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Abstract: MessageSequenceCharts(MSCs) are a widespreadmeansfor
descriptionand graphicalvisualisationof selectedsystemruns within dis-
tributed systems especiallytelecommunicatiorsystems.Various kinds of
MSCs with similar expressivepower are usedfrequently within industry
and standardisationbodies. Therefore, the CCITT (Comité Consultatif
International Télégraphiqueet Téléphonique)attemptsto harmonisetheir
use by means of the new standard langhgesagesequenc€hart (MSC)
in 1992[Z120]. This paperpresentsa motivationfor the MSC standardisa-
tion. The history of the standardisatiorprocessis briefly sketched.The
MSC languageis introduced.Somelanguageconstructswhich may need
further elaboratiomre pointedout andpossibleenhancementare proposed.
Finally, an approachtowardsthe definition of a clear MSC semanticss
described.
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1 The motivation for the M SC standar disation

Within the softwarelife cycle increasingattentionis paid to the stagesof specificationand
designsincethe quality of all following stagesessentiallydependon them.In particular,in
the field of communicationsystemghis hasbeentakeninto accountby the developmenof
standardiseformal descriptiontechniquegFDTs) like SDL, Estelle,andLOTOS [Hog 89].
An FDT specification,however,is usefulonly if it is checkedwith respectto syntacticand
particularly semantic correctness.

Apart from a generalcorrectnesproof (e.g.absencef deadlocks}he consistencyof a FDT
specificationwith respecto prescribedequirementfiasto be checkedA convenientvay to
describesuchrequirementss offered by systemtraceswhich are presenteduitablyin form
of message flow diagrams called Message Sequence Charts (MSCs).

An MSC showssequencesf messagegxchangedetweenentities (suchas SDL services,
processespr blocks) and their environment(cf. fig. 3-2). Formally, an MSC describeghe
partial ordering of message events, i.e. message sending and message consumption.

MSCs have beenused for a long time within international standardisatiorbodies (e.g.
CCITT, ISO/IEC) andwithin industry,following different conventionsundervariousnames
suchasArrow Diagrams[Q699], ExtendedSequenceCharts[GraRu 89], Information Flow
Diagrams[Q65], MessageFlow Diagrams[CCHK 90], or Time SequenceDiagrams[ISO
87]. TheseMSC variantsmainly differ with respectto syntaxand terminology. There are
only minor semantic differences (cf. [Tog 92]) and therefore a standardisation was feasible.

The mainreasorfor the MSC standardisationvasto sustaintool support,to providefeasibil-

ity of MSC exchange between different tools, to ease the mapping to and from FDT specifica-
tions,andto harmonisaheir usewithin the CCITT StudyGroups.The CCITT developedhe

MSC language definition [2120], which was approved by the CCITT members in May 1992.

The new MSC recommendationlefinesthe MSC syntaxandincludesaninformal semantics.
The informal semantics is given by means of relating MSCs tosptificationgcf. section
3.1). Thisis mainly dueto the fact thatthe CCITT groupwhich providedthe MSC language
definition also maintainsSDL. Sinceour work is closelyrelatedto this group we also use
SDL to explain the meaning of MSCs.

The new MSC recommendatioimcludestwo syntacticalforms, MSC/GRasa graphicaland
MSC/PRasa puretextualrepresentatioricf. section3.2). In this paperwe mainly rely upon
MSC/GR representation since its symbols offer an intuitive understanding of their meaning.

The remaining part of the paper is organised irfdhewing way: In chapter2, the history of

the MSC standardisatioms describedThe MSC languagds introducedin chapter3. Within

chapter4 and5 possiblelanguagemodificationsand enhancementare discussedand future

trendsin MSC languagedevelopmeniare described.In chapter6 we explain an approach
towards a clear MSC semantics and finally, a brief outlook is given.

2  TheHistory of the M SC standardisation

Within the SDL userguidelinesof 1988[Z100-D] only a shortsectionhasbeendevotedto
MSCsasoneof the auxiliary diagramsthoughwithin anintegratedool setMSCsmay very
well play animportantrole. This was pointedout at the SDL Forum1989in Lisbon within
the paper"Putting ExtendedSequenceCharts to Practice” by the authorsof this article
[GraRu 89].



The terminology ExtendedSequenceéCharts (ESC) was usedfor MSCs enhancedoy SDL
symbolsanda few further constructsESCswere presentedas a meansfor stepwiserefine-
mentand enrichmentof MSCsfrom which finally SDL specificationsmay be derived.The
role of MSCsandESCswithin the whole softwarelife cycle, from requiremenspecification
until test case specification, was pointed out.

Due to the greatinterestwhich MSCs found at this SDL Forum, their standardisationn
graphicaland textual representatiorwithin the CCITT was suggestedThe standardisation
wasapprovedat the CCITT meetingin Helsinki, Junel990,basedon a first proposalby one
of the authors(E.R.) who alsowas appointedrapporteurfor MSCs. It was decidedthereto
first concentraten the basiclanguageconstructof MSCs,i.e. messagdlow diagramswith-
out further extensionse.g. by SDL symbols,andin particularto work out a clearsemantics
for them. One of the reasons for this restriction was to avoid too much overlap with SDL.

