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Abstract: TheWeb Service Composition (WSi€)a prominent technique to help software developers to easily build apptisaiio
top of theService Oriented Architectur&iven a set of web services and a user request, the aim of the W8{@ipres to construct

an optimal composite web service to satisfy the request. In this paperticupar, we study th&uality of Services (QoS)-aware WSC
problemto optimize the quality criteria of the composite service, e.g., throughpailahility, response time, capacity and accuracy.
However, since the QoS-aware WSC problem corresponds to a gloti@ization problem, it is a hard problem to solve the problem
for large scale instances. To resolve this challenge, we propose bsotwton usingon-the-fly learning-based seardBur technique
employs theLearning Depth-First Search (LDFS3s an underlying search algorithm, which performs iterated depths@esiches
enhanced with learning. Moreover, the on-the-fly searching techmigtt&lly constructs a search graph only when the part of the
graph is required. We empirically show, with a number of examples, tegirtbposed on-the-fly technique is able to find the optimal
composite services much earlier than our previous work, the off-lineé3.Method.

Keywords: Web Service Composition, Quality of Services (QoS), On-the-fly Coctstny, Learning

1 Introduction composite web service since it is a global optimization
problem. Therefore, as the number of given web services

Web servicesare methods for supporting interoperable 9ets increased like real web services on the Web, the
machine-to-machine interaction over the Internet.Problem becomes intractable.

Recently, abundant study has been performed to improve In this paper, we propose a novel solution for the
the flexible and dynamic functionalities of tteervice  QoS-aware WSC problem, which establishes an optimal
oriented architectures (SOA&Nd this effort promotes to composition with respect to given QoS criteria. That is,
define the web service standards. However, variougjiven a set of web service descriptions including the QoS
research challenges still remait];[ for instance, web information of each service and a requirement web
service discovery/recommendation, service selection andervice, we construct a sequence of web services such
composition, and validation and testing of composed welthat users are able to call legally the next web service in
services. In general, given a set of web services and a use&ach step, the execution of the sequence satisfies the
requirement, theveb service composition (WSC) problem desired requirement, and an aggregated QoS value of the
is to find the shortest sequence of web services whictsequence is optimal. Our technique first recasts the
meets the user requirement. Recently, one asks serviogomposition problem into graph search problenon a
providers to satisfy functional requirements as well asweighted state-transition systerwhere the optimal
nonfunctional requirements, i.eQuality of Services sequence to a goal state is exactly correspondent with the
(QoS) constraints. In this case, users indeed want theoptimal composite web service with respect to the QoS
composite web service with the optimal QoS vatather  value. To identify the optimal sequence of the graph
than the shortest sequence of web services as a solutiorsearch problem, we apply an efficient algorithm using
This problem is called theQoS-aware WSC problem Learning Depth First Search (LDF$2,3]. However, we
However, it is computationally hard to identify such a have observed a drawback of the LDFS implementation,
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in which the method constructs a whole search graph at

the beginning even though some part of the graph will not recommend
be visited. In addition, for large scale problem instances, Movie Theater (RMT
the ratio of not-visited space can be large and the whole 10 msec

graph construction needs a significant amount of time. |

needed. The on-the-fly LDFS algorithm for the
QoS-aware WSC problem can find optimal composite
web services earlier than our previous wor, [the
off-line version of LDFS. With experiment on a number
of examples by the test set generator employed in Web
Services Challenge 200%,p], we show our method’s
efficiency. In the experiment, the proposed on-the-fly
LDFS method always generates the optimal solutions
earlier than the offline LDFS.

city name
genre preference

city name
this paper, therefore, we propose an on-the-fly searchinggenre preference

i i i i+ ie| theater address
technique to partially build a search graph only when itis| === 50

Reserve Theater (RT)

Initial state

Search Movie Theater

city name
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theater address

movie title
reservation

Get Map 1 (GM1)
60 msec

Get Map 2 (GM2)
50 msec

city name
genre preference
theater address
movie title
reservation
map

2 QoS-Aware Web Service Composition Goal state

Quality of Services (QoSicludes various non-functional
properties of services, e.g., throughput, response time, ) i i
availability, accuracy and capacity. The QoS value of each Fig. 1: Movie theater reservation system
web service helps clients select an appropriate service

provider for them from a number of candidate providers

with same functionality. In this section, we formally
define the QoS-aware web service composition (WSC

