Yu J, Han YB, Han J et al. Synthesizing service composition models on the basis of temporal business rules. JOURNAL
OF COMPUTER SCIENCE AND TECHNOLOGY 23(6): 885-894 Nov. 2008

Synthesizing Service Composition Models on the Basis of Temporal
Business Rules

Jian Yub? (W 1

and Maurizio Morisio

%), Yan-Bo Han?® (##&)%), Jun Han® (¥ %), Yan Jin? (&
1

%), Paolo Falcarin

! Department of Automation and Information, Politecnico di Torino, Torino 10129, Italy

2S8chool of Computer Science, The University of Adelaide, SA5005, Australia

3@rid and Service Computing Research Center, Institute of Computing Technology, Chinese Academy of Sciences
Beiging 100190, China

4 Faculty of ICT, Swinburne University of Technology, Hawthorn 8122, Australia

E-mail: jian.yu@polito.it; yhan@ict.ac.cn; jhan@ict.swin.edu.au; yjin@ict.swin.edu.au; paolo.falcarin@polito.it
maurizio.morisio@polito.it

Received November 14, 2007; revised June 9, 2008.

Abstract  Transformational approaches to generating design and implementation models from requirements can bring
effectiveness and quality to software development. In this paper we present a framework and associated techniques to generate
the process model of a service composition from a set of temporal business rules. Dedicated techniques including path-
finding, branching structure identification and parallel structure identification are used for semi-automatically synthesizing
the process model from the semantics-equivalent Finite State Automata of the rules. These process models naturally satisfy
the prescribed behavioral constraints of the rules. With the domain knowledge encoded in the temporal business rules,
an executable service composition program, e.g., a BPEL program, can be further generated from the process models. A

running example in the e-business domain is used for illustrating our approach throughout this paper.

Keywords

1 Introduction

The service-oriented computing paradigm, which
is currently highlighted by Web services technologies
and standards, provides an effective means of applica-
tion abstraction, integration and reuse with its loosely-
coupled architecturel’:2l. Tt promotes the use of self-
describing and platform-independent services as the
fundamental computational elements to compose cross
organizational business processes. Executable service
composition languages including BPELE! and BPML
have long been effective tools for developing applica-
tions in this paradigm. Recent trends in user-centric
service creation leveraged by Web 2.0 technologies also
drive people to vary BPEL to facilitate the creation of
a new breed of Web applications called mashups[®6l,
which are built by aggregating Web contents and ser-
vices like Google maps and Flicker images.

In the process of developing service-oriented

service composition, composition synthesis, behavioral model, temporal patterns

applications, it is essential to ensure that the service
composition being developed possesses the desired be-
havioral properties specified in the requirements. Un-
expected application behaviors may not only lead to
mission failure, but also may bring negative impact to
all the participants of this process.

One of the typical solutions to this problem is
through verification: by formally specifying the behav-
ioral properties and then applying the model checking
technique to ensure the conformance of the application
to these properties. A bunch of research papers have
been published on the verification of service composi-
tions in BPELI"=9]. We also have proposed a pattern-
based specification language PROPOLS and used it for
verifying BPEL programs!*?!. One of the significant fea-
tures of our approach is that PROPOLS is an intuitive,
software practitioner accessible language that can be
used by business experts to express temporal business
rules.
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Synthesis is the process of generating one specifica-
tion from another at an appropriate level of abstraction,
while significant properties of the source specification
are kept in the target one. Compared with verification,
the synthesis approach gives further benefits to devel-
opers: except for ensuring the property conformance —
part of the application design and programming work is
done automatically. This kind of transformational im-
plementation can bring effectiveness and quality to soft-
ware development!'!l. Expectedly, this approach would
be very helpful to novice developers including end-users
who want to create their own service applications!*2.

