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Abstract. This paper addresses the need for supporting the designing of user interfaces for workflow management systems. Based on the already existing task and domain models, an approach is proposed to design a workflow model that explicitly articulates its new concepts with respect to the concepts belonging to the task and the domain, but with some extensions. The specifications of the workflow user interface are then stored in a model repository where all user interface aspects are expressed in a uniform XML-compliant user interface description language. From these specifications, the user interface of the workflow could be generated in HTML based on identified design patterns, along with the dialog expressed in SCXML, a W3C standard for expressing State Charts. A real-world case study is presented to exemplify this process. 

Keywords: Workflow modeling, User Interface, process model, task model, workflow model.

1   Introduction

Several research have addressed the control of flow of work in organizations, general systems design including Petri Nets [17], Statecharts Diagrams [24] and UML Activity Diagrams [1]. All these methods involved in some way the task or goal concept. However none of these methods clearly specify the boundaries between process models and task models, the relationships between this models and the syntax required to differentiate them. In addition, workflow modeling generally is used to show “as the organization is” and then propose some changes to see the impact of “how it should be”, normally by introducing Information Systems (IS) to automate business processes. In the next section we introduce some examples of some approaches that try to automatically generate the user interface from a workflow model or connect a workflow model to a user interface [24]. However, sometimes these methods misunderstood the use of flow or data models and called them workflow, or sometimes they describe the UI flow [10] using a workflow notations. When workflow model are used to generate the User Interface, the end user target should be both the internal and external users. The external end user perspective (user outside the organization) is, for instance, a patient who wants to set an appointment through the web site of his clinic. On the other hand, the internal perspective, users within the organization, considers, for instance, a doctor and his agenda.  
In this paper we propose a method that opposed to state-centered approaches [24], with static related user interfaces; our proposal is oriented to generate the user interface of a workflow information system from its specifications and the different constructs that link the tasks and the users together. Our work is inspired by workflow resource patterns by Russell [15].A second goal is set the boundaries between the process and task modeling to use the complementarily property of each specification.
2   Related Work
Organizations perform work to achieve their business goals and for this purpose, they constantly search better ways to achieve these goals. The introduction of Workflow Management Systems (WfMS) in organizations has emerged as a major advantage to plan, control, and organize organization’s business processes. Interest in workflow systems has grown dramatically over the last years. WfMS research includes notations [2], [17], [24], description languages [18], [21], supporting tools [3], [16] and workflow patterns [4], [15], [19]. Regarding the supporting tools, the Progression Model [16] includes some of the managing concepts of workflow to increase the flexibility in Information System (IS), as it makes explicitly the steps and transactions that users undertake when using IS. While the user progresses towards accomplishing a task or goal, the progression model infrastructure records each step and the state of the transaction and workflow. Similarly, Microsoft Windows Workflow Foundation (WWF) [3], an extensible framework for developing workflow solutions on the Windows platform, provides a single, unified model to create end-to-end solutions that span categories of applications, including human workflow and system workflow. It supports two fundamental workflow styles: sequential workflow and state machine workflow. 
The purpose of each tool varies accordingly to the goals organizations expect to cover. We have identified that modeling workflow systems involves not just the workflow, but also models of the tasks and the different types of User Interfaces (UIs) required. Currently, some efforts are focused on the generation of the user interface that corresponds to a workflow system. Several are the examples, for instance, the Flexo Engine (www.denali.be), a WfMS based on Petri Nets; formalizes processes descriptions that are further interpreted to generate the corresponding UI. 
When the UI generation problem is addressed, then another model should be considered; user’s task model. Task models play an important role because they indicate the logical activities that an application should support to reach user’ goals. In the literature, there are several definitions for task models. Task modeling is “the activity of transforming raw task and user related data or envisioning ideas into structured pieces of task knowledge” [24]. Some software tools dedicated to task modeling are: the CCT Environment (CTTE) [13], TaskArchitect (www.taskarchitect.com), Tamot [7], IdealXML [12] and GLEAN, developed at the University of Michigan as a tool for building generative GOMS models [9]. Each tool models the task and concepts (T&C) specifications using different notations. More than this, few goes to a step further by generating an abstract user interface (AUI) from a task model.  
3 Conceptual Modeling of Workflow
3.1   Conceptual Model
The workflow model consists of a number of processes and tasks which are connected between them using operators and relationships (Figure 1). Workflows are described with a name. Also each process and task is represented inside a model. In addition, we propose to have a representation of some organizational components that are involved with the execution of work. Simple processes belong to the process model, which represents the relationships between the different processes that are involved in a workflow. A process consists of a number of related tasks and a set of relationships between them. The definition of a process indicates the ordering of tasks in time, space, and resources. 
