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Abstract. This paper reports on experiments in (human) multi-issue negatiation and their
analysis, and presents a generic software environment suppating such an analysis. First, the
paper presents a System for Analysis of Multi-Issue Negatiation (SAMIN). SAMIN is designed
to analyse multi-issue negatiation gocesses between human negdtiators, between human and
software agents, and between software agents. The agents condict one-to-one negatiations, in
which the values aadoss multiple issues are negotiated on simultaneously. To analyse such
negatiation processes, the user can enter any formal property deemed useful into the system and
use the system to automaticdly chedk this property in gven negatiation traces. The paper
presents the results of applying SAMIN in the analysis of empiricd traces obtained from an
experiment in multi-isue negatiation abou second fand cars. In the experiment the dforts of 74
humans negoatiating against ead other have been atysed usng SAMIN.

1. Introduction

Negatiation is a processby which ajoint dedsion is made by two or more parties [19]. Typicdly
ead party starts a negdtiation by dfering the most preferred solution from the individual area of
interest. If an dffer is not acceptable by the other parties they make murter-offersin order to move
them closer to an agreement. The field of negatiation can be split into dfferent caegories, e.g.
alongthe followinglines:

e one-to-one versus more than two parties
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» singe- versus multi-issues
» closed versusopen
» mediator-based versus mediator-free

The reseach reported in this article cncerns one-to-one, multi-isue, closed, mediator-free
negatiation. For more information on regotiations between more than two perties (e.g., in
auctions), the reader is referred to, e.g., [23]. In single-isaue negatiation, the negdatiation focuses on
one aped only (typicdly price) of the mncept under negdtiation. Multi-issue negatiation (also
cdl ed multi -attribute negoatiation) is often seen a more woperative form of negoatiation, since often
an outcome exists that bringsjoint gansfor both parties see [21].

Closed negotiation means that no information regarding preferences is exchanged between the
negotiators. The only information exchanged is formed by the bids. In partially open negotiation
some information regarding preferences is exchanged, and in completely open negotiation all
information is exchanged. More information about (partially) open negotiations can be found, e.g.,
in[17] and [21]. However, the trust necessary for open negotiations is not dways available.

The use of mediatorsis a well-recognised tod to help the partiesin their negatiations, see eg.,
[6, 10]. The mediator aims for a ded that is fair to all parties. Reasons for negatiating withou a
mediator can be the ladk of atrusted mediator, the costs of a mediator, and the hope of doing better
than fair with resped to personal gain.

The literature on closed, multi-issue, one-to-one negatiation withou mediators covers both
systems to (partially) automate the negatiation process and more analytic reseach focused on
properties of the negatiation processand regatiation space Based ona literature study and on ou
own analysis, a number of properties are presented here that focus largely on the dynamics of the
negatiation process iself and onthe results of the neg otiation.

The SAMIN system presented in this paper has been devel oped to support and formally analyse
such negotiation processs, i.e,, multi-issue, (partially) closed, one-to-one negotiations without
mediators. The system requires threetypes of input:

(1) anegatiationtrace (or aset of traces)
(2) aset of dynamic properties considered relevant for the negotiation process
(3) the negotiation profiles of the participants

A trace is a sequence of bids by the negatiators. A dynamic property is an (informal, semi-formal
or formal) expresson that might or might not hold for a cetain trace An example of a smple
dynamic property is bid-alternation, i.e., after communicating a bid to ancther agent, the agent
remains slent urtil it has recaved a new bid from the other agent. A negotiation profile is a
description d the preferences of the agent within the particular negatiation damain. The profiles
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together define the space of possble and efficient outcomes and are, therefore, esentia for the
creaion of acomplete aralysis of the performance of a negatiator.

The most important measure of efficiency in bilateral negatiations, cf. [20], is Pareto-efficiency.
An oucome is sid to be Pareto-efficient if the utility of any party canna be improved withou a
lossof utility for anather. The set of all Pareto-efficient outcomes form the Pareto-efficient frortier.
The distance of an outcometo the Fareto frontier givesa measure of efficiengy of abid.

The SAMIN system consists of three @mporents. an Acquisition Component, an Analysis
Component and a Presentation Component. The Acquisition Comporent is wsed to a@uire the input
necessary for analysis. The Analysis Comporent performs the adual analysis, and the Presentation
Comporent presents the results of the analysisin auser-friendy format.

SAMIN can chedk automaticdly whether seleded properties hald for the traces under analysis.
Such an analysis provides a means to improve bidding strategies and bdding protocols, both for
human negctiators and for software agentsin automated regatiation systems. Beside introduction of
the SAMIN system, a subgaal of this paper is to report some results of such analyses, focusing on
human negcatiators. The results are presented of applying SAMIN in the aralysis of empirical traces
obtained from an experiment in multi-issue negatiation abou second tand cars. In the experiment
the efforts of 74 humans negdiating aganst ead other have beeranalysed using SAMIN.

In Sedion 2 formalisation d negatiation pocess dynamics will be discussed in terms of
negatiation states, trangitions, and traces. Sedion 3 explains the forma spedfication d dynamic
properties and presents example dynamic properties relevant for (partially) closed multi-issie one-
to-one negatiations. The achitedure of the SAMIN system is presented in Sedion 4 Sedion 5
ill ustrates how SAMIN can be used to analyse human negatiation processes. Some experimentsin
human multi-issie negatiation are described and analysed, and the results of the analysis are
discussed. Finally, Sedion 6 discusses related work, and Sedion 7 provides conclusions and some
planned future work.

