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Abstract

Games of deterrence differ from "classical" games by
specifically addressing decision problems with threshold
values. The thresholds represent for each player the limit
between the states of the world acceptable to him, and those
which are not. This approach allows to define satisficing
solutions instead of optimal solutions. This theory is applied
to modeling behavior of multi-agents in the framework of a
system developed for business process modeling and
simulation (The RARE system). For a given set of processes,
a satisficing organization is found that takes into account the
constraints between people and actions they are able (or
willing) to perform.

Introduction

Enterprises have been described for a long time by models
based on combination of elementary tasks whose execution
was optimized with respect to some given resources. To
day, business process modeling requires also the analysis of
person’s interaction in relation with task execution. In order
to optimize a business process it is then necessary to model
not only tasks but human organization.
In the framework of the RARE system (Bestougeff 
Bouassi 1997), we have defined a business process along
two views as a structured flow in time of conversations and
associated tasks._ One of the aim of the system is to simulate
alternative organizational structures for satisfying a general
business objective with respect to some constraints. The use
of an agent-object paradigm (d’Inverno & Luck 1997)
allows a coherent definition and implementation of the
whole system when considering agents as special types of
objects.
In the first version of the RARE system, to simulate the
different organizational possibilities, depending on plans
and motivations, the system was testing all the different
possible conversation paths between the different agents.
When one path was leading to a deadlock, a backtracking
process was applied. This approach developed the full
or/and tree of possible conversations for each agent. More
over, for a given organizational schema, two parameters are
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random: the work load and the motivations which can
prevent an agent from commitment. When many
alternatives must be tested, some heuristics should be
applied in order to avoid the backtracking.
Different approaches on cooperation and communication
between agents have used game theory results (Rosenschein
& Genesereth 1985; Hasida Nago Miyata 1995). However,
most developments in Game Theory deal with optimization.
The main attempt to develop a proper theory for qualitative
games was done by Rufus Isaacs (1965) and his followers,
in the field of two-player differential games. Roughly, these
games divide the state space into two subsets, according to
the existence or not of a strategic pair allowing the game to
reach a predefined goal. It is then possible to introduce a
binary valued performance index, such that the value
attached to a strategic pair is 1 if the goal is reached, and 0
if not.
Games of Deterrence adapt this dichotomization of the
outcomes space to matrix games, and give the problem of
strategic choice a non-quantitative statement: can a player
select a strategy which guarantees him an acceptable
outcome ? The answer depends on the interactions with the
other player, and first on the other player’s rationality.
The algorithm issued from the games of deterrence, is a step
by step procedure where some choices are eliminated but it
ensures that no congestion will take place.
Section 2 introduces the main concepts and properties of
Games of Deterrence. Section 3 presents the general agent-
architecture of the RARE system. Section 4 shows how
games of deterrence are used for deciding which
organizational plans to choose.

Matrix Games of Deterrence

Deterrence is an oriented bilateral relationship between
rational parties, that is parties that do their best to avoid
unacceptable outcomes.
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Introducing games of deterrence

A player is here considered rational, if he makes his best
efforts to get a I. It follows that three types of strategies
may be distinguished :
1) strategies with "no risk", that guarantees the player who
selects them an acceptable outcome, whether the other
player is rational or not;
2) strategies with "limited risk", that give the player that
selects them an acceptable outcome, as soon as the other
player is rational;
3) strategies with "high risk", that can give the player who
selects them an unacceptable outcome, whether the other
player is rational or not.
This implies two types of playability :
1) a positively playable strategy is a strategy which carries
at most a limited risk;
2) if a player has no positively playable strategy, given that
in a game a player MUST play, he can then select any
strategy. The strategies will then be termed playable by
default.
Any strategy either positively playable or playable by
default, will be termed playable.
On the other hand, since a player who can select a strategy
with at most limited risk, will obviously not select a strategy
with high risk, a strategy neither positively playable nor
playable by default, will be termed non playable.
On the whole, Games of Deterrence (Rudnianski, 1991,
1995, Fabiani & Rudnianski, 1993) account for decision
making problems with threshold values. The thresholds
represent for each player the limit between the states of the
world acceptable to him (noted 1), and those which are not
(noted 0).
The following elementary matrix game gives an illustration
of these concepts :

