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Negotiations

NA discussi on 1 n
Interested parties exchange
iInformation and come to an
agr ee meé nmbavisand

Smith, 1977
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Open Agent Environments

Consist of:

Automated agents developed by or serving
different people or organizations.

People with a variety of interests and
Institutional affiliations.

The comput er aigretnd rse at
they may cooperate to further their interests.

The set of agents is not fixed.
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Open Agent Environments (examples)

Agents support people

Collaborative interfaces
CSCW: Computer Supported Cooperative Work systems

Agﬁ@%@%@lg}g@;@ggﬂés for people
Coordinating schedules

Patient care-delivery,s sten{s :
Groups of agerts act autonomously alongside
niine auction

people
Simulation systems for education and training

Computer games and other forms of entertainment
Robots in rescue operations

Software personal assistants
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Plan of Talk

Challenges

Successful agent for bilateral negotiation on
multiple issues under incomplete information.

Colored Tralls test bed

Multi-personality agent for complex
negotiation settings

Efficient Interruptability in teams
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Negotiating with rational agents

Quantitative decision making:
Maximizing expected utility
Nash equilibrium, Bayesian Nash equilibrium

Automated Negotiator:
Model the scenario as a game
The agent computes (if complexity allows)
the equilibrium strategy, and acts
accordingly.

(Kraus, Strategic Negotiation in

Multiagent Environments,
MIT Press 2001).
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Why not equilibrium agents?

Results from the social sciences suggest
people do not follow equilibrium strategies:

Equilibrium based agents played against
people failed.

People do not always design agents to follow
equilibrium strategies.

Equilibrium strategies are
usually not cooperative 1

all lose.




Classical environment: ===
Chess

Strategic game T no negotiation required.
Programs play chess as well as people.

Programs play chess in a way much different
than people: they mainly search the game
tree.

With'a H'ramahc victory in Game 6? - Pt
Deep Blue won 1S six-game rematch — SEEESERS
with Champion Garry Kasparov © b XA st s )
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Proposed solution

Machine learning
Gener al model i ng of par
Online learning and adaptation

Qualitative decision making

agents that we develop do not follow
equilibrium strategies
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Evaluation Challenges

Probl em: donot know tnh
opponents.
Possible solutions:

Interact with people

Organizing tournaments (IPD, TAC, RoboCup).

Evaluating with respect to a pre-defined set of
strategies (theory or CDA).

Asking people to design and implement agents
(Peer Designed Agents (PDA)).

10
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Open environments dimensions

Number of:
Agents: bilateral vs multi-agent
Negotiation issues: single vs multi
Interactions: once vs repeated
Avalilable information about:
The preferences of the opponent
The environment
Stochastic actions
Protocols:
Enforceable agreements vs unenforceable agreements
Auctions vs bargaining

11



KBA agent T e
Environment dimensions

Number of:
Agents: vs multi-agent
Negotiation issues: single  vs
Interactions: VS repeated

Available information about:;

Che preferences of the opponent >

The environmert
Stochastic actions

Protocols:
Enforceable agree@s unenforceable agreements

Auctions vs < _bargaining >

12
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Facing the Challenge of HumaprAgent
Negotiations via Effective General
Opponent Modeling

Developed by Yinon
Oshrat and Raz Lin

AAMAS 2008
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Bilateral;, Multi iIssue; Incomplete info

Bilateral negotiation

Multi-issue
One Iinteraction
Incomplete information about opponent

expressed as uncertainty regarding utility
preferences of the opponent (k types)

Enforceable agreements
Negotiation protocol: exchanging (partial) offers
and counter offers.

Status Quo agreement and Opt-Out option
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Solution Approach

N General opponent modeling

A Online Learning and adaptation:
Dealing with incomplete information

Getting as input K types of opponents.
Mai ntaining belilefs on act

Updating beliefs using Bayes rule, when receiving
offers and when receiving responses.

& Qualitative decision making
Luce numbersandagr eement s |
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Introduction

KBAgent (Knowledge Base) is an automated
agent capable of proficiently negotiating with
people

Tackles the diversity in the behavior of people
by introducing a novel opponent modeling
component
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Example Scenario

©.0riginal Artist

== Reproduction rights obtainable from -
; e www: CartoonStock.com Empl_oyer and JOb
candidate

Objective: reach an
agreement over hiring
terms after successful
Interview

U gy fausT BE THE ONE INGUIRING AbaUT THe “fEMP' PoSITION...
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Negotiation Issues

Salary
Values: $7,000, $12,000, $20,000 (per month)
Job title

Values: QA, Programmer, Team manager, Project
manager

Social benefits
Values: With/Without leased car,
0%, 10%, 20% pension funds
Promotion possibilities
Values: Fast promotion track, slow promotion track
Working hours
Values: 8, 9, 10 hours
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Accomplishments

Designingthe KBAgento s strategy u
history of other agents; tested with human
subjects

Suggesting a unigue generic learning
mechanism

Improving the state of the art QOAgent (Lin et
al. AlJO8)
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The Environment

Finite horizon bilateral negotiation
Time constraints and time cost for each player
Incomplete information:
there are different utility types
Finite set of multi-attribute issues
Status Quo agreement and Opt-Out option
—- Agreements can be reached incrementally
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Negotiation Process

Each of the parties can propose a (partial)
agreement and the opponent can either accept or

reject
The negotiation ends when either:

A agreement is reached,

A one of the players opts out of the
negotiation,
A deadline is reached (status quo)
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General opponent modeling

