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Chapter 1

Intr oduction

Thediscrete-eventsimulationlanguageGPSS(or GeneralPurposeSimulationSystem)wasoriginally developedby Gor-
donat IBM in 1962.Thelanguagehasbeenusedextensively anddifferentcommercialimplementationsweredeveloped
eversinceits conception.Despiteits expressivepowerandflexibility , thelanguagesuffersfrom someweaknesses.Three
majordeficienciescanbedistinguished:

� Lack of conceptualsupportfor hierarchicalmodeling

� Poorinterfacingfacilitieswith othersoftwarecomponents

� No possibilityof interferingwith theway theGPSSprocessorworks

By meansof the HGPSSproject,an effort hasbeenmadeto resolve thesethreeproblems.The resultingHGPSSlan-
guagecanberegardedasa supersetof theGPSS/360dialect,introducedin 1967. In the following sections,no attempt
will be madeto clarify the basicsof the GPSS/360language. In depthinformationcanbe found in [Schriber1974],
[Neelamkavil 1987] and[Gordon1978].

All threemajorGPSSproblemshavebeenresolvedby theimplementationof a two-level system.

� Thebottomlevelconsistsof ahostlanguageobject-orientedprogrammingenvironment.A discrete-eventsimulation
kernelhasbeendevelopedin this host language.The kernelconsistsof a numberof interrelatedfunctionsand
classesfor the supportof GPSS-like process-interactionsimulation. Calls to this kernelare implementedby a
multitudeof interfacefunctions.This interfacelanguagehasbeendenominatedHGPSS++.It shouldbenotedthat
performanceissueswerenot takeninto accountin this stageof thedevelopmentof theHGPSS++kernel.

� Thetop level is madeup of a compilerthatconvertsHGPSSprogramstatementsinto a setof correspondingHG-
PSS++kernelcalls.

C++ hasbeenchosenasthehostlanguagefor thefirst level of thesystem.TheC++ languageis especiallywell suited
for discrete-eventsimulation.Theobject-orientedphilosophywasconceivedwith thedevelopmentof thediscrete-event
simulationlanguageSIMULA, theearlyforerunnerof C++. An elaboratedescriptionof theC++ languagecanbefound
in [Stroustrup1987].

TheHGPSSto HGPSS++compilerhasbeenimplementedwith theuseof thelexical analysergeneratorLEX andthe
parsergeneratorYACC[Mason& Brown 1990].

Thebottomlevel simulationkernelandtheHGPSS++languagewill not bediscussedany further. Additional infor-
mationcanbefoundin [Claeys1992]. Thetop level howeverwill bediscussedin detail.

Onemight wonderwhy GPSS,despiteits disadvantages,is still interestingasa basisfor a new discrete-eventsimu-
lation system.Thesetof additionalfeaturesofferedby GPSSin respectto othersimulationlanguagesmayserve asan
answerto thisquestion.Themostimportantadvantagesof GPSScanbecategorisedasfollows:

� Theprocess-interactionworld view.

� Thefactthatthesystemis verywell-know andwidely used.
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� Thehigh-level characterof thelanguageconstructs.

In fact,GPSSis a full programminglanguage[Boehm& Jacopini1966], becauseit offers

� Basicactions,

� Action sequences,

� Conditionalstructures,

� Iterativestructures.
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Chapter 2

A solution to the GPSSweaknesses

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

� ENTERMODEL

� LEAVEMODEL

� INPUT

� OUTPUT

A submodelis consideredasanentityandhasto bedeclaredby thenewly implementedSUBMODEL declarationstatement.
The idea is to breakup the modelof the systemto be simulatedinto a numberof submodels.Eachsubmodelcan in
turn besubdividedinto a numberof submodels.By applyingthis procedurerecursively, a tree-like modelhierarchywill
evolve. In the end,the submodelsrepresentedby the leavesof the treeshouldrepresentthe basicprocesseswithin the
system.Furthermore,sucha hierarchical decompositionapproachsupportsstepwiserefinement, in which atomicblocks,
in particulartreeleaves,canbearbitrarilydecomposedto reflectmoredetailed,microscopicknowledgeaboutthesystem.

Thesecondgoal, thecreationof a methodof interfacingwith othersoftwarecomponents,hasbeenimplementedin
a numberof ways. Constructsof theC++ hostlanguagecanbe interlacedwith HGPSSstatementsin many ways. Two
additionalbasicsimulationblocksalsoprovide interfacingsupport.Theseblocksare:

� INTERN

� EXTERN

By lettingthemodelerinterferewith thewaytheHGPSSprocessorworks,thefinal goalof theprojectis accomplished.
TheHGPSSprocessoris designedasanopensystemthatcanbeexpandedandmodifiedin many ways.See[Claeys 1992]
for furtherdetailson this subject.
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Chapter 3

The HGPSSlanguage

3.1 General form of a HGPSSprogram

A HPGSSprogram,unlike a GPSSprogram,consistsof a numberof separatesections.Therearetwo kindsof sections:
modelsectionsandcommandsections. Eachprogramcanonly containonecommandsection.Thereis no limitation to
thenumberof modelsections.The presenceof the commandsectionis not mandatory. Thenumberof modelsections
canbezeroaswell. Themodelsectionscanberegardedasthemodelframeof thesystem,whereasthecommandsection
representstheexperimentalframe[Zeigler1976]. Eachof themodelsectionsrepresentsoneof thesubmodelsthesystem
is madeoutof. Thesystemis modeledentirelyby thecollectionof modelsandtheir interrelations.Thecommandsection
depictstheenvironmentthesystemis in. In general,thecommandsectionwill specifywhattheinputsto thesystemare
andwhatkind of outputthemodeleris interestedin.

The following simpleexamplewill illustrate the conceptof modelandcommandsection. A single-server system,
morespecificallya self-serviceshopwith onecashdesk,will be considered.Customersenterthe shop,take the goods
they want,thenjoin thequeueof customerswaiting to checkout andfinally leave thequeueandpaythebill. Figure3.1
shows theHPGSSprogramfor simulationof this system.Theline numbersarenot partof the languageandaresimply
usedfor referencing.TheHGPSSprogramconsistsof onemodelsection(lines(1)-(10))andonecommandsection(lines
(12)-(16)).

A modelsectionalwayshasto be encapsulatedbetweena MODEL andanENDMODEL statement.TheMODEL keyword
hasto be followedby thenameof themodel. Thecommandsectionbeginswith COMMAND andendswith ENDCOMMAND.
EachHGPSSstatementtakesexactlyoneline. Therearefour kindsof statements:

� Block declarationstatements

� Entity declarationstatements

(1) MODEL Shop
(2) GENERATE 10,7 Enter the shop
(3) ADVANCE 20,8 Take goods
(4) QUEUE Wait Join queue
(5) SEIZE CashDesk Arrive at cash desk
(6) DEPART Wait Leave the queue
(7) ADVANCE 8,2 Pay the bill
(8) RELEASE CashDesk Leave the cash desk
(9) TERMINATE 1 Leave the shop
(10) ENDMODEL
(11)
(12) COMMAND
(13) SIMULATE Shop Install model
(14) START 1000 Simulate 1000 customers
(15) PRINT / Print all
(16) END Remove model
(17) ENDCOMMAND

Figure3.1: A self-serviceshoppingsystem
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� Commandstatements� Sectionmarkerstatements

Thelastcategory includesonly four statements:� MODEL

� ENDMODEL� COMMAND

� ENDCOMMAND

Thecommandsectionconsistsentirelyof commandstatements.Themodelsectionsareconstructedby mixing block
declarationstatementswith entity declarationstatements.A completesummaryof all HGPSSstatementsexceptthelast
categorycanbefoundin Tables7.4,7.5,7.6,7.7and7.8.Eachstatementcanbeprependedwith whitespaceanddoesnot
haveto startin thefirst positionof theline asin GPSS.Contraryto GPSS,HGPSSis no longerFORTRAN-based.Block
andentitydeclarationscanoptionallybelabeled.A labelmustprecedethestatementkeywordandmustbeseparatedfrom
therestof the statementby white space.An exactdefinitionof white spacecanbe found in theextendedBackusNaur
Formdescriptionof theHGPSSlanguage.EachHGPSSstatementconsistsof akeywordfollowedby a list of parameters.
Theparametersmustbeseparatedfrom thekeyword by white space.Theparametersareseparatedfrom oneanotherby
a comma. Thereis no white spaceallowed betweenparametersandcommas.The numberandtype of the parameters
dependsuponthestatement.Theparameterlist canoptionallybefollowedby a comment,separatedfrom this parameter
list by white space. Considerfor instanceline (2). The line containsa block declarationstatement.The keyword is
GENERATE andtheparametersarerespectively 10 and7. ‘‘Enter the shop’’ is a comment.