2. Formalising Negotiation Process Dynamics

Negatiation is esentially a dynamic process To analyse those dynamics, it is, therefore, relevant
to formalise and study dyramic properties of such processes. For example, how does a bid at a
certain pant in time mmpare to hids at previous time points? The formali sation introduced in this
sedion is based onthe notion d negatiation process state, negatiation transition and regatiation
trace
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2.1 Formalising States of a Negotiation Process

The state of a (one-to-one) negatiation process at a ceatain time point can be described as a
combined state consigting of two states for ead of the neg otiating agents:

S=<81,82>

where S1 isthe state of agent A, and S2 isthe state of agent B.
Ead of thesestates include:

» theaget’'sown most recent bid

* itsevaluation of itsown most recent bid

» itsevauation of the other agent’s most recent bid
» thehigtory of bids from boh sidesand ewuations

To describe negdtiation states a state ontology ont is used. Example dements of thisontology are a
sort BID for bids, and relations such as utility(A, b, v) expressngthat A’soverall evaluation of bid bisa
red number v between 0 and 1 Based on this ontology the set of ground atoms At(Ont) can be
defined. A state is formalised as any truth assgnment: Aqont) — {t, f} to this %t of groundatoms.
The set of al states described by this ontd ogy is denoted by States(Ont).

2.2 Negotiation Transitions

A particular negatiation rocess fiows a sequence of transitions from one state S from States(Ont) to
ancther (next) state S’ from States(Ont). A transition S — S’ from a state S to S’ can be dassfied
acording to which agents are involved. During such a transition eat of the man state comporents
(S1, S2) of the overal state S may change. The smplest types of transition involve asinge
comporent transition. For example, when ore agent generates a bid, whil e the other agents is just
waiting: a transition d type S1 - S1 or S2 - S2. Next come transition types where both
comporents are involved. For example, when a communicaion from agent A to agent B takes
place changing the state S2 of agent B: a trangition d type S1 x S2 - S2. Notice that in
principle, also more @mplex transition types are possble, invaving changes of both state
comporents at the same time, i.e.,, S1 x S2 - S1 x S2. In arganised cooperations between
multiple agents the complexity of the types of transitions is often limited by regulation d the
organisation. For example, in organised negatiation processes, usualy it is assumed in the protocol
that after communicating a bid to the other agent, the agent remains slent urtil it has receved a
new bid from the other agent (seethe dynamic property ‘bid aternation’ in Sedions 3 and further
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below). Such an assumption abou the protocol implies that the transitions involved in the
negatiation are only of the simpler types mentioned above.

2.3 Negotiation Traces

Negatiation traces are time-indexed sequences of negatiation states, where eat successve pair of
states is a negoatiation transition. To describe such sequences a fixed time frame T isasaumed which
is linealy ordered. A trace 7 over a state ontology ont andtime frame T isamappng7: T -
STATES(Ont), i.e., a sequence of states 7, (¢ O 1) in STATES(Ont). The set of al traces over state
ontology ont is denoted by TRACES(Ont). Depending onthe gplication, the time frame T may be
dense (e.g., the red numbers), or discrete (e.g., the set of integers or natural numbers or a finite
initial segment of the natural numbers), or any other form, aslongasit has a linea ordering.

3. Dynamic Propertiesof Negotiation Processes

This ®dion gesents a dassficaion d dynamic properties of negotiation proceses along with
examples of ead class Before presenting the dassficaion and the spedfic dynamic properties of
negatiation, the formal method fa- spedfying those propertiesis presented.

3.1 Specification of Dynamic Properties

Spedficaion o dynamic properties of a negotiation process can be dore in order to analyse its
dynamics, for example to find ou how certain properties of a negatiation processas awhole relate
to properties of a cetain subprocess or to verify or evaluate anegdtiation model. To formally
spedfy dynamic properties that expresscharaderistics of dynamic processs (such as negatiation)
from a temporal perspedive an expressve language is needed. To this end the Temporal Trace
Language TTL isused as atod; cf. [5]. Thislanguage canbe classfiedasareified predicae-logic-
based temporal logic (see e.g., Galton, 2003 2006, in contrast to, for example, modal -logic-based
tempora logics as the ones discussd in, e.g., (Fisher, 2005. The language is briefly introduced
here. For more detail s, see(Bos<, Jonker, Meij, Sharpanskykh and Treur, 20086).

The set of dynamic properties DYNPROP(Ont) is the set of temporal statements that can be
formulated with resped to traces based onthe state ontology ont in the foll owing manner. Given a
trace7 over state ontology Ont, a cetain state of the ggent A during a negdtiation processat time
point t isindicaed by state(Z, t, A). Inthe third argument, instead of A also spedfic parts of A can be
used, such as input(A), or output(A), which refer to olservations and adions by A, or communicaions.
These state indicators can be related to state propertiesvia the formally defined satisfadionrelaion
denoted by the infix predicae |=, comparable to the Holds-predicate in the Situation Calculus:
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state(7; t, A) |= p denctes that state property p hddsin trace7 at time t in the state of agent A. Here
state propererties are mwnsidered oljeds and cenated by term expressonsin the TTL language. The
infix predicae |= is aternatively written in prefix form as hads: holds(s, p) means s |= p. Based on
these atomic TTL-statements, dynamic properties can be formulated in a forma manner in a sorted
first-order predicate logic with sorts T for time points, Traces for traces and F for state formulag
using quantifiers and theusual first-order logicd conredivessuchas-, &, 0, 0, 0, O

In some more detail, both state(y, t, output(A)) and p are terms of the TTL language. TTL termsare
constructed by induction in a standard way for sorted predicate logic from variables, constants and
functional symbds typed with TTL sorts. Dynamic properties are expressed by TTL-formulae
inductively defined by:

(1) If v isaterm of sort STATE, and u; is a term of the sort STATPROP, then holds(vi, u;) IS an
atomic TTL formula.

(2) If 1y, 2 aretermsof any TTL sort, then 1, = 12 isan atomic TTL formula.

(3) If 4, r, aretermsof sort TIME, thent, <t, isan atomic TTL formula.

(4) The set of well-formed TTL-formulae is defined induwtively in a standard way based on
atomic TTL-formulaeusing bodean conedivesand quantifiers.

