Adaptive workflow

On the interplay between flexibility and support

W.M.P. van der Aalst 1,3 T. Basten 1 H.M.W. Verbeek 1 P.A.C. Verkoulen 1,2 M. Voor hoeve 1

1 Department of Mathematics and Computing Science, Eindhoven University of Technology, P.O. Box 513, NL-5600 MB,

Eindhoven, The Netherlands, {wsinwa,tbasten,wsineric,verkoulen,wsinmarc}@win.tue.nl

2 Origin DTS/Infrastructure Consultancy, Building VH-4; P.O. Box 6435, NL-5600 HK, Eindhoven, The Netherlands, peter.verkoulen@nl.origin-it.com

3 LargeScale Distributed Systems, Department of Computer Science, University of Georgia, 415 Graduate Studies

Research Center, Athens, GA 30602-7407, USA, wvdaalst@om.cs.uga.edu

Key words : Workflow management, Workflow management systems, Process mode ling, Petri nets, exception handling.

Abstract : Today´s information systems do not support adaptive workflow:either the information system abstracts from the workflow processes at hand and focuses on the management of data and the execution of individual tasks via applications or the workflow is supported bythe information system but it is hard to handle changes. This paper addresses this problembyclassifying the types of changes. Based on this classification, issues such as syntactic/semantic correctness, case transfer, and management information are discussed. It turns out that the trade-off between flexibilityand support raises challenging questions. Onlysome of these questions are answered in this paper; most of themrequire further research. Since thesuccess of the next generation of workflow management systems depends on the abilityto support adaptive workflow, it is important toprovide answers for the questions raisedin this paper.

1. INTRODUCTION

Recent ly, ma ny Workflow Management

Systems (WFMSs) havebecome available.

Thesesyst ems signify that thet er m`workflow ma nagement´ is not just another buzzword.

Thephenomenon workflow mana gement will havea largeimpact on thenext generation of infor mation systems. As theworkflow paradigm continues to infiltrateorganisations that need t o copewit h complex administrative processes, theworkflow mana gement syst em will become a funda menta l building block

(Koulopoulos 1995; Jablonski & Bussler

1996). Ther efore, thesubject workflow ma nagement is of theut most importancefor peopleinvolved in the(r e)design of administrativeprocesses or thedevelopment of syst ems to support theseprocesses.

At themoment, therearemoret han 200 workflow products commercially available

(Lawrence1997) and many organisations are introducing workflow technology to support their business processes. It is widely recognised t hat workflow ma nagement syst ems should provide flexibility (Van der

Aalst et al 1998; Agostini & DeMichelis

1998; Casati et al 1998; Ellis et al 1995; Ellis et al 1998; Han & Sheth 1998; Heinl et al

1998; Klein et al 1998; Voorhoeve& Va n der

Aalst 1996; Wolf & Reimer 1996). However, today´s wor kflow ma nagement syst ems have problems dealing wit h changes . E.g., new technology, new la ws, and new market requir ements ma y lead to (structural) modifications of theworkflow process definition at hand. In addition, ad-hoc cha nges ma y benecessary, e.g., becauseof except ions.

Theinability t o deal with various cha nges limits theapplication of today´s wor kflow ma nagement syst ems.

Figure 1 shows thediffer ent fields of support for collaborativewor k. Wedist inguish bet ween unstructured, infor mation centric approaches (Comput er-Supported CooperativeWork or CSCW) and structured, process centric ones (production workflow).

Existing tools aretypically in oneof thet wo extr emes of thespectr e: groupwareproducts such as Lotus Notes and Exchangearetypical

CSCWtools, not providing much process support, wher eas commercially available

(production) WFMSs such as Staffwareand

Flowmark arenot ableto copewit h unstructuredness.

CSCW

adaptive workflow

production workflow

structured unstructured information centric

process centric

Figure 1 . The workflow spectrum.

Linking production WFMSs to groupware products does not really solvetheproblem, as theprocess logic is then still handled by the sameinflexibleworkflow engine. To bridge thegap bet ween CSCW and product ion workflow, several research groups areworking on theproblems associated to adaptive workflow .

