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Distributed Matchmaking Agent Architecture

(scalability)

Abstract

This research work proposes an improvement of matchmaking agent technology. A
matchmaking agent is an agent that finds provider agents who can give a requester agent
looking for some services appropriately. A new architecture is introduced in order to relieve
the lacking in scalability of the existing approaches. Currently, the scalability problem makes
this type of agent unable to be efficiently implemented in any agent systems; only a small
group of agents can employ it. The proposed solution is to develop a distributed matchmaking
system by partitioning work based on request and service domains. This architecture will be
validated by the implementations of agents in simulated environment. The experiment results
demonstrate that we are able to apply the matchmaking agent technology in large systems
with this architecture.
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11

(Agent) 2
(Software Agent) (Rohotic Agent)

(Matchmaking Agent - MMA) -~ Matchmaker (Kuokka and
Harada. 1998; Decker etal. 1996) "
/ (Multi-agent System - MAS)

(Kurose and Ross. 2000)

(Sycara et al. 1999)



(Distributed Matchmaking Agent Architecture -

DMAA)
DMAA
DNS
3
12
1)
) ' ; |
1.3
1) ' DNS
) DMAA DNS
3)
DMAA 1 ,
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21
Frankliin and Graesser (1996)
2
(Social Ability) (Autonomy)
Petrie (1996)
Tecuci (1998)
2.2
ACL (Agent
Communication Language) (Labrou and Finin. 1999) KQML
(Knowledge Query and Manipulation Language) ~ FIPAACL
2.2.1 KQML
KQML
( Prolog  KIF

Ontology (Gruber. 1993) (



TCPIP SMTP ) KQML 3 (Content)
(Communication) (Message) (Labrou and Finin. 1999)
1

; First-order Predicate Logic

[ Communication Primitive KQML
Performative  ( KQML (Inform)
(Ask-one, Ask-all) (Advertise) )

21 KQML

1 .content (PRICE IBM ?price)

[ . enderjoe  :receiver stock-server :reply-with ibm-
stock

[ “language LPROLOG :ontology NYSE_TICKS
Performative ~ ask-one ( )

(ask-one . (tell
sender joe : I "pndpr ctnpk-cppvpr
- content (PRICE IBM ?price) content (PRICE 1BM 14)
receiver stock-server recelve(goe
reply-with ibm-stock reply-with ibm-stock
language LPROLOG language LPROLOG
ontology NYSE-TICKYS) ontology NYSE-TICKY)

() ()

21 KQML ( . )

3 ‘content
stock-server joe IBM (PRICE) 14

KQML



Performative Performative
(Conversation) KQML tell
content

2.2.2 FIPA ACL
FIPA ACL FIPA (Foundation for Intelligent Physical Agent)

.. 2539 FIPAACL KQML
Communication Primitive KQML
FIPA ACL Communicative Acts (CAs) (Labrou and Finin. 1999; FIPA.
2001)

2.3

Distributed Artificial Intelligence (DAI)
p Distributed Problem Solving (DPS)
(Multi-Agent System - MAS) — MAS
DPS  MAS 2
DPS 2

DPS
MAS

MAS (Jennings et al. 1998)



MAS

MAS MAS
MAS
DAl
DPS  MAS
DA DPS  MAS
DAl
Jennings et al. (1998) MAS 2
Cooperative MAS ~ Self-interested MAS
Cooperative MAS
DPS MAS e \\(2 Common Goals-hased MAS
Explicit Teamwork Model-based MAS Common Goals-based MAS ~ MAS
PGP (Partial Global Planning) (Durfee.
1988) Explicit Teamwork Model-based MAS Common Goals-hased MAS

: RoboCup (Veloso et al. 1997)



(Jennings et al. 1998)
Self-interested MAS

MAS

')
Self-interested MAS
DPS Cooperative MAS

based MAS
24
241
(Decker et al. 1996)
2.2
(Provider Agent)
(Advertisement)

(Requester Agent)

MAS
Explicit Teamwork Model-

79



Kuokka and Harada (1998)

2 (Matching Engine)
(Knowledge-Sharing Protocol)

242

Word-to-Word Matching - Shared-Concept Matching (Kuokka and Harada. 1998)