At the samemeetingalso a first contributionon the formalization of MSCs was presented
(updatedversion [Til 91]). This formalization was focusing on equivalencerelations for

MSCs and on mergingof instanceswithin MSCsin order to provide a formal relationship
between different levels of abstractionwlispointedoutin this contributionthatby merging
of instancesa moregeneralime orderingfor eventswasobtainedthanoriginally definedfor

the basic languageof MSCs. Theseearly investigationshave influencedthe inclusion of

higher level concepts contained in the final MSC recommendation [Z2120].

In Helsinki it was not yet decidedto preparea separaterecommendatiorior MSCs. The

stanardisationactivitiesfor MSCswereintendedto be part of the new "SDL Methodology
Guidelines"[Belina 92], which wereaiming at a guidelinefor the effectiveuseof SDL. Soon
it wasrecognisedhat the standardisatiorof MSCswould go beyondthe SDL guidelines.It

was also felt that MSCshouldnot berelatedonly to SDL. Thoughit wasnot theintentionto

developafourth FDT, in additionto SDL, LOTOS,andESTELLE,MSCswerelookedat as
anotherspecificationlanguagewhich may be usedin combinationwith otherlanguagedor

systemdevelopmentConsequentlyat the next CCITT-meetingFebruary1991 in Geneva
MSCs were chosen to become a separate recommendation.

At this Genevameetingalso the inclusion of further languageconstructs,e.g. conditions
(representingystemstates) timer constructsand somehigher level structuralconceptsge.qg.

macrosgoing beyondpure MSCswasagreedupon. (All mentionedMSC languageelements
arethoroughlyexplainedwithin chapter3.) Theseconceptsvereelaborateduntil the CCITT

meetingDecemberl991in Recife.The languageconstructsvereadjustedo coverthe needs
of other CCITT recommendationemployingMessage-Signal-,or Information- Flow Dia-

grams. Particularly involved was recommendation QQ@b]: "Stage2 of the methodfor the

characterisationof servicessupportedby an ISDN" which is the provider for otherrecom-
mendations in this area.

At the CCITT meetingin Recife,a thoroughand critical review by SwedishTelecomcon-
cerningthe draft MSC recommendatioprovidedthe main input. A first selectionof higher
level constructgook place,keepingcoregion substructure macro and postponingthe MSC
languageconstructsfor remoteprocedurecalls and grouping of instancesto the next study
period.In addition, it was decidedto include a create and stop of MSC instancesAt this
meetingalsothe form of the draft MSC recommendationvas modified to getin accordance
with the SDL recommendation [Z100].

Thefinal sessiorof CCITT StudyGroup X GenevaMay 1992 approvedthe new MSC rec-
ommendations with a few changes. In particidahstructurevasrenamedo submsandthe
macro conceptwas found to be not yet mature enoughand hencepostponedto the next
CCITT study period.



3  Anintroduction to the M SC language

Within this chapterthe MSC languagas introduced First the meaningof MSCsis explained
by relatingthemto SDL specificationsMSC/PRand MSC/GR are describedthe basicand
afterwards the structural language constructs are introduced.

3.1 Themeaning of MSCs

MSCs show the message fl@&tweerentitieslike blocks,servicespr processesNe explain
the meaning of an MSC by relating it to SDL process diagrams (cf. [BHS 91], [Z100{)s Let
considerthe MSC in fig. 3-2 (a) which describes selectedracepieceof the connectionset-

up in the Inres servicespecification[Hog 92]. It could equally be representedising SDL
procesgdiagramswith certainadditionsand modifications(cf. fig. 3-1, dashesstandfor not
followed branches, bold arrows indicate the message flow).

The diagramin fig. 3-1 containsat leastthe sameinformation as the MSC in fig. 3-2 (a).
Within the MSC an Initiator-usersendsa connectionrequestICONreq to the Initiator. The
Initiator transmitsthe request{ICON) to the Respondeentity which afterwardsindicatesthe
connection requestqGONiInd) to its user.

However,obviouslythe MSC is muchmoretransparentsinceit concentratesn the relevant
information,namelythe instancegInitiator, Respondgrandthe messagemvolvedin the se-

lected trace piecd@ONreq ICON, ICONind). Beyond that, what is even more importdiné

relation of MSCsto an SDL specificationmay be rathersophisticatedThe MSC instances
very often representollectionsof (SDL) processe®n a higherlevel of abstractionsuchas

blocks, thus, reflecting the stepwisedevelopmenbf a specificationaccordingto refinement
strategies.

Initiator Responder

DISCONNECTED

\DISCONNECTED SET i > » -
\ ! (NOW+5,T) ICONind IDIS )

WAIT WAIT DISCONNECTED"

Figure 3-1: (Non-standard) combined SDL - message flow diagram
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Generally therelationbetweeran MSC andan SDL specificationcanbe characteriseth the
following way (for ACT cf. [Hog 88]):

"Each sequentializatiorof an MSC describesa trace from one equivalenceclassof
nodesto anotherequivalenceclass of nodesof an AsynchronousCommunication
Tree (ACT) presenting the behaviour of an SDL specification.”

