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Abstract * @

In the word of service-oriented architecture and |t is’important to deal with
sub-services of cooperating components. In eX| t ng arch ns to meet and behavior
predictability are two major aspects of We V|ce§ cempo |t|on but there are some
limitations to treatment of behavioral cons In this p&% , we model a component by an
open Petri net, and investigate actlon Rerns ns to descript and analysis of
behavior constraint under the cond| sub osmon are satisfied. This approach
can effectively describe the con f beha&& achieve behavior interaction between
services and model a comp that meets spécific behavioral relations. Finally, the
theoretical analysis and sim |on results he effectiveness of the method.

Keywords: web se @ S|tlsn en Petri net, action patterns, behavioral profile

1. Introduc
With the d:meen f@work technology, Web service is becoming a new mode of
Internet applications. | %ﬁ very important significance to reuse the network resource to
meet the complex f the application, because the network services generally have
simple structure a
Due to t epthrresearch of the service behavior and model structure, more and more
researchers @ d out that, for services, not only consider the static factors, such as

semantlc ax, but also consider the internal dynamic factors, such as data flow, control
ro l@tlon protocols and state transition behavior attributes. When the combination of
erwces the interaction between the service behaviors will be complicated, prone to
the st e-explosion problem, which made the calculation and determination of the time
complexity more difficulty.

There are a lot of different approaches have been proposed to discuss Web service
composition and their behavior relationships. Web service composition is mainly divided into
two categories, one is based on the combination of process-driven workflow, state calculus
and process algebra model described method [1-3], another is automatic composition based
on semantic description [4]. Wil M. P. et al. proposed the concept of service composition tree
based on an open Petri net [5], and given a sufficient condition for proper completion to
determine whether the sub-service can be combined. [6] is also based on the condition of
soundness and models a sun-service by a colored Petri net, then discusses the compatibility
and similarity. Based on bisimilarity and inspired by recent advances in the theory of reactive
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systems, [7] defines a congruence is the largest bisimulation. Martin theory has been
proposed to discuss the behavior congruence and compatibility of web service composition in
[8]. However, it has some limitations to determine the consistency by bisimulation, which
only reflect consistent or inconsistent. Until Weidlich M. [9-11] proposed the concept of
behavioral profile that can accurately characterize the degree of similarity of the two models
and can be further used to analyze the combined model credibility requirements. Fang et al
[12, 13] further proposed the trustworthy Web services composition methods based on the
behavioral profile.

In this paper we first model sub-services by open Petri nets, then define action patterns
about activity transitions which can become an additional condition to m|ne t h vior
relations between activities. In addition, the information on the labels is t for
behavioral profile to capture constraint relations between activity transitionsg

2. Preliminaries ﬁ ‘

Petri net is used to model web service because-Qf\its mtumv raphical symbol, rich
theoretical analysis technology, and suitable for a % of ¢ anguages to describe.
In the web services composition, it is not only to ch &ve the f&g structure of subnets, but
also the exchange of information between subx es. In this paper, we model a component
by a Petri net, and communication is doné&t an mteK? , modeled by input and output
places. We call such a Petri net with an i ean net. The definition as follows:

Definition 1 (open Petri net) [ @en Petr@a 8-tuple (P, 1,0,T, F,i,f,I), where:

(1) (P,T,F)is a Petri net; %
(2) P isafinite set of @ P ;t

(3) T isafinite se’Nbransmonﬁ;t P
(4) 1 is a sef of Ipput plac - 4:

(5)O|sasetofout ces ‘O#¢,0" =¢;

®6)P,1,0 and'$qe pair wise disjoint
() M, is%nyiti I marking, M, is the final marking and M , is a deadlock;
@) 1I: is a mapping assigning to each activity transition a label.

@? remainder, in order to later described simple, we use OPN as the short-hand
notatioh of open Petri net, and call the set P, = 1 JO the interface places of the OPN .

The basic concepts in open Petri net, such as the definition of firing sequence, the preset or
postset of places and transitions are in consistent of Petri net refer to the literature [14]. It is
necessary to explain that the initial and final marking can not mark interface places. If M is a
marking of an OPN , we say that a transition t is enabled in a marking M , in

symbols M[t>. If a transition t firing results in a new marking M, it’s denoted

by M[t >M . We write M[o>M " if there exists a firing sequence o eT" that M "is
reachable from M through o . The set of all possible markings which are reachable from an
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initial marking is denoted by R(N), R(N)z{M'lEloeT*,M[ovM'} If we don’t
consider the interface places and all associated flow relationship between them in OPN ,
there is a markingM , ,M, € R(N), where Bt T letM [t >. This marking is called

terminate marking which the token number in these places is more than 0, while in other
places the tokens are adsorbed.

