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Introduction

e Software agents in e-commerce trading

* Product finding, Supplier finding, Product ordering and
payment, Delivery monitoring, ...

« Automated negotiation in EC (e-negotiation)

* Find a mutual agreement on the terms of transactions that
satisfies all parties’ constraints, preferences and objectives

Examples: Kasbah, AuctionBot, Tete-a-Tete
Distributive vs integrative negotiations
Uncertainty re incomplete information

Assume information available is PRECISE
— E.g. price < $99, delivery time = 1 day, etc

* Real-world: Imprecise information
‘mm’ * E.g. low price, high quality, short delivery time, etc

> FeNAs: Fuzzy e-Negotiation Agents
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FeNAs Approach

* An iterative decision making process of finding an
agreement that satisfies all parties

— evaluating offers
— relaxing the preferences and constraints
— making counter-offers

* Preferences/constraints/objectives — soft/imprecise
* Negotiation as a distributed fuzzy CSP (DFCSP)

» Set of variables with domains COR
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e C: Delivery timeis short
— negotiation issues L
* Set of fuzzy constraints relating the vars 4
— objectives/preferences/constraints on 051
the negotiation issues |
— distributed among the negotiation parties 0'02‘ .
e Objective 123456 7 8'P10
— to find a solution (i.e. instantiation of the vars)
that maximizes constraint satisfaction of the parties
3
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Fuzzy Constraints in Negotiation
toe )

Individual areas
of interest <

of I

Consensus |, * § x]1 D
solution X |

 Individual areas of interest of partiesaand b

— private fuzzy constraints . ]

— afuzzy set of the preferred solutions C (X) C (X)
« Common area of interest C(x)

— Intersection of individual areas of interest _ _a < ~b )
— a fuzzy set of potential solutions c(x)=c*(x)uc’(x
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Consensus
u’ - Solutlon from C( ) with max joint degree of satisfaction
But C not known a priori !l 4
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Fuzzy constraint-based negotiatio

Buyer Seller  Move towards and
N N explore potential

' il res agreements
. A~ @'MeSe Exchange the preferred
>

solutions as offers until
consensus can/cannot be
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5 reached
S . x * Negotiation strategies
© > — trade-offs — alternative
—— Common area
o N >of interest solutions at the same
8’ s s S - SatiSfaCtion |eve|
£ )% — concessions — solutions
0 R with lower satisfaction level
e Previous offers act as
1‘55zzzz5z55z5zzzzzzzzzz;zzzzzzzzzzzzzzzz- Solution constraints
/ — individual areas of interest
0 » (available options) reduce
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Offer evaluation

« Utility (value) of offers

v(Xg,...,x, )= é w v, (x ), é w =1 v(x)T [0]
— afuzzy constraint on trade-offs

* Fuzzy constraint satisfaction (incl. utility constraint

C(X) — U C [O 1] t-norms (e.g. min)
aggregation (e.g. averages, OWA

— assess the offers

SQJual:S uoljew.oju| pue jeallewayle|\ OdISO

: : Cy Xy + X%, C,: X, and
— order options In b)  isabouts C,and C, o LrLES
offer generation A %1 D,
¢ e.g. offer X* i

y -“',._."" ““’ 6
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Offer generation

e negotiation strategies
— select satisfaction

CO) A

Xisabout 6

— find offer values
e Cconcession

New offer:

C =C-dgep

 trade-offs (on issues)
New offer:

C=C

Note: it maybe possible
to offer higher total C, i.e. C' >=C 0

J

hue values instantiation
« given C(x) find x— B&B search

CSIRO
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FeNAs Example 1: Car Trading

* ISsues: price, warranty, trade-in

. Buyer Agent [_ (3] x]
Model 1991 Toyota Celica 3T184R 3k, Price: 518990 ;I
Eody =2DE Coupe; Colour Fed; Transmission Automatic; Engine 4dcyl

2.2; Eilometres 132568; RENC Z months; Mumber of owners 3 Warranty

0 wears; Features : Price as new £37200, Feg: Mils, _I
¥ Price L« ] ] Budget Iw
[ wiaranty 4 | | +| Preferred wiarranty I2
¥ Trade-in 4] [55| _+| Preferred Trade-in |3':'E'D
Desire 4] | | Min Satisfaction ID-5|
Select Strategy ICDnsensus Strateoy j Unit IT