In any casethe correspondencbetweenfig. 3-1 andfig. 3-2 (a) may serveto give a good
intuitive idea abouthe meaningof anMSC. It alsodemonstratethatan MSC describingone
possible scenario can be looked at as an SDL skeleton (cf. [GraRu 89], [Belina 92]).

3.2 MSC/PR and MSC/GR

Analogousto the SDL recommendatiofpZ100] the new MSC recommendatiomcludestwo
syntacticalforms, MSC/PRas a puretextualand MSC/GRas a graphicalrepresentationAn
MSC in MSC/GR representatiortan be transformedeasily into a correspondingUSC/PR
representationT he otherway roundthe sameproblemsariseasin SDL sinceMSC/PR(and
SDL/PR)include no graphicalinformation like height,width, or alignmentof symbolsand
text. An exampleof the MSC/GRandthe correspondingSC/PRrepresentatioms shownin
fig. 3-2.

msc Partial_Connection_Set-up msc Partial_Connection_Set-up;
inst Initiator, Responder;
Initiator: Responder: instance Initiator: process ISAP-Manager-Ini;
process ISAP- process ISAP- in ICONreq fromenv;
Manager-Ini Manager-Resp out ICON to Responder;
ICONreq : endinstance;
ICON insta_nce Responde.r:. process ISAP-Manager-Resp;
% in ICON from Initiator;
ICONind out ICON to env;
> endinstance;
I endmsc;

(a) MSC in MSC/GR representation (b) MSC of (a) in MSC/PR representation

Figure 3-2: MSC in MSC/PR and in MSC/GR representation

3.3 Basiclanguage constructs of MSCs

The basiclanguageof MSCsincludesall constructswvhich are necessaryn orderto specify
the pure messagdlow. For MSCstheselanguageconstructsare instance messageaction,
set- reset(time supervision)set- time-out(timer expiration) stop createandcondition

3.3.1 Instance and message

The most basiclanguageconstructsof MSCs are instances e.g. entitiesof SDL systems,
blocks, processesor services,and messageslescribingthe communicationevents.In the
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graphical representation instances are represented by vertical lines or alternatively by columns
(fig. 3-2 (a)). Within the instanceheadingan entity name,e.g.procesgype, may be specified
in addition to the instance name.

The messagédlow is presentedy horizontalarrowswith a possiblebendto admit message
overtakingor crossing(e.g.fig. 3-3 (a)). The headof the messagarrow denotegshe message
consumptionthe oppositeendthe messageending.In additionto the messageame,mes-
sage parameters in parentheses may be assigned to a message.

Along eachinstanceaxis (column)a total orderingof the describeccommunicatioreventsis
assumedEventsof differentinstancesare orderedonly via messagessincea messagenust
be sent before it is consumed.

3.3.2 System environment

Within an MSC the systemenvironmenis representetby the framesymbolwhich formsthe
boundaryof an MSC diagram(cf. fig. 3-2, 3-3). Contraryto instancesno orderingof com-
munication events is assumed.

3.3.3 Actionsand timer constructs

Within one MSC it is possible to indicaaetionsand timer handling. An actias represented
by a rectanglecontainingan arbitrary text. The timer handlingcontainstwo constructsthe
settingof a timer anda subsequeniime-out(timer expiration)or the settingof a timer anda
subsequent timer reset (time supervision).

The settingof a timer is representedy a small rectangle, whereastime-outand resetare
describedby specialtimer arrows. A timer arrow starts at a correspondingset symbol
(rectangle)and endsbelow at the sameinstance A textualtimer description(e.g. nameand
duration)may be associatedvith the arrows.To eachseta correspondingime-out or reset
has to be specified and vice versa. Action and timer constructs are shown within fig. 3-3.

3.3.4 Instance stop and instance creation

Creation and termination of instanceswithin communicationsystemsare quite common
events.This is dueto the fact that mostcommunicatiorsystemsare dynamicsystemswvhere
instances appear and disappear during system lifetime. Consequently, adestgrameeds
features to describe such events.

The correspondingMSC languageslementsareshownin fig. 3-3 (d). The createsymbolis a
dashedarrow which may be associatedvith textual parametersA createarrow originates
from a father instance and points at the instance head of thenstddce.The terminationof
an instance graphically is represented by a csiepgymbol) at the end of the instance axis.

3.3.5 Conditions

A conditioneitherdescribesa global systemstatereferringto all instancesontainedin the
MSC (global condition) or a statereferringto a subsetof instancegnonglobal condition).
Conditionscanbe usedto emphasisémportantstateswithin an MSC or for the composition
and decomposition of MSCs (see chapter 5).

In the MSC/GRrepresentatioglobal and nonglobalconditionsare representedhy hexagons
covering the involved instances(cf. fig. 3-3 (c), (e)). In fig. 3-3 (e) the instance



Medium_servicés not coveredby the conditionDisconnectedndthereforeit is notinvolved
in the state to which the condition refers.

