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Abstract: With the development of information technology, the quantity of web services in internet has
mcreased rapidly. The time complexity of service composition becomes higher. To solve this problem, a new
method of service composition 1s proposed based on Enhanced Logic Petri nets (ELPNs) mn thus study. The
main innovation is the construction of a composition library. The experiment in this study shows the time
complexity of service composition is decreased. Firstly, web services and service compostion are modeled by
ELPNs. Then, the reachability of ELPNs is analyzed. All cases of service composition are obtained based on
the ELPNs model of service composition. A composition library 1s constructed. The methed of service
composition is proposed based on the composition library. Moreover, some theorems are given, such as
enabled conditions of transitions, marking computing. Some algorithms are introduced, such as reachable
markings, service composition and so on. Fmally, the validity and advantages of proposed methods are
llustrated by experiments and comparative analysis.
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INTRODUCTION

With the development of information technology, the
web service based on XML (Extensible Markup
Language) has developed rapidly (D’Mello and
Ananthanarayana, 2010). Web service is the computer
program which is marked by the TURT, (Uniform Resource
Locator). Web service can be used distributely on the
cross-platform system. Because of the above advantages
of web service, the quantity of services has increased
rapidly (L et al., 2007). Meanwhile, the demands for web
services are also increased Moreover, there are many
demands which can not be satisfied by a single web
service. Thus, there is the problem that how to compose
single web service to satisfy the user requirement. To
solve this problem, the researches on service composition
(Wang, 2011) were studied by scholars.

There have been already a lot of achievements on
service composition. In order to minimize the duration of
service compositon, the concepts of service clusters
(Sheng et al., 2009) has been introduced. The services
which are similar on inputs and outputs should be
grouped when service composition (Deng and Du, 2012).
In order to umfy the rules of service composition, the
concept of semantic was mtroduced mto web service
composition (Tao, 2012). The information representation
can be unified base on the semantic vocabulary tree
(Le1 and Duan, 2009). Moreover, the types of service

composition were given, such as simple service
composition, labeled composition, parallel composition
and hybrid composition (Deng and Du, 2013).

From the above researches, the mam method for
service composition 1s service discovery. When the
demand is given by the user, the system would discover
the web services from service clusters and compose them
to the user (Xie, 2011). Howere, the quantity of services
has increased rapidly. Web service providers have given
a large number of services in the internet. Although,
clustering services can minimize the cardinal number for
service discovery, the total time complexity is high for
service composition.

To solve the above problem, a new method of service
composition is proposed based on Enhanced Logic Petri
Nets (ELPNs) 1n this study. The mmovation of this study
has three aspects. Firstly, the composition Library is
constructed. All cases of service composition can be
found from composition library. When the demand is
given by the user, the system can found the case of
service composition which can satisfy the user’s demand
from composition library and not have to find web
services from service clusters. The experiment in this
study virified the time complexity of service composition
15 decreased. Secondly, the web services and service
composition are modeled by ELPNs. Logic Petri Nets
(LPNs) are the mathematical tool and suitable to
describe batch processing function and passing value
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indeterminacy in cooperative systems (Du and Tiang,
2002; Du et al., 2011). The inputs, outputs and other
aspects of web service have the characteristics of batch
processing function and passing value indeterminacy.
So, the web service can be modeled properly by LPNs
(Du et al., 2008, 2009). Howere, it’s difficult to use LPNs
to decscribe the case that the output and input places of
a transition are all restricted by a logic expression at the
same time. Thus, the ELPNs is introduced and defined in
this study. The web services and service composition are
modeled by ELPNs converiently. Thirdly, the reachability
of ELPNs 1s analyzed. Then all cases of service
composition are obtained from the ELPNs model of
service composition. Moreover, the definitions of web
serive and user” demand are givenn. Some theorems are
proposed, such as enabled conditions of transitions,
marking computing. Some algorithms are introduced, such
as reachable markings, service composition and so on.
The validity and advantages of proposed methods are
llustrated by some experiments and their comparative
analysis.

ELPNs MODEL OF WEB SERVICE

The definitions of web service and ELPNs are
showed in this section. The ELPNs model of web service
1s also introduced. A brief mtroduction of Petri Nets (PNs)
(Hu et af., 2010a, b) 1s given as follows:

Definition 1: N = (P, T, F) is a net, where:

* P isa fimte set of places

+ T is a finite set of transitions with PUT # © and
PT=0

¢ Fc(PxTHu(T=P)is a set of arcs

+  dom(Flucod(F) = PuT, where:

dom(F) = {xePuT|FyePuT: (x, y)eF}
cod(F) = {xePuT|IyePuUT: (y, x)eF}

Definition 2: xePuUT is a node in N = (P, T, F).
'x = {yl[ly, =x)eF} denotes a pre-set of x and
x" = {yl(x, v)eF} denotes a post-set of x. If XcPUT, the
pre-set and post-set of X are represented by "X = u_'x
and X = U, X', respectively.

