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Abstract
Matching between two work¯ow processes is the key step of work¯ow process reuse. This paper presents an inexact matching approach
for ¯exible work¯ow process reuse. A multi-valued process specialization relationship is de®ned based on the de®nition of activity
specialization and the characteristics of work¯ow process. The matching degree between two work¯ow processes is determined by the
matching degrees of their corresponding sub-processes or activities. The matching degree between two activities is determined by the
activity-distance between them in the activity-ontology repository. A set of process specialization rules enables a new process matching to be
derived from the existing matchings. Users are provided with an SQL-like command to retrieve the required processes in an inexact query
condition from the work¯ow-process-ontology repository. q 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
A work¯ow is the computerized facilitation or automation of a business process, in whole or part [6±8,11,12]. A
work¯ow process can be abstracted as a network with activity nodes and ¯ows (i.e. transitions). A domain business
process can be modelled through the execution of the
network, and thus can be controlled and managed through
incorporating the domain business into the execution
process of the network. The bene®ts of the work¯owbased applications, like ¯exibility, integration and reusability, are discussed [3].
Process reuse is a way to promote the ef®ciency and
quality of work¯ow process design, just as the software
component reuse techniques [1,4,5]. A work¯ow-processontology repository is a mechanism to store and manage the
well-de®ned work¯ow processes. Work¯ow process reuse
can be realized through retrieving the required process from
the repository like the component repository [2,4,9].
The work¯ow process retrieval can be exact or inexact.
The exact retrieval is to get the exactly required processes,
while the inexact retrieval is to ®nd the processes approximate to the users' requirement. The inexact retrieval is
useful in the following two cases: (1) the exactly required
process does not exist in the repository, while the similar
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processes in the repository are also usable; and (2) users
have a vague requirement, and hope to present an inexact
query then choose the required processes among a set of
similar processes returned by the retrieval mechanism.
The inexact retrieval can enhance the reusability of the
existing repository processes.
The relaxation of software component matching was
investigated based on the subtype specialization and the
signature speci®cation [9]. But, the impure specialization
widely exists in real applications besides the subtype specialization. New specialization relationship could be further
derived from the existing specialization relationships as
discussed in Ref. [10].
This paper presents an inexact process matching
approach that enables two processes to be matched with a
similarity degree of [0,1]. We characterize the similarity
between repository processes through de®ning a multivalued work¯ow process specialization relationship and
the activity specialization relationship. The matching degree
between two work¯ow processes is determined by the
matching degrees of their corresponding sub-processes or
activities. The matching degree between two activities is
measured by the longest activity-distance between them
on an activity specialization graph. Furthermore, we present
a set of rules that re¯ects the logical relationship among
different values of the process specialization. These rules
enable a new matching between two work¯ow processes
to be derived from the existing process matchings. We
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ing. According to the transitivity of the conditions of the
activity specialization, we have the following characteristic.
Characteristic 1: Activity specialization satis®es: (1)
A ! A; and (2) A ! A 0 , A 0 ! A 00 ) A ! A 00 .
2.2. Work¯ow process description and specialization

Fig. 1. Role hierarchy and the related activity in work¯ow process.

adopt the SQL-like command as the user interface to
retrieve the required process in an inexact condition from
the work¯ow-process-ontology repository.

2. Process specialization
2.1. Activity, role and activity specialization
An activity concerns three basic elements in the build
time of a work¯ow: function, restrictions and participated
roles, denoted as A: ( f:s ! t , RES, ROLES), where s and t
are the input type and output type of function f, RES is a
restriction set, and ROLES is a role set. A role can participate several activities, and an activity also enables several
activities to participate. The roles participate an activity can
be a hierarchy as shown in Fig. 1, where the high level role
(i.e. super role) can play the role of the linked low level
role(s) (called sub-role(s)). The role(s) participate(s) an
activity is a part of the role hierarchy of the whole work¯ow
process.
According to the specialization relationship between the
elements of an activity, we de®ne the activity specialization
relationship as follows, where the function specialization
relationship has been de®ned in Ref. [10].
De®nition 1. Let A: ( f:s ! t , RES, ROLES) and A 0 :
( f 0 :s 0 ! t 0 , RES 0 , ROLES 0 ) be two activities, we say A 0 is
an activity specialization of A, denoted as A ! A 0 , if the
following three items hold: (1) f 0 is the specialization of f;
(2) RES 0 is equivalent to or stronger than RES; and (3) for
any r 0 [ ROLES 0 either we have r 0 [ ROLES or there exists
a r [ ROLES, r is a super role of r 0 (i.e. r can play the role of
r 0 ).
Activity specialization is a relaxation of the activity
equivalence. It provides a basis for ¯exible activity match-