Adaptivewor kflow aims at providing process support likenor mal workflow syst ems do, but in such a way that thesyst emis ableto deal with certain changes. Thesecha nges may rangefromad-hoc changes such as changing theor der of two tasks for an individual case

(oft en called exceptions ) to theredesign of a workflow process as theresult of a Business

Process Redesign (BPR) project.

Typical issues related to adaptiveworkflow are:

· Correctness

What kind of changes areallowed and is theresulting workflow process definition correct wit h respect to thecrit eria specified? Wedistinguish syntactic correct ness (e. g. is it still a wor kflow?) and sema nt ic correctness (e. g. can existing cases in thesyst embefinished in a proper way?).

· Dynamic change

What to do wit h running instances (cases) of a wor kflow of which thedefinit ion has been changed? Theter mdyna mic change refers to theproblems that occur when running cases havet o migratefromone process definition to another.

· Management information

How to providea manager wit h aggr egated infor mation about theactual stateof the workflow processes?

Taking theseissues int o account, a classification of t hetypes of cha nges is present ed. Based on this classification, pot ential problems areident ified and point ers to solutions based on Petri-net theory are given.

2. ESSENCE OF WORKFLOW

MODELING

Thet er m WorkflowManagement actually refers to the^logistics~ of business processes.

Workflow ma nagement does not focus on what infor mation is being passed in a business process, but mor eon thecontrol of theactivity chain that is necessary to execut et hebusiness processes. TheWor kflow Management

Coalit ion (WfMC) defines a wor kflow ma nagement syst emas follows: ^A system that completely defines, manages, and executes workflows through the execution of software whose order of execution is driven by a computer representation of the workflow logic ~ (Lawrence1997). Workflows are casebased , i.e., every pieceof work is execut ed for a specific case: an or der, an insuranceclaim, a tax declaration, etc. Theobject iveof a workflow ma nagement syst emis to handle thesecases (by execut ing tasks ) as efficiently and effect ively as possible. The workflow process definition specifies which tasks need to be execut ed and in what order. When a task is execut ed for a case, this is usually doneby using oneor more resources , e.g., a machine, an employee, etc.

As can beseen in Figure 2 , weidentify threedimensions of a workflow (Van der Aa lst

1998b):

i. the case dimension , making clear that all cases aredealt wit h independent ly, ii. the process dimension , specifying the overall workflow process, abstracting fromindividual cases, iii. the resource dimension , depicting and classifying theresources used in the process.

task case

resource work item= case + task

activity= case +task+resource processdimension

resource dimension case dimension

FKDQJH

In our work, weuseP etri nets to represent

workflow syst ems (Van der Aalst 1998a; Van

der Aalst 1998b; Ellis & Nutt 1993). A Petri

net repr esents a wor kflow iff it has exactly one

starting place( source ) and exactly oneend

place( sink ) and thenet obtained by adding a

transition wit h thesink as theonly input place

and thesourceas theonly output placeis

strongly connect ed. Thelatter is thecaseif for

ever y two nodes x and y in thenet, ther eis a

path from x to y . Petri nets wit h this particular

structurearecalled workflownets . Figure 6

shows two workflow nets. Theleft-hand-side

process describes thesequent ial execut ion of

four tasks ( A , B , C , and D ). Each task is modelled by a transition. Tasks areconnect ed

by places (repr esent ed by circles) to specify

theor dering of tasks. Places may contain

tokens (represent ed by black dots). A

transition, i. e., a task, is enabled if and only if

each of theinput places contains a token.

Enabled transitions can fir ewhileremoving

tokens fromtheinput places and putting

tokens on theoutput places. In thesequent ial

process shown in Figure 6 , transition C is

enabled becausether eis a token in theinput

place. Firing C will result in a situation wher e

D is enabled. In theright-hand-sideprocess in

Figure 6 tasks B and C arein parallel, i.e.,

they can be execut ed in any order. Not ethat A

consumes onetoken and produces two tokens

and that D consumes two tokens and produces

onetoken. A detailed description of theclass

of workflow nets is beyond t hescopeof this

paper and not needed for therema inder.

However, somebasic knowledgeof P etri nets

is needed t o fully understand t heconcepts.