In the MSC/PRrepresentatioconditionsare introducedat two different places:on the level
of MSCsin form of global conditionsand on the level of instancegeferringto an arbitrary
setof instancesin the secondcasethe condition may be local, i.e. attachedto just onein-
stancelf the conditionrefersto severalinstanceshenthe keyword sharedtogetherwith an
instancdist denoteghe setof instancego which the conditionis attachedBy meansof the
keywordssharedall, alsoin the secondcasea conditionreferring to all instancesmay be
defined.However,for a clear structuringof an MSC in MSC/PRrepresentationthe syntax
for global conditions may preferably be put at the beginning and at the end of an MSC.

msc Message-crossing/Timer-reset msc Time-out
Initiator: Responder: Initiator: Responder:
process ISAP- process ISAP- process ISAP- process ISAP-
Manager-Resp Manager-Ini Manager-Resp Manager-Ini
IDISreq ICONreq
ICONreq __bis < > icon >
ICON D ICONind
D ) ICONind }
2 T(p)
T(p) <
> e IDISind
E IDISind -
| |

(a) MSC with message crossingI, ICON)
andset- reset(time supervision)

(b) MSC with set- time-out(timer
expiration)

msc Local/Global-Conditions

Initiator: Responder:
process ISAP- process ISAP-
Manager-Resp Manager-Ini

Inres_disconnected

ICONred y, |con >
T(p) u

E IDISind

Disconnected

ICONind

Wait_resp

Y

msc Process-creation/termination
Control_Mgr:

process
controller

CONreq Call_Mgr:

ctrl_data
(ctrl_data) - ) process

”””” call_controller

CONind
(identifier) )
FAILURE
pisind <t L (Ralure)
( - (failure)
(failure)
|

(c) MSC withglobal andlocal conditions

(d) MSC with createandstop



msc Conditions_and_Action
Initiator: Medium_service:  Responder:
block block Medium block
Ini_Station Res_Station
Disconnected
ICONreq >
Counter =1 -m
MDATreq :
MDATind
CR > ICONind
(CR) CR) > >
Wait_for_resp
ICONresp
comnt < MOATIG <t <
< (CO)
Connected
[ [ [

(e) MSC with conditionsandaction

Figure 3-3: MSCs with basic language constructs

3.4 Structural language elements of M SCs

The structural language elements of MSCs includeaaistructsvhich canbe usedto specify
more generalMSCsor to refine MSCs. Thereforethe currentMSC recommendatioroffers
thecoregionand thesubmsc

3.4.1 Thecoregion

Along an MSC instancemessageventsaretotally ordered.This may be not appropriatefor
instancegeferring to a higherlevel than SDL processesThereforea so-calledcoregionis
introduced A coregiondenotesa pieceof an MSC instancewherethe specifiedcommunica
tion eventsarenot ordered Within onecoregiononly sending(origins of messagarrows)or
only consumptiorevents(arrow heads)may be specified.Examplescontainingcoregionsare
given in fig. 3-4 (a) and fig. 4-4 (b).

3.4.2 Refinement of M SCs (submsc)

An MSC instancecanberefinedby anothetMSC, which thanis calledsubmscA submsas
attached to the refined instance by meafrittie keyworddecomposedrhe submsaepresents
a decompositiorof this instancewithout affecting its observablebehaviour.The messages
addressetb andcommingfrom the exteriorof the submscarecharacterisethy the messages
connectedwith the submscborder (frame symbol). Their connectionwith the externalin-
stancess provided by the messagesentand consumedby the correspondinglecomposed
instance using messagaameidentification. It mustbe possibleto map theexternalbehav-
iour of the submscto the message®f the decomposednstance.The ordering of message
events specified along the decomposed instance must be preservesliontise Actionsand
conditionswithin a submsamay be lookedat asa refinementof actionsandconditionsin the

8



decomposethstance Contraryto messagedjowever,no formal mappingto the decomposed
instancdas assumedi.e. the refinementof actionsandconditionsneednot obeyformal rules.
In fig. 3-4 (b) the refinement of the instarioees_servicdfig. 3-4 (a)) is shown.

msc Structural_language_elements submsc Inres_service
Inres_service Initiator: Responder:
process ISAP- process ISAP-
decomposed Manager-Resp Manager-Ini
ICONreq )( IDISreq CONreq IDIS EIDISreq
ICON >
| ] ICONind;
- i T(p) <—
< osind ICONInd___ 5, D>
- ¢ IDISind
[ [ [
(a) MSC with coregions (b) Refinement otnres_servicen (a)

Figure 3-4: MSCs with structural language elements

4 M odifications and possible enhancements of MSCs

Within this chapter we proposesomemodificationsandenhancementsf the MSC language.
Someof the proposalsare very specificand someare rathergeneral. However,this chapter
reflects our ideas concerning the future development of MSCs.

4.1 Modifications of the M SC language

The proposedmodifications of the current MSC languageconcerntimer handling and
conditions

4.1.1 Timer handling

Within the MSC recommendatiorthe timer handling containstwo constructs:settingof a
timer and subsequentimer expiration (time-out situation) or settingof a timer and subse-
guent timer reset (time supervision).

Contraryto SDL, currentlythereareno separatéanguageconstructdor timer set reset and
time-outfor MSCs.Thisis in agreementith the commonpracticein industrywhereusually
the complete time-out situation or the time supervision is specified.

