CHAPTER 5

FUNCTIONS AND ARCHITECTURE 

OF WORKFLOW SYSTEMS

1. Requirements for Information Systems:

· IS should have the structure of business processes clearly reflected in them

· IS should be set up in such a way that the structure of the business processes can be modified easily

· Performance of the business process can be tracked down; performance of the business process should be easy to measure

· The allocation of work to people is also very important

Traditionally business processes are hidden in IS (example of PeopleSoft package), process management is typically not separated from the application software.

Process may be therefore incorrect or incomplete.
Splitting (separation) IS into two subsystems allows achieving the above requirements (Fig. 1):

· Management (logistical completion of cases) of the business process – management may only consult the case attributes in order to make routing decisions

· Execution of tasks in a specific business process – changing the case attributes is part of execution

Why separation of management from execution is good?

· Achieves uniform management functionality and it isolates from the rest of the system

· Applications do not require any management functionality, and therefore are simpler

· The management layer makes possible to integrate wide-ranging applications, including legacy systems

· At the management level, the business process is identifiable and the state of a particular case within it is easy to establish

· Process management functionality should be widely applicable rather than intended for specific application

2. A Reference Model:

· Workflow management has many ‘faces’

· WfMC decided to establish standards through Workflow Reference Model – i.e. general description of the architecture of WFM system
· Fig. 5.2 Workflow Reference Model has five interfaces:
· Interface #1: Process Definition Tools

· Interface #2: Workflow Client Applications

· Interface #3: Invoked Applications

· Interface #4: Other Workflow Enactment Services
· Interface #5: Administration and Monitoring Tools

· Parts of Workflow Reference Model:

· workflow enactment service – it pumps cases through the organization; tasks have to be executed in right order by the right people; typically composed of several workflow engines; workflow engine provides facilities for logical completion of cases; workflow engine does: creates a case, routing cases, managing case attributes, submitting work items to correct resources, manages and handles triggers, starts up applications as needed, recording historical data, providing a summary of the workflow, monitoring the consistency of the workflow

· process definition tools – to define process definitions and to provide resource classifications
· workflow client applications – offer work items to the employees; employees have access to cases through worklist which forms part of the workflow client applications and a link between the work and the employee; 
· standard worklist handler is a facility to handle worklist for small organization with little of customization (generic facilities for most of organizations)
· integrated worklist handler -  contains standard facilities (as above) and supporting facilities specific for the large organization (for instance security and quality assurance; facilities for batch and chained processing – switching between worklist handler and other applications)
· invoked applications – all applications that can be invoked within workflow system (interactive application – it is initiated as a result of the selection of the work item from the worklist vs. fully automatic applications – it is started independently of user will; it computes something useful – for instance insurance premium or remaining balance)
· other workflow enactment services – WFMS may contain several workflow engines; they belong to the same workflow domain
· administration and monitoring tools – workflow tracking, case control, staff management, recording and reporting:
a) operational management tool – covers all operations pertaining to the management of the workflow (i.e. does not allow to change a business process); examples of functionalities: addition or removal of staff, input/revision of an employee’s detail; case-related operational management functions are also required: inspection of a logistical state of the case, manipulation of the logistical state of the case due to problems in system faults or operational bottlenecks 

b) recording and reporting tool – performance indicators are the most typical examples: average completion time for a case, average waiting and processing time, percentage of cases completed within fixed standard period, average level of resource utilization (how to compute utilization for resources modeled by PNs); variances of these parameters may be also of interest; data mining, data warehousing, OLAP (on-line analytical processing)
Relationships between tools are shown in Fig. 5.4 (more detailed version of Fig.5.2)

· roles of people involved – 

Four types of WFMS users (Fig. 5.5):

1. The Workflow Designer – uses process definition tools; works on the structure of the workflow
2. The Administrator – uses the operational management tool (adding employees, issuing and withdrawing authorizations, monitoring workflows)
3. The Process Analyst – uses the reporting and recording tools to inform management about performance of the workflows
4. The Employee – the execution of work is carried out by employees – the resources; users are directed by a manager; database designers/programmers and application designers/programmers are also involved in a structuring of a workflow.
Storage and Exchange of Data:

1. Data in a Workflow system:

a) process definitions – definitions of processes and tasks (name, description, routing, tasks, and conditions for each process)
b) resource classification – structuring of various resources, list of resource classes (roles or organizational units), 
c) analysis data – results of any analysis performed on available data, results of simulations run
d) operational management data – data important for administrator of the workflow system (such as technical configuration of the system)
e) historical data – the data that are stored in order to be able to retrace the progress of individual case, trace of the cause of a problem, or assess the performance of the business process
f) application data – can be accessed by an application but not by a WFMS; two types of data belong here: case data and master data (general information about customers and suppliers)
g) internal data – data maintained by the workflow but not directly related to workflow (info about active worklists, the state of each engine, network addresses)  

h) logistical management data – the state of each workflow is embedded in the logistical management data (case state with all attributes, state of each resource, triggers). 
2. Interfacing Problems (Fig. 5.6):

WfMC recognizes and standardizes 5 interfaces between the various components.