3.2 Labels

In GPSS,labelswhererestrictedto capitalsanda maximumof 5 characters.In HGPSS,labelscanbeup to 50 characters
long. They maycontainany letteror digit, andalsounderscoresanddollar-signs.Labelswith adigit asaleadingcharacter
arenotallowed.Onemusttakecarenotto uselabelsthatclashwith HGPSSreservedwords.SinceHGPSSreservedwords
alwaysconsistof nothingbut capitals,theclashingproblemwill certainlynot arisewhenonly lowercaselabelsareused.
Lowercaselabelswill alsoimproveprogramreadability.

3.3 Comments

In Figure3.1, oneway of writing commentsis illustrated. In fact thereis anotherway to write commentsin addition
to putting thembehindthe statementparameters.Every sourceline thathasa * asa first non-whitespacecharacter, is
consideredasa line of comments.

3.4 EmbeddedC++ code

Oneof the majoradvantagesof the HGPSSlanguageis the possibilityof writing C++ codebetweenthe HGPSSstate-
ments.TheC++ codein aHGPSSprogramis simplycopiedinto thefile containingthegeneratedHGPSS++kernelcalls,
to beprocessedby theC++ compiler.

Figure3.2is anextensionto theshoppingsystemandillustratesthewaysof puttingC++codeinto aHGPSSprogram.
Line (1) showsthefirst wayto putC++codeinto aprogram.Thismethodis verymuchlikeprependingaline of comments
with a*. In thecaseof C++code,theline hasto beprependedwith a-. Anythingfollowing the- until theendof theline
will bepassedliterally to theHGPSS++translator. Lines(5)-(9) show anotherway of puttingC++ codeinto a program.
A block of C++ codehasbeenencapsulatedwithin a %{-%} pair. The %{ hasto be the first non-whitespacecharacter
sequenceon theline. The%} sequenceon theotherhandhasto bethevery lastnon-blanktokenon theline. It is obvious
thatthecombinationof %{ and%} will bethebestway to declarea largeblock of C++ code,while the- will bebetterin
casethereis just oneline to bedeclaredassuch.
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(1) -#include <iostream.h>
(2)
(3) MODEL Shop
(4)
(5) %{ /* The following line of C++ code will output a message
(6) to the standard output to indicate that the model
(7) section is being processed simulation starts */
(8)
(9) cout << "Model section being processed" << "\n"; }%
(10)
(11) GENERATE 10,7 Enter the shop
(12) ADVANCE 20,8 Take goods
(13) QUEUE Wait Join queue
(14) SEIZE CashDesk Arrive at cash desk
(15) DEPART Wait Leave the queue
(16) ADVANCE 8,2 Pay the bill
(17) RELEASE CashDesk Leave the cash desk
(18) TERMINATE 1 Leave the shop
(19) ENDMODEL
(20)
(21) COMMAND
(22) SIMULATE Shop Install model
(23) START 1000 Simulate 1000 customers
(24) PRINT / Print all
(25) END Remove model
(26) ENDCOMMAND

Figure3.2: Theshoppingsystemextendedwith C++ code

3.5 ReferencingC++ variablesand functions in HGPSS

SinceC++ codeis allowed in betweenHGPSSstatementsin a programtheremustalsobe a way of referencingC++
variablesandfunctionsin a pureHGPSSstatement.This canbeaccomplishedby doublequotingcalls to C++ variables
andfunctionsin HGPSSstatements.This is illustratedin Figure3.3. In line (11) thereis a referencebeingmadeto
the variablespread. In fact not only variablesandfunction calls but alsoentireC++ expressionscanbe 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

TheGPSSFUNCTION, VARIABLE, BVARIABLE andFVARIABLE statementsaresupportedby HGPSS,but thesestatements
have beenextended. The extensionmakes it possibleto let the entitiesdeclaredby the previous statementsrefer to
C++ functions. TheseC++ functionsmusthave value_type (in the caseof theFUNCTION, VARIABLE andFVARIABLE
statements)or boolean_type (in thecaseof theBVARIABLE statement)asthe typeof the returnedvalues.Thesetypes
areknown to theHGPSS++translator.

In Figure3.4, the GPSSandHGPSSway of function andvariabledeclarationare illustrated. In line (18) the C++
functionCppVar is assignedto theHGPSSvariableHGPSSVar. In line (30), theC++ functionCppFun is assignedto the
HGPSSfunctionHGPSSFun. In bothcasesthenameof theC++ functionis double-quoted.Theslashin front of thename
of thefunctionis mandatoryto avoid confusionwith theusualwayof declaringvariablesandfunctions.Especiallywhen
functionsareconcerned,a lot canbegainedby applyingtheHGPSSway. It makestheuseof vastfunctionlookuptables
obsolete.

In Figure3.4,anotherinterestingfeatureis displayed.In lines(5) and(8), a randomnumbergeneratorotherthanthe
built-in HGPSSrandomnumbergeneratorsis used,i.e. thefunctionrand(), which is partof theC++ standardlibrary.

3.7 ReferencingHGPSSentities in C++ code

ReferencingC++variablesandfunctionsin HGPSSstatementsis easyasillustratedbefore.Onecanalsodotheopposite:
referenceHGPSSentitiesin C++ code.This however requirestheuseof HGPSS++kernelcalls. Referto [Claeys 1992]
for moredetails.
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(1) -#include <math.h>
(2)
(3) MODEL Shop
(4) - value_type spread;
(5) - spread=6+sqrt(2);
(6) GENERATE 10,7 Enter the shop
(7) ADVANCE 20,8 Take goods
(8) QUEUE Wait Join queue
(9) SEIZE CashDesk Arrive at cash desk
(10) DEPART Wait Leave the queue
(11) ADVANCE 8,"spread" Pay the bill
(12) RELEASE CashDesk Leave the cash desk
(13) TERMINATE 1 Leave the shop
(14) ENDMODEL
(15)
(16) COMMAND
(17) SIMULATE Shop Install model
(18) START 1000 Simulate 1000 customers
(19) PRINT / Print all
(20) END Remove model
(21) ENDCOMMAND

Figure3.3: Theshoppingsystemwith referenceto a C++ variable

(1) -#include <stdlib.h>
(2) -#include <math.h>
(3)
(4) -value_type CppVar(void)
(5) - { return(10+rand()*2); }
(6)
(7) -value_type CppFun(void)
(8) - { return(-log(1-rand())); }
(9)
(10) MODEL VarFun
(11)
(12) **** GPSS VARIABLE ****
(13)
(14) GPSSVar VARIABLE 10+RN1*2
(15)
(16) **** HGPSS VARIABLE ****
(17)
(18) HGPSSVar VARIABLE /"CppVar"
(19)
(20) **** GPSS FUNCTION ****
(21)
(22) GPSSFun FUNCTION RN1,C24
(23) 0,0/.1,.104/.2,.222/.3,.355/.4,.509/.5,.69/.6,.915/.7,1.2-
(24) .75,1.38/.8,1.6/.84,1.83/.88,2.12/.9,2.3/.92,2.52/.94,2.81-
(25) .95,2.99/.96,3.2/.97,3.5/.98,3.9/.99,4.6/.995,5.3/.998,6.2-
(26) .999,7/.9998,8
(27)
(28) **** HGPSS FUNCTION ****
(29)
(30) HGPSSFun FUNCTION /"CppFun"
(31)
(32) ENDMODEL

