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Abstract 

Analysis and Design of NSP: 

-4 Negotiation Service Provider 

Caroline Hakim 

Pro\-iding services is rapidly growing to bc the trend of the future because of the 

addcd value it delivers t o  consumers. The growth in providing services is reflected in 

the development of new classes of sen-ice providers: Internct Senices Providers (ISP) 

and Applications Services Providers (-GP). 

Ir1 a heterogeneous d>-riamic community of software agents. that comrnunicate 

n-ith each other. conflicts are uns\-oidable. Xegotiation arnong the conflicting agents 

is one \va>- to resolve conflicts. Providing an 'independent service' to the community 

of agents that is specialized in handling negotiations. is the focus of this thesis. l lk 

propose a Segotiation Sen-ice Provider (YSP) that  provides negotiation services to an 

agent community. 11-hen an agent detects a conflict, it contracts a SSP to negotiate 

on  its behalf. SSP investigates the conflict and. selects the  most suitable negotiation 

protocol available from its protocol suite. it'ith this protocol. NSP conduccs the 

ncgotiation with the conflicting agent on behalf of its client agent. 

In this thesis, ive design an architecture for a YSP. The differcnt modules of this 

architecture and their interactions are presented. Then. we discuss the integration of 

SSP into the agents' community. We propose a representation scheme for conflicts 

between agents. This scheme along with a data structure called PratocoLConstraint 

Table (PCT) guides SSP's negotiation agent in the protocol selection process. FVe 

introduce a method to integrate new negotiation protocols in YSP's protocol suite. 

This rnethod is demonstrated by using three classical negotiation protocols. 
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Chapter 1 

Introduction 

The x-orld is rapidly moving in the direction of providing neiver types of sen-ices. 

The sen-ices sector has a major impact on the growth of the econonc of major coun- 

tries such as Canada and the Cnited States. .'The sen-ices sector continues to bc 

the grou-th engine of the L7.S. econom. accounting for 73% of ail Ainerican jobs in 

1998. up from 72% in 1997.'' [url99aj The rapid advances of conipiiting technology 

highly contribute to the pbrow-th of the sen-ices sector. "Howek-er. sorne countries are 

realizing greater benefits from improvcd service sector performance t han ot hers. In 

these couritries. the det-elopment of knowledge-based services. often linked to infor- 

niation technolog'. appears to be an important source of growth." [urle] The greüter 

pote~itial in providing services is reflccted in the development of ncw classes of ser- 

vice pro\-iders: Iriternct Sen-ices Pro\-iders (ISP) and -1ppiications Services Providers 

( ASP). 

In this thesis: Ive introduce yet another service provider. called XSP. M é  propose 

to provide negotiation sen-ices through this Kegotiation Services Provider (KSP). Ne- 

gotiation skills are crucial for communication. Therefore, KSP is of particular interest 

in the coritext of a society of agents where agents are continuously communicating 

amongst each other. Nie put fonvard the requirernents specification of NSP. 
In the remaining chapters, we will study NSP frorn an analysis and design per- 

spective. We will investigate the research fields that form the basis of XSP. These 

fields are: providing services, rnulti-agents and negotiation protocols. 



1.1 Providing Services 

Providing sen-ices is increasingly shaping to be the trend of the future mainly because 

of the added value i t  delivers to consumers. The service providers have considerable 

potent ial to turn their services into lucrative businesses. Consider the following quote: 

m.-4t Sun. we believe that senlce providers are the cornerstone of the new Set econ- 

oni>- - and Ive intend to accelerate their success." [urlfj Thus. Sun ~Iicrosystems is 

designing its hardware and servers to meet the needs of sen-icc providers companics. 

It is even going onc stcp further and has cstabtishcd the SunTonc Certifieci Program 

as a standard for service quality [urlg]. 

Internet Service Providing. one of the first. services available elect ronically. is a 

faithful illustration of the success of this field. From the busincss perspective. ISP 

companics such as America Online and Prodip. have gron-n so large t hat main Stream 

computing companies such as IBiLl and 'Llicrosoft have moved in that direction and 

are non- providing Internet services too. The potentiels of this field is extendeci from 

business to households in a pervasive way. 

The current major success is ASP and ASP companies have already made con- 

siderable benefits. Conipanies such as Oracle. Sortel. llicrosoft. and Siebel have 

adopred this new technology. 

1.2 Internet Service Providers (ISP) 

Interriet Service Providers (ISP) are companies that provide users with a con~iection 

to access the \-ast computer networks of the Internet. Csual1~-. ISPs offer semices siich 

ai;: \Veb hosting - Domain Name Services - Proprietary Online Sen-ices. They supply 

their customers with a software package. a username and a password. TypicalIy. users 

would phone the ISP servers to log on and access the Internet but this techno1og~- has 

evolved and dia1 up connections over regular modems have been replaced by cable 

modems, and Integrated Sevices Digital Yetwork (ISDN). With their network access, 

users are able to browse the World \l'ide Web (W1iW) and USENET, as well as send 

and receive e-mail [urlh]. 

ISPs have been the principal gateway for households to the Internet. In fact? the 

package of services provided by ISPs has attracted not only individuals but also large 

companies. Instead of building a network infrastructure from scratch: connect.ing it 



ISPs 

O 

O 

to the Internet and groiving in-house espertise in managing it: ma- companies opted 

to benefit froni these facilities and tools by using the services of third parties namely 

for a monthi- fee. -1 Company will use specialized ISPs for the following reasons: 

Fast setup: Building a network and connecting a network takes much longer 

than just installing a modem and the accompanxing software package in the 

computer to dia1 in to the ISP. 

Chcap maintenance: Hiring a technical team to build the infrastructure and 

mairitairi becomes a major overhead if the Company does not estensivcly use 

the Internet services. 

Simple setup: Installing a modem and its software to dia1 out is simpter and 

less pronc to errors than sctting up an entire network with direct access to the 

Inrernet. 

1.3 Application Service Providers (ASP) 

One of the -ASP companies is CSinternctivorking. Sis nionths after goirig public. witti 

anniial revenues of less t han $30 million. CSint ernetivorking is alrcady capitalized 

at  S2.6 billion [urli]. Sun also quoces that IDC' a technolog' research firni. expects 

t hat  ASP-reIcited spending worldv-ide. at an estimated S130.4 triillion in 1999. n-il1 

grow and csceed the 12 billion by 2003 [urli]. Lcss consen-atiïe estirnates are put 

forward bi- Mindbridge in a press release. 14indbridge announces that the ,ASP market 

is cstimated to hit S2 billion in 1999 and predicts a cornpounded annual growth 

rate of -40% over the next three pa r s  [ur199b]. -As defined by .\OL pcwebopedia: 

.'-Application Scnrice Providers are t hird-party entities that manage ancl dist ribute 

software-based services and solutions to customers across a wide area netn-ork from 

a central data center. In essence, ASPs are a n-ay for companies to outsource some 

or almost al1 aspects of their information technoloo needs." [urlj] 

=\SPs responsibilit ies range from simply hosting to fully installing and managing a 

wide range of business applications on behalf of their customers. Therefore, a client is 

able to add new applications to the subset it is already renting transparently. The best 

-4SPs securely deliver a variety of applications over a centralized, high performance 



infrastructure to geographically distributed customers. They also have specialized 

support to help their customers in their transitions. 

Thc following are the major benefits of .\SPs [ur199b. urli]: 

By relying on -ASPs: companics can concentrate on their line of business to biiild 

t heir cornpetencies and compet itive advantage. 

-4SPs climinate the operational overhcad of their customcrs. 

a 13-hile guararitying a complete solution. ASPs minimizc deploynlent tinie and 

cos t . 

-4SPs offer on-the-fi'-: unlirnited scalability that niany sniall IT departments 

lack at a reasonable cost. 

O ASPs would typically have esperts IT staff specialized in installing and rnanag- 

irig appIications. 

1.4 Negotiation Service Providers (NSP) 

-4s a n  oiitcomc of the research in the field of artificial intelligence ive noiv ha\-e what 

is ternied "intelligent software agents". Societies of agents are forrncd where niultiple 

agents communicate aniong each others. \lé will not go into the debate of defining 

n-hat intelligence is or what an intelligent agent is. In fact, the Artificial Intelligence 

(-41) communitv has not reached a consensus in dcfining thcse concepts. For the 

purpose of our studx an intelligent agent is an entity built to accomplish a specific 

task or to pursue a specific goal. It is able to: 

Communicate with other agents 

'L.lake decisions 

Alter its actions 

These agents rnay potentially use the Internet as a communication medium. Wher- 

ever communication is available, coriflicts are an immediate threat. Therefore, nego- 

tiation between agents is an essential aspect in multi-agent systerns. In their hurry 

in bringing an agent to life: developers seem to underplay or ignore the negotiation 



aspects of thcir agents. In the process of introducing negotiation abilities to their 

agcnts. developers are confronted with two major setbacks. 

The first limitation is at the level of the variety of negotiation protocols incor- 

porated in the multi-agent system. Designing and implementing an agent to solve a 

specific problem is quite a complex task. In the light of al1 the requirements of an 

agent based software development. software engineers rat her disregard the negotiat ion 

aspects of their agents ewn when negotiation is critical for the application's doniain. 

-1cquiring and maintaining advanced negotiation skills is a long and difficult proccss. 

So whcn devclopers attempt to introduce some negotiation protocols into their multi- 

agent system. they implement one protocol. These protocols arc traditionally hard 

codecl in the agent. 

The maintenance and update of the protocols implemented in the agent consti- 

tutes the second major difficulty. Even the developers n-ho addressed the issues of 

negotiation d l  find their agent, at one point. limited to the already defined algo- 

rit hms. The agent wiI1 not have the resources required to adopt the protocol adequate 

to the  current circumstances. Furthermore. in order to incorporate new protocols. 

the agent \vil1 have to be rewritten. Developers prefer to conccntrate on solving ap- 

plication specific problems rather than spend their scarce resources b_v embcdding a 

selection of protocois in their agent and then struggling to maintain them. Further. 

the rcusability and the sharing of these skills is restrairied bu both the environment 

of the application itself and by its owners and developers. 

Providing indepcndent services specialized in handling negotiations to the entirc 

community of agents becomes a need rather than a lusurj- i I é  propose the dcvel- 

opment of a Negotiation Service Provider (NSP) which will offcr its espert services 

to the agcnts cornmunity. From a design perspective, good design practice recorn- 

mends grouping similar functionalities and their corresponding data within the same 

application into modules. The ad\-antages of such an approach are: easier debugging. 

reusability of modules in other applications and simplification of maintenance among 

others. This is the spirit of Object Oriented design. YSP is based on the concept 

of providing services and thus shares the same approach as ISP and r\SP in solving 

different flavors - Internet. applications, negotiation - of the same need for tools. The 

advantages of centralizing negotiation and providing it as a service to different clients 

are. in general, the same as the ones for ISP and ASP, most importantly: 



The degree of espertise in negotiation becomes a choice rat,her than a necessity. 

Developers maj- concentrate on the original problem rather than getting side- 

tracked with negotiation issues. 

Developers delegate the burden of keeping up with the latest developments in 

this domain to the specialized services. 

1.5 Requirement s Specificat ion of NSP 

Isolating the main Stream of the application from the negotiation aspect is a major 

step towards a viable solution for XSP. SSP must have provision to ovcrcorne the 

linii t at ions and constraints of its potent ial customcrs. The major requirements of a 

SSP are as follows: 

1. 1Iinimize the constraints on the agents. 

2. Go beyond the languagc barrier in providing the services. 

3. Provide a wide variety of protocols. 

4. Be able to assess the conflict and adopt the most appropriate protocol for the 

situation. 

.5. Support the estension of the protocol repository. 

6. Keep tmck of the rationale behind the decisions adopted by XSP and provide 

means to allow the client agent to retrieve the logs of negotiation as \-el1 as the 

rationale for reaching these decisions. 

7. Support a dynamic network of agents. 

Based ou these requirements, NSP is designed with two dynamic repositories. One 

is formed of negotiation algorithms and the other one is cornposed of agent commu- 

nication languages. These repositories are dynamic in the sense that the. are able 

to grow and result in new aigorithms or new languages. No specific ACL is imposed 

on the clients since NSP is "multi-lingual". SSP operates within the requirements 

and the level of authority set by its client before launching the negotiation process. 



Depcnding on the conflict: NSP selects the most appropriate protocol to use in such 

circumstances. In the process of negotiat ing a n  agreement, al1 the available altcr- 

natives and the options considered along with the rationale followed in the decision 

process are Iogged. 

1.6 Claims and Contributions 

Thc Internct is a dynamic and heterogencous environment n-here agents of different 

kinds n-il1 coesist. Their communication language mi11 difler. When the)* negotiate 

with each ot  her, tlieir ncgot iation protocols could differ. Furthcrmore. t here is a 

need co add new languages and protocols as the field matures. Thc  9SP proposecl 

iri this thesis is a negotiation support systern that  is int.ended t o  facilitate the above 

dynarnic and open environment. The  heart of the claim is in the manner in which 

these changes will be accommodated now and in the future. 

The major coritribution of this thesis is in thc innovative approach of addressing 

negotiation in a rnulti-agent cnvironment. The current research in the field of nego- 

tiation is done a t  the micro level. It is conccntrated on developing new algorithms to 

negotiate for different scenarios and on enhancing old ones. This proposal research 

looks at negotiation at a macro level. It builds an infrastructure to group the algo- 

rit hnis. In this ent-ironment. agents benefit h m  ail the algorithms rather than just 

a silbset. Further. scalability. maintenance and management issues are incorporated 

into the core design of SSP. 

The nicrits of this thesis are not corifined to a technical level, the business poten- 

tials of the proposed system are considerable. Because of the difficulty in developing 

negotiation skills? SSP couid reduce the development time. 

1.7 Thesis Outline 

The thesis is divided into six chapters and five chapters follow this chapter: 

Chapter 2 provides a n  overview of multi-agents. We examine the environment of 

muk i-agents. We review the communication protocols and the various distributed 

computing standards. Wë also discuss communication issues arnong agents: specifi- 

cally agent communication languages and ontologies. 



In Chapter 3. we dewlop the design of SSP. We present our mode1 for YSP along 

wit.h its different modules. We illustrate the interactions among the various modules 

of SSP. Then, we describe the procedure to establish the initiai contact between the 

agents and SSP. b\:e conclude this chapter with an event trace of the different stages 

of providing negotiation semices mith XSP. 
In Chapter 4. we closely esamine conflicts. \té define the contest and the cause of 

the conflict from YSP's perspcctive. t\-e introduce some additional tools with a direct 

impact on the results of NSP. The agent's 01-n prioritizcd Iist of goals. the constraints 

inherent to the conflict with their margin of maneuver, and additional information of 

agents are the different inputs that p l -  a crucial role in directing the ncgotiation of 

SSP. 

We begin Chapter 5 with a description of thrce ciassical negotiation protocols. 

L\e  introducc our rnethod to both integrate negotiation protocols in XSP and match 

protocols to conflicts in terms of their constraints. Then tve illustrate this niethod by 

classifyirig the protocol presented earlier according to the protocol-constraint table. 

Chaptcr 6 is the conclusion of this thesis. 11-e summarizc the achiei-ements reached 

through the analysis and design of SSP. N-c conclude the chapter with a list of future 

rcscarch and open issues. 



Chapter 2 

Overview of Multi Agent Systems 

In t heir article "-A Perspective on Software .Agents Researçh" 9 Sivana 5; 

Sduniu (1999) define multi-agent systems and state: -*The hj-pothesis/goal of multi- 

agent systems (11-4s) is clcar enough ... creating a system chat interconliects sepa- 

rately developed agents. thus enabling the ensemble to function bq-ond the capabili- 
.- 

ties of any singular agent in the set-up. In a dynamic environment where agents are 

created and destroyed, commiinicat ion raises a few chaIlenges. il-hat protocols are 

siiitcd to interconnect agents running on separate hosts? Hon- are the agents to be 

distribiited and coordinated? Another challenge in JIAS is a t  the level of the agent 

conimiinication language. -1 langiage is used for message communication. The on- 

toloe-  or "concept definitions" is a major issue in a conirnon language for the 11-4s. 

Agreeing and sharing a comrnon definition for the concepts are a prerequisite for 

efkc tive communication. 

2.1 Heterogeneous and Dynamic Environment 

Nwana and Ndumuk description of a bI.4S as "separately developed agents" [SN991 

introduces two implicit characteristics proper to the environment of multi-agent sys- 

tems. It is both dynamic and heterogeneous. 

Developing agents separately introduces a time factor. A multi-agent system is 

not necessarily built a t  one time; it would evolve. During its lifetime. new agents are 

introduced in the M.$S either to replace older agents or to add nem functionality to 

the entire system. The continuous potential for changes in the life cycle of the M,4S 



elcmcnts makes its environment highly dunamic. 

In a 1 I . U :  there is no restriction on the sources of the agents being interconnected. 

Hence. two agents developed bx two distinct sources may potentially be either inter- 

lirikcd together or incorporated to an even Iarger M-AS. Differences at  the level of 

the developers of the various agents forming the 81-4s illustrates one aspect of the 

hetcrogeneity of the environment. Even within a single deveiopment platform for t h  

cntire systems. differences among the agents might arise to nieet the purpose of the 

AI-AS. This heterogeneity entails the follom-ing potential diffcrences: 

O At  the design level of the 2gt?nts themselves 

At the level of the agent communication langage uscd by each agent. 

O -At the lcvel of the implenientation of the agents. 

0 At the level of the functional specialization of each agent. 

Thesc two characteristics of heterogeneity and dynamic nature of 1I.AS have a 

decp impact on the differcnt aspects of a multi-agent system discussed in the rest of 

this chapter. 

2.2 Communication Protocols 

"In the contcxt of data networking. a protocol is a fornial set of rules and conven- 

tions that governs how cornputers eschünge information over a network medium." 

[urla] -4s depicted in Figure 1, Communication protocols are dividcd into the follow- 

ing types: L=\N protocols, \%:AS protocols, routing protocols and network protocols. 