For an extensiveuse of MSC compositionmechanismgcf. chapter5) this kind of timer
handling,however,may be too narrow. Within one MSC e.g.it may be desirableto specify
only the timer setting. There is no problemin MSC/PRto split the presentMSC timer
constructsinto separatdimer actions.In the graphicalrepresentatiorihe rectanglesymbol
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may represent a separate timer set if timer name and (optionally) timer duration is assigned. A
separatdimer expirationmay be representedy an messagerrow wherethe origin is not
connectedo a timer setrectangle Correspondinglya separatdimer resetmay be indicated

by a dashedarrow wherethe origin is not connectedo atimer setrectangle An exampleof

this proposal is given in fig. 4-1.

Instance Instance
[ ] [ ]
T T
(duration) (duration)
T(duration) T(duration)
| |
(a) Separatesetand correspondingme-out (b) Separateset and correspondingreset
construct construct

Figure 4-1: (Non-standard) separaget time-out resetconstructs

4.1.2 Conditions

The MSC/PR representatiordistinguishesbetweenglobal and nonglobal conditions (cf.
section3.3.5), althoughit is possibleto describeglobal conditionsby meansof nonglobal
conditions and although there exists only one graphical syfobobnditions.In this casethe
MSC/PR and the MSC/GR representatiorare somehowdivergent, becausethere are two
MSC/PR concepts for the same MSC/@Rnbol.Thereasorfor introducingthis redundancy
was to shorten the textual description of MSCs by means of global conditions.

In orderto avoid the mentionedredundancywithout loosing the eleganceof global condi-
tions, we proposeto replacethe global condition in the MSC/PR representatiorby intro-
ducing an optional condition declaration area before the instancedescriptions Within the
conditiondeclarationareaall nonlocalconditions(conditionswhich mustbe known by more
than one instance)haveto be declared.Within the instancedescriptionthe declaredcondi-
tions can be referred to.

As an examplefor our proposalwe translatethe MSC in fig. 3-3 (e) which includesglobal
andnonglobalconditionsinto MSC/PRaccordingto the MSC recommendatioiffig. 4-2 (a))
and into a variant according to our proposal (fig. 4-2 (b)).

4.2 Enhancements of the M SC language

In this sectionwe proposesomenew MSC languageslementsvhich may be includedlaterin
the MSC recommendationThe proposedMSC constructsconcernmacros synchronous
communicationinstance groupingcoregion anddata types
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msc Conditions_and_Action;
inst Initiator, Medium_service, Responder;

instance Initiator: block Ini_Station;
condition Disconnected shared Responder;
in ICONreq from env;
action Counter=1;
out MDATreq(CR) to Medium_service;
endinstance;

instance Medium_service: block Medium;
condition Idle;
in MDATreq(CR) from Initiator;
out MDATind(CR) to Responder;
endinstance;

instance Responder: block Res_Station;
condition Disconnected shared Initiator;
in MDATind(CR) from Medium_service;
out ICONind to env;

endinstance;

condition wait_for resp;

instance Initiator: block Ini_Station;
in MDATind(CC) from Medium_service;
out ICONconf to env;
condition Connected shared Initiator;
endinstance;

instance Medium_service: block Medium;
in MDATreq(CC) from Responder;
out MDATind(CC) to Initiator;
endinstance;

instance Responder: block Res_Station;
in ICONresp from env;
out MDATreq(CC) to Medium_service;
condition Connected shared Initiator;
endinstance;

endmsc;

msc Conditions_and_Action;
inst Initiator, Medium_service, Responder;

condition Disconnected shared Initiator, Responder;

condition Wait_for_resp shared all;

condition Connected shared Initiator, Responder;

instance Initiator: block Ini_Station;
condition Disconnected;
in ICONreq from env;
action Counter=1;
out MDATreq(CR) to Medium_service;
condition Wait_for_resp;
in MDATind(CC) from Medium_service;
out ICONconf to env;
condition Connected;

endinstance;

instance Medium_service: block Medium;
condition Idle;
in MDATreq(CR) from Initiator;
out MDATind(CR) to Responder;
condition Wait_for_resp;
in MDATreq(CC) from Responder;
out MDATind(CC) to Initiator;
endinstance;

instance Responder: block Res_Station;
condition Disconnected;
in MDATind(CR) from Medium_service;
out ICONind to env;
condition Wait_for_resp;
in ICONresp from env;
out MDATreq(CC) to Medium_service;
condition Connected;

endinstance;

endmsc;

(a) MSC/PR description of fig. 3-3 (e)

according to [2120]

(b) (Non-standard) MSC/PR description o

fig. 3-3 (e)

Figure 4-2: Standard and non-standard MSC/PR descriptions of fig. 3-3 (e)

4.2.1 Structuring and modularisation of M SCs (macr 0s)

Macrosmay be introduced as a means for structuring and modularisation of MSCs and for the
reusabilityof sectionsof MSCs.A macrodefinitionis a sectionof an MSC which is defined
outsideof the MSC, yet within the MSC documentandwhich is insertedat the placeswhere

it is called. The macrodefinition essentiallyhasthe structureof an MSC. Apart from the
keywordmacrg in the graphical representation (MSC/GRg macrodefinition symbollooks

like the MSC frame symbol. The macrocall may be indicatedgraphicallyby an SDL macro

call symbolattachedo the instancesvhich areinvolved (cf. fig. 4-3). A systemanalysisof