2.4.2.1 Word-to-Wword Matching
.content KQML
23()

(advertise :
sender ProviderOl

content (tell-about (is-in ?Citv ?Countrv))
receiver MMAQL

language CLIPS
ontology Geography)

()

(request
- sender Rec1uester0l

content (tell-about (is-in pusan ?Countrv))
receiver MMAO1

reply-with ReguesterOIOOOOl
language CLIPS

ontology Geography)
()

2.3 Word-to-Word Matching



23()

‘content
/
(Synonym)
Ontology
2.4.2.2 Shared-Concept Matching Ontology
Shared Concept icontent 2.3
()
.content (tell-about (locate-in pusan ?Country))
Word-to-word Matching Shared-concept

Matching is-in-locate-in

Ontology "Geography”

243
KQML

FIPAACL KQML FIPAACL

(de facto standard)

2.2
2.4.4
1 1
2.4.4.1 Expert Finder (Vivacqua. 1999)
( ) ( )

Expert Finder



2.4.4.2 Middle Agent (Sycara et al. 1999) " "

2.4
Middle Agent )
(Capability Descriptions) Middle Agent
Middle Agent
Middle Agent  Middle Agent
Middle Agent
Q
Matchmaker Agent x
' Adverti t1)B
Matching C N C'o\ﬁ?crer;%%%en )
_ AuxiliaryDB
Result-of-Matching
Requester Agent
C'onceptDB 1
Concept) )B
2.4 Middle Agent
2.2 LARKS (ACL
Middle Agent ) KQML 25

10



2.5 Middle Agent KQML

2.5 Recommender

(Finin et al. 1994)  Broker Subscriber

Expert Finder
Middle Agent
Middle Agent
2.4.4.3 Lattice Agents (Shehory. 2000)

1

1

1

Lattice Agents

Expert Finder

Expert Finder ,
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' Ad

Coordinator
Coordinator
Coordinator 1
Broker
Ad ACT (Agent Capability Table)
/ ACT
Discovery Model (C_ACT)
(L_ACT) L_ACT 1 (G_ACT)
Discovery Model
2.1 2
251
c=d+a (21
d a
r
A4 System 2.2
21 Ad (Cao et al. 2000)
Upper
Agents Agent
gem
sprite-0......sprite-49 gem
tup-0......tup-49 sprite-9
cola-0.....cola-49 sprite-19
tango-0.....tango-49  sprite-29
pepsi-0.....pepsi~49  sprite-39

14



e=£— 2.2)
e
2.2
2.2 Ad (Cao et at. 2000)
Experiment No: 1 2 3 4 5 6
Using C_ACT
Using L_ACT
Using G_ACT
Strategies  Updating L ACT
Updating G_ACT
Advertising L_ACT
Multicasting L ACT
r 12296 12355 12576 12560 12645 11715
a 0 0 5604 8051 10172 285148
Result
d 65595 51113 7435 6901 - 6910 ~ 7056
e 019 024 0% 08 074 004
2.2 C_ACT L ACT
L ACT A4
( C_ACT)
( LACT L ACT)
1
Lattice 251
A 25 9.5
AT
12,576 120,000
Ad (65595 )

15



2445
Expert Finder ~ Middle Agent

' Expert
Finder 2
[ /
Expert Finder
[ (Dynamic)
/
/ /
Expert Finder
Expert Finder
Middle Agent

(Kurose and Ross. 2000)
[ ! Middle Agent
1
I Middle Agent
1 Middle Agent
SFIADE Matchmaker ~ COIN Matchmaker (Kuokka and Harada. 1998)

Lattice Agents
A4 System

16



2.5 I

251

and Ross. 2000)

2.9

NS
Query Iterative Query
RR
NS NS

NS

NS

29

(Domain Name System - DNS) (Mockapetris. 1987)

Name Server (NS)
Resource Record (RR)

2.9 (Kurose

Recursive Query

Recursive
Recursive Query

NS

NS

17



Th

Caching (RR)
TTL (Time-to-leave)  RR
2 NS
RR NS NS Authoritative NS
NS NS Authoritative NS
NS
Sub-domain NS Authoritative NS
2.14 NS: dns.cs.umass.edu Authoritative NS
gala.cs.umass.edu 1N
Authoritative
MMA Authoritative MMA
5
2.5.2 WordNet
WordNet
1.6 (CSL. 2002)
50,000 200,000
WordNet Synset
Synonym Synset
(Concept) Synset 02383458
4 {car, auto,
automobile, machine, motorcar}
WordNet
Synset hypernym, hyponym, holonym
meronym
hypernym  Synset Synset
Synset  Synset X hypemym  Synset Y Y X
2.3 Synset 09396070
Synset 08572627 Synset 09396070
hypernym  Synset - 08572627