L-AN protocols operate between the physical layer and the data link layer of the 

Open Systems Interconnection (OSI) Reference model. Examples of L-AK technology 

are: Ethernet invented by Xerox, Token Ring network developed by IBM, and Fiber 

Distributeci Data Interface (FDDI) developed by the American National Standards 

Institute (.ASSI). WAN protocols operate a t  the lowest three Iayers of the OS1 model: 

the physical layer, the data link layer, and the netwrk layer. Examples of W-IN proto- 

cols include Frame Reiay, High-Speed Serial Interface (HSSI) : Swi tched Mult imegabit 

Data Service (SMDS), Synchronous Data Link Control (SDLC). X.25. Routing pro- 

tocols are the implementation of routing algorithrns. They direct protocols through 



the network. Interior Gateway Routing Protocol ( IGRP),  Enhanced Interior Gate- 

way Routing Protocol (Enhanced IGRP). Open Shortest Path First (OSPF).  Exterior 

Gateway Protocol (EGP)? Border Gateway Protocol (BGP). Intermediate System to  

Iriterrnediate System (ISIS): and Routing Information Protocol (RIP) are al1 esam- 

ples of routing protocols. Xetwork protocols also known as routed protocols function 

at the upper four layers of the OS1 model: the transport layer. t he  session layer: 

the presentation Iayer? and the application layer. Different protocot suites address 

diffcrcnt functions. Esample of network protocols are: Internct Prot  oc01 (TP). DEC- 

net. AppitTalk: XoveIl Yet \C'are: B a n p n  \-ISES: and Xeros ?i'etwork System (SXS) . 
Operating at t he  upper 11-ers of the OS1 model: network protocols are the closest 

to thr  software appiications. Because network protocols interact directly n-ith our 

application namely NSP, we n-il1 investigate these protocols in further detail. For an 

elahoratc studj. of the communication protocols ive refer to the book *.Internetwork- 

ing T e c h n o l o ~  Overvicw" which is part of Cisco's Documentation CD-RO'rl available 

online [urlk]. 

Communication ProtocoIs 

I 
Nznvork Protocols 

l 
I 

 riva^ 
1 

Public 

1 1 

Etheme t FDDI HSSI * X.25 IGRP App:TVIhES 'TCPIIP 

Token Ring SDLC OSPF BGP RIP DECnet Netwarc. 

Figure 1: Communication Protocols Taxonomy 

Two major models divide network protocols: the private model or the public 

model. In the private model, equipment is homogeneous to a large extent and the 

network protocols are highly proprietary. Typically, these protocols are supported 

by specific vendors on  specific architectures. AppleTalk is a protocol suite developed 

by -4pple Computer in conjunction with Macintosh computcr in the early 1980s. Al- 

though -4ppleTalk is supported on PCs too; it7s usage is highly limited to  networks 



with a large percentagt of &Iacs. The protocol suite included in DECnet is developed 

and supported by Digital Equipment Corporation (DEC). DECnet is based on Dig- 

ital Setn-ork Architecture (DS-A). It mainly connected \-*-lx minicornputers. Only 

recently. Digital supported non proprietaq- protocols. Based on Xeros Netu-ork Sys- 

tenis (SM), Set\\are \vas developed by Sovell. Inc. It specifies the upper five layers 

of OS1 and runs on various cornputer architectures from PCs to mainframes. How- 

ever. Ne t  Ii-are pro toc01 suite is also based on proprietary protocols. Banyan if'irt ual 

Integratetl Sctwork Service ('I-ISES) is also bascd on a proprietaq- protocol fani- 

ilu dcrivcd from Xcrox Xctu-ork Systems (XSS) protocols. Xeros Setwork Systems 

(1%) protocols u-ere developed by Seros Corporation but their derivatives in PC 

networking implementations such as Set\iare and Banyan \7SES gained more popu- 

larit': Several S'IS protocols resemble the IP  and Transport Control Protocol (TCP) 

protocols. Thus. in the private model. proprietail- confined islands of compiiters werc 

crcated n-it h no bridges to connect them* 

The public mode1 includes a11 open-system protocols functional in any set of inter- 

connected networks. The world-s most popular example of such network protocols is 

the Internet Protocols suite funded bj- Defense Advanced Research Projects Agcncy 

(D-ARP-A). It has been developed with the goal of heterogeneous connectivity in mind. 

Open and free. this suite had a considcrable edge and resulted in it being at the foun- 

dation of the Internet and the  Uorld IF-ide l l è b  (\Vi\'iV). 

Because SSP targets a tieterogencous en\-ironrnent. the Intrrnet Protocofs suite 

also known as TCP/IP ivorild be the most appropriate protocol. 

2.3 Distributed Computing Standards 

Several standards with different levels of sophistication have emerged to support 

distributed computing. Object )lanagement Groiip's (04IG) Cornmon Objcct Re- 

quester Broker Architecture (CORB-\): Microsoft's Component Object Mode1 (CORI) 

and Distributed Component Object Mode1 (DCOM): Sun 4licrosystem.s' Remote 

Met hod Invocation (R-LII) are the three major competing standards which support 

object-oriented distributed computing by allowing remote invocation of object meth- 

ods. These models are based on the object oriented paradigm. Message based In- 

ter Process Communication (IPC) and Remote Procedure Calls (RPC) are commonly 



used in multiprocessing systems. IPCs and RPCs arc similar protocols allowing pro- 

ccsscs rather than objects to exchange information among each other or esecute 

programs on other computers. 

CORBA is an industry standard for connecting distributed programs ruuning 

on different operating systems and written in different languages over the lntcrnet 

ivi t hout any special requirerrients ot her t han knowing the services avaiiable and the 

nanie. CORB-4 provides an  interface called General Inter-ORB Protocol (GIOP) for 

ivriting programs. GIOP uses TCP/IP as its transport protocol. "The mapping of 

GIOP message transf'cr to TCP/IP connections is called thc Intcrnct-ORB Protocol 

(IIOP)" [urlb] IIOP is a protocol ivhich permits the eschange of integers and varioiis 

comples objccts between scrvers and bronsers [urlc]. \{-ith this feature. IIOP expands 

HTAIL n-hich is limited to the transmission of test. IIOP is an iritegral part of 

CORBA as depicted in the Figure beloit-. 

Hos t ABC Host XYZ 

GIOP 1 GIOP 

1 IIOP 

Transport Layer: TCPlIP 

Figure 2: 041G's CORB-4 

In Figure 2: hosts -1 and X are two computers different both at  the hardware level 

and a t  the software level. -4 is a Sun Ultra workstation running Cnis Solaris 7. .A 

.Java client application is running on -4 and has a Java object called J01. X is a PC 

running klicrosoft W%dows ST 4.0. The server running on X is implemented in C++ 

and it has an object called C02. To invoke the method provided by CO2 running on 

X and which is using a different ORB. JOl's request goes through GIOP, a standard 

wire protocol. Because A and X are connected through the Iriternet, CORB-A's I IOP 

translates GIOP messages into TCP/IP at  -4 and the TCP/IP messages back into 



GIOP at S ' s  end. The cornmon requirements for the two hosts, GIOP' is shown 

shaded in Figure 2. 

11-hile CORBA is supported on various operating systems, Microsoft's DCOM is 

ciirrently restricted to Windows. COM and DCOhI are only availablc on tl'indows 

95/98 and N T  platforms. Nevertheless, no restrictions are put at the language level. 

A DCOII object may bc tvritten in a n -  language and it is able to communicate with 

otlier DCOll objects regardless of which language is used in implementing thern. 

DCOSI uses TCP/IP and HTTP. HTTP is an even highcr application protocol n-hich 

is hased on the TCP/IP suite of protocols to get to the Intcrnct. 

Host ABC 

DCOM 1 
I DCOM 

Host XYZ 

(PC - Windows NT 4.0 SP6 1 

I 

DCOM 

Transport Layer: TCPIIP 

Figure 3: SIicrosoftts DCOlI 

Figure 3 shows two hosts -A and S using SIicrosoft's DCOLI protocol. Both hosts 

may have quite dissimilar hardware but only to the estent wherc Microsoft operating 

systems support it. The restriction on the operating system is shaded in Figure 3. 

-4 is running Windotvs 98 whereas ,Y is running Windows NT 4.0 with Senice Pack 

6 applied. The Java Object JO1 belongs to the Java client running on -4. JO1 is 

impleniented in Java. X is running a sen-er implernented in C++. One of its objects 

is C02. Using the DC05I protocol, JO1 invokes a method of C02. JOl's request is 

communicated to CO2 over TCP/IP. This is done by either direct.1~ using TCP/IP 

or by going through HTTP. 

Both CORB-4 and DCOM impose no restrictions on the programrning language 

and are dcsigned to allow objects to communicate with each other regardless what 

programrning language they were written in. However, Sun Microsystems' Rh11 is a 



relat ively simple set of protocols, deïeloped by Sun's JavaSoft division. which only 

morks witli Java objects. Within RMI: .Java objects can comrnunicate with othcr Java 

objects only. However: because Java objects are not restricted to specific architectures 

or opcrating systems, RVI aren't either. The RA41 transport layer uses TCP/IP 
by default. Hm-ever, RXII socket factories allow the use of a non-TCP or custom 

transport layer over IP [urld]. 

Host ABC Host XYZ 
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Figure 4: Sun lficrosystems' RAI1 

In Figure -4 host .A is a Cuis workstation running Solaris 7 whereas .\i is a PC 

rurining \Yindou-s ST 4.0 with Sen-ice Pack 6 applied. Both hosts are running .Java 

virtual machines and both the client and the sen-er are implemented in Java. -4s t.he 

conmon requircment for the two interconnecting hosts. Java is shaded in Figure 1. 

Host S is running the semer application which created .J02. The semer provided 

references to JO2 and thus made it possible to invoke the rcmote object 5 0 2  across 

virtual machines by providing references to it. The client application indudes a Java 

Object J01. The client running on -4 receives a reference to JO2 and invokes J02's 

method M. The communication between the semer and the client is done through 

RAIL 

By minimizing the constraints in connecting the distributed applications, 0 M G 7 s  

CORB-A is able to support the most heterogeneous systems. Since heterogeneity is 

at the core of MAS: CORB,4 is recommended to handle the data transfer and the 

communication arnong agents in XSP. 



2.4 Agent Communication Languages 

-Agents need a common language to  communicate among each other. The Foundation 

for Intelligent Physical Agents (FIP-1) [urlST] defines Agent Communication Language 

( ACL) as '.a language \vit h precisely defined syntax, semantics and pragmat icç that  it 

the basis of communication between independently designed and developed software 

agents". '-An .lCL provides agents with a means of exchanging information and 

krioivledge" [\ZP99]. The communication among agents is not limited to  a single 

message. On the contra--, it is a conversation based on task depcndent sequences 

of messages. .-\lthough sonie agent systems applications such as K.-\oS [eagi] use 

CORB-4's architecture solely. ACLs are not alternatives to the distributed computing 

mechariisms mentionecl in the previous section. In fact. -ACL messages may often be 

dclivered via such mechanisms. Labrou. et al. obsene that  -1CLs form one lcvel 

above CORB-4 for tn-O reasons: 

0 -\CL messages describe propositionsl rules and actions rat lier than objects with 

no semantics. This is unlike CORS-\ level message communication. 

0 , lCL messages express a desired state in a declarative langiiage instead of a 

procedure or method as it is the case with CORB-4. 

ACLs emerged nithin the Know-ledge Sharing Effort ( G E )  initiated by the De- 

fense Advanced Research Projects -4gency (D,-\RP-\) of the LYS Department of De- 

knsc. It investigated knowledge sharing and reuse by developing techniques, method- 

ologies aiid software tools a t  design. irnplementation and esecution time. "The central 

concept of the KSE \as that knowledge sharing requires communication. which in 

turn requires a common language" [YTPSS]. The KSE mode1 is a threc laver mode1 

as shown in Figure 5 .  These layers are independent from each other. 

Agent Communication Language - KQML 

1 Concept Representation - Ontolingua 1 

Syntatic Translation of languages - KIF 

Figure 5: KSE Mode1 
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The bottom layer is concerned a i th  the problem of tieterogeneity of knowledge 

representation at the level of syntactic translation between variations of the same 

language or different families of languages. KSE proposed Knowledge Interchange 

Format (KIF). a logic language '-as a standard for describing thing R-ithin computer 

systems such as expert systems, databases, intelligent agents. and so on." [YLP99]. 

Further, KIF ivas designed as an interlingua: an intermedia- language in the trans- 

lation of ot her languages. 

Thc middle Iayer addresses the ontolog-y problem. Khen the samc concept is 

defined different 1)- in tn-O applications communicat ing with each or her. a common 

ontology is needed. Labrou et al define an ontologt- as '-a particular conceptualization 

of a set of objects, concepts. and other entities about which knowlcdgc is espressed. 

and of the relationship among tliem." [YIP99] Ontolingua is IiSE's solution. l \ë 

will discuss the ontology problem funlier iu the ne-* section. 

The top l a y r  is the communication language arnong agents. This conimunication 

is at  the level of desired States. KSE's -%CL is bon-ledge Querj- and hlanipulation 

Language (KQhlL) .  KQML is an inter-agent. high-level and message-oriented commii- 

nication language and protocol. Conceptually. KQML has a t hrce lier organization 

shon-ri in Figure 6: the content Iayer. the message l a y r  and the cornmtrnication la)-er. 

Communication Lay er 

Figure 6: KQML Mode1 

The content language carries the actual content of the message written in the 

program's own representation layer. The content of the message is wrapped inside a 

KQ hlL message. blessages are opaque. KQEYIL-agents are only concerned wit h the 

boundaries of the message and its delivery. 



The message layer forms the core of the KQML message. It is used to encode 

the messages to be exchanged. It determines the possible kinds of interaction with 

an agent that understands KQML. It identifies the network protocol used in deliv- 

e r i~ tg  messages and interprets a "speech act or performative" such as an assertion. 

a que? or a cornmand attached to  the content by the sender. This layer includes 

opt ional features t hat could describe the content bet ter. Such features simplify the  

implementation of the tasks of analyzing. routing: and propcrly deiivering messages 

despitc t heir opaqueness. 

The communication level encodes the lowr level communication parameters of 

the message such as the identity of the sendcr and receiver. a unique identifier for 

t hat particular communication. 

The balanced-parenthesis list in the syntas of KQLIL is inherited from its initial 

irriplementations in Comnion Lisp. The first element of the list is the performative 

while the rcst of thc elernents are its arguments in the forni of keyword/value pairs. 

The following is a simple esample of a message representing a basic queq performative 

in KQl IL :  

(ask-one 

: content (VACANCY TWA ?f light) 

:receiver american-express 

:language standard-prolog 

: ontology TRAVELING) 

In this message. the performative is nsk-one. the content is (K-IC-4NCY T W l  

?Jight). the receiver of the message is american-express. the content of the message. 

i.e. the querx. is written in standard-prolog. the ontology assumed by the query is 

identified by the token TRAVELING. 

In the case of KQbIL certain primitives have pre-defined meaning and there are 

a couple of dozen of them. Implementations of those reserved performatives must 

comply with their original definitions in KQhIL. The set of KQLIL performatives 

is extensible. Additions to the set  of performatives in a comrnunity of agents is 

achieved when al1 the agents agree on the definitions - interpretat ions and associated 

protocols - of the new perforrnatives. KQAIL also introduces a special class of agents 

called --facilitators" to coordinate the interactions of other agents. Facilitators provide 

network and communication services such as maintaining a registry of service names, 



deli~eering messages that are incompletely addressed. and finding appropriate clients 

and seners. 

Originally. KQML only had an informal and partial semantics descriptions. In an 

effort to fil1 this incompleteness. Labrou and Finin provided EIQh1L.s semantics in 

tcrms of %onditions" [YLP99, Lab96. LF9T: LF98]. Preconditions define the neces- 

sar-  state for an agent to send a performative rvithout guarantying its successful exe- 

CU t ion and performance. Postconciit ions indicate the states of the sendcr and receiver 

assiiniing that the performative was succcssfull~- rcceived and processed. Completion 

conditions of a pcrforrnat ive describe the final state. The conditions are espressed 

in terms of mental attitudes (belief. desire. intention: knowlcdge) and action descrip- 

tors (for sending and processing messages). Alt hough the language describing mental 

states restricts the combination of mental states: no semantic niodels for the men- 

tal attitudes are defincd. The other semantic mode1 bascd on earlier works qualifies 

K Q l I L  primitives as attempts at communication rather thari pcrformatives. Labrou 

et a t .  claim that the approach of this semantic "strongly links the , C L  semantics to 

the agent t h e o n  assumed for the agents involved in an ..-\CL eschange" [\-LPSS]. 

CurrentIx the alternative -\CL to ICQhIL is FIP-4 -4CL developed within the 

Foundation of Intelligent Physical -\gents (FIP-4) organization. It is a non-profit 

organization. "FIP-A's purposc is to promote the success of emerging agent-based 

applications. services and equipment" by prodiicing interriationally agreed specifica- 

t ions to rnnimizc interoperability across agent-based applications. These standards 

are established through an open international collaboration of rnember organizations 

both universities and companies. active in the field of agent hood [urlST]. 

FIP-1's community has been actively working on the standardization of various 

agent-based issues. It has been releasing several specifications over the past few years. 

One of the major specifications is the -Agent Communication Language. The -Agent 

Communication Language specifications provides a normative description of a set of 

communicative acts supported within FIP-4 XCL in terms of their pragmatics and 

their semantics. It aIso includes the normative description of a set of interaction 

protocols such as contract net and different kinds of auction. 

Similar to KQML, FIPA ACL is based on speech act theory. An agent communi- 

cates its intentions to other agents using a special class of actions called communica- 

tive acts. Syntacticallyv: FIPA ACL is identical to  KQML escept for name differences 



of some rescrved primitives. FIP-4 -\CL messages are also opaque and delivcred over 

a simple byte Stream. No specification for the content of messages is provided by 

FIP-4. The following message is an illustrative esample in FIP-4 - K L .  

(request 

:sender i 

:rece iver  j 

:content (act ion  j (deliver box017 ( locat ion  12 1 9 ) ) )  

:protoc01 f ipa-request 

:reply-with orders567) 

The  communicative act in this message is request. the sender is i, the receiver is j. 

the content of the message. i.e. the description of the action to be performed is (action 

j (deliver box017 (location 12 19))). the protocol or the pattern of niessage eschange 

is fipn-request and the reply-with expression to use in the reply to this message is 

orclers567. 

Becausc no requirements are enforced on the synta.. of the messages. corrimuni- 

cating agents have the responsibility of ensuring that the messages exprcssed in -4CL 

arc mutually comprehensit-e. This may be achievcd by following certain conventions. 

by negotiation or by using the translation services of a third party. Hom-ever: for 

the  piirpose of key agent management functions. the ACL specification defincs a con- 

terit lanpage which is an s-expression type notation. FIP.4 conipliant agents are 

requireci to use this agent management content language and an ontologj- whcn car- 

rying standard management dut ies. FIP-4 specification provides Scman tic Language 

(SL) content language on an inforniatit-e basis. Languages based on sub-grammars 

of the s-expression grammar produce legal -\CL messages and do not need modifica- 

tion. If any other notations are used to  encode messages. ACL has two techniques 

to estract the message without requiring -AC1 parsers to parse any expression in any 

language: wrap the expressions in double quotes making the message a string in .-\CL 

or prefk the expressions with the length of the string. Although the content of the 

message may be encoded in an? language specified in the ":languageY parameter, 

it must be able to express propositions: objects and actions. Propositions define the 

trut h value of a sentence. Objects represent an identifiable abstract or concrete entity 

in the domain of discourse. Actions are constructs representing activities performed 

by sorne agent. 