)RRT = 60 msecRsyt = 100 msecRgm1 = 60 msec, and
problem that we study in this paper. Ro

m2 = 50 msec, respectively. In this example, we have
four sequences to find/reserve a movie theater and
provide a map: i.e., RMT-RT-GM1, RMT-RT-GM2,
. . SMT-GM1, and SMT-GM2. If considering the length of
2.1 Example: Movie Theater Reservation composite web services as our aim, SMT-GM1, and
System SMT-GM2 would be the best solutions. However, since

we want the minimal response time, RMT-RT-GM2 is the

Consider that a client wants to find and make abestcomposition (i.eRrmT-RT-GM2 = 120msec).
reservation for a movie theater, and to get a map to the
theater. He searches a movie and a theater by a movie
genre (e.g., ‘drama’) and a city name (e.g., ‘Seoul’), and2 2 QoS-aware Web Service Composition
his QoS requirement is the fastest response time. ASSUMB (oblem
that there is no single web service which finds/reserves a

movie theate_r and prowdes a map, and therg are r.nanKlow, we formalize the definition of web services with QoS
different services for movie theaters or maps with various

: . . iteria and the QoS-aware composition problem which we
response times. In this case, he wants to combine Severéronsider in thisQ aper. Aveb sefvice's rep resented as a
web services to achieve his goal and also minimize Paper. P

aggregated response time. Figude illustrates this tuplew(l, 0, Q) where:

example. Initially, he sets a movie genre preference _| s a finite set ofnput parametersor the web service
(genre preferengeand a location preferenceify name W.

for a movie theater. Given a city name and a genre _o js a finite set ofoutput parameterdor the web
service returns a theater address and a movie title. When etp.

the Reserve Theater (RT) service receives a theater _q s a finite set ofjuality criteria for the web service
address and a movie title, it makes a reservation for the

theater. On the other hand, the Search Movie Theater

(SMT) service can find and reserve a theater for a given When a web servicey(l,0,Q) is called with all the
city and genre preference. Once the Get Map 1 (GM1l)input parameters € | with the typet;, it provides all
and Get Map 2 (GM2) services receive an address, theputput parameters € O with the typet,. The invocation
both provide a map for a given address. The responsef the web servicev corresponds to each service quality
time for each web service is as followRzyt = 10 msec, criterion g € Q, e. g., throughput, response time,
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availability and capacity. Given two typégsandty, t; is a
subtypeof t; (denoted by <: tp) if t1 is more informative
than or equal tat; so thatt; can be replaced witlt,

everywhere. In this case, is asupertypeof t;. Note that
this relation is reflexive (i.et <:t for any typet) and
transitive (i.e., ift; <:t; andty <: t3 thent; <: t3). Given
two web serviceswy(l1,01,Q1) and wa(l2,02,Q2), we

rtw, whererty, is the response time o¥;. Otherwise
(e, 0 = wi---wy,n > 1), Qj(0) = rty+
Qi(W2---Wp).

3 Reduction to Graph Search Problem

denotew; L, w, if wy needs less informative inputs than |, this section, we explain our reduction method for the

or the same inputs withv,; that is, for each; € I4, there
existsiz € I such thatt, <: tj;. Given two web services
wi (11,01, Q1) andwa(l2,02,Q2), we denotev; To wo if

QoS-aware WSC problem into a graph search problem.
Given a QoS-aware WSC problefw,w; ), we first recast
into a graph

search problem on awveighted

Wy generates more informative outputs than or the SaM&gate-transition systen¥’ = (S,%,G,A, T,C) where:
b b Y b .

outputs withws; that is, for eacho; € O,, there exists
02 € Oy such thatty, <:to,. These relationships;,; and
Co, are both reflexive. Given a sét of web services and
a request web serviag , aweb service discovery problem
is to identify a web servicev € W such thatw C; w, and
w; Co w. Intuitively, the solution web service asks less
inputs than or the same inputs withy, and generates
more outputs than or the same outputs with

However, it is sometimes possible that there does not
exist a single web service satisfying the user request. In

—Sis afinite set obtates where a state corresponds to a
node in search graphs.