18



2.3 Hypernym

Synset Hypernym Explanation
08572627 (0ak, oak tree) ~ n09396070 (tree) an oak is a kind of tree
2
n09396070 (tree) n0S3eh323 atree is a kind of woody plant
(woody plant)

n02618194 (dwelling,

n02837386 (house) home, habitation, . a house is a kind of dwelling
"oB0554 705604874 (dssatifaction) — OcPponmentis a kind of
(disappointment, letdown) dissatisfaction
v01308960 (amble, mosey) - v01299603 (walk) To amble is to walk in some manner
V00664682 (lisp) LEs) UL To lisp is to say in some manner
pronounce, -..)
V00846778 (slam, bang) V00960484 (hit) To slam isto hit - some manner
2 hyponym ~ Synset Synset
Synset Synset X hyponym Y X
Y hyponym hypernym
2.3 Synset  Hyponym
Hypernym  Synset
holonym holonym . Synset
Synset Synset Synset X
holonym Y X X
24 Synset 01660115 Synset 01026695
Synset 01026695 holonym  Synset 01660115
meronym
holonym Synset 01026695

meronym  Synset 01660115
Shared-concept Matching

WordNet 1.6
(Semantic Relation) Synset
Hypermnym, Hyponym, Holonym Meronym
Synset WordNet

19



Taxonomic Knowledge Base (TKB)
Ontological Knowledge Base (OKB)
2.10 PTR @ (hypernym), ~ (hyponym), #
(holonym) % (meronym)
Berkeley DB (Sleepycat Software. 2001)

24 Holonym
Synset Holonym Explanation

01660115 (wing) 101026695 (bird) ohject-component
04340595 (face, h .

04115147 (mouth) ORIt ey object-companent
face)
06241974 (forest, :

n09396070 (tree) . or collection-member
wood)

n10495237 (oxygen, 0,

)
10871270 (adolescence) 10871133 (youth) process-phase

10646492 (air) object-substance

I -ini x|
PR | SNEID  PB  WORDNR TAREWD  TPS  TWRR

) n04047716 0400001740 a 0"3
= 04349777 000001740 a 0
| 200002062 a 1200001740 a 1
= n04047716 0400002062 a 0
5 a00001740 a 1300002062 a 1
200002493  a 1300002287 1
! 00002287 a 1200002493 a 1
! a000028% 1200002687  a 1
I 00002687 a 120000285  a 1
d 0000331 a 030000305/ a 0
a00003469 0200003057  a 0
3 A0BB 2 02000305 0
! a000036%  a 12000030 a 1
a 200003057  a 0300003314 a 0

a 200003057 0200003469 a
wdn Ty, >4 an 2%
2.10 WordNet 1.6

20



2.5.3 Sentence Similarity

TKB (
)
Resnik (1995) Semantic Similarity
WordNet 2.3
sim(cl,c2)= cegﬂgf,(cZ) [-10g p(c)]
2
Informativeness  Information Content
Informativeness Informativeness
Negative log likelihood Instance
Informativeness
Similarity Lin (1998)
Semantic Similarity 2.4
sim(cl, c2) = | l’ | )
ogp(c)+logp(c2)
Lin Informativeness
Similarity Informativeness
Girardi and Ibrahim (1994) Similarity

sim(s1,s2)= z W x sim(clj 1c2))
VjeSC

SC

PCS

2.5



friend

2.6

WordNet

k

sim(pcsl, pcse) =

PCS
2 john

z 1 xsim (clk, c2K)
vteLVresk

(friend John mary)
mary

PCS  KOML

2.6)

22



31-3.4 4-6 :

31

3.2

3.3
DMAA

DMAA .
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34
DMAA
Scalability
" ( Middle Agent)
DMAA '

