the
elementof thematrix will alwaysbeval ue_t ype.
4. QTABLE: No differences.
5. STORAGE:

e Syntax:Only oneof thetwo GPSSforms of storagedeclaratioris allowed.
e SemanticsNo differences.

6. TABLE: No differences.
7. VARIABLE:

e Syntax: Besidesthe original GPSSform of the statementthereis anothernewnly implementedorm. The
HGPSSvariablecanbe assignedo a C++ function. Eachtime the variableis referencedthe C++ function
will becalled. The nameof the C++ functionhasto be double-quoteéndprependedvith a slash.

o SemanticsNo differences.
8. FVARIABLE:

e Syntax: Besidesthe original GPSSform of the statementthereis anothernewnly implementedorm. The
HGPSSfullword variablecanbe assignedo a C++ function. Eachtime the fullword variableis referenced,
the C++ functionwill be called. The nameof the C++ function hasto be double-quoteéndprependedvith
aslash.

e Semantics: Thereis no differencebetweenvariablesand fullword variables. Both will have to returna
val ue_t ype asaresult.
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4.3.2 HGPSSentity declarations

1. SUBMODEL: This statementeclaresa modelasa submodetlelative to anothermodel. The declaratiortakesas
a parametethetype of the submodel.lt is favourablealwaysto put the SUBMODEL statementt thetop of a model
section.By doingthis, the HGPSSsystenwill alwaysknow thetype of the submodelsised.

4.4 Commands

441 GPSScommands
1. CLEAR:

e Syntax: Thereareno parametersllowed to this statementcontraryto GPSS As aresultthereis no way to
retainthe contentof savevaluesaftera CLEAR commands carriedout. C++ variablescanhoweveralwaysbe
usedto retaininformation.

o SemanticsNo differences.
2. END: No differences.
3. INITIAL:

e Syntax:

— Multiple entriesseparatety a slasharenot allowed.
— Theuseof - to indicatesubrangess notallowed.

¢ SemanticsNo differences.
4. JOB:No differences.
5. RESET No differences.
6. SIMULATE:

e Syntax:This commanchasthe samenameasthe GPSSSI MJLATE commandbut hasnothingin commonwith
thiscommand.Thecommands usedto tell thesystemby meansf thefirst parametewhich modelis located
attheroot of the hierarchytree. The secondparameteis optionalandallows the default outputfile nameto
beoverridden.

e SemanticsSeesyntax.
7. START:

e Syntax:The printoutsuppressioninitial valueof snapinterval counterandsignalfor chainprintoutsparame-
tersarenotsupported.

o SemanticsNo differences.

4.42 HGPSScommands

1. DOWN: This commandallows descendinghe hierarchytree. The only parameterefersto the submodethathas
to activated.

2. PRINT: Thiscommandwvorksentirelythe sameway asthe PRI NT block.

3. UP: Thiscommandallows climbing the hierarchytree. The commandusesno parameters.
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Chapter 5

How to createa simulator

In this section,all the necessargtepsto createa simulatorwill be presented First of all, the files the HGPSSsystem
consistof arelisted.

5.1 HGPSSsystemfiles

e HGPSSto HGPSS++compiler:

— hgpss.ILEX descriptionof thelexical analyserfor useon UNIX systems.

— hgpss.Ixi LEX descriptionof thelexical analysefor useon MSDOSsystems.

— hgpss.y YACC descriptionof the parser Therearetwo versionsof this file: onefor useon UNIX systems
andonefor useon MSDOSsystems.

— initial.y: YACC descriptionof auxiliary initial parameteparser

— logical.y. YACC descriptionof auxiliary logical parameteparser

— param.y YACC descriptionof auxiliary parameteparser

— tokens.h List of all tokensfor usewith hgpss.bf hgpss.Ixi

— hgpss.ge ExecutableHGPSSto HGPSS++compilerfor useon MSDOSsystems.

