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ServNegotiator: A Negotiation Based System for
Service Composition

Jing Zhao, Sherry X. Sun

Abstract—Service Oriented Architecture has offered an
opportunity to quickly develop new business applicgons from
the existing services developed independently. Givéhat many
services provide the same functionality and diffein quality of
service (QoS), e.g., cost and execution time, ataral challenge
in service composition is to dynamically identify lhe appropriate
services to meet the user’'s QoS requirements andgderences. In
order to tackle this challenge, we have proposed architecture
for QoS-based service composition where negotiatioris
incorporated to help service consumers exchange efs and
counter offers with providers and to enable dynamiagreements
on QoS attributes. A proof-of-concept prototype Seregotiator
has been implemented to demonstrate the effectives® of the
proposed negotiation approach.
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I. INTRODUCTION

The software industries have withessed an incrgasia of
Service-Oriented Architecture (SOA) recently [H.dn SOA

attempt to find one service candidate for eacht@msiptimize
the QoS of the composite service. Essentiallys#iection is
made based on the QoS properties of each sengeggfined
by service providers. It is difficult for a servipeovider to
offer the service with the QoS properties custothize
different requests from consumers. In order to leackis
challenge, negotiation can be added to service ositipn to
help service consumers and providers to excharfgesaind
counter offers and to enable dynamic agreementsoame
QoS criteria at runtime, thus providing a fleximay for
service composition.

The purpose of this paper is to utilize negotiatiocreate
composite services that meet the QoS requirempstsfied
by a service consumer. The remainder of this paper
organized as follows. Section 2 discusses the lzasicepts
for service composition. In Section 3, we propose t
architecture of a negotiation based system for iserv
composition (ServNegotiator). In Section 4, we rep®
proof-of-concept prototype to demonstrate our netgjoh
based approach. Finally in Section 5, we conclhdepaper
and point out the future work.

environment, software components are packaged as
independent services and can be accessed with@ut th ||. Basic CONCEPTS FORSERVICE COMPOSITION
knowledge of the implementation platform. A

service-oriented architecture does not depend prspecific
technology and can be implemented
interoperability standards, e.g., the Web Servisemdard
SOAP, WSDL, and UDDI [2].

As an emerging framework for distributed applicaip
Service-Oriented Architecture (SOA) allows integrat of
component services developed independently intoptemm
business processes and applications, which argedfto as
composite services. With the growing number of ises/
offered by different service providers, many sessioffer the
same functionality and differ in quality of servig@oS), such
as price, response time, reliability, and reputat®iven that

In this section, we first define relevant concegusl then
rTormulate the problem of service composition.

using many

A. Composition Model

A composite service requested by a consumer insladet
of tasks &, ..., S;}. Each task corresponds to a service class
which is a collection of functionally equivalent rgee
candidates differing in Qo0S. The task needs to be
accomplished by one candidate from the services clbassks
can be executed sequentially, in parallel, conaily, or in
loops [5].

B. QoSMode

different service consumers may have different QoS A service candidatg which belongs to the classhasm

requirements and preferences, it has become anrtampo
challenge to ensure the QoS requirements in formiag
value-added applications through service compasitio
The existing works in service composition mainlgde on
the methods for selecting services with regardth&oQoS
requirements [3, 4]. Given a service compositiaquest that
includes a set of tasks and a list of functionalfyuivalent
service candidates for each task, the servicetsmlenethods

Jing Zhao is with Dept. Information Systems, Citgikérsity of Hong
Kong, Hong Kong, Chinghaojingwhut@126.com

Sherry X. Sun is with Dept. Information SystemstyQiniversity of
Hong Kong, Hong Kong, Chinaherry.sun@cityu.edu.hk

ISBN: 978-988-18210-3-4
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

QoS attributesd j,...Gik -.-Gim], Whereqy is thek-th QoS
attribute of service candidage The value for thé&-th QoS
attribute for a composite service, i.gsk Can be determined
by aggregating the corresponding attribute of eachponent
service through aggregation functions such as sudioma
product, or maximum [6]. For each QoS attribkitg=1, ...,
m), the consumer has a requirement specified aolaabl
constraintc, for the aggregated value for the composite
service. For negative attributes (the lower thegbesuch as
price and response timej,sx<=c, should be satisfied while
Oesk>=Ck Should be satisfied for positive attributes (tighkr
the better, such as availability).
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C. Utility Function service consumer are then sent to Seevice Selection

In order to evaluate a given service, a utilitydiion is Manager. The Service Selection Manager first searches for
used to map all the QoS attributes into a singleieva SE€rvice prowdgrs for gach compongnt service frdmg t
Following the existing works [4], a Simple Additive Component Se_rwce Repostory_, a repository where service
Weighting (SAW) [7] technique is applied to defihe utility providers register their services. Then it chocseservice

function. There are two steps in applying SAW.