A work¯ow process (type) consists of a set of activities
AS  {A 1 ; ¼; An }; a set of connection conditions
CON  {f , sequential, and-join, and-split, or-join, orsplit} (their semantics are available at Ref. [7]), and a set
of connection operations COP  {PreCon, PostCon, Pre,
Post}, represented as ProcessName  kAS, CON, COPl,
and for any Ai [ AS, its pre-condition PreCon(Ai) [ CON,
its post-condition PostCon(Ai) [ CON, its predecessor
Pre(Ai) [ AS, and its successor Post(Ai) [ AS. We call Ai
the initial activity and the termination activity, respectively,
in case of Pre Ai   f and Post Ai   f:
De®nition 2. A work¯ow process P 0 is called an identicalspecialization from another work¯ow process P, denoted as
P±I ! P 0 , if there exists an isomorphism from P into P 0 such
that for every A [ P, there exists a corresponding A 0 of P 0
and satis®es: (1) A ! A 0 ; (2) PreCon(A)  PreCon(A 0 ); (3)
PostCon(A)  PostCon(A 0 ); (4) Pre(A) ! Pre(A 0 ); (5)
Post(A) ! Post(A 0 ); and (6) the role hierarchy of P 0 is
isomorphism to the role hierarchy of P.
A work¯ow process can include several sub-processes.
The specialization relationship between two work¯ow
processes can be further extended based on De®nition 2 as
follows.
De®nition 3. If there exists a sub-process p of P, and p±
I ! P 0 , then P 0 is called a partial-specialization from P,
denoted as P±P ! P 0 . If there exists a sub-process p 0 of
P 0 , and P±I ! p 0 , then P 0 is called an extension-specialization from P, denoted as P±E ! P 0 . If there exists a subprocess p of P and a sub-process p 0 of P 0 , such that
p±I ! p 0 , then P 0 is called a revision-specialization from P,
denoted as P 0 ±R ! P. If there does not exist a sub-process p
of P and a sub-process p 0 of P 0 , such that P±I ! P 0 , then P 0 is
called a non-specialization from P, denoted as P 0 ±\ ! P.
The sub-process mentioned in De®nition 3 can further
embed sub-processes. De®nitions 2 and 3 de®ne a multivalued process specialization relationship between work¯ow processes, which can be used to realize a ¯exible work¯ow process reuse. Among these values of work¯ow
process specialization, the identical-specialization is the
strongest, and the non-specialization is the weakest. Both
the partial-specialization and the extension-specialization
are weaker than the identical-specialization and stronger
than the revision-specialization. The partial-extension specialization is stronger than the non-specialization. As a representative, we show the example of the extension-specialization
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Table 1
Rules for process specialization
Rule number

Rules

1

P1 ± g ! P2, P2 ± g ! P3 ) P1 ± g ! P3
where g [ {I,P,E}
P1 ±I ! P2 ) P1 ±P ! P2
P1 ±I ! P2 ) P1 ±E ! P2
P1 ±I ! P2 ) P1 ±R ! P2
P1 ±E ! P2 ) P1 ±R ! P2
P1 ±P ! P2 ) P1 ±R ! P2
P1 ±I ! P2, P2 ±P ! P3 ) P1 ±P ! P3
P1 ±I ! P2, P2 ±E ! P3 ) P1 ±E ! P3
P1 ±I ! P2, P2 ±R ! P3 ) P1 ±R ! P3
P1 ±P ! P2, P2 ±R ! P3 ) P1 ±R ! P3
P1 ±E ! P2, P2 ±R ! P3 ) P1 ±R ! P3
P1 ±R ! P2, P2 ±\ ! P3 ) P1 ±\ ! P3

2
3
4
5
6
7
8
9
10
11
12

in Fig. 2, where we have Ai ! A 0 i holds. If the work¯ow
process P is available, we can reuse it when constructing
process P 0 .
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The work¯ow-process-ontology repository de®nes a set
of process specialization graphs (PSGs). Each PSG is a
graph in which nodes are processes, and arcs are the
multi-valued specialization relationships between the
processes. A process in a PSG consists of the activities in
the ASGs de®ned in the activity-ontology. The basic operations on PSG include node appending operation and node
deleting operation. To append a new process to a PSG needs
to append the node and to establish the multi-valued activity
specialization relationship with its specialization predecessors and successors. To delete a process node needs to delete
the node and all the specialization arrows related to it.
4. Theory for ¯exible process matching
4.1. Activity-distance and matching between activities

3. Activity-ontology and work¯ow-processes-ontology

Let AQ and AC be two nodes in ASG (AQ can be a query
speci®cation). There are three possible relationships
between AQ and AC on ASG: (1) AQ is more special than
AC; (2) AQ is the same as AC; and (3) AQ is more general than
AC (i.e. AC is more special than AQ).