— hgpss ExecutableHGPSSto HGPSS++compilerfor useon UNIX systems.

e HGPSS+ikernel:

— Accesdiles:
x hgpsspp.h Headerfile grantingpartial accessto the HGPSS++kernel. This file will be includedin
compiledHGPSSprograms.
x hgpssppa.tHeadeffile grantingcompleteaccesso theHGPSS++kernel. Thisfile will beincludedupon
requesin compiledHGPSSprograms.
— Systenfiles:
x heademh: Headeffile to beincludedin all HGPSS++systenffiles.
funcsupp.CSupportfunctions.
funcuserC:. Userfunctions.
classsup.CSupportclasses.
classsys.CSystenclasses.
classent.CEntity classes.
classenc.CEntity chainclasses.
classblo.CBlock classes.
classpro.CProcessoclasses.

¥R K X X X X ¥
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5.2 The HGPSSto HGPSS++compiler

OnceaHGPSSprogramis written, it shouldbecompiledto aHGPSS++programwith theHGPSSo HGPSS++compiler
This programgenerateghreefiles from theinputfile:

1. A socalledoutputfile, whichis theactuaHGPSS++program.

2. A socalledheadeffile, containinga classdeclaratioranda constanstructurecontainingthe resohedlabelsfor all
themodelsin theinputfile.

3. A socalledvariablefile, containingC++ functionsautomaticallygeneratedrom GPSS-lile VARI ABLE, BVARI ABLE
andFVARI ABLE statements.

The two lastfiles will be automaticallyincludedin the first onewhenthe HGPSS++programis compiledwith a C++
compiler

The HGPSSto HGPSS++compilerneedssomecommandine arguments.Therearefour possibleformsthesecom-
mandline algumentscantake:

1. -ename

Thefile hgpsspp.will beincludedin the outputfile.
Theinputfile namegpswill beprocessed.
Theoutputfile will bedenominatediamecC.
Theheadeffile will bedenominatediameh.
Thevariablefile will bedenominatediamevar.

2. -f [namelnamed named name]]

Thefile hgpsspp.will beincludedin the outputfile.

Theinputfile namelwill beprocessedThedefaultinputfile nameis hgpsspp.gps.
Theoutputfile will bedenominatedhame2 Thedefault outputfile is hgpsspp.C.
Theheadeffile will bedenominatechame3 Thedefault headeffile is hgpsspp.h.
Thevariablefile will bedenominatedhame4 The defaultvariablefile is hgpsspp.ar.

3. -E name

Thefile hgpssppa.lill beincludedin the outputfile.
Theinputfile namegpswill beprocessed.
Theoutputfile will bedenominatedamecC.
Theheadeffile will be denominatediameh.
Thevariablefile will bedenominatechamevar.

4. -F [name] named name3 named]]

Thefile hgpssppa.lill beincludedin the outputfile.

Theinputfile namewill beprocessedThedefaultinputfile nameis hgpsspp.gps.
Theoutputfile will bedenominatedhame2 The default outputfile is hgpsspp.C.
Theheadeffile will bedenominatechame3 Thedefault headeffile is hgpsspp.h.
Thevariablefile will bedenominatediame4 Thedefaultvariablefile is hgpsspp.ar.

5.3 Compiling and linking the simulator
After the HGPSS++output,headerandvariablefile have beengenerateaut of the HGPSSinput file by the HGPSSto

HGPSS++compiler, theoutputfile shouldbe compiledwith a C++compiler Theobjectfile resultingfrom the outputfile
shouldthenbe linkedwith the objectfiles resultingfrom the compilationof the HGPSS++systendfiles.
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Chapter 6