-5 € Sis theinitial state.

-G C Sis afinite set ofjoal states

—Ais a finite set ofactions

—T : Sx A — Sis atransition functionwhich maps a
current state and an action into a next state.

—For each state € Sand each actioa € A, C(s,a) is
theaction cost

this case, needless to say, users want to search a sequence

ws - - - Wy Of web services such that they can legally call the

The graph search problem on the above weighted

next web service in each step and achieve the desired goafate-transition system? = (Ss,G,AT,C) is to

eventually. Formally, we extend the relationg, andCop,
to a sequence of web services as follows.

-wy---Wy, C; w (where w = (1,0,Q) and each
wj = (15,04,Qj)) if V1 < j < n:for everyi € | there
existsiy € | U Uk« Ok such thati, <:tj,. Intuitively,

identify a sequence of actiorag, - - ,a, from the initial
state to a goal state, which has the minimal total cost.

Given a setW = {wy,---,w,} of available web

services where for each wj = (1j,0j,Q;), we denote as
TP a set of all
TP = {t | foreachp € Uj(l; UOj),t = typg(p)}. Now,

types included inW, i.e.,

calling wy ---wy requires less input parameters than given a setW = {wi,-- Wy} of available web services

callingw.

W Co Wi---Wn (where w = (1,0,Q) and each
wj = (11,04,Qj)) if for every o, € O there exists
02 € U1<j<nOj such thatty, <: to,. In other words,
callingws - - - wp, provides more outputs than callimg

Finally, given a seW of available web services and a
service requesty, the QoS-aware WSC probleifV, w;)
is to identify a sequence, - - -w, (everyw; € W) of web
services such thatvy---wn 5 wy andw, Co Wy -+ -Wh.
Intuitively, calling the sequence; - - -wy, of web services
requires less inputs than or the same inputs withand
generates more outputs than or the same outputswyith

The optimal solution for this problem is such a sequence

o = wyp---W, with the minimal aggregate QoS value
Q(o) where the aggregate QoS val@Qéo) is inductively
computed as follows:

—Q(0) =c¢1-Qu(0) +---+Cm-Qm(0o) where eaclt; is

a given weight for thg-th QoS criterion.

—Each function Q; depends on the corresponding
quality criterion. For example, let us consider
throughput as the QoS criterion. & = wj, then
Qj(o) = thy, whereth,, is the throughput ofw;.
Otherwise (i.e., |g| > 1), Qj(o) = Min(thy,,
Qj(w2---wp)). On the other hand, let us consider
response time. I& = w, (i.e., |o| = 1), thenQ;(0) =

and a requirement web servieg(ly, ,Ow,,Qw, ), we can
build a weighted state-transition syste#i= (S s, G, A,
T,C) as follows:

—S={(X1,--- ,Xm) | Xj = true or falsem= |TP|}. Each
boolean variable; means if we possess an instance
with the typet; at a states.

—S0 = (X1,---,Xm), Where eaclx; is true if and only if
there is an input parametere |y, such thatt; is a
subtype of its corresponding type (i.e.,ti <:ty). If
not, x; is false Remark that since the supertype and
subtype relations are reflexive, every types its
supertype as well as its subtype.

—G = {(X1,--- ,Xm) | everyx; is trueif and only if there
existso € Oy, such thatxj <ito}.

-A=W.

—Fors=(Xg, -+ ,Xm), S = (X3, -+ ,X,), andw = (1,0,
Q), T(ssw) = s if and only if (1) for alli € I, there
existsx; in s such thak; is true and its corresponding
typety; is a subtype of the type of(i.e., ty; <:t), (2)
if X is true, X is alsotrue, and (3)vo € O;: for every
variable xj in s, if its corresponding typéy; is a
supertype of,, x’j is true. Intuitively, a web servicev
can be called at a stagdf we have data instances that
are more informative than inputs ofat the states. If
we call a web servicav at such a stats, then we

© 2014 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

144 NS 2 H. Kil, W. Nam: On-the-fly Learning-based Search for QoS-aware..

proceed to a staté where we preserve all the data WS-seq QOSWSC(WS_Set W,Req.WS wr){

instances from the stateand acquire outputs of/ : ConstructPartialljv, wr); _
and their supertypes. do done:= On_the fly_LDFS(sp) while (done = falsg;

—For each statsand each web serviog, C(s,w) = c1 - g&?ﬁ'fgﬁgx)\/:jequencw’SO'“t'Onseq;
Qi+ -+ k- Ok, Where eachy; is j-th QoS criterion q
value ofw.