FIP-4 defines a set of standard communicative acts and their meanings indepen- 

dent of the content. This set aims for completeness. simplicity and conciseness. XI- 

thougli al1 agents are not required to implement al1 the pre-defined message types and 

protocols. FIP-\ ACL compliant agents must meet certain minimal requirements: 

1. -Agents must reply to messages the. do not recognize or they cannot process 

with the phrase "not-understood" . Sender agents must be able to handle the 

not-understood mcssages t hey receive. 

2. i\-hcn .\CL compliant agents implement an- suhsct of the predefined message 

types and protocols, they must abide by the semantic definition of the rcfcrenced 

act . 

3. i\-hen ACL compliant agents use the nanie of communicative acts defined in 

the specification, they have to implement them according to their definition in 

the st.andard. 

4. ;\gents may add new communicative acts not defined in the specification. They 

can do so provided the meaning of the new act does not niatch onc of the already 

pretlcfined acts. Sonetheiess. it is the sender's responsibiliry to ensure that the 

receil-ing agent \ d l  understand the meaning of the act. 

3. .ACL compliant agents must be able to correctly. botli cncode messages for 

transport and decode messages from w ll-forrned character sequcnces. 

Contra- to KQML, FIP.1 ACL's semantics are formally dcfincd using a Semantic 

Language (SL) [urlgi]. The semantics of a communicative act is defined through its 

rational effect (RE) and its feasibility preconditions (FP). The rational effect defines 

both the results of performing this communicative act and the conditions which must 

hold t rue at  the recipierit 's end. The feasibility conditions characterize the conditions 

to be satisfied before an  agent can plan to esecute the communicative act. Feasibility 

conditions can be further subdivided into "ability conditions" and "context-relevance 

preconditions" . Ability conditions characterize the actual ability of an agent to  per- 

form the communicative act whereas the contest-relevance preconditions characterize 

the relevance of the act to  the context it is performed in [ur197]. Based on the rational 

effect, an agent may select a communicative act to perform but it cannot assume that 

the rational effect will necessarily follow. 



Facilitation and registration primitives are treated differently in the tn-O -1CLs. 

II'hile in KQML: they are first-class fully defined performatives, in FIPA, they are 

requcsts for actions with no formally defined specifications or  sernantics. 

In t heir article "-\gent Communication Languages: The Current Landscape" . 
Labrou et al. [YLP99] analyze the actual situation with systems using KQJIL and 

FIP.\ ACL. From their perspective, systems that use any of the two -4CLs must 

provide: 

1. a sct of -4PI supporting the composition and the eschanging of -4CL messages 

2 .  scrvices to support naming, registration and facilitation senices 

3. code for the primitives according to the semantics for that  particular applicatio~i 

The first two items are typically reusable components whereas the third item has  

to be provided by the implementers. In reality. no such services have bcen promotcd 

and put in place. Further, because esisting sernantic approaches can not easily be 

tra~islated into code. the implcmentation of the resen-ed primitives according to the 

sprcifications is based on the implementers' intuitive undcrstanding of the semantics 

ratlier tlian thcir concise definition. Labrou et al. iYLP99] conciucie that the choicc 

of a n  ACL is based on the estent of modalities such as belief. intention. desire im- 

ple~rientcd in the agent according the semantics of the agen t '~  theop. --\CLs with 

praomatic concerris siich as KQSIL are recommencled for agents with low modalitics 

implernentations. 

The ontology problem has been considered secondary for a while and has not been 

tackled in al1 its magnitude. In its 1997 release, FIP.4 ACL did not address the 

ontology sharing problem altliough it  is a t  the core of agent inter operability issue. 

Nivana and Ydumu [WYSS] ask the question "is it realistic to  expect knowledge and 

CO-operation level interoperability without a significant degree of ontological sophis- 

tication of the agents concerned?" Fipa '98 defines the ontology sharing problern as 

"The problem of ensuring that two agents that wish to converse do, in fact, share a 

common ontology for the domain of discourse. Minimally. agents should be able to 



discovcr whether or not they share a mutual understanding of the domain constants." 

[url08] 

Svstems like Cyc [Len93] have been built to facilitate inter-agent communication. 

Ttiey are based on general purpose ontologies. Since then, the trend has moved 

towards the development of dornain-specific ontologies and ontology translators. The 

niain reason for such a shift is tha t  general purpose ontologies are bound to miss 

some intricacies of sorne domains. Further, for most applications, these ontologies are 

like1~- to be unnecessarilj- cornples. 

Some doniains are cornmon for a n-ide varie@ of ta&. To reduce the high cost of 

building ontologies: it is critical t o  encode the ontolo$ies in a reusablc form. Hence. the 

ontology of the application may be  assembled from alreacly defined ontologies available 

in ontolog?- repositories. Ontolingua, KSE's solution to the ontology problem. has 

bcen dcveloped from this perspective. It is a l angage  to express ontologies developed 

at Stanford University. Its set of tools and sen-ices is not restricted to the development 

of ontologies by individuals: it also supports "the process of actiieving conscnsus 

or1 common ontologies by distributed groups." Oritolingua's tools allow users to 

manipulate ontologies stored on an  o n t o l o e  scrver over the i \orld \leide Liéb. 

This approach of using o n t o l o ~  servers is endorsed by FIP-4 95's Ontology Spec- 

ification. Ontolog- servers are not necessarily confined to FIP.4-s domain or FIP.-\- 

conipliant. Esamples of available ontology sen-ers are Ontolingua X1IL/RDF ontol- 

03- scners  [FFRSS], ODL databases ontologies servers. To offer a standard view of 

the services provided by those different onto1og'- senvers. FIP-Ahas introduccd a riew 

category of agents called onto1og'- agents (0-4). 0 -4s  advertise ontology servcrs and 

potentially provide translation services to FIP-1 agents. 

14-i t h the development of dornain-specific ontologies and t heir availability as build- 

ing blocks for more application specific ontologies, the cost of constructing ontologies 

is amortized on different users and many users are able to benefit from reusing these 

modules. In this chapter, we have discussed the major issues of Multi Agent Systems 

and in the next chapter we introduce the notion of 'legotiation Senice Provider or 

S S P  in the context of multi-agent systems. 



Chapter 3 

Design of NSP 

In t his chapter: ive wilf present our proposed solution to the problern of negotiation in 

a hcterogeneous multi-lingual mult i-agent environment. Specifically. ive n-il1 discuss 

the design issues of our suggested solution. In the first section. we will describe 

the niodel of our Yegotiation Semices Provider (SSP). In the  nest section. ive tvill 

examine the modules and their interactions nithin SSP. \i-e \vil1 conclude this chapter 

with a description of the different stages in providing the negotiation services under 

SSP. 

3.1 NSPModel 

Providing negotiation services within the sttipulated requirernents is based on three 

niajor foundations: communication: negotiation protocols and agent communication 

ianguages. In order to offer its services. NSP must be able to establish a link and 

communicate with other entities such as agents and other servers. .An agent commu- 

nication language becomes essential. 

The mode1 we propose for YSP is depicted in Figure 7. It consists of the following 

four major modules: the Xegotiation Protocols Suite (PS), the Agent Communication 

Language Suite (-ACLS), the 'legotiation Agent Generator (';-AG): the Xegotiation 

=\gent (i;-A) and the Management module (MM). 

Negotiation Protocols Suite (PS): 

The Protocol Suite consists of a set of negotiation protocols and a collection of 

methods. These methods can be grouped around three responsibilities: 
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Figure 7: Xegot iat ion Mode1 

1. \,fanage protocols by introducing new protocols to the suite and niaintain- 

ing their cvaluation. 

2. hlanipulatc and manage the implementations of the protocols. 

3. Intcract with the other modules of SSP by providing the rat ings and im- 

plementations of protocols and bj. initiating the maintenance and updat.c 

patches it receivcs. 

Each protocol has its implenientation in ternis of lines of code and is identi- 

ficd using a set of characteristics. This inforniation is represented in a two 

dimensionai table as in table 1 belon-. 

Table 1: Sample Classification of Protocols in the Negotiation Protocols Suite 

T h e  "Protoc01 Kame" field represents a unique identifier for the  protocol. The 

"Function Name" field holds the pointer to the function that  implements the 

corresponding protocol. There are only two parameters defined in table 1, 

namely dynamic environment and optimal. So each protocol defined in the 

Protocol Kame 
Contract Net 
hlultistage Yegotiation 
Partial Global Planning 

Dynamic Environment 
10 
10 
3 

Function Same 
Cnet() 
,Llultistage() 
PGPO 

Optima1 
O 
4 
4 



suite is rated based on these two criteria on a scale frorn O to 10. -4 rating of 

O is the minimum and means that the protocol does not provide an' support 

for this criterion. A rating of 10 is the maximum and thus this protocol is the 

best qualified for a situation that requires this criterion. So in this table. the 

Contract Se t  protocol supports a dynamic environment but is not optimal. 

In general. the number of characteristics would be larger than two. In fact, 

the more characteristics are specified, the better a protocol is defined. thus 

the better match between a protocol and a conflict to be handled could occur. 

A t  the same time, an  estcnded set of characteristics potent,iaIIy hinders the 

protocol selection process. One guideline to build a balanced set is to  select the 

characteristics the niost likely to  be required in the contest of conflicts. 

Further, this table is not static and is expected to grow in both rows and 

columns as new protocols are integratcd. -4dding a new protocol grows it ver- 

tically. .4dcling a netv criterion grows it horizontally. Depending on the in- 

formation estracted. the table is traversed diffcrently. -4 scarch for protocok 

\vit h specific characteristics requires a vertical and then a horizontal traversal to 

identif>- the appropriate one. If the other agent invol\-ed iri t hc conflict imposes 

a specific protocol, the table is traversed horizontally to provicle the pointer to 

its irnplernentat ion. 

0 Agent Cornmunicat ion Languagcs Suite (-\CLSI: 

Due to the emergence of differcnt agent communication languages (-4CL) in the 

field of agenthood. SSP must have provision to communicate using different 

ACLs. -4CLS holds both .\CL translation engines and met hods. Each nem ACL 

available in SSP rnust have a translation engine in the -4CLS. Thc translation 

engine of XCLl takes a primitive Cl.ACL1 in ACLl and translates it to the 

corresponding primitive C l  in the XSP's native .lCL. This translation is done 

at  the level of the semantics and the syntau of the two -4CLs. The collection of 

translation engines can be conceptualized as a tab!e. The content of a ce11 holds 

the syntas of the comrnand. Semantically equivalent commands are listed on 

the same row. Columns identify the language of the command. For example 

in the table 2 below, the internal comrnand Cil  is equivalent to the command 

Cl-4CL3 in the language ACL3: whereas the internal command C3 is equivalent 



to the command CXACL1 in the language ACLl. 

Table 2: Commands in Different ACLs. 

-4s table 2 show. there are two approachcs in using this table. To niap a corn- 

mand CL-ICL 1 in a specific lariguage -\CL 1. the table is traversed Liorizontally 

to rcach this languagc's column. -ACL1. then horizontally to map it to its equiv- 

alcnt internal command Cl. AIternately. to translate an internal cornrnand C3 

into another laquage -\CL?: the table is traversed verticallx to End the inter- 

nai cornrnand-s row. C3, then horizontally to rnap into its cquivalent conimand 

C3.ACL'Z in ,\CL2. 

Table 2 changes as ncw -\CLs arc introduced by providing the semantics and the 

syntas of the new commands. Based on these two parameters and the languagc 

it belongs to: the command is inserted in the table. If no internal command is 

ecluivalent to  the new command, an est.ension of SSP's native languagc has to 

be estcndcd to accommodate the esternal extension- 

-4CLS is necessac if XSP has to handle different -4CLs. Hoivever. it is quite 

possible that. onc semer in an agent society becomes an  -4CL-translarion services 

provider. In this case. we recommend a-outsourcing ACLS. This approach is 

depicted in Figure 8. In this setup, NSP provides -4CLSP with the command 

XSPC1 and specifies the language ACLl to be used. It rcceives from ACLSP 

the command -4CLC1 to issue in the specified XCL. ACL1 as shown in Figure 

8. Depending on what this semer is able to translate. NSP might not be able to 

submit the internal command NSPCl for translation as is: instead, it will ha\-e 

to translate it to a universal cornrnand CL supported by the services provider 

bcfore getting its equivalent -4CLlCl in the ACL it originally specified, namely 

.\CL1 as illustrated in Figure 8. 

0 Yegotiation -Agent Generator (XAG): 
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ACLS 
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Figure 8: Communication between -4CLS in SSP and ACLSP 

3-SP spawns one Negotiation Agent S-4 for each requcst received ftom a client 

agent and delegates to it the task of conducring the negotiation. S-4G is the 

module that handles this  activity This module is also resporisible for the man- 

agement of the spawned agents. The management tasks include the creation 

and destruction of the spawned agents as well as their supervision. Being the 

agerit gerierator. S-4G maintains al1 the components necessary to  gerieratc a n  

agent. 

Bare Agent 

1 Protocol-constra.int Table 

Figure 9: Xegotiation .-\gent Generator 

'J-IG holds the skeleton of a bare agent as illustrated in Figure 9. When SAG 
generates a new NA, it uses the bare agent to create a generic "intelligent 

software agent". Gsing its ACL(s) and NP(s) modules, it customizes the generic 



agent to be a negotiation agent with its own specific agent communication 

langiiage and negotiation protocol. Both -ACL(s) and NP(s) arc respectively 

subsets of ACLS and PS. 

Depending on the s t r a t e s  adopted in supplying the Y--\ with agent commu- 

nicat.ion languages and negotiation protocols. =\CL(s) and ?;P(s) in Figure 9 

hold different data. There are two possible alternatives to supply 3-4 with 

agent communication languages and negotiat ion protocols. Depending on the 

s t ra tem .ACL(s) and NP(s) in Figure 9 hold diffcrcnt data. 

In one strates-. W G  conducts a preliminav dialog with its client. Hcnce. it 

is able to supply N--\ with the adequatc .-\CL and the appropriate ncgotiation 

protocol. In this case. -lCL(s) and SP(s)  arc responsible for contacting ACLS 

and PS respcctively to estract the ncedec! information frorn them. 

In  the second strate=-. N.4 is assigned the case of a client without any prelimi- 

nary investigation on the conflict. NA\ is provided with pre-selected Iariguage(s) 

and protocoI(s). Thus. K--\G maintains local copies of them and both -4CL(s) 

and SP(s)  hold t his iù:brmation respectivel-. 

Y.4G also mainrains a compact copy of t h e  Protocol-Const rairit Table (PCT) . 

Sable 3 is a samplc of this table iliustrating an esample protocol sclection. Since 

the implementations are interna1 to PS. when the table is esported, as it is the 

case in this version of PCT. the pointers to the implementations are removed. 

1 Protocol Samc 
t Contract Set 

- - -- 

Table 3: Protocol-Constraint Table. 

V 1 Partial Global Planning 1 
1 1 I 

Given one const raint , t his table provides the best suited protocol available 

through NSP to conduct the negotiation. Assume, Y-4 needs to find the most 

appropriate protocol for a conflict with competing agents. Pi-4 traverses the 

Dynamic Environment Optimal 1 Competing ;\gents 

3 

table horizontally 

verses the column 

10 

-4 I 3 
- 

looking for the column of competing agents. Then NA tra- 

looking for the highesc rating. In this case: 5 is the highest 

O 1 O 



rating and it is assigned to Partial Global Planning. Therefore, Partial Global 

Planning is the most appropriate protocol for co,mpeting agents. 

However: conflicts are typirally not rest ricted to one const raint. Instead t heu 

carry with them a group of constraints. For each protocol, its rating based on 

each of these constraints is added to compile a mean rating against this group of 

constraints. Then thc simple traversal applied in the case of a single constraint 

is applied on the mean rating to prodirce the final results. Consider the sce- 

nario n-herc the conflict to negotiate has two constrairlts optimal and competing 

ageit ts. To illustrüte this algorit hnr: assume that the protocol-consrraint t a b k  

is augmented with one column titled "Ratirig List". Eacb ceII in this columri is 

initiated mith a rating of zero. Table 4 illustrares the table in the Phase 1 of 

the algorit hm. 

Table 4: Multiple Constraints' Conflict - Phase 1 

Rating List 
O 

Protocol Samc Optimal 1 Competing .-\gents 

lluitistage 
I 

4 

For each coristrairit, the table is traverseci. Thc rating of cach protocol based on 

this constraint is addcd to its "Rüting List" corrcsponding cell. For the column 

of optimal is traversed. The rating of Contract net is added to its "Rating List". 

Hence, the "Rating List" for Contract net is equal to O ( O t O ) .  The "Rating 

List" for Multistage is equal to 4 ( 0 4 ) .  For Purtial Global Planning. it is q u a 1  

to 4 ( O f 4 ) .  Table 5 shows the tabIe a t  this stage. 

Contract Ket O 1 O 
O 

Table 5: Multiple Constraints' Conflict - Phase 2a 

Fartial Global Planning 
O 

The column of competing agents is traversed next. Hcnce, the "Rating List" for 

Contract net becomes equal to O (0+0). For Multistage, it is 4 (4fO). -4s for 

Prot.0~01 Same 
Contract Yet 
Multistage 
Partial Global Planning 

-4 , 3 
- 

Compctinp Agents Optimal 
O 
4 
4 

O 

Rating List 

O I O 
O - 
3 

4 
4 



Partial Global Planning. it is 9 (4+5). Table 6 shows the table at  the end of 

Phase 2. 

U 1 Partial Global Planning ) 
I 1 8 

4 / 
- 
3 I 9 

Pro t oc01 Xame 1 Optimal 1 Competing Agents 
I Contract Xet 1 0 1  O 

Table 6: XIultiplc Constraints' Conflict - Phasc 2b 

Rating List ' 
O 

Once al1 the constraints have betn processed. the protocol with the highest 

accumiilated rating in the "Rating List" is the best suited protocol from the 

group of constraints' perspective. From table 7 ,  the highest rating is 9 and it 

corresponds to the Partiul Global Planning protocol. 

Table 1: Multiple Constraints' Conflict. - Phase 3 

Rating List 
O 

I 

hlultistage 
1 Partial Global Planning 

Note that if the conflict requires an optirnul solution. then either ~Clultistage or 

Partial Global Planning is appropriate. 

0 Xegotiation Agent (Se\): 

Competing Agents 
O 

Protocol Same 
Contract net 

1 

Each request for negotiation issued by a client agent is handled by one Se\. 

This K-4 is created for this purpose only and is destroyed once its mission is 

accomplished. 

