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WorkFlow Systems: a few de�nitions and a few suggestionsyPaulo Barthelmess and Jacques WainerAbstractThis paper hopes to make a contribution on three aspects of work
ow systems: we stressthe fact that there is a broken symetry between the level of the speci�cation of the proceduresand the level of their enactment; we propose some ways of classifying activities and exceptions;and we propose some run-time functionalities to help users deal with exceptions.1 INTRODUCTIONMuch work has been devoted to the study of document 
ow in organizations, yet much remains tobe understood about the nature of activities. The focus on the 
ow (expressed even in the termWork
ow) stems from the origins of present systems, derived from the early O�ce AutomationSystems of the 80's. Questions related to the nature of activities, locus of the e�ective work inthe system, as well as those about the 
ow of responsibilities, temporal concerns and other suchimportant issues are rarely dealt with. The same can be said about exception handling. Somepapers discuss the theme, but hardly any implementation actually supporting exception handlingexists [Saa94]. Yet, an important share of o�ce work can be charged to exception handling chores[SM89, EN93].On the other hand, e�ciency and rapid response are becoming an imperative. In order to surviveorganizations should more than ever be prepared to provide rapid responses to an ever increasingrate of changes, in the most e�cient way. Reengineering introduces drastic changes that alter notonly the 
ow but also the essence of organizational work itself. If new levels of e�ciency are to bereached, it is mandatory that more be known about each of the steps involved in the work
ow. Thisarticle aims at presenting some contributions on the less studied but nonetheless important issuesrelated to the 
ow of work in organizations.This work will �rst propose a few de�nitions, based on the distinction of description and execu-tion level of work
ow management systems (WFMS), and then we will center our analysis on twocomponents of these two levels: the process modeling and the enactment level, and discuss theirrelationship specially under exceptional conditions. An important component of the process mod-eling is the activities that must be carried out during the execution of the process. We will classifyactivities activities according to a few criteria. The next section will propose some concepts relatedto exceptions in o�ce procedures. Like activities, we believe that exceptions are a central aspect ofo�ce work and they need further study. Finally we discuss how a work
ow system can be of helpin dealing with exceptions.yThis work was published at the Proceedings of the ACM Conference on Organizational Computing Systems(COOCS'95), pages 138-147, August 13-16, 1995, Milpitas, CA



2 DESCRIPTION LEVEL and EXECUTION LEVELThe �rst important concept on work
ow management systems (WFMS) is the distinction betweentwo distinct levels: description and execution.The description level deal with describing (or modeling) the important aspects of a work
owsystem, that is, it describes things that determine what the WFMS will do: which procedures willit implement/monitor, what data will it store, which organization is the WFMS a part of, whatuser-interface will it present to its enactment-level users, and so on. The description level is madeup of some components: the PROCESS DESCRIPTION which describes the procedures that thesystem will implement/monitor; the DATA DESCRIPTION which describes the data that will bestored/used/checked by the system; the ORGANIZATIONAL DESCRIPTION which describes thepeople and roles and their relationship in the organization; and the USER-INTERFACE DESCRIP-TION which describes the user interface for users performing the activities and possibly the interfacewith other computational tools.Within the description level, one can distinguish between the procedure and the organizational as-pects of the description, which has a more model-oriented approach, and the data and user-interfaceaspects of the description, which has a more implementation-oriented approach. A description leveluser of a WFMS that is interested in designing or re-designing the business procedures of the orga-nization would deal mainly with the organizational and procedure aspects of the description level,whereas users in the process of installing a WFMS would be dealing mainly with the data and userinterface aspects of the description level. In this paper we will concentrate on these modeling aspectsof the description level, and we will refer to them as the model level.The runtime level deals with the execution of the WFMS. It is further decomposed into twoaspects: ENACTMENT and MANAGEMENT. The enactment aspect deals with the e�ective exe-cution of the activities speci�ed at process description. That involves keeping track of what activities(or instance of activities, as we will call them later) are being performed which documents, and whois performing that activity, providing support for the execution of those activities, and so on. Theenactment-level user of a work
ow system is a o�ce worker that �ll the forms, approve documents,make decisions and so on. The management aspect of the execution level involves privileged access toaudit information about current and past workcases, statistical information about users, processes,activities and so on .
