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that would realize the goal service. In the event that the
goal service cannot be realized using the available services,
the system identifies the cause(s) for such failure which can
then be used by the developer to reformulate the goal speci-
fication. Thus, the system supports Web service composition
through iterative refinement of the functional specifications.
We present a prototype implementation in tabled-logic pro-
gramming environment that illustrates the key features of
the proposed approach.

1 Introduction
Recent advances in networks, information and compu-

tation grids, and WWW have resulted in the proliferation
of a multitude of physically distributed and autonomously
developed software components and services in various do-
mains including e-Business and e-Science. Real world ap-
plications in these domains call for effective tools for devel-
oping composite services using available sets of component
services. Consequently, several approaches [6, 8] for do-
ing automatic composition of Web services, including those
based on AI planning techniques, logic programming, and
automata-theory have been proposed. However, the current
approaches have some important limitations:

Reliance on a complete functional specification of the de-
sired service: Existing techniques to service composition

a setting, it is desirable that the system allows the developer
to start with an abstract, and perhaps incomplete specifica-
tion of the goal service and in the event that the goal service
is not realizable using the existing components, guide the
developer in reformulating the goal specification so as to
reduce the ‘gap’ between the desired functionality and the
capabilities of the existing components.

Inability to handle infinite-state behavior of services: Of-
ten, Web services have to cope with a-priori unknown and
potentially unbounded data domains (e.g., data types de-
fined by users in WSDL documents). Analyzing the behav-
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Figure 2: Partial view of KogoBuy transition system

which can can result in behaviors that are beyond those re-
quired for achieving the specified goal functionality. For
instance, suppose the credit card validation service CCV’
charges a service fee in addition to authenticating the credit
card. For a client whose goal is to only validate the au-
thenticity of a card, the additional action is unwarranted.
Consequently, we ignore services such as CCV’ for deter-
mining a composition strategy from the available pool of
services. Note that this approach is in stark contrast to the
traditional mediator-based techniques where actions and be-
haviors that are uncalled-for (as part of the goal) have to be
blocked/ignored. Instead, our aim is to find a suitable order-
ing of the available services that can satisfy the goal require-
ments, an approach we refer as goal-directed service com-
position. MoSCoE solves this composition problem using
the notion of similarity and simulation equivalence (Defi-
nition 2)—a composition of components is said to realize
a specified goal if the latter simulates the composition, i.e.,
the composition mimics (part-of) the functional behavior of
the goal (see Section 3.3).

3 Service Composition in MoSCoE
3.1 Service Functions as State Machines

We start with a goal specification in the form of a state
machine (Figure 1(a)) that consist of states (s1, s2, · · ·) rep-
resenting abstraction of the system configuration, and inter-
state transitions (s1 Š� s2) denoting the conditions under
which the system evolves from one state to the next. The
states can be either composite (or-/and- states) or atomic.

Each transition, source
ev[g]/e
Š� destination, is an-

notated with action labels consisting of event (ev), guard
(g), and effect (e). In the context of Web services, the
events correspond to various functions that a service pro-
vides; the guards refer to pre-conditions of those functions;
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Figure 3: (a) STS representation of BookPurchase. (b) STS represen-
tation of e-Postal.

and effects correspond to post-conditions of the transition-
functions, in essence denoting the possible assignment of
values to variables after the function is executed. A true
guard and � (empty) effect denote the absence of pre-/post-
conditions, respectively. For example, in Figure 1(a), for
transition s0 � s1, the event corresponds to function
locateBook(Name), the guard is assumed to be true,
and the effect refers to assigning some value to the variable
Avail.