~hRWONRE

Intuitively, we have the initial state in which we have Boolean On.thefly LDFS(state s){
all the instances correspondent with the inputwpfand 5 if s.flag = terminakthen {
instances correspondent with their supertypes. A state 2 V(g =0;

a goal state i includes more informative data instances ;: s.flag:= solved
than or equal to the outputs of. In addition, the optimal :

path for the graph search problem instance on the above,,.
weighted state-transition system exactly corresponds t
the optimal composite web service for a given QoS-aware, ,.
WSC problem instance. Finally, we modify the LDFS ;3.

if s.flag = solvedhen return true;
done = false
foreachac Ado {

if Qv(s,a) > V(s) then continue

: done:= true;

algorithm to be appropriate for the QoS-aware WSCq4- Successors: ExpandSuccessds a);
problem. That is, we construct only the initial state of a 15. foreacht € Successordo {
search graph at the beginning. Then, as we explore theg: done:= LDFS(t) A (Qu(s,a) < V(s));
rest part of the search graph, we incrementally expand7: if = donethen break;
successor states only when they are needed. 18: }

19: if donethen break;

20: }
4 Learning Depth First Search with g; i don(e): truethen {

. . a(s) . =aq,

On-the-fly Construction 3. s flag:= solved

24:  } elseV(s) := mingea Qv (s a);

The Learning Depth First Search (LDFS]2,3] is return done

designed to attain the benefits of both a general dynami§5'
programming technique and the effectiveness of heuristi
search methods. Its basic idea is to search solutions by Fig. 2: QoS-driven WSC algorithm using LDFS

applying a learning technique to combining iterative,

bound depth first searcheg, §]. In a searching iteration

step, if the algorithm finds a solution with a cost which

does not exceed a lower bound, then it returns the8] updates this function by an operation in the form of a
solution. Otherwise, it repeats the searching process witlBellman updaté/(s) := minaea Qv (S,a). The underlying

the updated value function and the lower bound. Byidea of LDFS algorithm is to search a state reachable
generalizing learning processand lower bounds the  from a given initial state with the strategy such that
LDFS algorithm can reduce the searching spacéV(s) < minga Qv(s,a), and updat&/(s). We note that if
effectively. In the recent work®[3], the LDFS technique V(s) is equal to migea Qy(s,a) for every states

has shown better execution time in many cases ofreachable from an initial statey, with the corresponding
experiments than other searching techniques, e.g., AO%strategyV (s) is the optimal. We will say that a staseof
algorithm, value iteration, and Min-Max LRTA*9]. which value functiorVV/(s) is equal to migea Qv (s,a) is
However, we observe a drawback of the LDFS algorithm;consistent Otherwise (i.e.V(s) < minaea Qv(s,a) for

even though the LDFS method can find a solution afterevery actiona), a states is inconsistent To efficiently
traversing a small portion of the search graph in manydiscover a consistent state, the LDFS algorithm uses the
cases, it should explicitly construct a whole search graphdepth-first search, and repeats the searching iteratiégin unt
before searching. Moreover, the graph construction camo consistent state exist.

take a significant amount of time, especially for large  Figure 2 presents our on-the-fly algorithm for the
sized problem instances. To resolve this challenge, in thi©QoS-aware WSC problem. Given a ¥étof web services
paper, we propose on-the-fly construction of a searchand a requirement web servieg, we construct a partial
graph. At the beginning, we build only the initial state. weighted state-transition system as much as it needs, i.e.,
Then, during searching process, our on-the-fly methochotthe whole search gragbut the initial statesy with the
partially expands a search graph as much as it needs inecessary information such as a set of goal states, and a
each searching iteration step. transition function (line 1). After this partial constriant,

