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Research on
Human negotiations

• not rational at all (mistakes and emotions)

• long term relationships

• natural language

• deal with uncertainty

• application domain for experimentation

• humans to take part in our experiments
[1] Lin & Kraus. ‘Can automated agents proficency negotiate with humans?’. Communications 
of the ACM. 53(1):78-88, 2010.
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Research on
human negotiations

• not rational at all (mistakes and emotions)

• long term relationships

• natural language

• deal with uncertainty

• application domain for experimentation

• humans to take part in our experiments

[2] Fabregues & Sierra. ‘Diplomacy game: the test bed’. PerAda Magazine, 2009.
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Diplomacy

• strategy board game designed in 1954

• popular game with lots of followers

• there are books, a magazine, software 
applications and  forums of players
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Diplomacy

[3] Fabregues, Navarro, Serrano & Sierra. ‘DipGame: A testbed for Multiagent Systems’. 
Autonomous Agent and MultiAgent Systems. Toronto, 2010.

Wednesday, April 7, 2010



Wednesday, April 7, 2010



Diplomacy

• 7 players with units over a map of Europe

• goal: to conquer Europe

• simultaneous announcement of movements 

• no random elements: turns, dice, cards, ...

• players can negotiate and perform 
cooperative movements
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Research on
human negotiations

• not rational at all (mistakes and emotions)

• long term relationships

• natural language

• deal with uncertainty

• application domain for experimentation

• humans to take part in our experiments

with Diplomacy

[3] Fabregues, Navarro, Serrano & Sierra. ‘DipGame: A testbed for Multiagent Systems’. 
Autonomous Agent and MultiAgent Systems. Toronto, 2010.
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Bot development

• a bot is an agent capable of playing

• Eithan Ephrati master thesis under 
supervision of Daniel Lehman

• a lot of developers are already doing it 
without negotiation

• they deal with specific tactics and strategy 
of Diplomacy

[4] Eithan Ephrati, Master thesis. 1987.
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• nothing since Sarit Kraus thesis under 
Daniel Lehman supervision

• many people tried but no one succeeding

• lot of research on negotiation models

• test them building bots of Diplomacy

Bot development
with negotiation

[5] Kraus & Lehmann, 'Designing and building a Negotiating Automated Agent’. Computational 
Intelligence, 11(1), pp. 132-171, 1995.
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Bot development

tactics and 
strategy

trust and 
negotiation

tactics and 
strategy

models of trust and 
negotiation+ =

how to play 
Diplomacy

whom to trust and 
how to negotiate

agents capable of playing 
Diplomacy with negotiation

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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Level 8:  Arguing

Level 7:  Explaining

Level 6:  Taking into account the passage of time

Level 5:  Sharing feelings

Level 4:  Asking for indirect information

Level 3:  Asking for direct information

Level 2:  Sharing information

Level 1:  Negotiating a deal

Diplomacy terms expressed in an ontology

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.

Nagural language
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Level 8:  Arguing

Level 7:  Explaining

Level 6:  Taking into account the passage of time

Level 5:  Sharing feelings

Level 4:  Asking for indirect information

Level 3:  Asking for direct information

Level 2:  Sharing information

Level 1:  Negotiating a deal

Restricted language

trust

negotiation

emotions

argumentation

Diplomacy terms expressed in an ontology

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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http://www.dipgame.org
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gameManager

manages the players, 
resolves the orders, ...

Bot development 
framework

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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gameManager

dip

Bot development 
framework

provides:  representation of 
the game state and the 
orders

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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gameManager

dip

bot

provides:  the best action 
requires:  action evaluation

Bot development 
framework

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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gameManager

dip

bot

defaultBot

plays Diplomacy 
without negotiation

Bot development 
framework

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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gameManager

plays Diplomacy 
without negotiation

Bot development 
framework

diploBot

[6] Fabregues & Sierra, 'A testbed for multiagent systems'. Technical Report IIIA-TR-2009-09.
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gameManager

Bot development 
framework

diploBot
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gameManager

negoBot

dipNego

negoServer

plays Diplomacy
language
interpreter

communication server

Bot development 
framework

diploBot
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The Diplomat

[6] Kraus & Lehmann, 'Designing and building a Negotiating Automated Agent’. Computational 
Intelligence, 11(1), pp. 132-171, 1995.
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Organisations
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Organisations
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[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.

Caramelman #?
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• what can we do?

• what can we say?

• what do we think about others and about us?

Architecture

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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• what should we do? how?

• what should we say? to whom? when?

• how our actions/messages will affect the 
image of others on us?

Architecture

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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• we decided about actions and messages.

• how to interpret the messages and actions?

• how is the time affecting to us?

Architecture

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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• a plan is a set of basic plans

Practical reasoning

b action

agent

time

b1 b2 b3 b4 b5

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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• a plan is a set of basic plans

• deals are signed on small plans affecting only 
two agents

Practical Reasoning

b1 b2 b3 b4 b5

b1 + b2 b2 + b4

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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• a plan is a set of basic plans

• deals are signed on small plans affecting only 
two agents

• a set of plans

Practical Reasoning

b1 b2 b3 b4 b5

b1 + b2 b2 + b4

b1 b2 b3 b6
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• a plan is a set of basic plans

• deals are signed on small plans affecting only 
two agents

• a set of plans

• diversity

Practical Reasoning

b1 b2 b3 b4 b5

b1 b2 b6

b1 b2 b3 b6

b1 b2 b3 b6
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• a plan is a set of basic plans

• deals are signed on small plans affecting only 
two agents

• a set of plans

• diversity

• coherence

Practical Reasoning

b1 b2 b3 b4 b5
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• a plan is a set of basic plans

• deals are signed on small plans affecting only 
two agents

• a set of plans

• diversity

• coherence

Practical Reasoning

b1 b2 b3 b4 b5

b6 b7 b8

b9 b10 b11 b12

b13 b14 b15 b16

trade-off
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• genetic algorithms

• fitness: utility of the plan

• selection using elitism on a subset of plans 
that is diverse and coherence

- Gini measure of the plans similarity

- popularity: proportion of plans in that 
contain a given plan (low value)

Practical Reasoning

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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Practical Reasoning

The popularity of a basic plan b ∈ B within a set of plans P is the proportion
of plans in P that contain it:

pop(b, P ) =
|{p ∈ P : b ∈ basic(p)}|

|P | (1)

Given a set of plans P we define the statistical dispersion of P , ∆(P ), as the
Gini measure of the plans similarity.

∆(P ) =
1

|P |(|P |− 1)
Σp,q∈P sim(p, q) (1)

diversity

coherence

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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Practical Reasoning

[7] Fabregues & Sierra, 'An agent architecture for 
simultaneous bilateral negotiations’. ACAN, 2010.
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Practical Reasoning
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Practical Reasoning
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