Ontology usually contains a hierarchy of concepts on a
domain and describes each concept's crucial properties
through an attribute-value. It has been used to establish a
certain common understanding between information-

De®nition 4. Activity-distance between two activities AQ
and AC, d(AQ, AC), is the number of specialization arrows on
the longest specialization path from AQ to AC on ASG and
satis®es:

8
0;
>
>
>
>
>
1;
>
>
<
d AQ ; AC   d AQ ; Ak  1 d Ak ; AC ;
>
>
>
>
2d AC ; AQ ;
>
>
>
:
11;
processing mechanisms in some domains. People have
developed the conceptual-level ontology WordNet
(www.cogsci.princeton.edu/,wn) and the assistant tools
for the creation and management of ontology.
The activity-ontology repository de®nes a set of activity
specialization graphs (ASG). In each ASG, nodes are activities, and arcs are activity specialization relationships. The
elements of an activity can be speci®ed by using the Extensible Markup Language (XML, see www.w3.org/TR/RECxml), and the arcs can be speci®ed by using the XLink. The
basic management operations on the ASG include appending and deleting activity nodes. To append a new activity to
an ASG needs to append the activity node and to establish
the specialization relationship with its specialization predecessors and successors. To delete an activity node needs to
delete the node and all the specialization arrows related to it.
We have implemented these XML-based operations in our
newly developed Knowledge Grid systems (see http://kg.
ict.ac.cn).

if AQ is the same as AC ;
if AC is a direct specialization successor of AQ ;
if Ak is on the path from AQ to AC ;
if AQ is the specialization successor of AC ;
if there does not exist a specialization path from AQ to AC :
The activity-distance uses the longest specialization path (i.e.
the worst case) to re¯ect a comparative activity specialization degree from one activity node to another on the same
activity specialization path. A longer activity-distance
between two activities provides more candidates similar to
them. To append or to delete an activity node may change the
length of the longest specialization path between two
activities, so the activity-distance needs to be re-computed
if the longest path has been changed. Based on the activitydistance, we can de®ne the matching degree between
activities.
In the following de®nition, we use a variable s to control
the search direction for the matching and a function m:
[0,1] ! [0,1] such that m 0  0; m 1  1; and for any x,
y [ (0,1), if x $ y, then m(x) $ m(y) hold.
De®nition 5. The matching degree between two activities
AQ and AC, denoted as MatchA(AQ, AC, s) is de®ned as:
MatchA AQ ; AC ; s  m 1= ud AQ ; AC u 1 1:
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Fig. 2. An example of work¯ow process specialization.

4.2. Computing the similarity between two processes
Let uPQuA and uPCuA be the number of activities included in
PQ and PC, respectively, and uPQup and uPCup be the number of
sub-processes included in PQ and PC, respectively. MF is a
one-to-one and onto match-making function that enables
any activity AQ of PQ to match an activity of PC (i.e.
MF(AQ)) such that d(AQ, MF(AQ)) is the biggest of all the
candidates. Variable s  0; 1 and 21, respectively, denote
the `exact matching', `PQ is more general than PC', and `PQ
is more special than PC'. Since MatchA(AQ, AC, s) [ [0,1],
we have sd(PQ,PC,s) [ [0,1]. If both PQ and PC have only one
activity (i.e. PQ  {AQ } and PC  {AC }; then sd(PQ, PC,
s)  MatchA (AQ, AC, s). pQ and pC are the sub-processes
of PQ and PC, respectively.
De®nition 6. The similarity degree (sd) between two
processes PQ and PC is de®ned with respect to the following
two cases: Case1: PQ ±I ! PC; and Case 2: PQ ±I ! PC and,
PQ ±P ! PC, PQ ±E ! PC, or PQ ±R ! PC.
sd PQ ; PC ; s


8X
< MatchA AQ ; AC ; s=uPQ uA ; for all AQ [ PQ ; AC  MF AQ 
: sd p ; p ; s £ w uP u ; uP u ; uP u ; uP u ;
Q

C

Qp

Cp

QA

CA

case 1;
case 2;