Ad System
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41

Expert Finder (Vivacqua. 1999), Middle Agent (Sycara et
at. 1999), A4 System (Cao et at. 2000)  Lattice Agents (Shehory. 2000)

Expert Finder
(Capability Knowledge Base -
CKB) 41
System System System
CKB CKB CKB
2. s —< p S5
6 -Update C1 - (5 -—---Update C1- (5
t . i/ A -
ngepA &Ageert B Ageht C
C c
s Syst
i t L
?
System (5 System (5 - Update C1 - (5 --—--Update C1- (5
CKB CKB
a : ty-
Agelt E Agent G
cT c;
System g) System
CKB CKB
Y1y Yoy
Syst
)(/:SKeBm (5 - Updated—» 5 - Updated—» 3
& e & e
Agent H Agent | Agent J
4.1 Expert Finder

25



41 A Cl

Cl
! Cl
(()
Middle Agent
Middle Agent
Matchmaking Agent
<‘jm.y—l c KSigem
U I NGV
0 B
1 \ \
Agent A Agent B Agent C Agent D Agent E
4.2 Middle Agent
4.2 A Cl
Middle Agent

4.2

26



43

43

Expert Finder

43

C21

Shehory (2000)

Lattice Agents

B EG

21



Lattice Agents

Expert Finder Middle
Agent Lattice Agents
A
L ( L
) A
B E
c, F R K
A
L A
L
B F
Cao et al. (2000) Lattice Agents
Discovery Model ( 254.4)
2.2 A4 System
4.4
Coordinator

Lattice Agents  Middle

28



Agent
44

4.4 A4 System

Expert Finder (Vivacqua. 1999) Middle Agent (Sycara et al. 1999)
(Cao et al. 2000) Lattice Agents (Shehory. 2000)

A4 System

29



4.2 !

2
Middle Agent  Sycara et
al. (1999) Context Matching, Profile Matching ~ Similarity Matching
4.5

Matchmakin(% Agent:

Middle Agen
Context Profile Similarity Signature Constraint
Matching Matching f Matching Matching Matching

4.5 Middle Agent (Sycara et al. 1999)

Phosphorus Matchmaking Agent Gl and Ramachandran (2001)
Exact Matching, Subsumption Matching
Partial Matching 4.6

RETE 10,000
2 ( JESS AMD
Athlon XP 1500+ ) (Friedman-Hill. 2001)

Pattern Matching

30



2000)

4.6

Phosphorus (Gil and Ramachandran. 2001)

Lattice (Shehary.
A4 (Cao et at. 2001)

a



KIF

KIF Translator
KIF
WordNet (CSL. 2002) ~ CYC (Cycorp. 2002)
Taxonomy  Ontology

(Ogston and Vassiliadis. 2001)
(Recursive)

(CDR. 1999)
Agent Name Server ~ ANS (ISAG. 2002)
ANS 1
ANS

Name resolution
MAS Policy Controller, MAS Security Manager
Agent Terminator

32



Shehory (2000)

(2000)

Service (Microsoft. 2000)
Push Model -~ Semi-Push Model

Shehory

Microsoft Active Directory

Push model Lattice
Ad
O(vn) 0(d) (
O (log* ) x child per parent
)
Pull model
Microsoft ADS
. 1

33



Ad

Pull Model

()
Y

\.r (g8 daxs 'A.
S
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D
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5.1
4

[

I m

1

1

Pull Model
(Hierarchy), Network, Bus  Ring Network
Partial-Meshed ( Lattice)
n n m Il7
5.2

DMVAA

Star, Tree
Full-Meshed

51

35



() (IT)
© —"rN_—_Q Star 0(1)
E) to
(bj (a) Tree 0(logx)
(EJ E (0) (E
Network: Full-meshed  0(1)

(E )ereee }- Lattice (Network: 0(A)
Partial-meshed)
E - E)-- E
©
I
C:|D o © Bus 0(n)
() o ©
) Ring O(n)
Vo X

DMAA

A4 (Cao, Kerbyson and
Nudd. 2001), DMAA

|deal

Lattice (Shehory. 2000)

36



52

Star

Tree (Binary)

Network: Full-meshed

Lattice (Network: Partial-meshed)

Bus

Ring

Full-meshed

5l

5.2

0(1)
0(logx )
0(1)
0(/n)
0(n)
0(n)