Erwin

Roger
rl r2

eI (1,0) (0,1)

e2 (1,1) (1,0)

Strategy e2 guarantees Erwin a 1 whatever Roger’s choice.
Hence e2 is positively playable, and it is rational for Erwin
to select it. But then r2 is not positively playable. If r2 is not
playable at all, though (el,r 2) is unacceptable to Erwin, el
is positively playable. But then, since (el,rl) 
unacceptable to Roger, rI is not positively playable, and
Roger has no positively playable strategy, which implies
that all his strategies are playable by default. Hence, e1 is
not playable (it is not positively playable, and Erwin has an
alternative positively playable strategy).

The above example points out a relation between
playabilities of, say, e1 and r1 : playability of r1 implies
non-playability of e1. In other words, r1 is deterrent vis-fi-
vis e 1"
It follows that :
1) playability and deterrence are opposite faces of the same
coin;
2) finding the playability properties of the players
strategies, requires a recursive process.

Basic Concepts and Properties

We consider finite binary bimatrix games (SE,SR,a,b),
where the two players are called E and R, with respective
strategic sets SE and SR.
For any strategic pair (e,r)¯ (SE,SR), the outcome 
player E is denoted by a(e,r) ¯{0,1}, and the outcome for
player R by b(e,r) ¯ {0,1 
Thus, a(e,r) and b(e,r) can be interpreted as logical
propositions, "1" indicating that the proposition is satisfied
and the outcome acceptable (we shall then write simply
a(e,r) or b(e,r)), and "0", that it is not (we shall then 
~a(e,r), or ~b(e,r)).
A strategy e lbr player E is said to be safe if :
’v’ r ¯ SR, a(e,r).
If e is not safe, it is said to be dangerous.

The definition applies by analogy to strategies r of player R.
Moreover, for any eeSE consider the two logical
propositions J(e) and j(e), meaning e is positively playable
or playable by default, respectively, and such that :
J(e) 
{’v’ r ¯ SR, a(e,r)} + {~ j(e)}. {l-I[a(e,r) + ~[J(r) 

r¯SR
j(e)= 1-I[~J(e)]

e ¯SE
Similar equations are defined for any r ¯ SR.
For any pair (s,s’) of strategies of the same player,
j(s) = j(s’). Therefore, for simplicity, from now on, j(s) 
be noted jE or jR depending whether s ¯ SE or s ¯SR.
The system S of the above n+p+2 equations obtained for all
e ¯SE and for all r ¯SR, is called the playability system of
the game.
A solution of S is a pair of logical functions (J,j) with
domain (SExSR) and image {0,1 }, such that the set
{J(el) ..... J(en), J(rl) ..... J(rp), JE, JR} satisfies 
We say that s ¯ S = SEUSR is playable if J(s) + j(s).
Given a strategic pair (e,r) E x SR, wesaythate is a
deterrent strategy vis-b.- vis r if :
1) J(e) JE;
2) ~b(e,r);
3) 3 r’ ¯SR, such that J(r’).
It is shown (Rudnianski, 1991) that a strategy r ¯ R i s
playable iff there is no strategy e ¯ SE, deterrent vis-b.-vis
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r. Thus, the study of deterrence properties amounts to
analyzing the playability properties of strategies.

A binary matrix game (SE,SR, a,b, S) is called a matrix
game of deterrence, and a strategic pair (e,r) e E xSRis
said to be an equilibrium of this game if both strategies are
playable lbr some solution of the playability system.