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In this paper we will concentrate on elaborating the process description level and the enactmentlevel, and their relations. The work
ow literature has been mainly on process description, proposinglanguages or methodologies to describe the processes [MWFF92, EN93, SR92, Zis77, Joo94]. Wewill extend a bit that focus by including the enactment component and its relation to the processdescription.2.1 Process DescriptionAt the process description level (or process modeling as we will call it) we de�ne a PROCEDUREas a speci�cation on how a particular business process should be performed: which activities shouldbe performed, by whom, and in what order. Thus an organization may have the customer orderprocedure, which speci�es what is supposed to be done to each customer order; or a purchaseprocedure, which speci�es what steps have to be taken if a member of the organization wants someproduct to be bought from outside sources, and so on.An ACTIVITY is one of the steps in a procedure. It is a set of operations to be performed by aperson �lling a particular ROLE onto some objects (or documents), in order to achieve a particulargoal. Thus, in the customer order procedure, one can talk about the checking the customer's creditactivity, whose goal is to check whether the customer has credit to pay for the purchase ordered. Thisactivity is performed by a person in the role of a credit specialist. The carrying out of the activityis do checking organizational data-bases for past information on this customer, verifying outsidesources, like credit services, for the credit history of the customer, and so on. All this informationmay be placed in the customer's order documents, or it may be placed in temporary documents, andonly the �nal decision on whether to approve the credit or not is placed in the order documents.A procedure has two aspects: its activities and the ordering among them. We will call thisordering the FLOW. The 
ow is interested in specifying what activity will follow another, what canbe done in parallel, and what must be sequentialized, and so on.The focus of the process description literature has been centered mainly in describing the 
ow ofa process: there are many languages to describe the 
ow, for example Information Control Languages[Ell79], Role Interaction Networks [SR92], Action Technologies 
ow language[MWFF92, MM92], and many forms of Petri Net based languages.Another component of the process model is the ACTOR ASSIGNMENT, that is, the speci�cationon how to assign actors to activities. The speci�cation of an activity includes the de�nition of the rolethat can carry out that activity. But the real executing of the activity (at the enactment level), hasto be carried out by people (or actors) �lling that particular role. Thus there must be a speci�cationon how to choose (at the enactment level) an actor to perform that activity. Standard speci�cationsinclude: select one of the actors that can �ll that role at random; distribute the activities to a poolof workers in a round-robin fashion; assigning the activity to the least loaded worker in the pool ofworkers capable of �lling that role, and so on.The user of the model level of a work
ow system is interested in designing o�ce procedures foran organization, and verifying whether the implemented procedures are e�cient. Thus, a model-level user is typically a manager, and he is interested in tools that makes the task of designing andredesigning [Ham90] procedures more e�cient. For example: graphic language to specify procedures,simulation and animation of procedures [EN93], methodologies that guide the design of procedures[MWFF92], statistical data about existing procedures and activities within those procedures, theability to dynamically change a procedure even when there are instances of that procedure still beingprocessed [EK93], and so on. 3



2.2 Enactment levelThe model level of a work
ow deals with modeling the application, the enactment level deals with\running" it. At the model level one de�nes a purchase order procedure, and instances of it arecarried out at the enactment level. We will call an instance of a procedure as a WORKCASE.Workcases can be active, if they are still being carried out, or may be inactive, if they have been allcarried out. Thus the system may have many active and inactive workcases that are instance of thesame procedure.The corresponding concept to activities at the enactment level are INSTANCES OF ACTIVI-TIES. Unless there is the danger of ambiguity, in this paper we will call instances of activities justas activities. The instance(s) of activity that is(are) being carried out in a workcase at the momentare called the active activity(ies).There is no simple correspondent to the 
ow at the enactment level. The 
ow is the speci�cationof the sequence of activities a workcase must or should go through as a whole. But on the enactmentlevel, this temporal dimension is not represented but lived through. Thus the whole of the 
ow of aprocedure should be divided for each workcase, at the enactment level, into three components: thecurrent instances of activities that are active; the activities instances that have already terminated;and the activities that will or should still be done. The �rst component is the STAGE of theworkcase: what activities instances are being performed on the workcase, and by who. The secondcomponent will be called HISTORY of a workcase: which instances of activities it has been through,when those activities started and ended, and who performed them. And the third component, thePRESCRIBED FUTURE STEPS of the workcase.For a workcase, a deviation from the prescribed 
