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Introduction / Motivation

* Automated Negotiation:

+Negotiation is the search for an agreement
on the exchange/allocation of scarce
resources among self-interested agents

% Approaches to automated negotiation:

Game Theoretic Position-based negotiation
Heuristic

Argumentation-based negotiation
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Introduction / Motivation

% Shortcomings of position based approaches:

+Game theory makes strong assumptions:

e Complete and common knowledge about the
agents utility functions or goals

e Shared knowledge (common priors)
on valuations of the objects
+Heuristic approaches limitations:
e Counter-offer or rejection as sole feedbacks

e Static preferences about the outcome of the
negotiation that fix the preferences among
offers
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Introduction / Motivation

® Argument based negotiation (ABN, the idea
that agents can exchange arguments about
each other positions) has been proposed to
go beyond position-based models.

% Interest based negotiation (IBN) has been
presented as an instantiation of ABN where
only the underlying interests of the agents
and the different ways to achieve them are
discussed.

* It has been claimed that ABN/IBN increases

the likelihood and quality of agreements

ICEC 2007 : : Universiteit Utrecht



Introduction / Motivation

*Our aim Is to test this hypothesis:

+To provide a formal model of IBN that
overcomes the limitations (in particular by
using the cognitive and social capabilities of
agents that are not used by other
approaches to negotiation).

+«To implement it (first implementation?)

+To proove (through simulation) that: IBN
strategy improves the outcome of the
negotiation

ICEC 2007
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IBN: General picture

* IBN domain:
#Agents: A,B
#Agents have a goal (or several)

+Agents know goal decomposition (in terms of sub-
goals and resources)

#Agents have non divisible consumable resources
and money

+Agents have valuation of the resources they own
and estimation of the resources they don't
* But agents:
#Do not know what is the other's goal
#Do not know how the other evaluates the

*3 resources ICEC 2007
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Example - agent

A ={A B} is a set of agents; Agent B
G ={G1,...,G12} is a set of all possible goals; Gg @

goal 4, = G1 and goalp = Gy;

sub = {(G1,{G2, Ga}),(G1,{G4,G5}), (G1,{G6. G7}). Go Gio @ @
(G1.{Gs.Ga}),(Ga. {r1.72}). (G3,{ra,ra}),(Ga.{r5,

TG})~(G5={T?=T8})=(Gﬁ~{m:?‘mil(ﬂ??’:%f‘u:ﬁzi):
(Gg,{Go,G1o}), (Gg,{G11,G12}), (Ga, {r13, 714 }),

\(
(Gro.{r15.716}), (G11,{r17.718}). (G12,{r19.T20}):

The values of val i d pref e FM3 | N4 | |15 f] M1e 7] | N8| | Mo || l0
1e values of val g, prefmin p and prefmaz p, has been gen- \ Tos0] J157) [295\ [ 583 1151 [ 70 442] (190
erated with errory = 0% and varp = 70%, with a poten- v U U u U
tial benefit of 20%: - J

(147, 174]'}, [314,346]72, [66, 73]"2, [445,490]7%, Cost (pﬁz 1275 Costg( F:\[;] ) =819
(432, 475’2 | [427,470]'% | [80,80]'7, [222,247]'%, LTe Bre

23812 [171,214]710, [72,90]711, [323, A04HH2 resp = {ra.73.74, 75, re{r13.ynoney = 1500};
240,264] 718 Jik26, 157]714, 266, 205)71°( (524, 5831716
[1037TI5] 7, [63,70] 3 %4400, 444] 37, 1T TI0T

[prefmin=val;, prefmax] [prefmax, prefmin=val ]
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Assumptions

1.

N

o0 kW

7.

The least preferred value of an object is its
estimated value

The potential benefit is specified as a percentage of
the preferred values

All resources are owned
NoO resources are shared
Resources are consumed

Agents have shared knowledge of the set of
possible goals, the set of resources and all possible
decompositions of goals (plans)

There is no overlap between needed resources

[ !r’_ =
[t o
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IBN: General picture

% Agents will negotiate an exchange of

resources for achieving their goals
(Money will be used for utility transfer)

% EXxecution cycle, the agent will:
Generate all the possible plans

Evaluate the plans (agents usually have
wrong evaluations for the resources that are

missing)
Pick the cheapest and negotiate to get the
missing resources If any.