Definition 3: PN = (P, T, F, M,) 1s a marked PN, where:
¢« N=(P,T,F)isanet

*+  M: P—Z 1s amarking function, where M, 1s the 1mitial
marking. Z = {0, 1, 2,... } 1s a natural number set

¢ Transition firing rules:
+ tis enabled at M if ¥pet: M(p)=1, represented
by M[t>
s Iftis enabled, it can fire and a new marking M’
is generated from M, represented by M[t=M",
where:

M(p)+1ifpet -t
M'(p)=4M(p)-lifpet-t
M(p) else

In order to model web service conveniently, the
defimtion of ELPNs 1s introduced as follows:

Definition 4: Let LN = (P, T, F, L). ELPN = (LN, M) be an
enchanced logic Petri nets, where:

+  Pisa finite set of places

* T 1s a fimte set of transitions, TuP = @, PnT = @,
VteT: "tnt = @. vteT, the input places of t are
restricted by a logic mput expression fi(t) and the
output places of t are restricted by a logic output
expression (1)

s Fo(PxT)u(T %P) 1s a finite set of directed arcs

¢+ L is a mapping set from the transitions to the logic
input and output expressions, i.e., vteT, L(t) = <f{(t),
fo(t)>

¢+ M:P—{0, 1} is a marking function, where ¥peP, M(p)
is the number of tokens in p

¢ The logic operator of logic expressions in ELPN is
only “A”

»  Transition firing rules: WvteT, f(t)|,, = .T., where . T.
denotes the logic value ‘true’. |F, denotes the logic
value “false’. If M[t=M", then Vpe't: M’(p) = 0, Vpet
must satisfy f5(t)], =.T. and ¥p&'tut: M’ (p) = M(p)

Form definition 4, the differences between ELPN and
LPN is that the transitions in ELPN are restricted by the
logic input expressions and output expressions at the
same time. The other aspect 13 that the logic operator of
logic expressions m ELPN i1s only “/A”. The defimition of
web service 1s proposed as follows:

Definition 5: Let webservice = (Identity, Inputs, Outputs,
Relations) be a web service, where:

¢ Tdentity denotes the unique mark number of the web
service

* Inputs = {Input,, Input,--, Input} is a finite set
which contains the input parameter of the web
service
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¢ Outputs = {Output,, Output,,--, Output} is a finite
set which contamns the output parameter of the web
service

{Relation,, Relation,,*, Relation} is a
finite set which contains the logic relations between
mputs and outputs of the web service

*  The format of the item of relations 15 <input logic
expression, output logic expression> = <(Input,/
Input/. . Alnput), (Output,AOutput A AOutput,)>.
Tt means that if the inputs of webservice are Input,,
Input, -~ and Input, the outputs of webservice are
Output,, Output,, - and Output,

+ Relations =

The algorithm for modeling web service by ELPNs 1s
mtroduced as follows:

Algorithm 1: Modeling web service by ELPNs
Input: Web Service Webservice, =
Relations)

Output: The ELPNs model of Webservice
Step 1: Create and clear an ELPN ELPN, = (P, T, F, L, My). Create

a Web service Wservice = Webservice,,. Create a variablex=1

Step 2: Traverse Wservice Relations
2.1: Suppose the cumrent item of Relations is Relation;, Create a
new ELPN ELPN, = (P, T, F, L, My), where T = {t}, [t = |[Wservice.

Inputs|, |t] = |Wservice.Outputs|. t is labeled by Wservice.Identity”+"x,

L.e., fgenpigph. X =%+1
2.1.1: Traverse the place set 't
2.1.1.1: Suppose the current item of *t is p,cP. Then traverse

Wiervice.Inputs
2.1.1.1.1: Suppose the current item is Input,. The label of the place

which labeled by p, is replaced by Input, And delete Input ,from

Wiervice.Inputs.Retum
2.2.1: Traverse the place set t’

2.21.1: Suppose the current item of t is p,eP. Then traverse

Waervice.Outputs
2.2.1.1.1: Suppose the current item is QOutput,. The label of the place

which labeled by p, is replaced by Output. And delete Output from

Wiervice.Outputs. Return
2.2: Set L{D<fi(t), fo(t)>Relation;

2.3: Put ELPN,.P to ELPN.P. Put ELPN.T to ELPN.T. Put

ELPN,.F to ELPN,.F. Put ELPN,.L to ELPN,.L. Set ELPN,.M;to be zero

Step 3: Output ELPN,

(Identity, Inputs, Outputs,

Algorithom 1 presents a method for modeling web
services by ELPNs. An example 1s given as follows:

Example 1: Let webservice;, = (Identity,, Inputs,
Outputs,, Relations;) to be a web service, where
Tdentity, = 1, Inputs, = {a, b, ¢, d}, Qutputs, = {e, f, g, h},
Relations, = {<(a), (e)>, <(b), (f}>, <(cNd), (ghh)=}.
According to algorithm 1, the ELPNs
webservice, is showed in Fig. 1.

From Fig. 1, the web service webservice, is
represented by FHELPNs all-sidedly. The
composition will be modeled based on ELPNs in the next
sections.

mode]l of

service

fitt)=e
fitt)=e

P ARRT
5E0SEE0 33EC

ofc

fi(t..)=b
fit,) =1

i) =cAd
f(t.;) =g/hh

RRPRRY

Fig. 1. ELPNs model of webservice,
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ELPNs MODEL OF SERVICE COMPOSITION

The ELPNs model of service composition is given in
this section. Firstly, the definition and operational rules of

e

operator “="1s given as follows:

Definition 6: Let ELPN, = (P, T, F, L, M,)is an ELPN. p,
and p, are the labels of two places in P. Then, the rules of
operator “=” is shown as follows:

1, if the string "p"
pL=p2=+is the same as "p2"
0, Else

Example 2: ELPN, = (P, T, F, L, M) 1s showed m Fig. 2.
From Fig. 2, the Name and Grade are labels of two places
n P. From defimtion 6, Name = Grade = Q.