For example, the dynamic property

‘in any tracey, if a any pdnt in time t1 agent A observes that it is dark in the room, whereas ealier a
light was onin this room, then there exists a point in time t2 after t1 such that at t2 in the tracey agent A
switches onalamp’

isexpressd in formalized form in TTL as:

Ot1 [ [ state(y, t1, input(A)) = observed(dark_in_room) &
[X0<t1 [ state(y, t0, input(A)) £ observed(light_on)]
0 [@2>tl state(y, t2, output(A)) £ performing_action(switch_on_light) ]

As another example, consider the dynamic property bid aternation, which states that for all
two dfferent momentsin time tl, t3, that A generates a bid, there isa moment in time t2, with t1 <
t2 < t3, such that A receved a bid generated by B. In formal TTL-format, this property is expressed
as:

bid_alternation(y. TRACE) =
OA, B: AGENT, O b1, b3: BID, O t1, t3: time :
t1<t3&
state(y, t1, output(A)) |= to_be_communicated_to_by(b1, B, A) &
state(y, t3, output(A)) |= to_be_communicated_to_by(b3, B, A)
0 [b2:BID, i2:time:tl1 <t2<t3 &
state(y, t2, input(A)) |= communicated_to_by(b2, A, B)
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Often for reasons of presentation dyramic properties are expressed in informal or semi-formal
forms.

3.2 Classes and Examples of Dynamic Properties of Negotiation

The properties relevant for analysing the dynamics of (partially) closed multi-issie one-to-one
negatiation, can bedivided into he following types:

= Bid properties give some information abou a spedfic bid. They are usually defined in terms
of the negatiation space ad the profiles of the negotiators. Bid properties concern, for
example, the Pareto efficiency of abid.

» Result properties are asubset of the set of bid properties, concerning orly the last bid of a
negoatiation process(i.e., the final agreement).

= Bid comparison properties compare two arbitrary bids with ead aher. An example is
domination: a bid b1 dominates a bid b2 with resped to agents A and B iff both agents prefer
bid b1 over bid b2; seebelow for a formalisation

= Step properties are asubset of the set of bid comparison properties, concerning oy the
trangitions between successve bids. Hence, they are restricted to the combinations of bids of
one party that diredly follow ead other.

= Limited interval properties concern parts of traces. Basicdly, they state that eat step in a
certain interval satisfies a catain step property. For instance a negotiation processis Pareto-
monaonots for the interval [t1, t2] iff for all successve bids b1, b2 in the interval b2 dominates
bl (seebelow).

= Tracepropertiesare asulset of the st of limited interval properties, concerning whole traces.

= Multi-trace properties compare the dynamics observed in more than one trace An example is
Better Negotiator: agent A is a better negatiator than agent B iff in more than 60% of the
negatiations between A and B, the ded readed is more to the alvantage of agent A than of
agent B.

= Protocol properties spedfy certain constraints on the negatiation protocol. A spedfic instance
is: over time the bids of negatiators A and B alternate.

Note that the first two types are basicdly static properties, whereas the other types are dynamic
properties: they spedfy behaviour over time. In [3] for eat of these types a number of properties
are described in detail, both in informal and in formal notation. In this paper, only asmall seledion
of relevant properties is presented. See Appendix A for a more extensive overview of these

properties.
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configuration_differs(b1:BID, b2:BID) =
[ ISSUE, [v1, v2: VALUE :
value_of(b1, a, v1) & value_of(b2, a, v2) & v1 # v2

This bid comparison property states that two bids bl and b2 differ in configuration iff there is an
isale that has a different value in bah hids. For example, in bid b1 the value of the isaue “color” is
“red”, whereas in bid b2 thisvalue is “blue”. Similar properties can be dfined stating that two bids
differ in configuration in at least x isaes. This property can also be used as a building Hock to
spedfy a step property, e.g. “in the view of agent A, agent B varies the wnfiguration, but not the
utility”. Such a property are useful to find outwha kind of opponenthe negati ator is deding with.

strictly_dominates(b1:BID, b2:BID, A:AGENT, B:AGENT) =
OvAl, vA2, vB1, vB2 : real :
util(A, b1, vAl) & util(A, b2, vA2) & util(B, b1, vB1) & util(B, b2, vB2) 0 vAl>vA2 & vB1>vB2

This bid comparison property states that a bid b1 dominates a bid b2 with resped to ageits A and B
iff bath agents prefer bid b1 over bid b2. This nation is related to Pareto Efficiency, see eg., [21].
The property could also be thanged to weakly_dominates by changing the > sign into the = sign.
Moreover, it can be used as a building Hock to spedfy step properties, limited interval properties
(seethe next property), and traceproperties.

strict_pareto_monotony(y.trace, tb:time, te:time) =

0t1, t2: time, OA, B: AGENT, Ubl, b2: BID :
[tb <tl <t2 <te &is_followed_by(y, A, t1, bl, B, t2, b2) ]
O state((y, t2) |= strictly_dominates(b2, b1, A, B)

This limited interval property makes use of the previous property. It states that a negatiation
processy is grictly Pareto-monaonots for the interval [t1, t2] iff for al successve bidsbi, b2 in the
interval b2 dominates bi. By choasing for tb and te respedively the start and end time of the
process the property can be transformed into a trace property. Generally, traces that satisfy this
property are not abunchnt in (human) red world multi-issue negatiations, sinceif the profil es of the
two parties are strondy oppased (with emphasis on the same isaues), even in multi-issle situations
a gain for the one often implies a loss for the other. If, however, the profiles are less oppased,
Pareto-monaony may ocaur.

pareto_inefficiency(y:trace b:BID, A:AGENT, B:AGENT, greal) =
OvA, vB :real :
util(A, b, vA) & util(B, b, vB) O pareto_distance(vA, vB) = €



Automated Formal Analysis of Human Multi-Issue Negatiation Processes

This bid property informally states that with resped to agents A and B, the Pareto inefficiency of a
bid » is the number € that indicaes the distance to the Pareto Efficient Frontier acaording to some
distance measure ¢ in utiliti es. Here, dp1, b2) is the distance between the bids b2 and »2 when viewed
as points in the plane of utiliti es. The function to measure the distance in the plane ca ill be
filled in, e.g., the sum of absolute differences of coordinates, or the square roat of the sum of
squares of the differences, or the maximum of the differences of the mordinates. The Pareto
Efficient Frortier is the set of all bids b for which there isno aher bid b’ that dominates b. Hence,
in case the Pareto Inefficiency of abid isO, thereisno adher bid that dominates it. By filli ngin the
resulting agreement of a negatiation for bid b, the property is transformed into aresult property. In
general, determining the number ¢ for which this property holds is agoodmeasure for cheding the
success of the negatiation process In a similar way, the property nash_inefficiency Can be formulated,
which cdculates the distance from a cetain bid to the Nash Point. Thisis the paint (on the Pareto
Efficient Frontier) for which the product of both utilitie sis maxmal, ssee.g., [21].