Try the next plan if the negotiation fails.

a., ICEC 2007
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B: Bargaining Protocol and Strategy

i Initiator i (a) Bargaining Partner |
#= Agents disclose the
set of resources .
they want and start Inform(need(missing;)) .
eXChanglng OfferS: E - |n‘fgrm[need[miss]ngjj]
Swanteds Sgiven, Payment);_, :
{ wanted gruen p”H”” ”T)E J . \\/\ Propose(proposalj) ._'
Reject() -
Accept() >
- Propose(proposal;)
Reject()
B :
< Accept() :
\/ \/
,3 ICEC 2007 LT
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B: Bargaining Protocol and Strategy

m Agents start with their most preferred offer

» They evaluate each offer received in terms of benefits

s Alternated offers bargaining about compensatory
payments with a monotonic concession strategy:

* Xnextoffer— (Xoter+ Yorrer)/2 1T Within preferences
boundaries

® XnextOffer:XOffer Othe rwise

e Ending condition: the agents (both) repeat
themselves

Deal Range

Initial Propo sal Border proposal
Buyer [

| = _ | Seller .
|

Border proposal Initial proposal U

treche
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R — Reframing Strategy and Protocol

Initiator |

(b)

Reframing

Request(why(missing;))

Partner |

We assume that the
agents are sincere and

Reject(reframing(missing;))

Inform(because(X))

Y

Inform(cheaper(Y))

D T ——

B
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Reject(reframing(missing;))

e

Reframing on X

V

ICEC 2007

trust each other

If possible, | suggests
an alternative way of
achieving j's underlying
goal that is subjectively
evaluated to be the best
option for him among
the ones beneficial for j.

Update function:

] updates the valuation
of the ressources not
owned in order to make
Y cheaper than X

= Universiteit Utrechr



Meta-strategy: agent deliberation

(a) Deliberation cycle
Find possibls Finid i M Mari goal
olars wst plan e faillad

[ 3

—Na Himissn Sal Find mssing
’ curmon? pllan cumenrt plan (Lt pe ]
Sand reaguesl .
P . A

i 1 —
l'.‘Iullc gaaal
[ gurcnaidid ]‘—[Lﬁ:\!ﬂ:ulﬂ |:||'.|"|]

W

W |uarion
changed
L

4
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Meta-strategy: BO and BR agents

% BO agents: agents that can only use the
bargaining protocol and strategy

% BR agents: agents that can use both
bargaining and reframing.

% Meta-strategy: there are several ways to
Intertwine the two strategies
*B; 2 Ry
+B-> R,> Update > R, > B>
L .
+B

2 R,z 2 Update > B, 2

1&2
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BO negotiations - example

OJRSOT 4O

(%) =l

@ Agent B

Lt flre] [ raf[ra] [rs||re] [r]lra] [ro|lriol [Fi1)|ri] i3] [Fa] |Fis|[Fe| [Fiz][Fie] [ Fie ]| reo]
A oy b A b A AN A b r
' v h'd Ty T
Costa( Pa') = 1209 Costa( P4® ) = 1156 Costa( Pa’ ) = 1200 Costa( B) 1387 Costa( Pg[2] ) = 917
Coslg( P4' ) = 1000 Costg( P4* ) = 1247 Coste( Pa” ) = 1036 Costg( Pg' ) = 1275 Costg( Pe[2] ) = 819
Nb | Message eval o eval g
<{ . T18,. 7190, T“}[']} {'}"3 6 }n. _‘)[-}8>B—>;'—‘1 — 177 —|—le
<{ s . Tg }> {T 17-T18,. 719, T2( }> JE)}A_}B —|—l(]—l —235
({ri7,m18, 710,720}, {r5. 76}, —208)p_ o | —177 +168

reject

ICEC 2007
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BO negotiations - example