ow will be called a REDIRECTION. Forexample, the 
ow may specify that after receiving a purchase order, the purchase department willinvite bids from suppliers to �ll that order, choose the best bid, place the order, and so on. Butit could happen that in a workcase the suppliers returns the order because some speci�cation isincorrect. Thus this workcase will return to whoever initiated the purchase order to correct thespeci�cations. There was a redirection of this workcase, which deviated from its normal sequence ofactivities.Another example of redirection may not involve repeating some activity but changing the actorassignment of a workcase: a worker calls in sick or leave for vacations and the system reassigns theactivities that had been attributed to that worker to other people in the organization. Redirectionmay also involve delegation of work: a worker asks a colleague to deal with an activity because hemust leave earlier today, or he believes that the colleague is more capable of dealing with that case,or for other reasons.At the enactment level, the system should provide its users (usually an o�ce worker) tools andfunctionalities that will help that user to carry out the activities. Thus, at the enactment level, onewould like the work
ow system to have access the organization's data and knowledge bases; to easilyintegrate other computational tools normally used by the enactment level user in his daily work; toprovide help in case something exceptional or out of the ordinary happens; to help a o�ce workermanage his time and tasks; to help a new worker learn his new duties and how to carry them out,and so on.2.3 Comparison with other worksThe separation between a description level and a execution level for work
ow systems is present inmany works [AK94, EK93, Wor]. But these works take as basic the distinction of modeling andenactment, which we believe is only a component of the basic distinction between description andexecution levels.The idea of other components in the description level, besides the process description is present4



in the description of two implemented work
ow management systems [IBM95, A+94], although theirde�nitions for these other components do not agree totally with ours. Those two documents madeit clear to us that the modeling aspects of the description level (that is, process description andorganization description) does not contain information enough to describe a working system (but[Wor] seems to take a di�erent view in the sense that data and user-interface descriptions can beseen as concerning only applications that are triggered by a work
ow enactment engine). The needfor a static (data) description, a dynamic (process) description and a user interface description inorder to fully specify a work
ow system agrees with the ideas described in [EW94].The de�nitions in this paper in general agree with the ones proposed by the Work
ow Coalition[Wor]. The most relevant di�erence is the fact that the Work
ow Coalition does not de�ne conceptsthat would correspond to our de�nition of 
ow and its correspondent de�nitions at the enactmentlevel. The table below lists the correspondences.Our De�nition Work
ow CoalitionTermProcedure ProcessActivity Process ActivityRole Organizational RoleEnactement-level User Work
ow ParticipantFlow -Workcase Process InstanceInstance of Activity Process Activity InstanceHistory Audit TrailStage -Prescribed Future -Next section will analyze the concept of activities which we believe is a somewhat forgottenaspect of the process modeling.3 ACTIVITIESActivities are the locus of processing work, de�ned at process modeling level and e�ectively per-formed at enactment level. We believe that a more speci�c classi�cation of the types of activitiesis necessary for many reasons. From a description point of view, a speci�cation of the activity (asoppose for example to treating activities as \generic" black boxes as they are treated in some of theprocess description languages) may help users to better understand the procedure being described.More importantly, from the WFMS point of view, knowing the type of activity may allow it toprovide the actors of that activity with better tools do perform that activity. Finally, we will seethat a better understanding of activities themselves will point us to some short comings of currentprocess description languages.There are many dimensions by which one can classify activities. We will discuss some of thesedimensions but we make no claim that the list is exhaustive.3.1 Batch x Workcase-Based ActivitiesWORKCASE-BASED activities are activities that deal exclusively with one workcase. The informa-tion needed to perform the instance of activity is available in that particular workcase (and possibledata-bases and knowledge bases of the organization), and the product of the activity instance isadded to that workcase. Thus �lling a purchase order is typical workcase-based activity: one needto �ll the appropriate �elds for that workcase, and maybe consult organizational data-bases to re-trieve information about cost and code of items. No access to other workcases was necessary, and5