We assume that there exists an initial value function we repeat the on-the-fly LDFS procedure wgh until
which is alower bound i.e.,V(s) < V*(s)). Also, this identifying the optimal strategyo (line 2) which is
function is monotonic i.e., V(S) < mingea Qv(s,a) for translated to the sequence of the web services (line 3).
every non-terminal state. Therefotearning procesg7, The on-the-fly LDFS procedure considers all possible
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" WSDL file L lwsLAfile | 5 Experiment

' a set of web services ! ' QoS information 1
PR FEEEE— . e . We have implemented an efficient tool for the QoS-aware
18‘;"6Lirf]'f'§rmaﬁon : | WSDL file e o ' WSC problem employing the LDFS algorithm and the
| ) . arequirement we serwce; ~ _ - - -
7777777777777777777777777 [ on-the-fly construction. Given a set of web service

descriptions and a requirement web service description in
WSDL, their QoS information in WSLA, and their
Reduce 1o parameter type information in OWL, our tool
[Graph Search Problem} automatically identifies the composite web service with
l the minimal QoS value. To validate that our tool
efficiently identifies the optimal solutions, we have
On-the-fly LDFS compared the on-the-fly LDFS method with the offline
version of LDFS method which is our previous woe.[

l The experiment has been performed on a number of
examples which are generated by the test set generator
employed in Web Services Challenge 206%].

We have performed all experiments on a PC using a
2.93GHz Core i7 processor, 8GB memory and a Linux
T N OS. Table 1 describes the total number of web services

, BPEL file o and their parameters, and the length of the optimal

. the optimal composition . L .

fffffffffffffffffffff composite web service for each problem instance. It also
Fig. 3: Architecture diagram presents the execution time in seconds for the offline

LDFS method and the on-the-fly LDFS method. In the
execution time column, =" means that the corresponding
method cannot complete in 1,200 seconds. For the
on-the-fly method, the table presents the search graph
actions in a given state, backtracks on unsolved stategonstruction ratio, 1.e., the number of states that the
n-the-fly method constructs over the number of states

and updates both the unsolved states and thei at the offline method constructs. If any method cannot
predecessors. During this process, the LDFS procedur h e X ; ) y o
erminate within the given time-out, we mark -’ for the

includes two loops; for all possible actions a on the given . e
construction ratio since we cannot compare them. The

states (line 11) and for all successor statesvhich is experiment result has shown that our on-the-fly LDFS

generated byT(s,a) (line 15). Again, our on-the-fly . .
method expands a set of successors only when they ar_tgchmque always _outp_erforms the offline LDFS method
in terms of execution time. In the cases where the graph

needed (line 14). When the algorithm reaches to an onstruction ratio is very small (e.ds: 5%, Ry: 1%, Pyo:

inconsistent state, a terminal state, or a state labeled
1 1 . 0 = -
solved, it terminates. Therefore, if the search finds an %, Pig: 0.3%), the on-the-fly method has completed

actiona € A on a states such that there does not exist any %2llﬁgtagzn tg’/gﬂ'r}grmter:ZOngZegneV:ﬁ;ge?h%rderrsa Orf]
inconsistent state belogy thensis labeled asolved(line 9 ' grap

: : construction ratio is relatively large (e.¢: 69%, Py:
23). In this case, the algorithm sets the strategfpr the 4
sta)tes to a, and skipsgthe other actions. Then, LDFs 267 Pis: 50%), the on-the-fly method still has shown

procedure returngue. Otherwise, it continues searching better performance than the offline method. PorPis,

with another action until there is no action left. If there L7 P18 Po, andPoo, our on-the-fly method has converted

exists no action which satisfies the above condition, themfeaSlble problems into feasible ones.

states is updated. Then, the LDFS procedure returns
false Similarly, if the search on a successor state
t € T(s,a) returns false or no action a satisfies the 6 Related Work
condition (Qy(s,a) < V(s)), the algorithm skips
searching in the rest of successors.