Lrflre| (rs]lra] [1s |4 | To | (o] [r11]]riz] [Tz ] [ral [Ms||re| [riz
& & &) & CACACICRROACRCTAD
b A b A b A b A
' h'd ' T
Costa( Pa') = 1209 Costa( Pa’ ) = 1200 Costa( Ps' ) = 1387 Costa( Pg[2] ) = 917
Costg( P4 ) = 1000 Costg( Pa” ) = 1036 Costg( Pg' ) = 1275 Costa( Pe[2] ) = 819
Nb | Message eval o cval g
BL <{ . T18,. 7190, T“}[']} {'}"3 6 }n. _‘)”8>B—> A — 177 —|—le
Al ey e
A <{ rs. T(,} {717 m"Ms.T19, ?}[]} 195 }4_”3 —|—l(]—l —235
2 ‘ 1~ 1 OoC
B ({r17, 718,710,720}, {r5.76 }, —208) Ao | —177 | 4168
- reject

ICEC 2007
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BO negotiations - example

Agent A has all the resources he needs

Nb | Message eval 4 | evalp
B <{ 14,?15‘T1@}‘{?:—F916)5_4A —123 +119
AV L 3 g, s, 16}, —1143) 445 +104 | —108
B <{?14 15, Tjii} { b,o4+1029.5)p.a | —9.5 +5.5
A4 <{ {T‘H 5 ?“LE:}’.—l[)'—B f}q_,B +4.7 —8.7
B” <{?14 15, TLL:} { L, 4+1029.5)_ 4 —9.5 +9.9

E
A” | reject

Conclusion:
« Agent A achieves his goal with P3 (costs 1200)
. Agent B (no more plan) does not achieve his goal

a;, ICEC 2007
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BR negotiations - example

A
OIECLENC

\
@ o

Lt flre] [ raf[ra] [rs||re] [r]lra] [ro|lriol [Fi1)|ri] i3] [Fa] |Fis|[Fe| [Fiz][Fie] [ Fie ]| reo]
A oy b A b A AN A b r
' v h'd Ty T
Costa( Pa') = 1209 Costa( P4® ) = 1156 Costa( Pa’ ) = 1200 Costa( B) 1387 Costa( Pg[2] ) = 917
Coslg( P4' ) = 1000 Costg( P4* ) = 1247 Coste( Pa” ) = 1036 Costg( Pg' ) = 1275 Costg( Pe[2] ) = 819
Nb | Message eval o eval g
<{ . T18,. 7190, T“}[']} {'}"3 6 }n. _‘)”8>B—> A — 177 —|—le
<{ rs. T(,} {717 m"Ms.,.7mo, ?}[]} 195 }4_”3 —|—l(]—l —235
({ri7,m18, 710,720}, {r5. 76}, —208)p_ o | —177 +168

reject
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BR negotiations - example

Nb | Pertf. Message

B' | request | why{{rs, 76} B_ 4

A | request | why({ri7,718, 710,720} ) B—A

B* inform | because({Giq,{ri=,718}}, {G1a, {ri9. ™m0}t a_1

A? inform | because({Ga,{r5,76}})a—B

B” | request | why{{G4})p_ 4

A | request | why{{Gi1,Gi2})p—a

B* inform | because({Gg, {117, 718,719,720} }) A—B

A inform | becausel {(_71,{ 5,76, 77, T8

j1)A—B
B | inform | cheaper{{Gq,{ri,7m2, 73,74} } ) B— A
A" | request | why{{Gg})p_a
B | reject why{{Gg}) B_ A
B" | reject re framing{({ri7, 18,719, ™0} )B— A

ICEC 2007
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BR negotiations - example

* Agent B drops his plan

#= Agent A updates his valuation function
according to this new information, i.e. so that
P1 becomes cheaper than P?

#* Valuations of the resources not owned:

e Decrease of P1:r,, r
e Increase of P2: r, r

r

3" "4

6
% A's preference relation is changing:

e Before: P2=>pP3=>p1
e After: P1>pP2>p3

*3 ICEC 2007
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BR negotiations - example

% The next bargaining succeeds:

Nb _It“ﬁdﬁ’,t‘ eval A cval g
A’ ({r2,r3,7a},{714, 715,716}, —484) A B +269 —274
B ({?14 15,716 }. {r2. 3. ra}. +7)B_ A —209 | 4217
A* ({ro2,7r3,ra}, {714, 715,716}, —245)a_ B | +30 —35
B- ({r1a, 715,716}, {r2. 73,74}, +133)p_. Ao | —82 190
A° <{” ra,rat. {r1a. 715,716}, —217)a_ B | +2 -7
B° | ({114, 715. 716}, {72, 73,74}, 1223)5— A | +8 10

