Formal Modelling of Task InterruptionsFrancis JambonCLIPS-IMAGUniversity of GrenobleBP 53F-38041 Grenoble cedex 9, FranceTel: (+33) 76 63 59 70E-mail: Francis.Jambon@imag.fr

ABSTRACTMy doctoral research is concerned with the formalmodelling of task interruptions. Although interruptionsare significant events in human activities, currentmodels and notations do not support their expressionappropriately. My contribution to this problem is two-fold: the ISAU model which makes explicit the generalstructure of an interruption, and a UAN-based formalnotation that would force designers to consider the rightquestions when developing a system. ISAU will beassessed using a real-world exemplar: the Data-Linksystem that supports communications between pilotsfrom different aircraft�s and air traffic controllers.KeywordsInterruptions, interleaving, formal methods, UANINTRODUCTIONAlthough task modelling has provided useful tools andmethods for supporting the design and evaluation ofinteractive systems, task interruption has been widelyneglected. As discussed in [7], interruptions are veryfrequent events: in a typical workspace, people areinterrupted over 4 times each hour and the averageduration of an interruption is about 2 minutes.Interruptions in the workspace are significant but notdangerous; in safety critical applications, they maygenerate errors whose cost can be immense.My doctoral research addresses the difficult butimportant problem of modelling task interruptions. Thegoal is twofold: 1) to define a model that makes explicitthe important features of an interruption, and 2) todefine a formal notation that supports the expression ofinterruptions as well as the detection of potentialinteractional difficulties early in the design process.My approach to the problem is the following: 1) assessthe most significant notations for task descriptionsagainst a simple real world exemplar: the publiphone,the French Telecom public phone that uses embeddedchip-cards for maintaining credit. The result of thisanalysis is presented in the first section. Based on thisexperience, 2) develop my own model and notation. Themodel and the principles of the formalism are presentednext. I close the discussion with the perspectives for thelast year of my doctoral research studies.ASSESSING EXISTING NOTATIONSNotations developed for task modelling all stress thehierarchical nature of task decomposition. Very fewsupport the expression of exceptional conditions, theinterleaved execution of tasks, as well as the occurrenceof interruptions. MAD [8] the Knowledge Blocks [3],and UAN [4] do however support some of thesefeatures.Using the publiphone as the driving exemplar, MAD isunable to express the parallel activities of a user talkingto someone while solving the interruption caused by acredit-card turning to empty. Although the KnowledgeBlocks support exception handling (such as the cardgetting empty), it does not permit the expression oftemporal constraints (a new card must be put in the slotrather quickly if one wants to carry on the currentconversation). UAN supports the notion of interruptionand temporal constraints but does not make explicitmany aspects of interruptions such as where to resumean interrupted task. Other formal notations likeLOTOS, or Petri Nets do not alleviate the problem.Clearly, the inadequacies in current task notations comefrom the lack of a model that would provide theappropriate foundations for task interruptions.CURRENT CONTRIBUTIONSo far, I have defined a generic model for interruptions,the ISAU model, and have partly developed a notationbased on the attractive features of UAN [5].The ISAU ModelAs shown in Figure 1, an interruption task is comprisedof three subtasks executed in sequence: two articulatorytasks (the prologue and the epilogue) and theinterruption body.PrologueInterruption bodyEpilogueFigure 1: The sequential structure of aninterruption.Basically, the prologue of an interruption is in charge of1) taking (or ignoring) the signal of the interrupt, 2)selecting a task body among multiple alternatives, 3)while saving the current context of the activity (Figure2). The epilogue is concerned with task resumption(e.g., which task to resume and where). The task bodydenotes the interruption handler per se.An interruption may be produced by the user herself(e.g., autodetection of an error) or may come fromanother agent (e.g., a system component or a human

partner as in computer mediated tasks). In ISAU,external interrupting tasks are modelled explicitly as theexecution of two sequential subtasks: the decision taskand the signal task. The signal task includes theselection of a particular media to convey the signal forattention followed by an optional vigilance task.PrologueTaking signalof interruptSelecting atask bodySave and change context of activity