On the basis of our previous work!'®! in this pa-
per, we propose a synthesis framework and associated
techniques to generate the service composition process
model from a set of temporal business rules which pre-
scribe the occurrences or sequence patterns of business
activities in a business domain. We use PROPOLS!!
as the rule specification language. The behavioral
model of a set of rules can be achieved by translating
each rule in the set into a semantics-equivalent Finite
State Automaton (FSA) and then composing them into
another FSA with the logical operators defined upon
FSA. A set of possible execution paths of the targeting
service composition can be generated by finding the
acceptable paths of the resulting FSA. Pattern-based
branching structure identification and parallel structure
identification techniques are used for generating a pro-
cess model upon one of these paths. Because the tem-
poral rules are specified at business level with easy com-
prehension of properties, they are loose constraints!!*!
and usually insufficient to characterize solutions pre-
cisely enough; therefore high level manual interactions
including introducing new rules and choosing suitable
paths are necessary for producing a satisfying process
model. It is worth noting that these manual interac-
tions are simple enough for people without any knowl-
edge of formal methods to use. Finally, the generated
process model can be further transformed into a BPEL
program by discovering reusable Web services based on
the ontology information encoded in the business activ-
ities.

In general, the core benefit of our approach is that it
provides an approach to semi-automatically generating
design models (the process model) from requirement
models (the temporal rules) featuring intuitive speci-
fication and correct-by-construction. All the involved
human activities are rule specification and result elici-
tation, which make our approach easy to access.

The rest of the paper is organized as follows. Sec-

tion 2 presents an overview of our synthesis framework.
Section 3 and Section 4 explain in detail the two major
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phases in the synthesis framework, specification and
synthesis, with a running example. Section 5 is the
discussion and related work, and finally we conclude
the paper in Section 6.

2 Overview of the Synthesis Framework

Fig.1 summarizes the main components of our syn-
thesis framework. The shadowed ovals indicate the
three major phases: specification, synthesis, and trans-
formation. Iterations between specification and synthe-
sis phases are usually necessary to fine-tune the process
model.

Business
Requirements/

Policies

Ontology of
Business 1. Specification Temporal
Activities Business Rules

. Process
BPEL Program

Fig.1. Overview of the synthesis framework.

In the specification phase, we use PROPOLS to de-
scribe temporal business rules which state the occur-
rence or sequencing constraints between business activ-
ities prescribed by the business requirements or poli-
cies. Here the business activities represent reusable
services in a business domain which are either coarse-
grained services exposed beyond organization bound-
ary or fine-grained services extracted from function li-
braries. A taxonomy or an ontology can be used to
organize business activities for effective browsing and
searching. Each rule is composed of two parts: tempo-
ral pattern and scope, where a temporal pattern speci-
fies what business activity must occur and a scope spec-
ifies when the temporal pattern must hold. For exam-
ple, if we want to state the precondition relationship
between two business activities P and @ in a global
sense, we can specify a temporal rule with the form P
precedes @ globally. In the next section of this paper,
we will briefly introduce PROPOLS language and show
how to use it to specify temporal business rules for an
example scenario.

The synthesis phase can be further illustrated in
Fig.2.
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Temporal
Business Rules

Adjusting Adjusting
. | Grouping. * | A
Temporal Temporal
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‘Puth—Findin g + Path-Finding
Acyclic Acyclic
Accepting Paths Accepting Paths
(Group 1) (Group 2)
] I Synthesizing l I

Process Model

Fig.2. Synthesis process.

First the temporal business rules created in the spec-
ification phase can be classified into different groups
based on the ontology of business activities. The main
purpose of grouping is to separate concerns. One group-
ing strategy is by the goals/sub-goals of the business
activities involved; e.g., if a set of business activities
like Place Order, Check Order and Conform Order are
classified under Process Order goal, then all the tempo-
ral rules defined upon these business activities are also
automatically put in one group. Grouping can reduce
the number of temporal rules that should be consid-
ered at a time, which reduces the complexity of the
total synthesis process.

Next the semantics of a group of temporal rules are
captured by an FSA. This FSA is generated by com-
posing the corresponding FSA of each rule in the group
(see next section for detail). Every string/path in the
accepting language of the resulting FSA (called accept-
ing path) is a justified execution path of the related
business activities, which conforms to all the rules in

the group!*?.

In fact, FSA can have accepting paths that are infi-
nite because of the loop transitions between states. We
just find all the Acyclic Accepting Paths (AAPs, see
Section 4 for detail). The rationale of this approach is
that we are in general looking for shortest solutions.