Figure3.4: TheGPSSandHGPSSway of functionandvariabledeclaration
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(1) MODEL Model1
(2) A SUBMODEL Model2
(3) B SUBMODEL Model3
(4) ...
(5) ENTERMODEL A,In
(6) LEAVEMODEL A,Out
(7) ENTERMODEL B,In
(8) LEAVEMODEL B,Out
(9) ...
(10) ENDMODEL
(11)
(12) MODEL Model2
(13) INPUT In
(14) ...
(15) OUTPUT Out
(16) ENDMODEL
(17)
(18) MODEL Model3
(19) INPUT In
(20) ...
(21) OUTPUT Out
(22) ENDMODEL
(23)
(24) COMMAND
(25) ...
(26) SIMULATE Model1
(27) ...
(28) ENDCOMMAND

Figure3.5: A multi-modelsystem

Model1

Model2 Model3

�
�

�
�

Figure3.6: Modelhierarchyof previousfigure

3.8 Hierar chical modeling

Perhapsthemostinterestingextensionto theGPSSlanguageis theprovision of somehierarchicalmodelingconstructs.
In all previousexamples,only single-modelprogramswhereconsidered.A programcanhowevercontainseveralmodel
sections,eachdescribinga submodelof thecompletemodelof thesystem.Oneof themodelsectionsmustdescribethe
modelat theroot of thehierarchytree.Thenameof this modelmustbenotifiedto thesystemby meansof theSIMULATE
command.Eachsubmodelusedin anothermodelmustbedeclaredby theSUBMODEL statement.A transactioncurrently
in acertainmodelcanberoutedto a submodelrelative to thefirst modelby theuseof theENTERMODEL block. Thisblock
takestwo parameters.Thefirst parameterrefersto thesubmodelthetransactionis to beroutedto. Thesecondparameter
refersto the locationin the submodelwherethe transactionis to enter. Theselocationscanbe declaredby the INPUT
blocks. The INPUT block takesasa parameterthe nameof the input. The locationswherea transactioncanreturnto
themodelit is originatingfrom, aremarkedby meansof a OUTPUT block. This block takesasa parameterthe nameof
theoutput.Lastly thereis theLEAVEMODEL block. This block marksthelocationwherethetransactionis to returnin the
model it is originatingfrom. A LEAVEMODEL block takestwo parameters.The first onerefersto the submodelandthe
secondoneto theoutputof thesubmodel.

Figure 3.5 will clarify the mechanism.The goal is to constructa programthat describesa systemconsistingof
two subsystems.The secondsubsystemis to be activatedafter the first subsystemhasendedits task. The situationof
Figure3.5 canalsobe depictedby Figure3.6. The lines in the figure without an arrow refer to the actualhierarchy,
whereasthe arrowed lines refer to the transactionflow. It is importantto distinguishhierarchyfrom transactionflow
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(1) MODEL Model1
(2) A SUBMODEL Model2
(3) B SUBMODEL Model3
(4) ENDMODEL
(5)
(6) MODEL Model2
(7) ...
(8) ENDMODEL
(9)
(10) MODEL Model3
(11) ...
(12) ENDMODEL
(13)
(14) COMMAND
(15) ...
(16) SIMULATE Model1
(17) ...
(18) ENDCOMMAND

Figure3.7: A multi-modelsystemwithout transactiontransfer

Model1

Model2 Model3

Figure3.8: Modelhierarchyof previousfigure

becausetransactionsneednot necessarilyflow from modelto submodelandback.
In Figure3.7,thesituationis describedwherea modelconsistsof two submodelswithout transferof transactions.In

fact this programmodelsa systemconsistingof two subsystemsthatoperateconcurrentlyandwithout interaction.This
situationcanasin thepreviousexamplealsobedepictedby adiagramasin Figure3.8.

All kindsof combinationsof theprevioustwo situationsarepossible.In principle thereis no limitation to thedepth
of thehierarchytree.

Eachmodelhasits own context. All entitiesusedin a modelarelocal. Theonly meansof interchanginginformation
betweenmodelsare:

� via thetransferof transactions,

� via globalC++ variables.

Entitiescanonly bereferencedfrom within thecommandsectiononemodelat a time, this becausethereis only one
modelactive in the commandsectionat a time. Initially the active model is the root modelspecifiedin the SIMULATE
command.Theactivemodelcanbechangedto oneof its submodelsby usingtheDOWN command.Thiscommandallows
descendingthehierarchytreeandtakesasa parameterthenameof thesubmodelto go to. Only whentheactivemodelis
theroot model,identifier-labelscanbeused.In theothercasesnumber-labelsmustbeused.Onecango up thehierarchy
treeby theUP command.Thiscommandtakesno parameters.

Figure3.9presentssomeexamplesof theuseof theUP andDOWN commands.Thecommandin line (22)will causeall
storagesof theroot modelto beprinted,whereasthecommandin line (24) will producesomeoutputon thestoragesof
therootmodel’ssubmodelnamedModelA. In line (25), theuseof anumericlabelis mandatory.

Whenusingidentifier-labelsasrespectiveinputnameandoutputnameparameterin theENTERMODEL andLEAVEMODEL
statements,it isnecessaryto declarethesubmodelby theSUBMODEL statementbeforethefirstoccurrenceof theENTERMODEL
or LEAVEMODEL statement.Thecompilermustknow whatkind of submodelis beingreferredto in thesetwo statements.

All submodelsusedin a modelneednot bedescribedin thesameprogramfile. It is possibleto compilesubmodels
separatelyandlink themwith othersubmodelsandthe commandsection. In Figure3.10,an overview of the HGPSS
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(1) MODEL Model1
(2) ModelA SUBMODEL Model2
(3) ...
(4) StorA STORAGE 2
(5) ...
(6) ENDMODEL
(7)
(8) MODEL Model2
(9) 1 SUBMODEL Model3
(10) ...
(11) StorA STORAGE 4
(12) ...
(13) ENDMODEL
(14)
(15) MODEL Model3
(16) ...
(17) ENDMODEL
(18)
(19) COMMAND
(20) ...
(21) SIMULATE Model1 Model1 becomes active
(22) PRINT ,,STORAGE
(23) DOWN ModelA Model2 becomes active
(24) PRINT ,,STORAGE
(25) DOWN 1 Model3 becomes active
(26) ...
(27) UP Model2 becomes active
(28) ...
(29) UP Model1 becomes active
(30) ...
(31) ENDCOMMAND

Figure3.9: TheUP andDOWN commands

systemstructureis shown to clarify thepossibilities.

3.9 Parameterisedmodels

Modelscanbeusedastemplatesthatwill beadaptedto acertainsituationby theuseof parameters.Thewayof assigning
parametersto modelsworksthesamewayasusingfunctionparametersin C++.

Figure3.11showshow aparameterisedmodelcanbeconstructedandused.Theshoppingsystemis consideredagain.
The goal is not to simulatea thousandcustomersas in the previous casesbut 24 hours. A clock model is therefore
constructedthatwill signaltheexpiring of thetime span.At line (14) theMODEL reservedword is followedby thename
of theparameterisedmodelwhich is on its turn followedby theformal parameterlist. This startswith a ( andendswith
a ). Anythingbetweenthesetwo characterswill beregardedastheC++ descriptionof theparameterlist. At line (2) the
Clock modelis declaredasa submodelrelative to theShop model.Thenameof thesubmodelis followedby theactual
parameterlist.

It is importantto notethatthereis only oneterminationcounterin thewholeHGPSSsystem.EachTERMINATE block
onwhatever level of themodelhierarchywill consequentlyreferto thesameterminationcounter.

3.10 Interfacing and extendingthe language

A wayof extendingtheHGPSSlanguageandinterfacingwith othersoftwarecomponentsis by makinguseof theINTERN
andEXTERN blocks.

TheINTERN block takesasa parameterthenameof a C++ function thatwill be triggeredwhena transactionenters
theblock.