the result of the activity is added to just that workcase.A BATCH activity is an activity that can only be completed if a set of workcases are broughttogether, and the product of the activity is added to a subset of those workcases. A typical batchactivity is ranking, for example ranking candidates for a position. One can only rank the candidatesif all the workcases for each applicant are brought together, and are compared to each other. Aproduct of such activity could be to �ll a �eld in each workcase with the rank the candidate received(1st, 2nd and so on).Another examples of batch activity are some forms of actor scheduling and time scheduling (seebelow). For example, a phone company may have a scheduling activity (both actor and time) thatdetermines what repair activities will be performed by what repairperson and when will those repairsbe made. This assignment must take into consideration that the company wants to optimize thetraveling of the repairpersons, that one repairperson may be more knowledgeable than others ondi�erent kinds of problems, that a repair order should be ful�lled as soon as possible, and so on.Again in this case, all repair orders (or at least a lot of them) must be brought together in order toperform this activity.In general batch activities are either ranking activities (in which the workcases in set are rankedaccording to some preference criteria) or optimization activities (in which some decision about asubset of the workcases is made, and this decision in some way optimizes some cost function).Batch activities cannot be fully described in 
ow languages such as ActionFlow [MWFF92,MM92] or ICN [Ell79]. These 
ow languages are inherently based on workcases, that is, they describethe activities and the ordering of these activities that a workcase must go through. Thus a batchactivity, that deals with more than one workcase at the same time, cannot be fully represented: onlythe \workcase projection" of a batch activity, that is its results in a workcase, can be represented. Inthe �rst example above, the ranking activity would be represented in a ICN as a classify or attributeclassi�cation activity, which describes the e�ect of the ranking in that workcase, but not its details.3.2 Structured x Non-Structured ActivitiesSome activities can not be put under direct supervision of the system. That is the case of activitiesthat involve very elaborate creative work. For example, a service order for a construction companymay involve a \project" activity which is performed by a group of engineers and architects. Thisproject activity, most likely, will not be under supervision of the work
ow system mainly because itis probably unreasonable to decompose it as a subprocedure (with its temporal scheduling of wellde�ned subactivities).Non-structured activities cannot be decomposed into subactivities, because they usually demandvery creative forms of interactions, and one would not like to constrain the activities by prescrib-ing how they should be carried out. But the products of these non-structured activities must beincorporated back into the system, so that the activities that follow the non-structured one can becarried out. In the example above, following activities may include: sending out a bidding proposal,getting the client to approve the project's speci�cations, and so on. Non-structured activities areusually performed by a group of people, working with tools outside the work
ow system.Structured activities, on the other hand, are better understood by the system and by the peoplethat design the procedure itself. They can be achieved by a single person working \within thework
ow system". In fact the standard way of partitioning a procedure into activities is by separatingthe operations that can be done by a single person alone.3.3 Internal x External activitiesSome activities are carried out \outside" the work
ow system. That means that during the executionof these external activities the work
ow system neither provides the tools to carry them out, nor6



is able to monitor the progress being made. The system has to be informed when these activitiesare done since it has no knowledge about them. Furthermore, the documents that are the result ofthe activity may have to be entered (maybe manually) back into the system so that they can beincorporated into the workcase.Example of external activities include, usually, the non-structured activities. But other struc-tured activities may also be external. For example it is possible that the work
ow system is usedonly within subsets of the whole organization (for example, in a few departments) and the activitiesin a procedure that are performed by the other departments are external to the system. The relevantdocuments of the workcase must be printed, handled over to the other departments, and the resultsof those activities may have to be entered back into the system.3.4 Prototypical activitiesOne can also classify an activity as how close it matches some prototypical activities. The list ofprototypical activities below is not complete, but we believe it represent some major classesExternal data gathering Data from external sources is obtained and recorded. The interface forsuch activities are usually implemented as a form whose �elds must be �lled either by theclient (the outside source) or by a o�ce worker that is in contact with the client.Data Processing New information is derived from the external data, classifying it according toorganization's internal criteria. It may involve batch activities like ranking, or workcase-basedactivities like determining whether the data provided is appropriate.Decision A choice between alternatives that involves subjective judgment. The decision woulddetermine which speci�c path of the 
ow will be taken. The interface for a decision activity isusually presented as a set of boxes and the decision maker must check the box that correspondto the outcome of the decision.Authorization Authorization is a weaker form of decision where a person within the organizationassumes responsibility for the state of a workcase. In paper-based work