Extended BackusNaur Form description

This sectioncontainsan ExtendedBackus-Naurf-orm descriptionof the HGPSS-language The notation consistsof
metalinguisticvariables,metalinguisticsymbols,HGPSSresened words and HGPSSsymbols. The grammaritself is
presentedas a sequencef rules, whereeachrule consistsof a left-handside and a right-handside connectecby the
metasymbol:=. Theleft-handsideof theruleis ametavariable.Theright-handsideof therule is anexpressiorconsisting
of metavariablesmetasymbolsHGPSSresened wordsand HGPSSsymbols. Wherever a metavariableappearsn the
right-handside of a rule, the right-handside of ary rule having that variableasits left-handside canbe unambiguously
substitutedfor the variable. This is the distinguishingcharacteristioof contet-free grammars. A metazariableis a
charactesstring consistingof lettersandunderscoresThe variablenameis chosento be meaningfulin its context. The
metasymbolso be usedarethefollowing:

e :: = connectdeft- andright-handsideof arule.

¢ | separatealternatve right-handsideitems.

¢ [] enclosesanoptionalright-handsideitem.

¢ {} enclosearepeatedight-handsideitem thatcanappearzeroor moretimes.
¢ () isusedfor groupingalternatie right-handsideitems.

¢ - indicatesaclassof characters.

HGPSSesenedwordsaredistinguishedrom metavariablesy consistingonly out of capitals.Exceptiongo thisrule are
singlequoted.HGPSSsymbolsarenot quoted exceptwhentheremight be confusionwith metasymbolsOthersymbols
used:

e \t talulatecharacter
e \r line feedcharacter

e \ n new line character

program 1= nodel _sections conmand_section

model _sections ;.= { nodel _section | start text }

model _section ;.= start MODEL white_space identifier [ '(' anything_except_) ')’ ] end
decl's
start ENDMODEL end

decl s c:={ start decl }

decl = bl ock_decl _body end

| identifier white_space bl ock_decl_body end
| integer white_space entity_decl _body end
| expression white_space entity_decl _body end
| identifier white_space entity_decl_body end
| text
conmmand_sect i on ;= [ start COMMAND end

commands

start ENDCOMVAND end

texts |
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commands
command

texts
text

bl ock_decl _body

{ start command }
command_body end
text

{ start text }

9% anything_except_% % new_line
- anything_except _new_|ine new_|ine
* anythi ng_except _new_|ine new_|ine

new | ine
ADVANCE whi te_space

ASSEMBLE ~ whi t e_space
ASSI GN whi te_space

DEPART whi t e_space
ENTER whi t e_space
ENTERMODEL whi t e_space

EXTERN whi te_space
GATE whi t e_space
GATHER whi t e_space
GENERATE  whi t e_space

I NPUT whi t e_space
| NTERN whi te_space
LEAVE whi t e_space

LEAVEMODEL whi t e_space

LI NK whi te_space

LOG C whi te_space
LooP whi te_space
MARK whi t e_space
MATCH whi t e_space

MBAVEVALUE whi t e_space
QUTPUT whi te_space
PREEMPT whi t e_space

PRI NT whi te_space

PRIORITY white_space
QUEUE whi t e_space
RELEASE whi t e_space
RETURN whi te_space
SAVEVALUE white_space
SEI ZE whi t e_space
SELECT whi t e_space

SPLIT whi t e_space

TABULATE  white_space

« 1/

| paraneter

| [ paraneter ] , paraneter )

par amet er

paraneter [ +| - ] , paranmeter [ , paraneter ]

paraneter [ , parameter ]
paraneter [ , parameter ]
( expression , ( integer | expression)

| (integer | identifier ) , entity_name )
expression , expression

gate_kind white_space paraneter [ , parameter ]

par amet er

(@

| paraneter

| [ paraneter ] , paraneter

| [ paraneter | , [ paraneter | , paraneter

| [ paraneter | , [ paraneter | , [ paraneter

| [ paraneter ] , [ parameter ] , [ paraneter
par amet er

| [ paraneter ] , [ parameter ] , [ paraneter
[ paraneter ] , paranmeter

| [ paraneter | , [ paraneter | , [ paraneter
[ paraneter ] , paraneter , F)

entity_name

expressi on

paraneter [ , parameter ]