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Figure 1 Conceptual view of the Workflow Model
The process model (see Figure 1) is composed of: targetProcess, designates one or several target(s) of a relationship whose it is part of, sourceProcess, designates one or several source(s) of a relationship whose is part of a processOperator, which are operators that indicate the different ways in which the processes could be execute. 
We rely in [19] process operators, defined as follows: sequential indicates that a number of processes are performed one after the other; synchronization is used when multiple parallel processes converge into one single thread of control; parallelSplit indicates that two or more process can be executed in parallel, thus allowing processes to be executed simultaneously or in any order; exclusiveChoice indicates that one of several branches is chosen, simpleMerge indicates that two or more alternatives branches come together without synchronization; multiChoice is used when any of two processes is chosen. However it is also possible that both need to be executed. On the other hand, for the task modelling an extended version of CTT [13] has been selected to represent tasks with their logical and temporal order. Task models describe end users’ view of interactive tasks while interacting with the system. A task model represents a decomposition of tasks into sub-tasks linked with task relationships. Target relationships designate one or several target(s) of a relationship. Source relationships designate one or several source(s) of a relationship. Task is the basic structure that composes the task model. Tasks are activities that have to be performed to reach a goal. Task relationships are relationships involving several occurrences of different (or the same in some cases) tasks. Task relationships may be of two types: decomposition (enable to represent a hierarchical structure of the task tree) or temporal relationship, which represent a specification of temporal relationships between tasks. Two groups of temporal relationships are identified: binary and unary relationships. The Unary Relationships are: Optional, Finite Iteration and iteration. The Binary Relationships are: Enabling, Disabling, Suspend Resume, Order Independence, Concurrency with Information Passing, Independent Concurrency, Enabling with Information Passing, Deterministic Choice, Undeterministic Choice. We add three new task relationships: Cooperation relationships specify the relationship of cooperation between two or more tasks. Inclusive Choice relationships specify two tasks that: both could be executed or just one of them or neither of them. Disabling with Information Passing relationships occur if one task is completely interrupted by another task; and the information produced in the first task is used as an input for the second task. 
Based on the set of pre-defined relationships of UsiXML [10], that allows a mapping of elements from heterogeneous models and viewpoints. Several relationships can be defined to explicit the relationships between the domain model and the UI models (both abstract and concrete, see section [10] for more details of those models). We extend the current UsiXML mappings by adding the mappings Is Grated On grates a task on another one, Is Defined By, refers to a task defined by a userStereotype, Is Allocated To correspond to a task that is assigned to a taskResource, this mapping is an adaptation of [15].
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Figure 2 Conceptual view of the Mapping Model
We define several allocation relationships for this assignment: Assignment, Distribution, Allocation Principles, Managing, Deviation, Auto-start, Visibility, Multiple resources. In this paper, we consider the Is Delegated to pattern (shown as a hexahedron in Figure 3). A userStereotype who is assigned to a task delegates it to another userStereotype. We define several delegation relationships for this assignment: (1) Delegation type describes the type of delegation; it could be by negotiation, by assignment or by tender.  (2) Is Negotiable On Deadline indicates the situation when a task is negotiable on the time limit for its execution. (3) Is Negotiable By Contract indicates the existence of a contract, during the negotiation of a task, that has conditions to execute a task. (4) Date corresponds to the date in which the delegation was done. (5) Delegation Comments correspond to extra information, for instance, some observation about the task to be delegated.
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Figure 3 IsDelegated to workflow pattern
Finally we propose an organization framework that is composed of: organizational Unit, which is a formal group of people working together with one or more shared goals or objectives. It could be composed of other organizational units; taskResource, an entity that is directly or indirectly involved in carrying out the work, even that we identify three task resources: materials, non material and user stereotype, in this paper we just refer to this last type that represents the set of users sharing the same values.
3.2   Conception Criteria
When modeling the workflow and user task, there is a need to clearly specify, when and where each model starts and finishes, the boundaries of each model. By definition they are correlated but even that many works have addressed the modeling of workflow or tasks in organizations, none of these methods clearly specify the boundaries between these models, the different relationships between these models and the syntax required differentiating them. In this section, we present a reduced version of our workflow model [4], see Figure 1. Then we propose a set of parameters to identify (Table 1) the different building blocks of the workflow, process, and task, so as to specify the life cycle of each component and its graphical notation. 