Despite their popularity in modeling software, state ma-
chines have a major limitation in that they fail to reveal the
exact sequence in which the system evolves due to the pres-
ence of hierarchy (“and-states”) and nesting of sub-states
[5]. To address the need to model Web services in such
a setting, we use Symbolic Transition Systems (STS) [2]
to represent Web services (both goal and components) in
MoSCoE. In the current context, a state machine can be





can be realized from BookPurchase and e-Postal
services, we need to find out if STSKB simulates the
composition of STSBP and STSeP. If the component
BookPurchase is selected first, it can be seen that
STSBP is late-simulated by STSKB. This is because
the transition paths starting from state s0,8 in KogoBuy
simulate the paths in BookPurchase such that s6,8 is
the terminal state corresponding to state t6, and similarly
s7,8 is the terminal state corresponding to state t5. In
other words, we have t0 T true,(F illed!=0&Charged !=0)

s6,8 s0,8

and t0 T true,(F illed=0� Charged =0)
s7,8 s0,8 . Now, STSeP is

simulated by s6,8 under the substitution (Filled!=0 &
Charged!=0) and by s7,8 under the substitution (Filled=0 

Charged=0). Note that for this simple example there is an-
other solution to build a composition where the e-Postal
service is selected first followed by BookPurchase.

4 Failure-Cause Analysis and Goal Reformu-
lation

The composition of a goal service from available com-
ponent services using the process outlined above will fail
when some aspect of the goal specification cannot be re-
alized using the available component services. When this
happens, our approach seeks to provide information to the
user concerning the cause of the failure in a form that can
be used to reformulate the goal specification. In our frame-
work, the reason for failure to simulate a component by one
or more states of the goal STS STSg is obtained by iden-
tifying the dual of greatest fixed point simulation relation
R :

s1 Rθ s2 
 � s1θ α1Š� t1θ.�s 2θ α2Š� t2θ.�σ.
(α1θσ = α2θσ) � t1 Rθσ t2

(5)

Two states are said to be not simulation equivalent if
they are related by the least solution of R. We say that

STSi R
θ STSj iff s0

i R
θ s0

j . From Equation 5, the cause
of the state s1 not simulated by s2 can be due to:

1. �σ.α 1θσ 	=α2θσ (i.e., that actions do not match), or

2. �σ.α 1θσ = α2θσ and the subsequent states are related

by R
θσ

, or

3. �s 1θ α1Š� t1θ, but there is no transition enabled from
s2 under the substitution θ.

The relation R is, therefore, extended to R f , where f
records the exact state-pairs which are not simulation equiv-
alent.

s1 Rθ
f s2 
 � s1θ α1Š� t1θ.(�s 2θ α2Š� t2θ.

�σ. (α2θσ 	=α1θσ � f = (s1, s2, σ))
� (α2θσ = α1θσ � t1Rθσ

f t2) )
� (	 �s2θ Š� � f = (s1, s2, θ))

(6)
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Figure 5: (a) Component STS (b) Goal STSs STSg & STSg� (c) STS for
NewPostal

For example, consider the STSs in Figure 5(a) & 5(b).
The component STS is not simulated by the first STSg
(rooted at s1) as there exists a transition from t2(x) to t4
when the x is not equal to zero, which is absent from the
corresponding state s2(x) in the goal. That is,

t1R
true
f s1 
 � x.t2(x) R

x
f s2(x)


 (t2(x) R
x!=0
f s2(x)) or(t2(x) R

x=0
f s2(x))


 (t3 R
x!=0
f s3) or (t2(x) R

x=0
(t2(x),s2(x),x!=0) s2(x))


 false or (t2(x) R
x=0
(t2(x),s2(x),x!=0) s2(x))

The state t1 is also not simulated by state s4 of STSg� as the
state t2(x) is not simulated by s5(y). This is because x and
y may not be unified as the former is generated from the out-
put of a transition while the latter is generated at the state.
In fact, a state which generates a variable is not simulated
by any state if there is a guard on the generated variable.
Such generated variables at the states are local to that tran-
sition system and hence, cannot be ‘mimicked’ by another
transition system. In our example, t2(x) is not simulated by
s5(y).

Failure-cause analysis for KogoBuy. Returning to our
example from Section 2, assume that we replace the
e-Postal component service (Figure 3(b)) with another
shipment service NewPostal (Figure 5(c)), which func-
tions exactly like e-Postal, but additionally asks the
client to provide information about the shipment type (e.g.,
overnight, 2nd day air, ground). However, since this ‘ad-
ditional’ shipment type transition is not present in STSKB,
the component start state t7 is not simulated by states s0,8,
s6,8 or s7,8. This information about the transition and sub-
stitution causing the failure of simulation can be obtained

using the R
θ
f relation (see Equation 6). For example, t7