The function w can be simply de®ned as: (2/(uPQup 1
uPCup) 1 (upQuA 1 upCuA)/(uPQuA 1 uPCuA))/2. The similarity
degree sd re¯ects the degree of two processes sharing activities or sub-processes in an isomorphism way.
De®nition 7. Let b [ [0,1] be an user expected value of
the similarity degree (sd) between PQ and PC, the process

matching between process (or a query) PQ and process PC is
de®ned as follows:
(
true; if sd $ b;
Matchp PQ ; PC ; sd; s 
false; otherwise:

4.3. Rules for process specialization
Similar to the model inheritance rules proposed in Ref.
[10], a set of rules for process specialization can be formed.
Except for the revision-specialization, the other values of
the process specialization have the transitivity characteristic
represented as Rule 1 in Table 1. Rules 2±6 show the implication relationship between two different values of the
process specialization. The transitivity and the implication
characteristics enable different values of the process specialization to be connected for derivation. Rules 7±12 shown in
Table 1 represent such a derivation.
Rule 1 can be proved according to De®nition 2 and
characteristic 1. Rules 2±6 can be easily proved by De®nition 2. Rules 1±6 form the basic set of the specialization
rules, more rules can be derived from this set. We herein
present the proof of Rule 7. Rules 8±12 can be similarly
proved. Proof of Rule 7: Since P1 ±I ! P2 ) P1 ±P ! P2
(by Rule 2), we have: P1 ±I ! P2, P2 ±P ! P3 ) P1 ±
P ! P2, P2 ±P ! P3 ) P1 ±P ! P3 (by Rule 1).
The proposed rules in Table 1 can be used for: (1)
establishing a rule reasoning mechanism for the heuristic
process retrieval mechanism; (2) checking the consistency and the correctness of the specialization relationship and the similarity among the processes de®ned in the
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work¯ow-process-ontology repository; and (3) deriving a
new matching from existing matchings.
4.4. Matching derivation
Matching derivation is to get a new matching directly
from the existing matchings rather than to compute from
scratch. We use `´' to denote the connection of two existing
matchings, e.g. MatchP(P1, P2, sd3 $ b 3, s)´MatchC(P2, P3,
sd3 $ b 3, s). Since the revision-specialization does not have
the transitivity characteristic, a matching connection may
not be meaningful. The following de®nition de®nes a meaningful connection.
De®nition 8. Let g , w [ {I,P,E,\}, P1 ± g ! P2, and P2 ±
w ! P3. If there exist u [ {I,P,E,\} and a rule: P1 ± g ! P2,
P2 ± w ! P3 ) P1 ± u ! P3, then the connection of
MatchP(P1, P2, sd1 $ b 1, s) and MatchP(P2, P3, sd2 $ b 2, s)
is meaningful, otherwise is not meaningful.
A new matching can be derived from a meaningful
connection of existing two matchings as follows:
MatchP P1 ; P2 ; sd1 $ b1 ; s´MatchP P2 ; P3 ; sd2 $ b2 ; s
) MatchP P1 ; P3 ; sd3 $ b3 s
where b3  n b1 ; b2  such that b 3 # b i i  1; 2 and
b 3 [ [0,1] hold. In practice, the minimum function, `Min'
can be a simple choice of the function v.
De®nition 9. Let g , w [ {I,P,E,\}, P1 ± g ! P2, and P3 ±
w ! P4. If there exist: m , u [ {I,P,E,\}, such that P2 ±
m ! P3 and P1 ± u ! P4, then MatchP(P1, P2, sd1 $ b 1,
s)´MatchP(P3, P4, sd2 $ b 2, s) is meaningful, otherwise is
not meaningful.
If MatchP(P1, P2, sd1 $ b 1, s)´MatchP(P3, P4, sd2 $ b 2, s)
is meaningful, a new matching can be formed by the following derivation:
MatchP P1 ; P2 ; sd1 $ b1 ; s´MatchP P3 ; P4 ; sd2 $ b2 ; s
) MatchP P1 ; P2 ; sd1 $ b1 ; s´MatchP P2 ; P3 ; sd3
$ b3 ; s´MatchP P3 ; P4 ; sd2 $ b2 ; s
) MatchP P1 ; P4 ; sd4 $ b4 ; s;
where b4  n b1 ; b2 ; b3  such that b 4 # b i i  1; 2; 3 and
b 4 [ [0,1] hold.
5. Inexact work¯ow process retrieval
5.1. Assistant tools for computing the similarity
We can use an activity-distance matrix ADM to record
the initial values of the activity-distances between activities,
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denoted as ADM  Adij n£n ; where n is the number of the
total activities in the activity-ontology repository, Adij represents the activity-distance between activity Ai and activity
Aj, denoted as d(Ai,Aj), and satis®es: Adii  0; Adij  2Adji ;
and Adij [ (21,1).
The process similarity degrees are recorded in a process
specialization matrix (PSM), denoted as PSM  sdij e£e ;
where e denotes the total number of processes in the work¯ow-process-ontology repository, sdij represents the similarity degree between Pi and Pj, i.e. sd(Pi,Pj,s), and
satis®es: sdii  1; sdij  sdji ; and sdij [ [0,1]. ADM and
PSM are used to avoid repeatedly computing a matching.
The development of the work¯ow-ontology-process
repository consists of the following ®ve steps:
1.
2.
3.
4.