( expression , ( integer | expression)

| (integer | identifier ) , entity_name )

paraneter , ( FIFO
| LIFO

| P

i nteger

| P expression) [ , paraneter ]
| ogi c_kind white_space paraneter
parameter , paraneter

()

| paraneter )
par anet er
parameter [ + |
entity_name
paraneter [ ,

/

par amet er
[ paraneter ]
[ paraneter
| [ paraneter

(
|
|

par anet er
par anet er
paranmeter [ + |
par anet er

PR
[ [ PR]

[ PR] , [ paraneter ] , paraneter

[ PR]

par amet er
[ paraneter ] ,

[ paraneter ] ,

[ paraneter | ,

-], paraneter , paraneter , parameter [ , H]

, paraneter

, [ paraneter ] , [ parameter ] , RE]

, paraneter

, [ paraneter ] , print_kind
, [ paranmeter ] , [ print_kind ] , expression)
paraneter , [ BUFFER ]

paraneter [ , parameter ]

-], paraneter [ , H]

( 1 ogical _select_kind white_space parameter , paranmeter ,

paranmeter [ ,

, , paraneter ]

| mn_max_sel ect _kind white_space paranmeter , parameter ,

paraneter , ,

par anet er

| relational _select_kind white_space paraneter , paraneter ,
paranmeter , parameter , paraneter [ , paraneter | )
parameter , paraneter [ , parameter
| , [ parameter ] , parameter ]
paraneter [ , paraneter ]

TERM NATE whi te_space ( /
| paraneter )
TEST whi te_space test_kind white_space paraneter , paranmeter [ , parameter ]

TRANSFER  whi te_space

UNLI NK whi t e_space

( BOTH, [ paraneter ] , paraneter

| paraneter , [ paraneter ] , paraneter

| , paraneter )

paraneter , parameter , ( parameter | ALL )
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, [ paraneter | BACK ] , parameter

, | paraneter | BACK ] , [ paraneter ] , paraneter ]
white_space ( / expression

bvari abl e_expression )

[, ( paraneter | BACK )
|
I

entity_decl _body ::= BVARI ABLE

| FUNCTION  white_space ( / expression
| paraneter , function_kind integer end function_point
{ / function_point | - end function_point }
| MATRI X white_space ( X | H) , ( integer | expression ) , ( integer | expression)
| SUBMODEL ~ white_space identifier [ ( anything_except_) ) ]
| QTABLE white_space entity_name , value , value , ( integer | expression )
|  STORAGE white_space ( integer | expression )
| TABLE white_space ( parameter | IA| RT ) , value, value,
[ W] ( integer | expression) [ , value]
| VARIABLE white_space ( / expression
| variabl e_expression )
| FVARI ABLE white_space ( / expression
| variabl e_expression )
comand_body = CLEAR
| DOMN whi t e_space entity_nane
| END
| INITIAL white_space ( LS ( integer | expression | $ identifier )
| ( M| M) (integer | expression | $ identifier )
"(" ( integer | expression ) , ( integer | expression) ')’
, value
| ( X| XH) ( integer | expression | $ identifier ) , value)
| JOB
| PRI NT white_space ( /
| paraneter
| [ parameter ] , paraneter
| [ parameter ] , [ parameter ] , print_kind
| [ paraneter ] , [ paraneter ] , [ print_kind] , expression)
| RESET
| SIMULATE  white_space identifier [ ' (' anything_except_) ")’ ] [ , expression ]
| START white_space ( integer | expression )
[—
Auxiliary rules:
whi te_space e\ Ny e e )
new_| i ne R
digit =0-9
letter —az| AZ| _|$
i nteger =digit { digit }
exponent =(E|] e )[ +] -] integer
real ;= integer . [ integer ] [ exponent ]
| [ integer 1 . integer [ exponent ]
| i nteger exponent
identifier ci=letter { letter | digit }
expressi on =" anything_except_" "
val ue o= [+ | -] integer
| [ +] -1 real
| expression
anyt hi ng_except _" ;1= string of zero or nore characters not containing the " character
anyt hi ng_except_\ n = string of zero or nore characters not containing the new |ine character
anyt hi ng_except _) = string of zero or nore characters not containing the ) character
anyt hi ng_except _% = string of zero or nore characters not containing the % substring
function_ki nd =C
| D
| E
| L
| M
gate_kind 1= LS
| LR
| M
| ™
| N
|1
| N
| U
| SE
| SF
| SNE
| SNF
| ogi c_kind N
| R
| S
print_kind 1= BLOCK
| BVARIABLE
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| ogi cal _sel ect _ki nd