4. TheSAMIN Architecture

SAMIN is a Prolog-based software environment that has been designed at the Vrije Universiteit
Amsterdam for the analysis of multi-isaue negdtiation processes. Sedion 41 describes the role
SAMIN can take in an analysis ®tting d negatiation pocesses. Next, Section 42 presents a top
level overview of the SAMIN architedure. Basicdly, the system consists of three @mporents: an
Acquisition Comporent, an Analysis Comporent and a Presentation Comporent. These comporents
are described in more detail in Sedions4.3, 4.4 and 45, regectively.

4.1 SAMIN in its Environment

The SAMIN system has been designed to work together in interadion with a human analyst and
either human o software aent negotiators. As depicted in Figure 1, the analyst determines the
properties that SAMIN isto usein the andysis of negatiation procesgs. He or she can seled (and if
necessary adapt) properties from SAMIN's | ibrary, or can construct new properties with the help of
SAMIN's peda dynamic property editor. SAMIN can orly analyse anegatiation processif it has
access to the profiles used by the different parties, and the bids exchanged between the parties.
SAMIN does nat influence the negatiation while it is being carried ou, it only observes either
during the negatiation, or afterwards.

The analysis result of one or more negotiations is presented to the human analyst. The analyst
can use that result for purposes within Cognitive Science (e.g., to analyse human negotiation
processes and train human negotiators) or Artificial Intelli gence (e.g., to improve the strategies of
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software agents). Interesting for the future might be to present the results diredly after the
conclusion of the negotiation to a software agent negotiator that is capable of learning so that the
agent can use the result to improve its negotiation skill by itself. A negotiation process can be
monitored dredly by SAMIN (if the agents alow interfacing), or the negotiation trace @n be
written to a file and be analysed in hindsight by SAMIN. The arrent verson of SAMIN is
developed especialy for closed multi-issie one-to-one negotiations, entailing that the only
information exchanged between the negotiators are the bids.

The input required by SAMIN (seeFigure 1) consists of properties, profil es, and traces of bids.
Its output consists of an analysis that can be presented in a user-friendly format (seeSedion 4.4 and
4.5). As mentioned before, SAMIN offers the user bath a library of properties to choose from and a
dynamic property editor to create new properties. Profiles can be obtained in two ways. Either the
negotiator presents a pre-spedfied profile to SAMIN or the negotiator can use SAMIN's interactive
profile elitor to create it in SAMIN. Pre-spedfied profiles have to ke in a format recognised by
SAMIN. The trace of bids required by SAMIN can be obtained by SAMIN monitoring the bids
exchanged between the negotiators during the negotiation process This only requires the bidsto be
in a format recognised by SAMIN and the posshility to “overhear” the communication between the
negotiators. Ancther posshility is that the bids exchanged duing a negotiation processare stored in
a spedal file. If the bid-traces are in the right format, SAMIN can perform analysis on one or on a
combination of such traces after the negotiation has beencompleted. If the regotiatorswish to do so,
they can use SAMIN'’s bid ontology editor to define what a bid should lodk like, before entering the
negotiation phase. Construction of bid ontology and the profiles is part of the pre-negotiation phase

[21).

analyst

properties analysis

profile

% ke g

negotiator negotiator

profile

Figure 1. SAMIN in its environment
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4.2 Top Leve

At the top level, SAMIN consists of three @mporents. an Acquisition Comporent, an Analysis
Comporent and a Presentation Comporent, seeFigure 2. Here, the solid arrows indicate data flow.
The dotted arrows indicate that eady comporent can be controlled separately by the analyst. The
Acquisition Comporent is used to aaqyuire the inpu necessry for analysis. The Analyss
Comporent is used to perform the adua analysis (i.e., chedking which properties hod for the
negatiation process under analysis). Finaly, the Presentation Comporent is used to present the
results of the analysis in a user-friendy format. Furthermore, SAMIN maintains a library of
properties, templates of properties, bid ortologies, and profile ontologies (not shown in Figure 2).
The working of the threecomporents will be described in detail in the next sedions

control

)
1

: ~
! ~

* \\‘A

analysis ]—»[ presentation

acquisition

Figure 2. Global Overview of the SAMIN architecure

4.3 The Acquisition Component

The agquisition comporent is used to oktain the required inpu for the analysis. It consists of an
ontology editor, adynamic property editor and a trace determinator.

The ontology editor is used for the mnstruction d bid ortologies and profile ontologies
necessry to automaticdly interpret the bids exchanged by the negdtiators, and to automaticaly
interpret the profiles of the negotiators. The ontology editor is typicdly used to construct a bid
ontology and a profil e ontology, thus all owing the user to identify the isaues to be negatiated, the
values that ead of these isauescan take, and the structure of bids, in the bid ontology. Furthermore,
in spedfying the profile ontology the user identifies the possble evaluations that can be given to
values, and the utility functions of bids.

The dynamic property editor suppats the gradual formalisation d dynamic propertiesin TTL
format. The ditor offers a user interfacethat allows the analyst to construct dynamic properties,
represented in atreelike format.
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The tracedeterminator can be used interadively with the analyst to determine what traces to
use in the analysis. The user can interadively locae the files containing the traces to be chedked.
The traces themselves can be of three caegories. (human) empiricd traces, smulated traces, and
mixed traces. An empiricd traceisthe result of an existing human regdiation process A simulated
traceis the result of an automated negatiation process A mixed traceis the result of a human
negatiating with a software agent. To suppat the aqquisition of traces of all threetypes, a delicated
interfacehas been creaed for SAMIN.

4.4 The Analysis Component

The aalysis comporent currently consists of a logical andyser that is cgpable of chedking
properties againgt traces. To this end, the tod takes a dynamic property in TTL format and ore or
more traces asinpu, and cheds whether the dynamic property holds for the traces.

