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Lecture 1: Business process

The sequence of activities that take place between the request for a service/product  and the delivery of that service/product.
Characteristics:
· It has a concrete goal
· It is “klant-tot-klant”: e.g., order-to-delivery, order-to-cash, plan-to-produce, build-to-order 
· From trigger to result 
· It has duration 
· It can be cross - departmental and even cross -organisational 
What is IT Support for Business Processes?
Workflow is the automation of a business process, in whole or part, during which documents, information, or tasks are passed from one participants to another for action according to a set of procedural rules
Basic notions (simplified):
· Business Process (BP): an enterprise process which comprises both computer-supported activities and manual (non-computerized) activities.
· As-Is Process: reflects the current, non-optimized BP
· To-Be Process: reflects the planned (optimized) BP
· Workflow: a fragment of a BP whose execution is supported by IT (e.g., workflow management technology).
· Application Function: Executable units (business functions) of software within a workflow (e.g., electronic forms, Web services, ERP modules, etc.)
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Lecture 2
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Stovepipe Business Structure
· A common view of a firm is as a hierarchy organized around a set of functions
· Each group has a core competency it concentrates on
· Functional groups in a firm tend to complete their part of a process and “throw it over the wall” to the next group in the value chain
· This “inward-looking” focus can lower the effectiveness of each functional group.
Limits to functionally organized organizations

Functionally organized firms tend to perform sub-optimally for three reasons:

· Individual departments duplicate information maintained elsewhere.
· Communications gaps often exist between functional groups.
· Functional structure tends to become ingrained, inhibiting reorganization.
Total Quality Management (TQM)

Total = quality involves everyone and all activities in  the company
Quality = conformance to requirements (meeting customer requirements

Management = quality can and must be managed
TQM = a process for managing quality; it must be a continuous way of life; a philosophy of perpetual improvement in everything we do
Goals

· Meeting customer requirements
· Reduce development cycle times
· Just in time / demand flow manufacturing
· Reducing product and service costs
Principles
· Quality can and must be managed and measured

· Satisfaction of owners, customers, employees, suppliers and society are the primary goals

· Involvement of people is essential:

· people are the most valuable asset

· great accomplishments are possible by helping people achieve their potential

· this should be the main job of management

· Continuous improvement based on objective data

· statistical analysis is an essential tool

· Management must be involved and lead

Business Process Reengineering

Reengineering is the fundamental rethinking and redesign of business processes to achieve dramatic improvements in critical, contemporary measures of performance, such as cost, quality, service and speed.
Business process reengineering (BPR) is a management approach aiming at improvements by means of elevating efficiency and effectiveness of the processes that exist within and across organizations. The key to BPR is to determine how they can best construct these processes to improve how they conduct business.
BPR requires not only redesign of business processes, but also concurrent examination and redesign of the technology and of the organization that support the processes. 

Goals

· Reorganize complete flow of data in major sections of an organization
· Eliminate unnecessary steps
· Combine steps
· Become more responsive/flexible to future change
Risks

· Employee resistance to change
· Inadequate attention to employee concerns
· Inappropriate staffing and resource allocation
· Inadequate tools
· Mismatch of strategies & goals
· Keeping the team and organization on target
· Failure of leadership commitment 
· Process under review too big or too small
· Reliance on existing processes too strong
· The Costs of change seem large
· Poor timing and planning
Identification of processes to reengineer

Key business processes
· Set of activities designed to produce specific output for a particular customer or market
· Focused on customers and outcome
Business processes most suitable for automation
· Activities are supported by application components or software services
· The process flow is well structured/standardised and with few exceptions
BPR and TQM

Similarities: 
· Putting the customer first
· Adopting a process viewpoint
· Favouring partnerships with customers and suppliers
· Promoting teamwork
Differences
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Business Process Management System (BPMS)

BPMS is “a single, unified modeling, integration, and execution environment that can be applied to the implementation of literally any business process
BPMS allows:
· Analysts to separate business process logic from the underlying applications
· Processes are stored in a repository using a standard format, and the application can then interact with this common repository
It involves:
· Identifying individual tasks that make up the process
· The order in which they should be executed
· The information that feeds them
· The technologies that support them
Formal specification of business processes

· Trigger ( event that initiates a process
· Activity ( task, activities have attributes such as: start time, duration, etc.  
· Actor ( the resource accomplishing an activity/task; can be human or machine  
· Causality relation ( relation between two activities; defines a causal order (sequencing) between two activities 
· Process ( succession of activities 
· Flow Swim Lane ( succession of activities carried out by a particular actor
· Parallel flows ( successions of activities that are executed in parallel 
· Alternative flow ( succession of activities that is executed when a guard condition is takes the value true or false 
· Loop ( succession of activities that is executed multiple times, as long as a guard condition is takes the value true or false 
· Sub-process ( part of a process 
· Process Decomposition ( dividing a process in sub-processes (based on the nesting relation) 
· Artifact ( information object that is created, updated, accessed or deleted during an activity (i.e., it is input or/and output of an activity) 
Business Process Modelling Notation (BPMN)