3. CLASSIFICATION OF

CHANGE

This sect ion dea ls with thediffer ent kinds

of changes and their consequences. Someof

theperspect ives relevant for changeare:

· process perspective , e.g., tasks areadded

or delet ed or their ordering is cha nged,

· resource perspective , e.g., resources are

classified in a differ ent way or new classes

areintroduced,

· control perspective , e.g., changing t hewa y

resources areallocated to processes and

tasks,

· task perspective , e.g., upgrading or

downgrading tasks,

· system perspective , e.g., changes to the

infrastructureor theconfiguration of the

engines in theenact ment service.

In this paper, werestrict ourselves to cha nges

in theprocess perspect iveas indicated in

Figure 2 .

Figure 2 . Three dimensions of workflow.

Figure 3 shows that two kinds of change

areident ified:

· individual (ad-hoc) changes

Ad-hoc adaptation of theworkflow process:

a singlecase(or a limit ed set of cases) is

affect ed. A good exa mpleis that of a

hospital: if someoneent ers thehospital

with a cardiac arrest, you arenot going to

ask himfor his ID, although theworkflow

process may prescribethis. Figure 3

distinguishes entry timechanges (changes

that occur when a caseis not yet in the

syst em) and on-the-fly changes (whilein

thesyst em, theprocess definition for a case

cha nges).

· structural (evolutionary) changes

Evolution of theworkflow process: all new

cases benefit fromtheadaptation. A

structural changeis typically ther esult of a

BPR effort. An exampleof such a changeis

thechangeof a 4-year curriculumat a

university to a 5-year one.

changes

restart on-the-fly entry time

structural individual

proceed

transfer extend

replace

re-order

Figure 3 . Classification of change.

At theleft-hand sidein Figure 3 , weseethe

threediffer ent wa ys in which a workflow can

bechanged:

· theprocess definit ion is extended (e.g. by

adding new tasks to cover process

ext ensions),

· tasks are replaced by other tasks (e.g. a task

is refined int o a subprocess),

· tasks in theprocess are re-ordered (e.g. two

sequent ial tasks areput in parallel).

Figure 3 gives thr eepossiblealt ernatives

for handling existing cases in thesyst emwhen a process definition changes. Dealing wit h

existing cases is only relevant in thecaseof a

structural changebecauseindividual changes

will always be(similar to) except ions and as

such will bedealt wit h by theonewho

init iated thecha ngeexplicitly.

(a) restart

(b) proceed

(c) transfer

Figure 4 . How tohandle running cases?

Figure 4 shows thet hreealt ernatives: (a)

restart : running cases arerolled back and

restarted at thebeginning of thenew process,

(b) proceed : changes do not affect running

cases by allowing for mult ipleversions of the

process, and (c) transfer : a caseis transferred

to thenew process. Theter m dynamic change

(Ellis et al 1995) is used to refer to thelatter

policy.

4. CORRECTNESS

In thepr evious section, wepresent ed some

of thepossibilit ies to changeworkflow

specifications. In addit ion, weha vepresent ed

somealt er natives for dealing wit h cases that

aresomewher ein their workflow lifecyclethe

moment that theworkflow is being cha nged.

Thesechanges actually only makesense

when they ca n beperformed such that wecan

guaranteebefor eha nd that thetransfor mation

satisfies a certain set of correct ness-

preservation properties. If wewould not be

ableto ma keany statements about correctness

preservation, it would mea n that thenew

syst emwould haveno relationship with the

old one. Being int erest ed in adaptive workflow, this is obviously an undesir ed

situation. Thus, it is very important that

verification t echniques and supporting tools

arebeing developed that support such

correct ness-pr eserving transformations.

Two differ ent kinds of correctness not ions

can bedist inguished, viz. syntactic and

sema nt ic correctness.

F

C

A

B E

D p1

p6 p3

p4 p2

p5 p7

Figure 5 . An incorrect workflow process definition.