Challenge: sparse data of past negotiation
sessions of people negotiation

Technique: Kernel Density Estimation

0161

014
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General opponent modeling

Estimate likelihood of other party:
accept an offer
make an offer
Its expected average utility

The estimation is done separately for each
possible agent type:

The type of a negotiator, for example, is determined
using a simple Bayes' classifier
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KBAgenbs deci si on:

Compute QOvalue for possible offers and
propose the offer with the highest QOvalue
(similar to the QOAgent)

Create a concession rate policy using the
opponent model for additional offers (if
needed)
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QOvalue components (A)3)

Luce numbers
Attached to each offer
Equals to the relative utility value of an offer:

u(offer)

lu(offer) =

oI O U(O)

Offer ranking
We have a finite set of agreements

All agreements are ranked based on their
utility value in the range (0,1]
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QOvalue (motivation)

Taking into accounttheo p p on e n t-a-s |
view when making an offer

Generate good offers for the agent, which is
estimated to be acceptable by the opponent

Estimating acceptance using Luce numbers

QOValugo) = min{a, b}
a =rank,,,(0§ Q. ..(0)
b — [luopponencaj + Iuagen(c\)‘)] C"Danlﬂ)pponerﬁ(\)‘)
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QOAgentiAlJO8)

Make an offer with the highest
QOvalue

Accept an offer with a probability that
depends on the ranking number of
the offer
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KBAgent- Concession Policy

Create the list of offers:
with utility value above the SQ

discard offers that reduce both the
ot her partyo<LQOwaluda | |t
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KBAgentConcession policy

Offer Index QOValugo,) uopp((\):) Order list
10 435
12 400
12.5 300
9 410
10.3 350
9.87 470
9.8 490
e 13.45 350
8.8 500
11.22 430

*6 possible
negotiation
rounds
*Average
expected480
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KBAgentConcession policy

Offer Index QOValugo,) uopp((\):) Order list
0 13.45 350
1 12.5 300 discard
2 12 400
3 11.22 430
4 10.3 350 discard
5 10 435
6 9.87 470

17 9.8 490
8 9 410 discard
9 8.8 500

*6 possible
negotiation
rounds
*Average
expected 480
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KBAgent- Concession Policy

Use a concession rate to propose offers from the list
decreasing QOvalue for the agent
Increasing utility value for the other party

The concession rate is determined such that after
passing 80% of the turns, the KBAgent will propose
the offer which is as closest to the Expected Opponent
Avgerage
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KBAgentConcession policy

Offer Index QOValugo,) uopp((\):) Order list
0 13.45 350 0
1 12.5 300 -
2 12 400 1
3 11.22 430 2
4 10.3 350 -
5 10 435 3
6 9.87 470 4
e 9.8 490 5
8 9 410 -
9 8.8 500 6

*6 possible
negotiation
rounds
*Average
expected 480
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KBAgent Accepting Offers

Accept if offerhas higherut 1 | 1ty wval ue
next proposed offer

Otherwise, compute a time dependent threshold using
the opponent model

Calculate expected utility at a given round as
a function of the threshold
future expected utility

Extract the optimal threshold using backward induction



AAAAAAAA

Best agreement: 20,000, Project manager, With leased car; 20%
pension funds, fast promotion, 8 hours

KBAgent

20,000
Team

Manager,
With ledsed
car
Pengion: 20%

10 hours SIgW
/ %ﬁfgﬁ?ﬂ&ion
rpisiglemanager
Without leased
car
Pension: 20%
Slow promotion

9 hours
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KBAgentas the job candidate

Best agreement: 20,000, Project manager, With leased car; 20%
pension funds, fast promotion, 8 hours

#— KBAgent

\ é Round 7 .

- 20,000
Programmer
With leased
car

Pension: 10%
Slow
promotion
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Experiments

Experiments with human subjects:
172 grad and undergrad students in Computer Science
Comparison

with the QOAgent i an automated negotiator that do
not use database of past sessions

with people behavior for baseline
Each player played once
Scenarios: (KB of 20 games)
Employer-Employee
Tobacco Convention: England vs. Zimbabwe
GPNEG: General Purpose Negotiation Simulation Tool
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Results: ComparingBAgentto-=+-

others

|:>|ayer Type Average Utility Value (std)
KBAgent vs people 468.9 (37.0)
QOAgent vs peoples | Employer 417.4 (1 3.9)
People vs. People 408.9 (106.7)
People vs. QOAgent 431.8 (80.8)
People vs. KBAgent 380. 4 (48.5)
KBAgent 482.7 (57.5)
QOAgent 3 9.8 (86.0)
People vs. People Job 310.3 (143.6)
People vs. QOAgent | Candidate 320.5 (112.7)
People vs. KBAgent 370.5 (58.9)
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Main Results

In comparison to the QOAgent

The KBAgent achieved higher utility values
than QOAgent

More agreements were accepted by people

The sum of utility values (social welfare) were
higher when the KBAgent was involved

The KBAgent achieved significantly higher utility
values than people
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Conclusions of KBagent

Novel approach for automated negotiator design
General opponent modeling
Concession method

Results demonstrate the proficiency negotiation
done by the KBAgent
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Color Tralls (CT):
An Infrastructure for agent desig
Implementation and evaluation r
open environments

Designed with Barbara Grosz
Implemented by Harvard team
AAMAS 2004
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Desiderata for Empirical Testeds

Focus on DM In task settings, not a specific
domain (e.g., job hiring),
Facilitate the comparison between different

computational strategies and their effects on
human behavior.

Easily vary environmental features such as
game complexity, player dependencies,
availability of information, etc...
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