TheEXTERN block takestwo parameters.Thefirst parameteris the nameof theC++ function thatwill be triggered
whena transactionenterstheblock. Thesecondparameteris thenameof a C++ functionthatwill betriggeredon every
activesimulationtimepoint. It is clearthattheEXTERN blockprovidesawayof interfacingwith otherprogramsor routines
thatareasynchronousto thediscrete-eventsimulationtakingplace.
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Figure3.10:Processmodelof theHGPSSsystem
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(1) MODEL Shop
(2) 1 SUBMODEL Clock(24) Initialize clock
(3)
(4) GENERATE 10,7 Enter the shop
(5) ADVANCE 20,8 Take goods
(6) QUEUE Wait Join queue
(7) SEIZE CashDesk Arrive at cash desk
(8) DEPART Wait Leave the queue
(9) ADVANCE 8,2 Pay the bill
(10) RELEASE CashDesk Leave the cash desk
(11) TERMINATE / Leave the shop
(12) ENDMODEL
(13)
(14) MODEL Clock(long time)
(15) GENERATE "time*60"
(16) TERMINATE 1
(17) ENDMODEL
(18)
(19) COMMAND
(20) SIMULATE Shop Install model
(21) START 1 Simulate model
(22) PRINT / Print all
(23) END Remove model
(24) ENDCOMMAND

Figure3.11:Theshoppingsystemwith a clock

Figure3.12presentsanexampleof theuseof anINTERN block. Eachtimea transactionreachestheblock,a message
will beprintedon thestandardoutput.

In Figure 3.13, a messageis printed at every active simulationtime point. The EXTERN block is put outsidethe
transactionflow becausethereis norelevantactionto beperformedif a transactionwereto entertheblock. Consequently
theNULL refersto thefactthatthereis no functionto becalleduponarrival of a transaction.

Figure3.14illustratestheuseof anINTERN block to performlow-level actionson thetransactionsenteringtheblock.
Thelow-level actionsarecarriedoutby HGPSS++kernelcalls.

3.11 Multiple analogousdeclarations

Supposeseveral entitiesof the samekind have to be declared. Insteadof writing the desirednumberof declaration
statements,a procedureasillustratedin Figure3.15canbeused.Multiple copiesof a storagewith capacity2 arecreated
by puttingtheSTORAGE commandinsidea loop. A C++ variableis usedasa label. Notethattheuseof C++ expressions
aslabelsis only allowedin thecontext of thedeclarationof entitiesandnot blocks.Thismethoddoesnot work whenthe
entitieshave to beidentifier-labeled.

3.12 Output

A GPSSsimulationautomaticallygeneratesan output file containingall information gatheredduring the simulation
process.TheHGPSSsystemon theotherhanddoesnot outputinformationunlessexplicitly askedfor. Theinformation
relevant for a certainsimulationcanbeselected.In fact, therearetwo waysof extractinginformationfrom thesystem.
First of all thereis thePRINT block. This block alsoexists in GPSS.Theparametersof the HGPSSblock however are
somewhatdifferentfrom thoseof theGPSSblock. Thefirst andsecondparameterarethesameasin GPSS.They arealso
optional.Thethird parameteris asin GPSSanentity mnemonic.Themnemonicsarenot thesameasin GPSS.Table7.3
listsall HGPSSentity mnemonics.Whenthis parameteris unspecified,informationaboutall entitieswill beoutput.The
optionalfourth HGPSSparameteris a C++ pointerto a file. Whenthis parameteris unspecified,informationwill besent
to thedefault outputfile. Whentheparameteris specified,informationcanberedirectedto thefile pointedto by theC++
file pointer.

Anotherway to generateoutputis by usingthePRINT command.This commandworksentirelythesameway asthe
blockwith thesamename.

By default,thenameof theoutputfile is hgpsspp.out. Thedefaultfile namecanbechangedby giving thenew name
asa secondparameterto theSIMULATE command.
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(1) -#include <iostream.h>
(2)
(3) -void Message(void)
(4) - { cout << "A customer pays the bill\n"; }
(5)
(6) MODEL Shop
(7) GENERATE 10,7 Enter the shop
(8) ADVANCE 20,8 Take goods
(9) QUEUE Wait Join queue
(10) SEIZE CashDesk Arrive at cash desk
(11) DEPART Wait Leave the queue
(12) INTERN "Message" Print message
(13) ADVANCE 8,2 Pay the bill
(14) RELEASE CashDesk Leave the cash desk
(15) TERMINATE 1 Leave the shop
(16) ENDMODEL
(17)
(18) COMMAND
(19) SIMULATE Shop Install model
(20) START 1000 Simulate 1000 customers
(21) PRINT / Print all
(22) END Remove model
(23) ENDCOMMAND

Figure3.12:TheshoppingsystemusinganINTERN block

(1) -#include <iostream.h>
(2)
(3) -void Message(void)
(4) - { cout << "Active time point\n"; }
(5)
(6) MODEL Shop
(7) EXTERN "NULL","Message"
(8) ...

Figure3.13:TheshoppingsystemusingaEXTERNblock

(1) %{
(2) // The following function copies the number of parameters of
(3) // the active transaction into its first parameter.
(4)
(5) void Copy(void)
(6) {
(7) TransactionClass *transaction;
(8) transaction=Processor.Transaction();
(9) transaction->SetParameter(1,transaction->NbrOfParameters());
(10) }
(11) %}
(12)
(13) MODEL Model
(14) ...
(15) INTERN "Copy"
(16) ...
(17) ENDMODEL

Figure3.14:Low-level actionsusinganINTERN block
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(1) MODEL Model
(2)
(3) *Writing the same statement 5 times 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) ENDMODEL

Figure3.15:Multiple analogousdeclarations

(1) -#include <fstream.h>
(2)
(3) COMMAND
(4)
(5) - ofstream file_pointer;
(6) - file_pointer=fopen("output.txt");
(7)
(8) *Output info on all facilities to default output file
(9)
(10) PRINT ,,FACILITY
(11)
(12) *Output info on facility A to default output file
(13)
(14) PRINT A,,FACILITY
(15)
(16) *Output info on absolute clock to file pointed to by "file_pointer"
(17)
(18) PRINT ,,ABSOLUTECLOCK,"file_pointer"
(19)
(20) *Change name of default output file to "output.txt"
(21)
(22) SIMULATE ModelName,"output.txt"
(23)
(24) ENDCOMMAND

Figure3.16:Someoutputrelatedcommands

Figure3.16presentssomeexamplesof outputrelatedcommands.
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Chapter 4

HGPSSversusGPSS

4.1 Intr oduction

In this section,anoverview of thesyntacticandsemanticdifferencesbetweenGPSS/360andHGPSSwill bepresented.
Also, thenew blockdeclarations,entity declarations,andcommandswill bediscussed.

4.2 Block declarations

4.2.1 GPSSblock declarations

1. ADVANCE:

� Syntax:Whenall parametersareomitted,a slashis neededto eliminatesomeparserambiguities.� Semantics:No differences.

2. ASSEMBLE:No differences.

3. ASSIGN:No differences.

4. BUFFER:No differences.

5. DEPART: No differences.

6. ENTER:No differences.

7. GATE: No differences.

8. GATHER:No differences.

9. GENERATE:

� Syntax:Whenall parametersareomitted,a slashis neededto eliminatesomeparserambiguities.� Semantics:

– Theoptionalparameterwhich indicatesthe typeof theparametersof thetransactionsgenerated,hasno
effect. Whetherthisparameteris suppliedor not, thetypeof theparameterswill alwaysbevalue_type.

– Thenumberof parametersa transactionwill be suppliedwith hasto bespecifiedexplicitly. Defaulting
thenumberof parametersis allowed,but resultsin thegenerationof a transactionwith zeroparameters.

10. LEAVE: No differences.

11. LINK: No differences.
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12. LOGIC: No differences.

13. LOOP:No differences.

14. MARK:

� Syntax:Whenall parametersareomitted,a slashis neededto eliminatesomeparserambiguities.� Semantics:No differences.

15. MATCH: No differences.

16. MSAVEVALUE:

� Syntax:No differences.� Semantics:Theoptionalmatrix typeparameterhasno effect. Whetherthis parameteris suppliedor not, the
typeof theelementsof thematrixwill alwaysbevalue_type.

17. PREEMPT:

� Syntax:No differences.� Semantics:In GPSSthereare threealternatives to the way a transactionthat hasbeenpreemptedfrom a
facility, behaves:

(a) Thepreemptedtransactionis putonaninterruptchainandwill berestoredto thefacility whenthefacility
is returnedto it.