A’ accept

Conclusion:
e Both agents achieve their goal
 Agent A achieves his goals with a cost of 1191

ICEC 2007
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Experiments

% We have developed a negotiation simulator:

+Allows to generate BO and BR agents: 3ApPL

agents with goals, knowledge about the goal decomposition,
knowledge of the resources they own, beliefs about the value
of the resources, potential benefit, ...

e Error made on the valuation of the resources not owned
e Potential benefits: used to calculate [prefmin, prefmax]

#+Allows to generate synthetic IBN Domains:
e Depth and branching factor of the plans
e Number of alternatives for each goal

+Allows to automatise BO and BR negotiation

. 3 ICEC 2007
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Experiments

* Demonstration

#* We ran simulations at the Center
for High Performance Computing
of the University of Melbourne.

#* Alfred iIs a Linux Cluster system
consisting of 48 computer nodes
(was ranked #484 in June 2003)

# Our simulator and the 3APL
environment have been modified
to work in batch mode (jobs —
negotiations — are distributed over
the nodes)

.u-.m ICEC 2007
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Experiments: Parameters

% The parameters used for the experiments were:

e Plans of depth 3, branching 2, 4 alternatives
for the main goal (32 resources)

e \We assumed no overlap between the agents
plans (positive or negative interactions)

e Error was varied from -70% to +70% by
step of 5%

e 100 different configurations: initial domain
and valuations

e BO and BR for each configuration

* That iIs 168200 negotiations per experiment!

ICEC 2007
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1 month later!
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Qualitative result for Bargaining

—
o
o

o
o=

=)
o

I
o

)
o

Number of deals

o

ICEC 2007 # Universiteit Utrechrt



Qualitative benefits of IBN
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Quantitative benefits of using IBN
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Quantitative benefits of using IBN
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Qualitative dimension of IBN
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Valutaion updates
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Conclusion - Results

#* In this work, we demonstrate (through
simulation) that IBN (the BR strategy) increases
the likelihood and the quality of deals:

#Increases the number of agreements

#+When both BO and BR allow for a deal: less
expensive plan(s) and/or more (subjective)
benefits are made In the BR deals

* However, these qualitative and quantitative
advantages are not of analytical nature but
empirical results that hold in general rather than

INn all cases.

) ICEC 2007
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Conclusion - results

% The proposed model gets rid of the four
[imitations mentioned in the introduction:

Agents do not have a priori
knowledge of the others' utility
function or goal

Incomplete and
Imperfect

_ knowledge
Agents have imperfect

evaluation of the resources not

owned
Feedbacks are not restricted to Takes adv-a.ntage of
an exchange of offers the cognitive and

The agents' valuation functions social capabilities

and preferences about plans are (Commqnication) of
dynamic cognitive agents

. 3 ICEC 2007
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Future and Related Work

* There are many perspectives on this work:
+0Other experiments:
e Asymmetric reframing (only one agent)
e Variants of the type and structure of the
domain (ready for that)
e Different update functions
e Different meta-strategies
#+Refining the current protocols (looping, ...)
+Malicious/insincere agents

+Positive/negative interactions between goals
and conflicting needs for resources

ICEC 2007
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Future and Related Work

% Extending/refining the model:
- Uncertainty about the validity of plans
- Incomplete knowledge about plan decomposition

- Extend the reframing protocol with more
argumentation

+ Propose other ABN protocols
- ABN/IBN strategies other than reframing
* INn a related paper (submitted to JAAMAS we

present similar model (simpler) with analytical
results about positive interactions

ICEC 2007
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Questions and Discussion
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Example of loop

Preferences of agent A (subjective costs)
PA{4DG] - FA{EDD] = F‘q{ H50)
(475) =° {-lffﬂ] - PA{J[][]}
P& (476) -° F‘ﬂ‘{ééﬂf 5) - P‘*{JHS 5)
(481) (

—ﬁ_ﬁﬂg
P57 (481) =° P (483 Py (487.5)

ICEC 2007




Complexity
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