· The Business Process Modeling Notation (BPMN) has been developed to enable business user to develop readily understandable standard graphical representations of business processes.
· BPMN can be used to generate automatically executable BPEL4WS (v1.1) processes. 
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Perspectives on Business Process

A BP modeling technique should be capable of representing one or more of the following “process perspectives” (Curtis et al., 1992):

· The functional perspective represents what process elements (activities) are being performed. (ARIS, BizzDesigner)
· The organizational perspective represents where and by whom activities are performed. (ARIS, BizzDesigner)
· The informational perspective represents the informational entities (data) produced or manipulated by a process and their interrelationships. (ARIS, BizzDesigner)
· The behavioral perspective represents when activities are performed (sequencing) as well as aspects of how they are performed through feedback loops, iteration, decision-making conditions, entry and exit criteria, etc. (ARIS, BizzDesigner)
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Types of Processes: Scope

Core/Operating Processes

· Satisfy external customers
· Directly add value to the business operations
· They respond to a customer request and generate customer a satisfaction
· Examples: product development, production, procurement, order fulfillment, etc. 
Enabling/Management & Supporting Process

· Satisfy internal customers
· Does not directly add value to the business
· Examples: maintenance/repairs mgmt., recruitment, Process finance and accounting transactions etc.
Meta (integrational) processes

· Satisfy internal customers
· Directly add value to the business strategy
· Examples: BPR/TQM - process design, implementation & monitoring
Why do we need to model processes?

· A context for measurement to facilitate efficiency and quality
· Representations on multiple levels to ensure user orientation, process completeness, and performance improvement
· Documentation to establish systemic institutional knowledge, which can be shared with stakeholders
· Opportunities for the sharing of best practices with other departments or with other organizations, and for repurposing internal steps and measure
· Opportunities for simulation to inspire innovation
What to model of a business process
Tasks
Coordination between tasks
· synchronization
· decisions
· parallel work
· repetition
· decomposition…
…Organizational responsibilities
Required resources and constraints
Information input and output
Functional structure
Lecture 3
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Gedrag
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Herhaling
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Actoren
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· Actoren zijn te onderscheiden naar:
·  rollen
·  functies
·  personen 
·  systemen
·  bedrijfsfuncties
·  organisatieonderdelen 
rollen:

· Betrokken actor vanuit procesperspectief
· hangt samen met taken die iemand
vervult
· persoon (of systeem) kan meerdere
rollen vervullen
· Eigenschappen
· beschrijving verantwoordelijkheden
· rapporteert aan andere rol
· vereiste functie 
Functies

· Betrokken actor vanuit organisatorisch perspectief
·  hangt samen met iemands formele positie in de organisatie
·  heeft betrekking op formele bevoegdheden en verantwoordelijkheden
·  persoon heeft meestal maar één functie
· Eigenschappen
· functieomschrijving
· kan functie aannemen
· aangeven tot welk organisatieonderdeel de functie behoort 
Bedrijfsfuncties

· Toegevoegde waarde organisatie aan omgeving
·  inrichtingsonafhankelijk
·  stabiel
·  referentiekader bij veranderingen
Voorbeelden
·  Beheer klantgegevens
·  Innen premies
·  Heffen belasting
·  Relatiebeheer
Systemen

Voorbeelden: financieel systeem, crmsysteem, dms

Toewijzingsview
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Informatie
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Gegevensdragers: items
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Modelleerrichtlijnen

· Zorg dat de hoofdstroom (de meest voorkomende route) duidelijk te onderscheiden is
· Modelleer randstromen (de uitzonderingen) afwijkend van de hoofdstroom
· Modelleer in één richting 
·  Van links naar rechts of van boven naar beneden 
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· Probeer een uniform niveau van detail te hanteren
·  Cluster kleine handelingen tot één actie
·  Maak globale handelingen gedetailleerder
· Neem alleen die activiteiten mee, die bijdragen tot het doel van het model!
· Negeer voorprocessen, afgeleide processen, bijzaken en uitzonderingen
· Gebruik actieve werkwoorden voor acties
· Toestanden / condities horen bij pijlen, niet bij acties
Analyse

Kwantitafief

Hoe effectief is de inzet van actoren?

Welke actor vormt de bottleneck?

Hoeveel kost het doorlopen van het proces gemiddeld?

Lecture 4
Waarom een modelleerproces?

· A clear means of communication
· Thorough knowledge of the process
· Overview
Modelleren is een belangrijk onderdeel in een analyse traject. Om een proces te kunnen beoordelen is het belangrijk precies te weten hoe het proces eruit ziet. Natuurlijk is het in kaart brengen niet een doel op zich. Modellen lenen zich uitermate goed voor analyses. Zo kan een proces worden beproefd buiten de bedrijfsvoering om. Een ander doel van modelleren is communiceren. Een model dient als een uitstekend communicatiemiddel.
· A context for measurement to facilitate efficiency and quality
· Representations on multiple levels to ensure user orientation, process completeness, and performance improvement
· Documentation to establish systemic institutional knowledge & best practices, which can be shared (with stakeholders, with other departments or with other organizations) 
· Opportunities for simulation to inspire innovation
· Quick off-line analysis 
· Experiment with alternative processes
· Getting grip on dependencies between domains and models
Wat te modelleren?