MMA

51

Logical

Agent Link

(LINK)

6
6
il

Ring

Bus

(DIST) (LINK XDIST)
171 10.26
2.9 1374
100 21.00
19 1520
267 16.02
2.00 1400

Network
Full-Meshed
Star

37



5.2

Self-Interested

Place,

-----------
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MMA (LMMA), Authoritative MMA (AMMA)

5.2
1 LMMA
1 AMMA
1 RMMA
LMMA
1)
2)
Pull model

RMMA

3 Local
Root MMA (RMMA)

LMMA

AMMA
LMMA

n 1 1 5l3

RMMA
RMMA

LMMA

(Shehory. 2000)

(Cao et al. 2001)
Lattice

A4 Push model

Pull Model
Lattice
Pull Model

AMMA



RMMA |

Authoritative oY MAS 1
yMA% J N \
omain 2) foverced
V \] i )reql‘w « Root
J MIMA
I S
|
\
Local
MMA 3
/
>3 = 3 ' LMMA, AMMA  RMMA
AMMA AMMA
AMMA
AMMA
AMMA AMMA
AMMA

40



RMMA

LMMA AMMA
AMMA
Canon
RMMA
‘ , S RMMA
AMMA S
AMMA
5.3
2 1)
2)
First Order
Logic ~ Predicate Calculus Sentence PCS
KIF, CYC Ontology, JESS, PowerLOOM ~ LOOM
PCS
PCS 4
PCS

Atomic Sentence  Atom
map(australia), father(joseph,?Person)

41



DMAA

Performative
give(map(orlando))
Performative  give
( 1
1 AN
y PCS “find(review
(book(Title, Author)))"

[ LK )
] “tell-about(departure_time
(flight(Flight_number,airline(qantas))))”

: ()
. . "give(map(City,malaysia))"
' =N
“find(map(City))*
PCS List
( JESS  CLIPS)

Matching Engine List

[ - “find(review(book(Title,Author)))’

“(find (review (book Title Author)))"
[ : “tell-about(departure_time(flight(Flight_number

airline(gantas)))"
“(tell-about (departurejime (flight Flight_number (airline gantas))))”

42



I - "give(map(City,malaysia))"

"(give (map City malaysia))"
[ :“find(map(City))" List
“(find (map City))"
54
3 Exact Match, Plug-In Match  Relaxed

Match (Sycara et al. 1999)
Exact Match
Literal Matching  Word-to-Word Matching (
) Pattern Matching ( Unification)
Plug-In Match subsume
(Subsumption-based  Match) (Reverse Subsumption-based Match)

(
) Relaxed Match Context

(Domain) Matching ( ) Profile  Matching (
Term Frequency-Inverse Document Frequency  TF-IDF (Salton and Wong. 1975))
: 54

.. 2545 (Personal Assistant
Agent) .. 2545

54
2)
Literal Matching

Pattern Matching Subsumption
Matching ( Shared-Concept Matching)

43



1 Arra
Ban k&?tounn
30 am in Jun

M Requester
Agent

Human user

Pattern

Literal
Matching

Matching

3KB
54
Matching

Taxonomic Knowledge Base (TKB)
Reverse Subsumption-hased Match

“(find (publication Title Author_name))"

Title Author))"
publication  subsume journal (publication
printing (printing  publication) TKB

Database for English: WordNet 1.6 (CSL. 2002)

ISA (ISA relation)

2. Request: “tell-about(attraction(city(bangkok)))”

MMA

SubsumPnon
Match

TKB MMA

Subsumption
Subsumption-based Match

Subsumption Matching
“(find (journal
“(find (printing Title Author))"
TKB
subsume
Lexical

journal)

44



Plug-In Match

Exact Match Literal Matching
Pattern Matching Relaxed Match
TF-IDF
Profile Matching
Domain Matching
RMMA
5.9 DMAA

DMAA

DMAA

(Bigus and Bigus. 2001)
AgentBuilder (Reticular Systems), Aglet (IBM), JADE (CSELT),
JATLite (Stanford), JESS (Sandia National Lab)  Voyager (Object Space)
DMAA, A4 Middle Agent
5.5