The algorithm for searching the label of a place in
ELPNs from the input or output logic expressions of
transitions is given as follows:

Algorithm 2: Searching the label from logic expression

Input: The label of a place in ELPNs p; and the input or output logic
expression of a transition t ft) = (aAah.. A a)

Qutput: The result

Step 1: Create a label set C = and a constant x =10

Step 2: From the logic expression f{t) = (a, N A a). Put a), a,,
a; to the label set C

Step 3: Traverse the label set C

3.1: Suppose the current item of C is C,. If the result of Cy=p;is 1, then

x =1. Return

Step 4: If x is 1, then output the result that “have found”. Else,
output the result that “not found™

The algorithm for modeling service composition by
ELPNs 15 introduced as follows:

Algorithm 3: Modeling service composition by ELPNs
Input: The web service set Q = {webservice;,, webservice,, -,
webservice,,}
Qutput: The ELPNs model of service composition
Step 1: Create and clear an ELPN ELPN, = (P, T, F, L, M)
Step 2: Traverse web service set Q
2.1: Suppose the current item of Q is webservice, = (Identity, Inputs,
Outputs, Relations). Webservice, can be modeled by ELPNs according to
algorithm 1 and the ELPNs model named ELPN,. Then, Put ELPN,.P to
ELPN,P. Put ELPN, T to ELPN,.T. Put ELPN,F to ELPN,F. Put
ELPN,.L to ELPN,.L. Set ELPN,. M;to be zero
Step 3: Traverse ELPN,.T
3.1: Suppose the current item of T is t,. Traverse the place set "t,ut,
3.2: Suppose the current item of P is labeled by p,. From algorithm 2,
search p, from the input and output logic expressions of the transition t,. Tf
the result is “not found”, then delete the place p, and delete the arcs
cormected top,
Step 4: Traverse ELPN,.T
4.1: Suppose the current item of T is t,,. Traverse the place set "t,,ut,,
4.1.1: Suppose the current itermn of P is labeled by p,. Traverse the place
set "t and except p,
4.1.1.1: Suppose the current item of P is p,. If p,=p, =1, then delete the
place p,. And the arcs connected to p, are changed to connect p,
4.1.1.2: Traverse ELPN,.T and except t,,
4.1.1.2.1: Suppose the current item of T is t. Traverse the place set
Lot
4.1.1.2.1.1: Suppose the current itern of P is labeled by p,. It p=p,=1,
then delete the place p,. And the arcs connected to p, are changed to connect
P:

Step S: Output ELPN,

f(tl) = Name
f(t1) = Grade

Name Grade

Fig. 2: An ELPNs ELPN,

Algorithom 2 presents a method for modeling
services composition by ELPNs. An example is given as
follows:
service set

Example 3: There are the web

Q =
is  the
Webservice, = (Identity,, Inputs,, Outputs ; Relations ),
where Identity, = 2, Inputs, = {a, J, d}, Outputs, = {e, 1, h},
Relations, = {<(a), ()=, <(jAd), (iAh)=}. According to
algorithm 3, the ELPNs model of service composition with
webservice, and webservice, is showed in Fig. 3.

The ELPNs model after the 3rd step of algorithm 3 15
showed in Fig. 3.

The ELPNs model after the 5th step of algorithm 3 is
showed in Fig. 4.

From Fig. 4, the service composition between

{webservice,, webservice,}, where webservice,
same as the web service in example 1.

webservice, and webservice, 1s modeled by ELPNs.
REACHABILITY ANALYSIS OF ELPNs

Enabled transition: The enabled conditions of transitions
are given here.

From definition 4, the transition of an ELPN is
restricted by the logic input and output expressions. For
vieT, if f(t))y =.T., then M[t>. The definition of enabling
label set 1s defined below:

Definition 7: For ELPN = (P, T, F, L, M) and t,eT.
fitt) = (aha.. A &) 1s the logic mput expression of t.
V, = (a,, 8, . a)" denotes the enabling label set of t. And
V=1{V]|teT, ic{l,2, ..., |T|}} denotes the enabing label set
of T.

The defimtion and operational rules of operator ® 1s
given as follows:

Definition 8: Let ELPN, = (P, T, F, L, M;)be an ELPN
and MeR(M,;). V 1s the enabing label set of T. teT and
V, = (a,, &, =, a)". The rules of operator “®” is shown as
follows:
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T
ot

fit.) =JAD

fo(t,) = i/Ah

T

ftt.) =a

.

fo(t)=e

[

.

foty) =1

fi(t,.)=b

T
oc

fi(t,.) =cNd

b

fo(t..) =gAh

[

fit.)=a

.

fo(t.) =e

fitt,)=a

ft)=e

oS

fitt)=a

o]

b f(t,,) =e

T

fi(t)=b

G

)=~

T

:

fo=end || =g
fi(t,,) =jNd fi(t,,) = iAh

Fig. 3: ELPNs model after the 3rd step of algorithm 3
o [BiME) =M@= =M=
L 0, Else

The enabled conditions of transitions are obtained
from theorem 1.

Theorem 1: For ELPN = (P, T, F, L, M,) and MeR{(M,). V
1s the enabing label set of T. W€eT, t; 1s enabled at M 1if
and only if MOV, = 1.