· Behaviour:
· Tasks
· Coordination between tasks:
· synchronization
· decisions
· parallel work
· repetition
· decomposition…
· Organizational responsibilities – roles and role model
· Required resources - actors (humans and machines)
· Information input and output - data model
· Functional structure – functional model
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Challenge: goal-oriented analysis
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COPAFIJTH
Commerce
Organisation
Personnel
Administrative organisation
Finance
Information
Juridical/legal aspects
Technology
Housing
For every aspect:

· Decomposition in sub-aspects
· Questionnaire for every sub-aspect
· Model based analyses for every sub-aspect
· Relationship with other sub-aspects
· Best-practices and guidelines
· Supported by a tool
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Goal
·  Analyses 
·  Design
·  Migration 
Modeltypen

Logisch model
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Psysichal model
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Interface model
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Modeling techniques:
Process oriented;

Determine trigger and result

main activities, exception activities, actors, assign actors to activities(coloring),data, group
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Actor oriented;

Identify actors, identify external behavior (interactions and relation) of actors, divide into subactors, model internal behavior.

Data oriented:

Identify products or services, identify organizations and data flow, model processes and the use of items.

Step 4: analysis

Find facts
· Within given scope and using given techniques
· On the basis of indicators of bottlenecks
Find causes of bottlenecks
· Within the process and outside the process
Analyze the process model
· Assignment of actors
· Analyze completion times, critical path, resource utilization
· GO and find the bottlenecks!
Step 5: evaluate

Compare facts (analysis results) with targets, norms and CSF’s
· A bottleneck is a fact that contradicts a target, norm or CFS
· “so what” analysis
Clarify the relations between bottlenecks and causes
Set priorities (and problem owner) for bottlenecks
Indicate solutions for bottlenecks
Actor model:
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Lecture 5
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Why Analysis?
· Identify processes to be redesigned
· To identify bottlenecks 
· Understand and measure existing processes.
·  To measure response times
·  To measure staff requirements
·  To measure work in progress
·  To measure costs and benefits
· These are the capabilities needed 
· To provide intuition about time issues to management
· to support reengineering
· Dynamically display events - this suggests the use of graphical simulation functionality 
Simulation

The factors causing delays are not intuitively obvious!
· Simulations can graphically display workflows.
· Simulations can help develop better intuition.
· This suggests that the understanding obtainable by observing simulations may provide more incentive for management to push for reengineering changes. 
Context of Quantitative Analysis (QA): analysis approach
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Process view
· Completion time is the time required to complete one instance of a process (possibly involving multiple customers, orders, products etc., as opposed to the response time, which is defined as the time to complete one request). In batch processing by means of an information system the completion time can be defined as the time required to finish a batch. 
· Critical path – sequence of activities (path) from the trigger to the end of the process, the duration of which equals the completion time. Any delay of an activity on the critical path directly increases the completion time of the whole process.
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Activities require duration times, possibly waiting times, distribution + parameter 
Probabilities at Or-splits
Resource view

Utilisation is the percentage of the operational time that a resource is busy. 
· Utilisation is a measure for the effectiveness with which a resource is used. 
· High utilisation can be an indication of the fact that the resource is a potential bottleneck and that increasing that resource’s capacity can lead to performance improvement 
· For human resources, utilisation can be used as a measure for the work stress.
User/customer view
Response time is the time between the moment a user issues a request and the moment the user receives the result; 
N.B. The response time is the sum of the processing time and waiting times (“synchronisation losses”). 
Product view

Processing time is the amount of time that actual work is performed on the realisation of a certain product or result, i.e. the response time without waiting times. 
N.B. The processing time can be orders of magnitude lower than the response time! 
System view

Throughput (workload) is the number of transactions or requests that a system must complete per time unit (e.g., the average number of customers that is served per hour). 
Processing capacity is the maximum attainable throughput, which depends on the number of available resources and their capacity. 
Cost analysis
Process costs
· per process, activity and block
· distinguishes  fixed and variable costs
Required input:
· Average duration times
· Probabilities at Or-splits
· Fixed and variable costs of activities
· Fixed and variable costs of resources
Redesign approach

Common goals redesign
· Resolving bottlenecks
· Implementing new products and services
· Preparation for new developments
· Aligning processes with mission and trends 
Step 1 - Determine scope
1. Small improvements