Start Hegotiation | (8 Graph (" GraphlLog © Textlog

Walue

— Buyer Cffer — Seller Offer —— Seller Min

i Buyer accepted

wal 11269, sat1.0

E | Unsigned Java Applet Window

CSIRO
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neg.
progress
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M. Seller Agent

H
L] |

Model 1991 Toyota Celica 3T184R 53X, Price: §189%0
Eody ZDR Coupe; Colour Fed; Transmission hutomatic; Engine 4oyl
2.2; Kilometres 132568; RUC 2 months; MNMumber of owners 3; Warranty

0 wyears; Features : Price as new 37200, Reg: Mils, J
-
[ Price 1] | |  Minimum Price I 16200
¥ warranty 4 | O v | Preferred Wrarranty I 1
¥ Trade-in 4] | v | Preferred Trade-in I 2000
Desire 4] | | Min Satisfaction I 0.4
Select Strategy ICnnsensusElerterDeal Stratedy j LInit IT

Start Megotiation | (& Graph ( Graphlog § TextLog

Walue

—— Buyer Offer —— Seller Offer —— Seller Min

val 13232, sat0.75

CRUVEr ATEeRted

E | Unzigned Java Applet Window




FeNAs Example 1: Car Trading (co

* Fuzzy constraint editor
e variables (incl. negotiation issues)

? [e211eWBYIBIA 021SD

 f. numbers  EEET— RS

o f. CONSIIAINS  [oomr] ootospumsn]| o o] o ————
« Config file .

e issues -

e constraints
o utility

21000

‘ ’ Commit Remove
E | Unzigned Java Applet Window 9
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FeNAs Example 1: Car Trading (co

e Constraint propagation
during negotiation

e |Individual areas
of interests

« Available options

CSIRO

= Seller Agent

Model 1991 Toyota Celica AT184E 53X, Price: £18920
Body ZDE Coupe; Colour Red; Transmission dutomatic: Engine 4oyl Z.2; Kilometres 132565 RWC 2
mwonths: Nuwber of owmers 3; Warranty 0 years: Features :

Price as new §37200, Regq: Mils,

|7 Frice

=

| | Minimum Price

=

|7 WWarranty

_+| Preferred Warranty

|7 Trade-in

_+| Preferred Trade-in

=

Desire

| | Min Satisfaction

Select Strateqy ICunsensusEletlerDeaIStrategv

Start Hegotiation

j Unit

(" Graph ™ Graphlog  Textlog

16200

2000

0

Their offer: 12340 2 3000

. HENEL

dl

Mty offer; 188580 3 2000 arice ETETI tradeln
val 14087, sat1.0

minyal=13390, minPay=16200

Their offer: 15850 2 3000

ty offar, 18300 3 2000 frice =TT tradeln
wal 13954, sat1.0 é

minyal=133490, minPay=16200

Their offer: 17010 2 3000

iy offer;: 18160 3 2000 price wWarranty tradeln
val 13436, sat1.0 é

minyal=13390, minPay=16200

Their offer: 17380 2 3000

Wy offar 17920 3 2000 frice =TT tradeln
wal 13232, 5at 0,74 I I
minyal=133490, minPay=16200 El [ ]

Their offer: 17520 2 3000

Wty offer: 17680 3 2000 |price ‘warranty |trade|n

E | Unzigned Java &pplet Window




FeNAs Example 2: Transl.Service

e Scenario: Document translation services (DEXA e-Negotiation)

— Issues:

 TIME [1, 10] (e.g. days)

« PRICE [500, 1000] (e.g. %)

 QUALITY [0, 10] (doc type and complexity, skills required to translate)
— Customer (Buyer):

» urgent need (e.g. about 6 days) to translate a quite complex document
(requiring high quality of translation, e.g. about 7) and is prepared to pay
about $700 for the translation service.

* The quality of translation is more important then the constraints on price

and time (e.g. company is prepared to pay more for a good quality
translation).

— Provider (Seller)
* (uite busy but very keen to secure a contract

has resources available to translate documents with more or less
average complexity (e.g. about 5) and the preferred time for the service

is about 8 days with the price about $800.
‘ ’- Its preferences are price, time and quality (i.e. it can make other

resources available if the price is attractive). 11
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M. Buyer Agent I =] M Seller Agent o

Demonstrating how FeNAs can support e-negotiation using the scenario used for DEXA Z000. _J

bemonstrating how FelMis can support e-negotiation using the J
scenario used for DEXA Z000.