Figure 2 : Prologue of an interruption. Verticaloverlap of rectangles express temporaloverlapping.Principles of the ISAU notationOne driving principle in HCI is to put the system andthe user on an equal footing of concerns. Unfortunately,most task notations and models do not support thisrequirement properly. UAN, which captures both userinput and system feedback, provides a sound basis toour problem. UAN however, suffers from a lack oftemporal operators for describing interruptions along thelines of the ISAU model. In its current form, the ISAUnotation has extended UAN with four additionalrelations: interruption with interleaving, interruptionwith parallelism, interruption without task resumption,and interruption with resumption at a different pointfrom the occurrence of the interruption.PERSPECTIVESThe expected date of the thesis defense is Fall 1996. Inthe next year, I plan the following activities: improvethe readability of the notation, prove the completenessof the temporal operators (based on Allen�s model oftemporal intervals [1]), implement a test-bed system(i.e., a Data-link system) and assess my model andnotations against this exemplar.The Data-Link SystemUp to now, most communications between pilots andair traffic controllers are based on voice links. In thenear future, the Data-Link will enable pilots andcontrollers to share more symbolic information [6]. Alot of studies have been conducted on the data-linkproblem, but to my knowledge, interruptions have notbeen the focus of attention. A first version of a Data-link system, called FANS-1, is currently available forBoeing¤ 747-400 airliners [2]. But this system isintended for use on cruise only when workload is verylow (i.e., when interruptions are not critical).The Data-link prototype I will develop will implementa scenario using the script language Tcl/Tk. In thisscenario, pilots and controllers will have to negotiate anarrival route, and will be interrupted by alarms comingfrom the Traffic Collision Avoidance System (T-CAS)or from the Ground Proximity Warning System(GPWS).Assessing the model and the notationFormal methods can be used either as a specificationtool for describing the user interface before it isdeveloped, or as an analysis tool to assess properties ofthe system. Building a system from a formal descriptionof the interface enables the designer to predict problems.On the other hand, writing a specification from arunning software enables the evaluator to explainknown problems. With the former method, one canprove that the notation makes the problems salient, andwith the latter one can prove that the notation iscomplete or adequate for the problem at hand.I will use the Data-Link system to assess both thepredictive and explicative power of the ISAU notation:the system will be designed and evaluated predictivelyusing the notation. The system will then beimplemented and tested with real end-users. In the laststep, it will be reverse-engineered and modelled usingthe notation.ACKNOWLEDGEMENTSThe author would like to acknowledge the FrenchDepartment of Defense DGA/DRET for its financialsupport to the project.REFERENCES1.Allen, J.F. Maintaning knowledge about temporalinterval. Communications of the ACM. 26, 11(November 1983), 832-843.2.Boeing. FAA Certifies Boeing FANS-1 NavigationSystem. The Boeing Company, HTML document�http://www.boeing.com/news.release.950620.html�, June 20, 1995.3.Boy, G. Intelligent assistant systems. AcademicPress, 1991.4.Hartson, R.H. and Gray, P.D. Temporal aspects oftasks in the User Action Notation in H u m a n Computer Interaction. Lawrence ErlbaumAssociates, 1992. Vol. 7, pp. 1-45.5.Jambon, F. Interruptions et formalismes de scriptsde t�ches, in Proc. Septi�mes journ�es surl�ing�nierie de l�Interaction Homme-Machine(IHM�95) (Toulouse, France, Octobre, 1995), to bepublished.6.Jambon, F. and Coutaz, J. Contr�le a�rien etliaisons de donn�es : Vers un plus grand partage del�information, in Proc. Cinqui�mes Journ�es surl�Ing�nierie des Interfaces Homme-Machine(IHM�93) (Lyon, France, Octobre, 1993), pp. 109-114.7.O�Conaill, B. and Frohlich, D. Timespace in theworkplace: Dealing with interruptions, in Proc.Human factors in computing systems (CHI�95)(Denver (Colorado), USA, May 7-11, 1995), ACMPress, Conference companion, pp. 262-263.8.Scapin, D.L. and Pierret-Golbreich, C. Towards amethod for task description : MAD in Work wirhdisplay units 89. Elsevier Science Publishers,North-Holland, 1990.