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Abstract

We study the problem of synthesis of a choreogrpher
in Web service composition for a given set of services
and a goal. Services and goal are represented using i/o
automata which can succinctly and precisely describe
the interfaces of the services. Our technique considers
existence and synthesis of two types of the choreogra-
phers: a simple choreographer capable of only relay-
ing outputs from one service to input of another and
a transducing choreographer which is capable of stor-
ing and reusing inputs/outputs from the services. The
central theme of our technique relies on generating i/o
automata representation of all possible choreographed
behavior of existing services (captured in form of uni-
versal service automaton, a concept introduced in this
paper) and verifying that the goal can be simulated by
the universal set of choreographed behaviors.

1 Introduction

Service oriented solutions have made major inroads
in the computing world with their impact in the domain
of e-service, e-commerce, e-business etc. Web services
form one of the central themes in service oriented ar-
chitectures. Web services can be viewed as functions or
sequences of functions which provide outputs for spec-
ified inputs. An interesting problem in Web services is
to address the question of whether (and how) multiple,
heterogeneously developed services can be employed in
a co-operative fashion to realize and develop new de-
sired services. The problem is referred to as Web ser-
vice composition.

*This work is supported in part by NSF grants NSF-ECS-
0218207, NSF-ECS-0244732, NSF-EPNES-0323379, NSF-ECS-
0424048, NSF-ECS-0601570, and NSF 0509340.

Service composition relies on specifications of input-
output behavior of services which are typically repre-
sented using service description languages, e.g., WS-
BPEL, OWL-S, WSDL [14]. At a high-level, composi-
tion amounts to identifying how the output of one can
be connected to the input of the other and realize the
appropriate output for a specific input.

There are two main aspects of composition prob-
lems. First, as the services are developed indepen-
dently, the description of input-output of one service
may be different from another and hinder in connect-
ing the output of one to the input of the other. For
example, one service may require an input of temper-
ature in Celsius while the service recording the tem-
perature outputs the temperature in Fahrenheit. Such
incompatibilities are referred to as semantic mismatch
of services. The second issue is closely related to the
functionality, i.e., services need to be composed in a
specific fashion to realize a desired or new service. We
will refer to the new service as goal. The solution to
the problem may require identifying a choreographer
which supervises the behavior of services in such a way
that the goal is achieved.

Driving Problem. In this paper, we investigate
automata-theoretic approach to address the second
problem: given a set of services and a goal, is it possi-
ble to generate a choreographer which can communicate
with the services to realize the goal? In our technique,
we consider existence and synthesis of two types of
choreographers: simple choreographer and transducing
choreographer. Simple choreographer is only capable of
relaying output from one service to input of another,
i.e., choreographer does not buffer any output for later
use. On the other hand, transducing choreographer
is capable of storing already seen inputs and outputs
and using them to provide inputs to services at a later
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Figure 1: (a) Service 51, (b) Service Sz, (c) Required 4. The proposed technique is sound and complete.
Service S¢ and (d) Composed Services.

Organization. The rest of the paper is organized as
follows. Section 2 describes an example which will be
used in the rest of the paper to explain the salient fea-
tures of our technique. Section 3 provides the relevant
background and describes i/o automaton. Sections 4
and 5 present the techniques to verify existence of sim-
ple and transducing choreographers respectively. Re-
lated work is discussed in Section 6 followed by the
conclusion in Section 7.

stage. The phenomenon is referred to as inducing as
the choreographer can induce a service to respond to a
stored input. Furthermore, the transducing choreogra-
pher can consume or absorb outputs from services that
are not necessary to realize the goal. This is referred
to as hiding. In short, the transducing choreographers
can store, use and ignore inputs and outputs to and

from services as and when necessary.

Our Solution. Given a set of services, our solution 2 Illustrative Example

relies on identifying all possible behaviors that can be Consider the sequence diagrams in Figure 1; (a) and
realized from the services using a simple or transducing (b) which show the input-output behavior of two ex-
choreographer. If the goal behavior is simulated by all isting services. The sequence of activities can be ob-
possible composed behavior, we infer that synthesizing tained by top-down scanning of the corresponding di-
a choreographer is possible for the said goal; otherwise agram. S; takes as input social security number (SSN)
choreographer does not exist. and produces as output the credit card number (CCN);
The contributions of this paper is summarized as while Sy takes as input CCN twice and outputs credit
follows: approval (Appr) and loan approval (Loan). The inputs
to the services (when functioning on their own) come

1. Service composition is concerned with the input- from their environment and outputs are provided to

output behavior of the services. We use i/o au-
tomata to precisely represent this behavioral as-
pect.

the environment. By environment, we mean the client
or user who is using the services.