Proof: [Necessity] For V€T, since V 1s the enabing label
set of T and V, 18 the enabing label set of t. Suppose
V, = (a,, a, ", a). Thus, the inputexpression of t; is
fi(t) = (afah. A a). Suppose t; is enabled at M, ie,
M[t>. From definition 4, since M[t>>, thus, the logic value
of the logic mput expression of t; 13, T, at the Marking M.
te. ft)y =.T.. So, M(a,) = M(a,) = - = M{a;) = 1. ie,
MOV,

1

Fig. 4: ELPNs model after the 5th step of algorithm 3

[Sufficiency] For WteT, since V., 1s the enabing label
set of ;. Suppose V= (a, a 5, a)}. Thus, the input
expression of t; is f(t) = (a/hah. . A &), Since, MOV, = 1,
thus, Mia, )} = M(a,) = -~ = M(a,) = 1. So, the logic value of
the logic input expression of t; is | T, at the Marking M. i.e.,
fi(t) =.T.. From definition 4, since M[t>.

From theorem 1, the enabled conditions of transitions
are given and the enabled transitions at the current
marking can be obtained. The theorem for computing
marking after an enabled transition fired 1s introduced
the next section.

Marking computing: The method for computing marking
after an enabled transition fired 1s given in this section.
The definition of output label set is defined below.

Definition 9: For ELPN = (P, T, F, L, M) and t,eT.
f(t) = (bAb,A LA by) is the logic output expression of t;
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B; = (b,, by, -, b)) denotes the output label set of . And
B =i{BteT, i€{l,2, ..., |T|}} denotes the output label set
of T.

The marking computing theorem 18 mtroduced as
follows:

Theorem 2: For ELPN = (P, T, F. L, M,), where
P={p.,pu. Pt and MeR(M,). V 1s the enabing label set
of T. B is the output label set of T. WteT, If M[t;>M’, then
M = (M (p,), M’ (p,),", M’(p,))", where for je {1, 2,--, m}:

0, peVi
M'(p,) = 1 Lp € Bi (1
M(pi).Else

Proof: For WteT, since, V 1s the enabing label set of T and
V, 1s the enabing label set of t. From defimtion 7, the item
in 't; is the same as the item in V,. Since, M[t>M’. From
definition 4, ¥pe't; M’ (p) = 0. Thus, ¥peV; M’(p) = 0. For
VteT, Since, B 1s the output label set of T and B, 1s the
output label set of t. From definition 9, the item m t" 1s the
same as the item in B;. Since, M[t>M’. From definition 4,
pet” must satisfy f(t),, = .T.. Since, the logic operator
of logic expressions in ELPN 15 only “A”. Thus, VpeB;:
M (p) = 1. Smece, M[t>M’. From Defimtion 4, ¥p¢'tu t”:
M(p) = M(p), thus, ¥p&V,uB: M’(p) = M(p).

Theorem 2 presents a method for computing marking
when a enabled transition fired. All reachable markings
can be obtained in the next section.

Reachability analysis: The method for obtaining all
reachable markings 13 mntroduced in this section The
algorithm for computing reachable markings of an ELPN
1s showed as follows:

Algorithm 4: Computing reachable markings
Input: ELPN =(P, T, F, L, M)
Output: All reachable markings of ELPN
Step 1: Create four constants q =0, w =1, e =2, i = 3. Create two

variables x =y = 0. Create and clear a three-dimensional array A[n][i] and

n=-+=
Step 2: The initial marking M, is set to the current marking M
Step 3: Traverse ELPN.T
3.1: Suppose the current itern of T is t. From theorem 1, if t; is

enabled. Suppose M[t=M?, then, M® would be obtained from theorem 2
3.2: Put M to A[x][q]. Put M’ to A[x][w]. Put t; to A[x][e]

3.3: For y from 0 to x-1
3.3.1: if A[x][w] is equal to M’, then retum. Else, x =x+1
3.2.2: M is set to the current marking M and back to step 3
Step 4: Output A[n][i]

Algorithm 4 presents a method for obtaimng all
reachable markings of an ELPN. From algorithm 4, the
three-dimensional array A[n][i] contains all reachability
mformation of an ELPN.

Example 4: Suppose the current marking M of ELPN
set inFig. 418 {M(a) = M(f) = M{c) = M(d) = M(j) =1,
M(e) = Mi(b) = M(g) = M(h) = M(1) = 0}. From theorem 1,
the transitions t,,,, t,,, are enabled at M. From theorem 2,
when the transition t,., 1s fired, the marking M of ELPN set
% inFig. 4 is {M(e) = M(b) = M{c) = M(h) = M(i) =1,
M(a) = M(f) = M(g) = M(d) = M(j) = 0}. From algorithm 4,
A[O][0] = {M(a) = M) = M(e) = M(d) =M() =1,
M(e) =Mib) =M(g) =Mch) = M(i) = O}, A[O][1] = {M(e)=
M() = M(e) = M(d) = M(j) = 1, M(a) = M(b) = M(g) = M(h)
=M(i) = O}, A[0][2] = t,.,.