Optimal 
O 

X-4 is a generic agent augmented with a couple of tools as illustrated in Figure 

10. -An agent created accordingly can cornmunicate on the network both at a 

lom level using a network protocol such as TCP/IP and a t  a high level using 

an agent communication language such as KQML. As a Kegotiation Agent: it 

includes some negotiation protocols. Further, ';A hoids a copy of the Protocol- 

Constraint Table (PCT) maintained by NAG. NA preserves contact {vit h the 

XSP that created it and reports back ta it. 

4 l 
9 

4 I O 
-L 5 



Figure 10: Ycgotiation -Agent 

The distribution of the -4CLs and the negotiation prorocols between the 5.h 

and the  NSP mq- change frorn one implcnientation to anothcr. In onci approach. 

SSP mai- bc centrally organized with vc- tightly coupled SAS. Alternately. 

SSP niay have a distributed organization with 1oosel~- attached N-As. Depcnd- 

ing on the size of the comrnunitj-. one distribution is more advantageous than 

anothcr. In a society with hundreds of confl icting agents. the ceritralized ap- 

proach is a viable solution, hoivever, as soon as the targeted society groivs to 

higher orders, thc distributed strate= is necessaq to ensure the sumival of any 

SSP under such loads. 

-1 ncgotiation agent could be multi-lingual and have the ability to  use al1 the 

nego t iat ion protocols known to YS P. We propose t hree approachcs n-it ii respect 

ACLl . - - -  ACLn 

Simple ACL Hybrid ACL Cornpiete ACL 

Figure 11: Different -%CL Strategies for Negotistion Agents 

1. Simple Approach: This approach provides the instantiated S-A with 

the one and only ACL specified by the client agent in the initial contact 

between this agent and XSP. This approach is illustrated in the left most 



table of Figure Il .  In this case, the Agent Communication Languages 

Suite's table 2 is basically reduccd to two columns: the Interna1 Cornmand 

colurnn and the colurnn of the ACL which the client agent uses as specified 

in the initial contact between this agent and YSP. 

This mode1 is particularly suited when the Agent Communication Lan- 

guages Suite is implemented as a collection of translators. LI-ith this ap- 

proach, the translator of the required languagc is simpiy passed along to 

the 5-4. Furthermore. the simp1icit.- of this approach puts less burden on 

the S.A.  reduces its size and the resources it neecis. Tlius. span-ning ,\;,Is 

is donc much faster. 

2. Complete Approach: This approach provides the gcneric K-4 with the 

complete -\gent Communication Languages Suite's table 2 as dcpicted in 

the right most table of Figure 11. X-1 is fully multi-lingual from XSP's 

perspective. 

This approach is advantageous because: 

- . in important nuniber of conflicts occur bccause of the lack of proper 

communication due to  the inesistence of a common conirriunication 

language. Chances are ';-A will have to use different -4CLs to  resolve 

conflicts. 

- 5-4s and XSP maintain a loosely coupled relationship. llore resources 

are freed up  allowing XSP to maintain its quality of scrvices. 

3. Hybrid or Baianced Approach: In this approach. the most popular 

, K L s  are initially supplicd to the 5-4. This alternative is illustrated in 

the middle table of Figure 11. N-As are loosc l~  coupled with their NSP 

and they can handle a large number of conflicts without having t o  down- 

load a less common -\CL. Thus. this s t r a t e s  retains al1 the advantages of 

the complete approach described abot-e. Furt hermore, by eliminating the 

-4CL.s the least likely to be used, the resources and the time taken t o  spawn 

a Y;\ are also reduced giving this approach an edge over the complete one. 

The above three approaches are very similar to the negotiation protocols orga- 

nization mentioned below. 
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Figure 12: Different XP Strategies for Segotiation -Agents 

1- Simple Approach: In this approach, the SSP selects from its collection 

of protocols the most appropriate protocol to negotiate the conflict and 

provides the N-1 with its implernentation. Therefore. it becomes thc re- 

sponsibility of NSP to get the initia1 problem dcscription from the client 

agent and then to select the suitable protocol for negotiating this conflict. 

Relj-ing on SSP to get the problem specification is a major setback for this 

approach since this task can be quite time and resource consuming. Such 

a distribution of tasks may be acceptable in a rcstrai~ied environment. In 

an unbounded societ:: this approach is not an option. 

2 .  Complete Approach: In ttiis approach. S-4 is augmented with the com- 

plete negotiation protocol suite iricIuding the irnplcmentations of each s u p  

ported protocol. In this setup. Sa% is largely independent of XSP and bas 

al1 the necessary tools it necds to effectively conduct the negotiation. This 

strategy is qiiite poiverful in a d y a m i c  and comples setup n-here S-4 hcts 

more potential to su-itch protocols within the same conflict without relyirig 

on XSP's interference. 

3. Hybrid or Balanced Approach: LVith this scheme. only the rnost gen- 

eral protocols are initially included in the S-1. This approach is lighter than 

the complete one with respect to complexity and resources. The selection 

of its protocols produces a quite effective S.\ able to cover the majority of 

the conflicts with no externâl help in convoluted negotiation. 

Management Module (h111): 

This module handles the initial contact between the client agent and XSP. It 

saves the preferences of each client. It also maintains the history of the past 

negotiations the NSP performed, specifically the rationale behind the decisions 



taken by the 3-4 in the process of negotiating. To efficientlu manage this knowl- 

edge. a database is maintained. The database holds the following iriformation: 

1. Session ID: Every time a client successfull~ contacts SSP and a session is 

established, a unique identifier is attributed to this connection for logging 

piirposes. 

2. Customer identification: It is represented by a combination of its TP 
address and its process ID. 

3. Decisions: In the process of negotiation. S - A  is bound to adopt decisions. 

4. Rationale: In the decision process, 3'-4 follolr-s a rationale. 

.5. Failure Causes: YSP rn* fail to seme its client bccause it doesn't use a 

specific ACL or becausc the  conflicting agent is capable to negotiace using 

a new protocol. 

In the occurrence of convcrting NSP into a commercial product. furtlicr infor- 

mation needs to be niaintained related to the billing process. The failurc causes 

are uscd tvhen SSP is updated. 

These modules are the building blocks of the NSP. Each module handles a differ- 

cnt aspect of SSP. They interact and cooperatc to proride ncpotiation services in a 

d~-narnic heterogeneous environment through a standard interface. 

3.2 Module Interactions within NSP 

Upori the contact of an agent. NSP's different niodules will interact in the process 

of providing the advertised negotiation services. These interactions are iilustrated in 

Figure 13. 'ISP's modules can be grouped according to two categories: interactive 

with the client agent and non interactive. Dotted arrows show the interactions of the 

niodules esternal to KSP whereas solid arrows show t the interna1 interactions. The 

lianagement Module, the Negotiation -Agent Generator and the Negotiation Agent 

interact with the clients directly They represent the frontline of NSP with regard 

to the clients. Both the Negotiation Protocol Suite and the Agent Communication 

Languagc Suite beiong t.o the non interactive category and they are shielded from the 
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Figure 13: Interactions among the  difTerent parts 

. -1.- NAG 

clients. In Figure 13: thej- are shown shaded. They provide the basic tools ivhicii allow 

SSP to provide thesc specific services of multi-lingual negotiation to its cornmunitu. 

Thc Slanagement l lodule is the  coordinator among the majority of modules. It 

comrnunicates with the clients. XCLS. PS and X-AG as depictcd in Figure 13. It 

recci\-CS the connections of clicnts. and thcn directs them to the N-AG module n-hich 

handles the details of the negotiation. It is also rcsponsiblc for iniciating the online 

maintenance of both suitcs. .Adding new protocols or ACL as wcll as updat i~ig  theni 

is routed through the klanagemcnt Slodule. This module maintairis the history and 

profiles of past clients as w l l  as records of previous sessions. Thereforc. it collects 

from S-AG al1 the reports gerierated by XAs. 

The Segotiation Agent Generator is a t  the center stage. It is the only module 

which communicate with al1 the others. It receives sessions established by the &lm- 

agement XIodule and hands theni back when the negotiation is concluded along with 

the corresponding information produced. By spawning negotiation agents. SXG nat- 

urally has a spccial relationship with them and maintains a permanent connection 

with them. N=\s rely on it to provide them with the X L s  and the negotiation pro- 

tocols they need in the  process of conducting their tasks. Therefore. Y.4G interacts 

with both ACLS and PS to retrieve new -4CLs and protocols required by X-1s. 

The Xegotiation Agent is under SXG's control. It communicates with only the 

client agent and NAG. In fact: X-AG is the only Iink between the negotiation agents 

and SSP. .AI1 N-4:s requests for new ACLs and negotiation protocols are roiited 

Client Agent 

PS -F * Negotiation Protocol Suite . . . Negotiation Agent Generator 

A 

ACLS 
Agent Commuiiication Language Suite 

I i 
NA 

Negotiation Agent 



tlirough X-AG. N-A transmits to  X-AG any errors encountered or updates t.o the client's 

profile surfacing within the process of negotiating. X-A relies on S.-\G to supply the 

='iCLs and negotiation protocols necessary to pursue its task. 

The Negotiation Protocol Suite is isolatcd from the outsidc world by both the 

hlanagement SIodule and S-AG. It receives negotiation protocols additions. upgrades: 

niodifications from thc Management module aiid applics them. From 5-4G. it receives 

requests for the transmission of various protocols- implementations. PS supplies thcse 

implementations to Y-AG n-hich in turns transmits them to its S-4. 

Thc Agent Communication Language Suite has  similar interactions as PS with the 

other niociiiles of SSP. It communicates only with the hlanagement liodule and N-AG. 

1 t reccit-es upgrade and modification instructions from the management module. 1 t 

also fulfils reqiiests for different -4CLs recluired by X-As through S-AG. 

Thereforc a session is built on top of effective interactioris among the  different 

XSP's modules. Each modirlc is ass iped  spccific tasks and responsibilicies. Comrnu- 

nicating togcther. they are able to efficiently providc different flavors of negotiation 

services in a multi-lingual dynaniic en\-ironment. The managerial activities are ba- 

sicallj- sharcd between both the llanagement Module and the Segotiation Agent 

Cknerator. In a compact implernentation of YSP. these two modules m l  be merged 

together. 

3.3 Agent's Initial Contact with NSP 

Tlic first encounter of an agent with a SSP establistics the baçis for interactions with 

its community. To successfully eschange thesc initial messages. a common language 

and a link are required. U-ithout a cornmonly understood language. no contact c m  

be established. Without knowing wherc to direct the information. no link c m  be 

built. Hence. for a message to  reach its destination and be properiy interpreted, it 

should have the following: 

Know the destination: Depending on the way the agent discovered NSP, it 

would know the destination differently. The agent might have the direct address 

because XSP advertised its services earlier. Therefore, the message is 

straighc to NSP's address. -4nother possibility is that the agent discovered 

through the services of a facilitator and hence- it only knows the qualifier 

sent 

NSP 

used 



by this facilitator to address this NSP. In this case, the message is dirzcted 

to this facilitator and would contain the qualifier. Then, it is the facilitator's 

responsibility to uniquely map this qualifier to an address and then properly 

delil-er the message to t his address. 

Have a standard format: The most widely used standard format for messages 

is the one used by network protocols such as TCP/IP. Once a Lon- level commu- 

nication is established. a higher level communication language couic! be agreed 

upon if both parties understand and speak this langr~age. -At the foundation of 

the Internet. TCP/IP protocols suite is the standard cornrnunicatiori tools uscd 

to establish the bcasic first contact betwecn SSP and its clicnts. 

Froni the TCP/IP protocol suite. two protocols are possible candidates wi t h 

potentiai to support the requirements and the procediire for establishing this 

initial contact. Both of these protocols work over particiilar ports. One pos- 

sibility is to use the User Datagram Protocol (UDP). UDP is a connectionless 

simple protocol with veq- little overhead. The other candidate is thc Transmis- 

sion Control Protocol (TCP). TCP provides the reliability and efficiency lacking 

in LDP. It also cstablishes a virtual circuit bctween the scrver and the client. 

There are t ~ o  possible scenarios to secure the initial link. In orle sccnario, one 

specific TCP and/or one UDP port is dedicated to M P ' s  services. An agent would 

talk to this specific port and transmit the reference to thc agent communication 

lariguagr of its choicc to the scrver in the first packet its scnds. The servcr reccivcs 

t his message. recognizcs the language. sends an acknon-ledgcrnent to the agent and 

pursues the conversation in this specific language. This scenario can handle standard 

languages. 

The alternative scenario is to dedicate a range of ports for this service. Depending 

on which port the agent contacts, an agent communication language is irnplicitlj* 

selected. For example, the interval 1300-1800 can be reserved. A different language is 

coupled to each of the ports. KQAIL is coupled with 1300, FIP-4 ACL is attached to 

1301, etc. If the agent connects to port 1300, SSP and this agent would communicate 

using KQRIL. -4lthough the number of languages is restricted to a maximum of 500 

in our esample. this strategy reduces the overload on one specific port and distributes 

it over a large spectrum. 



-1 two-way communication protocoi is followed to connect agents to a XSF. In 

the first step, NSP advertises its services and its contact address to the cornmunit-. 

Hence. the destination of YSP becomes available to the cornmunit. Al1 agents receive 

t his broadcast and depending on their function and capabilities. they potcntially Save 

this inlormation in their knonledge base for future use. Two categories of agents are 

idcntified in the agent community: 

Long Term -Agents: Thcse agents have a long life span. Typically. they live 

long cnough to receive SSP's broadcast messages and Save them in their own 

knowiedge base. They are able to directly access SSP services. Facilitators. 

yellow and white page maintainers belong to this category. -4 Directory Fa- 

cilirator (DF) nithin FIP-1 is defincd as .'an agent which provides a "~-~lIotv 

pages" directory services for the agents. It stores descriptions of the agents 

and the semices the- offcr.'. [urlST] Similarly in IiQ1IL. a Communication Fa- 

cilitator is "an agent that performs various useful communication services, e.g. 

maintaining a registry of service names,  for^\-arding niessages to nanied services. 

routing messages based on content. providing "matchmaking' between informa- 

tion providers and clients, and providing mediation and translation services." 

[FLSI97] 

rn Short Term .Agents: Agents with short lifc span belong ta t his catcgop. Hence. 

thcj- typically miss NSP's broadcasts. They could also be lacking the resources 

to kcep track of the offered services. These agents hcavily depcnd on the Aong 

term agents" to communicate to them the addresses of SSPs. Specialized agents 

arc examples from this catcgory. 

With its advertisement. SSP essentiaily targets "long terni agents7. "Short term 

agents" will consult the services of -'long term agents" to identify a NSP to con- 

tract. In highly dynamic and rapidly expandinp environments. SSP may broadcast 

its advertiscmtint regularly to keep new long term agents uptodate. 

Iri the second step, the agent responds to XSP's advertisement. The message 

\vil1 proactively initiate the -\CL selection process betweea the agent and YSP. The 

agreement on an ACL concludes the prelirninary communication and both NSP and 

its client can proceed to solve the client's conflict. 



3.4 Event Trace 

\ L é  make use of a sample scenario to illustrate the event trace in the interaction 

between KSP and its client. The scenario initially starts  in a heteropeneous dynarnic 

environment with an agent facing a conflict. Considcr Figure 14 as an illustration of 

siich a environment. In this Figure, XSP and the agents are depicted as rectangles 

[vit h roundcd corners. The Agent Communication Languagc Suite. the Negotiation 

Protocol Suite. the lianagement lfodule and the 'iegotiation =\gent Generator are 

ciearly marked within SSP. Each agcnt is coupled ni th  the -4CL it understands. 

=\gent -43 uses the agent. communication language ACL3 ivhereas -1j uses ACLI. A11 

these agents are devcloped by different people witb dissimilar purposes. Agrnts arc  

ci>-nnrnically created and dest royed in t his setup. 

ACLS 

Figure 14: Typical Heterogcneous Dynarnic Environment. 

The pre-condition for any negotiation is that  a conflict should esist. Hence. a 

conflict is the trigger for any interaction with NSP. Detecting a conflict is a crucial 

milestone in the process of achieving a task or a goal. An agent typically detects its 

conflicts mhen some requests it  issued are rejected or it can not accommodate requests 

it received because satisfying them interferes with its own goals. Recognizing conflicts 

is beyond the scope of this  research. 

To solve a confiict: the agent decides to negotiate with the conflicting agent.. For 

this purpose. a negotiating agent is used. In an agent society: NSP plays the role of 



providing a negotiat ing agent wit h suit able characteristics. -Agents contact SSP as 

stlown in Figure 15. 

[A I  -1 

Figure 1.3: -Agents establishing links with SSP 

Thc events corresponding to interactions illustratcd in Figure 15 are traced in 

Figure 16. Each event is ass ipcd  a number. For esample. e l  is event #1. XSP 

ad\-crtises its semices with al1 the facilitators and ydlon-/white pages directories ser- 

vices [e 11. The agent requiring specialized negoriatiori services. agent -1.5. searclies for 

a XS? n-itliiii its community [e?]. Once it finds the  address of the SSP [es]. agent 

-4.5 attempts to establish a link with it as described in the previous section. A5 anci 

NSP establish a basic connection a t  the network levei [e-li: and agree on the agent 

cornniunication language (ACL) to use for the duration of this session. ACLl [es] .  

Since XSP is "mu1t.i-lingual" . the agent sclects its preferred ACL. Typically this 

-4CL will be supported in YSP. In Figure 15: -45 speaks the agent communication 

language ACLl nhich is supported in WSP. Therefore, ..ACLl is selected. If this .\CL 

is not so common and hence is not recognized within the SSP? anùther ACL has t o  be 

agreed upon by both parties. Further. NSP keeps a record of this M u r e  as a future 

desired enhancement in i ts  maintenance log. 

Upon the success of the  first encounter, the communication with -45 is handed to  

SSP's hlanagement Module (MM) [e6]. MM starts an official session between NSP 

and the client agent, -45. It attributes to  it a unique identification number. I t  also 
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Figure 16: Event Trace of the First Contact. 

creatcs a neiv record in its knoidecige base to log tiie details of this session. Then it 

rctrieves the preferences and the history of agent -Ci iit has  gathered through thcir 

prcvioiis encounters. MM hands the communication with -45 to $-AG atong ivith d l  

the relevant information available n-ithin XSP. S-AG takes over this session as shown 

- -- - - 

I ACLS 1 

NSP 

Figure 17: NSP's Negotiation Agent Generator spawns Negotiation Agents 

This communication transfer from Slkl to SAG corresponds to event [eT] traced 

in Fi y r e  18. NAG spawns a negotiation agent Sr\5 and transfers the connection it 



has with the client. -45: to the negotiating agent, x\:A5 [es]. This 3-way connection 

is illustrated in Figure 17. In 5-45: XP represents the negotiation protocol approach 

whereas ACL the agent communicat.ion language st r a t e u  adopted in inst antiat ing 

S-4s. Although 5.4 effectively controls the session, it reports back to Y-AG and thiis 

maintains a contact n-ith it. 