(b) Thepreemptedtransactionis routedto someotherblock in themodel,andis removedfrom contention
for useof thefacility. Thatis, it will not laterbeautomaticallyreinstatedby theprocessorasthecapturer
of thefacility.

(c) Thepreemptedtransactionis routedto someotherblockin themodel,but is notremovedfrom contention
for laterautomaticreinstatementasthecapturerof thefacility.

In HGPSSonly thefirst alternative is implemented.Theparametersof thePREEMPT statementthatreferto the
two otheralternativescanhoweverbesuppliedbut will haveno effect.

18. PRINT:

� Syntax:

– Whenall parametersareomitted,a slashis neededto eliminatesomeparserambiguities.

– Thethird parameterstill refersto anentity mnemonicbut theHGPSSentity mnemonicsaredifferentto
thoseof GPSS.

– Thereis anoptionalfourth parameter. This parameterrefersto a C++ file pointer. Theoutputgenerated
by theblockwill besentto thefile pointedto by thepointer, andnot to thedefaultoutputfile.� Semantics:No differences.

19. PRIORITY: No differences.

20. QUEUE:No differences.

21. RELEASE:No differences.

22. RETURN:No differences.

23. SAVEVALUE:

� Syntax:No differences.� Semantics:Theoptionalsavevaluetypeparameterhasno effect. Whetherthis parameteris suppliedor not,
thetypeof thesavevaluewill alwaysbevalue_type.
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24. SEIZE:No differences.

25. SELECT: No differences.

26. SPLIT: No differences.

27. TABULATE: No differences.

28. TERMINATE:

� Syntax:Whenall parametersareomitted,a slashis neededto eliminatesomeparserambiguities.� Semantics:No differences.

29. TEST: No differences.

30. TRANSFER:

� Syntax:In thecaseof astatisticalblockandaStandardNumericalAttributeastheselectionmodeparameter,
theselectionmodeparameterhadto beprependedwith a dot in GPSS.This dot wasrequiredto indicatethe
fact that the integervaluedefinedby theselectionmodeparameterwasconsideredasthefractionalpartof a
realwith zeroastheintegerpart. In HGPSShowever this parametershouldby itself representa realbetween
zeroandone.Thedot is consequentlynot allowedin HGPSS.� Semantics:No differences.

31. UNLINK: No differences.

4.2.2 HGPSSblock declarations

1. ENTERMODEL:Whenatransactionentersthisblock,it will beremovedfrom themodelit is currentlyin, andwill
beinjectedin thesubmodelspecifiedby thefirst parameter. Thesecondparameteris thenumberof theinputof the
submodelthetransactionis injectedinto.

2. EXTERN:Thisblockallowsinterfacingwith otherprogramsor routinesthatareasynchronousto thediscrete-event
simulation.Theblock takestwo parameters.Thefirst parameteris thenameof a C++ functionthatwill becalled
whena transactionentersthe block. Thesecondparameteris the nameof a function thatwill be calledon every
activesimulationtimepoint. To indicatethatthereis nofunctionto becalled,aNULL maybeenteredasaparameter.

3. INPUT: This block indicatesaninput to a model.Via this input, transactionsoriginatingfrom a higherlevel in the
modelhierarchycanbeinjectedin themodel.Theparameterspecifiesthenameof theinput.

4. INTERN: This block allows interfacingwith other routinesor programs. The block takesoneparameter. This
parameteris thenameof aC++ functionthatwill becalledwhena transactionenterstheblock.

5. LEAVEMODEL: This block indicatesthe locationin the modelwherea transactionthat haspreviously beenin-
jectedin a submodel,canreturninto the first model. The first parameterspecifiesthe submodelandthe second
parameterthenumberof theoutputof thesubmodel.

6. OUTPUT: Thisblock indicatesanoutputto themodel.Via thisoutput,transactionsoriginatingfrom a higherlevel
in themodelhierarchycanreturnto themodelthey originatedfrom. Theparameterspecifiesthenumberor name
of theoutput.
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4.3 Entity declarations

4.3.1 GPSSentity declarations

1. BVARIABLE:

� Syntax: Besidesthe original GPSSform of the statement,thereis anothernewly implementedform. The
HGPSSbooleanvariablecanbeassignedto aC++ function.Eachtimethebooleanvariableis referenced,the
C++ function will be called. The nameof the C++ function hasto be double-quotedandprependedwith a
slash.� Semantics:No differences.

2. FUNCTION:

� Syntax:

– In casethelist of functionpointsis spreadovermorethanoneline, thishasto beindicatedwith a- at the
endof all linesbut thelast.

– BesidestheoriginalGPSSform of thestatement,thereis anothernewly implementedform. TheHGPSS
functioncanbeassignedto a C++ function. Eachtime thefunction is referenced,theC++ functionwill
becalled.Thenameof theC++ functionhasto bedouble-quotedandprependedwith a slash.

– As opposedto GPSS,matrixStandardNumericalAttributesareallowedasfunctionarguments.� Semantics:No differences.

3. MATRIX:

� Syntax:No differences.� Semantics:Thematrix typeparameterhasno effect. Whetherthis parameteris setto H or F, the typeof the
elementsof thematrixwill alwaysbevalue_type.

4. QTABLE: No differences.

5. STORAGE:

� Syntax:Only oneof thetwo GPSSformsof storagedeclarationis allowed.� Semantics:No differences.

6. TABLE: No differences.

7. VARIABLE:

� Syntax: Besidesthe original GPSSform of the statement,thereis anothernewly implementedform. The
HGPSSvariablecanbeassignedto a C++ function. Eachtime thevariableis referenced,the C++ function
will becalled.Thenameof theC++ functionhasto bedouble-quotedandprependedwith a slash.� Semantics:No differences.

8. FVARIABLE:

� Syntax: Besidesthe original GPSSform of the statement,thereis anothernewly implementedform. The
HGPSSfullword variablecanbeassignedto a C++ function. Eachtime the fullword variableis referenced,
theC++ functionwill becalled.Thenameof theC++ functionhasto bedouble-quotedandprependedwith
aslash.� Semantics:There is no differencebetweenvariablesand fullword variables. Both will have to return a
value_type asaresult.
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4.3.2 HGPSSentity declarations

1. SUBMODEL: This statementdeclaresa modelasa submodelrelative to anothermodel. Thedeclarationtakesas
a parameterthetypeof thesubmodel.It is favourablealwaysto put theSUBMODEL statementat thetop of a model
section.By doingthis, theHGPSSsystemwill alwaysknow thetypeof thesubmodelsused.

4.4 Commands

4.4.1 GPSScommands

1. CLEAR:

� Syntax:Thereareno parametersallowedto this statement,contraryto GPSS.As a resultthereis no way to
retainthecontentsof savevaluesafteraCLEAR commandis carriedout. C++ variablescanhoweveralwaysbe
usedto retaininformation.� Semantics:No differences.

2. END: No differences.

3. INITIAL:

� Syntax:

– Multiple entriesseparatedby aslasharenot allowed.

– Theuseof - to indicatesubrangesis not allowed.� Semantics:No differences.

4. JOB:No differences.

5. RESET: No differences.

6. SIMULATE:

� Syntax:ThiscommandhasthesamenameastheGPSSSIMULATE commandbut hasnothingin commonwith
thiscommand.Thecommandis usedto tell thesystemby meansof thefirst parameterwhichmodelis located
at theroot of thehierarchytree. Thesecondparameteris optionalandallows thedefault outputfile nameto
beoverridden.� Semantics:Seesyntax.

7. START:

� Syntax:Theprintoutsuppression,initial valueof snapinterval counterandsignalfor chainprintoutsparame-
tersarenotsupported.� Semantics:No differences.

4.4.2 HGPSScommands

1. DOWN: This commandallows descendingthehierarchytree. Theonly parameterrefersto thesubmodelthathas
to activated.

2. PRINT: ThiscommandworksentirelythesamewayasthePRINT block.

3. UP: Thiscommandallowsclimbing thehierarchytree.Thecommandusesno parameters.
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Chapter 5

How to createa simulator

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

5.1 HGPSSsystemfiles
� HGPSSto HGPSS++compiler:

– hgpss.l: LEX descriptionof thelexical analyserfor useonUNIX systems.