For large strategic sets, resolution of the playability system
may prove lengthy. Therefore, we shall establish a
correspondence between the playability system and a graph
space in which the problem can be treated more simply.
Given a game of deterrence (SE,SR,a,b,S), we shall call
graph of deterrence, a bipartite graph G on SExSR such
that, given (e,r) c E xSR, there isan arcof origin e (resp.
r) and extremity r (resp. e),
iff ~ b(e,r) (resp. ~ a(e,r)).
There is a one-to-one mapping between playability systems
and graphs of deterrence (ibid).
Moreover, if we put G-l(s) the set of predecessors of s 
G, and G-I(s) the logical function, true iff G-l(s) is 
void, we get (ibid) 
J(s) = ~G-l(s) + { ~j(s)} . {I-I [~[J(s’)+(s’)]]}

s eG-l(s)
Solving S is then equivalent to determining the playability
of the graph of deterrence vertices. Since a graph can be
decomposed into paths and circuits, we shall call :
l) E-path (resp. R-path) a path having a root belonging to
SE (resp. to SR);
2) primary circuit, a circuit such that none of its vertices
has an ancestor that does not belong itself to a circuit;
3) C-graph, a part of the graph of deterrence, that includes
neither an E-path or an R-path.

It is shown (ibid) that 
I ) if G is an E-path, the only positively playable strategy for
E is the root, while all strategies of R are playable by
default;
2) if G is a primary circuit, all strategies of both players are
playable by default;
3) if G is a C-graph, a solution of S satisfies 
(i) for any agent 0,
J(sO) = {~[jR+JE]}. {FlJ(s)} {Fl[~J(s’)]}

seN(s0) seN’(s0)
where N(s0) (resp. N’(s0)) is the set of the first players 

when following G backward from s0, and belonging to the
same strategic set as sO (resp. to the other);
(ii) between two players, the positive playability of the
vertices is determined by the parity of their distance to the
first player met when following G backward;
(iii) each player has at least one non positively playable
strategy.
Moreover, it is shown (ibid) that through appropriate cuts, 
is always possible to decompose the graph of deterrence
into connected parts, each one being an E-path, an R-path,
or a C-graph. Hence, depending on the presence of these

elementary components in the graph, one can distinguish 7
types of games : type E, type R, type C, type E-R, type E-C,
type R-C, type E-R-C.

This typology leads in turn to the classification theorem
(ibid) 
1) Given any game of deterrence, the solution set of its
playability system is not empty.
2) The game type defines the solution set.
It follows from 1) that every game of deterrence has an
equilibrium, but the above shows that this equilibrium may
not be unique.

Business process modeling

using multi-agent systems

Our approach analyses a business process along two views:
the "What-view" which translates business objectives into
goals carried out by roles through conversations and
commitments and the "How-view" which describes the
business objective in terms of tasks. In order to model such
a system we have chosen an object-agent architecture.
Tasks are modeled by objects while human organization is
modeled by a multi-agent system. Agents represent roles (or
actors) of an enterprise that can take in charge some
business objective.
An agent has a set of skills which are needed to satisfy some
business objective._ To apply its skills, agents must have one
or several plans attached to each skill. A skill without a plan
characterize an actor who thinks he can handle a job but
does not know how! A plan is defined as an ordered set of
actions. Agents can have two type of actions: initiate dyadic
conversations with other agents or activate tasks.
Conversations are structured communication protocols
between two agents. This idea follows Winograd and Flores
work (Winograd & Flores 1987; Medina-Mora et al. 1992),
considering a business as a network of recurrent
conversations. Each conversation is associated with a
business objective and is generally defined by four main
phases (other structures have been studied (Schal 1996)).
Each phase describes the different steps of a conversation
between the two agents as shown in Figure 1.
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Request/,,..-~.(~Cxommitmen 