Agent A5 NSP (MM) NSP (NAG) NSP (NA5) 

elOr rnn nt. 

Figure 18: Event Trace of the Prcliminary Slt~iip for Segotiat.io11. 

Once S.45 is attached to the clicnt agent, -4.5. i t  starts by establishing the general 

giiideliries of t heir relationship [e9]. Event e9 has a bi-directional arrow reprcsent ing a 

potential loop in t hc exchange between -45 and $Ji-5. The level of authority delegated 

to t h e  negotiating agent is a crucial issue addressed at this stagc. Thcse levels are 

clescribcd in table S. \ \ 'hm the level is niinimal. the clierit directly super\.ises 5.1 

arid rnakes al1 the decisions. N.4 effectively bccornes an interface betwceri the client 

and die confiicting agent. In the complete level. the client delegates al1 the decision 

making potvers to N-A. l\-ith the custom authority. the client and S A  identify some 

arcas or subjccts where S-4 has full control and others n-hich are reported to the client 

for a decision. For esample. a client n-ould decide to keep the control of its budget. 

Hence. if changes are required to the budget. 3-1 has to consult with its client before 

making an? commitments. 

Other issues related to the client's requirernents, the limits of its potential com- 

niitrnents, its expectations. its goals are also defined from a global perspective in the 

escliange between NA5 and A5 [e9]. Using the past knowledge about general pref- 

erences of -15, S-45 confirms them again and adds any new modifications required. 

Depending on whether these modifications are permanent or just relatcd to the cur- 

rent session alone. it updates its own copy of this client's profile and transmits this 



.-\utliority Level 
1 Llinimal 

- - - - - - - 

Table 8: Levels of -1uthority of ,\ci,\ 

update to S X G  [eg]. -4 sample of such profile is illiistrated in table O. 

Definition 
Client takes the dccision 

L I I 

Level of authority Custom 
Description Cooperat ive 
Domain E-Commerce 

h h ~ i m i z e  Profit 
[ Preference Fast Yegotiation 

Custom 
Complcte 

Table 9: -4.5 Sample Profile 

Client and 3-1 distribute authority depending on suhject i 
SA takes the decision 1 

Sest. 5-45  attempts to collect further information from -A5 regarding the current 

situation to build the conflict dependent preferences of its client [elOj. It starts 

by building a description of the conflict in terms of its cause. contcst. its client's 

prioritizcid list of goals. constraints: rnargin of maneuver. information. It also seeks 

to get an  evaluation of their relative importance from the client's perspective. .At 

this stage. tlic negotiation agent is ready to contact the other agents- in\-olvcd in 

the conflict for two reasons: to  cornpletc its vie~v of the cause of the conflict and to 

atteinpt to negotiate a settlement siiitable to al1 parties. 

5-4 initiates the communication 1%-ith the conflicting agents. In the scenario de- 

picted in Figure 19: NA5 contacts -Lx In the case where more than one agent is 

involved in the conflict, !V-1 contacts them ail. The event trace of this stage are in 

F i y r e  20. NA5 attempts to  find out what arc the -4CLs that .Lx understands [el l ]  

and [e12!. K.43 might have to  contact SAG to get the ;\CL they adopted [el31 and 

[el41 depending on the ;\CL s t r a t e 0  in building negotiation agents in SSP. If the 

. C L  is not supported by SSP and there is no other alternative -1CL suitable for 

al1 parties, then S-A5 has no other option but to withdraw from the negotiation and 

inform both its client: A5 and NAG of the outcorne. KaAG generates an entry for this 
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Figure 19: Segotiation Scenario in XSP 

failure in the maintenance log. Once. they find a cornrnon -\CL. they c m  start the 

negotiations. Since -4CLi is available in NSP. the negotiation betu-een ';,A3 and -4s is 

pursuetl using -4CLi. S-45's first task is to investigate the cause of the conflict from 

-As's perspective [elzj. A bi-directional arrow is used ivith event [elzj to show the 

possibility of an eschange of events betweeri X.15 and As. 

Given al1 the information it gathered. S-15 consults the Protocol-Constraint Table 

(PCT) and selects the most appropriate protocol to use for such a conflict. Suppose 

it is SPx. If Y-45 does not have the implcmentation of S P s .  it requcsts it fïom NJlG 

le161 and [e17]. N.G launches the negotiation with -4s using XPs [elSaj. Mïthin the  

application of SPs: Y-15 communicates with -45 as often as it is set by the IcveI of 

authority. 3-45 reports to -XI the status of the negotiation and consults -45 to check 

if any clianges have happened in .-\Jas contest rhat migbt affect the outcome [e18b]. 

Depending on the strategies followed in building a negotiation agent. the order of 

these events might be altered. With the simple approach, S-4 is equipped with only 

one negotiation protocol and one -4CL. In this case, the preliminary investigation is 

conducted prior to the spawning of NA. Tÿpically, KAG would take over these steps 

and spawn K-A with the adequate protocoi and - C L  for the conflict it will handle. 

Figure 19 illustrates the situation where the other agent involved in the conflict: in 

this case Xx. is able to conduct the negotiation m-ithout extemal help. N-45 directly 
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Figure 20: Event Trace of the Segotiation. 

coIitacts it. 

Conflicting agents need not to know how to ncgotiate since thcy. too. can rcsort 

to the services of XSP and have their own S-4 negotiating on their behalf. Figure 21. 

illiistrates this scenario. 

-1s and -45 are facing some conflicts. Both As and -4.5 rwort to the sen-iccs of 

SSP. Agent As contacts SSP and establishes a link using -ACLi iridepclident of z1.5. 

3-4G spawns one SA for ,A5 and another one for -4s. ';.A5 and N.4s are created 

for -15 and As respectively. iS-45 ancl 3-4s conduct the negotiation for resolving the 

conflict bctween ,A3 and - l x  on the  behalf of their clicnts. Both 5-4s contact each 

other and attcrnpt to select a cornmon ACL. Since both of them are spawried by the 

sarnc XSP! they use the same Interna1 Commands (IC). To comrnunicate among each 

other they opt for IC and hence Save the translation overhead. The event trace of 

this scenario is the same as the one in Figure 20 escept Agent -1s is replaced by KSP 
( XAs) . 

While negotiating? NA has to maintain a record of certain critical stages. For each 

phase. it has to log: 

-411 the alternat ives 
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Figure 31: --Ilternative Negotiation Scenario in NSP 

The decision selected 

The rationale folIowed in the decision process 

,'icçording to the level of a u t h o r i t ~  (see table 8) specified by the client agcnt in its 

prefererices. S-4 might be espected to report this information back to its client either 

rcg~ilarlj. or upon request. Further. 5-4 might have to wait for the aiithorizatiori of its 

client before committing to a certain decision. In the process of negotiating. X.4 rnay 

be mandated to contact its client under certain conditions. Furttlermore. X.4 has the 

obligation of keeping its client aware of the latest shifts in the conflict just in case 

they niq- affect its views and requirements. -At the occurrence of such changes, Y-1 

must rea-aluate its position and its strategy for addressing this situation and hence, 

rnodify i t if necessary. 

The event trace of the negotiation's conclusion is illustrated in Figure 22. N-15 

presents the resulting settlement to its client [e19]. It recapitulates to A5 the major 

decisions it took in the negotiation process. NA5 siibmits the list of cornmitments it 

has takcn on behalf of -45. It  also describes the constraints it has met. -41 this stage, 

X-15 returns control of both the session and the connection with -45 t o  ';-AG. ,R;-A.5 

also submits its log to XAG as part of its briefing on the session it conducted [e20]. 
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Figure 22: Event Trace of the Ncgotiat ion's Coriclusion. 

XACr communicates all this information to 3,111 along with the control of the session 

and the  connection to -45 [ c X ] .  MSI records al1 the inforniation in its permanent logs. 

It then closes the record of this session and cakes care of an- remaining managerial 

issws. 11-i t h these activities? 4111 concludes the session Le". 



Chapter 4 

Conflict Descript ion 

Scgotiation is a response to conff ict as pointed out bj- Greenhalgh and Chaprnan 

(CCSJJ. The ultimate goal of negotiation is to  resolve conflicts. In an  agent's society. 

a large variety of tasks and objcctivcs arc pursued bu different agents and conflicts 

arise. XSP provides these agents with negotiation semices. The agent in conflict 

niiist knon- the contest and the cause of the conflict it is facing when resorting to  

negotiation. To reach a scttlement. the agent must be willing to make concessions 

and/or is capable of altering the other partu's position in the conflict. A r i  agent 

rnay make concessions if it has  its own prioritized list of goals. its constraints and its 

margin of maneuver. In some situations. the agent ma'. have acquirecl or learned some 

information that  could possibly influence the other part>- involvcd in the conflict. 

To illustrate these characteristics in describing a codic t .  consider the esample of 

the persona1 travcl agent (PTA) of a Company AChIE organizing the conference trip 

of Joe Blow to London. The requirenients for this trip ma? be divided into: 

a Goals: 

G l :  Travel from Montreal to  London to  attend a conference 

G2: Stop in Paris to visit friends 

a Constraints: 

Cl: The time period is the first week of September 

C2: Stay in a hotel in London 

C3: Total cost [Hotel + Registration + Transportation] < 2000s 

a lmplicit Constraints: 



Il:  For the period of the conference. Joe must be in London. 

12: Hotels near the location of the conference are preferred. 

In the process of arranging this trip. the PT-1 contracts a travel agent (T-4) and a 

hot el agcnt (HA). The TA is assigned the task of shopping for a plane ticket to London 

with a stop in Paris. This assignment is represented b -  the arrow originating from 

P'T.43 timeline and intersecting the TXs timeline in Figure 23. The PT=\ contracts 

the Hi\ to look for a hotel within the specifications attached to the arrow. The 

arron- originating from the PTA's timeline and ending o n  HA's drau-n in Figiire 23 

corri?sponds to this action. The annotations associated with arrows spccify the goals 

arid constraints corrcsponding to the sub problems dclegatcd. 

Hotel room 

Figure 23: Confl ict Tracing - Task distribution 

[Mon treal-Paris- 
London-Montreal] 
Total budget=2000S 
First week of Sept 

This csample problem will be used to describe the different aspects of coriflicts 

presented in this chapter. 

Near the conference 
Total budget=2000S 
First week of  Sept 

4.1 Context of the Conflict 

In the process of performing tasks and pursuing goals, an agent faces a conflict. To 

seek negotiation, the agent rnust be able to recognize this conflict and to identify the 

tasks blocked due to this conflict. In the case of agents that have no capability to 

detect conff icts' it is possible that the agent they report to be the one that  detects 

the contention on their behaif and identifies the tasks and goals i ~ i  conflict. In either 

case. these blocked tasks and goals constitute the context of the conflict. 

Detection of conflicts is not discussed in this thesis. An agcnt in conflict may 

contact a YSP to arrange an agreement with the other parties involved in the conflict. 



The  agent pror-ides the contert of its conflict t o  NSP as part of the recluired pre- 

ncgot iation information. 

Cost=950S 

Cos t= 1 200s 

Figure 24: Conflict Tracing - Identification of the Contest 

Coritinuing the  scenario mentioned at  the begiuning of this chapter. TA\ accom- 

plishes its task and finds a plane ticket to London via Paris for 95OS. T-1 informs the 

PT-4 to  lock this amount in the budget with the  message "Cost=S.?OS Lock Budget". 

as illustrated in Figure 24 by the directed lirie starting with the T--\ and finishing with 

thc PT-\. The f T-1 acccpts the transaction and  notifies the T.4 sending a "Lock 

-4ccepted" message. T-A's goaI is reached upon the reception of PT-4's acceptance of 

the Tai 's  proposed solution. No~r.  only 1050s arc still available in the budget. Sirni- 

lady. H-\ meets the requirements and finds a room for the duration of the confcrcnce. 

The  total cost of renting this room is 1200S. H-A notifies the PT-1 of its results and 

requests the allocation of this  amount out of the budget to meet its goal. Thc He\ 
sentis the PT-4 the message "Cost=L'100S Lock Budget" as illustrated in Figure 24. 

The available budget no longer covers the espense of the room. The PT-4 replies to  

the H-A proposa1 with a "Lock Refused" message. 

The faiiure of H-4 to close the deal with the PT-4 although it reached a solution 

n-it hin the original specifications identifies a conflict between the two agents. H-1's 

actiori to  lock the price of the hotel room in London in the budget represents the 

contest of this conflict. This contest must be provided to YSP when requesting its 

negot iat ion services. 



4.2 Cause of the Conflict 

Along with its context. the cause of the conflict completes the initial pre-negotiation 

information reqiiired by NSP. The cause can be expressed as a combination of the 

idcntity of the conflicting agent and that agent's ta& or goal forcing it to refuse the 

request. It is not always possible for the agent facing a conflict to isolate the reasons 

for the ot her agent's rejection. 

Depending on its sophistication. an  agent will identify the  cause of thc conflict 

at different levels of granularity ~ h e  granularit? level at  which cooflict iç identified 

dcperids on the sophistication of che agent. In t hc simplest case. the agent may provicle 

the ident ity of t hat agent dcnying it a sen-ice. Identifying which of the agents caused 

its uncooperative position becornes the SSP's responsibility. 

!lé organized t.he sources of conflicts as illiistrated in Figure 25. 

Source of Conflicts 

Action Specific Agent Specific 

Bad reputation Mdicious Agent 

Intemal Task Previous Cornmitment Compe ting Agents 
or Objective 

Figure 25: Source of Conflicts Tasonomy 

Past Threat 

Solving action specific conflicts involve modifying an action: the one requested, or 

the one that it conflicts with. An agent may refuse to cooperate when request.ed to 

perform an action baving a negative impact on its own interna1 tasks or objectives. 

Thus. it is able to directly reveal its position to the requesting agent. An agent P 

ma). be unable to meet the needs of the requesting agent R because it has previously 

committed the needed resources to  another agent C. Hence, it is up to the requesting 

agent R and agent C to collaborate in redistributing among each other the resources, 

the load or the tasks of agent P. 



Suppose agent .A is in conflict with a specific agent B and chooses not to cooperate. 

Although, agent A may be capable of performing an action Aj: it will refuse to 

perform it on behalf of B. Such agent specific conflicts are harder to solve and require 

convincing the conflicting agent -1 to ignore its past esperience with agent B and take 

a risk bl- cooperating. Different reasons may promote such an attitude. 

a Competing agents: The two agents may beloug to different cornpetitors. 

a Bad reputation: The requesting agent did not kcep its past commitments. 

0 Past thrcac: The requesting agent has bcen classified as a nialicioiis agent. 

0 SIalicious agent: The conflicting agent is esecuting a past threat ignored by the 

request ing agent. 

Regardless of what the granularity lcvel supported by the agent is. it is SSP's 

responsihility to gather relevant information to supplement what is prot-ided by the 

agent. Based on the input from agents. i t  investigates the situation and builds the 

deperidency trees betwen agents and tasks as ive11 as arriong the tasks themselves. 

Figure 26 provides a collection of the depcndency trees ive propose. Four symbols: 

ari S. an iinderlined =Y: a circle and a square. 

0 S: An S represents a task or goal conirriitted. 

0 S: An undcrliried represents the action k i n g  a conflict. 

a Circle: A circle represents a choice. For esample. an agent has comniitted to 

a specific request but is willing to rnodil  its position if the agent with that 

specific request accepts to alter it. 

a Square: -4 square denotes an agent with an agent specific conflict. 

X and circles are labeled with the name of the agent they belong to and the task 

or goal they represent. -4s for squares: they are labeled with the agent the' belong 

to and the type of agent specific conflict they have. 

Tree 1 in Figure 26 represents the case where the agent -42 refused the action 

T3 of agent Ai because it directly conflicts one of its own goals or tasks Tj. Tree 

2 illustrates the case where the tree has a depth. This occurs mhen interdependent 



Tree 1 Tree 2 Tree 3 

Figure 26: Dependency Tree Samples 

tasks are involvecl in the conflict. In this case, agent -4s refuscd agent _Ai's action 

T3 bccause it conflicts with action Ty. --\x cornmitted to Ty upon the  request of 

agent -42 for action Tj. Tree 3 depicts the  case whert agent -1i  has encountered an 

agent specific conflict whcn it requested action T.3 from agent -42. -12 is rcfusing T3 

becausc of its csperience from the past commitments and esperience n-ith -Ai. L.sing 

these trce building blocks. KSP can reconstitute the dependericy trce beliind a conflict 

and isolate the agents and the tasks causing it. Once SSP has modeled the  conflict 

and isolated the different items in\-oIved. it is able to initiatc negotiations with the 

appropriate agents. 

Based on the conflict presented in the previous section. H.4 must provide YSP witb 

thc cause of the conflict. H-4 receives the '-Lock Refused" message. It contacts YSP. 

Among the information it providcs t o  thc SSP. H.\ includes the catise of the conflict. 

In this scenario. the irnrnediate cause of the conflict is basically the PT-1. since it 

is rcfusing the action requested hy H.1. KSP's initial task is to coniplete the  da ta  

it has  receit-cd from H-4 before launchirig the negotiation. I t  attempts t o  build the 

dcpcndency tree of this conflict as depicted in Figure 27. It starts by contacting the 

PT;\ and requests its rcasoning which lead to  its lock refusal. The PT.-\ esplains that  

although the budget is ZOOOS, it h a s  committed 950s for T-4 reducing the  maximum 

size of lock it can still allocate is 105OS. Therefore, it can not authorize a lock for 

1200s. SSP pursues its goal of building the  hierarchical structure of this conflict and 
its roots. KSP contacts the T-A to extract the rationale behind its act. In its repl_v, 

the T-1 cxplains that its conflicting lock is for only 9503 from a 20005 budget for the 

plane ticket requested by its client. 

Kow XSP has the complete picture: 

O H--4 and its task Lock Budget for 12008 

O PT-A and its previous cornmitment to Lock Budget 950s 



PïA-Lock Accepted 

HA-Lock Budget TA-Lock Budget 

Figure 27: Dependency Tree for the Hotel Agent conflict. 

T.4 and its task Lock Budget for 9503 

Hcncc. NSP knows the partics to ncgotiate tvith and the? are: H-4. T-A and PT-\. 

4.3 Agent's Own Prioritized List of  Goals 

An agent typically achieves at least one ultimate goal during its lifc cyclc. LI> broadly 

clzusify goals into tn-O categories: 

r -4tomic: Atomic goals are goals that. are simple and conveniently manageable 

as they arc. Subdividing atomic go& has no added value. 