Every AAP is a sequence of business activities sat-
isfying the group of rules. If the set of the generated
AAPs cannot satisfy the user’s expectation, e.g., its
size is too big or it only contains trivial solutions, the
user can always refine the resulting AAPs by adjust-
ing temporal rules or introducing new rules. The last

step of the synthesis phase is to synthesize a process
model from AAPs. The user is asked to pick one AAP
from each group and decide an order between them.
Techniques that automatically identify branching and
parallel structures then are used for generating the final
process model.

The transformation phase will transform the result-
ing process model into the control flow constructs, e.g.,
sequence, switch, and flow, in BPEL. The ontology
of business activities will be used to discover reusable
Web services and transformed into the invoke action in
BPEL.

To better illustrate our approach, we present a sce-
nario from the e-business domain as a running exam-
ple. This is an online purchasing scenario and a brief
description is as follows. An e-business merchant can
accept online orders and then processes them. Before
accepting an order, he must check this order for valid-
ity, and the customer who places the order will receive
either a confirmation or cancellation of the order based
on the checking result. A so-called “Hard-Credit” rule
is used for protecting the interests of both the customer
and the business provider. This rule states that the
customer must pay when the order is fulfilled, and the
payment is made only after the customer has received
both the goods and the invoice. A third-party trustee,
e.g., a bank, is necessary to implement this rule: first
the customer deposits the payment to the bank, and
then the payment is transferred to the provider if the
customer received the desired goods. The next two sec-
tions will illustrate the specification and the synthesis
phases based on this scenario.

3 Specifying Business Temporal Rules with
PROPOLS

PROPOLS is a high-level temporal constraints spec-
ification language. The main constructs of PROPOLS
are property patterns16] abstracted from frequently
used temporal logic formulas. A logical composition
mechanism allows the combination of patterns to ex-
press complex requirements. Below we briefly describe
the key constructs and semantics of PROPOLS.

PROPOLS has two main constructs: basic patterns
and composite patterns. Fig.3 shows the form of basic
patterns. The constructs on the left are temporal pat-
terns and those on the right are scopes. A temporal
pattern specifies what must occur and a scope specifies
when the pattern must hold. The P, @, R, and S in the
figure denote event parameters (or business activities in
this work) and n is a natural number.

Every temporal pattern has the intuitive meaning by
its name, e.g., precedes means precondition relationship,
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Temporal Patterns Scopes
P precedes Q globally
Pleadsto Q before S
P is absent X | 1| afeer &
P is universal Q between R and S
P exists [ ?:t {qus[t ] n times] after R until §

Fig.3. Basic patterns.

leads to means cause-effect relationship, P is absent
means P cannot occur, P is universal means only P
can occur, and ezists defines the occurrence time of
an event. Scope globally refers to the whole execution
period of an application. Scope before S refers to the
portion before the first occurrence of S, and so on.
Composite patterns are constructed by the logical
composition of basic patterns which enrich the expres-
sion capability of basic patterns. The syntax of com-
posite patterns in BNF is:
Pattern = Basic pattern | Composite pattern
Composite pattern = mnot Pattern | Pattern and
Pattern | Pattern or Pattern | Pattern xor Pattern.
In the example scenario, the left part of Fig.4 shows a
taxonomy of business activities classified by goals/sub-
goals. The right part is the PROPOLS temporal rules
defined upon them. These rules are automatically
grouped based on the class/type of the involving busi-
ness activities: if all the business activities of a rule are
of the same class, then this rule is also classified under
this class, e.g., Rules A.1~A.4. Note that if the busi-
ness activities of a rule are from different classes, then
this rule will not be grouped automatically, e.g., Rule
AH.1. We call such rules cross-group rules, which are
used for verifying the order between AAPs during the
synthesis phase (see Section 4 for detail).