Assume that the developer wants to create a new
service (referred to as goal service) S¢ which takes
as input SSN from the client and outputs Loan (Fig-
ure 1(c)). The existing services S; and Sz do not pro-
vide the required Sg. However, an intermediary or
a choreographer can be synthesized which relays and
controls information between S; and So and replicates
the input-output behavior of Si. Figure 1(d) shows
the choreographed S; and S3. Note that the choreog-
rapher acts as the environment of the services; it relays

2. Existence of two types of choreographers are con-
sidered. We present a sequence of steps which uses
i/o automata representation of services and devel-
ops a new set of automata representing all possi-
ble choreographed behavior of the services. If the
generated automaton simulates the goal (also rep-
resented as i/o automaton), we say that a (simple
or transducing) choreographer can be synthesized.

3. The steps for synthesizing a choreographer system- the SSN input from the client to S; and stores the CCN
atically shows how a simple choreographer synthe- output from S;. It does not relay CCN to the client
sis problem can be extended to solve the transduc- (it hides this output), instead the choreographer pro-

ing choreographer synthesis problem. The solution vides CCN as input to Sy to obtain the outputs Appr
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Figure 3: Automaton: Goal Ag.

and Loan. Finally, the choreographer sends the Loan
to the client. The objective of this paper is to identify
the conditions under which such a choreographer can
be synthesized given a set of existing services and a
goal.

3 Preliminaries

3.1 Services as Automata

We describe the (goal and component) services as
input/output automata whose states represent the con-
figuration of the services and interstate transitions de-
fine the way in which the services evolve from one con-
figuration to another. Each transition is enabled in the
presence of a specific input and results in a specific out-
put. Formally, input/output automaton is defined as
follows:

Definition 1 (I/O Automaton) An i/o automaton
A is defined by a tuple (X,X°,I,0,T), where, X is
the set of states, X° C X is the set of initial states, I
is the set of inputs, O is the set of outputs and T C
X x I x O x X is the set of transitions. An element
of T represented by t = (x,1,0,%") is such that v € X
is the origin state of the transition, i € I is the input
to the transition, o € O is the output of the transition
and ' € X is the destination state of the transition.

We will often use x e, a’ to denote (z,i,0,2') € T.

Example 1 Consider the automata representation of
services (Figure 1(a,b)) in Figure 2. The input-labels
of each transition in Figure 2 are the inputs to the
services from their corresponding environment, while
the output-labels are the outputs provided by the ser-
vice following an input. The sequencing in the service
automata can be obtained from the sequence of input-
output in its sequence diagram. WLOG we assume that
the input and output always alternate'.

3.2 Role of a Choreographer

Recall that the problem of service composition is
to identify whether a set of existing services can be
used to realize a specified goal (a new service). The
goal can be represented by an i/o automaton and an
existing service is said to realize the goal if all possible
behaviors of the goal is also present in the service.

1A sequence of inputs followed by outputs can be easily rep-
resented if transition labels are sequence-based.

Typically however, a goal cannot be realized from
one service. For example, consider the goal automa-
ton in Figure 3. It cannot be realized from any of
the services in Figure 2(a,b). In such cases, a chore-
ographer is required to control the services such that
their composition with the choreographer realizes the
specified goal. In our setting there are two important
features of such a composition: (a) a service does not
communicate with the client or other services directly
and (b) the choreographer cannot produce any input
on its own; instead it relies on services or the client for
the inputs. For example, the service automaton A; in
Figure 2(a) requires an input SSN and provides an out-
put CCN. A choreographer can transfer the SSN input
from the client or another service to A; and can trans-
fer the CCN from A; to the client or another service can
consume it.