CONSTRUCTION OF COMPOSITION LIBRARY

The method for constructing composition library 1s
introduced in this section. The definition of composition
library 1s given as follows:

Definition 10: Scomlry = (C_ELPNs, C Relations) 1s a
composition library, where:

»  C ELPNs is the ELPNs model of servcie composition

s+  C Relations = {Relation,, Relation,,--, Relation;} is a
finite set which contains the mapping relations of
puts, outputs, transitions in C_ELPNs

¢ The format of the item of C Relations is <inputs of
C_ELPNs, outputs of C _ELPNs, transitions of
C _ELPNs> = <(Input,, Input,,~--, Input,), (Output,,
Cutput,,, Outputy, (t, .=, t)>. It means that if
there are the inputs of service composition are
Input,, Input,, -
composition would be Output,, Output,, - and
Output;, after the transitions t, t,, t, fired
successively

and Input,, the outputs of service

The defimition and operational rules of operator “&”
is given as follows:

Definition 11: Let ELPN_= (P, T, F, L, M,)be the ELPNs
model of service composition, where P = {p,, ps = Pt
and MeR(M,). Q 1s the label set of the places m ELPN, P.
The rules of operator “®” is shown as follows:

MeQ = M, where, For je{1, 2, -, m}

M(p]):LpJ € Q
M(p;)=0, Else

The function for combination is given as follows:

2251



J. Applied Sci., 14 (19): 2246-2257, 2014

Function 1: COMB(s, n, m, top, W, queue, array)
Input: The viriables s, n, m. The label set W. One-dimensional array
queue and array
Output: The label set W
Step 1: Create a viriable i. Tf s>n, then retum
Step 2: Tf top is equal to m, then create a new label sub-set of W
named as U=
2.1:Fori=0tom
2.1.1: Put queuefi] to U
2.2: Put Uto W and return
Step 3: Set queuetop] = array|s]. top = top+1. Excecute the function
W = COMB(s+1, n, m, top, W, queue, array). top = top-1. Excecute the
function W = COMB(s+1, n, m, top, W, queue, array)
Step 4: Output the label set W

The algorithm for constructing initial marking set is
given as follows:

Algorithm 5: Construction initial marking set
Input: The ELPNs model of service composition ELPN; = (P, T, F,
L, My)
Output: The initial marking set Q
Step 1: Create the initial marking set Q = ). Create the label set
W = (. Create viriables 1 = m =n = top = 0. Create an one-dimensional
array queueln] = {0}
Step 2: Traverse ELPN,.T
2.1: Suppose the cumrent item of T is t;. Traverse the place set "t;
2.2: Suppose the current item of *t; is p,. Put the label of p, to W
Step 3: Create an one-dimensional array array| o] and o = W]
3.1: Traverse W
3.1.1: Suppose the current itme of W is p,, then, array[l] =p,. 1 = H+1
Step 4: Set W=0). Setn=o0. Form=0too
4.1: Excecute the function W = COMB(0, n, m, top, W, queue, array)
Step 5: Traverse the sub-set of W
£.1: Suppose the cumrent item of W is U, Create a new marking of
ELPN; named M,. Put M, U, =M, to Q
Step 6: Output the initial marking set Q

The algorithm for constructing composition library is
mtroduced as follows:

Algorithm 6: Construction composition library

Input: The ELPNs model of service composition ELPN; = (P, T, F,
L. My)

Output: The
C_Relations)

Step 1: Create four constants q =0, w =1, e =2, i = 3. Create two
marking set Q; = (y = (3. Create variables k =j =r=wv =1 =0. Create and
clear an one-dimensional array ZJu] and u =+

Step 2: From algorithm 5, the initial marking set of ELPN; can be
obtained. Suppose the initial marking set of ELPN; is Q

2.1: Traverse Q

2.1.1: Suppose the current item of Q is M,. S8et ELPN. M, = M,. From
algorithim 4, all reachable markings of ELPN; at M, can be obtained.
Suppose the three-dimensional array A[n][i] obtained from algorithm 4
contains all reachability information of ELPN; at My

212: Forr=0ton-1. Forv=0to 1

2.1.2.1: Traverse Q,

2.1.2.1.1: Suppose the cumrent item of Q; is M,, if M, is equal to A[r][v],
then f=1 and return

2.1.2.2: If f is equal to 0, then put Afr][v] to Q, and (s, set
Z[i] = Alr][v] and j =j+1. Else, =0

2.1.3: j = j-1. Create an adjacent matrix matrix[j][j] and set all items in
matrix[j][j] to +e. Create a path matrix path[j][j] and set all itemns in
path[j][j] to -1. Copy Aln][i] to B[n][i]. For r =0 to n-1. For v = 0 to 1.
For f=0toj-1

2.1.3.1: It B[r][v] is equal to Z[f], then replace B[r][v] with

2.1.3.2: For r = 0 to n-1. Set matrix[B[r][q]][BF][w]] = 1. Set
path[B[r][q]1[B[r][w]] =B[r][w]

composition library Scomlty = (C_ELPNs,

21.4: Forr=0toj-1. For v =0to j-1. Forf=0to j-1

2.1.4.1: I (matrix[r][v]=matrix[r][f[+matrix[ ][ v]).
matrix[r][v] = matrix[r][f]+matrix[{][v] and path[r][v] = path[r][£]

2.1.5: Create a composition library Scomlry; = (C_ELPNs,
C_Relations). Set Scomlry,C_ELPNs to ELPN; = (P, T, F, L, M,). Set
Scomlry;.C_Relations to &

2.1.6: Traverse Q;

2.1.6.1: Suppose the cuirent itern of O, is M,. For r = 0to j-1. T Z[1] is
equal to M., then return r. Traverse Q,