A.1 PlaceOrder leadsto CheckOrder

globally
. . . A.2 CheckOrder precedes ConfirmOrder
& OnlincPurchasing globally
& AcceptOrder A.3 CheckOrder precedes CancelOrder
i PlaceOrder globally
ie CheckOrder A4 (ConfirmOrder exists Globally) xor
-+ ConfirmOrder (CancelOrder exists globally)
- CancelOrder

&~ HardCreditRule H.1 ConfirmDeposit precedes FulfilOrder

i ConfirmDeposit globally
o FulfilOrder H.2 FulfilOrder precedes Issuelnvoice
- Tssuelnvoice globally

“ ConfirmPayment [H.3 Issuelnvoice precedes ConfirmPayment
globally

AH.1 ConfirmOrder precedes FulfilOrder
globally

Fig.4. Business activities and temporal rules of the online pur-

chasing example.

Rule A.4 is a composite pattern, which intuitively
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means that the order will either be confirmed or can-
celed, but not both.

The formal semantics of each basic pattern can be
described by an FSA. Fig.5 shows the FSA semantics of
Rules A.1 and A.2. The symbol O in the figure denotes
any other events than the named events. Fig.5(a) says if
PlaceOrder has occurred, an occurrence of CheckOrder
is necessary to drive the FSA to a final state. Fig.5(b)
says that before CheckOrder occurs, an occurrence of
ConfirmOrder is not accepted.

PlaceOrder

CheckOrder

@
ConfirmOrder
CheckOrder

®)
Fig.5. FSA semantics of basic patterns. (a) Rule A.1. (b) Rule
A2

The semantics of composite patterns can be ex-
pressed by the logical composition of FSAIT. For ex-
ample, the FSA on the right part of Fig.6 represents the
semantics of Rule A.4, which is the xor composition of
the FSA of two basic patterns: ConfirmOrder ezists
globally and CancelOrder exists globally. The states are
the Cartesian production of the two FSAs and the final
states are determined by the logical operator used.

4 Synthesis Process

In this section we detail the synthesis process de-
scribed in Fig.2.

4.1 Grouping

Grouping is the first step of the synthesis process.
We have seen from Fig.4 that the grouping of rules can
be done automatically if we have a taxonomy of the
business activity. In fact grouping is an optional step;
the user can use or skip this step depending on the
amount of the rules.

4.2 FSA Composition

Fig.7 shows the FSA generated by the
and_composition of Rules A.1~A.4 using the verifica-
tion tool introduced in [10]. If we use and_composition
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ConfirmOrder
(0]

ConfirmOrder

ConfirmOrder Exists Globally

CancelOrder
(0]

CancelOrder

CancelOrder Exists Globally

XOr_composition
ConfirmOrder
[©]

¢ CancelOrder
‘?’?oo ConfirmOrder
0, ©
%

Fig.6. Logical composition of two exists basic patterns.

or final state 15 is a valid run of business activities,
which satisfies every rule in Rules A.1~A.4, e.g., the
path CheckOrder; CancelOrder on top of the figure.

4.3 Path-Finding

Because FSA has only one initial state, all the AAPs
of an FSA form a path tree with the initial state as
the root. In Fig.8, a variation of the Depth-First-
Search algorithm8! for graphs is used for generating
this AAPs tree. The original DFS algorithm generates
only one node on the tree for every state. In our case, if
a state has N non-reflexive incoming edge, it should be
on N branches of the tree. We modify the DFS algo-
rithm to accommodate this change. In the last line of
our algorithm, a state is marked unvisited when a new
branch is to be visited so that the state can also have
a node on this branch.

Applying this path-finding algorithm to the FSA in
Fig.7, we can get all the acyclic paths starting from the
initial state. Fig.8 is an excerption of the path tree,
showing some of the paths containing final states.

There are totally 8 AAPs found by the algorithm:

to compose FSA| every path from the initial state to the 1. Place; Check; Cancel®,
final states of the composed FSA is also an accepting 2. Place; Check; Confirm,
path of every component FSA, which means that every 3. Place; Check; Place; Cancel, Check,
accepting path of the composed FSA is a valid occur- 4. Place; Check; Place; Confirm; Check,
rence of events that satisfies all the involving rules. In 5. Check; Place; Cancel; Check,
Fig.7, every path from initial state 0 to final state 12 6. Check; Place; Confirm; Check,
CancelOrder
7.3.4,1,6,5 3,0,4,1,6,5 0: CheckOrder
' 1: CancelOrder
CancelOrder @ CheckOrdg onfirmOrder 2: Conﬁ'rmOrder
\ PlaceOrder > 3: ReceiveConfi-
3.04.6 73.4.6.5 %0,4,1,6,5 rmDeposit
A oS 4: FulfilOrder
5: ConfirmPay-
CheckOrder 0 ) heckOrder ment )
PlaceOrder 6: Issuelnvoice
7,3.4,6,5 .
3,4,6,5 Check@rder 7: PlaceOrder