The main idea behind choreographer synthesis is
to a realize each goal-transition by executing cer-
tain service-transitions in a certain sequence, and re-
laying the inputs/outputs of the service-transitions
in accordance to that sequence. The input to the
first service-transition in the sequence is the same as
the goal-transition input, the output from the last
service-transition in the sequence is the same as goal-
transition output, and the output from any other
service-transition is the same as the input to the
next service-transition in the sequence. Such a goal-
transition is said to belong to the closure of the se-
quence of service-transitions. We can also project
such a sequence of service-transitions on individual
services to obtain a set of sequences, each one of
which belongs to a single service. We then say that
the goal-transition is realizable from that set of se-
quences. The set of all possible service-transition se-
quences are first obtained by taking the interleaving
product of the service-automata. A “closure” opera-
tion is then performed over the sequences of service-
transitions (obtained through interleaving) to identify
the goal-transitions that a certain sequence of service-
transitions is able to realize. In the following we for-
malize these notions.

Before proceeding to formally define a choreogra-
pher, we present the notational convention and back-
ground definitions. We will use «, 8, u, v and their sub-
scripted versions to define sequences. Concatenation
will be denoted by “.” (dot). For any two strings «
and 3, a = ( denotes that « is a prefix of (.

Definition 2 (Interleaving product of sequences)
The interleaving product of sequences (||) is de-
fined inductively as: € || a = a || € = «;
(i/o.1) || (/) = i/0.(uli'/0'-v) + 7o/ (i o | v).
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Definition 3 (Closure) The closure of a string o = To identify the existence of such a choreographer, we

i1/01.i2/02 ... in/0on € (I X O)*, denoted by CL(), is first define an interleaving product automaton from the
equal to existing service automata. This automaton captures
all possible interleaved behavior of the participating

{ i1/01 -+ im—1/0m—1-lm/ Ok ik41/O0k41 - - - in /0y | } service automata.

Im<k:Vim<j<k:ijg=o;

(1) Definition 6 (Interleaving Product) Given a set
of service automata Ay, As,...,Axn where A, =
For example, (X, X2, 1,,,0,,T,) for 1 < n < N, the inter-

leaving product of {A,} is defined as an automaton
CL(a/bb/ec/d) = {a/bbjec/d, afec/d, afd, afbb/d} | A~ (X, X0 T,0.T), where, X C Xy x Xax... Xy

s the set of states, X = X7 x X§ x ... X} is th
Definition 4 (Realizability) A given o € (I x O)* is the sct of staics, LX Az X N 18 e

is said to be realizable from {By | Bn € (In x Op)*}, set of initial states, I = U I, is the set of in-
where I C \J,, In and O C |J,, On, if and only if Iu € lsnshN
ln<n Bn @ a € CL(u), where || denotes interleaving puts and O = U O,, is the set of outputs. Finally,
product. 1<n<N N

T CX xIxO xX is the set of transitions such that
Let @« = a/d, f1 = a/b.c/d and B2 = b/c. Then f | i/o
B2 ={a/b.c/d.b/c, a/b.b/c.c/d, b/c.a/b.c/d} and there (@1, an) — (21,...,ay) €T &
exists a sequence u = a/b.b/c.c/d in the above set, 3 < N:xz e, gieT; NYj<N,j#i:a)=a;

the closure of which includes a/d (see example after
Equation 1). As a € CL(u), « is said to be realizable Example 2 Figure 4(a) shows the automaton |,An

from {0, B2} obtained from service automata Ay and As in Fig-
Using the definition of closure and realizability, we ures 2(a) and (b). Each state in the ||, Ay, is annotated

next define the notion of a choreographer, which maps with the tuple (i,7) where i represents the state of Ay

a sequence belonging to a goal to a set of sequences, one and j represents the state of As.

for each available service. The mapping must be causal

(i.e., prefix-preserving) for it to be implementable and The ||, Ar represents the set of behaviors that can

also must satisfy the requirement of realizability. be realizable from the interleaving of services A,s. To

identify the sequences that can be obtained through
Definition 5 (Choreographer) Given a goal au- some choreography, we define the operation closure of
tomaton G = (Xy,X),1,,04,Ty) and N service au- an automaton, which follows from the Equation 1.

tomata of the form A, = (Xn, X2, I,,0,,T,) for
n < N such that I, € \J, I, and O, C U, On, a Definition 7 (Closure of I/O Automaton)
choreographer is function of the form C: (I; x Og)* — Given an i/o automaton A = (X,X°1,0,T),
" the closure o , denote Y , 1s defined as
H(I x Op)* such that he  cl f A, d d by A%, s defined
n " (X,X°,1,0,T*) where

n<N
1. Vv e (Igx Og) i 2 v=Yn<N:Cp(n) = xiﬂxgeT/\
Cn(l/) i1/ok 4 * T2 zi)@ T3 € T
2. VY € (Iy x Og)*:p ts realizable from {Cp (1)} z— v eT & dk:
ix/or
rp — ' €T A
We present below the automata-theoretic approach Vi<j<k:ij=o51

to verify the existence of a choreographer for a given

set of the services and a specified goal. The universal service automaton, denoted U, is defined

as the closure of the service-product automaton, i.e.,
4 Existence of Choreographer U= (||, An)*.