m n_max_sel ect _ki nd

rel ational _sel ect _kind

test_kind

logical _attribute

rel ational _operat or

single_sna

pl ain_sna

EXTERN

FACI LI TY

FUNCTI ON

I NPUT

LOG CSW TCH

MATCHI NGCHAI NCHAI N
NBAVEVALUE
QUTPUT

QUELE
RANDOVNBRGENERATOR
SAVEVALUE
STORAGE

SUBMODEL

TABLE
TRANSACTI ON
USERCHAI N

VAR ABLE
ABSOLUTECLOCK
RELATI VECLOCK
TERM NATI ONCOUNTER
CURRENTEVENTCHAI N
FUTUREEVENTCHAI N

U

NU

I

N

SE

SNE

SF

SNE

o
N
e
CONE

nEzZz3Q

FC
FR
FT
FN

RRIALBRC
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—
(@]

matrix_sna

§F<29228%%7°g

start
end

[ white_space

: new_ | ine

| whi te_space anything_except_\n new_|ine

: single_sna

| plain_sna ( integer | expression | $ identifier | * integer | * expression )
| matrix_sna ( integer | expression | $ identifier | * integer | * expression )
"(* ( integer | expression ) , ( integer | expression) ')
1= val ue

| identifier

| _par anet er

;o= integer

| expression

| identifier

: start value , ( value | identifier | _parameter )

;o= integer

| rea

| expression

| _par anet er

term

+ variabl e_expression

- variabl e_expression

vari abl e_expression + variabl e_expressi on

variabl e_expression - variabl e_expression

variabl e_expression * variabl e_expression

vari abl e_expression / variabl e_expression

vari abl e_expression @vari abl e_expression

"(' variable_expression')’

term

| termrel ational _operator term

| logical _attribute ( integer | expression | $ identifier | * integer | * expression )
b_term

| bvari abl e_expression + bvariabl e_expression

| bvari abl e_expressi on * bvariabl e_expressi on

| "(" bvariabl e_expression ')’

_paranet er

par amet er

entity_name

function_poi nt
term

vari abl e_expressi on

b_term

bvari abl e_expression
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Chapter 7

Statementsummary

In Tables7.4,7.5and7.6,a completelist of all HGPSShlock declarationstatementandtheir parameterss presented.
Tables7.7 and 7.8 list all entity declarationstatementand all commandstatementsespectiely. Table 7.2 givesan
overview of all StandardNumericalAttributes.Thereis no differenceébetweerthe HGPSSStandardNumericalAttributes
andthoseof GPSS.Contraryto the StandardNumericalAttributes,the HGPSSentity mnemonicsare entirely different
from thoseof GPSS.The HGPSSentity mnemonicsarelistedin Table7.3. Table7.1lists andexplainsall metalinguistic
variablesusedin the othertables.

Thefollowing itemsarerelevantto a properunderstandingf thetables:

e Parameterdistedin adjacentolumnshave to be separatethy commasn the programsource.
¢ Themetavariablesndicatingthetype of the parameterarelisted beneatta textual descriptionof the parameter
o A metavariableor literal encapsulatedetweer] and] refersto anoptionalparameter

¢ In certaincasesalternative combinationf parameterarelistedtop to bottom.

Uppercasdettersandwordsareto betakenliterally.

Commasseparatalternatveson the sameline.

(...) refersto aparametefist.