ows this is usuallydone by signing. On an computer based work
ow, the interface for a authorizing activity ispresented as a two choice boxes: authorize or don't authorize.Waiting Waiting is a degenerated form of activity in which the workcase is waiting for some triggerto proceed for the next activity. In some cases, the waiting precedes a batch activity: theworkcase is waiting for a batch activity to be activated. Wait activity also may occur beforethe synchronization of parallel branches in the 
ow: the workcase is waiting for the activityon the other branch to �nish before it can proceed to the next step.Proxy Activities Proxy activities are a kind of wait activity that represents the work
ow coun-terpart of an external activity. The work
ow system represents the fact that some externalactivity over which it has no control or monitoring capabilities by placing the workcase in aproxy activity.Temporal Scheduling Determines the point in time or at least the ordering in which a set ofactivities will be performed. For example, a procedure may determine that three activities canbe performed in parallel, but at the enactment level, one may have to sequentialize them dueto the lack or resources. The temporal scheduling would determine which sequencializationwill be followed. Temporal scheduling may also be enacted as a batch activity in which manyworkcases are scheduled in such a way as to optimize resource utilization, for example.7



Actor Assignment Actor assignment is the activity of determining who will perform a particularactivity instance. It can be performed by the system using some scheduling algorithm, or it mayinvolve optimization (as a batch activity), or it may involve subjective judgment and complexknowledge. As an example of the later, a consulting company may need a non-structuredactor assignment activity to decide who will take care of a case. That decision may involveworkload, who has experience with that kind of problem, who has experience with that client,who needs to be exposed to new challenges and so on.Knowing what type of activity should be performed will allow a work
ow system to providebetter tools for the actors performing those activities, and specially tolls for the actors to deal withexceptions that may happen during the execution of the activity. For example a common exceptionfor data gathering activities happens when the external source does not have all the informationrequested. A well designed work
ow system should allow for incomplete information to be entered,and allow for the missing information to be entered at a later time.4 EXCEPTIONSAs a working de�nition in this paper we will call EXCEPTIONS the departures of the history ofa workcase from its prescribed (or normal) 
ow. The �rst consequence of this working de�nitionis that exceptions are things that appear at the enactment level, when activity instances are beingexecuted. That does not mean that exceptions cannot be thought about at the model level, andin fact we will propose such approach further on, but one must realize that exceptions are mainlyenactment-level phenomena.We believe that exceptions are important and costly phenomena in an organization. Importantbecause they are common [Ham90, SM89], and costly because they demand a lot of e�ort to be dealtwith.There are very few works that discuss and classify exceptions [Saa94, SM89, SMS94] and eventhose describe exceptions from an organizational point of view, whereas we are interested in excep-tions from a work
ow system point of view: how can a work
ow system be impaired by exceptions,or help in dealing with the many kinds of exceptions that will happen? Below, we discuss somedimensions in which to classify exceptions from a work
ow point of view.4.1 Information x Infrastructure ExceptionsThe �rst important distinction on exceptions is whether the source of the exception is the work
owsystem itself, or the outside reality. There are exceptions that derive from the fact that the WFMSis in some way faulty: a software bug in the system, a problem in the computer network underlyingthe system, workstations o� line, database servers o� line, printer o� line, and so on. All these formsof exceptions would not appear if the organization were not using a WFMS in the �rst place. Wecall them INFRASTRUCTURE exceptions.The other class of exceptions, that we will call INFORMATION exceptions, has no relation withthe work
ow system itself. They refer to the reality, that is, there is something di�erent in thisworkcase that makes it deviate from its prescribed 
ow.The designer of a WFMS must prepare the system to deal with infrastructure exceptions, sincethey will a�ect the system itself. For example, since portions of the network can be unreachable,a well designed WFMS must allow for operations like: storing �lled forms locally until connectionto a central database are restored, printing the electronic forms into paper and accepting the dataentered into these paper forms at a later stage, and so on.8