7,3.2,4,6,5 3.2,04.,6,5

‘ PlaceOrd ‘
O O,

ConfirmOrder

PlaceOrder GheckOrder

7,3.4,1,6,5 CanelOrder

sgcelOrde! '
®,

CancelOrder
3,4,1,6,5

S

ConfirmOrd '
3,2,4,6,5 e CheckOrder ' A

7,3.2,4,1,6,5

CancelOrder
27074,1,6,5

ancelOrde 'o

3,2,04,1,6,5

' PlaceOrder
ConfirmQrder= ﬂm‘ '
wmm ;. O,
PhaceQrder

ConfirmOrder  3,0M,1,6,5
heckOrder "

CheckOrde ConﬁrmOr CheckOrder '@

Qrd
ConfirmOrder

Fig.7. and_composition of the FSA of Rules A.1~A 4.

®“Place0rder” is shortened as “Place” if no ambiguity is introduced. The same rule is applied to other business activities.
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7. Check; Cancel,
8. Check; Confirm.

Procedure fsaAcyclicPath (FSA G) {
counter = 0;
order = new int[G.numberOfStates];
for (int t = 0; t < G.numberOfStates; t++){
order[t] = NotVisited; }
/**search all the paths starting with the initial
state*x/
searchC(0); }
Procedure searchC(int v) {
ord[v] = Visited;
AdjacentList A = G.getAdjacentList(v);
for (Node t = A.begin(); !'A.end(); t = A.next()){
if (ord[t.v] == NotVisited){
addEdge2Tree(v,t);
searchC(t.v);
/**mark the state as not-visited when move to a
new branch#*/
ord[t.v] = NotVisited;}}}

Fig.8. Algorithm for FSA acyclic path-finding.

Clearly, not every AAP fits the user’s need. At this
time, the user can introduce new rules to remove some
unrelated AAPs. For example, if one extra rule, Place-
Order precedes CheckOrder globally, is introduced, the
number of the above AAPs will be reduced to 4, only
AAPs 1~4 are left.

PlaceOrder

~ConfirmOrder

CancelOrder

PlaccOrder

Fig.9. Exception of the path tree.

4.4 Synthesis

After all the satisfying AAPs are generated, the user
can pick one AAP from each group and connect them
manually to build the initial process model which only
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contains sequence structures. Suppose the chosen AAP
for Rules A.1~A.4 is oa: PlaceOrder; CheckOrder;
ConfirmOrder, and the chosen AAP for Rules H.1~H.3
is oy: FulfilOrder; Issuelnvoice; ConfirmPayment, the
user can either connect o before or after og. At this
time, cross-group rule AH.1 is used for verifying the
order between AAPs with the tool introduced in [10].
So the verification will not pass if oy is put before oa.
Note that this step is necessary only when grouping is
applied on the rules.

A heuristic method is used for introducing branch-
ing structures into the initial process model. If a rule
has the form like P exists globally zor Q) exist globally,
e.g., Rule A.4, we introduce a branch between P and
Q. The justification of this method is that the process
model with the branch will be verified correctly against
the temporal rule.

The introduction of parallel structures is based on
interleaving assumption, which states that two events
are concurrent if their occurring order does not change
the consequence['?!. Based on this assumption, suppose
we have two AAPs oy and o5, o1 has the form aPQS
and oy has the form a QP 3, where o and 3 are two path
strings, P and () are events, we can conclude that P and
@ can be put in a parallel structure because the occur-
rence sequence of P and @ has nothing to do with the
execution consequence. For example, if we compose all
the rules in Fig.6, we can find that ConfirmOrder and
ConfirmDeposit can go in parallel.