Cornpound: Corripouncl goals are divisibic into subgoals iteratively until at,omic 

goals are reached. 

The progïess of a cornples goal may be rneasured with the number of its atomic 

goals t hat tias been reüched. In networked and dist ributed en\-ironments. agents wit li 

cornpoirnd goals typically contract othcr agents for specific subgoals. Thcrefore. more 

t h 1  one agent may be collaborating to achieve a common goal. Depending on the 

naturc of the activities involved in reaching this goal, the cooperation among those 

agents could v a q  from requiring a tight and close contact to maintaining a loose and 

highly independent relationship. Thus. it becomes highly probable chat two agents 

are in conflict without being aware that they both are working to achieve the same 

common goal at a higher level of abstraction. 

In the context of multiple goals. an agent prioritizes these goals to  organize its 

tasks and resources. Goals are handled based on their priorities unless they have 

similar priorities in which case they are addressed in an a r b i t r q  order. These pri- 

oritized lists of goals can provide crucial means to resolve discords among conflicting 

agents. 



SSP ~ o u l d  typically consult the prioritized list of each agent involved in the 

conflict. Il-hen these lists include goals inherited from other agents. NSP requests 

the prioritized lists of those other agents to reconstruct the global prioritized list of 

goals. If it Ends a common goal among the conflicting parties' XSP uses that goal as 

a milestone in negotiating an agreement.. In such circumstances. usuall. an action 

reaching the immediate subgoal of its agent is effective- hinderirig the achievement 

of the ultimate goal n-hich is at the base of its on-n subgoal. IVitli such information. 

NSP has a better chance of convinciiig the parties rvith such conflicting actions to 

retract t hem. 

L\'ithin the contert of the conference trip esample meritioned in this chapter. XSP 

is "currently" au-are of the contcxt of the conff ict as well as its cause. SSP decides to 

consult the prioritized lists of goal for each of the three parties involved in the conflict 

- HA. PT-4 and T-4. Based on these lists. it builds the global prioritized list of goals 

ancl look  for a common ground to reacli a sctt.lement. 

PTA 

I 
Organize staff 
business trips 

1 
Organize Joe 

Register Joe B k  Book plane tickets ~Make hotel reserwtions 
at the conference Montreal-Paris-London-Montreal in London 

Figure 28: Partial Prioritized List of Goals of PT-4 

Let us consider the prioritized list of goals for the PT-4 traced in Figure 28. The 

PT;\ organizes business trips of AC4IE's staff. Specificall- it is organizing Joe Bloii-'s 

trip. Therefore. the PTA has to: 

a Register him at the conference he is attending in London. 

Book the plane tickets to London via Paris for Joe Blow's trip. 

Make the hotel reservations in London for Joe Blow's trip. 



I 
Handle U A  

hotel reservations 

I 
Book a room 

in London 

Figure 29: Part.ia1 Prioritized List of Goals of H-4 

The prioritized list of H-4's goals is depicted in Figure 29. Thc ultiniate goal of 

H-4 is to rescrve hotel roonis. In this case. it is handling the PT-4's hotel rescncition. 

It has to book a rooni in London according to PT-A's specifications. 

TA 

I 
Book tickets 

I 
Book tickets 

for PTA 

I 1 
Book plane tickets .... 

iMonveal-Paris-London-Montreal 

Figure 30: Partial Prioritized List of Goals of T-4 

Figure 30 presents the T-A's prioritized list of goals. T-4's goal is to book tickets. 

In particlllar, it is booking tickets for the PTA. The plane ticket is frorn Montreal to 

London via Paris. 

From the prioritized list of H.1, KSP discovers that HA'S need to lock the budget 

ni th  PT-4 results frorn H-4's goal to  book a room in London. Traversing the list shows 

that this goal is a subgoal of "Handle PTA hotel reservations". Investigating W's 



prioritized list, XSP learns that the task of locking the budget ia part of the TA'S 
goal to book plane tickets Montreai-Paris-London-Montreal. Going one step higher 

in the hierarchy. T-A's goal is to -Book tickets for PT-\". JIoving to the prioritized 

list of PTA. S S P  discovers that PT-A's specifications provided to H--4 are for its goal 

-3lake the hotel reservations". PT-4's specifications for TA are for its goal -'Book 

the plane tickets". Thesc two goals are effectiveb subgoals for "Organize Joe Blow's 

trip". This global prioritized list of goals built by SSP is depicted in Figure 31. 

This list shows that both T-4 and H-4 are working on tn-o sub divisions of t hc sanie 

problem of PT-1. narncly orgsnizing .Joe Blow's conference trip to London. Using this 

information. NSP is able to convince 

PT,% and TA to reconsider their cornmitment to Iock the budget. 

H-4. PT-4 ancl H,\ to coopcrate in distributing the budget arnong them 

Orgmize Joe 
Bloe's trip 

1 Book plane tickets Make hotel reservations 1 
1 Monmal-Priris-London-Montreal in London 1 

1 Book tickets 
1 
1 

for PTA 

1 I 

I : Handle PTA 
I 
1 : hotel reservations 

I I 

I Book pIme tickets I Bookaroom : 
I 1 Mon treal-Puis-London-Montreal 

------,,,,,,,-/ 
in London : . . . . . . . . . . . . . . . . . .  

Figure 31: Global Prioritized List of Goals 

-1n agent maintains its own priority list has higher potentials of achieving its goals 

and t hus successfully operating. 

4.4 Constraints 

Constraints play an instrumental role in directing the agents towards an acceptable 

solution. Depending on the nature of the task or objective and the context, different 



sets of constraints apply These sets are made of various conibinations of issues such 

as price, quality: deadlines. capacity and timings. etc. Evex-y detail specified in the 

proccss of identifj-ing the task or objective can take the role of a constraint. 

The gramrnar used in formulating constraints is bascd on the structure of the 

constraints' expressions introduced in Figure 32. To describe this gramrnar. ive use 

t hc follorving typographical convent ions. Table 10 shows the gramrnar. 

Non-terminal symbols are u-ritren al1 in lower case. Examples are: expression, 

selernent(sirnp1e elenient). celernent(comp1es element). 

Terminal symbols have an initial upper case letter. Punctuation symhols are 

quotcd. Eramples are: :\-unber. ..}". 

a Tlic followi~ig symbols are mcta symbols of the gmrnrnar: 
+ links the defined symbol to its defined espression 

{ are used to group espressioris 

1 expression + "{" erpression .-}" 
+ 
+ 
+ 

.selement + 
+' 

celement -+ 
+ 

cor~dition + 
+ 
+ 
+ 

discrete + 

expression "k" expression S.}" 
"{" expression " 1 "  expression --)" 
selement 1 celement 
discrete 
"[" disrrete --.." discrete --1" 
"{" celement .'." ceiernent ")" 
'*(" cordition "." selement ")" 
discrete =O* discrete 
discrete <" discrete 
discrete " >" discrete 
discrete '*! =" disnete  
Number 1 String 

Table 10: Constraint Expressions Grammar 

LI-e represent each constraint by the following pair: 

< na.me, value > 

name is the name identil ing the constraint and value formulates the actual value 

assigned to this constraint. The elements of the pair are separated by commas , and 

delimited with greater than and less than signs 0. 



\iè associate the calue of a constraint nith tn-O properties: requirements and 

category of constraint . The requirement part indicates the single or multiple alter- 

natives available to satisk the constraint. The c a t e g o -  part 

divided into t hree types: discrete. interval based, condit ional. 

32. each constraint definition is based on the combination of a 

a category type. 

Single Mu1 tiple Discrere Interval-based Conditional 
AI temative AIfernatives 

1 I + I I 

of the const rain t s are 

A s  depicted in Figure 

requiremcnt type and 

- - Value of Constraint 

Figire 32: Constraint Specification 

Thc simplest way of defining a consrraint is attributing to it a simple single 

discrete alternative. Thc original budget constraint of our esample illustrates this 

type of definition and is assigned a simple single value: namely 20009. Büsed on this 

grammar. the syntas for representing such type of constraitit is: 

Thc value of a constraint  ma^- be conipounded in the case of discrcte values. The 

initial cicstination city constraint is a good illustration. Thc initiai itinerary requires 

stops in both London and Paris. This destination is compounded because it is basetl 

on tn-O distinct cities where each citj- - London. Paris - is a valid destination as it 

stüncls. Furrher one city cannot be replaced by the other one in the itinerary. This 

destination is also a single alternative because therc arc no ot her acceptable destina- 

tions to replace the compounded destination of London and Paris. The compoiinded 

values are isolated by ampersands 9i gathered betrveen curly brackets {}. 

< destination c i t y ,  {Londa&Paris)  > 

If we assume Joe Blow's conference is scheduled in two cities, then London alone is 

not an alternative. If the conference sere to be held in London, Oslo and Tokyo, joe 

can participate in this conference at  any of its locations. This scenario illustrates the 

simple multiple discrete alternatives type of constraints. This example is considered 

simple because each alternative is one distinct city and cannot be subdivided further. 



The alternatives are separated by pipes 1 symbols and enclosed between two curly 

brackets {). 

< destination ~ i t y .  {London 10 .s~ol~okZlo)  > 

Suppose. regardless of in which city Joe Blow attends the conference. he wants to  

stop in Paris to visit his friends. Then the scenario illustrates the compound multiple 

alternatives type of constraints. Because a destination combines two cities. this is 

a co~npoundccl constraint. Following the g a m m a r  rules prescntcd in tablc 10. this  

const raint is cspressed as follox-s: 

< destination city. {{Londonk  Paris} 1 {Os lokPnr i s }  1 {Tokyok Paris} ) > 

or: 

< destination n'tg. { { London(0s lo~Tok~o)S i  Paris}  > 

The esamples mentioned so far hold discrete values. Howcver. sometimcs an  

interval is a more appropriate representation for the constraint. For esaniple. somc 

travelers prcfer arriving at a city they are not famiiiar with during the da?. So any 

flight arriving to Sen- kork between ï:00 and 18:00 is acceptable. This scenario 

illustrates a simple single alternative interval-based constraint. The bouridaries of 

the inter\-al are isolated by t x o  dots .. enclosed between sqiiare brackets 0. 

< arrical  t ime.  [5 : O0..18 : 001 > 

A compound multipIe alternative interval-based constrairit is shown below. This 

expression reprcsents the schcdule Joe Blow desires a t  t he  confercncc for hirn to attend 

the session. The? have to be within these allocated time periods. They shodd  al1 

be in the early morning and late in the afternoon or between Iate morning and early 

afternoon. 

< con ference tirne. {{[8 : 00..10 : 30]&[16 : 30..19 : 00]}1[11 : 00..16 : 001) > 

In some situations, a set of tuples formed by a condition and a value or an intcr- 

val illustrates the situation more adequately. Consider this esample. In London, Joe 

BLOW usually stays a t  the Ritz Carlton. In Paris, he prefers staying at the Hiiton or 

Hotel NapoIeon rather than the Ritz. As for Montreal, his favorite is the Queen Eliz- 

abet  h or iyogue. This constraint is espressed below following the grammar introduced 

in table 10. 



< hotel, { ( n t  y = London: RitzCarZton) : 

(n'tg = Paris, {Hilton 1 Hotel .Vapoleon))? 

( c i t g  = . \ - fmt~ea[ .  {Queen  Elizabeth i 1.-ogue))) > 

The esample introduced at the beginning of this chapter carrics its own set of 

coristraints. The budget of 2000s rcpresents the financial constraint. The destination 

cities: London and Paris are also considered to t e  constraints. Thc location of the 

conference is a constraint in the searcii for a hotel for .Joe BIow. Tlie tinic constraint 

in this esample has two aspects- These resen-ations and bookings arc for the first 

weck of Septcmber. Sincc Joe works for a cornpan?. lct us suppose that he can't stay 

awq- from the office longer than what is absoIutc1~- required- This time constraint 

is also reflccted on  the transportation constraint. Hence. 8'-ing Is the only acccpted 

mearis of locomotion. 

< budget, '2000s > 
< destination cit y. {London& P a r i s )  > 
< hotei location. London > 
< trip duration. [Sep  l . .Sep 81 > 
< locomotion. Plane > 

11-itti a better grasp of the requirements cspressed through a set of constraints 

specification, the scarch problem becomes a const raïnt satisfaction problem. Thcre 

arc threc factors involved in speciking constraints: the number of constraints. the 

granularit- of the details in thc constraints and the cost involved in both introducing 

nen- constraints and specifj-ing their requirements. 

The less constraints are defined. the more options are availablc. making the search 

space larger. On the other hand, the more constraints are imposeci, the more the 

scarch is limited thus rediicing the alternatives to  a relatively smaller set. 

Further. specibing constraints a t  very low granularity lewls unnecessarily intro- 

duces complesity and ma)- potentially hinder producing a matching solution. Mlliereas 

with high granularity. some crucial details are ignored and the better matchinp solti- 

tion can be missed. 

The cost of defining constraints is a function of the number of constraints alreadp 

specified and the granularity of their requirements. The more constraints are intro- 

duced and the more detailed their requirements are, the more resources are used in 



specifyixig them. Further. the more cornples the problem description is. the more 

espensive it is to find good matches. 

Specifying the optimal sct of constraints and chcir reqiiirernents is higlily applica- 

tion and context dependerit. Building this set can be quite a comples t s k .  In some 

t raveling applications, a constraint such as the destination city can be crucial whereas 

in sorne other applications. the destination city may not be that critical. -1 constraint 

sucti as the timc takes up different dimensions dcpending on the application. The 

grammar presented in this section is not al1 encornpassing. Specialized applications 

rnay need to cspancl the grarnrnar before using it. Kegotiation agents may have this 

grammar built in. i&.\'hen t h e -  meet conflicts reqiiiring finer granularicies in specifying 

constraints. they could request the more advanccd gramrnar froni their SSP. Despite 

ttie difficdties inherent in constraint specifications. building the set of constraints and 

t heir respective requircments form a good start in the process of set tling a conflict. 

4.5 Margin of Maneuver 

-4rnong al1 the constraints specified ivithin a problem. some are more crucial than 

others. Furtlier. among the different potential requirements of the sanie constraint. 

somc, alternatives arc preferred than others. The margin of mancuver of a constrairit 

is a hybrid mcasure of both its degrce of relevance within the problem at hand and 

the nature of its requirements. 

The relevance of a constraint dctcrniines to wt-hich extcnt a potential solution niust 

nieet this constraint. -1 constraint may var'- from bcing essential -- must be fiil filled 

- in one extrenie to being simply optionat - could be ignored - at the other end. 

The nature of the constraint's rcquirements between the t w  estremes determines 

the degrce of flexibility in conforming to the constraint's satisfaction. Figure 33 

depicts this spectrum. The harder the constraints are, the lower is their margin of 

maneuver and vice versa. 

Hard constraints are at the core of any potential solution. Joe Blow's conference 

trip had a few hard constraints. The destination city is a constraint at the core of the 

problem. .A trip without a destination city cannot even be considered as a solution. 

Further: a destination other than London is not accepted since the purpose of the 

trip is to attend the conference taking place in London only. Flexible constraints 



Hard Constraints fi a a I a I I I a I I * Soft Constraints 

Figure 33: Margin of hIancuvcr Spectrum. 

arc requirements highly desired to be satisficd. .A solution lacking some of these 

constraints coiild be treated as a partial soliltion. The trip duration is an csample 

of a flesible constraint. If there are no flights arriving at London on Septenibcr 

1st: arriving on -4ugiist 30th becomes a viable second clioice. Soft constraints are 

tj-pically preferericcs. The solut ion satisfying them gains sorne added-value for it . 

Soft constraints play a major role in selecting a solution froni the set of availablc 

solutions. .A windo~t- seat away from the rvings can be listed as a constraint but a 

solution n-it h a window seat couid be considered acceptable. 

-4 coritinuuni links the three distinct categories of this esarnple as illustrated in 

Figure 34. -4 hard-flcsible constraint is the esarnplc where the conference is helcl in 

three differcnt citics: London. Oslo and Tokyo. Joe Blow has to attend this conference 

making the destination a hard constraint. 

Hard Flexible Soft 

I -- - 

Destination City: London I 
- - 

I 
- -  - - - 

I 

Anival date: Sept 1 st Plane Seat Window 

Destination City: 
London - Oslo - Tokyo 

Figure 34: Margin of Maneuver Classification of Some Examples. 

Knowing the margin of maneuver of the constraints is instrumental in finding a 

near-optimal solution satisfying the set of constraints. This informat ion could be 

embedded in the constraint specifications by means of weights. \\Te associate weights 

both a t  the level of the constraint itself and at the level of the requirements. Weights 

are assigned in the range from O to 1. -4 weight is attached by appending a column : 

then the value of the weight to the entity weighted. The s_vnta.x for specifying weights 



is as below. The budget constraint has been assigned a weight of 1: ivhereas its single 

rcquirement, 2000.9, has been assigned the n-eight 0.98. 

< budget : 1,2000S : 0.98 > 

-A weight of 1 identifies a hard constraint or requirement. Therefore, it must be 

sat isfied. -41 ~veight less than 1 identifies a flesible constraint which could be relaxed 

if deemed necessary. The closer the m-eight is to  zero. the less the const raint is required 

arid tience it rnv potentially be ignored, 

-\long with the constraint spccification. the margin of maneuver pl-s an instru- 

mental role in solving problems where the boiindaries separating an acceptable option 

from an unacceptable one arc fuzzy. In the process of negotiating a solution for the 

problcm a t  hand. a solution satisfying al1 the specified constraints is the initial tar- 

get. In some cases, such a solution might be impossible to achie\-e. Then. the  agents 

idcntify tlic set of constraints causing the conflict and gradually rclax the ones with 

thc Ion-est n-eight to readi what could be qualified as a near-optimal partial solution. 

In fact. a closer look at  the constraints in Joe Blow's conference trip shows that  

some constraints are more flexible than others. -4Ithougb the initial scarch for a 

plane ticket included the two destinations. a carefiil look at  the constraints shows 

tliat visiting Paris is a flexible constraint whereas London is a hard constraint. This 

information can be espressed as follows: 

< destination c i t y  : 1' {London : 1SrParis : 0.6) > 

Constraints with wights  provicie a more flexible mearis in finding acceptable so- 

lutions. W-hcn a conflict arises in satisfying hard constraints for Joe Blow's trip. 

constraints and requirements with high level of maneuver like Paris rnay be r e l axd  

to  meet the harder constraints. Considcr the conflict between satisf>-ing the budget 

limitations and covering al1 the desired destination cities spccified earlier in this sec- 

tion. If the margin of maneuver of this trip's constraints are specified. XSP would 

bc able to ncgotiate a refined compromise. Without the extra information. solicited 

through n-eights in our proposal. 'ISP ma? produce a iess optimal compromise or find 

no feasible solution at ali. 