We first consider the case where the choreographer Note the above definition of closure ensures that for all
is capable of only relaying output from one service to e A CL(u) C A*.

input of another. It does not store and/or reuse any

inputs from the client or outputs from the existing ser- Example 3 Going back to the example services Ay
vices. The functionality is denoted by the closure de- and As in Figures 2(a) and (b), the corresponding U-
fined in Equation 1. automaton obtained from ||, Ay of Figure 4(a) is shown
'
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Figure 4: (a) A;||Az-automaton and (b) U-automaton.

in Figure 4(b). Observe that the U-automaton also in-
cludes transitions that can be realized when a choreog-

rapher relays output of one service to the input of the

other. For example, the transition (1,1) g (2,2)

is generated from the transitions (1,1) ssujeon (2,1) and

(2,1) o/ dger (2,2). It captures the situation when a

choreographer sends the SSN input (from client) to A,
at state 1 and relays the CCN output from A; to the in-
put of As at its state 1. As a result, both Ay and As
move from their corresponding states 1 to 2.

U-automaton contains all possible choreographed be-
havior of the services. Proceeding further, the goal au-
tomaton Ag is realizable from the services using some
choreographer if and only if all possible behavior of Ag
is simulated by U-automaton.

Definition 8 (Simulation [13]) Given an i/o au-
tomaton A = (X, X%, 1,0,T), for all x1 and x5 in X,
x1 18 simulated by xo if they are related by the largest
simulation relation denoted by x1 C x2 and defined as:
To ﬂ

1 C oz & [Vx’lleﬂx’l = (T} :

zy A wy Eab)]

An i/o automaton A; = (X1, XV, 1,01, Ty) is said to
be simulated by Az = (Xa, X9, I, 04, T5), denoted by
Aj C Ay, if all states in XV is simulated by some state
in X9.

Theorem 1 Given a goal Ag and a set of services
Ay, As, ..., AN, the goal can be realizable from the com-
position of An,s with a choreographer if and only if
Ag T U where U is the closure of the ||, A, obtained
from {A,}.

Example 4 Note that the goal in Figure 3 is not sim-
ulated by U-automaton and therefore, there exists no
choreographer which can realize Ag from Ay and As. If

the requirement of a goal was to generate an Appr out-
put for SSN input, it can be simulated by U-automaton
in Figure 4(b).

5 Transducing Choreographer

In the previous section, we considered a choreog-
rapher which is capable of relaying output from one
service to the input of another. However, it is not ca-
pable of storing the inputs and outputs. The stored
information can be used to provide inputs to services
at any time. In this section, we consider the choreogra-
pher that is capable of such functionality. The added
functionality allows choreographer to perform inducing
and hiding of actions. Inducing refers to the case where
the choreographer uses some stored information to sup-
ply required input to a service while hiding refers to the
case where the choreographer absorbs outputs from the
services and does not provide it to the client (hidden
from the client).

We will refer to such a choreographer as transduc-
ing choreographer. To identify the behavior that can
be realized using a transducing choreographer, we will
extend the definition of closure of a sequence (see Equa-
tion 1) which in turn will enhance the definition of
realizability (Definition 4) and empower the choreog-
rapher.

Note that, sequence now has a context consisting
of the history that led a choreographer to see this se-
quence. The history of a sequence keeps track of the set
of inputs and outputs that can be used by the chore-
ographer to transduce the said sequence.

Definition 9 (Transduced-Closure) Given a se-
quence a = i1/01.i2/03 .. .ip/0n € (I X O)*, its trans-
duced closure, denoted by CL(cv), is equal to
i1/01 .. .imfl/omfl.im/Ok.ik+1/Ok+1 .. .in/On |
E|m<k:Vj,m§j<k:z'j+1€{il,ol | lg]}

(2)
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Figure 5: (a) (||% A,)-automaton and (b) U”-automaton.