4.2 Data exceptions x signal exceptionsData exceptions appear when some of the data present in a workcase is incorrect or missing. Forexample, the budget classi�cation of a purchase order was wrongly �lled, or the shipping address ofa customer is missing, and so on. Data exceptions are usually detected in the activity where thatdata is needed and are usually handled by redoing the activity that generated the incorrect data, orthe activity that failed to collect the missing data.Signal exceptions are exceptions that are bought up by external, asynchronous information thatin some way changes the set of conditions about a workcase. For example a customer may cancel anorder that is already being processed. This involves canceling all the prescribed following activities,undoing some activities that can be undone, starting activities that are not part of any procedure, likesuing the customer for the costs, changing activities and attributions in workcases totally unrelatedto this case (for example because of the cancellation, resources that where tied up with this case canbe released to other workcases), and so on.Signal exceptions may cause a lot of changes on the workcases, or they may be easily dealt with,depending on what kind of signal exception is received, and in what stage the workcase is in whenthe exception was received. For example, a customer realized he needs more goods than the numberhe actually ordered, and thus he changes his previous order. If production of this order has notbeen scheduled yet, then accepting the change may only involve redoing the credit checking on thecustomer to be sure that he can pay for the extra goods. On the other hand, if the production hasalready started then dealing with the change in the order may involve rescheduling other orders, orpostponing the production of the extra goods for a later time, and so on.4.3 EHAs { Exception handling actionsExceptions are dealt with with possibly very complex sequence of operations, and ad hoc activities.But in some more standard exceptions (for example the not so crippling infrastructure exceptions,and data exceptions) the exception handling process starts with what we will call as EXCEPTIONHANDLING ACTION, abbreviated as EHAs. EHAs are not the whole of the exception handlingprocess, but are simple operations that are provided by the work
ow system and that initiates theredirection process that would eventually lead to the resolution of the exception.An example of EHA is sending a workcase back to whoever was responsible for �lling a particularpiece of incorrect information. The tt send to responsible EHA redirects the workcase so that apreviously done activity must be redone in order to correct a wrong information in the workcase.We see EHAs as run-time functionalities that are provided by the work
ow system independent ofthe procedures that are currently implemented. The EHAs are activated by enactment-level userswhen they realize that a workcase must deviate from its prescribed 
ow.Since EHA are the primary way in which a enactment level user will start a exception handlingsituation, they should be part of the tools available to enactment-level user. We believe that WFMSthat do not implement any EHA are incapable of dealing with exceptions at all.There are a multitude of EHAs that should be made available in a work
ow system. We can listsome of the most common EHA.� Redo instances of activities that have already been executed. This may happen when incom-plete or incorrect data is detected at a later activity and must therefore be altered. Thisinclude return to sender, return to responsible for data and return to customer EHAs.� Attach an explanation to a document or components of the document. Sometimes enatment-level users must explain the context in which one form or a �eld of form was �lled to otherusers down the 
ow. That transfer of context could explain, for example, the meaning the �rst9



users attribute to some of �elds in the form, or explain why there is some data exception inthis workcase.� Add or change information in the workcase. This may happen when a enactment-level userdetects missing or incorrect data (data exceptions) and correct them himself, without loopingback to previous activities in the workcase. This may happen if the o�ce worker realizes thecorrection of the data can be easily done (a missing shipping address can be discovered byphoning the customer) even though the activity being performed by that o�ce worker maynot have the right to change or add that information.� Skipping over some activities of the 
ow, as may happen when an special urgent case has tobe put through in haste, or when some parts of the organization are unreachable due to aninfrastructure exception.� Reassigning an activity to some other actor. This EHA can be used to reassign the workloadof a worker that called in sick, whose workstation is down, or it can be used by a worker thatrealizes that someone else is more capable to deal with this case and thus asks for help fromthat person.� Infrastructure speci�c EHAs that have been implemented by the designer of the WFMS (if theyare not automatic), like store locally until network is ok, or merge local and global databasesand so on.� Forwarding the workcase to people that have the rights to make broad decisions about them.� Temporarily or permanently dumping the workcase out of the system. This involve printingall documents in the workcase, and for the system's record, start considering the case astemporarily inactive, permanently inactive or even remove all records about the workcasefrom the system. This EHA can be used to deal with some more severe infrastructure andsignal exceptions.5 WORKFLOWS AS EXCEPTION HANDLING TOOLSWe believe that it is very interesting to view work