4.6 Informat ion 

Segotiation is not restricted to making concessions. It also involves argumentation. 

concluding deals and issuing threats. These types of negotiation tactics cannot be 

used casually. For effective results? the agent must be aware of some preliminary 

iriforniation rcgarding the other agent (s) invoived in the conflict and the situations 

ivhich could influence t hcir actions. ,Alternati\-elv, it must have some "deep insight" 

of the situation in orclcr to forge an agreement. 

Argumentation is possible among agents of varying authority and pon-er. It gives 

the best results for agents ivit h lirnited resources having conflicts wit h more influent ial 

agents. Consider the follou-ing two conference scenarios in Joe Blow-'s conipanj-: 

0 Typical Conferencc Scenario: 

Budget for Confercnces = ZOOS 

Duration = 1 day 

Location = Xorth .\merica 

Joc Blow's Confcrence Scenario: 

Budgct for Conferences = .?OOS 

Diiration = 1 week 

Location = Loridon 

Thc PT-\ allocates a budget of 5005' to both T-\ and H-1. T-4 rcturns with the 

folloiving deals: 

0 Tl:  Destination = {London % Paris} : Cost = 55OS 

T2: Destination = (London} : Cost = 400% 

H-4 proposes the following two deals. The second choice is the on!- one matching 

the company's standards. 

H l :  Distance from conference = {lOKm} : Rating = {3 stars) : Duration = {l 
ivcck) ; Cost = 50% 

H2: Distance from conference = {5Km) : Rating = {4 stars) ; Duration = (1  

iveek) ; Cost = 80% 



In selecting from the deals produced by the agents. the PT-1 must respect the 

fol lowing formula: 

Cost of Plane ticket + Cost of a hotel room x Duration < Budget 

Even b -  accepting the  cheapest deals by both the travel and the hotel agents (T2 

& HI) ,  the PT-4 esceeds its allocated budget as shown befon-: 

The PTTA contacts the  SSP for hclp in resolving this conflict. The SSP attempts 

ro both reduce the costs and relax the budget constraint. Therefore. it corisults the 

ardiives of Joe's Company to compare the ciirrent costs of the  confercnce to  the ones 

it paid in similar circumstanccs. It discovers tiiat the latest plane ticket bought for 

London cost 450s and a room cost 90s a night. Further. Joe's conference lmts a week 

and is held on another continent. 

II'it h these results, YSP realizes that thc budget is overconstrained and possibly 

inadeqiiate for this t.rip especially sincc both agents were not able to reach a solution 

witliin all the constraints specified. Given that  the company has a precedence in 

aut  horizing such espenditurcs. SSP decidcs t o  contact the budget manager agent 

and rcqucst an incrcase in the budget. The foliou-ing arc its supportive arguments: 

Current cheapcst hotcl room costs 50s a nipht vcrsus 90s a night paid by the 

cotripany in the past 

Cheapest plane ticket costs 400s versus 450s paid by t he  company 

0 The 500s budget is based on a one day conference in Xorth Amcrica whereas 

this trip is a week long and is hcld in London. 

The budget manager verifies the information provided by SSP in its disbursement 

histop.  Because the increase is justified, the manager reevaluates the budget and 

raises it to 20003. Csing argumentation, the M P  was able relas the constraint 

causing the conflict . 

With agents of equal influence and control, "making deals" is the best strategy 

for an agent to achieve i ts  objectives when they conflict with other agents. Deals can 



Agent B 

Figure 33: -4pent,s >laking Deals. 

cithcr be short term or long term. \.\.-ith short terni deals. the benefits are immediacely 

espericnccd. Considcr the scenario depicted in Figure 35. 

-Agent -4 has plans -43 and A ï .  Agent B has plans BZ and B3. Plans A 3  and B.-j 

arc in conflicts. Plans A7 and B I  are also in conflict. In such a scenario. SSP is able 

to negotiate that each agent drops one plan in fa\-or of the other one. -\gent -4 may 

acccpt to abort its pian -13 if agent B accepts to abort its plan B2. Thus agent -4 

can pursue A7 and agent B can continue B.? mhich have no conflicts. 

Ttic benefits of long term deals are typically realizccl in the future. The agent 

willingly acccpts to contradict its objccti~-e and the positive implications of its action 

arc esperienccd at  a later stage. Corisider the same sccnario presented to illustrate 

the argunientation tactic. In its attempt to reduce the costç. NSP makes a deal on 

bchalf of T-4 witli Air Canada's agent. 

Air Canada's Agent: Reduce the ticket cost to 400s 

0 T-A: Commit to send a minimum of 40% of its customcrs pcr rnontti on -Air 

Canada 

Consulting its logs for the pst six month, T-1 has been meeting the requirements 

of this deal on reguIar b a i s  and will get an  extra discount for that. Therefore, T.4 

accepts this deal. Air Canada's agent reduced its immediate profit with the expec- 

tation of guarant3lng a minimum amount of sales per month. Thus: Air Canada's 

agent concludes a long term deal. 

Some agents might resort to threats as a way to solve their conflicts. -A v e l  

powerful agent may effectively threaten not-so-powerful (simple) agents and force 



them to abort their objectives in order to achieve its own intended goal. Similad-., 

a sirnpk agent mhich happens to be able to sabotage critical objectives of some 

influcntial agents m a -  get its rvay in exchange for not interfering n-ith tliese objectives. 

-Assume Joe Blow's Company has an exclusive agreement witli a travel agent TAU. AI1 

the  business plane tickets paid by the Company are arranged through T-41. Becatise 

of the new ciits in this year's budget, additional discounts on tickets are m a n d a t 0 5  

SSP issues the folloiving threat to T-Il: 

If a 10% discount is not applied on TAL prices. the PT-\ will breach the exclusive 

cont ract. 

Sirice Joe's Company is its major customcr. T.41 cannot afford such a 1 0 s .  So 

T-41 firids itself forced to reduce its profits and abide to this ultimatum in ordcr to 

stay in business. 

4.7 Conclusion 

The s is  diffcrent areas ive identified in this chapter describe a conflict. In thc proccss 

of prcscnting these areas, n-e introduced new iideas such as: 

0 -4 classification the sources or causes of conflicts 

ilèights to quantify the rnargin of maneiiver 

Dependency trees to biiild the agent's prioritized list of goals 

m -4 grarnrnar to express constraints 

Information regarding these areas of confiict description are collected and uscd by 

5.1. Constraints are used t o  select the appropriate negotiation protocol to use. The 

reniainder of the areas guide K-4 in the decision making process involveci in resolving 

a conflict. 



Chapter 5 

Characteristics of Different 

Negot iat ion Prot ocols 

The piirposc of NSP is neithcr to introduce new negotiation protocols nor to cnhance 

known ones. SSP offers the necessary infrastructure to intesate  old as m l 1  as new 

ri~gociation protocols and m a k  them available to the agent comrnunity througli a 

standard interface. In this chapter, ive introduce three n-idely knori-n protocols: the 

Contract Set  Protocol. the AIuItistage 'uegotiation Protocol ancl the  Partial Global 

Planning Protocol. Then we present a methodology to add a nelr- negotiation protocol 

to thc protocol suite in YSP. Given the constraints of a çonflict. this niethodolog'. 

facilitates the sclection of the  appropriate protocol to use in the negotiation. \+é 

illustrate t his met hodology using the t hree widely known protocols. 

5.1 Classical Protocols 

5.1.1 Contract Net Protocol 

The first protocol we introduce is the Contract Ket Protocol dcveloped by Smith and 

Davis [Smi98. DS831 for task and resource distribution among agents also knoivn as 

nodes. The Contract ,C'et is made of a collection of nodes. -1 node may assume two 

roles: a manager or a contractor. Manager nodes monitor the overall execution of 

tasks ivhile dividing them into subtasks and then assigning these subtasks to contrac- 

tors. Contractor nodes are responsible for the execution of the tasks they bid on and 

win. These roles are not mutually exclusive. X node may dynamically take on either 



role. The bidding process is initiated b -  a manager announcing a task. .-\vailable 

contractors, in the net, e d u a t e  the manager's proposa1 based on their own abilitics 

and commitments. They submit their bids for the most suited tasks. The manager 

evaluates the received bids: selects a contractor and awards the  contract to  it. The 

manager then monitors the execution of the contract. Cont ractors have the possibil- 

ity t.o fiirther partition its talc  and initiate bidding processes. Hence, the contractor 

takes on the role of the manager when subcontracting follo~-S. 

The protocol is a one-timc. tw-way eschange of information and a mutual se- 

lection proccss. The Contract S e t  Protocol has made tu-O major contributions to 

-41: 

1. Dynamic task distribution in a loosely coupled environment. Agents may be 

dynamically introduccd and thcn rcmovcd. Load balancing is inhercnt since 

busy agents do not bid. 

2. Tu-O-way con in i~n ica t ion~  or negotiation. The concept of ncgotiation is iiitro- 

duccd in its sirripiest and rnost primitive form. It is a one-shot attempt to 

negotiate. Severt heiess. it opens the door for the introduction of more sophisti- 

cated strategies of negotiation such as using counterproposals to find a conimon 

ground for both the contractors and the biciders. 

Nany researchers followcd the initial work on the Contract Set. In the critique of 

the Contract Nct. we mention the foilowing limitations: 

r This protocol does not detect confiicts and cioes not support bargüining bctween 

the agents. There is no provision for cornpromisc or gcneration of alternative 

solutions. Sodes involved do not communicate the reasons and assumptions of 

their decision. The manager does not cornmunicate its minimal condition, nor 

do the bidders have a second choice [CW94]. Hence, constraint relaxation is 

not supported. 

r Agents are assumed t o  be benevolent and cooperative which is not always the 

case in reality. 

I t  is a rat her communicat ion-intensive protocol and involves multi-cast corn- 

munication from manager to  contractors. Its cost may outweigh some of its 

advantages in real-world applications. 



a The protocol does not have an? provision for report generation. Howcver in 

a n  open systern environment populated by heterogeneous agents belonging to  

different parties tracking of the compromises can be crucial- 

The protocol does not giiarantee an  optimal ta& distribution due to the cost 

induced by extensively transmitting information betu-een contractors before 

an-arding contracts. 

5.1.2 Multistage Negotiat ion Protocol 

The sccond protocol n-e present is the  llultistage Segotiation Protocol developcd by 

Conry et al- [ClILSSi as a generalization of the Contract Xet Protocol. In the first 

phase of the protocol. agents generate "plans". Each agent localb- instantiates a list 

of top levcl goals. For each goal. the  agent builds a space of plans to satisf-  it. The  

go& n-hich are partially satisfied locally are called the prirnary goals or p-goals for 

agent i. Other agents m e  also contract agent i to help them satisfy their goals. Thesc 

ncn- goals become the secondaq goals or s-goals of agent i. The ncst phase is the plan 

commitment phase. Each agent considers its set of pgoals and tentativclj- commits 

to the highest rated ones. Then. it contacts the other agents affecting its p-goals t o  

corifirni their commitment t o  these goals. ,A11 incoming recluests for confirmation zre 

handled bÿ adding their s-goals to their set of active goals. Also responses co its own 

reqiiests are incorporated into its feasibility tree. (-4XD-OR tree of the different goals. 

subgoals and plans). Using al! the p-goais and the  s-goals. a rcvised set of tentative 

commitments is made. Sew plan fragments arc added and old oncs rcmovcd. These 

changes are propagated to the other agents. The process of consulting incoming 

messages is restarted and plans are revised. This loop ends rvhen the agent is aware 

of al1 the conflicts caused by its plan fragments. 

Thc Multistage Kegotiation Protocol replaces the one-shot question-answer mode1 

of the Contract Net protocol by a dialog or conversation. It allows iterative eschange 

of plans and their impact on other agents' plans before agents commit to an accept- 

able solution under t hese circumstances. It has made the following contributions t o  

negotiation research: 

1. It supports subgoal interactions in the context of distributed systems with no 

global views and no centralized control. 



2. It permits the detection of overconstrained situations, that is situations ri-here 

goals are not attainable. 

3. It provides a mechanism for achieving consensus among agents facing conflicts 

such as resource allocation and compatibility conflicts. 

Despite its effort to improve the Contract Set Protocol. this protocol exhibits the 

folloiving limitations: 

a It does not resolve or analyze al1 types of conflicts such as confiict of interest or 

cognitive conflict [Cl\*94]. 

0 The optimization issue is not addressed. The authors consider that the heuris- 

tics used ensure a fairly thorough scarch. 

The protocol does riot have any provision for selccting the bcst choice iri a 

situation whcre multiple alternative solutions are feasiblc. 

Although this protocol supports decentralized control. it lacks support for "open 

systerns'. . 

a The protocol does not use a  communication languâge" to  facilitate knou-ledge 

sharing in cooperati\-e problem solving. It doesn't even givc a mode1 for message 

eschange. It is u p  to the dc\.elopcr to select or device the syntas and the 

semantics used to communicatc inforniation. 

5.1.3 Partial Global Planning 

The third protocol ive present here is the Partial Global Planning Protocol devcl- 

oped by Durfee and Lesser [DL98]. In this case, the nodes use a blackboard-based 

architecture for inter-agent communication. Each node forms its local plan. The 

node's planner combines its local plans into a node-plan based on the goals. order of 

activities and their estimated duration. Based on the node-plan, the planner gener- 

ates the node-plan's activity map listing each activity with its predicted start-time 

and end-time as well as the result track. By cornparing local plans to determine 

if t hey are part of a Iarger goal: the planner identifies partial-global-goaIs (PGG). 

For each PGG, the planner forms a partial-global-plan (PGP) holding the concur- 

rent activities and intentions of al1 t.he nodes working on the same problem. The 



planncr buiIds a solution-construction-gaph forming a high-level view of how nodes 

are poolirig resources and working toget ber. Xew PGPsl activity maps and solution- 

construction-graphs are generated iteratively unt il nodes converge on a distributed 

plan acceptable to al1 agents concerned. 

Three different styles of cooperation can be used with this protocol. In one style. 

a central node gencrates and distributes the plans to the others. In another style, 

nodes work independentlu but synclironize their local solutions mith others to achieve 

global solutions. In the last style. nodes negotiate and contract out tcwks. 

The Partial Global Planning protocol introduces a unifieci framework supporting 

different styles of cooperation. The contributions of t his pro tocol m l  be surnmarized 

as follon-s: 

1. II'ith PGP. the solution tirne is substantially recliiccd at  the cost of increascd 

cornniunication. 

2. \\-itbout a global view of the problem, the protocol can still resolve conflicts bj- 

gerierating compromised PGP. 

3. The protocol tolerates various levels of autocraçy and democracy. obedience 

and insubordination within its nodes. 

4. Sodes may change their nicta-Ievcl organizat ion. 

Dcçpite the originaiity of the negociat,ion technique in this frarnen-orkt it lias the  

folIowing drawbacks: 

The negotiation is at  a fixed Ievel and the nodes niay not communicate the 

rationale behind t heir decisions iCi4'94]. 

0 "Misrepresentation or lying' and "eserting authority or threats" are the two 

suggested ways of achieving competing goals within this framework. -41.~0 Sycara 

et al, have argued that threat is not a viable solution and argumentation has a 

bctter outcome [KSE98j. 

Basic negotiation techniques such as handling conflicting goals by arguing and 

comparing different solutions is not taken advantage of. 



a The meta-level organization is assumed to be statically defined during network 

creation so it is not clear to which estent this protocol is valid in an unstable 

network where nodes are created and destroyed dynamically. 

0 The nat.ure of the application might require different ncgotiation and coopera- 

tion techniques that are not necessarily based on the inability to communicate 

and the inconsistencies of the partiai global plans. There is no provision in the 

protocol for such possibilities. The evaluation of the framework is bascd on the 

dcgrees of partial planning. Hence. the variation in t.hc mechanismc is solely 

qirantitative and not qiialitati\+e. 

0 Planning is not donc optimally to reduce overhead. 

r In an cnvironment with nodes having low uncertainty on how to conimunicate, 

unnccessary overhead is introduced. 

5.2 Protocol-Constra.int Table 

11-c propose a Negotiation Protocols Suite (PS) which is a conibination of a set of 

protocols and the necessary rnethods to manipulate the data structures used to r e p  

resent tliese protocols. It is at the core of XSP. One of the main objectives of PS is 

to find the appropriate negotiation protocol For its cIicnt. T h e f o r e .  in addition to 

providing its implemeritation. a protocol integrated to PS must bc classified based on 

its characteristics. 

The classification methodolog? we devised is based on the simple premise that 

the characteristics of a protocol may be defined in terms of the constraints in the 

contest of a conflict. From the client of XSP, the negotiation agent (Y-A) spamned 

by SSP identifies a set of constraints C to be satisfied in the negotiation process. On 

the ot,her hand, C is also an abstraction of the desirable properties of the protocol to 

br used. Thereforq PS combines protocols with constraints to construct a Protocol- 

Constraint Table (PCT). In PCT? each row characterizes a protocol. Each column 

represents a constraint. (ij)-th entry represents the rating of the protocol *j" against 

the constraint 'Y. -4 skeleton of PCT is illustrated in table 11. 

When a new protocol is added to the PS, a new row is added in table 11. The new 

protocol is rated against the already defined characteristics (columns) of the table. 



1 Protocol Same 1 Function Same 1 Constraint 1 1 Constraint 2 / 

-- - - - - -- - - 

Table 11: Skeleton of the Protocol-Constraint Table 

The rating varies from O to 10. The increase reflects the higher support for this 

characterist ic. Hence? O is attributcd to an unsupported characteristic whercas 10 is 

assignecl to a fully supported characteristic. Furt her. for each new characteristic acided 

but not yct defineci in the table. a new column is created. With thc introduction of this 

rien- coliimn. d l  the protocols are evaliiated against this new characteristic. In general. 

thcse protocols will have a rating of O meaning that the protocol doesn't have this 

charactcrist ic. Escept ionally, the evaluat ion of some protocols may produce non-zero 

ratings because our recommended classification of protocols against the characteristics 

is not exhaustive. 

An exhaustive evaluation of a protocol against al1 the possible characteristics intro- 

duces overhead when conipared to  a selective evaluation against relevant coristraints. 

Selcct ing a relevant constraint is bascd on t ~ o  aspects: 

1. The ratings of the othcr protocols aricl the potential net\- protocols against tliis 

constraint. The benefit of adding a rien- constraint neither supported by the 

new protocol nor by any of the alreadv dcfined protocols is lirnited. However. if 

new protocols wiI1 support it: saving the rating of the current protocol against 

this constraint reduces the process time of the future reevaluation. 

2. How often this constraint would appear a s  a constraint in the conflicts to  be 

negotiated. If the characteristic is not supported b>- the protocoI but is cornmon 

in conflicts, having it in the protocol-constraint table irnproves the protocol 

selection of KSP. 