Traces are represented by sets of Prolog fads of the form holds(state(m1, t(2)), a, true) where m1 is
the tracename, t(2) time point 2, and a is a state property as introduced in Sedion 31. The &owe
example indicaes that state formulaais true in tracem1 at time paint 2. The Analysis Comporent
basicdly uses Prolog rules for the predicate sat that reduce the satisfadion o the temporal formula
finally to the satisfadion o atomic state formulae & certain time paints, which can be read from
the tracerepresentation. Examples of such reduction rules are;

sat(and(F,G)) :- sat(F), sat(G).
sat(not(and(F,G))) :- sat(or(not(F), not(G))).
sat(or(F,G)) :- sat(F).

sat(or(F,G)) :- sat(G).

sat(not(or(F,G))) :- sat(and(not(F), not(G))).

In addition, if a dynamic property does not hald in a trace then the software reports the placesin
the tracewhere the property fail ed.

4.5 The Presentation Component

The presentation comporent currently includes a tod that visuali ses the negatiation spacein terms
of the utiliti es of both negatiators. This visudlisationtod plots the bid trgjectory in a 2-dimensional
plane, seeFigure 3. The utiliti es are red values that indicate how a particular bid is evaluated by a
negatiator. Detail sabout the cdculation of utiliti esare provided in the next Sedion.

In Figure 3, the seller’s utility of a bid is on the horizontal axis, and the buyer’s utility is onthe
verticd axis. The light area ©rresponds to the spaceof possble bids. In this area ead curve isa
corntinuots line, correspondng to a different combination d discrete isaies. The spedfic position
onthe line is determined by the continuous isale ‘pric€. Sincein this particular domain 4 dscrete
issies with 5 passble values occur (seenext sedion), there ae drealy 625(= 5) different curves.
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In this Figure, the sequences of actual bids made by both buyer (eft) and seller (right) are indicaed
by the dark pants that are mnreded by the two anguar lines. The upper-left point indicaes the
buyer’s first bid, and the lower -right point indicates the seller’s first bid. The dotted line indicaes
the Pareto Efficient Frontier acarding to the profil es of the negatiating agents, and the short dark
lines sow the distance from ead hbid to this frontier. The small dot that is plotted onthe Pareto
Efficient Frontier (on the right) corresponds to the Nash Point. From this picture, it is clea that
both negatiators make more and more cncessons (their bids converge towards ead aher).
Eventually, they read a point that does not lie onthe Pareto Efficient Frontier, but is rather close to
it anyhow.

=10l

0.0
0.0 su 1.0

Figure 3. Visualisation Tool
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5. Human Multi-lssue Negotiation Experiments

To illugrate the use of analysing human multi-issie negdtiation pocesses, SAMIN has been
applied in a cae study. As mentioned in Sedion 4 the analysis comporent of SAMIN takes traces
and formally spedfied dyramic properties as inpu and checks whether a property hddsfor atrace
Using automatic chedks of this kind, some of the properties provided in Sedion 3 tave been
chedked against empiricd traces generated by students during pradicd sessons in multi-isaue
negatiation. The domain of the cae study, a negatiation about second hand cars, is presented in
detail in Sedion 51. Sedion 52 describes the setup o the experiments performed in the case
study. The analyticd results of the acquired traces will be shown in Sedion5.3.

5.1 Domain: second hand cars

The protocol used in the experiments is an alternating-off ers protocol. In this type of negdtiation, a
bid has the form of values assgned to a number of isaes of the objed under negdtiation. Here, the
objed of negatiation is a particular second hand car. Within this domain, the relevant isaes are
cd_player, extra_speakers, airco, tow_hook and price. Consequently, a bid consists of an indicaion o
which CD player is meant, which extra speakers, airco and tow hook and what the price of the bid
is. The goal of the negatiators is to find agreement uponthe values of the four accessories and the
price. Here, the price isaue has a continuousvalue, whilst the other fourisaies have adiscrete vdue
from the set {good, fairly_good, standard, meager, none}. These values are assumed to be objedive
indicaors from a consumer organisation, so there can be no dscusson abou whether a cetain CD
player isgoodor fairly good

Before the negatiation starts, bath parties edfy their negdtiation profile: for al isaues with
discrete values they have to assgn a number to ead value, indicating haw satisfied they would be
with that particular value for the issue (e.g. “1 would be very happy to buysell a goodCD player, a
bit lesshappy with a fairly goodCD player, ...” and so on). The buyer also hasto indicae what is
the maximum amourt of money (s)he would be willi ng to spend. Moreover, both parties have to
assgn a number to ead o the isaes, indicaing hav important they judge that ise (e.g. “I dornit
care that much which CD player | will buy/sell”). Notice that this does not conflict with the éove
statements. An example negdtiation profile for a buyer is sown in Figure 4. In addition to this
negatiation profile, the seller is provided with a finarcial profile. Thisisalist of al isaes, where
for eadh isae it isindicated hov much it costs, bath to buyit and to buld it into the ca. Sincewe
focus on closed negdtiation, nore of the profiles will be available for the other party. However,
SAMIN has accessto both profiles.

When bah parties have completed their profiles, the negatiation starts. To help human
negatiators generating their bids, the system offers a spedal tod that cdculates the utility of a bid
beforeit ispas®d to heopponent.
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The utility Ug of abid B is defined by the weighted sum over the issue evaluation values Eg; for the
different isaues denoted by: Ug = 5jw; Eg;. The weight fadtors w; are based onthe issue importance
fadors. Here scding takes place(the sum of weight fadorsis made 1, and the evaluation values Eg;
are between 0 and 1) so that the utility is indeed is between 0 and 1 for more details, see[14].
Since the negatiators have individual negatiation profiles, for ead hid the seller’s utility of the bid
isdifferent from the buyer's uti lity of thebid.