45



551 Communicator
KQML 3 1) Router 2) Router Client 3
KQML Parser
( ) (Synchronous)
(Asynchronous) (CDR.
1999) Router
Router
Agent Message Router  AMR AMR
Router Router
Router
Router
( ) :
. AMR ANS
Router
Router
Router client
KQML Router
Router Router
Communicator KQML Parser
KQML
Communicator JATLite (CDR. 1999)
JATLite 5.6 Abstract Layer, Base Layer,
KQML Layer, Router Layer  Protocol Layer
Abstract Layer Abstract Class
JATLite 2 Base Layer TCPIIP
: 1 3
KQML Layer KQML Router
Layer AMR Protocol Layer
FTP SMTP

46



User Access

Protocol Layer

Router Layer
KQML Layer \V'r
Base Layer

Abstract Layer

5.6 JATLite

Router -~ Router Client Router Layer  JATLite
KQML Parser KQML Layer
Communicator
JESS
JESS API
5.1
JESS
10,000
JESS Subsumption Matching
Berkeley DB (Sleepycat Software. 2001) B+Tree
55.2 Matching Engine
) (
) 2) TKB ( Ontology
) 3) Matching Engine
3 54) Subsumption Matching
Similarity Rating ~ Girardi and lbrahim (1994)  Lin (1998) TKB

47



import jess.*;

public class REngine{
Rete rete;

public REngineO {
rete = new ReteO; //create the Jess engine
FileReader fr = new FileReader(* /CKB/CKBHeader.clp"); /lopen CKB header for rule
Jespj = new Jesp(fr, rete); // file parser 1/0
J.parse(false); /iparse CKB header into Jess engine
fr.closeO:

Hiconstructorl
public String Inference(String ReqCmd){//Inference

= new StringWriterQ;
rete.addOutputRouterC't”,  ); /iredlirect router 't*to stream "

rete.executeCommandl”(assert + RegCmd + ")'"); //put request into matching engine
rete.executeCommand(*(run)"); //run engine

StringTokenizcr & = new StringTokenizer(sw.toString(), "\ *);/fget the result
rete.executeCommand(*(reset)");

return Result;
Hlnference

public void AddADV/(String RuleNo, String Sndr, String Cont){

rete.executeCommandl”(dcfrule r*+ RuleNo + ™"+ Cont.trimO + "'=> (printout t V" +
Sndr.trimO + "\ crlf))"); //add a new advertisement into CKB

HIAddADV
public void DelADV(long RNo){//delete an advertisement from CKB (RNo is the ADV no.)

rete.executeCommandl"(undcfrulc r* + SS.StringFillChaF(Long.toString(RNo), 18,"0") + *)'";

}HIDcIADV
}I class REngine
5.7 JESS API
DMAA LMMA  AMMA
RMMA DMAA  RMMA

48



RMMA LMMA
AMMA ( RMMA AMMA
AMMA
RMMA ) RMMA
“:ontology"
TKB
AMMA “(tell-about (fare (ticket
(bus Bus_name (line_no Line_number)))))" :ontology  bus_fare
LMMA RMMA RMMA
busjare AMMA
ISA (TKB)
public_transportation AMMA
55.3 Cache Manager
DMAA
1 Cache Manager
(Cache KB)
Forwarder
55.4 Forwarder
DMAA  LMMA
Forwarder Forwarder RMMA
“:sender" LMMA “ireceiver”
LMMA RMMA 1 “reply-with” LMMA
RMMA
Forwarder “:receiver’
AMMA AMMA
LMMA RMMA AMMA

49



LMMA
LMMA
DMMA

5.5.5 Queue Manager
Queue Manager

Communicator

Queue Manager Matching Eengine

Cache Manager

Forwarder

5.0
DMAA

5
Matching Engine, Cache Manager, Forwarder
Communicator Matching Engine
Cache Manager
Forwarder

DMAA

First Come First Serve

Communicator,
Queue Manager

Queue Manager

50



DMAA
6.1
3 A4, DMAA Middle Agent
55
6.l1
(Service Rate) (Response Time)

ol



6.1.2

SQ

AMD AthlonXP 1500+

MMA System:

(1) DMAA
(2) M
(3) Middle Agent

6.1

6.1

DDR-SDRAM 266 MHz 256 MB

448 MB
(RA)

7,200

6.1
UTP Cat 5 - Cross Cable
3
AMD Athlon 600 MHz

RA 1
RA 2
PA 1
RA 4
PA 21

AMD AthlonXP 1500+ 1.33 GHz

UDMA-66
AMD Athlon 600 Ghz SDRAM
7,200
(PA)
Fast Ethernet UTP Cat 5

Windows Millennium
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6.1.3

(Test Case)
6
5,000 10,000 20,000 50,000 100,000
Middle Agent, A4 DMAA Middle Agent
A4 DMAA
4 132131 43
2 node A4 child node
6.2 () node A4 child node 4 node
6.3() node A4 child node 5
64 ()
Coordinator Broker
Ad |
Lattice Agent)
5.4
6.1
MMA Broker
13 1
A 21 1
3 1
43 1
MMA Broker
13 1
DMAA 21 1
3 1
43 1

3

1,000
3
1
A4
node 13
node 2
node ki
6.1 6.2 65
Subsumption Matching
Coordinator MMA
3 9
4 16
5 25
6 36
Coordinator MMA
9 3
9 1
9 21
9 3
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6.4
DMAA-31

6.1.4

WordNet 1.6

(CSL. 2002)

53

() Ad3L

(
100,000

()
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o

6.5

()

Ad-43

()



10,000

A4-13 - DMAA-13

A4-13
Agent 99,343 DMAA-13
Middle Agent 99,312
Middle Agent 99
6.1.5
(Workload)
(100,000 )

( A4-13, DMAA-13

10,000
Midale Agent

A4-13  DMAA-13
Middle Agent
Middle
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6.2

6.1.6

6.2.1

DMAA

DMAA
RMMA
AMMA

" RMMA

Ad

DMAA

RMMA

100,000

RMMA

AMMA
AMMA
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(Configuration file) A4-13, Ad-21, A4-31,
DMAA-13, DMAA-21, DMAA-31  Middle Agent

Type.nfo,  Domain.nfo,  PAListnfo,  RAList.nfo
MMAList.nfo Type.nfo

Domain.nfo AMMA ( DMAA )
PAList.nfo
RAList.nfo

MMAList.nfo

1

6.2.2

6.2.3

Performance.nfo
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6.3

6.6
6.3
6.2
C.K ; A4-13
Size
1,000 17.3
5,000 48
10,000 2.3
20,000 12
50,000 0.2
100,000 a
6.3
C.K 5 A4-13
Size
1,000  0.058
5000  0.209
10000  0.438
20,000 0.845
50,000  5.455
100,000 na.

Ad-21

24.8

6.9
24
14
0.2
na

Ad-21

0.040
0.145
0.420
0.723
5455
n.a.

Ad-31

172
5.2
2.3
13
02
n.a.

A4-31

0.058
0.193
0.438
0.779
5455
n.a.

A4-43

169
35
20
11
01
na.

(Response Time)

A4-43

0.063
0.287
0.504
0.923
12.000
n.d.

DMAA- - DMAA- DMAA-  DMAA-

13
36.3
141
4.6
37
09
0.6

6.2

(Service

pil
4.7
211
15
6.2
2.6
11

DMAA- DMAA-

13
0.028
0071
0.218
0271
1132
1714

2A
0.022
0.047
0.134
0.162
0.387
0.923

Rate)

3
411
17.2
74

4

2.6

12

DMAA-

3
0.024
0.058
0.135
0.135
0.387
0.845

43
332
164
7.0
59
24

11

DMAA-

43

0.030
0.061
0.143
0.170
0.420
0.923

Middle
Agent
40.0
15
30
16
03
0.02

Middle
Agent
0.025
0.134
0.335
0.632
3529

300.000
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DMAA AMMA

( AMMA L 1
)
DMAA 2 ( LMMA RMMA
RMMA AMMA) A4
( A4
Broker )
A4
DMAA
A4
(Coordinator)
(Broker)
64 65 ,
DMAA
LMMA
MAS AMMA
DMAA
Ad ( 6.4)
DMAA A4
Ad
A4 DMAA  Middle Agent A4
Middle Agent DMAA