Table 1 Identification criteria
	
	Time
	Place
	Resource
	Type
	Social substrate (Mandviwalla)

	Workflow
	-
	Different places but within the same organization
	Same or different groups of resources
	-
	Within the same organization (configuration 5)

	Process
	Series of time periods
	-
	Same group of resources
	Primary (production), secondary (support), or tertiary (managerial)
	Within groups, group as a whole, or among groups (configurations 2,3,4)

	Task
	Same time period
	Same place
	One or two types of resources
	User, interactive, system,  abstract, or  machine task
	Individual (configuration 1)


A workflow model it is associated to the operational and/or administrative objectives of organization. Is defined within the same organization, the work is developed within organization and it is associated to the automation of a business process. On the other hand a process refers to the use of the same group of resources in a continuous period of time, with a specific ordering of tasks. The work is developed within groups, among groups or by a group as a whole, is not further divided into sub-processes. In addition a process can be: primary (production), secondary (support), or tertiary (managerial). Finally a task is performed in same place, by the same type of resource, in the same period of time. The work is developed by one resource (individual) that it could be user, interactive, system or abstract task. Based on the organizational model, we can add a machine task (develop by any mechanical or electrical device that transmits or modifies energy to perform or assist in the performance of tasks. Ex.: fax, robot.). 

The Starting Criteria of each model represents the event that triggers the execution of each component. The workflow requires an initial analysis which identifies the various processes, rules and associated control data, defining an initial phase, specific ordering of tasks.  The process starts when an input (time, human or message) triggers the execution of the process. The Task is defined and created. The stopping criteria, i.e., when the component is assumed finished. A final evaluation during which the execution of processes is analyzed from a perspective based on the executions protocols/rules. The workflow arrive to a terminate phase or abort phase. The process, based on the process life cycle, when the process is completed, aborted or terminated an output can be sent indicating that the process terminates its execution. Finally the task for horizontal stopping, a task is finished, canceled or fail, on the other hand for vertical stopping; action (is considered as the atomic leaf of the task model and cannot be further decomposed), no device action: the task is computing independent.
3.3 Graphical Notation and Correlation with the Workflow Model

The building blocks of a workflow model are the processes. To describe this process we decide to use the Petri nets notation [17] and rely on the graphical description proposed in [19] with some variations. We use three types of connecting patterns to split or merge processes, parallel (AND), choice (XOR) or multiple choice (OR). See Figure 4.
Our workflow diagram is composed of organizational units (big gray rectangle in Figure 5), where the process takes place and resources are assigned to each process. Also we draw this hexahedron shape around a process to depict that a pattern is associated to the process. In particular we consider in our workflow model, that we called FlowiXML [4], the workflow patterns specified in [15], [19]. In this specific example, extracted from our case study (see Section 5), we define the consult patient process can be delegated by the doctor, to another one, in particular when a practicing doctor takes care of something that they can not handle.