2.1.6.1.1: Suppose the current item of (3, is M,. For v =0 to j-1. If Z[v]
is equal to M,, then return v

2.1.6.1.2: If matrix[r][v] is not +e, then create a new item of Scomlry;.
C Relations R, and R, = <inputs,, outputs, transitions;> Set inputs, to M,.
Set outputs, to M,. Create a transition set (3 = 3. = path[r][v]

2.1.6.1.3: If f=v, then, fork =0ton-1

2.1.6.1.3.1: If A[k][q] is equal to Z[r] and A[k][w] is equal to Z[f], then,
put A[k][e] to ;. Setrtof. Set fto path[f][v] and back to 7.1.3

2.1.6.1.4: Set transitions, = Qs

Step 3: Traverse C_Relations

3.1: Suppose the current item of C Relations is R, and R, = <inputs,,
outputs,, transitions;>. Traverse C_Relations

3.1.1: Suppose the current itemn of C_Relations is R, and R, = <inputs,
outputs,, transitions,>. If the itern of inputs, is the same as inputs,, the item
of outputs, is the same as outputs, and the item of transitions, is the same as
transitions,, then, delete R, from C Relations

Step 4: Output the composition library Scomlry; = (C_ELPNs,

C Relations)

Then,

Algorithm 6 presents a method for constructing
composition library.

Example 5: The ELPNs model of service composition
ELPN, = (P, T,F, L, M;) 1s the same as the EIPN mn Fig. 4.
From algorithm 5, the label set 1s {{a}, {b}, {c}, {d}, {5},
{a, b}, {a ¢}, {a, d}, {a. )}, {b, o}, {b d}, {b, 3}, {o, d},
{e.qh fd i}, fa b, o}, fa b b, fa. b b fa.c. b, fa.c. ),
{841t fbc. di, {b o, i}, b, jb, o, ds i, fa, b, o, d},
fab o it fa,b d it facd il (bedib, fabed
744, From algorithm 6, the composition library can be
constructed as Scomlry = (C_ELPNs, C_Relations), where
C ELPNs = ELPN,; and C Relations = {<{a}, {e}, t,,>,
<{b}, {1}, tu>, <{e.d}, {g:h}, i, <§,d}, {Lh}, o=}

SERVICE COMPOSITION ORIENTED
TO USER’S DEMANDS

The methed for service composition oriented to user’s
demands is introduced in this section. The definition of
user’s demand is given as follows:

Definition 12: Udemand = (Id, Uinputs, Uoutputs) 1s an
user’s demand, where:

¢+ Td denotes the unique mark number of the user’s
demand

+  Uinputs = {Input,, Input,,~-, Input} is a finite set
which contams the mput parameters of the user’s
demand

»  Umputs = {Output,, Output,, -+, Output,} 18 a fimte
set which contains the output parameters of the
user’s demand
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¢ The user’s demand can be satisfied, if the outputs can
be given by the service composition system based on
the user’s mputs

* The output and input parameters of user’s demand 1s
consistent with the input and output parameters of web
services

The theorem for service composition oriented to
user’s demands is introduced as follows:

Theorem 3: Udemand, = (Id, Uinputs, Uoutputs) is an
user’s demand. ELPN; = (P, T, F, L, M,) is the ELPNs
model of service composition and M.eR(M;). The user’s
demand can be satisfied if and only if
(M, @Uinputs )eR (M @Uoutputs).

Proof: [Necessity] From algorithm 1 and 3, the Udemand,.
Uinputs and Udemand . Uoutputs are the label sets of the
places in ELPN,.P. Thus, from definition 11, M, eUinputs
denotes the marking of ELPN, which is consistent with the
input parameters. MgUoutputs denotes the
marking of ELPN; which is consistent with the user’s
output parameters. Since, the user’s demand can be
satisfied. From definition 12, the outputs can be given by
the service composition system based on the user’s
mputs. Thus, the marking M @Umputs of ELPN; can be
reached from the marking MyeUoutputs of ELPN, 1e.,
(M, @Uinputs )eR (M @Uoutputs).

[Sufficiency] Since, (M, gUinputs )eR(M, @ Uoutputs),
thus, the marking M eUinputs of ELPN, can be reached
from the marking M;@Ucutputs of ELFN; [From
definition 11, M,eUinputs denotes the marking of ELPN;
which 1s consistent with the user’s mput parameters.
M,;oU ocutputs denotes the marking of ELPN, which is
consistent with the user’s output parameters. Thus, the
outputs of the user’s demand can be given by the service
composition system based on the user’s inputs. From

user’s

defimtion 12, the user’s demand can be satisfied.

Definition 13: Rtable = (Records) 1s the composition
result for user’s demand, where:

+  Records = {record,, record,,, record,} is a finite set
. The format of the item of Records is <Rid, Rinputs,
Routputs, Sid>, where:
+  Rid denotes the unique mark number of the item
and created in ascending order successively
+ Rinputs denotes the input parameters
¢ Routputs denotes the output parameters
* Sid denotes the unique mark number of web
service

Example 6: There is a composition result for user’s
demand Rtable, = (Records;). Suppose Records, = {record,,
record,}, where record,<1, {a}, {b}. 3> and record,<2,
{bl, {c}, 5> Tt means that the user’s demand is input a
and output ¢. The demand can be satisfied by the work
flow that user mputs a and b can be obtained using the
web service which Identity = 3. Then, the user mputs b
and ¢ can be obtained using the web service which
Tdentity = 5.