2. Improvement of (sub)process

3. Redesign of process

4. Redesign of business

5. Redesign of value chain

Step 2 - Motivation design essentials
Design essentials consist of 
· Design criteria
· Process-, actor- and item essentials
· Boundary conditions
Explaining and justifying starting points design
· For the designer
· For the manager
Focus design
· No design conflicting with prerequisites
· No design conflicting with design criteria
· No design missing essential activities, actors or items
Step 2 – How to identify the design essentials?
Remove from the as-is process model:
· implementation choices and restrictions
· Distinctions between channels, media, customer groups
· secondary process flows
· activities without added value
· non-essential dependencies
maintain / add:
· essential activities – i.e. activities having obvious added value
· necessary dependencies
added value:

Three kinds of added value
· For a customer (real value-added)
· Is the customer willing to pay for it? Does he notice if the activity is skipped? 
· For the organization (business value-added)
· Reports, checks, evaluations
· For nobody (non value-added)
· Not-used reports, too many checks
Reason backwards from result to trigger
Step 3: redesign

Faults:
· Fragmented, sequential process flows 
· Excessive checking approach to quality (too many reviews)
· Centralized authority (long decision chains)
· Lack of IT support: manual, paper-based, labor-intensive activities 
· Bottlenecks due to insufficient resource allocation 
· Excessive resources and low resource utilisation 
Two methods to detect pathologies:
· Simulation 
Performance measurement  and analysis 
Check if all steps are needed
· Ask why?
Review Decision points
· Are there defined standards?
· Move decision points earlier
· Do you need them?
· Insert time boxes to reduce iterations
Cut out the middle man
· Avoid multiple approvals
Redesign data forms
· Aggregate entry information
· UI guidelines for forms
Review Inter-process interactions
· Analyse handoffs between roles, departments and individuals
Automate repetitive steps
Review cycle times
· Identify activities that take a long time
· Try and reduce the cycle time for these activities (by adding new resources)
Look for Parallelism
· Review opportunities for doing work in parallel
Extreme design

Get rid of all current implementations. Choose one guideline as minimal cost,minimal customercontact, maximal technology. Stimulates creativity.

->Realistic design

· Best practices
· Reference models
· Design criteria 
Migration approach
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Step 1 - Impact-of-change analyse

Aspect Commerce,Organisatie,Personnel,Administrative organization ,Finance,Information,Juridic aspects,Technology,Housing and change of every aspect

Make different plateaus: current business proces -> Business proces in Intermediary phase  -> target: improved business process.

Step 2 - Develop ‘products’
· Applications and systems (o.a. workflow systems) 
· Forms and brochures
· Job descriptions 
· Recruitement and selction personnel 
· Training
· Communication and marketing
Step 3 – Implement change
Issues
·  Clients
·  Resistance from employees
·  Culture
·  Confusion
·  Shift in tasks and responsibilities
·  Increased workload
·  Recruitment and selection
·  Training
Lecture 6
Workflow

"Workflow is the automation of a business process, in whole or part, during which documents, information, or tasks are passed from one participants to another for action according to a set of procedural rules"
Workflow Management
From 
-hard-coded business processes 
Towards 
· explicitly modeled business processes 
· separation of process logic from application code 
· explicit process control ( Process-Aware Information Systems (PAIS)
( Vision: Computerized support of business processes!
Process-Aware IS (= PAIS)
· knows the logic of the business process to be supported (( explicitly described in a workflow model at buildtime)
· ensures that process steps are executed in the right order during runtime (i.e., the PAIS manages the flow of control)
· controls the flow of data between process steps (= activities); i.e., the output data of a particular activity can be consumed as input data by subsequent activities 
· provides an integrated view on process and application data 
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· knows which application component (= activity program) is to be invoked when a workflow activity is started
· passes input parameters to an invoked activity program and takes over delivered output parameters to the workflow data context
· assigns interactive tasks to the worklists of those users who posess the role necessary to carry out the respective tasks 
· provides reminders if users do not finish an activity in time 
· allows users to monitor the progress of the workflow and  to record all process-related events in a logfile (execution log, audit trail) 
Problems: 

Insufficient support for workflow implementation and test 
costly error detection procedures during runtime 
high costs for realizing later process changes 
Workflow Management Systems (WfMS)
Alternatives for Implementing PAIS:
· Application-specific / Database-oriented solution approach 
· workflow logic „hard-wired“ in the application programs; i.e., workflows only implicitly represented in the PAIS
· Consequence: limited facilities for verifying workflows 
· later workflow modifications  very costly and erroneous 
· Solution based on workflow management systems (WfMS)
· workflow logic explicitly defined (e.g., by means of a graphical workflow description language)
· separation of process logic and application code enables comprehensive checks of workflow models at buildtime 
· WfMS provides powerful support for controling and managing running workflows 
· later workflow modifications = modification of the workflow graph 
Buildtime: Activity nets 
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Workflow Model (Workflow schema):

· Formal representation  of (parts of) a business process  allows for automated manipulation such as modeling or enactment by a WfMS

· Comprises a set of steps – (process) activities – which are logically related in terms of their contribution to the overall business process 

· Describes the control flow as well as the data flow between activities  

· May contain references to other model components, e.g., sub-processes, organisation model, resource model, etc. 