Two open Petri nets can be composed by fusing interface places and communication is
done through an interface. In this paper, we focus on the component of sub-services with

interfaces. And two OPNSs are composable if they satisfy the condition as follows

Definition 2 (Composable condition of OPNs )?*® Two open Petri OPN1
and OPN,,, their composition is COPN = OPN, @ OPN,, where:

(1) VM, M e R(COPN),Ho-e(TlUTZ)*,such;@L)&)
(2) For OPN,, M |OPN — O M |OPN ; Q A\Vx)

(3) For OPN,,.
The composable condition of OP ﬁ;ums tha h\ exists a firing sequence in a

component which its projection |n sub not produce unwanted behavior
relations. At thls point, W that erV|ce behavior is compatibility,
ie,doeT", M a>|v|f, thatv N), M| >M, A M, (p)=0. Note

that M, is the initial mark@of CN

S &“»‘
3. Problem Ana \
R

n, the co sa>>le condition shows how the subnets can be associated

In the seco
in order to achteye’behavi @eractlon between interfaces. As shown in Figure 1, there are
three components, 1, 2 . land 2 is composable, as well as 2 and 3. However, the

composition of three deadlock, i.e., we can not find a firing sequence in the net work
that from the initi ing to final marking. Moreover, the flow relations increase between
subnet interfaces, ahg some internal behavior relations would change because of the labels in
the activity tg&é'&ions. These changes, some satisfy the demand, some can be deleted, and

even let position has a deadlock. Sequence fragment {vz,tz} shown in Figure 1 has a

dead

Iner to illustrate the hidden problem in composition, we give an example of shopping.
There are two kinds of buyers in the Taobao mall, gold and ordinary member. When the gold
go to shopping online, the seller would send his goods after accepts order information, he
does not need to check whether have received the electronic bill. And the gold enjoys the
points for prizes promotions or discount merchandise. However, ordinary member does not
enjoy neither promotion. But once the amount of consumption reaches a certain amount, he
can apply to become a Gold Member.
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\%, Figure 2. Model Components of Shopping

Fi as three components, payment center, buyers and sellers, they are
y three open Petri nets. As shown above. If buyer is an ordinary member B,

g sequence iso = {tl,tz,...,tg,tlo}, and the three components are composable.

de
the fi

But if buyer is a gold member A, when A sent order information to the seller at t,,

there are three cases: (1) sellers directly delivery goods to A, so t; ~t; in firing
sequence o does not need to perform; (2) The seller sends Points exchange for prizes
information to A, and deliveries goods after receives the answer, so the firing sequence
is {tl,tz,t3,t4,t5,t8,t9,tlo}; (3) when A sends order information to the seller, A also

requires points continue to accumulate and not exchanges for prizes. Then the sequence
occurs as same as (1). This shown that different flow relationships are decided by
different label information on the activity transitions. If we are able to bind customers’
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requirements and information as a constraint of the behavior relations, the
compositional model’s credibility will be greatly enhanced.

4. Action Patterns and Behavioral Profile

In order to solve the problems in the previous section, add labels on activity transitions of
OPN has great importance for constraint part of the action behavior. At this stage, we
consider the action of a label to be characterized by a verb that indicates a certain operation.
We formalize this interpretation by a verb function. The concepts of verb function are

described as follows x)o
Definition 3  (Verb  function) [15, 16] For a given w Petri
net OPN =(P,1,0O,T,F,i, f,I) , the verb function is denoted by Vv,

forvt €T, such thatv, (t) = v, (I(t)). We use Vo = % (t) tadd the set of aII

verbs of an open Petri net OPN .

The verb stems from a noun indicating the ac@/erb f xf)dlcates the different
ea

actions included in the activity transitions, and o vity ofte more than one verb. For
example, as t, shown in Figure 2, recelvest r mfo ion"and sends the message, has

“receive” and “send” two actions. This im e relatlon between the preset and postset
of a transition. Further, we formalize t n of attern of OPN as follows.