Using the above-stated methods and techniques, a
candidate synthesized process model based on o5 and

oy is shown in Fig.10.
|Place0rder I—»ICheckOrder K>
LP‘ FulfilOrder |—>| Issuelnvoice |—>|C0nﬁrmPayment|

Fig.10. Candidate synthesized process model.

5 Transformation

The transformation phase utilizes both the abstract
process model generated in the synthesis phase and the
ontology information associated with the business ac-
tivity to create a skeleton of the target BPEL program.
An Activity AppContext ontology is used for specifying
the application context of business activities. Fig.11
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is a graphical representation of the ActivityAppCon-
text ontology which is generated by OntoViz, a plug-in
for ontology editor Protégé. For every application con-
text of an activity, there are 4 main properties: goal,
provider, user and interactionType. A request must be
initiated from a user to a provider. The interaction-
Type property specifies how the user interacts with the
provider, that is, synchronous or asynchronous.

I context*
interactionType*, Activity AppContext
7 -~
iark 2 ~~ _ goal*
pe pr0v1d61' pl \*user* ~ £
|InteractionType | | Role | | Goal |

isa isa

I Synclnteraction I IAsyncInteraction |

Fig.11. ActivityAppContext ontology.

A corresponding application context description for
the PlaceOrder activity can be found in Fig.12.

is running on the merchant side, and the message is
sent from Customer to Merchant) that relates to the
Customer-Merchant partnerLinkType.

(plnk:partnerLinkType name="CustomerMerchantLinkType")
(plnk:role name="customer")(plnk:portType
name="customer : CustomerPortType"/)

(/plnk:role)

(plnk:role name="Merchant")

(plnk:portType

name="tns:MerchantPortType"/)

(/plnk:role)(/plnk:partnerLinkType)

(partnerLink name="CustomerMerchantLink"
partnerLinkType=

"tns:CustomerMerchantLinkType"

partnerRole="customer"
myRole="Merchant"/)

(receive partnerLink="CustomerMerchantLink"

operation="PlaceOrder"/)

(1DOCTYPE rdf:RDF [ (!ENTITY Act
"http://softeng.polito.it/yu/activity.owl#" )])
(rdf :RDF
xmlns="http://sofeng.polito.it/yu/Placelrder.owl#"
xml:base="http://sofeng.polito.it/yu/PlaceOrder.owl"
xmlns:Act="http://softeng.polito.it/yu/activity.owl#")
(Act:Activity rdf:ID="PlaceOrder")

(Act:context rdf:resource= "#E-Business"/)

(/Act:Activity)

(Act:ActivityAppContext

rdf : ID="E-Business")

(Act:provider rdf:resource="&Activity;Merchant"/)
(Act:user rdf:resource="&Activity;Customer"/)
(Act:goal rdf:resource="&Activity;AcceptOrder"/)
(Act:interactionType rdf:resource="&Activity;

SyncInteraction"/)

(/Act:ActivityAppContext)(/rdf :RDF)

Fig.12. Application context description for activity PlaceOrder.

From the application context description of an ac-
tivity, we can determine the partners involved in the
activity, and also the interaction mode between them.
We can use this information to create partnerLinkType,
partnerLink and invoke/receive activities of a BPEL
program. For example as shown in Fig.13, on the ba-
sis of above defined context description, we can create
a BPEL partnerLinkType between Customer and Mer-
chant, and a BPEL receive activity (because the process

Fig.13. ActivityAppContext ontology.

Fig.14 illustrates the structure of the final BPEL
program skeleton and its interactions with the partners.

Merchant B

Customer

{receive>
7| PlaceOrder

y

<invoke>
CheckOrder

Al
<invoke>
ConfirmOrder

<invoke>
CancelOrder

]

Y

{receive>
ConfirmDeposit

y

<invoke>
FufilOrder

<invoke>
Issuelnvoice

v

{receive> <
ConfirmPayment

Fig.14. Structure of the final BPEL program.

Finally, to make the generated BPEL skeleton a full-
fledged executable BPEL process, concrete Web ser-
vices should replace the business activity placehold-
ers which can be fulfilled either by implementing from
scratch or discovering reusable services based on the
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semantics of the business activities. Other tasks like
variables and port type definition are also needed. Such
a discussion is out of the scope of this paper.