First, we need to normalize the values of the Qt®ates
to the same scale in order to avoid inaccurateuatiah due
to different measurement metrics used for differ@uS
attributes. In the normalization phase, positivd argative
attributes are scaled in different ways as follows,

provider for each component service for the system
negotiate with.

Service
Provider

Service
consumer

Composite Service
Specification Editor

I I
| i
I
I I
I I
_ qirleax - qi X . i i ; - vice Negotiation Manager‘ i
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i Y o . ervice Selection 1 |
Vi(s) =—=—%_for positive attributes. 2) ! Mamger [ | compmenmie | | mommatontos ] | |
ik T Hik L ServNegotiator__ |
where gy and ¢'y" are the maximum and minimum values Crmt

of thek-th attribute for service clag&andV,(s) is the scaling
value of thek-th attribute for the selected candidsteands
ES.

Second, a weight is assigned to each QoS attrandehe

utility of service candidats is the weighted summation givenservice. The process of negotiation based appraach

by
U(s) = ivk(s)* W . 3)

wherew,€[0,1], denoting the weight for attributeand
satisfying that

m
sz =1
k=1

D. Problem Satement

(4)

For a composite servic€S with n component services

{S, ..., S} and withm global QoS constraints], ..., Cy},
the goal of negotiation based service compositaio iapply
negotiation to obtain a composite service that set global
constraints and achieves the optimal utility foe tkervice
consumer.

ARCHITECTUREDESIGN OFNEGOTIATION BASED
SERVICE COMPOSITIONSYSTEM

Figure 1. The architecture of the ServNegotiator

Service Negotiation Manager manages the negotiation

process to satisfy the global constraints for thenmosite

depicted in Figure 2.

Set the negotiation ranges for
each service class

)

The negotiation agents negotiate
with service providers

Make adjustments on the negotiation
ranges for service classes where
negotiations are not successful

egotiation round exceed

—All negotiations successfu
8 he predefined round?

End

Figure 2.The process of rgotiation based service composit

First, the negotiation ranges for each servicesctas set
and this function is accomplished by the Negotratfange
Determining Module. All the QoS attributes of afeofsent to
a service provider should fall into the range betwthe value

In this section, we propose an architecture for theost acceptable and the value least acceptabhe teervice

negotiation based service composition system,
ServNegotiator. Figure 1 is the architecture of system,
which includes Composite Service Specification Editor,
Composite Service Specification Parser, Service Selection
Manager, Negotiation Agent, and Service Negotiation
Manager.

Composite Service Specification Editor is a GUI editor

i.&onsumer. The negotiation ranges are set for eaolice

class and for each QoS attribute so that a negwtiaigent
can negotiate with the provider within those rangé® most
acceptable values are considered to be the bestv@la8s
available on the service market. The least acbéptalues
for a negotiation agent are the reservation val8ewe the
negotiation between each negotiation agent and masfder

from which the service consumer can define a coitgosis taken independently and concurrently, the natjoti

service consisting of several component servicdter Ahe
composite service is defined by the service consuinwill

ranges (particularly the reservation value for e&@bS
attribute) for each service class should be idiedtibased on

be transformed into XML documents and sent to thghe principle that the offers falling into the rasgfrom each

Composite Service Specification Parser, an XML parser

service class together can guarantee the globatredamt for

capable of analyzing the XML document describing ththe composite service. Within the scope of thisepame

composite service. When the analysis is done, dbpurof
component services and the executing relationsheset
services are derived. The parsing results of thaposite
service and the global QoS constraints specifiedthgy
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focus on the sequential composition structure. dnhsa

sequential structure, the global constraints can

decomposed to help determine the negotiation rajidy«s.
OnceNegotiation Range Determining Module determines

IMECS 2011

be



Proceedings of the International MultiConference of Engineers and Computer Scientists 2011 Vol I,

IMECS 2011, March 16 - 18,2011, Hong Kong

the negotiation ranges, each negotiation agenttizeg® with
the corresponding service provider within this mand\

Information Log for the Negotiation Learning Module to
learn from the negotiation experiences to enharw t

negotiation process between a negotiation agent andoutcome.

provider consists of an alternate succession afreffind
counter offers. This continues until an offer isgted or the
negotiation is terminated by the negotiation agentthe

provider (because the time deadline expires). Hgotiation

algorithm for the negotiation agent to negotiatehwa

provider can be identified as follows,

Step 0: Set the negotiation round counteOr

Step 1: Evaluate the service provider's offer usingility
function.