For example for CL(a/b.a/c) = {a/b.a/c, a/c}. Using
the notion of transduced-closure, we next define the
notion of transduced-realizability.

Definition 10 (Transduced-Realizability)
a € (I x O)* is said to be transducively-realizable from
{Bn | Bn € (In X On)*} if Ju EHnSN Bn:a€ C‘CT(N)'

A transducing choreographer that uses inducing and
hiding (w.r.t. inputs and outputs seen in past) besides
“chaining” is defined as follows.

Definition 11 (Transducing-Choreographer)
Given a goal automaton G = (Xg,Xg,Ig,Og,Tg)
and N service automaton of the form A, =
(X, X2, I,, 0, Ty,) for n < N such that I, C |, I
and Oy C J,,On, a transducing-choreographer is
function of the form CT: (I; x Oy)* — H (I, x O)*
n<N
satisfying

1. Vp,v e (Ig x Og)* i <= v=Yn<N:Clu) =<
Crv)

2. VY € (Ig x Og)* 1 is transducively-realizable from

{Ca(w)}

Transducing choreographer is more powerful than the
simple choreographer as the former is capable of chore-
ographing more functionality (see Equation 2) from the
existing services than the later.

Proceeding in a fashion similar to the one followed
in Section 4, we first define an interleaving product
with history, which maintains a history set of the seen
inputs and outputs with each state.

2007 IEEE International Conference on Web Services (ICWS 2007)
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Definition 12 (Interleaving Product with History)
Given a set of service automata Ay, As, ..., AN where
A, = (X,,X%1,,,0,,T,) for1 < n < N, the
interleaving product with history is defined to be
the automaton |HA, = (Xu,X%,1,0,Ty) where
Xp C X1 x X x ... x Xy x 2190 where I = | ] 1
n<N
and O = U O; X% = XV x X9 x...x XS x {0} and
n<N
Ty C Xg x I x O x Xg such that
(@1 v, h) Lo (.
I <N:z L2 eT; A
Vi< N,j#i:x;=x; Nh'=hU{i,o}

The (|| A,)-automaton is similar to (||,An)-
automaton with the exception that the history of
i/o are tracked at each state (so these can be used
for internal inducing even when there is no external
input).

L, b)) eTy <

Example 5 Figure 5(a) shows the (|2 A,)-automaton
generated from Ay and Az in Figures 2(a,b). FEvery
state is labeled by the states of A1 and As and also
shows that inputs and outputs that a transducing chore-
ographer can use. For example at the start state (1,1),
the choreographer does not have any stored information
as it has no history of interaction while if the services
are at state (2,2), the choreographer contains the in-
formation on SSN, CCN, Appr obtained from its prior
interactions.

The (|2 A,)-automaton represents the information
available to a transducing choreographer. To identify
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@ SSN/CCN @ CCN/Appr @ CCN/Loan @

Figure 6: Transducing choreographer.

the sequences that can be choreographed by chaining
along with inducing and hiding the transitions available
in the (|| A,)-automaton, we define the operation of
transduced-closure.

Definition 13 (Transduced-Closure of Automaton)

Given an  automaton  with  history Apg =
(Xg, X%, 1,0,Ty), the transduced-closure of Ay
is the automaton V' = (Xy,X%,1,0,T}) where

(z,h) e, (xk, hi) € Ty if and only if

i/ol

(x,h) — (x1,h1) €Ty A

- (J?l,hl) iﬂ? (J?Q,hg) cTy N

ik_l/o

(Xg—1,hi—1) —> (z,hi) € Ty
AV1I<j<k:ij €h;

Example 6 Consider the U -automaton (Figure 5(b))
obtained from the (|2 A,)-automaton in Figure 5(a).
U -automaton contains transitions that can be re-
alizable from wusing the history information at each
state. The newly added transitions are labeled with
[i/o]. State (1,1) has a transition to state (1,3) on
[CCN/Loan]. The transition is obtained from the tran-
sitions (1,1) “2P"(1,2) and (1,2) ‘¥ (1,3). Af-
ter the first transition, both CCN and Appr are available
for future input at state (1,2). The second transition
from (1,2) therefore does not rely on the environment
to provide its enabling input; the input can be provided
by a transducing choreographer by using the CCN from
the information stored at (1,2). The second transition
produces the output Loan. Similar transition is added
from (2,1) to (2,3) on [CCN/Loan], following which

(1,1) [55N/ Loan] (2,3) is also added to UT -automaton.