The algorithm for service composition oriented to
user’s demands 18 introduced as follows:

Algorithm 7: Service composition oriented to user’s demands

Input: The user’s demand Udemand, = (Td, Uinputs, Usutputs) and
the composition library Scomlry; = (C_ELPNs, C_Relations)

Qutput: The composition result Rtable = (Records)

Step 1: Create the composition result Rtable, = (Records) = . Create
avariablex=0

Step 2: Traverse Scomlry; C_Relations

2.1: Suppose the current itern of C Relations is Ry, and Ry, = <linputs,,
oltputsy, transitions,>. If the items of Udemand,;. Uinputs are the same as the
items of Ry.inputs, and the items of Udemand, Uoutputs are the same as the
itemns of Ry.outputs,, then, return Ry.transitions,

Step 3: Suppose transitions, = {t,, t,, -, t,,}. Traverse transitions,

3.1: Suppose the current itern of transitions, is . Suppose
the C_ELPNs. L{t)<fitt,), Lt)>, where fi(t) = (@iai..Aa) and
fot,) = (e Ao Ay,

3.2: Create a new item of Rtable,.Records record,<Rid, Rinputs,
Routputs, Sid>. Set record, Rid = x and x = x+1. Set record,
Rinputs = {a,, a;, -, a,} according to the logic input expression of . Set
record, Routputs = {by, by, -, b, } according to the logic cutput expression
of't,. Set record,.8id =b according to the label of the transition t,

Step 4: Qutput the composition result Rtable, = (Records)

EXPERIMENT AND COMPARISON

In order to verify the validity and advantages of
proposed methods in this study, the experiment and
comparison are given in this section. Because of no
standard software and test data, one hundred services are
defined according to definition 5. Although, the services
defined in this study 1s not real, there are no effect on the
result of the experiment.

Construction of web services: From definitien 5, one
hundred services are defined. For simplicity, the inputs
and outputs of web services are defined as letters. The
first six items of service set are showed in Table 1.

Table 1: First six web services

Identity Inputs Outputs Relations

1 aeo xae, 1l <(aen), (xaehu)>

2 bea, ewr cet, ¥ <(beatewr), (cethy)>

3 cxa, hej, io crw, ki <(cxafhejhio), (crwiki)=
4 dnm, ik q <(dnmAik), (q)=

5 evb, jlm i.p <(evbAjlm), (GAp)>

6 fie, kzx fo <(fierkzx), (fg)=
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aeo

T
1T

1
f(t,.,) = aeo
(1, = xae/u

bea cet

7

ewr [

T
5

fi(t,,,) = beaewr
fi(t.) = cet/y

cxa crw

hej t, ki

TTY
5O

fi(t,,,) = exa/\hejAio
f(t,.,) = erw/\ki

dnm

T
5

ik G | f(t,,) = dnmAik

f(t..) =9

T

Fig. 5: First four ELPNs model of services

Model web services by ELPNs: From algorithm 1, the web
services defined in this section can be model by ELPNs.
The first four ELPNs models of services 1s showed in
Fig. 5.

Model service composition by ELPNs: From algorithm 3,
the services composition oriented to the services defined
1n this section can be model by ELPNs. The part of ELPNs
model of service composition is showed in Fig. 6.

Construction of composition library: From algorithm 6,
the composition library based on ELPNs model of service
composition can be constructed as Scomlry = (C_ELPNs,
C Relations). C ELPNs is equal to the EL.PNs model of
service composition and the first six items of C_Relations
are shown below:

2

55

.

=

e

Fig. 6: Part of ELPNs model of service composition

Tye

ALA

Table 2: First three items of user’s demands

Tdentity Ulinputs Uoutputs
1 aeo fe
2 cxa, hej, io pts, tts
3 dnm, ik q
4 c d
5 vse bet
[ wrt xt
C Relations

<{aeo}, {xae, u}, t,,, »
< {bea, ewr}, {cet, vy}, t,, >
< {cxa, hej, 10}, {crw, ki}, t,,, =
<{dmm, ik}, {q}. t,, >
<{evb, jlm}, {j, p}. t;, >
< {fie, kex}, {fg}, t,, >

Construction of user’s demands: From defimtion 12, fifty
user’s demands are defined. The outputs and inputs of
user’s demand are consistent with which in web services.
The first three items of user’s demands are showed in
Table 2.

Service composition oriented to user’s demands: From
algorithm 7, all composition result can be obtained. The
first six composition results binded to user are showed in
Table 3.

Comparison: There are a lot of achievements on service
composition. The irmovation and superiority of this study
have three aspects. Firstly, the composition library is
constructed before service discovery. Secondly, the
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Table 3: First six composition results

Demand.Id Rtable.Records

1 <1, {aeo}, {xae, twe}, 18>,
<2, {xae}, {kzx}, 93>,
<3, {twe, {fie}, 47}>,
<4, {fie, kzx}, {fg, 6}=

2 <1, {cxa, hej, io}, {crw, ki}, 3=,
<2, {erw, ki}, {pts, tts}, 58>

3 <1, {dnm, ik}, {q}, 4=,

4 <1, {c}, {d}, 84>

5 2]