Step 2: Stop Criteria. If the stop criteria areetrthe
negotiation agent stops this negotiation and rmstifthe
service provider; otherwise, go to step 3.

Step 3: Search for a new offer. If the utility bétgenerated
offer is larger than that of the received one, terto step 4;
otherwise, go to step 2.

Step 4: The negotiation agent sends the new gekoéer
as a counter offer to the providesr+1. Go to step 1.

The stop criteria in step 2 include the followirmiations:
(1) The negotiation agent accepts the service gen\a offer
if the negotiation agent is unable to find any neffer that
yields a better utility; or (2) The negotiation agwithdraws
from the negotiation if service provider’s offerg @nfeasible

IV. PROOFOFCONCEPTIMPLEMENTATION

In this section, we report a proof-of-concept ptgpe to
demonstrate the effectiveness of negotiation insieice
composition. TheComposite Service Specification Editor,
Composite Service Specification Parser, and the service
discovery function in th&ervice Selection Manager in Fig. 1
are implemented following [12, 13]. Each module tive
Service Negotiation Manager and the negotiation agents
along with the service providers are implemented as
autonomous agents using the JADE Agent FramewaiRI)
[14]. Those autonomous agents are packaged as &abes
using Java Web-services Development Package (JWSDP)
[15], which supports key Web Services standardsh s
SOAP, WSDL, and UDDI. The Agent Communication
Language (ACL) is wrapped by SOAP in the prototfme
agents’ communication. The communications betwbesd
modules are implemented using SOAP with AttachmaRrts
for Java (SAAJ).

In such context, SerNegotiator assigns two negotiat
agents, the transcoding negotiation agent and theging
negotiation agent, to negotiate with the transogpdiarvice

predefined. In order to prepare a counter offest#p 3, & Figure 3 shows the offers generated in the negmtigrocess
negotiation agent uses a concession or trade-afeda for the transcoding service. From this figure, we see that

approach [10, 11] to generate offers.

both sides concedes gradually and the transcodimgder

When all the negotiation processes between eaghicepts the offer proposed by the transcoding ieigot
negotiation agent and each provider are completegyent and the agreed offer is (3.6, 125).

Negotiation Verifying Module verifies whether the current
negotiation outcome satisfies the global constsafat the
composite service. If the negotiations for all smFvclasses
are successful, a feasible solution is generatédthe
negotiations for some service classes are suctedsfa for
others are unsuccessfiNegotiation Coordinate Module is
invoked to adjust the negotiation ranges for sendtasses
where negotiation fails. For
negotiations are successful, if for a QoS attriptite agreed
value is better than the reservation value, thendilstance
between the agreed value and the reservation vialue
considered as the saving which can be used to tékx
reservation values in service classes where adueptéfers
have not been identified. Once the negotiation eanipr
those service classes are readjusted, the negatiatients
will continue negotiating with the correspondingrvéee
providers. The relaxation of reservation values esakmore
likely to identify acceptable offers. The proces$
negotiation, verifying, and adjustment are repeatstll a
feasible solution is found or a maximum iterati@unmd is
reached.

The adjustment can help relax the reservation gafoe
service classes where agreements are not achi€kesligh
the adjustment, the negotiation agents can col&boto
obtain a composite service.

Negotiation Knowledge Base stores the negotiation
strategies, such as time dependent tactics andquistfor
each negotiation agent to negotiate with a serprozider.
The negotiation records are stored in tNegotiation
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Figure 3.The negotiaion for the transcoding servi

Figure 4 shows the negotiation for the merging iserv
With the initial negotiating range (2.0-3.0, 80-),7@he
merging negotiation agent cannot reach an agreenitmthe
merging provider because the offers proposed bprneder
are outside the feasible negotiation ranges ohdgmtiation
agent. Since the negotiation process is not yatesstul for
the merging service, the reservation values forntieeging
service need to be adjusted. The agreed QoS for
transcoding service is (3.6, 125) and there it stdistance
between the agreed QoS and the reservation vél&s140).
The distance can be considered as a saving andaselgx
the reservation values from (3.0, 170) to (3.2,)1#85 the
merging service. Given the adjusted reservationeslthe

the
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merging negotiation agent accepts the last offet, (881) [7] E-'—- Hwaf"\?' and K. YEOOW Multiple Actitfibl\tjltei Dewsi ';Aaksmg'
sent by the prOVider. ecture otes In conomics an athematical ystems