– hgpss.lxi: LEX descriptionof thelexical analyserfor useon MSDOSsystems.

– hgpss.y: YACC descriptionof theparser. Therearetwo versionsof this file: onefor useon UNIX systems
andonefor useon MSDOSsystems.

– initial.y: YACCdescriptionof auxiliary initial parameterparser.

– logical.y: YACCdescriptionof auxiliary logical parameterparser.

– param.y: YACCdescriptionof auxiliaryparameterparser.

– tokens.h: List of all tokensfor usewith hgpss.lof hgpss.lxi.

– hgpss.exe: ExecutableHGPSSto HGPSS++compilerfor useonMSDOSsystems.

– hgpss: ExecutableHGPSSto HGPSS++compilerfor useon UNIX systems.� HGPSS++kernel:

– Accessfiles:� hgpsspp.h: Headerfile grantingpartial accessto the HGPSS++kernel. This file will be includedin
compiledHGPSSprograms.� hgpssppa.h: Headerfile grantingcompleteaccessto theHGPSS++kernel.Thisfile will beincludedupon
requestin compiledHGPSSprograms.

– Systemfiles:� header.h: Headerfile to beincludedin all HGPSS++systemfiles.� funcsupp.C: Supportfunctions.� funcuser.C: Userfunctions.� classsup.C: Supportclasses.� classsys.C: Systemclasses.� classent.C: Entity classes.� classenc.C: Entity chainclasses.� classblo.C: Block classes.� classpro.C: Processorclasses.
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5.2 The HGPSSto HGPSS++compiler

OnceaHGPSSprogramis written,it shouldbecompiledto aHGPSS++programwith theHGPSSto HGPSS++compiler.
Thisprogramgeneratesthreefiles from theinput file:

1. A socalledoutputfile, which is theactualHGPSS++program.

2. A socalledheaderfile, containinga classdeclarationanda constantstructurecontainingtheresolvedlabelsfor all
themodelsin theinput file.

3. A socalledvariablefile, containingC++ functionsautomaticallygeneratedfrom GPSS-likeVARIABLE, BVARIABLE
andFVARIABLE statements.

The two last files will be automaticallyincludedin the first onewhenthe HGPSS++programis compiledwith a C++
compiler.

TheHGPSSto HGPSS++compilerneedssomecommandline arguments.Therearefour possibleformsthesecom-
mandline argumentscantake:

1. -ename� Thefile hgpsspp.hwill beincludedin theoutputfile.� Theinputfile name.gpswill beprocessed.� Theoutputfile will bedenominatedname.C.� Theheaderfile will bedenominatedname.h.� Thevariablefile will bedenominatedname.var.

2. -f [name1[name2[name3[name4]]]]� Thefile hgpsspp.hwill beincludedin theoutputfile.� Theinputfile name1will beprocessed.Thedefault input file nameis hgpsspp.gps.� Theoutputfile will bedenominatedname2. Thedefaultoutputfile is hgpsspp.C.� Theheaderfile will bedenominatedname3. Thedefaultheaderfile is hgpsspp.h.� Thevariablefile will bedenominatedname4. Thedefaultvariablefile is hgpsspp.var.

3. -E name� Thefile hgpssppa.hwill beincludedin theoutputfile.� Theinputfile name.gpswill beprocessed.� Theoutputfile will bedenominatedname.C.� Theheaderfile will bedenominatedname.h.� Thevariablefile will bedenominatedname.var.

4. -F [name1[name2[name3[name4]]]]� Thefile hgpssppa.hwill beincludedin theoutputfile.� Theinputfile name1will beprocessed.Thedefault input file nameis hgpsspp.gps.� Theoutputfile will bedenominatedname2. Thedefaultoutputfile is hgpsspp.C.� Theheaderfile will bedenominatedname3. Thedefaultheaderfile is hgpsspp.h.� Thevariablefile will bedenominatedname4. Thedefaultvariablefile is hgpsspp.var.

5.3 Compiling and linking the simulator

After theHGPSS++output,headerandvariablefile have beengeneratedout of theHGPSSinput file by theHGPSSto
HGPSS++compiler, theoutputfile shouldbecompiledwith aC++compiler. Theobjectfile resultingfrom theoutputfile
shouldthenbelinkedwith theobjectfiles resultingfrom thecompilationof theHGPSS++systemfiles.
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Chapter 6

ExtendedBackusNaur Form description

This sectioncontainsan ExtendedBackus-NaurForm descriptionof the HGPSS-language.The notationconsistsof
metalinguisticvariables,metalinguisticsymbols,HGPSSreserved wordsandHGPSSsymbols. The grammaritself is
presentedasa sequenceof rules,whereeachrule consistsof a left-handsideanda right-handsideconnectedby the
metasymbol::=. Theleft-handsideof theruleis ametavariable.Theright-handsideof therule is anexpressionconsisting
of metavariables,metasymbols,HGPSSreserved wordsandHGPSSsymbols. Wherever a metavariableappearsin the
right-handsideof a rule, theright-handsideof any rule having thatvariableasits left-handsidecanbeunambiguously
substitutedfor the variable. This is the distinguishingcharacteristicof context-free grammars. A metavariable is a
characterstringconsistingof lettersandunderscores.Thevariablenameis chosento bemeaningfulin its context. The
metasymbolsto beusedarethefollowing:� ::= connectsleft- andright-handsideof a rule.� | separatesalternativeright-handsideitems.� [] enclosesanoptionalright-handsideitem.� {} enclosesa repeatedright-handsideitem thatcanappearzeroor moretimes.� () is usedfor groupingalternativeright-handsideitems.� - indicatesa classof characters.

HGPSSreservedwordsaredistinguishedfrom metavariablesby consistingonly outof capitals.Exceptionsto thisruleare
singlequoted.HGPSSsymbolsarenot quoted,exceptwhentheremight beconfusionwith metasymbols.Othersymbols
used:� \t tabulatecharacter.� \r line feedcharacter.� \n new line character.

program ::= model_sections command_section
model_sections ::= { model_section | start text }
model_section ::= start MODEL white_space identifier [ ’(’ anything_except_) ’)’ ] end

decls
start ENDMODEL end

decls ::= { start decl }
decl ::= block_decl_body end

| identifier white_space block_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

command_section ::= [ start COMMAND end
commands
start ENDCOMMAND end
texts ]
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commands ::= { start command }
command ::= command_body end

| text
texts ::= { start text }
text ::= %{ anything_except_%} %} new_line

| - anything_except_new_line new_line
| * anything_except_new_line new_line
| new_line

block_decl_body ::= ADVANCE white_space ( /
| parameter
| [ parameter ] , parameter )

| ASSEMBLE white_space parameter
| ASSIGN white_space parameter [ + | - ] , parameter [ , parameter ]
| BUFFER
| DEPART white_space parameter [ , parameter ]
| ENTER white_space parameter [ , parameter ]
| ENTERMODEL white_space ( expression , ( integer | expression )

| ( integer | identifier ) , entity_name )
| EXTERN white_space expression , expression
| GATE white_space gate_kind white_space parameter [ , parameter ]
| GATHER white_space parameter
| GENERATE white_space ( /

| parameter
| [ parameter ] , parameter
| [ parameter ] , [ parameter ] , parameter
| [ parameter ] , [ parameter ] , [ parameter ] , parameter
| [ parameter ] , [ parameter ] , [ parameter ] , [ parameter ] ,
parameter

| [ parameter ] , [ parameter ] , [ parameter ] , [ parameter ] ,
[ parameter ] , parameter

| [ parameter ] , [ parameter ] , [ parameter ] , [ parameter ] ,
[ parameter ] , parameter , F )

| INPUT white_space entity_name
| INTERN white_space expression
| LEAVE white_space parameter [ , parameter ]
| LEAVEMODEL white_space ( expression , ( integer | expression )

| ( integer | identifier ) , entity_name )
| LINK white_space parameter , ( FIFO

| LIFO
| P integer
| P expression ) [ , parameter ]