4 A Method to Generate the User Interface of a Workflow Model

The method proposed expands the current description of UsiXML (Figure 6) and introduces a higher level of description, which is the workflow model, introduced in section 3. Multi-path UI development [9] is based on the Cameleon Reference Framework [1], which defines UI development steps for multi-context interactive applications. 
We used the User Interface Description Language (UIDL) UsiXML [10] (User Interface eXtensible Markup Language – http://www.usixml.org) throughout the development life cycle. This UIDL is characterized by the following principles: 1) Expressiveness of UI: any UI is expressed depending on the context of use thanks to a suite of models that are analyzable, editable, and manipulable by a software agent; 2) Central storage of models: each model is stored in a model repository where all UI models are expressed similarly; 3) Transformational approach: each model stored in the model repository may be subject to one or many transformations supporting various development steps. Each transformation is itself specified thanks to UsiXML.
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 Figure 4 Graphical representation of the split and merge process
Contrarily to other frequently used UIDLs, e.g., UIML (http://www.uiml.org) and XISL [7] for multi-platform, multimodal UIs, UsiXML enables the specification of all models and the transformations between until a final UI is obtained. UsiXML is able to specify various UIs. For this purpose, UsiXML is structured according to four basic levels of abstractions defined by the Cameleon reference framework. 
The current models that composed UsiXML specification are: 1) Task Model extension of CTT has been selected to represent user’s tasks along with their logical and temporal ordering; 2) Domain Model. The domain model concepts are classes, attributes, methods, objects and domain relationships; 3) Abstract User Interface Model (AUI). Is a user interface model that represents a canonical expression of the rendering and manipulation of the domain concepts and functions in a way that is as independent as possible from modalities and computing platform specificities; 4) Concrete User Interface Model (CUI), a UI model allowing a specification of an appearance and behaviour of a UI with elements that can be perceived by users; 5) Context Model, a model describing the three aspects of a context of use in which an end user is carrying out an interactive task with a specific computing platform in a given surrounding environment; 6) Inter-Model Relationships (i.e. mapping model), model integration is a well-known issue in transformation driven development of UI; 7) Final User Interface (FUI) that Corresponds to the code generation for common languages such as: java, flash, html or even for Three-dimensional UIs [4]. 
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Figure 5 Workflow diagram
This extension is depicted in Figure 7, the method starts from the specification of a workflow model, based in workflow patterns. The result of such specification has two related results, on the one hand the UI required to handle the workflow, i.e. the agenda, tasks operations, such as delegation, jobs assignation.  On the other hand the UIs of each workflow task can be described using the extended version of the task model and then it can be transformed into its correspondent UI, using the UsiXML current approach. 

We expect to transform our workflow model into User Interfaces for internal and external purposes. For internal purposes means that inside the organization, from the manager to the worker, the UIs required to handle the workflow. In the next section we show some of those UIs that we proposed for some of the identified workflow patterns.

The handling of the external purpose is considered partially from our current proposal. By external generation of UIs we mean both communication between organizational units and end users outside the organizational definition. The second one is not currently consider in the UIs. Even so, our idea is to provide external users the capability to, at least, trace the status of an item inside the workflow net. 
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Figure 6 UsiXML extension to workflow
5 Case Study: Medical Services- The Medical Certificate Process
The case study that we proposed corresponds to non-automated workflow of a clinic. We called this problem managing of medical services but we particularly considered the medical certificate process to illustrate our method, the remaining processes could be done by analogy. The method is decomposed as follows:

Where and who? The process starts by describing the organizational model, resources organizational units. 

What? We consider how the processes are carried out, the task that composed them and their inter-relationships. 

How? Each task then is decomposed in subtasks and a task model is generated for each resource associated to the specific task.   
5.1
Definition of Organizational Units and Resources 

The clinic tat we studied is similar to any common clinic around the world. Notice that more organizational units could be added. In the current model each organizational units have their different timetable, for instance, the timetable for attending patients: in the laboratory and the x-ray they start at 7h and finish at 9h, the rest of the clinic timetable is from 7 to 14 h. In some cases, especially when there is a lot of people (during school registration periods), the patients have to go in different days to complete the whole process. Especially the results delivery is not done the same day. There is no automatic coordination at all through the different organizational units of the clinic.
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Figure 7 FlowiXML method outline
The external users (patients) are currently uncommunicated; the services offered by the clinic are not exposed in any web site, so as the status of the medical service. There are nine organizational units, with several resources stereotypes, described in Figure 8. The figures on the screenshot represent the number of user stereotypes available on each unit. 
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Figure 8 Resources Definition
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Figure 9 Workflow Model
5.2
Definition of Task, Processes and Inter-relationships 

The clinic provides services in: medical certificate, medical consultation and vaccines. The global view of the clinic workflow is shown in Figure 9. For the medical consult the patient should arrive between 7 and 10h to receive a ticket, there is a limited number of tickets. Just people with ticket are allowed to ask for any of the clinic services. Once in the reception office, patients ask for the corresponding service they want, the patient specify the medical consult required, pays for it and receives the tickets indicating the number of the assigned doctor so as their office. Then; the patient waits in the attending area until the doctor calls him. Once called; the patient explains their problem to the doctor, who examine if needed, generates the medical record (if there is not an existing one) or updates the existing one. The doctor elaborates the recipe, if required, and bring it to the patient. 