· Based on a workflow modeling formalism (= workflow meta model)
Basic requirements for workflow specification language:
· Formal semantics
· Graphical Modeling
· Easy to learn and to use
· Expressiveness
· Supported by tools
· Not vendor specific, standardized
· Precise operational semantics
· Extensibility
Activity Nets

Control flow (behavioral aspect)
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· Control flow: Defines the order and the conditions for the execution of the workflow activities  
· Activity orders are defined by a set of control connectors  (= directed control edges between activities)
· A control connector A ( B indicates that source activity A must be in a final state (completed or skipped) before target activity B can be started 
· Each activity must have at least one associated control connector 
· An outgoing control connector of an activity may be (optionally) associated with a  transition condition 
· A transition condition refers to workflow relevant data (i.e., container data) and corresponds to a logical expression on these data
· Depending on the evaluation of the transition conditions of its incoming control connectors an activity can be worked on or not (see next slide)
· Start condition: When will activity X be activated (i.e., when can it be worked on)?
· JOIN_SEMANTICS(X) = AT-LEAST-ONE: 
· The transition conditions of all incoming control connectors (of X) are evaluated (to TRUE or FALSE) 
· The transition condition of a least one incoming control connector is evaluated to TRUE!
· JOIN_SEMANTICS(X) = ALL: The transition conditions of all incoming control connectors (of X) are evaluated to TRUE!
· End condition: When will activity X be completed?
· Activity program must be successfully completed and the EXIT condition on the output data container of X must be evaluated to TRUE
· Trivially, activities without incoming control connector can be immediately activated
· Depending on the ordering of activities and the selection of  transition conditions different control flow patterns can be expressed: sequences, parallel and conditional routing, loop backs
· Activity nets must be acyclic in order to avoid deadlocks at runtime. 
· Execution of an activity net starts with that activity node which has no incoming control connector
· Remark: A correctly modeled activity net posesses at least one such start node. 
· Deadpath elimination is used to skip activities that cannot be worked on in the sequel
· The execution of an activity net will be terminated if all activites have reached a final state (completed, skipped) 
Data flow (Information aspect)
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· Each activity is associated with two data containers storing its input and output data   
· A data container may comprise several data fields of basic type (INTEGER, CHAR, ...) and/or complex type (Records, Arrays, ...) 
· In order to model a data flow from X to Y, first of all, these two activities must be linked via a data connector! 
· Data mapping: The concrete data flow between X and Y is then expressed by mapping data fields from X‘s output container to data fields from Y‘s input container
· A data connector with source activity X and target activity Y is only valid if X precedes Y in the flow of control! – Why? 
Hierarchical Workflows (Structural aspect)
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Activities (Functional aspect)

· A workflow activity is a description of a piece of work that forms one logical step within a process  
· Requires human and/or machine resource(s)
· During workflow execution an activity is managed by the WfMS. This may result in: 
· an invoked application being activated directly via the WfMS, i.e., with no workflow participant being involved (fully automated)
· One or more work items being assigned to workflow participants with supporting tools or applications being invoked and managed by the WfMS (interactive)
Deadlines (Temporal aspect)
Deadline (Completion time)
· A time-based scheduling constraint which requires that a certain activity  (or work item) shall be completed within a certain period of time (the deadline)
· Activity scheduling by a WfMS will attempt to meet deadline constraints set against particular activities
· The deadline may be expressed as an attribute of the workflow model or within workflow relevant data
· Escalation / Notification procedures may be involved if deadlines are not met 
Actor Assigments (Organizational Aspect)

· Workflow models usually contain references to an organizational model
· Represents organisational entities and their relationships
· May incorporate a variety of attributes associated with the entities (e.g., skills, roles)
· Usually incorporate concepts such as hierarchy, authority, substitution, etc.
· Role: A group of actors exhibiting a specific set of attributes, qualifications and/or skills
· Typically any of the actors with a particular role can work on an activity or work item requiring an actor with that role
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Application Components (Operational Aspect)
IBM Flowmark, IBM MQ Workflow, 

Lecture 7

· Basic elements (used in the following) 
· Places denote conditions or states and are represented as circles
· Transitions denote events or actions and are represented as vertical lines or rectangles
· Arcs are directed and connect places with transitions and vice versa 
· Remark: Two places (transitions) are never connected with each other
· States (or conditions or places) are the passive components of a Petri Net and represent the current status of a system or the status of a process