Theorem 2 Given a goal Ag and a set of services
Ay, As, ..., AN, the goal can be realizable from the com-
position of Ans with a transducing choreographer if and
only if Aq T UT where U is the transduced-closure of
the (|| A,,)-automaton obtained by taking interleaving
product with history of the automata {A,}s.

Example 7 For the Definition 11, if each goal se-
quence is executable in the UT -automaton, then it is

inferred that the goal is realizable from the existing ser-
vices using a transducing choreographer. This is veri-
fied using the simulation relation (Definition 8). In the
current example the UL automaton in Figure 5(b) sim-
ulates the goal in Figure 3. Therefore, the goal can be
realizable from the existing service automata A1 and As
(Figure 2) by using a transducing choreographer. The
choreographer first relays the SSN information from the
client to A1 and then uses the CCN output from A; as
input to As twice to get the appropriate output Loan
which is then relayed to the client. The transducing
choreographer is shown in Figure 6.

Once it is verified that the goal service is simulated
by the universal service automaton (U or UT as the
case may be), a choreographer can be synthesized by
first identifying for each goal transition a corresponding
simulating transition in the universal service automa-
ton, and next identifying the set of service transition
sequences that realize it. (Note the information about
the set of service transition sequences realizing a tran-
sition of the universal service automaton is embedded
in its definition.)

6 Related Work

A number of approaches has been developed in the
recent past to detect and/or synthesize choreography
based composition of services. The techniques range
from manual development of choreography to more rig-
orous automated procedures that rely on formal meth-
ods. The techniques applying formal methods to ser-
vice composition are typically based on automata the-
ory, dynamic logic and AI planning. In the following
we discuss some of the representative works in this do-
main.

In [5] the authors describe services as automata ex-
tended with queue and allow exchange of messages be-
tween services in an asynchronous fashion. A global
watcher is developed to keep track of messages being
exchanged in the composition to detect whether a spec-
ified goal service is realizable. Subsequently in [6] the
authors use Spin model checker [8] to verify whether a
composition correctly replicates the required goal. The
message passing framework is extended in [1] which
uses satisfiability of propositional dynamic logic to de-
tect the existence of a choreographer. The work is fur-
ther generalized in [3] where non-determinism in the
service behavior is considered. A similar approach on
service composition is presented in [15], where the main
objective is to create a choreographer which makes the
composition behavior bisimulation equivalent to the
goal. [7] introduces the concept of lookahead for chore-
ographers to plan ahead in delegating activities, based
on the approach in [2].
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A number of works investigated the applicability of
AT planning techniques for service composition. These

web services with messaging. In Conference on Very large
data bases, Trondheim, Norway, 2005.

k Iv techni . ¢ le based pl [2] D. Berardi, D. Calvanese, G. D. Giacomo, M. Lenzerini,
W.OIA S apply . ec r.uques rangmg irom rule based plan- and M. Mecella. Automatic composition of e-services that
ning [12]a Situation Calculus [117 10]; query plan- export their behavior. In International Conference on Ser-
ning [18] and theorem proving [17], model checking vice Oriented Computing, 2003.

[4, 16, 19]. In essence, the techniques reduce the prob- (3] g Berardi, G'bGlacor,no’ M.'tll\l/[ecellii’ tand D. Sal‘{)arlllese'
oy . . omposing we services wi nondeterministic enav-
1ern. of composition to that of pla"nnlng a ('iesn“ed exe- ior. In IEEE International Conference on Web Services
cution of workflows. The underlying basis in the plan- (ICWS,06), Chicago, IL, September 2006.
ning domain also rely on state transition systems with (4] P. Bertolli, A. Cimatti, M. Pistore, M. Roveri, and
states, actions and observations. The services com- il;z::;Saner;éi?;itEng ﬁig:gl;: I%Z:’ii’;‘;foin
municate through messaging which again emphasizes 2001. v
input-output behavior of services. 5] T. Bultan, X. Fu, R. Hull, and J. Su. Conversation specifi-
p p