| LOGIC white_space logic_kind white_space parameter
| LOOP white_space parameter , parameter
| MARK white_space ( /

| parameter )
| MATCH white_space parameter
| MSAVEVALUE white_space parameter [ + | - ] , parameter , parameter , parameter [ , H ]
| OUTPUT white_space entity_name
| PREEMPT white_space parameter [ , PR

| , [ PR ] , parameter
| , [ PR ] , [ parameter ] , parameter
| , [ PR ] , [ parameter ] , [ parameter ] , RE ]

| PRINT white_space ( /
| parameter
| [ parameter ] , parameter
| [ parameter ] , [ parameter ] , print_kind
| [ parameter ] , [ parameter ] , [ print_kind ] , expression )

| PRIORITY white_space parameter , [ BUFFER ]
| QUEUE white_space parameter [ , parameter ]
| RELEASE white_space parameter
| RETURN white_space parameter
| SAVEVALUE white_space parameter [ + | - ] , parameter [ , H ]
| SEIZE white_space parameter
| SELECT white_space ( logical_select_kind white_space parameter , parameter ,

parameter [ , , , parameter ]
| min_max_select_kind white_space parameter , parameter ,
parameter , , parameter

| relational_select_kind white_space parameter , parameter ,
parameter , parameter , parameter [ , parameter ] )

| SPLIT white_space parameter , parameter [ , parameter
| , [ parameter ] , parameter ]

| TABULATE white_space parameter [ , parameter ]
| TERMINATE white_space ( /

| parameter )
| TEST white_space test_kind white_space parameter , parameter [ , parameter ]
| TRANSFER white_space ( BOTH , [ parameter ] , parameter

| parameter , [ parameter ] , parameter
| , parameter )

| UNLINK white_space parameter , parameter , ( parameter | ALL )
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[ , ( parameter | BACK )
| , [ parameter | BACK ] , parameter
| , [ parameter | BACK ] , [ parameter ] , parameter ]

entity_decl_body ::= BVARIABLE white_space ( / expression
| bvariable_expression )

| FUNCTION white_space ( / expression
| parameter , function_kind integer end function_point
{ / function_point | - end function_point }

| MATRIX 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

| variable_expression )
| FVARIABLE white_space ( / expression

| variable_expression )
command_body ::= CLEAR

| DOWN white_space entity_name
| END
| INITIAL white_space ( LS ( integer | expression | $ identifier )

| ( MX | MH ) ( integer | expression | $ identifier )
’(’ ( integer | expression ) , ( integer | expression ) ’)’
, value

| ( X | XH ) ( integer | expression | $ identifier ) , value )
| JOB
| PRINT white_space ( /

| parameter
| [ parameter ] , parameter
| [ parameter ] , [ parameter ] , print_kind
| [ parameter ] , [ parameter ] , [ print_kind ] , expression )

| RESET
| SIMULATE white_space identifier [ ’(’ anything_except_) ’)’ ] [ , expression ]
| START white_space ( integer | expression )
| UP

Auxiliary rules:

white_space ::= ( ’\t’ | ’\r’ | ’ ’ ) { ’\t’ | ’\r’ | ’ ’ }
new_line ::= ’\n’
digit ::= 0-9
letter ::= a-z | A-Z | _ | $
integer ::= digit { digit }
exponent ::= ( E | ’e’ ) [ + | - ] integer
real ::= integer . [ integer ] [ exponent ]

| [ integer ] . integer [ exponent ]
| integer exponent

identifier ::= letter { letter | digit }
expression ::= " anything_except_" "
value ::= [ + | - ] integer

| [ + | - ] real
| expression

anything_except_" ::= string of zero or more characters not containing the " character
anything_except_\n ::= string of zero or more characters not containing the new_line character
anything_except_) ::= string of zero or more characters not containing the ) character
anything_except_%} ::= string of zero or more characters not containing the %} substring
function_kind ::= C

| D
| E
| L
| M

gate_kind ::= LS
| LR
| M
| NM
| NI
| I
| NU
| U
| SE
| SF
| SNE
| SNF

logic_kind ::= I
| R
| S

print_kind ::= BLOCK
| BVARIABLE
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| EXTERN
| FACILITY
| FUNCTION
| INPUT
| LOGICSWITCH
| MATCHINGCHAINCHAIN
| MSAVEVALUE
| OUTPUT
| QUEUE
| RANDOMNBRGENERATOR
| SAVEVALUE
| STORAGE
| SUBMODEL
| TABLE
| TRANSACTION
| USERCHAIN
| VARIABLE
| ABSOLUTECLOCK
| RELATIVECLOCK
| TERMINATIONCOUNTER
| CURRENTEVENTCHAIN
| FUTUREEVENTCHAIN

logical_select_kind ::= U
| NU
| I
| NI
| SE
| SNE
| SF
| SNF
| LR
| LS

min_max_select_kind ::= MIN
| MAX

relational_select_kind ::= G
| GE
| E
| NE
| LE
| L

test_kind ::= G
| GE
| E
| NE
| LE
| L

logical_attribute ::= FU
| FNU
| FI
| FNI
| LS
| LR
| SE
| SNE
| SF
| SNF

relational_operator ::= ’’E’’
| ’’G’’
| ’’GE’’
| ’’L’’
| ’’LE’’
| ’’NE’’

single_sna ::= C1
| PR
| M1

plain_sna ::= N
| W
| F
| FC
| FR
| FT
| FN
| Q
| QA
| QC
| QM
| QT
| QX
| QZ
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| RN
| X
| XH
| R
| S
| SA
| SC
| SR
| SM
| ST
| TB
| TC
| TD
| P
| MP
| CA
| CC
| CH
| CM
| CT
| BV
| V

matrix_sna ::= MH
| MX

start ::= [ white_space ]
end ::= new_line

| white_space anything_except_\n new_line
_parameter ::= single_sna

| plain_sna ( integer | expression | $ identifier | * integer | * expression )
| matrix_sna ( integer | expression | $ identifier | * integer | * expression )

’(’ ( integer | expression ) , ( integer | expression ) ’)’
parameter ::= value

| identifier
| _parameter

entity_name ::= integer
| expression
| identifier

function_point ::= start value , ( value | identifier | _parameter )
term ::= integer

| real
| expression
| _parameter

variable_expression ::= term
| + variable_expression
| - variable_expression
| variable_expression + variable_expression
| variable_expression - variable_expression
| variable_expression * variable_expression
| variable_expression / variable_expression
| variable_expression @ variable_expression
| ’(’ variable_expression ’)’

b_term ::= term
| term relational_operator term
| logical_attribute ( integer | expression | $ identifier | * integer | * expression )

bvariable_expression ::= b_term
| bvariable_expression + bvariable_expression
| bvariable_expression * bvariable_expression
| ’(’ bvariable_expression ’)’
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Chapter 7

Statementsummary

In Tables7.4,7.5 and7.6,a completelist of all HGPSSblock declarationstatementsandtheir parametersis presented.
Tables7.7 and 7.8 list all entity declarationstatementsandall commandstatementsrespectively. Table 7.2 givesan
overview of all StandardNumericalAttributes.Thereis nodifferencebetweentheHGPSSStandardNumericalAttributes
andthoseof GPSS.Contraryto theStandardNumericalAttributes,theHGPSSentity mnemonicsareentirelydifferent
from thoseof GPSS.TheHGPSSentity mnemonicsarelistedin Table7.3. Table7.1 lists andexplainsall metalinguistic
variablesusedin theothertables.

Thefollowing itemsarerelevantto aproperunderstandingof thetables:

� Parameterslistedin adjacentcolumnshave to beseparatedby commasin theprogramsource.

� Themetavariablesindicatingthetypeof theparametersarelistedbeneatha textual descriptionof theparameter.

� A metavariableor literal encapsulatedbetween[ and] refersto anoptionalparameter.

� In certaincases,alternativecombinationsof parametersarelistedtop to bottom.

� Uppercaselettersandwordsareto betakenliterally.

� Commasseparatealternativeson thesameline.

� (...) refersto aparameterlist.

� All occurrencesof /, ( and) areto betakenliterally.