MSCs containingmacrosis possiblewithout macroexpansion(aslong asthe macrois not
containedin a submsc)if the syntaxdefinition excludesmessage$aving and enteringthe

macro to and from (macro-)external instances.
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msc Successful_data_transfer macro Data_request_transmission

Medium_ Medium_

Initiator: service: Responder: Initiator: service: Responder:
block block Medium block block block Medium block
Ini_Station Res_Station Ini_Station Res_Station

IDAT!
(data)re > % MDATInG
Data_request_transmission B (DT data,num)
—
IDATreq ) IDATind> MDATreq
(data) (data) ®) . uDATIG < @ARknum)
Data_request_transmission | ) (AK,num)
IDATInd >
e [— mmm (d2ta) [ ] —_—
(a) MSC withmacro call (b) Macro definitionof themacro callin (a)

Figure 4-3: (Non-standard) MS@acro calland correspondingnacro definition

4.2.2 Synchronous Communication (remote procedure calls)

Corresponding to SDL, @emote procedure ca(RPC)may beintroducedin orderto indicate
thata clientinstancecalls a procedurewithin anotherinstance Graphically,it may be repre-
sentedoy an SDL procedurecall symbol,attachedo the clientinstanceand connectedvith a
messagarrow pointingto the serverinstance The RPCemploysa synchronougommunica-
tion mechanism.

Independentlyof RPCs,a constructfor synchronoussommunications demandedoy users
that in contrast to RPCs, may be graphically represented by a bi-directional arrow.

4.2.3 Instance Grouping

Further hierarchicalor functional structuringof MSCs by meansof instancegrouping is
required(cf. [Q65]). In particular,it may be helpful to indicate the assignmenbf process
instancego blockswithin an MSC. Graphically,instancegroupingcanbe denotedby a hori-
zontal bracket.

424 Weakeningthetime ordering along M SC instances (cor egion)

Within the presentMSC languagehe total orderingalongoneinstanceaxis canbe weakened
by using the coregion construct.Yet this constructpresentsonly one possibility for weak-
eningthe eventorderingalongan MSC instanceIn Time Sequenc®iagrams(TSDs) [ISO
87], which canbe lookedat asa specialkind of MSCsandwhich arefrequentlyusedto de-
scribe OSI services, another possibility is offered.

The ordering betweenmessagesventsat two serviceaccesspoints (SAPs) of one service
providercanbe indicatedby diagonallines (fig. 4-4 (a)). EachSAP is modelledby a single
axis andalongthis axis the messageventsaretotally ordered.Without going into detailsit

shouldbe notedthatin generalit is not possibleto translateone TSD into one MSC (cf. fig.

4-4), sincethereis no constructequivalento the synchronisatiomprimitive (diagonalline) of

TSDs in the MSC language. If MSCs shoh&usedfor the specificationof OSI servicesthe
nextCCITT studyperiodmustexaminefurther featuresor the weakeningof the total order-
ing of message events along one MSC instance.
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service-userl service-provider service-user2
INITIATOR-user Inres-service ~ RESPONDER-user
ICONreq
ICONind
¢ ICONresp
E IDISind

(a) TSD describing an unsuccessful connection establishment of the Inres service

msc connection_set-up_faill msc connection_set-up_fail2 msc connection_set-up_fail3
Inres-service: Inres-service: Inres-service:
block block block
Inres-system Inres-system Inres-system
ICONreq ICONreq ICONreq
ICONind ICONind B |
ICONresp IDISind & %
IDISind ICONresp B T ICONresp

(b) Three MSCs describing the same traces as the TSD in (a)

Figure 4-4: TSD and three corresponding MSCs which describe the same traces.

4.2.5 Inclusion of datatypes

Within the presentMSC recommendatiomo formal datadescriptionis provided.This is ap-
propriatefor the employmentof MSCs in early stagesof systemdevelopmenin order to
provide a semiformal specification of communication.

However, for the usage of MS@sthin later stagef designandimplementationin particu-
lar for systemsimulationand validation, and for selectionand specificationof test casesa
formal datadescriptionby meansof ADTs or ASN.1 is necessaryThe formal datadescrip-
tion may refer to conditions, actions, and to parameters of messages, macros, and timers.

5 Composition and decomposition rulesfor M SCs

The alreadymentionedMSC languageenhancementsicreasethe expressivepower within
one MSC. Sinceone MSC only describesa partial systembehaviour,it is advantageouso
havea numberof simple MSCsthatcanbe combinedin differentways.To determinepossi-
ble combinationghe alreadyintroduced(global and nonglobal)conditionscan be usedem-
ploying certaincomposition and decomposition rules
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5.1 Themeaning of composition and decomposition of M SCs

MSCs can be composedby nameidentification of final and initial (global or nonglobal)
conditions. The other way round, MSCs can be decomposedt intermediate(global and
nonglobal) conditions

Initial conditionsdenotethe starting states final conditionsrepresenend states,and inter-
mediateconditionsdescribearbitrary stateswithin MSCs. The termsinitial, intermediateand
final conditionsare only usedin orderto simplify this description,they are not introduced
within the MSC recommendationAn exampleof an MSC compositionby meansof global
conditionsis shownin fig. 5-1. The MSC Complete_system_ruyie) is a compositionof the
MSCsConnection_set_ufa) andData_transfer/connection_releage).