Why do we standardize interfaces:

a) to improve data exchanges between parts of WFMS

b) it will become possible to create links between different manufacturer’s enactment servers in a simple way
c) to enable development of applications that are entirely independent of the chosen WFMS
Every interface will be achieved by an Application Programming Interface (API), called also WAPI (Workflow Application Programming Interface) – this is a group of services that are offered to a client via a server (workflow enactment service works like the server and tools and different applications as clients).

Interface #1: (process definition tools)


Provides the link between the tools designed for creating and modifying the workflow definitions and the workflow enactment service (opening and closing the connections, obtaining the summary of workflow definitions (process definitions and resource classifications), opening, creating and saving a process definition.

Interface #2: (workflow client applications)


The second interface is dedicated to communication between the worklist handler and the enactment service; the following functions need to be supported: opening/closing of connections, production of case and work item, generation of new cases, beginning, interruption and completion of activities. 

Interface #3: (invoked applications)


An application is opened from the WFMS using this interface. Every application is opened within workflow enactment system. Word processor is opened within the worklist handler.

Interface #4: (other workflow enactment services)


Allows exchange of work between several autonomous WF systems (case transfer, outsourcing of work items). It facilitates workflow interoperability.

Interface #5: (administration and monitoring tools)


This one links administration and monitoring tools and the workflow enactment service. It has two parts: workflow management functions (the addition of an employee, the permission of authorization, the execution of the process definition) and workflow tracking functions (logfile, waiting times, completion times, processing times, routing and staff utilization).

Fig. 5.7. – How an application can be started (Interface 3) – by an enactment engine or from a worklist handler.

Scenario #1: 

Enactment engine begins performance of a task and starts up an application. This application may modify application data in the database. If the workflow engine does not become accessible following the execution of the application due to a system error, then the engine and application will be out of synch.

Scenario #2: 

When an application is opened from the worklist handler. Assume that an error in the worklist handler occurs while the application is running. Here again the workflow system and the application become out of synch.


The fact that the engine, the database, worklist handler and part of the application can all operate on different systems only makes these problems worse.


All these entities have to consider a task as a Common Logical Unit of Work (LUW). The Following ACID properties have to be supported:

1. Atomicity – a task either is completed in full (Commit) or it restarts from the beginning (Rollback)

2. Consistency – the result of an activity leads to a consistent state

3. Isolation – serializability, i.e. concurrent execution of tasks leads to the same results

4. Durability – result of task is permanently stored.

The ACID test for transaction processing.

3. Interoperability Standards:

Two classes of Interoperability Specifications:

A). for Workflow Modeling and Workflow Description (i.e. design time interoperability) – related to Interface 1 of the WfMC Reference Model

· WPDL (Workflow Process Definition Language)

· PIF (Process Interchange Format) – to be able to exchange process description between variety of process tools though translation of native process description format to PIF and vice versa

· PSL (Process Specification Language) promoted by NIST (US National Institute of Standards and Technology)

· UML (statechart diagrams, sequence diagrams, collaboration diagrams, and activity diagrams)

· ISO standard for high-level Petri nets (ISO/IEC JTC1/SC7/WG11)

· IDEF0 (supported by NIST)  

B). for Run-time interoperability (corresponds to Interface 2, 3, 4 with a focus on Interface 4) – focus is on support of exchanging process enactment information at run-time.

Interoperability Specification of the: 

· WFMC 1996 Interoperability Abstract Specification WFMC-TC-1012

· Interoperability Internet e-mail MIME Binding (WFMC-TC-1018)

· Interoperability Wf-XML Binding (WFMC-TC-1023 from May 2000) – based on SWAP (Simple Workflow Access Protocol); SWAP uses HTTP protocol and can be used to control and monitor workflow processes; 

· OMG’s jointFlow – based on CORBA architecture and also uses Interoperability Abstract Specification of the WFMC as a starting point.