��� means+ or -.
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MetalinguisticVariables

VARIABLE

integer UnsignedIntegerValue
identifier IdentifiercontainingLetters,Digits, and$

TheFirstCharacteris a Letter, or $
expression Double-quotedC++-Expression
value Signedinteger, Realor expression
entity name integer, expressionor identifier
row integeror expression
column integeror expression
parameter SingleSNA

PlainSNA followedby integer
expression
$identifier
*integer
*expression

Matrix SNA followedby integer(row,column)
expression(row,column)
$identifier(row,column)
*integer(row,column)
*expression(row,column)

mnemomic Entity Mnemonic

Table7.1: Metalinguisticvariables
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HGPSSStandardNumericalAttributes

SingleSNA

SNA ENTITY

C1 Processor Valueof RelativeClock
PR Transaction Priority Level
M1 Transaction ResidenceTime in Model

PlainSNA

SNA ENTITY

N Block Total Count
W Block CurrentCount
F Facility Availability Status
FC Facility CaptureCount
FR Facility FractionalUtilisation
FT Facility AverageHoldingTimeperCapture
FN Function CurrentValue
Q Queue CurrentContent
QA Queue AverageContent
QC Queue Entry Count
QM Queue MaximumContent
QT Queue AverageResidenceTime
QX Queue Non-zeroAverageResidenceTime
QZ Queue Non-zeroEntry Count
RN RandomNumberGenerator Randomvaluebetween0.0 inclusiveand1.0exclusive
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 MaximumContent
ST Storage AverageHoldingTimeperUnit
TB Table AverageValueof Non-weightedEntries
TC Table Numberof Non-weightedEntries
TD Table StandardDeviationof Non-weightedEntries
P Transaction ParameterValue
MP Transaction Time sincemove into MARK block
CA UserChain AverageContent
CC UserChain Total Entries
CH UserChain CurrentContent
CM UserChain MaximumContent
CT UserChain AverageHoldingTimeperEntry
BV BooleanVariable CurrentValue
V Variable CurrentValue

Matrix SNA

SNA ENTITY

MH Matrix Savevalue Halfword Valueof Elementin specifiedRow andColumn
MX Matrix Savevalue Fullword Valueof Elementin specifiedRow andColumn

Table7.2: HGPSSStandardNumericalAttributes

32



HGPSSEntity Mnemonics

MNEMONIC

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 RelativeClock
TERMINATIONCOUNTER TerminationCounter
CURRENTEVENTCHAIN CurrentEventChain
FUTUREEVENTCHAIN FutureEventChain

Table7.3: HGPSSentitymnemonics
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HGPSSBlock DeclarationSummary, Part 1

BLOCK A B C D E F G

ADVANCE MeanTime Spread
Modifier

[parameter] [parameter]
ASSEMBLE AssemblyCount

parameter
ASSIGN ParameterNo. Valueto be No. of

Assigned Function
Modifier

parameter[� ] 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

	
LS
LR 
 Logic Switch Next Block

Name if Condition
is False

parameter [parameter]

GATE

	
M

NM 
 Nameof Next Block

ASSEMBLE, if Condition
GATHER,or is False
MATCH Block
parameter [parameter]

GATE �� ��
NI
I

NU
U

�
���� Facility Name Next Block

if Condition
is False

parameter [parameter]

GATE �� ��
SE
SF

SNE
SNF

�
���� StorageName Next Block

if Condition
is False

parameter [parameter]
GATHER GatherCount

parameter
GENERATE MeanTime Spread Offset Limit Priority No. of Typeof

Modifier Interval Count Level Parameters Parameters
[parameter] [parameter] [parameter] [parameter] [parameter] [parameter] [F]

INPUT InputName
entity name

Table7.4: HGPSSblockdeclarationsummary, part1
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HGPSSBlock DeclarationSummary, Part 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 � �
I
R
S

� �� Logic Switch

Name
parameter

LOOP ParameterNo. Next Block if
Parameter�� 0

parameter parameter
MARK ParameterNo.

[parameter]
MATCH Nameof

Conjugate
MATCH Block
parameter

MSAVEVALUE Matrix Name Row No. ColumnNo. Valueto Matrix Type
beSaved

parameter[� ] parameter parameter parameter [H]
OUTPUT Outputname

entity name
PREEMPT Facility Name Priority Next Block ParameterNo. Remove

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
parameter[� ] parameter [H]

SEIZE Facility Name
parameter

Table7.5: HGPSSblockdeclarationsummary, part2
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HGPSSBlock DeclarationSummary, Part 3

BLOCK A B C D E F G

SELECT
���� ����

U � NU
I � NI

SE� SNE
SF� SNF
LR� LS

�
��������

Parameterin Lower Upper Alternate

which to Place Limit Limit Exit
Entity No.
parameter parameter parameter [parameter]

SELECT

	
MIN
MAX 
 Parameterin Lower Upper Attribute

which to Place Limit Limit to Examine
Entity No.
parameter parameter parameter parameter

SELECT
������ ������

G
GE
E

NE
LE
L

�
������������

Parameterin Lower Upper Comparison Attribute Alternate

which to 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]

TEST
������ ������

G
GE
E

NE
LE
L

�
������������

FirstValue SecondValue Next Block

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 ParameterNo. 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: HGPSSblockdeclarationsummary, part3
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HGPSSEntity DeclarationSummary

ENTITY A B C D E

BVARIABLE Combinationof NumericDataSpecifications,RelationalOperators,LogicalAttributesand
BooleanOperators
NumericData Relational Logical Boolean
Specifications Operators Attributes Operators
parameter ’G’, ’GE’ FU, FNU +, *

’L’, ’LE’ FI, FNI
’E’, ’NE’ SE,SNE

SF, SNF
BVARIABLE FunctionName

/expression
FUNCTION Function FunctionType Datapointssepa-

Argument and ratedby / or - +
No. of Points new line

parameter Cinteger value,value
parameter Dinteger value,identifier
parameter Einteger value,parameter
parameter Linteger
parameter Minteger

FUNCTION FunctionName
/expresion

MATRIX Matrix Type Numberof Numberof
Rows Columns

X, H integer, expression integer, expression
SUBMODEL SubmodelType

andArguments
identifier[(...)]

QTABLE Nameof InclusiveUpper Width of Numberof
Queue Limit of Lowest IntermediateFre- Frequency

Frequency Class quency Classes Classes
entity name value value integer, expression

STORAGE Storage
Capacity
integer, expression

TABLE Table InclusiveUpper Width of Numberof Time Interval
Arguments Limit of Lowest IntermediateFre- Frequency for RT-Table

Frequency Class quency Classes Classes
parameter, IA, RT value value [W]integer [value]
parameter, IA, RT value value [W]expression [value]

VARIABLE Combinationof NumericDataSpecificationsandArithmetic Operators
NumericData Arithmetic
Specifications Operators
parameter +, -, /, *, @

VARIABLE FunctionName
/expression

FVARIABLE Combinationof NumericDataSpecificationsandArithmetic Operators
NumericData Arithmetic
Specifications Operators
parameter +, -, /, *, @

FVARIABLE FunctionName
/expression

Table7.7: HGPSSentitydeclarationsummary
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HGPSSCommandSummary

COMMAND A B C D

CLEAR
DOWN Submodel

Name
entity name

END
INITIAL Logic Switch

to beSet
LSinteger
LSexpression
LS$identifier

INITIAL Matrix Initial
Savevalue Value
MXinteger(row’,’column) value
MXexpression(row’,’column) value
MX$identifier(row’,’column) value
MHinteger(row’,’column) value
MHexpression(row’,’column) value
MH$identifier(row’,’column) value

INITIAL Savevalue Initial
Value

Xinteger value
Xexpression value
X$identifier value
XHinteger value
XHexpression value
XH$identifier value

JOB
PRINT Lower Upper Entity File

Limit Limit Mnemonic Name
[parameter] [parameter] [mnemonic] [expression]

RESET
SIMULATE ModelType File

andArguments Name
identifier[(...)] [expression]

START Initial
Termination
CounterValue
integer, expression

UP

Table7.8: HGPSScommandsummary
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