S yntactic correctness is independent of the

cont ext, i.e., it refers to theminima l

requir ements any workflow should satisfy. For

exa mple, ther eshould beno tasks without

input places. Not ethat syntactic correctness

not only r efers to thestructureof theworkflow

but also to thedyna mic beha viour, e.g.,

pot ential deadlocks and livelocks arenot

allowed. A ver y important correctness crit erion

is theso-called ^soundness property~ that

guarantees proper termination (Van der Aalst

1998b). Proper termination means that the

stateis reached wit h a singlet oken in thesink

place. Figure 5 shows an incorrect workflow

process definition. The execution of task E

befor etask B will r esult in a dea dlock because

thecasegets stuck in thestatewit h just a token

in p5 . If task C is execut ed, then it is possible

to execut e D but a livelock is created because it is not possibleto escapefromthecycle

for med by B and F . Theworkflow can be

correct ed by adding an arrow from E to p2 ,

removing p7 , and adding an arrow from p4 to

F . Today, Petri-net theory provides adequat e

tools to verify syntactic correct ness.

Nevert heless, such facilit ies arestill missing

in most of thecommercial workflow

ma nagement syst ems.

Semantic correct ness is concerned with the

cont ext in which t hechangeoccurs.

Intuitively, sema ntic correctness deals wit h

similarities bet ween t hecapabilities of theold

workflow and thecapabilities of thenew

workflow. E.g., it may bedesirablethat the

new workflow is ableto ha ndlecases theold

way (but probably has somemor e

funct ionality). Consider for exa mplethet wo

process definition shown in Figure 6 : the

right-hand process can do mor ethan theleft-

hand process but not viceversa. A similar

relation holds bet ween t heright-ha nd process

in Figure 6 and thecorrect ed version of the

process shown in Figure 5 . Comparing

differ ent variants of thesa mewor kflow

requir es advanced inheritanceconcepts

(Basten 1998; Van der Aalst & Basten 1997;

Voorhoeve& Va n der Aalst 1996). Research

efforts should beaiming at defining sema ntic

correct ness and providing easy-to-use

verification met hods.

5. DYNAMIC CHANGE

Weidentified t hreewa ys to deal with

running cases after a structural process

cha nge: (a) restart, (b) proceed, and (c)

transfer. Restarting cases causes no real

difficulties except that it is often difficult to

rollback thetasks that havealready been

execut ed. Theproceed policy causes no

problems. In fact, it is theonly policy truly

supported by today´s commercial workflow

ma nagement syst ems. Theonly policy that

causes serious theor etical and practical

problems is thetransfer of cases. Theter m dyna mic changerefers to theproblem of

handling old cases in a new process, e. g., how

to transfer cases to a new, i.e., improved,

version of theprocess.

Figure 6 illustrates thedyna mic change

problem. If thesequent ial workflow process

(left) is cha nged into t hewor kflow process

wher etasks B and C can be execut ed in

parallel (right) ther eareno problems, i.e., it is

always possibleto transfer a casefromtheleft

to theright. Thesequential process has five

possiblestates and each of thesestates

corresponds to a statein theparallel process.

For example, thestatewit h a token in s3 is

mapped ont o thestatewit h a token in p3 and

p4. In both cases, tasks A and B havebeen

execut ed and C and D still need t o be

execut ed.

A

B

C

D s1

s5 s4 s3 s2

A

B C

D p1

p6 p3

p4 p2

p5

OK

?

Figure 6 . The dynamic change problem.

Now consider thesituation wher etheparallel

process is changed into thesequent ial one, i. e.,

a caseis moved fromtheright-hand-side

process to theleft-hand-sideprocess. For most

of thestates of theright-hand-sideprocess this

is no problem, e. g., a token in p1 is moved to s1 , a token in p3 and a token in p4 aremapped

onto a singletoken in s3 , and a token in p4

and a token in p5 aremapped onto a single

token in s4 . However, thestatewith a token in

p2 and p5 ( A and C havebeen execut ed)

causes problems becausether eis no

corresponding statein thesequential process

(it is not possiblet o execut e C before B ) . This

simple exa mpleshows that it is not

straightforward to migrateold cases to the

new process after a change. Someauthors

haveproposed a solution for thedyna mic

cha ngeproblem(Agostini & DeMichelis

1998; Ellis et al 1995; Ellis et al 1998).

However, thesesolutions either requir ehuma n

int ervent ion or arerestricted t o workflows

with a particular structure. Notethat both

cha nges in Figure 6 correspond to t he

reordering of tasks (seeclassification in

Sect ion 3 ).