DMAA-13  DMAA-43
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1,000

6.4

CKB
Size

5,000

10,000

20,000

50,000

100,000

DMAA

MMAType
Broker/AMMA
Coordinator
MMA/LMMA

Broker/AMMA
Coordinator

MMA/LMMA
Broker/AMMA
Coordinator
MMA/LMMA

Broker/AMMA
Coordinator

MMA/LMMA
Broker/AMMA
Coordinator
MMA/LMMA
Broker/AMMA

Coordinator

MMA/LMMA

Coordinator

MMA/LMMA

A4-13

91

35

19

151

58

79.5

26.8

10.4

157.4

56.3

20.3

394.5

132.2

46.0

7713

260.2

90.5

A4-21

91

31

15

395

119

43

79.5

209

6.5

157.4

435

117

394.5

1011

26.9

7713

525

DMAA

A4-31
91
2.7
12

39.5
9.8

2.8

79.5

4.4

157.4

7.8
394.5
81.4
18.0
7713

162.1

6.5

A443
91
23

0.9

8.4

2.0
79.5
14.7

31

157.4

54

394.5

12.8
7713
1354

24.7

DMAA

DMA
A-13

19

33

81

139

28.0

1334

169.1

265.7

Coordinator

LMMA

DMA
A21

19

14

81

4.4

83

322

15.9

375

169.1

76.5

A4

A4

Middle Agent
DMA DMA
A-31 A-43

19 19
1.0 0.8
81 81
25 18
16.2 16.2
4.6 35
322 322
8.7 6.5
84.1 84.1
20.7 141
169.1 169.1
41.6 275
DMAA

Middle Agent

Middle
Agent

91

395

79.5

157.4

394.5

771.3
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CKB Size

1,000

5,000

10,000

20,000

50,000

100,000

6.4

6.5

MMA
Type

Br/Am

Ag/Lm

Br/Am

Ag/Lm

Br/Am

Ag/Lm
Br/Am
Co
Ag/Lm

Br/Am

Ag/Lm
Br/Am
Co

Ag/Lm

: Br/Am

Co

Ag/Lm

A4-13

1,000

308

5,000

1,538

385

10,000

3,077

769

20,000

6,154

1,538

50,000

15,385

3,846

100,000

30,769

7,692

1,000

238

5,000

1,190

238

10,000

2,381

476

20,000

4,762

952

50,000

11,905

2,381

100,000

23,810

4,762

1,000

194

32

5,000

968

161

10,000

1,935

323

20,000

3871

645

50,000

9,677

1,613

100,000

19,355

3,226

Broker

A4-43 D'\QBAA'
1,000 111
163
23 333
5,000 556
814
116 1,667
10,000 1,111
1,628
233 3,333
20,000 2,222
3,256
465 6,667
50,000 5,556
8,140
1,163 16,667
100,000 11,111
16,279
2,326 33,333
AMMA
A4

Coordinator

LMMA

DMAA

556

455

1111

909

2,222

1,818

5,556

4,545

11,111

DMAA

556

238

1111

476

2,222

952

5,556

2,381

11,111

4,762

DMAA

556

152

1111

303

2,222

606

5,556

1,515

11,111

3,030

Middle
Agent

1,000

5,000

10,000

20,000

50,000

100,000
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KQML (Labrou and Finin. 1999)
o 1 Expert Finder
(Vivacqua. 1999) Middle Agent (Sycara et al. 1999) A4 (Cao et at. 2000)
Lattice Agents (Shehory. 2000)
Expert Finder
Expert Finder
Middle Agent
Middle Agent

Scalability

Lattice Agents

Ad
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star 1

3 Local MMA (LMMA), Authoritative MMA (AMMA) ~ Root
MMA (RMMA) LMMA
AMMA
RMMA
(AMMA) AMMA
AMMA AMMAL
AMMA2

Predicate Calculus Sentence

KQML 5
Communicator, Matching Engine, Cache Manager, Forwarder ~ Queue Manager
Communicator
KQML Matching Engine
' Taxonomic Knowledge
Base (TKB) Matching Engine 3 Exact Matching,
Pattern Matching  Subsumption Matching Similarity
Rating  Girardi and lbrahim (1994)  Lin (1998) TKB
Cache
Manager
Forwarder

Queue Manager
FCFS
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Ad

RMMA
( RMMA

DMAA

DMAA

DMAA

RMMA

RMMA
AMMA

A4

Ad
Ad

RMMA
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