Compositionanddecompositiorof MSCsobeythe subsequentulesfor globalandnonglobal
conditions,wherebyglobal conditionsrefer to all instancesnvolved in the MSC whereas
nonglobal conditions are attached to a subset of instances (cf. section 4.1.2).

msc Connection_set_up

Initiator: Responder:
process ISAP- process ISAP-
Manager-Resp Manager-Ini

Inres_disconnected msc Complete_system_run
ICONreq ICON _ Initiator: Responder:
) ICONind process ISAP- process ISAP-
4‘ Manager-Resp Manager-Ini
) ( ICONF E ICONresp
> Inres_disconnected
ICONconf
< ICONreq ICON
Inres_connected > ICONind
D ICONresp
— — ICONF €
T(P) 7)(
(a) Successful connection set up of the Inr <ICONconf
service
Inres_connected
msc Data_transfer/connection_release IDATreq DAT
Initiator: Responder: (data) (data) > %
process ISAP- process ISAP- (data)
Manager-Resp Manager-Ini IDIS IDISreq
f IDISInd <€
Inres_connected .
Inres_disconnected
IDATreq IDAT
(data) > IDATind I I
(data) — >
(data)
DIs <'2>red (c) Composition of (a) and (b)
¢ IDISInd <€
Inres_disconnected
[ [

(b) Data transfer and normal disconnectiol
of the Inres service

Figure 5-1: MSC composition by means global conditions
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5.2 Composition of MSCs

5.2.1 Composition by means of global conditions

Two MSCs MSC1 and MSC2 can be composedif both MSCs contain the same set of
instancesand if the initial condition of MSC2 correspondgo the final condition of MSC1
accordingto nameidentification (cf. fig. 5-1). The final condition of MSC1and the initial
condition of MSC2 become an intermediate condition within the composed MSC.
Symbolically:

(1) MSC1=MSC1' Condition
(2) MSC2= Condition MSC2'
(3) MSC1* MSC2 = MSC1' Condition MSC2'

Equation(1) shall denotethat MSC1canbe written asan MSC sectionMSC1'and a subse-
guentfinal condition Condition The secondequation(2) denoteshat MSC2 startswith the

initial condition Condition which is followed by the MSC section MSC2! Equation (3)

denotesthe compositionof MSC1and MSC2 (using the asterisksymbol for composition).
The composed MSC can be writterfanm of a startingMSC sectionMSC1,; anintermediate
conditionConditionand a subsequent MSC sectidB8C2

5.2.1 Composition by means of nonglobal conditions

Two MSCsMSClandMSC2canbe composedy meansof nonglobalconditionsif for each
instance(l) which both MSCshavein commonMSC1endswith a nonglobalconditionand
MSC2begins with a correspondimgpnglobalcondition.In additioneachnonglobalcondition
of MSC2musthavea correspondingionglobalconditionin MSC1 If I(MSC) (i = 1,2) de-
notes the restriction of anSCito the events of instance |, this can be written symbolically:

(1) I(MSC) = I(MSCJ' Condition
(2) I(MSC2 =Conditionl(MSC2'
(3) I(MSC) * I(MSC2 = I(MSCJ' Conditionl(MSC2'

An exampleis givenin fig. 5-2. The MSC Connection_failure(c) is a compositionof the
MSCsResponse_failuréa) andRequest_failuréb) via thelocal conditionDisconnectedThe
MSC Response_failurecontains two instances Initiator and Responder The MSC
Request_failurecontainsonly one instancelnitiator to which the initial local condition
Disconnected is attached. The composition of MSC Response_failurewith MSC
Request_failurenly refersto the instancelnitiator, i.e. MSC Response_failures continued
along instancénitiator by MSCRequest_failureThisalsoshowsthe usefulnes®f nonglobal
conditionswhich makesa compositionwith respectto a subsetof the instancesnvolved in
the MSCspossible.Finally, it shouldbe notedthat conditionswith identicalnamesare dis-
criminated by the instances to which they are attached.

5.3 Decomposition of M SCs

Correspondingto the MSC-composition,MSCs can be decomposediue to intermediate
conditions.
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5.2.1 Decomposition by means of global conditions

An intermediateconditiondefinesa possibleMSC decompositiorby splitting an MSC MSC1
at the intermediatecondition Condition into MSC2 and MSC3 the intermediatecondition
being converted into a final condition l¥SC2and an initial condition foMSC3

(1) MSC1=MSC2' Condition MSC3'
(2) MSC2=MSC2' Condition
(3) MSC3= Condition MSC3'

msc Response_failure
Initiator: Responder:
process ISAP- process ISAP-
Manager-Resp Manager-Ini
ICONreq
ICON > ICONind msc Connection_failure
Initiator: Responder:
IDISind T(p) ( ICONresp process ISAP- process ISAP-
% Manager-Resp Manager-Ini
Disconnected Disconnected
| [
ICONreq ICON
> ICONind;
(a) Erroneous transmission of a connectio
s . T(p) ICONresp
response within the Inres service DISind