All occurrencesf/, ( and) areto betakenliterally.

+ meanst or -.
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MetalinguisticVariables

|| VARIABLE | ||
integer UnsignedntegerValue
identifier IdentifiercontainingLetters,Digits, - and$
TheFirst Characteis a Letter, _or $
expression Double-quotedC++-Expression
value Signedinteger, Realor expression
entity_name | integer, expressioror identifier
row integeror expression
column integeror expression
parameter SingleSNA
Plain SNA followed by integer
expression
Sidentifier
*integer
*expression
Matrix SNA followed by integer(rav,column)
expression(ra,column)
S$identifier(rav,column)
*integer(rav,column)
*expression(ra,column)
mnemomic | Entity Mnemonic

Table7.1: Metalinguisticvariables

31



HGPSSStandardNumericalAttributes

I SingleSNA I
[[ SNA [ ENTITY [ I

C1 Processor Valueof Relative Clock

PR Transaction Priority Level

M1 Transaction Residencdimein Model
I PlainSNA I
|| SNA | ENTITY | ||

N Block Total Count

W Block CurrentCount

F Facility Availability Status

FC Facility CaptureCount

FR Facility FractionalUtilisation

FT Facility AverageHolding Time per Capture

FN Function CurrentValue

Q Queue CurrentContent

QA Queue AverageContent

QC Queue Entry Count

QM Queue Maximum Content

QT Queue AverageResidencdime

QX Queue Non-zeroAverageResidencdime

Qz Queue Non-zeroEntry Count

RN RandomNumberGenerator | RandomvaluebetweerD.0inclusive and1.0exclusive

X Savevalue Valueof Fullword Savevalue

XH Savevalue Valueof Halfword Savevalue

R Storage RemainingCapacity

S Storage CurrentContent

SA Storage AverageContent

SC Storage Entry Count

SR Storage FractionalUtilisation

SM Storage Maximum Content

ST Storage AverageHolding Time per Unit

TB Table AverageValueof Non-weightedEntries

TC Table Numberof Non-weightedEntries

TD Table Standardeviation of Non-weightecEntries

P Transaction ParameteMalue

MP Transaction Time sincemave into MARK block

CA UserChain AverageContent

CcC UserChain Total Entries

CH UserChain CurrentContent

CM UserChain Maximum Content

CT UserChain AverageHolding Time perEntry

BV BooleanVariable CurrentValue

V Variable CurrentValue
I Matrix SNA I
|| SNA | ENTITY | ||
[[ MH | Matrix Savevalue Halfword Valueof Elementin specifiedRow andColumn ]|

MX

Matrix Savevalue

Fullword Valueof Elementin specifiedRow andColumn ||

Table7.2: HGPSSStandardNumericalAttributes
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HGPSSEntity Mnemonics

([ MNEMONIC [ I
BLOCK Block
BVARIABLE BooleanVariable
EXTERN Extern
FACILITY Facility
FUNCTION Function
INPUT Input
LOGICSWITCH Logic Switch
MATCHINGCHAINCHAIN Chainof MatchingChains
MSAVEVALUE Matrix Savevalue
OUTPUT Output
QUEUE Queue
RANDOMNBRGENERATOR | RandomNumberGenerator
SAVEVALUE Savevalue
STORAGE Storage
SUBMODEL Submodel
TABLE Table
TRANSACTION Transaction
USERCHAIN UserChain
VARIABLE Variable
ABSOLUTECLOCK AbsoluteClock
RELATIVECLOCK Relative Clock