Springer-Verlag, 1981.
[8] M. Alrifai, T. Risse, P. Dolog, W. Nejdl, A scalalpproach for
QoS-based web service selection, Lecture Noteompliter Science,
Negotiation for the merging service vol. 5472, pp. 190-199, 2009.
300 7 e [9] S.X. Sun, J. Zhao, H. Wang, A Negotiation Based rapph for
L Service Composition, In Proceedings of 5th Desigiei&e Research
0 Merging Sea/ieﬁrvvider in Information Systems and Technology (DERIST), t3eriand, 2010,
/-/ In Lecture Notes in Computer Science, vol. 6105,381-393, 2010.
]

200 o [10] P. Faratin, C. Sierra, and N.R. Jennings, Negotiatilecision
(51 Ta5urRevised reservation values (3.2, 185) functions for autonomous agents, Journal of Robotiand

25 Redervation values (3.0, 170) Autonomous Systems, vol. 24, pp. 159-182, 1998.
Yy

AA/‘ [11] P. Faratin, C. Sierra, and N.R. Jennings, Usinglasiity criteria to
A make issue trade-offs in automated negotiationsfiéal Intelligence,

S

100 AMerging/‘legotiation agent vol. 142, pp. 205-237, 2002.
- [12] L. Zeng, B. Benatallah, A.H.H. Ngu, and P. Nguyé&AgFlow:
. . . . i . Agent-Based Cross-Enterprise  Workflow ManagementsteSy
2 3 4 5 (Demonstration Paper),” Proc. 27th Int'l Conf. Véarge Data Bases,
Cost (US dollar) 2001.

Figure 4. The negotiation for the merging service [13] R. Aggarwal, K. Verma, J. Miller, W. Milnor, Conaint Driven Web
. . Service Composition in METEOR-S, in Proceedingthef2004 IEEE
From this experiment, we can see that the proposed International Conference on Services Computing (8€)G23 — 30.
negotiation approach can facilitate the negotiatigents to [14] JADE, Java Agent DEvelopment Frameworktp:/jade.tilab.com/

reach agreements on QoS with providers dynamidally : 2010.
1

reinforce the flexibility of the service compositio 5] JWSDP, ~  Java = Web-services ~ Development  Package,

Time (seconds)

http://java.sun.com/developer/technicalArticles/\Betvices/WSPac
k/, 2010.

V. CONCLUSIONS ANDFUTURE WORK

In this paper, we have proposed a negotiation based
architecture for service composition which can hedpvice
consumers and service providers reach agreeme@odh
dynamically through exchanging offers and counftars. A
proof-of-concept prototype has been implementec:dbam
the proposed architecture to demonstrate our retgoii
based approach. The negotiation mechanism in #gsrnot
only enhances the flexibility of the dynamic seevic
composition but also makes the constraints forctimposite
service easier to be satisfied through adding lotation
among different  negotiation  processes  between
ServNegotiator and different service providers offering
different component service. We are in the procets
extending our work in the following directions. §irwe plan
to utilize the trade-off strategy to enhance thégsmance of
our negotiation approach. Second, we will extendnoethod
to support more complex composition model including
parallel structure, conditional structure, and lasipucture
other than the sequential structure.

REFERENCES

[1] M.P. Papazoglou, P. Traverso, S. Dustdar, and Fméaan,
Service-oriented computing: state of the art arsgaech challenges,
IEEE Computer, vol. 40, pp. 38-45, 2007.

[2] F. Curbera, M. Duftler, R. Khalaf, W. Nagy, N. Mukhkand S.
Weerawarana, Unraveling the Web Services web: Amduction to
SOAP, WSDL, and UDDI, IEEE Internet Computing, lpp. 89-93,
2002.

[3] D. Ardagna, B. Pernici, Adaptive service compositim flexible
processes, IEEE Transactions on Software Engirgeviol. 33, pp.
369-384, 2007.

[4] L. Zeng, B. Benatallah, M. Dumas, J. Kalagnamand, En Chang,
QoS-aware middleware for web services compositidBEE
Transactions on Software Transactions, vol. 30344—-327, 2004.

[5] S.X. Sun, J.L. Zhao, J.F. Nunamaker, O.R. Shengntating the
Data Flow Perspective for Business Process Manageimérmation
Systems Research, vol. 17, pp. 374-391, 2006.

[6] J. Cardoso, J. Miller, A. Sheth, J. Arnold, Qualdj service for
workflows and web service processes, Journal of B&hantics, vol.
1, pp. 281-308, 2004.

ISBN: 978-988-18210-3-4 IMECS 2011
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)