%

Disconnected

I
d

Connected

msc Request_failure

" ICONreq
Initiator: >
process ISAP-
Manager-Resp T(p)
E IDISind

Disconnected
ICONreq

vl

|

T(p)

(]

IDISind
<

Disconnected

(c) Composition of (a) and (b)

(b) Erroneous transmission of a connectio
request within the Inres service

Figure 5-2: MSC composition and decomposition by means of nonglobal conditions
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5.2.2 Decomposition by means of nonglobal conditions

A subsebf intermediatenonglobalconditionsallows a decompositiorof an MSC MSC1linto
MSC2andMSC3if all nonglobalconditionsof this subsetefer to differentinstancesandno
messages cut into piecesby meansof the decompositionj.e. both messagenput and the
corresponding output belong to eithd8C20r MSC3

(1) (MSC) =I(MSC2' Conditionl(MSC3'
(2) (MSC) =I(MSCY' Condition
(3) I(MSC2 = Conditionl(MSC2

E.g. the MSC Connection_failure(fig. 5-2 (c)) can be decomposedinto the MSCs
Response_failur€fig. 5-2 (a)) andRequest_failureMSC (fig. 5-2 (b)) at the local condition
Disconnected

6 Towardsaformal M SC semantics

Within this sectionone possibleapproachtowardsa formal semanticds sketched.The ap-
proachhasbeenworkedout at University of Bernewithin the researchproject”"Conformance
Testing- A Tool for the Generationof TestCases; fundedby SwissPTT (F&E project,
contractno. 233). The approachusesan interleavingmodel andis basedon finite automata
(cf. [GHLLN 92], [LL 92-1], [LL 92-2]).

6.1 An automaton semanticsfor MSCs

Formally, a singlMSC canbeinterpretedasa graphwith two sortsof edges.The nodesrep-
resentcommunicatiorevents e.g. messagsendingandmessageonsumptionThe edgesde-
notethe next-evenandthe signalrelation. The next-eventelation describeghe orderof the
communicationeventsalong the instanceaxis. The signal relation representghe order be-
tween sending and consumption of a message. This graph is cadigtievent/signane/sig)
graph

The ne/siggraph of an MSC canbe interpretedas a global statetransition graph (GSTG),
containingall possibleglobal statesspecifiedby the MSC. The GSTG corresponddo an
automatornwithout explicitely definedend states.In our casethe automatormustacceptall
eventtraceswhich are consistentwith the partial order of the communicationeventswithin
the MSC. The semantics of the MSC is given by the behaviour of the constructed automaton.

6.2 Semanticsfor M SCswith composition mechanisms

Defining end states for the automatahe abovecaseis trivial. But by meansof composition
rules (cf. chapter5), a setof MSCs (with conditions)may describepotentially non-termi-
natingsequencedn this casethe whole setof MSCsis translatednto a singlene/siggraph,

which may contain event loops and nondeterministic choices.

To find properendstatesa terminationcriterion from w-automataheory,dueto Buchi[Tho
90], is used.Unfortunatelythereis no uniquesuitableend-statesetthatturnsa GSTGinto a
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Buchi automatoninstead variouspossibleend-statesetscorrespondo livenesspropertiesof
MSCs. Examples of such sets are given in [GHLLN 92] and [LL 92-2].

6.3 Remarkson the sketched M SC semantics

The main advantageof the sketchedsemanticsapproachand the hereupon basedMSC se-
manticsis its flexibility. Accordingto the chosensetof end statesit is possibleto analyse
MSCsundervariouspointsof view. Otherapproachesowardsa formalizationof MSCs, like

[Til 91] or [CCHK 90], do not provide a semantics§or MSCs and are not able to handle
MSCs with composition rules.

Finally, we like to mentionthatthe ne/siggraph presentsa generalabstractsyntaxfor com-

municatingprocesseslt can be interpretedin many ways. Within the mentionedresearch
project,a subsetof SDL, powerful enoughto specify exampledike the Inres service[Hog

92], is also translated intoree/sig graphwhich is then interpreted as a quewomatonAs a

result a simple and compact SDL semantics is obtained.

7 Outlook

The MSC activitiesduring the 1989-1992study period have concentratean the elaboration
of the syntaxandinformal semanticgor basicMSCs. Experiencewith otherlanguagege.g.

SDL) has shown that language maintenance, tool support and detertheviakationshipbe-

tween different languages are significantly enhanced by the availability of a femahtics.
Therefore,additionalwork will be necessaryor an elaborationof a formal MSC semantics
that in particular will help to establish a formal relationship between MSCs and SDL.

Consequently, MSC activities during the study period 1993-1996 will conceotrati®rmal
semanticglefinition, resultingin a revisionof Z.120 [Z2120]. Enhancementdowever,will

not beincludedbefore1996.0nemajor steptowardsan FDT canbe seenin the inclusionof
formal datadescription.Furtherpossibleenhancementsf MSCsrefer to abstractionstruc-
turing, modularisation and composition concepts and to object oriented modelling.
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