ow systems as tools that allow people in theorganization to deal with exceptions. Exceptions are not only the rule (in the sense that althougha particular exception is very unlikely, the probability of having an exception of any kind may bereally high [Ham90, SM89]), but dealing with them is a task for what people in the organizationcould use some help.To be able to help the actors dealing with exceptions, a WFMS should be conceived with thatin mind, by providing tools, ideas, concepts, methodologies and so on, both at the enactment leveland at the model level. We will discuss how to deal with data exceptions at the enactment-level andwith signal exceptions at the model level.5.1 Exception handling support at the enactment levelException handling at the enactment level involves two steps: detection of the exception, andhandling of the exception [SM89]. For data exceptions, detections means the realization that somepiece of data in the workcase is incorrect or missing, usually during the execution of an activity thatneed the data. A WFMS can help the user to detect data exceptions by, for example, bringing theuser's attention to data that signi�cantly deviate from stored examples, historical means, and so on.10



Once the exception has been detected, it has to be dealt with. As we mentioned above, dealingwith an exception begins with a the user performing an EHAs: obtaining and entering the missingdata, or sending the workcase back to whoever was responsible for the wrong data, forwarding theworkcase to whoever has the right to authorize the further processing of the workcase in the absenceof the missing data, or any other of the many EHA discussed above. Thus providing the enactment-level user with as many EHAs as possible seems to be a good way of empowering them to deal withexceptions.Another way a WFMS can help the handling of exceptions, is through its knowledge of the activ-ities being performed. Certain types of exceptions are more common to certain types of activities.By knowing this, a WFMS can provide its enactment-level users with �ne tuned EHA for particularclasses of activities. For example, a common exception in external data gathering activities is incom-plete information. A system should allow for incomplete information to be entered, and should alsoforecast that either a corresponding signal exception will occur (the customer will call to providethe missing information) or a data exception will happen (when the missing information becomesneeded).Data processing activities are a potential source of data exceptions: the workers may not know allthe rules for generating new data, the meaning of the rules may change across di�erent departmentsin the organization [Gal77], and so on. So it is important that a WFMS remembers who producedwhich information within a data processing activity, since some of the information may be incorrectand a further contact with whoever generated them will probably be necessary to correct them. Bykeeping track of who did what, the system would allow a worker further down the line to perform areturn to responsible EHA.External activities, since they are outside the control of the system, are a source of exceptionsboth data and signal: the system has no way of checking the consistency of the data generatedwithin the external activity; nor it can forecast problems that will appear. Thus, internal activitiesthat represent these external activities (proxy activities) and internal activities that follow exter-nal activities must be carefully conceived to deal with both data exceptions and signal exceptionsgenerated during the execution of the external activity.5.2 Exception handling at the model levelException handling at the model level amounts to planning on how to deal with expected signalexceptions. We believe that there are exceptions that can be expected to happen, and at the modellevel one can specify how to deal with those expected exceptions. There are signal exceptions thatare very common, and as a matter of methodology, the designer of the organization's proceduresshould include dealing with them when designing the procedures.Common signal exceptions are: inquire (what is the stage of a workcase); change data (some ofthe data provided by the initiator of the workcase has changed); urgency (the initiator wants theworkcase to be processed with urgency); and cancellation (the initiator wants to cancel the requestunderlying the workcase).In order to plan for signal exceptions at the model language, the procedure description languagemust be expressive enough for the model-level user to specify the e�ects of the exception at eachstage of the process. We believe this is a major de�ciency in most current procedure descriptionlanguages. These languages are only expressive enough to describe the \normal" 
ow of a procedure,and provides no support to represent external events.Dealing with signal exceptions at the model level is both a question of providing the necessarylanguage tools so the model-users can express how those exceptions should be handled, and a questionof providing the model-level users with a methodology that guides them into thinking about thesekinds of exceptions. For example, the Action Technology work
ow language [MWFF92, MM92]forces model-level users to think about what has to be done when a task is not accepted as completed11



by whoever asked for it, since satisfaction is one of the steps the language requires to be speci�edin describing a procedure or subprocedure. This kind of forcing the model user to think aboutexceptions should be extended to other kinds of predictable signal exceptions like the ones describedabove.5.3 Exception handling when designing a work