Example: A car, for instance, can be in the states DRIVING or WAITING.
· Events (or transitions or actions) are the active components of a Petri Net and trigger transitions in a new state
Example: The event “traffic light turns red” triggers the transition from the state DRIVING to the state WAITING
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· Dynamc elements: Tokens
· Represented as black dots within places. 
· Basic for describing the state and the (execution) behaviour of a Petri Net
· Simplest Case: Event-Condition-Net (E/C-Net)
· Interpretation of palces and transitions:
· Places
= Conditions 
· Transitions
= Events
· Each place may carry one token at maximum 
· If place s carries a token its condition is satisfied 
· Places without token correspond to dissatisfied conditions
· The mapping of tokens to places is denoted as marking of the net.
A marking M of an E/C-Net  is a mapping M: S ( { T, F }. 
M is also denoted as marking function. 
· M(s) = T:  Place s carries one toke, i.e., the condition described by s is satisfied 
· M(s) = F: Place s carries no token, i.e., the condition described by s is dissatisfied 
For marking M the set of marked places is given by 
c := { s ( S | M(s) = T }. c is denoted as case. 
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· An enabled transition may fire from the moment it is enabled.
· Firing corresponds to consuming tokens from the input places and producing tokens for the output places.
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Limitations of classical Petri Nets
· Too large and complex
· Takes too much time to model a given situation
· It is not possible to handle time and data
Petri nets extended with:
· Color (i.e., data)
· Time
· Hierarchy
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· Conditions for the values of the tokens to be consumed can be set
· A transition is then only enabled when there is at least one token at each input place and the preconditions have been met
· Each transition has an (in)formal specification which specifies:
· the number of tokens to be produced,
· the values of these tokens,
· and (optionally) a precondition.
Predicate transition nets: Petri nets met voorwaarden
Hierarchy-extension:

A mechanism to structure complex Petri nets comparable to DFD's.
A subnet is a net composed out of places, transitions and subnets.
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BPM tools using Petri-nets:

· INCOME Workflow

· LEU / Leusmart

· YAWL

Lecture 8
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Form-centered

· Workflow corresponds to the flow of (paper) forms within the organization
· Metaphor: 

Form set with multiple press copies 

· A  form may take over field values from previously processed forms, but may also contain additional fields 
· Routing rules (form flow) are more or less hard-coded within the forms (e.g., the next  workflow step may be encoded in scripts)
· Example: Lotus Notes, Lotus Workflow
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Some critical points:
· Implicit workflow control  ( Insufficient process support 
· Changes difficult to implement
· Tends to increase costs for maintenance
· Critical: Processing of parallel tasks  
· Overall summary: Only suited for small, simple (office) applications
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· Natural way for representing office workflows 
· Flow description:
· „if-then-else“ routing (no parallel processing!)
· Implicit flow of data (folder)  (  Which documents shall be processed with which programs in the context of which process activities?
· But: Which document contents are actually accessed by an activity program not known at modeling level 
· Overall summary:
· Simple routing of documents usually not sufficient
· Integration of more complex (legacy) applications  also becomes necessary
· Consequence: Most document-centered systems  have been extended 
· Examples: ProMInanD (IABG), SER Floware
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 Workflow enactment service: 
· a software service that may consist of one or more workflow engines in order to create, manage, and execute workflow instances
· Applications may interface to this service via respective application programming interfaces
· Workflow engine: software service that provides the runtime execution environment for a workflow instance
Characteristic features:
· Creating new workflow instances and removing completed ones
· Executing and routing workflow instances based on the interpretation of the related workflow model
· Managing workflow control and workflow relevant data
· Managing user worklists and submitting work items to the correct resources (actors) based upon resource assignments
· Invocation of external applications during the execution of activities
· Passing of workflow relevant data to / from applications 
· Monitoring workflows, maintaining workflow logs
· ... 
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Updating Worklists (Evaluation)
Classical Pull: outdated worklists + unnecessary communication
Classical Push: potentially too much communication
Good compromise: time-driven push
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 WfMS Monitoring: IBM WBI monitor, WebSphere Process Choreographor
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Interfaces 2+3: IBM MQ Workflow
Lecture 10
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A workflow pattern is a specialized form of a Design pattern

as defined in the area of Software Engineering.  
A design pattern is a general repeatable solution 

to a commonly occurring problem . 

· More than 100 Workflow products at the market available 
· Despite the efforts of the Workflow management Coalition (+ see next lecture) there is no good standard for the process modeling 

· Available systems differ substantially from each other according to process specification language and partially functionality. 
· WfMS selection processes often do not consider these differences
· Remedy: Workflow Patterns
· More than 30 supervisory control flow Patterns as well as many further Patterns for the modeling of other aspects (e.g. Data flow, Resources, Exceptions) 
· Patterns make possible to see  process specification languages and/ or BPM Tools (Modeling tools, Workflow of systems, etc.)
· But: Generally, View the power of the process specification language alone is enough with system choice in general. 
Compatibility met patterns door WfMS
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Schermen tools
Hieronder een lijst met alle tools die screenshots hadden, je weet maar nooit..
YAWL editor
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IBM WBI Monitor (WfMS)
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Web Sphere Process Choreographor
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IBM MQ Workflow
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INCOME Workflow

[image: image83.png]&

Diagramm_ Bearbeten An:

SHER ¥ BAI X

Window Actvated
& x|
[+ @ peEMO Tatco (1) &
E| * & Modellierungselemente

& -8 mamee

N1 = €3 Hierarchie

- = Autragsbearbzitung
= Kondlgungsaunrag beart
4% Neuautrag bearbeten
= Ainderungsaufirag bearbc
« 5 auragshearbeiting
i + 55 Kundenanirage tearbeiten
+ £ Kindigungsautrag bearteiten
= 525 Heuautrag bearbeiten
+ B Autiiten
+ €1 ObjeHspsicher
+ 6 thergeordnete Netze
£1 zugeardnete Dolumente
#825 inderungsautirag bearberien
« B organigramme
+ B3 Informationsmodelle
+ B Présentatioren
£ adinnen
£ Frofle

£ %

Hinzuflgen Format Projkt Extras Auswerking Schitstelen  AdrinistrationFenster

5% =
N OOAM%BAY 10 OmM@®

£3 Rollzn
£3 Ressourcen
E1 wissensgetiete

F1 Parameter fats |
‘ 3
sprache e Andem

2% DEMO Telco

B

&

Hife

injaworld

Kunde nimmt
Angehot nicht an

/

/

Kundenauftiag

incadha

Daten fr
Angebot

rfatler
Aufrag

verschickies
Argebnt

P

@

des Kuncen

Schufadaten

Ablaut:  Neuaufirag bearbeiten
erstelltvon: Carsten Gentnar
erstelltam: 10.01.999 13500

geandert am: 14.02.999 07:25h
<

=lolx|
nsert

xl

2|





Leusmart

[image: image84.png]ERBaufrderung Bauforderung Bewi

angehende
Erstatrige

ngpng
bestligen

O

s o weifrs
Hinauigen Unterpen

O o

Untetagen eschatien
g

o) o—(F—0

volsdfdigsr  unvolstindger weters Nachirage
sapy sy Untetagen anfortem wetee Untertagen

avgeifreer Verprffung
sty saufag

0l

Aolehungdpescheit

ausgehends vorgeprite
Besoheide suttrige

jung ForderungsmittelVorpriifung [_[O1x]





IBM FlowMark
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ARIS Toolset
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Question 4 (22 points)

Consider the following Petri Net:
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Figure 3: Marked Petri Net
Question 4-a (12 points)
Determine the set of all reachable states; i.e., perform a reachability analysis for this Petri Net (cf. Figure 3). Use a table to structure your answer!

Reachability analysis:
	
	P0
	P1
	P2
	P3
	Follow-up marking / firing

	M0
	0
	1
	1
	0
	[image: image98.emf]  3  

M0 [D> M1

	M1
	0
	0
	0
	1
	M1 [A> M2

	M2
	1
	0
	0
	0
	M2 [B> M0

M2 [C> M3

	M3
	0
	1
	0
	0
	DEADLOCK!


(M [t> M‘: t can fire under M resulting in M‘)

Set of reachable markings:

{ M0:=(0,1,1,0), M1:=(0,0,0,1), M2:=(1,0,0,0), M3:=(0,1,0,0)}
Question 4-b (6 points)

Draw the reachability graph for the Petri net from Figure 3. 
Reachability graph:









From this reachability graph we can learn that under M3 none of the transitions is enabled. Thus, the net is not deadlock-free.

Question 4-c (4 points) 

Apply a minimal, addititve change to this Petri Net such that the net becomes deadlock-free.

Remark: Minimal means that the number of change operations being applied (e.g., add transition, add arc) shall be kept minimal; additive means that Net elements (places, transitions, arcs) must not be deleted. 

Question 5 (8 points)

Consider the following four Petri Nets (places have unlimited capacity except there is an an explicit value c specified):
	5-a (2 points)  t can fire resulting in 


[image: image91]
	5-b (2 points) t cannot fire (capacity of right, upper place constrained by 3!)

[image: image92]

	5-c (2 points)  t can fire resulting in

[image: image93]
	5-d (2 points) t can fire resulting in

[image: image94]


Question 6 (30 points)

Consider the following Activity Net S. Assume that all activities have join semantics AT_LEAST_ONE and that output containers n and k have type REAL.
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Let ActStates bet the set of possible execution states of a single workflow activity:

ActStates:= {not_activated, activated, running, completed, skipped}

Remark: An activity is in state running if it has been already started but not yet been finished.

Question 6-a (2 points)

Which activities will be always executed for workflow instances running on schema S?
Activities A, B, and C! 
[If n = 0 holds, deadpath elimination will lead to skipping of activities D – H!]

Exact answer required, otherwise: no points!

Question 6-b (4 points) 

Consider the following execution log:

	START(A)
	START(B)
	END(A)
	END(B) 
	START(C)
	END(C)[n= -1]
	START(E)


	END(E)
	START(G)
	END(G)[k=2]
	START(H) 
	END(H)


Could this log have been produced by a workflow instance running on Net S? Explain your answer!