Translate to Web Servic

In recent years, a number of efforts have been carried to
standardize web service specifications, especially,
As a summary, Figur@ presents the architecture of non-functional description such as QoS. WS-Politg] [
our tool. As inputs, our tool takes a set of web servicesrepresents a set of specifications that allows web services

and a requirement web service in WSDL, parameter typdo describe their service policies on functionality,
information in OWL, and QoS specification in WSLA. It requirements, quality of service, and other constraints. O
reduces the QoS-driven WSC problem into a weightedthe other hand, Web Service Level Agreement (WSLA)
graph search problem, and then tries to find an optimaframework [L1] defines assertions of a service provider
strategy by the on-the-fly LDFS method. Finally, if our based on agreed QoS parameters and exception-dealing
tool finds the solution, it returns a BPEL file for the methods to meet the asserted service guarantees.
optimal composition to which the strategy is translated. WS-Agreement standardl1?] that the grid resource
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Table 1: Experiment result
| Problem ]| WS [ Parameter| Solution length[| Offline LDFS || On-the-fly LDFS| Const. ratio|

=) 25 300 8 203.33 54.54 49%
P, 25 300 10 14.70 1.69 28%
= 25 500 6 92.57 1.15 5%
P 25 500 7 16.18 4.80 43%
= 25 500 9 189.80 92.64 69%
P 50 500 7 - 42.27 -
P, 50 500 9 4.89 437 96%
P 30 | 1,000 6 10.67 0.21 7%
=) 40 | 1,000 6 824.12 1.57 1%
Pio 50 | 1,000 6 167.24 6.04 12%
Pt 50 | 1,000 8 470.56 21.33 13%
Pio 50 | 1,000 10 1121.17 16.94 5%
Pis 30 | 2,000 4 6.83 0.14 9%
Pia 50 | 2,000 5 806.79 0.34 0.3%
Pis 50 | 2,000 8 41.41 13.35 50%
Pio 30 | 5,000 7 - 355 -
Pi7 50 | 5,000 9 - 176.54 -
Pis 80 | 5,000 5 - 2.19 =
Pio 100 | 5,000 3 - 22.68 -
Po 100 | 5,000 5 - 238.21 -

allocation agreement protocol working group hasidentify composite services with high quality much
developed is targeted to negotiate and manage service=arlier than optimal algorithms.

based on QoS attributes. Based on these standards, the

problem to find the composite web service with the

optimal QoS value also has received the attention. Zeng ey Conclusions

al. [13] suggest a linear programming method for this
problem. Lin et al. 14] reduce the service selection

problem to a fuzzy constraint safisfaction problem, "?mdservice composition with the optimal QoS value. To
then search the solution by wusing deep-first

identify the optimal solution, our proposal employs LDFS
g[agﬁ&—%nd—ggﬁnd mig'SOd' r’f;éﬁltzt;d;Voélé;?__}?niengswith the on-the-fly construction. Still there are various
algorithm’b a Ivi]n the t\r/)vo— laver oame assumptions directions for future work. First, while we use a
ar?d then yLIg'IF')A)\/* galgorithmp v)\:hic% Shows b%tter 'state-of-the-art searching algor_ithm, i.e., LDFS, in this
. . work, we can apply other planning methods, esgarch
performance over successive problem by leaming morg ., |- e iterationor AO* search algorithm Therefore,
gﬁ;:rgteshaeuhsllismiﬂ\é&luf;'lfxmaggr\i/;ﬁrﬂ]s ttcr)laclzsc').nlgfrﬁgba[n we plan to apply other techniques and compare our
4 . ; " proposal with them. Second, we can extend this proposal
optimal solution for a planning problem. In addition,

. . ; to consider ontologies such as OWL as well as parameter
other studies on the LDFS algorithm exist. However, totypes. Then, we can devise other alternatives by using

¥easoning therein. Last, we can consider approximate

methods for a large-sized QoS-aware WSC problem since

it can be hard to find the optimal solution in large-sized
ptimization problem instances.

We have proposed a novel algorithm which finds the web

the on-the-fly construction of LDFS algorithm for the
QoS-aware WSC problem. While Bertoli et all5]
suggest an on-the-fly belief space search method for th
behavior-description based WSC problem, since this
technigue does not consider the QoS property, it cannot

be directly applied to the QoS-aware WSC problem in

this paper. Kil et al. 17,18] devised efficient methods by Acknowledgement
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