
1Tutorial on Message Sequence ChartsEkkart Rudolpha, Peter Graubmannb, and Jens GrabowskicaTechnical University of Munich, Institute for Informatics, Arcisstrasse 21,D-80290 M�unchen, Germany, eMail: rudolphe@informatik.tu-muenchen.debSiemens AG, ZFE T SE, Otto-Hahn-Ring 6, D-81739 M�unchen, Germany,eMail: gr@zfe.siemens.decUniversity of Berne, Institute for Informatics , Neubr�uckstrasse 10, CH-3012 Berne,Switzerland, eMail: grabowsk@iam.unibe.ch1. IntroductionMessage Sequence Charts (MSCs) are a widespread means for the visualization of selectedsystem runs (traces) within communication systems. They can be viewed as a special tracelanguage which mainly concentrates on message interchange by communicating entities(such as SDL services, processes, blocks) and their environment. A main advantage ofan MSC is its clear graphical layout which immediately gives an intuitive understandingof the described system behaviour. MSCs have been used informally for a long time byITU (former CCITT) Study Groups in their recommendations and in industry. Theirstandardization was suggested at the 4.th SDL Forum October 1989 in Lisbon [7] andagreed upon at the ITU-meeting Helsinki, June 1990 [4]. At the closing session of theITU study period 1989-1992 in Geneva, May 1992, the new MSC recommendation Z.120[19] was approved. Within the present study period, as a major achievement, a formalsemantics for MSCs based on process algebra has been standardized [20]. A standarddocument on static syntax requirements is in preparation [15]. Besides formal semanticsmain emphasis is put on structural concepts [8,9].The reason to standardize MSCs was to allow systematic tool support, to facilitate theexchange between di�erent tools, and to ease the mapping to and from SDL speci�cations.Due to the standardization, the importance of MSCs for system engineering has increasedconsiderably. Accordingly, MSCs are used� for requirement de�nition [7,18],� as an overview speci�cation of process communication [18],� as an interface speci�cation [18],� as a basis for automatic generation of skeleton SDL speci�cations [7],� for simulation and consistency check of SDL speci�cations [1,2,13,14],� as a basis for selection and speci�cation of test cases [5,6],



MSC Tutorial of the 7th SDL Forum, 25.-29. Sept. 1995, Oslo, Norway 2� for documentation [7],� for object oriented design and analysis (object interaction) [12].2. Why yet another Speci�cation Language?One way to understand the meaning and the usefulness of MSCs may be by relating themto other speci�cation languages like SDL, LOTOS or Petri Nets. In practice, the MSClanguage is used most frequently in connection with SDL and indeed, in addition, it alsohas been standardized in the same ITU-T study group as SDL. What was the reason forthe introduction of yet another standard language besides SDL? SDL processes and MSCscan be looked at as two di�erent kinds of system representations which are complemen-tary in many respects. SDL provides a clear and comprehensive behaviour descriptionwithin individual SDL processes, whereas the communication between several processesis represented in a fairly indirect manner and thus the description of the communicationbehaviour in SDL for many purposes is not su�ciently transparent. Contrary to that,MSCs focus on the communication behaviour of system components and their environ-ment by means of message exchange. MSCs provide a clear description of system tracesin form of message 
ow diagrams. In contrast to SDL, the set of speci�ed MSCs usuallycovers a partial system behaviour only since each MSC represents exactly one scenario.So, candidates for MSCs are primarily the standard cases. These standard cases maybe supplemented by MSCs describing exceptional behaviour altogether providing a usecase like representation [12]. Recently, attempts have been made to enhance the languageand to make a fairly comprehensive system description feasible by using composition andobject oriented techniques. Most certainly, however, the main importance of MSCs alsoin the future will not lie in complete system descriptions but rather in the speci�cationof special system properties, e.g., of certain system runs which should be allowed or, theother way round, which should be disallowed. More generally, MSCs have been proposedfor the intuitive representation of temporal logics expressions. Within the system develop-ment process, MSCs play a role in nearly all stages (see Chapter 1) complementing SDL inmany respects. In all cases, the strength of MSCs lies in the clear and intuitive descriptionof selected system runs whereas SDL is used for a complete system speci�cation.It should be pointed out that the usual incompleteness of MSCs does not mean that theyhave only informal, i.e., illustrative character within a system development. Their rolemay very well be formalized, e.g., MSCs may represent test purposes for the automaticgeneration of test cases as it is done within the SAMSTAG method [5,6].For an illustration of the relation between SDL and MSC, in the following, we usethe Inres service speci�cation as a standard example [10]. Let us consider the MSCconreq in Figure 1 which describes a selected trace piece of the connection set-up in theInres service speci�cation: An Initiator-user sends a connection request (ICONreq) tothe Initiator. The Initiator transmits the request (ICON) to the Responder entity whichafterwards indicates the connection request (ICONind) to its user. The MSC is related tocorresponding paths in SDL process diagrams (Figure 2) where the path correspondingto the MSC in Figure 1 is indicated by bold arrows. Obviously, the trace described bythe MSC can be represented also in form of SDL diagrams.The correspondence between Figure 1 and Figure 2 may serve to give a good intuitive