6. MANAGEMENT INFO

Anot her problemof changeis that it

typically leads to multiplevariants of thesame

process. For evolut ionary (i.e. structural)

cha nget henumber of variants is limit ed. Ad-

hoc changes ma y lead to t hesituation wher e

thenumber of variants may beof thesa me

order of ma gnitudeas thenumber of cases. To

ma nagea workflow process wit h differ ent

variants it is desirableto ha vean aggr egated

view of thework in progr ess. Not ethat in a

ma nufacturing process thema nager can get a

good impr ession of thework in progr ess by

walking through thefactory. For a workflow

process handling digitised infor mation, this is

not possible. Ther efor e, it is of theut most

importanceto supply thema nager with t ools

to obtain a condensed but accurateview of the

workflow processes. Figure 7 shows a

workflow processes with two variants: a

sequent ial one(left) and a parallel one

(middle). Thenumbers in theplaces indicate

thenumber of cases in a specific state, e.g., in

thesequential process ther eare3 cases inbet ween task B and task C , and in t heparallel

process thereare2 cases in-bet ween A and B .

Sincet hema nager requir es an aggregat ed view

rather than a view for ever y variant of the

workflow process, thecases need to be

mapped ont o a generalised version of the

differ ent processes. A solution is to find the

`gr eatest common divisor´ (gcd) or the`least

common mult iple´ (lcm) for thetwo processes

shown. Sinceall thestates of thesequent ial

process can berepr esent ed in theparallel

process, wechooset heparallel process to

present ma nagement infor mation . Figure 7

shows theaggregat ed view of thetwo

workflow processes (right). For all places in

theright-hand-sideprocess except m3 , it is

quit estraightforward to verify that the

numbers arecorrect. Thenumber of tokens in place m3 corresponds to thenumber of cases

in-bet ween A and C . In thesequential process,

ther eare1+3=4 cases in-bet ween A and C . In

theparallel process, therearealso 4 cases in-

bet ween A and C , which brings thetotal to 8.

For this small exa mple, it may seem trivial to

obtain this infor mation. However, in general

ther earemany variants of processes which

ma y ha veup to 100 tasks and it is far from

trivial t o present aggr egat ed infor mation to the

ma nager. Thetopic of generating ma nagement

infor mation was addressed in (Voorhoeve&

Van der Aalst 1996; Voorhoeve& Van der

Aalst 1997). Despit eits relevancefor thenext

generation of wor kflow management syst ems

only few r esearchers seemt o beworking on

this topic. At themoment, only intuitive

notions for gcd and lcm exist.

7. CONCLUSION

In this paper, wediscussed someof the

problems that need t o besolved t o enable

adaptiveworkflow. Most of theproblems stemfrom thefact that flexibilit y (theability

to handlechanges) on theoneha nd and

process support (enact ment, control, and

ma nagement infor mation) on t heot her hand

impose(partially) conflicting constraints. We

haveclassified thevarious for ms of change.

Based on this classification wepoint ed out

A

B

C

D s1

s5 s4 s3 s2

A

B C

D p1

p6 p3

p4 p2

p5

3 4

1

3

2

1

2 4

5 3

7

A

B C

D m1

m6 m3

m4 m2

m5

7

3 8

10 5

8

+ =

Figure 7 . Mapping cases in different processes onto the ^least common multiple~ of all processes .

somesolutions for theproblems ident ified.

Futurework in this area will focus on

verification (semant ic correct ness), relating

differ ent versions of a workflow process for

supporting dyna mic change, and generating

ma nagement infor mation. It is our belief that

theinheritance-pr eserving transfor mation

rules present ed in (Van der Aalst & Basten

1997; Basten 1998) area good starting point

for solving theproblems ident ified. Each of

therules corresponds to a design construct

which is oft en used in practice, namely

choice, parallel composition, sequent ial

composit ion, and it eration. Therules preserve

to someext ent syntactic and sema ntic

correct ness. Futureresearch will beaimed at

exploiting thetransfor mations to deal with

dyna mic changeand thegeneration of useful

ma nagement infor mation.

8. REFERENCES

Aalst, W.M.P. van der 1998a. Chapter 10:Three Good

reasons for Using a Petri-net-based Workflow

Management System. In T. Wakayama et al., editors,

Information and Process Integration in Enterprises:

Rethinking documents , Kluwer Academic Publishers.