Definition 4  (Action m@ [15, }y For a given open Petri net
OPN =(P,1,0,T,F,i, f,I) erb cqlleg$n s denoted by Vpy =U, {v, (t)}, action
patterns is denoted by AP :@PN,V Ohhat V, Ve and Av(I(t) ¢V,.

P,=1UQis t %mterf %Xéces M) teTA(txp,)U(p, xt)) = Flis
interface acti e S of p, I8 its short-hand notation. Action pattern is a set of

verbs, does ovidesin atlon about what the order do with these actions. In other
words, we can find so erbs or activities in COPN , but we don’t know the order

relationship, which r a variety of compositions. To address this question, behavioral
dependencies bet e actions need to be identified.

For a network ing, there is a certain relationship between the sequences of activity
transitions. ﬂ%pture behavioral aspects on the level of pairs of transitions, we apply the
notion of b oral profile. The behavioral profile is grounded on the notion of weak order,
if the e@s an execution sequence in which one transition occurs after the other.

Déa

tion 5 (Weak order relation) [9-11] Let OPN = (P,1,0O,T,F,i, f,I) be an open
Petri net, T "is the set of firing sequences. The weak order relation =< (T xT) contain all
pairs (Xx,y) , t such that here is a firing sequence o =t,,..t, €T" with
i e{l...,n-Ltandi < j<n,forwhichholds t; =X and t; =y.

The weak order relation indicates that transitions on an occurrence sequence are associated
with each other. We can define behavioral profile as follows.

Definition 6 (Behavioral profile) [9-11] Let OPN = (P,1,0,T,F,i, f,l) be an open
Petri net. A pair (X,y) €T xT is in one of the following relations:
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(1) Strict order relation: x — y, if x> yand Yy ¥ X;
(2) Exclusiveness relation: X+ Yy, if X% yand Yy * X;
(3) Interleaving order relation: X || y,if x>y and y > X.

The set of all three relations is the behavioral profile of OPN , denoted
by BP, ={—,+,|}. The relation of the behavioral profile, with x =™ y as the inverse
strict order relation for X — .

5. The Method of Web Service Composition based on Action P and

composition. In general, all of them are classified into t n sed on the state
calculus which applies to the description of the stat' icult’to handle dynamic
characteristics; another is semantic-driven method 1 imal composition, but
lack of the evaluation model. The approach p %me in thls is based on open Petri

Behavioral Profile E:
There are a lot of different approaches have been,gﬁ%ied to % web service
A | (S

el but I

net, not only has a good formal semantics a tive graphical description, but also has a

good advantage of description in the dyna eratlon concurrency, synchronization,
conflict, deadlock and so on. The ba3| cept ummarized in second section, and
behavioral profile only capture the re smgle transition. In order to ensure
the correctness of the composi ﬁ m, flrst need to consider whether achieve the
interaction behavior between ts, what behavioral compatibility, then whether

produce the correct executiowquence or nbg d finally examine the behavior effect and its

credibility. . 'Q &
Definition 7 (Ve'@g fCOPh%A tuple C = (UOPNi \V)is a verb collection, where;

i-1
1) UOPV\Q a no&%)y finite set of open Petri nets that they are composable

components

V= { fé T eUOPN } is the set of all actions in the verb collection of

component

the data mining techniques are used to explore the relationship between
tra@s. But we capture relationship between activities with their actions and labels. Based
thereolr, two elementary notions can be defined as follows.

n
Definition 8 (Support set, Strength) A tuple C = (UOPNi ,V)is a verb collection; where:
i-1
(1) Support set: nis the number of action A inC, and n, is the number of A in action
pattern AP, If the set of Ain AP is denoted by X , and n, < n, we denote the support for
set X with sup(X). The minimum level of support for sets to be minsup which has the
minimum number of required, denoted by minsup(X) , for which holds
sup(X) > minsup(X).

20 Copyright © 2014 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.6 (2014)

(2) Strength: there are two action sets X and Y in AP with X Y =¢, we called

sup(X UY) s the strength of X and Y in AP , denoted by str(X UY).
AP

O O
v oelverm |

Figure 3. sup(re) =1 ,6 °
.
OQ @‘9 e 4. sup(e) =2

Support set and strength have a nt rale explore the behavior relationships
between activity transitions in act 0 ct a certain activity transition in the
occurrence of an action patter relatlo will be produced in the composition
process of subnets. We nee eep the tionships that help to achieve the desired
behavioral effects, while the other relati an be excluded with the action pattern of the
support set and strength ;&ments n example in third section, the seller receives a
buyer’s order infor e identifies ‘the category of the customer first, then decides the
next step behaVIOr @ action-“receive” information of buyer is 1, the part of

service composi shown inNgigure 3, while the support set is 2, as shown in Figure 4.
We introdu@tlon

relationships between t

occurrence of a certai

given sequence. T

target modeling.