=10/
cd_player: Price: !1800%
Good: [100]0° 100
Fairlygood: [80] 0~ 100
Standard: [75] 0 [ 100
Meager: [70] 0 [ 100
Mone: [20) 0—— ——————— 100
extra_speakers:
Good: [100]0° (100
Eairly good: [35] O Fioo
Standard: [30] 0 =100 —
attribute_importance
Meager: [20] 0—— ——————— 100 i
; Cdplayer: [30] O0——————— [~ 100
Mone: [20] O—— 100
Extraspeakers: (80) 0~ 100
airco: Ajrco: (0] O0—— 100
Good: [37] O foo Tow hook: [30] 0 [ 100
Eairly good: [98] 0O _f 100 Price: [50] O° o 100
Standard: (93] 0O | 100 T | Stop |
Meager: [100]0 100
None: [0] O | 100
towi_hook:
Good: [37] O Fo
Eairly good: [38] O _;l 100
Standard: [39] 0 | 100
Meager: [100]0 {100
None: (0] O | 100

Figure 4. Example Buyer's Negatiation Profile

Besides for fadlitating the bidding process the profiles are used by SAMIN to analyse the
resulting traces. For example, to ched whether the property Pareto-Monaony holds (i.e.,“For eat
combination d successve bids b1, b2 in the trace both agents prefer bid b2 over bid b1"), the
software must have a means to determine when an agent “ prefers’ one bid over ancther.
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5.2 Experimental setup

Participants. 74 subjeds participated in the experiment, in three different sessons. All sessons
took daceduring a master classfor students of the final classes of the VWO (a particular type of
Dutch High Schod). The age of the students mostly was 17 yeas, but varied between 14 and 18
yeas. Most of them were males. In the first sesson, in March 2002 30 students participated. In the
seoond in March 2003 28 students participated. In the third sesson, in November 2003 16
students participated.

External Bidding buyer
Own Bids:
round ecd_player extra airco tow price utility
speakers hoolk
1 good good meager meager 15000 1
2 good good meager standard 16000 0.999752
3 good fairly good meager standard 1a000 0.%13802
4 good fairly good meadger standard 13400 0.880744
Others Bids: .
roeund <d_playsr extra airco tow price utility
speakers hook
1 none standard good standard 20013 0.773388
2 good good meager atandard 20077 0.82809%9
3 good fairly good meager standard 19583 0.864793
4  good fairly good meager standard 19567 0.866942
Round: |5
Cd player: | Good Fairly uuudl Standard | Meager | Mone |
Extra speak Good |Eairly good | Standard | heager | MNong |
Afrco:  Good | Eaitly qnndl Standard |Meager Ione |
Tow hook: Good | Faitly qnnd'ﬁtandard heanger | MNone |
Price: [12400
Utility: |0.580744
F‘agsnnhldl Accept others last bid Mo deal Recalculate utility Litility settings

Figure5. Example Negatiation Trace

Method. Before sarting the experiment, the participants were provided some badkground
information on regatiation, and in particular abou multi-issue negotiation. Some basic negatiation
strategies were discussed. In addition, the seoond hand car example was explained. Then they were
asked to start negatiating, thereby taking a profile in mind (that had to be spedfied first) aiming at
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obtaining the best possble ded, withou showing their own prdfile to the opponst. The ngatiation
processwas performed using dfferent terminals over a network, which al owed ead participant to
negotiate with anather anonymous participant. All negatiators could inpu their bids within a
spedal interface The resulting regatiation traces were logged by the system, so that they could be
re-used for the purpose of analysis. A screenshot of an example negatiation traceis depicted in
Figure 5. Thistraceis shown fromthe perspective of the buyer. In the upper part of the window, the
buyer's own hids are displayed, including the buyer’s utility for ead hid. In the midde part, the
bids of the seller are displayed, including the buyer’s utility for ead bid. The lower part consists of
the bidding interface which all owsthe buyer to input his bid and passit to the seller.

5.3 Resultsof the Human Experiments

Using the SAMIN prototype, a number of relevant dynamic properties for multi-isue negatiation
(also see Sedion 3 have been chedked againgt the traces that resulted from the experiments. The
results indicate that humans find it hard to guesswhere the Pareto Efficient Frontier is located. Due
to space limitations, the detailed results are not shown in this paper. The interested reader is
referred to [3].

6 Related Work

This dion dscusss the literature on the analysis of negatiation processes. Moreover, it reviews
automated negotiation systems that use incomplete information described in the literature and
compares them to ou own.

In the literature on regatiation a number of systems are described. Sometimesit is dated what
properties these systems have, sometimes not. If properties are mentioned they can be of different
types, and also the judtificaions of them can be of different degreeor type. This ®dion dscusses
the literature on properties of negatiation and analyticd results of implemented systems and d
human case studies.

Faratin, Sierra, and Jennings [6] concentrate on many parties, many-isaies, single-encounter
closed negotiations with an environment of limited resources (time among them). Agents
negotiating using the model are guaranteed to converge on a solution in a number of situations. The
authors do not compare the solutions found to fair solutions (Nash Equili brium, Maximal Socia
Welfare, Maximal Equitability), nor whether the solutions are Pareto Efficient.

Klein, Faratin, Sayama, and Bar-Yam [16] developed a mediator-based negotiation system to
show that conceding early (by bath parties) often is the key to achieving good solutions. Hyder,
Prietula, and Weingart [12] showed that substantiation (providing rationale for your paosition to
persuade the other person to change their mind) interferes with the discovery of optimal
agreements.
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Weingart et a. [24] foundthat the Pareto efficiency of agreements between naive negatiators
coud be significantly improved by smply providing regotiators with descriptions of both
integrative and dstributive tadics. Although Pareto efficiency was positively influenced by the
tadics, Pareto optimality was only minimally affeded. Compared to [8, 11, 12], the properties
identified in this paper are geared towards the analysis of the dynamics of the negatiation process
whereas theirs are more oriented towards the negotiation outcome, rationality and use of resources.