4. Current Generation of Workflow Products:

Using Taxonomy Analysis to select appropriate WFMS:

· need to decide functionality, analysis, and performance factors

· multi-dimensional optimization.

Three products:

Staffware – from Staffware, Pls, UK; 25% of the market share

Components of Staffware:

· Graphical Workflow Definer (GWD) – the process definition tool; it does not support any analysis – Interface 1
· Graphical Form Designer (GFD) – defines an interface to the end-user or to the external application – Interface 1

· Work Queue Manager (WQM) – the client tool which is used to offer work to end-users; helps in organizational modeling; a work queue corresponds to a resource class; every queue is associated with a group of users; work items are put into a work queue to be executed by one of the members of this work queue – Interface 2

· Staffware Server – SS – runtime enactment of the workflow

· Staffware Administration Manager – SAM – set of tools to support the workflow administrators: user manager, backup manager, table manager, case manager, list manager, network manager, sysinfo – Interface 5
· Audit Trail – AT – to monitor the execution of individual cases – Interface 5
Fig. 5.10 – GWD example

Fig. 5.11 – semantics of some of the Staffware constructs – 

Steps – these are tasks; steps have OR-join/AND-split semantics, i.e. step is enabled when one of preceding steps is completed and the completion of step will trigger all subsequent steps 

automatic steps - offered to an application instead to end-user 

normal steps - executed by end-user, and 

event steps - triggered by external events 

Wait – modeled as a sand timer; has AND-join/AND-split semantics 

Condition – modeled as diamond symbol; to model choices or OR splits

Fig. 5.12 – Staffware version of handling insurance claims

Fig. 5.13 – Work Queue Manager of Staffware

Fig. 5.14 – The Audit Trail and the User Manager

COSA – (Ley, GMBH, Germany)

· robust product with extensive capabilities for managing complex business processes

· uses process modeling method based on Petri nets

· COSA 3.0 – the newest version

· COSA’s components:

a) COSA Network Editor (CONE) – process definition tool; to define and revise processes – Fig. 5.15 – Interface 1

b) COSA User Editor (COUE) – a resource classification tool for defining roles and organizational units – Fig. 5.16 – Interface 1

c) COSA MemoBox (COMB) – a standard worklist handler for offering and starting work items; every employee has his own worklist handler – Interface 2

d) COSA Networkstate Displayer (COND) – graphic tool for presenting the state of a case – Interface 2
e) COSA Runtime Server (CORS) – workflow enactment service – consists of one or more engines
f) COSA Simulator (COSI) – primitive tool for simulating business processes; link available between COSA and ExSpect – Interface 1
g) COSA Administrator (COAD) – to manage the workflows; no reporting or recording tools; has connection to a COSA database – Interface 5  

COSA works on UNIX, Windows NT/2000, OS/2; Oracle, Infomix, Sybase, Ingres, and DB2 are supported; COSA Portal permits communication via Internet with running workflow 

Action Workflow – Action Technologies, Inc.

· product for coordination of activities

· CSCW – Computer Supported Cooperative Work

· Uses Business Process Maps (BPM) – Fig. 5.17 – constructed from a number of workflows

· Each workflow corresponds to a transaction that passes through the following stages:

a) preparation

b) negotiation

c) performance

d) completion

Transitions between these stages take place using so-called speech acts (communication between people/parties involved in the transaction).

Workflows can be linked with one another to illustrate connections between the transactions.

Functionality of ActionWorkflow 3.0:

1. ActionWorkflow Process Builder – to illustrate workflows with the aid of Business Process Maps – Interface 1.

2. ActionWorkflow Process Manager – both a workflow engine and a tool for managing the workflow – Interface 5 and part of 2

3. Action DocRoute – allows integration of document management and imaging applications - ? WfMC model

4. Action Metro – allows creation of workflow systems that make use of Internet using Web browsers as worklist handlers – Interface 2

ActionWorkflow is available on Windows NT/2000, on the server side. Process Builder also operates on Windows 95/98/2000. Client software, using Internet, is suitable for almost every system. Data management makes use of Microsoft SQLserver.  