For the vaccines the patient arrives directly to vaccinate area, as the vaccines are free of charge. The patient has to make the queue, once his turn arrives, the nurse asks him to the kind of vaccine s/he needs, if s/he has any allergy to any drug, then the nurse apply the vaccine. Also there are age constraints. When the vaccine is for a baby, it is necessary to present the vaccine record in order to control the vaccines of the child. After applying the vaccine the nurse writes the name of the patient and the vaccine applied, for the vaccines inventory. The Medical certificate is explained with more detail in the next section. 

5.3
Medical Certificate Process 
To illustrate how from this workflow specification we could derive a FUI we will use the process (get medical certificate) carried out in different organizational units and composed of several task, different resources involved and a delegation pattern. For the medical certificate the patient should arrive between 7 and 8 am to receive a ticket to be accepted then stay in the queue to pass to the reception office.  

The first tasks to perform decide service is depicted in the task tree in Figure 11, there they ask for the corresponding service that they want, is this case the patient ask for a medical certificate, which could be: scholar, prenuptial, health, and worker certificate. Depending on the type of the required certificate the patient pays the cost. Once in the reception area the patient provides its personal data and the secretary types the type of tests to be performed and gives the patient the corresponding ticket of each area in the clinic for the different tests. 
In the task model we put a square around two tasks, trying to show how the transition between UIs is done. UsiXML method to generate UIs from task models has been discussed in [17], [4]. The general idea is that by applying transformation rules to the models it is possible to go from one model to another, following a model-driven engineering. The UsiXML task model code is shown below. We highlight the code related to the transitions between the different windows. On the task model we consider a user action and a task item attributes that in this specific case refers to a go + container. Using these values we identify which task refers to trigger buttons, and in this case a container will be opened.    
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Figure 10 Medical certificate process
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Figure 11 Task tree for the decide service task
<taskmodel>

<!--Task-->


<task id="st0task0" name="Subscribe medical certificate" type="interaction">


<task id="st0task1" name="Subscribe information" type="interaction">



<task id="st0task3" name="Subscribe personal information" type="interaction">




….



</task>




<task id="st0task10" name="Clean information" type="interaction"/>


    </task>


<task id="st0task11" name="Accept information" type="interaction" userAction="go" 


         taskItem="container"/>


<task id="st0task12" name="Generate forms" type="interaction">


</task>

</task>
The task model is transformed into an abstract user interface. The basic rule applied is that leafs of the tree corresponds to abstract interaction objects (AIO); otherwise they are abstract containers (AC), which contain the objects children to the container node. In Figure 12 we show the result of such transformation. We also highlight the two components, the accept information task is transformed then into an AIO and the container generate forms into an AC, with the same name. 
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Figure 12 Abstract User Interface
The UsiXML code corresponding to the AUI bellows shows how at this level of specification, the AIC is assigned to the navigation facet, this indicating that a transition between windows must be performed. 
<auimodel>

<abstractContainer id="idaio00" name="Subscribe medical certificate">


<abstractIndividualComponent id="idaio011" name="Accept information">



<navigation id="idaio018" name="idaio018"/>


</abstractIndividualComponent>



………….

</abstractContainer>
</auimodel>
As a consequence the FUI, shown in Figure 13, corresponds to this excerpt from the task model that we illustrate. The remaining items of each user interface corresponds to the remaining components of the leafs of the task model and the AIC of the abstract model. 
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Figure 13 Final user interface
5.4
Tool Support 
The drawings corresponding to the workflow model were using yEd - Java™ Graph Editor (www.yworks.com), a software tool to draw graphs that allows the personalization of the graphical representation, as shown in this paper. The task model and the abstract user interface were built using IdealXML [12]. The Final user interfaces were obtained using the graphical editor GraphiXML (www.usixml.org) and then java code is generated. Our future goal is to extend AToms software (www.immedia.be) that transforms Statechart-based workflows into user interfaces. We are working on extending this software tool by adding our models and the notation and use their experience on the generation automatically user interface from workflow specifications.
6 Conclusion

This paper has addressed the need for developing a UI corresponding to a workflow model that is explicitly based on the organisation. For this purpose, a conceptual modelling approach has been adopted that integrates: tasks, domain, process, workflow, job definition, organizational structure, and resources. These concepts along with their attributes have been integrated in the syntax of UsiXML. A real-world case study has been reported and summarized. We, also express how the workflow description could be attached to the user interface by integrating it from the user interface design of individual applications. In the future, an extension to the Atoms software is expected, so as cover the different communication channels within the organisation, such as the to-do list and the agenda.
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