TERMINATIONCOUNTER

TerminationCounter

CURRENTEVENTCHAIN

CurrentEventChain

FUTUREEVENTCHAIN

FutureEventChain

Table7.3: HGPSSentity mnemonics

33



HGPSSBIock DeclarationSummaryPart 1

||BLOCK |A |B |C |D |E |F |G ||
ADVANCE MeanTime Spread
Modifier
[parameter] [parameter]
ASSEMBLE AssemblyCount
parameter
ASSIGN ParameteiNo. Valueto be No. of
Assigned Function
Modifier
parametetE] parameter [parameter]
BUFFER
DEPART QueueName No. of Units
parameter [parameter]
ENTER StorageName No. of Units
parameter [parameter]
ENTERMODEL ModelName InputName
expression integer
expression expression
integer entity_name
identifier entity_name
EXTERN Function Function
Calledupon Calledupon
Arrival Polling
expression expression
GATE{ Il:g } Logic Switch Next Block
Name if Condition
is False
parameter [parameter]
GATE{ NMM } Nameof Next Block
ASSEMBLE, if Condition
GATHER, or is False
MATCH Block
parameter [parameter]
NI
GATE N|U Facility Name Next Block
U
if Condition
is False
parameter [parameter]
SE
GATE SF StorageName Next Block
SNE
SNF
if Condition
is False
parameter [parameter]
GATHER GatherCount
parameter
GENERATE MeanTime Spread Offset Limit Priority No. of Typeof
Modifier Intenal Count Level Parameters | Parameters
[parameter] [parameter] | [parameter]| [parameter]| [parameter]| [parameter]| [F]
INPUT InputName
entity_-name

Table7.4: HGPSSblock declaratiorsummarypart 1
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HGPSSBIlock DeclarationSummaryPart 2

||BLOCK |A |B |C |D |E |F|G||
INTERN Function
Calledupon
Arrival
expression
LEAVE StorageName No. of Units
parameter [parameter]
LEAVEMODEL ModelName OutputName
expression integer
expression expression
integer entity_name
identifier entity_name
LINK Nameof Merge Alternate
UserChain Criterion Block
parameter FIFO [parameter]
parameter LIFO [parameter]
parameter expression [parameter]
|
LOGIC{ R Logic Switch
S
Name
parameter
LOOP ParameteNo. Next Block if
Parameteet 0
parameter parameter
MARK ParameteNo.
[parameter]
MATCH Nameof
Conjugate
MATCH Block
parameter
MSAVEVALUE Matrix Name Row No. ColumnNo. Valueto Matrix Type
be Saved
parametetf] parameter parameter parameter [H]
OUTPUT Outputname
entity_name
PREEMPT Facility Name Priority Next Block ParameteNo. | Remae
Option for Preempted| of Preempted | Option
Transaction Transaction
parameter [PR] [parameter] [parameter] [RE]
PRINT Lower Upper Entity File
Limit Limit Mnemonic Name
[parameter] [parameter] [mnemomic] [expression]
PRIORITY New PR Buffer
Value Option
parameter [BUFFER]
QUEUE QueueName No. of Units
parameter [parameter]
RELEASE Facility Name
parameter
RETURN Facility Name
parameter
SAVEVALUE Savevalue Valueto Savevalue
Name beSaved Type
parametetE] parameter [H]
SEIZE Facility Name
parameter

Table7.5: HGPSShlock declaratiorsummarypart2
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HGPSSBIlock DeclarationSummaryPart 3

[ BLOCK [ A [ B [ C [ D [ E [ F [ G
U,NU
I,NI
SELECT{ SESNE Parametein Lower Upper Alternate
SESNF
LRLS
whichto Place | Limit Limit Exit
Entity No.
parameter parameter parameter [parameter]
SELECT{ ,\’\AAJ_\’;‘( } Parametein Lower Upper Attribute
whichto Place | Limit Limit to Examine
Entity No.
parameter parameter parameter parameter
G
GE
SELECT NEE Parametein Lower Upper Comparison Attribute Alternate
LE
L
whichto Place | Limit Limit Value to Examine | Exit
Entity No.
parameter parameter parameter parameter parameter | [parameter]
SPLIT No. of Next Block Serialization No. of Para-
Offspring for Offspring | Parameter metersfor
eachOffspring
parameter parameter [parameter] [parameter]
TABULATE TableName Weighting
Factor
parameter [parameter]
TERMINATE Termination
Counter
Decrement
[parameter]
G
GE
TEST NEE FirstValue Secondvalue | Next Block
LE
L
if Condition
is False
parameter parameter [parameter]
TRANSFER Selection FirstBlock SecondBlock
Mode Examined Examined
BOTH [parameter] parameter
TRANSFER Selection FirstBlock SecondBlock
Mode
parameter [parameter] parameter
TRANSFER Selection Next Block
Mode Entered
parameter
UNLINK Nameof Next Block Unlink ParameteNo. Match Alternate
UserChain for Unlinked Count Argument Exit
Transactions
parameter parameter parameter [parameter] [parameter] | [parameter]
parameter parameter ALL [parameter] [parameter] | [parameter]
parameter parameter parameter [BACK] [parameter] | [parameter]
parameter parameter ALL [BACK] [parameter] | [parameter]