Aalst, W.M.P. van der 1998b. The Application of Petri

Nets to Workflow Management. The Journal of

Circuits, Systems and Computers , 8(1):21-66.

Aalst, W.M.P. van der &Basten, T. 1997. Life-cycle

Inheritance:APetri-net-based approach. In P. Azéma

and G. Balbo, editors, Application and Theoryof

Petri Nets 1997 , volume 1248 of Lecture Notes in

Computer Science , pages 62-81. Springer, Berlin,

Germany.

Aalst, W.M.P. van der & Michelis, G. De &Ellis, C.A.

(editors) 1998. Proceedings of Workflow

Management:Net-based Concepts, Models,

Techniques and Tools (WFM´98) . Computing

Science Report 98/7, Eindhoven Universityof

Technology, Eindhoven, the Netherlands.

Agostini, A. &De Michelis, G. 1998. Simple Workflow

Models. In (Van der Aalst &De Michelis & Ellis

1998), pages 146-164.

Basten, T. 1998. In Terms of Nets:System Design with

Petri Nets and Process Algebra. PhDThesis.

Eindhoven Universityof Technology, Department of

Computing Science, Eindhoven, the Netherlands.

Casati, F. & Ceri, C. &Pernici, B. &Pozzi, G. 1998.

Workflow Evolution. Data and Knowledge

Engineering , 24(3):211-238.

Ellis, C.A. &Keddara, K. & Rozenberg, G. 1995.

Dynamic change within workflow systems. In N.

Comstock and C.A. Ellis, editors, Conf. on

Organizational Computing Systems , pages 10 -21.

ACM SIGOIS, ACM. Milpitas, California.

Ellis, C.A. &Keddara, K. &Wainer, J. 1998. Modeling

Workflow Dynamic Changes Using Timed Hybrid

Flow Nets. In (Van der Aalst &De Michelis &Ellis

1998), pages 109-128.

Ellis, C.A. &Nutt, G.J. 1993. Modellingand Enactment

of Workflow Systems. In M. Ajmone Marsan, editor,

Application and Theoryof Petri Nets 1993 , volume

691 of Lecture Notes in Computer Science , pages 1-

16. Springer, Berlin, Germany.

Han, Y. & Sheth, A. 1998. On Adaptive Workflow

Modeling. In Proceedings of the 4th International

Conference on Information Systems Analysis and

Synthesis , pages 108-116, Orlando, Florida.

Heinl, P. &Horn, S. &Jablonski, S. & Neeb, J. &Stein,

K. &Teschke, M. 1998. Acomprehensive approach

to flexibilityin workflow management systems.

Technical report TR-16-1998-6, Universityof

Erlangen-Nuremberg, Erlangen, Germany.

Jablonski, S. & Bussler, C. 1996. Workflow

Management:Modeling Concepts, Architecture, and

Implementation International Thomson Computer

Press.

Klein, M. & Dellarocas, C. & Bernstein, A. (editors)

1998. Proceedings of the CSCW-98 Workshop

Towards Adaptive Workflow Systems, Seattle.

Koulopoulos, T.M. 1995. The Workflow Imperative .

Van Nostrand Reinhold, NewYork.

Lawrence, P. (editor) 1997. Workflow Handbook 1997,

Workflow Management Coalition . John Wileyand

Sons, New York.

Sheth, A. 1997. From ContemporaryWorkflow Process

Automation to Dynamic Work ActivityCoordination

and Collaboration. Siggroup Bulletin , 18(3):17-20.

Voorhoeve, M. & Aalst, W.M.P. van der 1996.

Conservative Adaption of Workflow. In (Wolf &

Reimer 1996), pages 1-15.

Voorhoeve, M. & Aalst, W.M.P. van der 1997. Ad-hoc

Workflow:Problems and Solutions. In R. Wagner,

editor, Proceedings of the 8th DEXAConference on

Database and Expert Systems Applications , pages

36-41, Toulouse, France.

Wolf, M. &Reimer, U. (editors) 1996. Proceedings of

the International Conference on Practical Aspects of

Knowledge Management (PAKM´96), Workshop on

Adaptive Workflow , Basel, Switzerland.