Similar to the existing work, we use transition sys- cation: A new approach to design and analysis of e-service

based . ¢ . ificall composition. In World Wide Web Conference (WWW’03),
tem based representation of services, more specifically, Budapest, Hungary, May 2003
we use i/o automaton to capture the input output in- 6] X. Fu, T. Bultan, and J. Su. Analysis of interacting bpel
terfaces of each service. In fact, as noted in [9] treat- web services. In World Wide Web Conference (WWW,04),
ing a Web service as an automaton comes naturally, o ge"é;r{(e’;l: EYP’lel[layOﬂ)I(l)otrra and 7. Su. Automated com
as it is equipped with i/O capabilities and from the p(;sition o,f e—.servic,es:.Lookal;eads. in fnternational Con-
point of view of COHlpOS&‘bﬂity7 we are interested in ference on Service Oriented Computing, New York, NY,
the i/o functionality of the automaton. One of the 2004.
disti . ; . [8] G. J. Holzmann. The model checker spin. IEEE Transac-

istinguishing aspect of our technique is that the pro- tioms on Software Engineering, 23(5):279-295, 1997
posed automata theoretic approach provides valuable [9] R. Hull, M. Benedikt, V. Christophides, and J. Su. E-
insights to the composition problem with respect to the services: A look behind the curtain. In ACM SIGMOD-
capabilities of the choreographer. Recall that, in our SIGtACTéSI GSET S%Vprj]smm2883P rinciples of database
. . . . systems, San Diego, , June .
technique, the u'nlversal-.servme aUtOH}aton'(Obtam_ed [10] S. Mcllraith, T. Son, and H. Zeng. Semantic web services.
as closure of the interleaving product with/without his- IEEE Intelligent Systems, 16(2):46-53, 2001.
tory of service automata) captures the capability of the [11] S. Mcllraith and T. C. Son. Adapting golog for composition
choreographer. If the capability of a Choreographer is of semént}c web services. In Internatw@al Conference on
. . the Principles of Knowledge Representation and Reasoning
well-defined, the corresponding existence problem can (KRR02), 2002.
be solved using a simulation check as described in the [12] B. Medjahed, A. Bouguettaya, and A. Elmagarmid. Com-
paper. Thus, we provide a uniform solution methodol- posing web services on the semantic web. The International
oov to the choreographer existence problem Journal on Very Large Data Bases, 12(4):333-351, 2006.
gy grap p : [13] R. Milner. A Calculus of Communicating Systems.
. Springer-Verlag New York, Inc., 1982.
7 Conclusion [14] H. Nezhad, F. Benatallah, B. Casati, and F. Toumani.
We have reduced the problem of verifying the ex- ?ge? Szzr"?igez(;ggemperability specifications.  Computer,
istence of a choreographer to a simulation problem [15] J. (le.thak, ’S‘ Ba.su, R. Lutz, and V. Honavar. Parallel
over l/O automata. The solution relies on the con- web service composition in moscoe: A choreography-based
struction of appropriate universal-service automaton, approach. In ECOWS °06: Proceedings of the European
U-automaton or UT-automaton, as the case may be. S(’Vm?f‘zmzcoeog” Web Services, pages 3-12. IEEE Computer
. . . ociety, .
One of the future avenues of research is to investigate (6] M. Pi};tore F. Barbon, P. Bertoli, D. Shaparau, and
applicability of local, on-the-fly algorithms to solve the P. Traverso. Planning and monitoring web service composi-
problem. Such algorithms will explore the state-space tion. In C’onfe?fencle on Artificial Intelligence:Methodology,
of the universal-service automaton as and when needed 7] f ysé:gs’; P ﬁﬁi‘ggznzr}%&gﬁf l&ﬁaftlsii’l 20(£%).gic—base 4 web
and will stop exploration whenever the proof of exis- services composition: from service description to process
tence of choreographer is obtained. model. In IEEE International Conference on Web Ser-
Another direction of research involves enhancing the 18] g’c%sh( {{ iaWSéW{{v V%Shllilgtmév }3% ngi’ 20124', -
. . . . . . . a. r, . noblock, an . mbite. view 1tegra-
1/ o automaton to include Varlableb’ ther.eby, maklng 1t tion approach to dynamic composition of web services. In
capable to capture more complex behaviors more com- ICAPS Workshop on Planning for Web Services, Trento,
pactly. At the current setting, we have only considered Italy, July 2003.
[19] P. Traverso and M. Pistore. Automated composition of

the propositional variables.
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