Tools for Workflow Analysis

· qualitative analysis – logical correctness

· quantitative analysis – performance and capacity requirements

· research tools in support of qualitative analysis

h) Woflan – Eindhoven University of Technology, The Netherlands

i) FlowMake – The University of Queensland, Australia

· both tools support properties similar to sundedness

· WFMS support typically some export facility to simulation tools – to analyze quantitative aspects of a workflow process (for instance COSA and ExSpect
Woflan – WorkFLow Analyzer – process specified in PN environment, process definition is verified by it downloading from WFMS; check soundness in terms of WF net, has import facilities from COSA, Staffware, METEOR, and Protos

http://www.tm.tue.nl/it/woflan
ExSpect – Executable Simulation Tool – Fig. 5.20 - simulation tool based on PNs; very broadly applicable tool – not only for workflow analysis; can download workflow processes from COSA and BPR tools such as Protos; supports graphical animation of the workflow process; computes confidence intervals for various metrics like flow time, utilization, etc.

http://www.exspect.com
BPR tools – Business Process Reengineering - 

A. Tools focusing on the modeling of business processes (no support for analysis) – Protos (Netherlands), ARIS (Germany)

B. Tools focusing on both simulation and modeling capabilities with emphasis on business applications – BusinessSpecs, (Switzerland), Income (Germany), Meta WorkflowAnalyzer (MetaSoftware, Cambridge, MA, USA)

Protos – Fig. 5.21 - to model and document business processes; case-driven processes are easy to model; not PN-based; Protos supports graphical modeling of business processes, documents, applications, roles, groups, and teams; limited analysis capabilities: static dependencies can be analyzed; excellent reporting capabilities: automatic generation of RTF documents and HTML pages with hyperlinks; it supports an export facility to ExSpect; it contains interfaces with COSA, Corsa, and FLOWer

http://www.pallas-athena.com
Criteria for Selecting WFMS:

1. List requirements that the system must meet; formulate these requirements in such a manner that they can be easily checked.

2. Make shortlist of candidate WFMS that satisfy all requirements – about five systems.

3. Shortlist is subjected to closer scrutiny – for instance choose a sample process that is representative of the relevant business process. Sample process can be used to test both functionality and performance (Fig. 5.22) – all sort of routings are permitted and range of different triggers are permitted.

4. Run a sample process on all WFMS from the shortlist.

5. Based on results in p.4 make a decision which system to select.

Adaptive Workflow

1. Adaptive Workflow and CSCW:

· WFMS should provide flexibility

· Today’s WFMS have problems dealing with changes

· Sources of changes in WFMS – new technology, new laws, new market requirements, ad hoc exceptions

Fig. 5.23 – The Collaborative work spectrum

Two dimensions to CSCW:

a) unstructured vs. structured approaches,

b) information-centric (CSCW) vs. process-centric approaches (production workflow).

Examples:

1. Lotus Notes and Exchange – CSCW tools, no process support. 

2. WFMS – Staffware, COSA, MQ Series are not able to cope with unstructuredness.

What is Adaptive Workflow:

a) provides process support like for normal workflow systems

b) system is still able to deal with certain changes (dealing with exceptions, allowing BPR).

Issues related to Adaptive Workflows:

a) correctness – what kind of changes that are allowed? Is the resulting process definition correct with respect to the criteria specified?  syntactic correctness and semantic correctness

b) dynamic change – it refers to the problems that occur when running cases have to migrate from one process definition to another

c) management information – how to provide a manager with aggregated information about the actual state of the workflow process.

Classification of changes

Perspectives relevant for change:

· process perspective – tasks are added or deleted; the order of tasks is changed; this is the dominant perspective

· resource perspective – resources are classified in a different way or new classes of resources are added

· control perspective – changing how resources are allocated to processes and tasks
· task perspective – upgrading or downgrading tasks
· system perspective – changes to the infrastructure or the configuration of the engines in the enactment service.
Classifying change based on the scope or impact of the change:

· individual (ad hoc) changes – limited set of cases is affected by this kind of change; entry time changes (the case is not yet in the system) and on-the-fly-changes (while in the system the process definition for a case changes) 
· structural (evolutionary) changes – evolution of the workflow process: all new cases benefit from the adaptation; typically a result of BPR; example: change of college curriculum.

Three different ways in which a workflow can change:

· the process definition is extended (e.g. adding new tasks)

· tasks are replaced by other tasks (e.g. task is refined into a sub-process)

· tasks in the process are reordered (two sequential tasks are put in parallel).

How to deal with existing cases in the system when the change occurs?

· Individual changes will be dealt with as exceptions

· Structural changes offers three alternatives:

a). restart – running cases are rollbacked and restarted with a new process

b). proceed – changes do not affect running cases by allowing for multiple versions of the process

c). transfer – a case is transferred to a new process (this is also called as dynamic change).