describe every process and all the included activities;
establish the ASG and a relational table for ADM;
establish the PSG and a relational table for PSM;
design a maintenance mechanism for ASG, ADM, PSG,
and PSM; and,
5. design the inexact retrieval mechanism.
The ®rst step should be accomplished by the designers.
Steps 2±3 can be accomplished by either the designers or
the assistant tool. Users can adjust the contents in PSG and
ASG with the help of a management mechanism. Steps 4±5
should be accomplished by the designers.
5.2. Inexact retrieval interface
The inexact process retrieval interface is an SQL-like
language, which is similar to that we introduced in Refs.
[10,13]. To avoid redundancy, we herein just present the
different point. The work¯ow process specialization relationship is represented in the condition part of the query
statement. The syntax of the condition portion is described
as follows:
kConditionl<  P1 ±I ! P2 uP1 ±P ! P2 uP1 ±E ! P2 u
P1 ±R ! P2 uP1 ±\ ! P2 uLIKE Pu
P1 kP2 uP1 lP2 uP1  P2 uPN  kStringl , usd P1 ;p ; s $ bu
kConditionlANDkConditionlukConditionlOR
kConditionlu kConditionl
where `PN' denotes the process name. PN  kStringl ,
means that `kStringl' is the initial part of the name string
of P. `P1 , P2' and `P1 . P2' mean that P1 is more special
and more general than P2, respectively. The specialization
hierarchy support a re®nement retrieval strategy. Users can
retrieve the required processes by using different conditions
according to their familiarity degrees about the targets.
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6. Discussion and comparison
The development of the activity-ontology repository and
the work¯ow-process-ontology repository is domainoriented and essential for realizing work¯ow process sharing. Human's participation is must during the development
process although assistant tools can help to do some edit
work and veri®cation work.
Just as discussed in Ref. [10], a multi-valued process
specialization hierarchy is helpful in raising the ef®ciency
of the work¯ow process retrieval. On the other hand, a set of
heuristic rules can be formed for search navigation, specialization relationship judgement, and the consistency checking between specialization relationships.
The proposed approach can be applied to the other ®elds
to realize ¯exible reuse of various types of objects like
models, software components, web services, web documents, knowledge, etc. The basis is the abstraction of
these objects and the specialization relationships de®ned
between them.
This work extends the approach [10] in the following
three aspects. First, the function specialization is extended
to the activity specialization, which concerns not only a
function but also the restrictions and roles. Second, the de®nition of a work¯ow process is different from the de®nition
of a model. Third, this paper proposes the theory for ¯exible
process matching based on the similarity measuring
between processes and the matching derivation. These
extensions enable the proposed approach to be suitable for
¯exible work¯ow process reuse.
7. Conclusion
An inexact work¯ow process reuse approach has been
presented. The main contribution of this work concerns:
the work¯ow process abstraction and speci®cation, the
de®nition of work¯ow process specialization, the concept
of activity-ontology and work¯ow-process-ontology, and
the proposed theory for inexact process matching. The
proposed approach can increase the ¯exibility of process
matching by using the multi-valued process specialization
relationship between the well-de®ned work¯ow
processes. A matching candidate can be either an exactly
required process or a relax one on the multi-valued
specialization path with a quanti®ed similarity degree of

[0,1]. Based on the theory, we can implement the support
tools for realizing process reuse when designing work¯ow
processes.
Ongoing work concerns the following aspects: (1) investigating the characteristics of the reusable work¯ow
processes; (2) the approach to integrate reusable work¯ow
processes; (3) the approach to verify the correctness of the
integrated work¯ow process; (4) apply the proposed
approach to design web-service processes and the virtual
organization business processes [12]; and (5) apply the
proposed approach to realize knowledge-¯ow process
management.
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