ow systemFinally there are exceptions should be dealt with by the designer of the WFMS itself: the infras-tructure exceptions. The designer of a WFMS must prepare the system to deal with infrastructureexceptions since they are potentially very common ([SMS94] lists technical malfunction, which in-cludes infrastructure, as the most common exception in that survey).6 CONCLUSIONS and FUTURE DIRECTIONSThis paper tried to proposes some distinctions and de�nition about concepts related to work
owmanagement systems. It expanded the model/enactment distinction into a description/executiondistinction. The description level includes the following components: process, data, organizationand user-interface description; and the execution level includes an enactment and a managementcomponent. The relation between the process modeling level and the enactment level was described:the two levels are somewhat symmetric but the presence of exceptions may force a workcase todeviate from the 
ow prescribed in the process description level. Furthermore, exactly because theenactment level user will have to deal with the exceptions, the system must provide her with extrafunctionalities that was called Exception Handling Activities (EHAs). These EHAs in some waytransfer some amount of control of the workcase from the system to the user, and thus a WFMSshould provide its enactment level users with a variety of EHAs, in the hope that one particularEHA would be exactly appropriate to deal with an exception.One of the important components of the process description level is the activities. Process descrip-tion languages have concentrated in describing mainly the 
ow of a procedure, and the descriptionof the activities themselves has been less emphasized. This work attempted to describe activitiesaccording to many dimensions. A particularly important one are the batch versus workcase-basedactivities; we are not aware of any procedure description language that fully addresses the problemsof having a batch activity in the 
ow.Finally this paper also attempted to classify exceptions according to many dimensions. We hopethat a better understanding of the nature of the exception and the nature of the activity in which itoccurs would allow a designer of a WFMS to provide an EHA that would more appropriately dealwith that situation.There are many aspects in which this work is being extended. On of them is the developmentof a augmented procedure description language. Some of the 
ow languages available nowadays areinadequate to de�ne the complexities of o�ce procedures. These languages present three problems:they are unable to represent asynchronous events, they cannot fully represent batch activities, andthey do not specify the types of activities present in the 
ow. The inability to represent asynchronousevents (or signals) limits how much exception planning can be done at the description level: if onecannot represent a cancellation signal from the customer, how can one represent what should bedone when that signal arrives in di�erent stages of the procedure. We are currently developing aprocedure description language combining the concept of triggers [Joo94] and state charts [Har88]that would allow representing the prescribed treatment of some signal exceptions.Another direction of future research is the elaboration of the relationship of the other componentsof the description level and the enactment level. Intuition would suggest that data exceptions (inparticular missing data) are the manifestation of a broken symmetry between the data model and12



the enactment level: the data model describes what the data should be, but at the enactment levelit may not be possible to satisfy those requirements. Furthermore, that seems to be possible toclassify some EHAs as procedure-centered, those that cause a redirection of a workcase like redo anactivity, or send workcase to other user; and data-centered, those EHA that changes data but donot cause redirection like add data to the workcase or attach comment to workcase.Finally there is the need to further elaborate the two other components of the description model:the organization model and the interface model.6.1 AcknowledgmentsThe second author would like to thank Clarence Ellis and the Coordination Technology ResearchGroup at the University of Colorado at Boulder for discussions on many topics developed in thispaper. All errors and omissions are sole responsibility of the authors.References[A+94] M. Ader et al. WooRKS, an object oriented work
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ections on Using Statecharts to Capture Human-Computer InterfaceBehaviour, F�abio Nogueira de Lucena e Hans Liesenberg93-21 Applications of Finite Automata in Debugging Natural Language Vocabu-laries, Tomasz Kowaltowski, Cl�audio Leonardo Lucchesi e Jorge Stol�93-22 Minimization of Binary Automata, Tomasz Kowaltowski, Cl�audio Leonardo Luc-chesi e Jorge Stol�93-23 Rethinking the dna Fragment Assembly Problem, Jo~ao Meidanis93-24 EGOLib | Uma Biblioteca Orientada a Objetos Gr�a�cos, Eduardo AguiarPatroc��nio, Pedro Jussieu de Rezende93-25 Compreens~ao de Algoritmos atrav�es de Ambientes Dedicados a Anima�c~ao,Rackel Valadares Amorim, Pedro Jussieu de Rezende93-26 GeoLab: An Environment for Development of Algorithms in ComputationalGeometry, Pedro Jussieu de Rezende, Welson R. Jacometti93-27 A Uni�ed Characterization of Chordal, Interval, Indi�erence and OtherClasses of Graphs, Jo~ao Meidanis93-28 Programming Dialogue Control of User Interfaces Using Statecharts, F�abioNogueira de Lucena e Hans Liesenberg93-29 EGOLib { Manual de Referência, Eduardo Aguiar Patroc��nio e Pedro Jussieu deRezende
17
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