In [8], a model for bilateral multi-issue negatiation is presented, where issues are negotiated
sequentially. The isaue studied is the optimal agenda for such a negatiation undr both incomplete
information and time onstraints. However a central mediator is used and the isaues al have
continuots values. The dfed of time on the negatiation equili brium is the main fedure studied,
from both a game-theoretic and empiricd perspedive. In ealier reseach [7] a dightly different
model is proposed, but the focus of the reseach is gill on time mnstraints and the dfed of
dealines on the agents strategies. This contrast with our model, where dficiency of the outcome
and nd time is the main isaie studied. This is becaise we found that, due to ou cooperative
asamption, a ded is usualy readed in maximum 10-15 steps, if the negatiation speed and
tolerance parameters are suitably cdibrated.

A diredion o work diredly related to guessng reuristic is represented by [5], [2] and [5]. Like
[5] we start from the perspedive of distributed negatiation, which eliminates the need of a central
planner. Asin [5], in [2] we aso take the heuristic gpproach and we model agents that are &le to
jointly explore the spaceof passble outcomes with a limited (incomplete) information assumption.
In [5], thisis dore througha trade-off mechanism, in which the agent seleds the value of its next
offer based on a similarity degree with previous bids of the opporent. In ou design, we do no
explicitly model trade-offs, yet the same dfed is achieved through the asymmetric concessons
medhanism. An advantage of our model over [5] is that we dlow agents to take into acourt not
only their own weights, but also those of the opporent in order to compute the next bid. Inthisway
agents may exchange partial preferenceinformation for those isauesfor which their ownersfed this
does nat violate their privagy. Also the initial domain information for the issues with dscrete
(“qualitative”) values is different. In [5], this consists of fuzzy values, while in ou model it is a
partial ordering of isaue weights.

7 Conclusonsand Future Work

The oontribution o this work consists of a systematic goproach to the analysis of the negatiation
process Different types of properties are identified and for ead classa number of properties are
defined. The System for Analysis of Multi-lssue Negatiation (SAMIN) is presented and applied in
two ways. to analyse human negdtiation in a casestudy and o arelyse the effedivenessof guessng
and limited information exchange & implemented in a number of software agents. SAMIN consists
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of three @mporents: an Acquisition Comporent to aquire the inpu necessary for analysis, an
Analysis Comporent to perform the adual analysis, and a Presentation Comporent to presents the
results of the aralysisin auser-friendy format.

The system has proved to be avaluable tod to analyse the dynamics of human-human closed
negatiation against a number of dynamic properties. Our analysis siows that humans find it
difficult to guess where the Pareto Efficient Frortier is locaed, making it difficult for them to
accet a propcsal. Although hunans apparently do nd negotiate in a strictly Pareto-monaonois
way, when considering larger intervals, a week monatony can be discovered. Such analysis results
can be useful in two dfferent ways: to train human negatiators, or to improve the strategies of
software agents.

Currently, SAMIN is being wsed to analyse the dynamics of humans negatiating against
software agents (with and withou guessng strategy, also in setting in which limited preference
information is dared; e.g. [13]). Future reseach is to analyse the dynamics of other types of (e.g.,
more experienced) human negatiators. Furthermore, the system needs to allow heterogeneous
agents, so that a competition d negatiating agents can be set up and the results of that competition
formaly analysed. In future, SAMIN will be extended with training fadlities for human
negatiators, alowing to test the dfediveness of training methods for negatiation. As a smple
extension, for example, if a dynamic property chedked in a traceturns out to fail, a more detail ed
analysis can be given o the part(s) of the formula that cause(s) the failure. Finally, we plan to
extend SAMIN to provide feedbad to a negatiator who is in the midde of a negatiation process
where SAMIN only has accesto the sameinformation as the ngati ator.
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Appendix A - Dynamic Properties of Negotiation Processes

bid_alternation(y:trace)
Over time the bids of A and B aternate: thus for al two dfferent momentsin timetl, t3, that A generated a
bid, thereis amoment in time t2, with t1 < t2 < t3, such that A receved abid generated by B.
OA, B: AGENT, O b1, b3: BID, 0 t1, t3:

t1<t3&

state(y, t1, output(A)) |= to_be_communicated_to_by(b1, B, A) &

state(y, t3, output(A)) |= to_be_communicated_to_by(b3, B, A) O

[b2, 02:t1<t2<t3 &
state(y, t2, input(A)) |= communicated_to_by(b2, A, B)

is_followed_by(y.trace, A:AGENT, t1:time, b1:BID, B:AGENT, t2:time, b2:BID)
In a negatiation processy bid bl at time t1 is followed by a bid b2 at time t2 iff bids bl and b2 are
subsequent bidsinyy.
state(y, t1, output(A)) |= to_be_communicated_to_by(b1, A, B) &
state(y, t2, output(B)) |= to_be_communicated_to_by(b2, B, A) &
t1<t2&
[ Ot3, OC, D: AGENT, Ob3: BID:
t1<t3<t2 0 state(y, t3, output(C)) |# to_be_communicated_to_by(b3, C, D) ]

agent_consecutively_bids_to(y.trace, A:AGENT, tl:time, b1:BID, t2:time, b2:BID, B:AGENT)

In anegatiation processy agent A conseautively bids b1 at time t1 and then b2 at time t2 to agent B.
state(y, t1, output(A)) |= to_be_communicated_to_by(b1, A, B) &

state(y, t2, output(A)) |= to_be_communicated_to_by(b2, A, B) &

t1<t2&

[Ot3, Ob3: BID: t1<t3<t2 0 state(y, t3, output(A)) |# to_be_communicated_to_by(b3, A, B) ]

stop_criterion(y:trace, A:AGENT, t2:time)
The stop criterion hdds for agent A at timet, if at timet agent A receves a bid by regatiation partner B that

isat least as goodas the last bid madeby A.
(11, (B: AGENT, [b1, b2: BID:
state(y, t2, input(A)) |= communicated_to_by(b2, A, B) &
state(y, t1, output(A)) |= to_be_communicated_to_by(b1, B, A) &
is_followed_by(y, t1, b1, t2, b2) &
util(y, A, b1) < util(y, A, b2)

negotiation_continuation(y:.trace)
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For bath A and B, unless the stop criterion hdds, a new proposal is generated by A uponreceaval of a
propacsal by B.
Ot, OA, B: AGENT, Ob1: BID:
- stop_criterion(y, A, t) &
state(y, t, input(A)) |= communicated_to_by(b1, A, B) O
[ Cb2: BID [@2: t2 > t & state(y, t2, output(A)) |= to_be_communicated_to_by(b2, B, A) ]