Table7.6: HGPSShlock declaratiorsummarypart3
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HGPSSEntity DeclarationSummary

|| ENTITY | A | B | C | D | E ||
BVARIABLE Combinationof NumericDataSpecificationsRelationalOperatorslLogical Attributesand
BooleanOperators
NumericData Relational Logical Boolean
Specifications Operators Attributes Operators
parameter 'G’, 'GF’ FU, FNU +,*
L, LE FI, ENI
'E’, 'NE’ SE,SNE
SE SNF
BVARIABLE | FunctionName
Jexpression
FUNCTION Function FunctionType Datapointssepa-
Argument and ratedby / or - +
No. of Points new line
parameter Cinteger value\alue
parameter Dinteger value,identifier
parameter Einteger value,parameter
parameter Linteger
parameter Minteger
FUNCTION FunctionName
Jexpresion
MATRIX Matrix Type Numberof Numberof
Rows Columns
X, H integer, expression | integer, expression
SUBMODEL | Submodellype
andArguments
identifier[(...)]
QTABLE Nameof Inclusive Upper Width of Numberof
Queue Limit of Lowest Intermediate-re- Frequenyg
Frequeng Class quengy Classes Classes
entity_-name value value integer, expression
STORAGE Storage
Capacity
integer, expression
TABLE Table Inclusive Upper Width of Numberof Time Intenval
Arguments Limit of Lowest Intermediate-re- Frequenyg for RT-Table
Frequeng Class queny Classes Classes
parameterdA, RT value value [W]integer [value]
parameterA, RT value value [W]expression [value]
VARIABLE Combinationof NumericDataSpecificationandArithmetic Operators
NumericData Arithmetic
Specifications Operators
parameter +-L5 @
VARIABLE FunctionName
Jexpression
FVARIABLE Combinationof NumericDataSpecification@ndArithmetic Operators
NumericData Arithmetic
Specifications Operators
parameter + - L5 @
FVARIABLE FunctionName
Jexpression

Table7.7: HGPSSentity declaratiorsummary

37



HGPSSCommandSummary

|| COMMAND | A | B | ¢} | D ||
CLEAR
DOWN Submodel
Name
entity_name
END
INITIAL Logic Switch
to be Set
LSinteger
LSexpression
LSsidentifier
INITIAL Matrix Initial
Savevalue Value
MXinteger(rav’,’column) value
MXexpression(re/’,’column) | value
MX$identifier(ron’,’column) | value
MHinteger(rav’,’column) value
MHexpression(re/’,’column) | value
MHSidentifier(rav’,’column) | value
INITIAL Savevalue Initial
Value
Xinteger value
Xexpression value
X$identifier value
XHinteger value
XHexpression value
XHSidentifier value
JOB
PRINT Lower Upper Entity File
Limit Limit Mnemonic Name
[parameter] [parameter] | [mnemonic] | [expression]
RESET
SIMULATE Model Type File
andArguments Name
identifier](...)] [expression]
START Initial
Termination
CounterValue
integer, expression
UP

Table7.8: HGPSScommandsummary
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