6 Application and Evaluation

A test-bed for our service composition synthesis ap-
proach is the EU FP6 funded research project OPUCE
(Open Platform for User-Centric Service Creation and
Execution) 201, One of the major purposes of OPUCE
is to develop an advanced service creation platform for
end-users to create their own value-added services using
well-encapsulated telecom and IT base services. In this
context, there are two sets of business rules which are
defined between base services. One set of rules are spec-
ified by base service providers and the platform admin-
istrators to regulate the behavior of base services. The
other set of rules are specified by end-users to partially
express and record their requirements to the desired ap-
plication. These two sets of rules together are used for
synthesizing a service composition model. Based on the
user response, the programming work became an inter-
esting trial-and-error process. The users also reported
that when too many candidate paths are generated, in-
stead of introducing new rules, reducing the number of
base services by refining goals into sub-goals is a more
effective way.

To test the performance of our synthesis approach,
we organize 5 groups of rules whose corresponding com-
posed FSA has state number of 30, 100, 150, 250 and
500 respectively and record the time used to finish the
synthesis work on each group. Fig.15 is the result of this
experiment on a notebook with AMD Turion64 2.0GHz
CPU and 896MB memory running Windows XP. As we
can read, when the state number is 30, the same size as
the one by composing Rules A.1 to A.4 in Section 4, it
only takes less than 200ms to finish the synthesis. But
if the number of states reaches 500, it will take about
5 seconds to finish the task. If we take 2 seconds as
the upper limit of user’s acceptable time on a synthesis
task, the threshold of state number is at about 200, i.e.,

/l’

e

100 200 300 400 500 600
State

Time (x103 ms)
O = N WA N

1

Fig.15. Performance results of the synthesis framework.
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the state number of an FSA by composing 5 to 6 basic
rules. This result is also compatible with the response
of the user experience: our synthesis approach works
best by dividing a large group of rules into smaller size.

7 Discussion and Related Work

One limitation of our work is that the synthesis
framework cannot generate loops in the process model
because all the accepting paths in the path-tree have
finite length. In a general sense it may seem a big
drawback. But in the context of user-centric service
creation, looping is not allowed inherently in main-
stream platforms including Microsoft Popfly?!] and Ya-
hoo Pipes??, and also in the OPUCE platform!2%. We
believe that the reason why looping is banned is based
on the consideration of usability. Admittedly, end users
can still compose versatile services using the above-
mentioned platforms; also it is not always an easy task
for a non-technically experienced end user to configure
a correct loop.

A body of work has been reported on generating
process models in the area of service-oriented comput-
ing. Berardi et al. use situation calculus to model the
actions of Web services, and generate a tree of execu-
tion paths[?®l. They also use FSA to model the actions
of individual services and then synthesize the service
composition FSAR4. Wu et al. discuss how to synthe-
sis Web service compositions based on DAML-S using
an Al planning system SHOP2[(!. Duan et al. syn-
thesis a BPEL abstract process from the pre-condition
and post-condition of individual tasks/26/. Most of the
above work is based on Al planning. One problem with
Al planning synthesis is that planning focuses on gener-
ating a sequential path for conjunctive goals and does
not consider generating process constructs like condi-
tional branching and parallel execution.

In a more general context, there are approaches to
generating behavioral models from various formalisms.
For example, Beeck et al. use Semantic Linear-Time
Temporal Logic to synthesis state charts!'?. Uchitel et
al. use Message Sequence Charts to synthesis Finite Se-
quential Processes?”). The most significant difference
between our approach and theirs is that our process
model is more close to the final program, while their
models are more abstract and suitable for reasoning
the properties of the system.

8 Conclusion

In this paper, we present a framework and associated
techniques to semi-automatically synthesis service com-
position process models from temporal business rules.
This framework is supposed to give much help to novice
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software practitioners including end-users, because the
rule specification language PROPOLS is intuitive and
works at the business level, also an auto-verified process
model can be generated semi-automatically.

In the future, work is planned on improving the per-
formance of the synthesis framework. We also intend
to integrate this framework to some graphical service
composition editors, e.g., ActiveBPEL Designer(28!.
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