strictly_dominates(b1:BID, b2:BID, A:AGENT, B:AGENT)
A bid b1 dominatesa bid b2 with resped to ageits A and B iff bath agents prefer bid b1 over bid b2.
[OvAl, vA2, vB1, vB2 : real :
util(A, b1, vAl) & util(A, b2, vA2) & util(B, b1, vB1) & util(B, b2, vB2) O
VAl >VA2 & vB1>vB2

weakly_dominates(b1:BID, b2:BID, A:AGENT, B:AGENT)
A bid b1 dominatesa bid b2 with resped to ageits A and B iff bath agents prefer bid b1 over bid b2.
[OvAl, vA2, vB1, vB2 : real :

util(A, b1, vAl) & util(A, b2, vA2) & util(B, b1, vB1) & util(B, b2, vB2) 0 VvAl=VvA2 & vB1=vB2

strictly_better_social_welfare(b1:BID, b2:BID, A:AGENT, B:AGENT)
The social welfare of bid bl is better than that of bid b2 with resped to agents A and B iff the sum of the
utility values of bid b1 is bigger than the sum of the utility values of bid b2. Seealso [6,10].

OvA1l, vA2, vB1, vB2 : real :
util(A, b1, vAl) & util(A, b2, vA2) & util(B, b1, vB1) & util(B, b2, vB2) O VAl +vB1 > VA2 + vB2

strictly_better_equitability(b1:BID, b2:BID, A:AGENT, B:AGENT)
A bid b1 has a better eguitability than bid b2 with resped to agents A and B iff the differencein the utility
values of bid bl islessthan the differencein utility values of bid b2.

OvA1l, vA2, vB1, vB2 : real :
util(A, b1, vAl) & util(A, b2, vA2) & util(B, b1, vB1) & util(B, b2, vB2) O |vAl-vB1l|<|VvA2-VvB2|

g-equitability(b:BID, A:AGENT, B:AGENT, &:real)
A bid b has g-equitability with resped to agents A and B iff the differencein the utility values of bid b isless
than €. Thus, a bid that has an equitability of 0 has amaximum equitéility. This definition corresponds to the

ideaof Raiffato maximizethe minimum utility [21].
OvA, vB :real :
util(A, b, vA) & util(B, b, vB) O |VA-VvB|<¢g

pareto_inefficiency(b:BID, A:AGENT, B:AGENT, &:real)

With resped to ageits A and B, the Pareto inefficiency of abid b isthe number € that indicates thedistanceto
the Pareto Efficient Frontier according to some distance measure d in utiliti es. Here d(b1, b2) is the distance
between the bids b1 and b2 when viewedas points in the planeof utiliti es.

OvA, vB :real :
util(A, b, vA) & util(B, b, vB) O pareto_distance(vA, vB) = ¢
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making_global_concession(y.trace, A:AGENT, tl:time, b1:BID, t2:time, b2:BID, B:AGENT)
In anegatiation process y agent B makes a global concesson to agent B with resped to hid b1 at time t1 and
bid b2 at time t2 iff both bids are mnseadtive, and b2 has a lower utility than b1, from A’s perspective. A
similar property could be dcefined stating thatan aget receives a global concesson from ancther agent.
agent_consecutively_bids_to(y, A, t1, b1, t2, b2, B) &
OvAl, vA2 : real :

util(A, b1, vAl) & util(A, b2, vA2) O VAl > VvA2

configuration_differs(b1:BID, b2:BID)
Two hids b1 and b2 differ in configuration iff there is an isaue that has a diff erent value in both kids. Similar
properties could be dfined stating that two bids diff erin configurationin at least x isaues.

[ ISSUE, [v1, v2: VALUE:
value_of(b1, a, v1) & value_of(b2, a, v2) & v1 # v2

agent_views_agent_makes_config_variation(y.trace, A:AGENT, B:AGENT, t1:time, b1:BID, t2:time, b2:BID)
In the view of agent A, agent B varies the anfiguration, but nat the utility. Note that one ayent can bah be
agent A and B, or A and B can refer to di fferent agents.
agent_consecutively bids_to(y, A, t1, b1, t2, b2, B) &
configuration_differs(b1, b2) &
OvAl, vA2 : real :
util(A, b1, vAl) & util(A, b2, vA2) O VAl =vA2

agent_views_agent_makes_strict_g-progression(y:trace, A:AGENT, B:AGENT, tl:time, b1:BID, t2:time, b2:BID,
ereal)

In the view of agent A, the two conseautive bids b1 and b2 made a timestl and 2 by agent B show minimum
e-progressonin utility iff the second bd is at least € higher than the first bid. Note that one aentcan both be
agent A and B, or A and B can refer to different agents.
agent_consecutively_bids_to(y, A, t1, bl, t2, b2, B) &
OvAl, vA2 : real :

util(A, b1, vAl) & util(A, b2, vA2) 0 VA2 -vAl>¢

strict_pareto_monotony(y:trace, tb:time, te:time)
A negotiation processy is Strictly Pareto-monaonots for the interval [t1, t2] iff for all subsequent bids b1,
b2 intheinterval b2 dominates b1:
0t1, t2, OA, B: AGENT, Obl, b2: BID
[tb <tl <t2 <te &is_followed_by(y, A, t1, bl, B, t2, b2) ]
O strictly_dominates(y, b2, b1, A, B)
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weak_pareto_monotony(y:trace, tb:time, te:time)
A negadtiation processy is Weekly Pareto-monaonots for the interval [t1, t2] iff for all subsequent bids b1,
b2 in theinterval b2 we&ly dominates b1:
0t1, t2, OA, B: AGENT, Obl, b2: BID
[tb<tl <t2 <te &is_followed_by(y, A, t1, bl, B, t2, b2) ]
O weakly_dominates(y, b2, b1, A, B)

Internet addressfor download:
http://mww.few.vu.nl/~wai/ samin

Contact point for questions about the software:
seehttp://www.few.vu.nl/~wai/samin