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Figure 2. SDL-diagram corresponding to the MSC in Figure 1idea about the meaning but also the usefulness of MSCs. It also demonstrates that anMSC describing one possible scenario can be viewed as an SDL skeleton [7,18]. Obviously,the MSC in Figure 1 is far more transparent than Figure 2, since it concentrates onthe relevant information, namely the instances (Initiator, Responder) and the messagesinvolved in the selected trace piece (ICONreq, ICON, ICONind).3. The MSC Language3.1. MSC/PR and MSC/GRIn analogy to the SDL recommendation Z.100 [17] the new MSC recommendation Z.120[19] includes two syntactical forms, MSC/PR as a pure textual and MSC/GR as a graphi-cal representation. An MSC in MSC/GR representation can be transformed automaticallyinto a corresponding MSC/PR representation. The other way round, the same problemsarise as in SDL since MSC/PR (like SDL/PR) does not include graphical informationsuch as height, width, or alignment of symbols and texts. An example of the MSC/GRand the corresponding MSC/PR representation is shown in Figure 3.The MSC/PR presently contained in Z.120, lists message sending and receiving events
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msc connection;inst Initiator, Responder;instance Initiator: process ISAP Manager Ini;in ICONreq from env;out ICON to Responder;in ICONF from Responder;out ICONconf to env;endinstance;instance Responder: process ISAP Manager Resp;in ICON from Initiator;out ICONind to env;in ICONresp from env;out ICONconf to Initiator;endinstance;endmsc;Figure 3. MSC in MSC/GR and in the corresponding MSC/PRin association with an instance. Recently, a better readable notation was requested, inparticular in cases where MSC/PRs were not only used internally by tools, but also editedby humans. Thus, a new event oriented textual representation was elaborated [3,11] whereevents are listed in form of a possible execution trace and not ordered with respect toinstances. The event oriented textual grammar is closer to the graphical grammar thanthe instance oriented syntax and details concerning the graphical representation are ex-pressible contrary to the present instance oriented textual syntax. This is particularlyimportant for applications where an MSC semantics variant is preferred describing globalevent ordering, i.e., a global time scale, in contrast to the present partial ordering interpre-tation of MSC diagrams. Such applications arise in case of validation, tracing, debugging,simulation, and test case speci�cation. Consequently, a PR-GR transformation is easier(less ambiguous) for the event oriented than for the instance oriented textual grammar.Furthermore, the event oriented grammar is demanded within special stages of systemdevelopment: it is particularly applied when execution sequences from, e.g., simulations,have to be recorded. For the example of Figure 3 the following event oriented textualsyntax description is obtained:msc connection;inst Initiator, Responder;Initiator: instancehead process ISAP Manager Ini;Responder: instancehead process ISAP Manager Resp;Initiator: in ICONreq from env;Initiator: out ICON to Responder;Responder: in ICON from Initiator;Responder: out ICONind to env;Responder: in ICONresp from env;Responder: out ICONconf to Initiator;Initiator: in ICONF from Responder;Initiator: out ICONconf to env;Initiator: endinstance;Responder: endinstance;endmsc;In order to be able to combine the advantages of both textual syntax forms a mixture ofsyntax forms is allowed.
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ow of time. In addition,the horizontal arrow lines may be bended to admit message overtaking or crossing (Figure5b). The head of the message arrow denotes the eventmessage consumption, the oppositeend the event message sending. In addition to the message name, message parameters inparentheses may be assigned to a message (Figure 4).Along each instance axis a total ordering of the described communication events isassumed. Events of di�erent instances are ordered only via messages, since a messagemust be sent before it is consumed.3.2.2. System EnvironmentWithin an MSC, the system environment is graphically represented by the frame symbolwhich forms the boundary of an MSC diagram. In contrast to instances, no ordering ofcommunication events is assumed within the environment.3.2.3. ActionsIn addition to message exchange, actions triggered by messages may be speci�ed in MSCs.An action is graphically represented by a rectangle containing arbitrary text (Figure 4).
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DISind(failure)Figure 6. Instance creation and termination3.2.6. ConditionsA condition describes a state referring to a non-empty set of instances speci�ed in theMSC. A condition either describes a global system state referring to all instances con-tained in the MSC, in the following called global condition, or a state referring to a subsetof instances, also called non-global condition. If it refers to one instance only, a conditionis called local. Conditions can be used to emphasize important states within an MSC orfor the composition and decomposition of MSCs (Section 3.4). In the MSC/GR represen-tation local, global and non-global conditions are represented by hexagons covering theinstances involved (Figure 8).In the textual representation the condition has to be de�ned on every instance it refersto, using the keyword condition together with the condition name. If the condition refersto more than one instance the keyword shared together with an instance list denotes theset of instances to which the condition is attached. By means of the keyword shared all,a condition referring to all instances may be de�ned.3.3. Structural Language ElementsThe structural language elements of MSCs include all constructs which can be used tospecify more general MSCs or to re�ne MSCs. The current MSC recommendation o�ersthe coregion and the submsc constructs.3.3.1. CoregionAlong an MSC instance, normally a total ordering of message events is assumed. Thismay not be appropriate for instances referring to a level higher than SDL processes. Tocope with this, a coregion is introduced. A coregion is graphically represented by a dashedsection of an MSC instance. Within a coregion, the speci�ed communication events arenot ordered. At present, only message events may be speci�ed within a coregion, however,a coregion may contain an arbitrary mixture of message inputs and outputs (Figure 7).3.3.2. SubmscSince MSCs can be rather complex, there is a need for a re�nement of one instance by aset of instances de�ned in another MSC.An MSC instance can be re�ned by another MSC, which is then called submsc. Bymeans of the keyword decomposed a submsc with the same name is attached to the re-
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uous.
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