Although the guidelines for building this set are subjective: the set itself is du- 

narnic. So: if a characteristic of a protocol has been discarded in the initial integration 

process of the protocol, PS allows the reevaluation of the classification of the protocol 

and the proper adjustment of the protocol-constraint table. -4lthough the rating of 

the protocols is done heuristicall> this table constitutes a step fornard in providing 



automated guidance in selecting the negotiation protocols best suited for the conflict 

a t  hand. 

Guidelines for Choosing a Rating: 

For illustration purposes. Ive rate protocols approsimately in this classification. Al- 

though, these nurnbers are not esact? they rate the protocols relatively in satisft'ing 

thcir constraints a t  a coarsc lcvel of granularity. Only when protocols eshibit close 

rat  ings for a specific const raint t hat rating is sensitive. The comparisoris necessa- 

to produce ttiese exact ratingç are beyond the scope of Our rcsearch. Since ttiese pro- 

tocols have siniilar support for this constraint. the impact of choosing one protocol 

rat fier than the other is miriirnal. 

I l e  gather the charactcristics or constraints to bc satisficd by the seIccted protocot 

froni the follon-ing sources: 

The  problem and the environment thc  protocol is targeting. 

0 The quality and sophistication of the  protocoI's algorithm. 

Tlic results guarantced by the protocol. 

This information can be gathered from the authors of the protocol and the ~ a r i o u s  

cri tiques the protocol received. \Ivith the spread of SSPs and cheir acceptance. releas- 

ing protocols d o n g  with thcir classification can lead to a defacto standard. making it 

f i t e r  and simpler to integrate those protocols to PS. 

Ilé provide the following high-Ievel algorithm to build the Protocol-Constraint 

table. 

Input: 

Algorithrn: 

1. Protocol Description 

2. Protocol Irnplementat ion 

1. If the protocol is not already defined in the table 

(a) hdd a new row to the  table 

(b)  Link the implementation of the protocol to its pointer in 

PCT 

2. Build the characteristics list from 



(a) the problem addressed by the protoc01 

(b) the targeted environment setting 

(c) the aIgorit hm 

(d) the rcsults of the protocol 

3. For each characteristic in the table 

(a) If the characteristic is in the list 

i. a s s i s  it the rating in the list 

ii. rernol-e it from t h e  Iist 

(b) If the characteristic is not in the list. double check its rating 

i. If it is not supported, give it a rating of O 

ii. If it is supported, give it the reviewd rating 

4. For each remaining characteristic in the characterist.ics list 

(a) ;\dd a new column to the table 

(b) Use the rating of this characteristic in the list for the rien- 

protocol 

(c) For each old protocol 

i. Evalriate the protocol against this coliinin's charactcris- 

tic 

ii. If the protocol supports the characteristic. assign it the 

proper rating 

iii. If the protocoI does not support the characteristic. assign 

it a O rating 

Output: Protocol-Constraint Table 

5.3 Building the Prot ocol-Constraint Table 

LI,> will illustrate the building of the protocol-constraint table by following the Protocol- 

Constraint algorithm presented in the previous section to integrate the three cIassicaI 

protocols introduced in the first section of this chapter. 

Initially, PCT is assumed empty as depicted in table 12: 



1 Protocol Xame 1 Function Xame 1 

Table 12: Initial Protocol-Constraint Table 

As ive mentioned earlier? with the integration of new protocols. the table grows 

bot h horizontally and vert icalli-. 

5.3.1 Contract Net Illustration 

L-sing Contract Net as an esaniple. Ive d l  go through the procedure of integrating 

a protocol into the Protocol-Constraint Table illustrated in table 11. 

This protoc01 is the first one to be adcled to the table 12 and a new row is appencied 

to the table to hold the characteristics of the Contract Set Protocol jstep L(a)?. The 

protocol name is cntered in the first column: Contract 'i'et. The function name is 

entered in the second coIumn and it is effectively a pointer to the code of thc function 

iniplemcnting the algorithm of this protocol [step 1 (b  )]. 

111 step 2(a). ive investigate the problem. -4s its objectives. the Contract -\l'et 

Protocol supports both task distribution with a rating of 10 and resource distribution 

with 10. In step 2(b). we check the targeted environment. The protocol is applied 

among looselj- coupled entities hencc it supports a dgnamic enuironment with a rating 

of 10. 

In step 2(c). we analyze the quality and sophistication of the algorithni. Gii-ing 

t h e  agents the freedorn in bidding. the protocol supports loud balancing. -4 rating 

of 9 has been attributed because of the risk of zealous agents who could provokc a 

fake balanced load. The value 9 is chosen based on the Guidelines for Choosing 

a Rating presented in the previous section. Because roles are not mutually exclu- 

sive and any node may be both a manager and a contractor. the protocol supports 

decentralized control with a rating of 10. The protocol is a two-way exchange and has 

the multi stages characteristic. A rate of 2 is assigned to reflect the number of stages 

it has. Contract Xet does not detect conflicts. -4 rating of O is assigned to its detect 

conflicts constraint. The algorithm does not support bargaining since nodes cannot 

issue counterproposals and a rating O is assigned. So opportunity for cornpromzse is 

available and this constraint gets a O rating. The protocol assumes its nodes to be 

both benevolent agents and cooperatiue agents. Both of these constraints get a rating 



of 10. 

In step -(cl). we check the results jparaateed by the protocol. The multi-cast 

cornmunicat ion required by the protocol rnake it quite communication intensive n-it h 

a rating of 9. The algorithm does not provide report generation since the nodes do 

not communicate any esplanations or reasoning for their stands. This constraint is 

assigned a O rating. The algorithm is not designed to be optimal so the rating is alço 

0. 

Protocol 1 Function 1 Dynamic 1 Task / Rcsource 1 Load 
Samc 1 Xame Environment 

10 1 Contract S e t  / C'Net() 1 

Table 13: Contract ';et in the Protocol-Constraint Table 

Xamc 
Contract S e t  

The resulting row in thc Protocol-Constraint table is depicted in table 13. Note 

that n-e have split the table into three bccause it is too wide for a page. 

Becausc this is the first protocol and no characteristics are a1reacI~- defined in 

the table. step 3 requircs no action. In step 4. al1 the characteristics estracted are 

aiitoniatically incorporateci into the table. For cach ncw constraint, a nen- colunin is 

created [stcp -I(a)]. The rating of the Contract Net protocol against this constraint 

is entcrcd in the colurnn corresponding to the protocol and the constraint [step 4(b)j. 

Sincc this is the first protocol. therc are no other protocoIs to evaluate. so step 4(c) 

requires no action. 

Distribution / Distribution Balancing 

5.3.2 Multistage Negotiation Protocol Illustration 

10 1 11) 

,Agents 
10 

Ttie second illustration of the algorithm uses the CuZultistage Negotiation Protocol to 

the Protocol-Constraint table. 

9 
Compromise 

O 

Step 1. The Multistage Negotiation Protocol is not defined in the table 

Protocol , Benevolent 1 Cooperative 1 Communication / Report j Optimal i 

Bargaining 

O 

,\gents 
10 

Step 1. (a) A new row is added to the table. 

Decent ralized 
Sanie 

Contract Net 

Detcct 

Intensive 
9 

10 2 

Generation 1 
O I O !  

O 



/ Protocol 1 Function i Dynamic 1 Tas k 1 Resource 1 Load 1 
1 Same 1 Same 1 Environment 1 Distribution 1 Distribution 1 Balancing 1 - 
1 Contract Yet i CXet() 1 10 
1 .\luitistage s i 1 I 

10 I 10 

Xame 
contract s e t  

Table 14: Aiultistage Segotiation Protocol in t hc Protocol-Constraint TabIe 

10 1 10 

l 1 1 i 

Stcp 1. (b) Its implementation is lînked to its function in the table. 

9 

/ Protocol 1 Decentralized 1 bIulti / Detect 1 Bargaining 1 Compromise 1 
10 

Control 
10 

lfultistage ' 10 10 1 10 I 3 

Stcp 2. Beçaiise this protocol is a generalization of the Contract Set Protocol. it 

inherits the rnajority of its characteristics and thcir ratings. Each constraint 

is listed in the characteristics list of the llriltistage Xegotiation Protocol. 

Hoivever. to avoid ropetition. we n-il1 only mention the constraints n-hich 

eit her have a differerit rating than the one of the Contract Set or are n w l y  

added wit h this protocol. 

9 

3 

In this gencralization, the eschange is done iteratively so the constraint rnulti 

stages is attributed a rating of 10. -1s opposed to the Contract Set '  this pro- 

toc01 supports detect conjiicts with a rating of 10. -4lso bargaining rated at  

3 and compromise rated at  3 have been introduced to the protocol. The two 

constraints global uiew and canflicts of interest have been added as not sup- 

ported with the 1Iultistage 'legotiation Protocol. The otlier two constraints 

de tect overconstrain ts  and su bgoals interactions are supported and hence n-ere 

at tributed a rating of 10 each. A rating of 4 is assigned to optimal since the 

algorithm does not guarantees any optimality and it is based on heuristics. 

O 1 O I 

I Stages 1 Conflicts 

Protocol 

2 O 

Benevolent Cornmiinication ( Report Cooperatik-e 
I Xame , Agents 

Optimal 
Agents Intensive Gerierat ion 

/ Contract Xet ' 10 1 10 I 9 O i O 
! llultistage 10 I 10 9 1 O 1 

Protocol / Global 1 Detect 

1 .\Lultistaae i O 1 10 1 10 1 O 1 

Subgoals 
Interactions 

O 

Confiicts 1 
of Interest 

O 
Overconst raints 

O 
Same 

L 

i Contract Set 
i e  

O 



Step 3. The characteristics of the Contract Yet not esplicitly mentioned are at- 

tributed the same rating for this new protocol. The constraints with a differ- 

ent rating are also entered in the table. 

Step 4. For characteristics remain in the List. 

Stcp 4. (a) Four columns are added for global uiew. conflicts of interest. detect 

overconstraints and subgoals interactions. 

Stcp 4. (b) The Sfultistage cells in thc new columns arc Bllcd with the ratings 

of the l i s .  

Step 4. (c) The Contract Set Protocol has been attributed O for thcsc rien- 

four constraints. 

5.3.3 Partial Global Planning Illustration 

The final illustration uses the Partial Global Planning protocol to the table. Table 

1-4 evolves into table 15. 

Step 1. 

Step 2 .  

Step 3. 

The Partial Global Planning is a new protocol 

Stcp 1. (a) One more row is added to the table 

Step 1. (b) The implementation of the protocol is linkeci to its pointer in the 

table. 

Orily new characteristics or characteristics with different ratings will be pre- 

scnted here to avoid repetition. -A stable environment is necded for nodes to 

converge on cornmon plans and thus, dynamic environment is attributed a 

rating of 3. The framework supports competing agents so competing agents, 

benevolent agents, cooperative agents, misrepresentation, a e r t i n g  authority 

and conflicts of interest are given a rating of 5 each. -4s one of the different 

styles of cooperation in the framework: centralized control is given a rating of 

1 O. 

Not al1 the characteristics defined in the table are in the Iist. 

Step 3. (a) Each characteristic in the table found in the list will be assigned 

the list's rating and t hen removed 



I Protocol 1 Function i Dynamic 1 Tsk 1 Resource 1 Load 1 
Same 1 Same ( Environnient Distribution Distribution Balancing 

Contract Net Ciuet() i 10 10 10 9 
Slultistage %ISX() I O  10 10 9 
Partial Global Planning l PGPO 3 10 10 i 9 -  

Protocol Decentralized Detect Bargaining 1 Compromise 
Name 1 Control I 

1 Contract Xet 10 I O I O 

1 1 

1 Partial Giobal Planning 1 20 10 I 10 3 3 I ! 
I - ,  1 
I 
1 ProtocoI ) Benevolent 1 Cooperative 1 Communication j Report / Optimal 

Samc 
Contract Xct 
liultistage I 10 1 10 I 9 I O i -i 

Agents 
10 

Tabic 15: Partial Global Planning in the Protocol-Constraint Table 

Partial Global Planning 

Same 1 \;iew 

Same 
Contract Se t  
llultistage 

Step 3. (b) For esample. resovrce distribution \vas not on the list of charac- 

tcristics compiled for the Partial Global Planning protocol be- 

cause this characteristic is not directiÿ addressed in its descrip- 

tion. After consideriog the possibility of resovrce d i s t d d i o n  

using the framework, it is assigned a rating of 10. 

5 n 1 9 
- 

Contract Net 

Step 1. Cornpeting agents, misrepresentation exerting authon'ty and central id con- 

trol are the new constraints introduced with this protocol. 

O 

1 Protocol 
O j 4 

of Interest j 
O 
O 

O 
Overconstraints 1 Interactions 

Protocol 
Agents 1 1 Authority ! Control / 

Step 4. (a) .-\ new column is created for each one. 

Generation 
O 

Agents 1 Intensive 

Global 1 Dctect 1 Subgoals 1 Conflicrs 1 

O 
10 

Competing 1 blisrepresentation 1 Escrting 1 Centralized ] 

Step 4. (b) The rating of the protoc01 against each of these characteristics is 

entered in the table. 

10 

O 
10 

10 
~Iiiltistage 1 0  

O 
O 

I Partial Global Plannine: I - 
3 

9 

Partial Global Planning 

O 
O - 
a 

O 
O - 
3 

O 10 

O ! 

O 
10 

- 
3 



Step 4. ( c )  The Contract Net then the blultistage Xegotiation protocols are 

evaluated against each of these constraints and then assigned a 

rating. In these cases: a rating of O is assigned. 



Chapter 6 

Conclusion 

In this thesis: ive addresseci the task of negotiation betiveen softu-ae agents from 

a ncw angle. \lé developed a system callcd Segotiation Service Provider (SSP). 

that provides negotiation scrvices to a cornmiinitv of agents. XSP makes use of a 

d~narnic  set of negotiation protocols and select an appropriate protocol for a given 

necci. =\gents interact with each other to resolvc their conflicts without having the 

burden of condiicting negotiation. Instead: the Segotiation Service Provider (SSP), 

n-e introclucecl in this thesis. will negotiate on thcir behalf. 

6.1 Contributions Summary 

The notion of providing negotiation as a service is innovat ive in the field of intelligent 

agents. Two previous research work similar to NSP in their scope are the systcm 

developed a t  Vrije Cniversiteit -Amsterdam and University of Karlskrona/Rorineby 

[BCG'OO, BCG198! and Slulti-;\gent Negotiation Test bed (SI;\GSET) [CTSIG981 

dm-eloped at the University of Xlinnesota [CTMGgS]. The former system will be 

referred as DESIRE in the following discussions. The following five characteristics 

provide a critical cornparison of Our SSP wit b the other two. 

1. NSP includes a dynamic suite of negotiation protocols. DESIRE imple- 

ments the rnonotonic concession protocol described by Rosenschein and Zlotkin 

to control the negotiation processes. For the negotiation, three different an- 

nouncement met hods are distinguished: the offer met hod. the request for bids 

mcthod and the announce reward tables. hI.IGSET uses a "simple three step, 



leveled cornmitment protocol". 'TSP inciudes a dynamic protocol suite which 

supports the integration of new protocois to this suite. 

2. NSP has a broad scope for negotiation. DESIRE is spccialized in dynamic 

load management whereas MIGXET negotiates based on temporal and preçe- 

dcnce constraints and supports time-based contingencies. SSP is not focused 

to such a narron- level of specialization. DepcnCing on the requirements. SSP 

uses its Protocol-Constraint Table (PCT) to choose t h e  appropriate protocol to 

condiict the negotiation. 

3. NSP provides negotiation services to heterogeneous agents. DESIRE 

can handle pre-specificd types of agents such as utility agents, ciistorner agents: 

production agents and resource consumer agents. lI-4G-C-ET provides a gener- 

alized market architecture. Similar to  11-AGSET. NSP supports heterogencous 

agents. -AdditionalIy. XSP cari deal with multiple agent cornmunicatioa lari- 

gr ages ( AC L ) . 

4. NSP negotiates independent of the agent's domain of expertise. DE- 
SIRE is specifically designcd for the domain of elcctrical enerG usage. On the 

contrac-. the types of transactions supported in 3LiGSET Vary from simple 

bu'-ing and selling goods and sen-ices to comples miilti-agcnt cont ract riego t i- 

ations. NSP puts no constraint on the applicat.ion domains of its clierrts. 

5. NSP provides an infrastructure for negotiation. DESIRE opcrates in the 

contcxt of a closed systcm whereas 11-IGXET and NSP provide an infrastruc- 

ture for negotiation in an open systcm en\-ironment. However, SSP is relatively 

more flesible in providing diffcrent styles of ncgot iat ion. 

The methodology for dynarnicaIly adding a new protocol to the PS of a NSP we 

introduced is original. It spins around the Protocol-Constraint Table (PCT) used 

tq- negotiation agents (X-4) to select the most advantageous negotiation protocol 

depending on the needs of the conflict. FVë achieved the "proof of concept" of our 

methodology by applying its algorithm to a test case of three protocols. 

Analysis and ciassification of conflicts constitutes another contribution of t his 

thesis. Ive analyzed conflicts and identified six different areas to describe a conflict: 

its context: its cause, the agent's own prioritized list of goals, constraints, margin of 



maneuver: and information. T h e  initial task of a negotiation agent (Y-A) is to gatlier 

as much details as possible in these sis areas throuph dialogs with both its client and 

other agents involved in the conflict. Based on the constraints developed from the 

above know-ledge. 3-4 selects t he  negotiation protocol for its use. 

6.2 Future Work and Open Issues 

Bccausc of the diversitu in XSP1 our research did not address al1 t h e  different details 

and aspects of this sptem a t  the same level of depth. The following arcas deserve 

furt lier investigation: 

Agent communication languages: 
The field of ACL is not mature enough ?.et. languages like KQAIL and FIP-4 

are still ambiguous and vague [SK99]. Further "accurate and complete trans- 

lations" From between KQAIL and FIP-4 are not. in general. possible [YLP99]. 

To achieve agent in ter-operabi l i t~  fiirther work is needed in this area. Ques- 

tions such as "M'hat happens if a command in a specific ACL is not available in 

the target languape? 1s the cornniand disregardeci' How is an approsimation 

found'?" nced to be answered before the SSP's -\CLS reaches its full potcntial. 

Relationship between clients and NAs: 

.A more detailed research of the relationship between a client and its assigneci 

S-4 is needed. Specifically, the dialogs between Y.\ and the parties involved in 

the conflict requirc furt her investigation. 

Report Generation & Error Logging: 
To gain the confidence of its customers, the report generation &L error logging 

functionalities in YSP must be developed. These functionalities altow esternal 

sources to evaluate and audit  t.he performance of M P .  
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