No, this log could not have been produced by any instance running on S. (2 points) 
C was completed with its output container value n being set to -1. Thus, both activity E and activity F should have been performed. In the given case, only activity E was performed. Consequently, the respective instance could not have been created and executed based on net S.  (2 points)
Question 6-c (15 points)

Let I1, I2, and I3 be workflow instances running on workflow schema S and having the following execution logs:  

Execution log of workflow instance I1:

	START(A)
	START(B)
	END(A)
	END(B) 
	START(C)
	END(C)[n= 2]


Execution log of workflow instance I2:

	START(A)
	END(A)
	START(B)
	END(B) 
	START(C)
	END(C)[n= 0]


Execution log of workflow instance I3:

	START(A)
	START(B)
	END(A)
	END(B) 
	START(C)
	END(C)[n= -3]
	START(E)


	END(E)
	START(F)
	END(F)
	START(G) 
	END(G)[k=0]


For each of these three workflow instances specifiy the current state of their activities; i.e., assign to activities A – H their corresponding execution state ( ActStates. For each workflow instance use a separate table to structure your answer!

	Instance \Activity
	I1
	I2
	I3

	A
	completed
	completed
	completed

	B
	completed
	completed
	completed

	C
	completed
	completed
	completed

	D
	activated
	skipped
	skipped

	E
	not activated
	skipped
	completed

	F
	not activated
	skipped
	completed

	G
	not activated
	skipped
	completed

	H
	not activated
	skipped
	skipped


5 points per instance!!

Question 6-d (3 points)

Consider again the three workflow instances I1, I2, and I3 (from Question 6-c). Which of these workflow instances are completed, i.e., which of them are in a final state?
I2 and I3 (2 points). 

Both instances comprise only activities with final state (either skipped or completed). Note that this does not apply to instance I1. (1 point)

Question 6-e (4 points)

Consider Activity Net S and assume that a net designer wants to add control connector H ( F to this schema. Would this net change be allowed? Explain your answer!

This change would not be allowed (1 point) since it leads to a cycle in the net (F(G(H(F)! (1 point).

Due to the special operational semantics defined for Activity Nets such a cycle would lead to a deadlock! Therefore, acitivity nets must be acyclic! (2 points)
Question 6-f (2 points)

Which of the following tools uses Activity Nets as process specification language?

a. TIBCO Staffware

b. COSA

c. MQSeries Workflow

d. ARIS Toolset

PART II. Multiple Choice Questions (60 points)

For each of the following 20 questions you can reach 3 points!

Question 11
The above pattern is a: 
a. Control flow pattern

b. Data flow Pattern

c. Resource allocation pattern

d. Exception handling pattern 

Question 12
Which of the following products DIRECTLY supports the implementation of this pattern?

a. Staffware

b. FLOWer

c. SAP

d. Eastman

Question 13
In a process-aware information system the progress of a workflow instance can be

a. created
b. modelled
c. monitored
d. layouted
Question 14
In a process-aware information system a user worklist contains the work items of …

a. non-activated activities

b. activated and running activities

c. completed and skipped activities

d. completed and archived activities

Question 15

In an activity net a deadpath elimination leads to the …

a. elimination of all running activities of a dead path

b. skipping of all activities of a non-selected path

c. compensation of all activities of a dead path

d. abortion of all  workflow activities

Question 16

This screen shows the workflow editor of  …

a. MQSeries Workflow

b. ADEPT

c. Staffware

d. COSA

Question 17
The process modeling formalisms of LeuSmart is based on …

a. Activity Nets

b. Statecharts

c. Petri Nets

d. Leucharts

Question 18
Which of the following statements is true?

a. The net is deadlock-fired.

b. The net contains one deadlock.

c. The net contains two deadlocks.

d. The net is deadlock-free.

Question 19
Which of the following statements is true?  In all potential firing sequences of this net …

a. B will be executed at least once.

b. B will be executed at most once.

c. B will be executed exactly once.

d. B will be executed n times (n ( (0:= {0, 1, 2, …})

Question 20
A point within a workflow model where a single thread of control splits into two or more

threads which are then executed in parallel within the workflow is called
a) AND-Split

b) OR-Split

c) XOR-Split

d) OR-Join

Belangrijk volgens Niels

[image: image96.png]Business Process
(i.e.. what is intended to happen)

is defined in a is managed by a
[~ — —® Process Definition Workflow Management System
| (a representation of what (controls automated aspects

I is intended to happen) used to create  of the business process)

Sub-Processes & manage via

A composed of

Process Instances
(a representation of what

Activities is actually happening)

which may be
include one
ormore

or

Manual Activities  Automated Activities — - Activity Instances
during execution which

(which are not managed as
are represented by include

part of the Workflow System)

and/or

) Invoked
Work Items Applications
(tasks allocated toa  (computer tools/applications

worlflow participant)  used to support an activity)|



[image: image97.png]



M0





D





B





M1





A





C





M3





M2





 





D





 





A





 





2





P





 





3





P





 





C





 





1





P





 





0





P





 





B





 





2





�





t





2





c = 2





2





c = 3





c = 2





t





8





3





3





x1 + x2 + x3 ( 7


(


x4 = (x2 + x3)3





x





1





x





2





 + x





3





x





4





t





t








1