InConcert (TIBCO Software Inc.)

How to develop flexible workflows in InConcert?

· Workflow design by discovery – allows creation of templates based on the actual execution of workflow tasks

· Support for notion of class hierarchy – inheritance relationship is supported for workflow objects between parent workflow process and child workflow process.

Software tools used by the InConcert client software:

· Process Designer – tool to design workflow process definition and to modify workflow process definition on the fly
· Task User Interface Designer – used to design graphical user interface as presented to users when executing tasks
· Work Group Manager – used to define new work groups and to monitor the workload of groups
· Process Manager – used to start an manage cases

· Document Organizer – used to organize and create InConcert documents

· Task Organizer – to display and execute work items.
Features of the Modeling Language of InConcert:

· Sub-class of Petri nets – Acyclic Marked Graphs

· Each place can have neither multiple input transitions nor multiple output transitions

· No explicit OR-splits and OR-joins are provided

· Every task is AND-split and AND-join

· Perform condition – attached to every task to allow conditional routing; it can also be used to skip tasks

· Simplified modeling language provides designs without deadlock and designs that never end: designs are always sound
· Each case has a unique process definition.
How to create a new workflow instance:

· Instantiate an existing workflow process definition – a copy is made of the process definition and the first task is enabled without changing the workflow

· Instantiate a customized version of an existing workflow process definition: a copy is made of the process definition and is changed to allow for ad hoc routing

· Instantiate an ad hoc workflow process by specifying a sequence of tasks and users

· Instantiate a “free-routing process”, i.e. an empty ad hoc workflow process; there is no explicit workflow process definition – the workflow is created on the fly.

Conclusions:

· workflow process definition serves as a template (copy of a process and possibility to change that copy either at creation time or on the fly)

· routing of a case - is possible to modify at any point in time

· routing of any completed workflow instance - can be used to create a new template

· support for a class concept: process classes, task classes, and document classes

· class Job is the parent class of any process definition
· similarly it is possible to define task classes and document classes
Workflow Management Trends
Future prospects for WFMS in terms of opportunities and threads - seven areas of functionality:

· modeling

· analysis

· planning

· transaction management

· interoperability

· Internet/Intranet

· Logistical management

Modeling:

· WFMS ca be regarded as repository of meta-business data: organization’s structural information, i.e. processes and organizational diagrams – orgware (“organization-ware”)

· Performance indicators of business processes

· Corporate data model of the organization

· Roadmap of information systems

· “downdrilling” –capabilities of recursive searches

· expressive power – shall be concommitant with the Petri net theory

· standard processes – production workflows

· one-of-a-kind processes – ad hoc workflow (separate process for each case)

· processes may change while a case is being processed – transport industry (decision to change route are made on the road; healthcare (treatment can be decided after the diagnosis phase).

Analysis:

· quantitative analysis (completion times, resource utilization)

· qualitative analysis (correct, sound)

· simulation and verification techniques

· “games” – various scenarios capabilities

· formal methods based on Petri nets.

Planning:

· scheduling – allocation of resources to tasks

· timetabling problems – organizing human resources, increasing labor flexibility, and organizations’ lengthening hours of business

· AI methods - simulated annealing, taboo search, constraint satisfaction

· Operational planning vs. tactical decisions.

Transaction management:

· Supporting e-business transaction processing – IOWF support is needed
· Communication processes, messaging standards – need to be supported
· Conversion software – XML

· Task concept changes – use of hierarchical Petri nets is crucial to be able to consider a task as a sub-process

Interoperability:

· In WFMS human resources and computer applications are treated in a uniform way

· WFMS resembles a computer OS – logistical management of the work

· WFMS is a kind of OS for an organization – WFMS also controls the work of human resources

· WFMS should perform the control flow of a large IS – with participation of human resources and computer applications – lack of proper API for this role

· WFMS as a software bus between various applications.
Internet/Intranet:

· To be able to access workflow system through the Internet – worklist handler based on Netscape Navigator or MS Internet Explorer

· Accessability of work anytime/anywhere if WFMS is attached to Internet

· Standards: HTTP, XML,CGI – no dependence upon exchange protocols for specific WFMS

· Processing of orders, complaints, applications – problems with performance, security, reliability

· Intranet – limited to a company, well-protected, use of all Internet standards.

Logistical management:

· Logistical management systems = ERP systems = enterprise resource planning systems

· Functions: calculation of materials requirements, generation of a detailed schedule, “bill of material” - BOM
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