-behavioral profile as an approach to capture the behavior
uence fragments. Support set reflects the frequency of
on, the strength shows the times of co-occurrence actions in a
be used as a tool to derivate behavior relations and to help get the

n
Definiti %{Action pattern-Behavioral profile) UOPNi is a nonempty finite set of

O )
con@ole open Petri nets, C= (UOPNi ,V) is its verb collection,
i-1
APBP = (R, min sup, con) is an action pattern-behavioral profile of OPNs, where:

DR: X,Y VXV, VXV e {—), —)‘1,+,||}, i.e., X and Y constitute of pairs of actions
for which behavioral relations are specified;
(2) minsup is the value of the required minimal support;

(3) conis the value of the required minimal that satisfies the desired behavioral effects,
between 0 and 1.
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Based thereon, given a set of service components, firstly, it is necessary to determine
whether the service components can be composable, and it is important to satisfy the
composable condition of components. Then looking for the relationship between the
associated activity transitions in behavior filed.

Algorithm 1: Judgment the composable of the subnets
Input: A ..., A, , services components
Output: result of the judgment

(1) Modeling components based on open Petri nets get OPN,,...,OPN, . In vwf.the
components are grouped in pairs, when1<1i < n, first consider OPN, and O@
only if

) OPN, and OPN, are compos bl%{
(RULUOUT)NPR,UI, UG, UT,) =(l, m02&1
OPN, © OPN,, . Next, go to step (3), on the contr@e algorithm t

if

composition is
inates;

(3) According to definition 2, if OPN, @O satlsfle \ondltlon go to step (4), on
the contrary, the algorithm terminates and u@ PN, a , are incomposable;

(4) Wheni>2, OPN, ©@OPN, @OP@%OPN satisfies the condition, if

r:{2,..,n}—{L...,n-1} whic

1) vr@i)<i <|<j<n\%(|¢r(1):>lﬂ0 =pAO Nl =¢p) A
(i=r@)=1N0, # @@%
components are co e Ont ntrary, they are incomposable.

(5) The alg c@ mmates\Qoutput the result.

Algorithm 1 can find t ponents that satisfy the composable condition, but can not get
the constraint relations en components unless the flow relationship is determined. But if
the AP and APE@ iven, we can judge the behavior constraint relations of system

l. ;t(p)\, he algorithm terminates and output the

whether satisfy thésers’ expected results. This is shown in Algorithm2.
Algorit% % Judgment the behavior constraints satisfiability of the composable

componefi
J% PN , the composition of open Petri nets, AP , APBP = (R, min sup, con)
u

put: result of the judgment

(1)ldentify the set of interfaces of each open Petri net, denoted by p,,...,p,, and
n
T= U(‘pi U p,")is the collection of their preset and postset. For Vt,,t, €T, such that

i=1
t,t,) e {0 )
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(2 v(t,), ..., v(t,) are the set of each action in AP , for V1<i<Kk ,such

that| v(&;) [> minsup(t,;), go to step (3). On the contrary, the algorithm terminates, outputs
dissatisfy;

(3) M, is the initial marking and M ; is the final marking, calculate the correlation matrix
A;
(4) Calculate X by the equation M, =M +A"X , if ¥x e X , X >0AX €2,

At,/o) = v(a;)|and satisfy the value of con, go to step (3). On the contrawputs
dissatisfy;
(5) The algorithm terminates and output the result.

v
o ) @@

In this paper, we have presented a novel approa eal rV|ces of cooperating
components and model a component by an open Petrifiet. Ther Wo steps to complete the
composition. The first step, given the composabledconditi at’requires there is at lest one
execution sequences to ensure that the 0es not dé&ck. The second step, generate
behavior sequences that satisfy custom eds n ir expected behavior results under
the condition of knowing the behawo |Ies n patterns of some actions.

In the future, we aim at e g our. % ch in two directions. In the service
composition process, it is |mp to |nves ate flow arcs and behavior relations changing
with the impact of action pafterns. Ano her tlon of the future wok is further research on
model synthesis with actl erns a g the correctness of the model.
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