= I13SUE | 1

Advertise i

ISSUE | weight «[ [ | 7 0
5 1

Advertise 4 Seale | 100 Drag of right-click on boxes to change boundaries.

4

Wieight + | A IssUE | 1000
& 10 Advertise ged 1000

Scale |-100 Dirag or right-click on boxes to change boundaries. Weight +| IE| 50 1000
850 1000

Scale |1 Drag of tight-click on boxes to change boundaries
ISSUE |

Adverti ’7 I85UE |
wertise
a00 Advertise v ¥
1} 7
Weight 4 r
38 eight o[ [+ . Mg

wigight <[ | |
200
Scale ’_17 Drag or right-click on boxes to change boundaries. Scale |-100 Drag or tight-click on hoxes to change boundaries.

ISEUE | a Desire  +| D Min Satisfaction | 0.4

. Select Strateqy ‘Simplemncessinn
Advertize 8 8
Z g Start Hegotiation " Graph
wigight « | .

= 4 Connection to the negotiation engine identified.
Scale | 100 Drag ar right-click on boxes to change boundaries. Their offer: time=4 price=500 qualit=§
Mty offer; time=10 price=1000 g value time price quality

val 8000, sat1.0 ] ] [
Desire A r Min Satisfaction [ 0.6 accval 5750 : } i |
Their offer: time=F price=693 quality=§
Wy offer: tirne=2 price=825 gual|value
L. val 6650, sat 1.0
Start Wegotiation | (& Graph § Graphlog § TextlLog accval5750
Their affer: time=6 price=502 gualit=7T

Walue Mty Offer Their Offar Wy affer time=8 price=202 qual|value
val 6512, sat1.0
4 accial5750

500

" TextLog

Select Strategy |Simp|e concession "| i i i
time price quality

tirne ptice guality

Their offer: time=8 price=622 quality=T
Wy offier: tirne=8 price=800 gual|value tirne ptice guality

val G500, sat 1.0 I
accyal:a7a0
- -
Their offer: time=6 price=A63 quality=7

\\‘ Wie accepted Wy offer: tirme=7 price=888 gual|value time price guality
val G028, sat0.75

/‘kg‘_” accval 5750 A =5 e —
Their affer. Yes

[&F [Unsigned Java Applet Window

DTN )

mm'a win-win consensus (time, price and quality) at (7, 888, 7) 12
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Conclusion and Future Work

 FeNAs: automated negotiation with imprecise information

* Fuzzy constraint-based representation
 uniform for all constraints, preferences and objectives, l.e. [0,1]
* intuitive soft/imprecise constraints (e.g. short delivery time)
» multi-issue (criteria) aggregation

* Fuzzy constraint-based negotiation process

» fuzzy constraint propagation (reasoning) to keep track of changing options
(incl. value ranges and satisfaction level)
 flexible constraint relaxation

 find consensus to maximise agents’ utilities at the highest possible level of fuzzy
constraint satisfaction (win-win solutions possible)

* Initial experiments promising -> Future/current work
* negotiation engine
— aggregation and measures (e.g. possibility/necessity, OWA)
— negotiation strategies (adaptability, flexibility, optimality — f.game theory)
— linguistic negotiation (l.e. negotiation with words)
» other FeNAs capabilities
— learning from experience (e.g. negotiation strategies)
‘ ’ — opponent modeling (e.g. reservations/constraints, strategies)
— dynamic multi-lateral negotiations (many-to-many, markets, organisations)
CSIRO — dynamic coalition formation (when, how — negotiation to form a coalition)
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Questions ?7??
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Constraint-based knowledge

sharing
e constraints

 declarative KR
 decision space (crisp) and landscape (fuzzy)
« exchange/sharing knowledge (partial, dynamic)

e |level of collaboration

 iInformation shared ~ common knowledge
N e trust N
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_ partial sharing full sharin
no sharing partial collaboration ful collaboration 15

o MO collaboration negotiation



Multi-agent negotiatio?é,-
e oheZone ]

e onezmany -
e many2many -%2:-
e constraint-based collaboration

+ A

« sharing constraints
A<->B \
A
« shared search
decision space

e multi-agent neg \ |
one2one based B '\ "

+—>
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