6 <1, {wrt}, {acc}, 77T,

<2, {aeo}, {xae, twe}, 18>,
<3, {twe}, {fie}, 47>,
<4, {fie}, {xt}, 12>

ELPNs 15 mtroduced and defined for the first time. The
methods for analyzing reachability of ELPNs are given. At
last, the service composition is modeled by ELPNs. The
comparison analysis is showed as follows:

*  The comparison analysis with the time complexity for
service composition oriented to user’s demand is
shown as follows:

s Service composition oriented to user’s demand
from the proposed method m this study

Suppose the service composition library 1s
constructed and named as Scomlry, = (C_ELPNs,
C Relations). Suppose | C_Relations] = n. From

algorithm 7, if the item in C_Relations satisfied to user’s
demand 1s not found, the time complexity for service
composition is O(n). Else, if the item in C Relations
satisfied to user’s demand can be found and named as
R, = <inputs, outputs, transitions.>. Suppose
|transitions,| = m, thus, the time complexity for service
composition is O(n+m):

» Service composition oriented to user’s demand
from web service set Q (Sheng et al, 2009,
Nayak and Lee, 2007)

Suppose |Q| = n, If the user’s demand is segmented
to m atomic demands completely. Obviously, the time
complexity for service composition is O(nxm).

From above analysis the time complexity of service
combination using the method proposed in this study is
decreased:

*  The comparison analysis with the optimality of
service composition oriented to user’s demand is
showed as follows:
¢ The result of service composition generated by

the propose method in this study

From algorithm 5 and 6, all reachable markings of
ELPNs model of service composition can be obtained. In

order to construct the optimal composition library, the
adjacent matrix 1s constructed. Every path from the mputs
to outputs of user’s demand is obtained through the
classic shortest path first algorithm. For example, from
Table 3, for the second user’s demand, the service
composition 1s that user mputs cxa, hej, 10 and crw, ki can
be obtamed using the web service which Identity = 3.
Then, the user inputs crw, ki and pts, tts can be obtained
using the web service which Identity = 58:

» The result of service composition generated
without the pretreatment for the shortest path
{(Lian and Zheng, 2011; Liu et af., 2010)

For the user’s demand, if the demand is not satisfied
by a single web service, the demand should be segmented
to several sub-demands. Obviously, it 18 hard to segment
user’s demand optimally without the pretreatment of the
shortest path computation. For example, from Table 3, the
second user’s demand 1s Udemand, = (2, {cxa, hej, 10},
{pts, tts}). From the service composition oriented
to Udemand, in Table 3, the optimal segment of
Udemand, is Udemand, , = (2-1, {cxa, hej, io}, {crw, ki}),
Udemand,, = (2-2, {crw, ki}, {pts, tts}). Howere, the
segment of Udemand, would be not the same as the
above case.

So, the method proposed in this study is superior on
the optimality of service composition:

¢ The comparison analysis between ELPNs and L.PNs
with modeling web service is shown as follows:

Model web service by ELPNs: From definition 5, the web
service has three aspects inputs, outputs and the
relations between input and output parameters. From
defimtion 4, the transitions in ELPNs are restricted by
logic mput and output expressions at the same time. Thus,
From algorithm 1, the web service can be model by ELPNs
conveniently. For example, Let webservice, = (Identity,,
Inputs,, Outputs,, Relations,) to be a web service, where
Identity, = k, Inputs, = {a, b, ¢, d}, Outputs, = {e, f, g, h},
Relations, = {<(cAd), (ghh)=}. According to algorithm 1,
the ELPNs model of webservice, is showed in Fig. 7.

Model web service by LPNs: From the defimtion of LPNs,
there are three kinds of transitions in LPNs. T, denotes
the traditional transitions. T, denotes the transitions
restricted by the logic mput expressions (Du and Guo,
2009). T, denotes the transitions restricted by the logic
output expressions. The LPNs model of webservice, is
showed in Fig. 8.
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' Q—' 4’@ )
b ( ) » _’( ) f
b
c Q_' 4’@ :
fi (te) =cNd
f, (t.) = ghh

Fig. 7: ELPNs model of webservicg

O —(
o> . i . _>Of
o "0
O —QO)

fl (tL+1) =c/Ad fo (tuz) = g/\h
Fig. 8: LPNs model of webservice,

From Fig. 7 and &, obviously, the transition and place
i Fig. 8 15 more than that in Fig. 7. Thus, it 18 easier for
modeling web service by ELPNs than by LPNs.

From the above analysis, the validity, superiority and
effectiveness of the proposed method are illustrated.

CONCLUSION

A new method for service composition is introduced
1n this study. In order to model web service conveniently,
an Enhanced Logic Petric nets 1s defined in this study
firstly. The comparison has already verified that ELPNs is
the abstract and extension of LPNs and high-level PNs.
The enabled conditions of transitions and marking
computation theorem of ELPNs are given. The reachability
of ELLPNs is analyzed. The ELPNs models of web service
and service composition are given. All reachable markings
of ELPNs model of service composition are obtained. The
service composition library 1s comstructed based on
ELPNs model of service composition. Every path in
composition library from the inputs to outputs of user’s
demand 1s obtained through the classic shortest path first
algonthm. The methoed for service composition oriented to

user’s demand is introduced From the simulation
experiments and comparisons, the time complexity of
service composition oriented to user’s demand 1s
decreased and the result binding to user 1s optimal.

Further study will be the properties analysis of
ELPNs, including faimess, reversibility and the
construction of reachable marking gragh. Moreover,
service discovery, service bindng and
substitution will be studied.

service
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