Assessment C) Execution

Figure I: Typical conversation

In the request phase, the agentl sends a request message to
agent2 in order to have some work done, or what we call
more generally satisfy a business objective. By doing that,
Agentl thinks that Agent2 has the needed skills to answer
the request. In the second phase, Agent2 first checks his
skills and the associated plans and then its internal
motivations. For instance, although an agent is able to
satisfy some objective, it can refuse to do it considering the
amount of work already stacked or some other personal
reason. At the end of this phase either the conversation is
aborted or a commitment for the initial objective or some
other objective is reached. During this negotiation, Agent2
and Agentl can perform different actions in order to
evaluate the feasibility of the different proposals and
counter proposals. The execution phase is either performed
by Agent2 who triggers some task or is the result of the
delegation of Agent2 to some other agent(s). The
assessment phase allows Agentl to evaluate the result of the
work.
Tasks are complex structured set of activities which satisfy
some primitive business objective. The same task can be
triggered by different agents under some conditions.
In brief, when an agent is asked to take in charge some
business objective (or sub-objective), if this business
objective matches one of its skill and its motivation do not
prevent it from taking this commitment, it will execute some
plan by triggering some tasks and/or initiating some
conversations.
The combinatorial nature of the problem stems on one hand
from the possibility for different agents to have the same
skills and on the other hand from the different plans
attached to a given skill. Moreover, several processes can
be handled at the same time, making more complex the
decision procedure at the level of a single agent. How to
globally optimize a given organization ?
The environment of an agent is represented by the tasks it
can trigger and by the agents with which it can
communicate. Each agent has theretbre a limited knowledge
of the whole network representing a given enterprise and a
local "best choice" can be globally disastrous. In our
simulation framework, we first tested all the possibilities for
a given process and then exhibited the "best" solution with
respect to some criteria such as cost, time .... But this is a
time consuming approach which cannot be used for a
complex enterprise with many role nodes.

In this paper, we apply the games of deterrence to
determine a satisficing work organization by deciding at
each step, for each agent, what is the " best" plan to apply.

Applying Games of Deterrence to Business

Process Reengineering

BPR and network modeling

One pending question in an organization is avoiding
congestions, where congestion is to be understood as a
particular state of the organization such that no conversation
or task flows are possible. Needless to say that congestion
may have severe consequences for the firm, both in the
short term through its inability to satisfy the demand, and in
the long term because of the harm done to its reputation.
Although congestion can also occur during execution or
assessment phases, in the sequel we shall focus on request
and commitment phases.
Now it stems from the above, that the conversational level
of the organization can be viewed as a network the nodes of
which are the various agents. Therefore, the question of
congestions can be addressed through the classical issue of
congestion control in a network, say a computer network
(Fabiani & Rudnianski, 1993).
Outside of increasing the network capacities, the prevention
of congestion is based most of the time on a limitation of
the volume of data circulating inside the network
(Rudnianski, 1986). This approach will be considered here
together with a slightly adapted version of the well known
"finite state-machine" model.
More precisely, with regards to its functions in the
conversational network each agent has two tasks : emitting
and / or receiving messages. In turn there are two different
kinds of messages : requests and commitments. We shall
adopt here a finite-state machine format similar to the one
used for checking comunication protocols in computer
networks. For that, we shall consider that the reply of agent
j to a request sent by agent i through the backward
transmission of a commitment, can be simply interpreted in
terms of reception : a commitment amounts to saying that j
has accepted to receive i’s message, while on the opposite, a
no-commitment amounts to saying that j didn’t accept i’s
message.
It follows that for any pair of agents (i,j), there are four
possible states of i with respect to j, depending on whether i
can emit a message toward j, or receive a message from j.
Moreover, we can assume that within the limits of a
predefined capacity, nothing prevents an agent i from
receiving simultaneously requests from all its neighbors, or
storing several consecutive requests from the same
neighbouring agent. This capacity can be actually
decomposed in as many sub-capacities as the number of i’s
neighbours. The sub-capacities may differ with the
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neighbour under consideration. If such is the case, this
would mean that agent i may show preferences towards
some neighbours, either because it is more fitted to their
requests, or more simply because it displays more
willingness to respond to their demands.

Similarly, we can assume with no lack of generality that the
request emitted by an agent is sent simultaneously to all his
neighbours. This assumption is justified by the fact that fbr
any request ri sent by agent i in the direction, say of agent j,
either j has the skills, availability, and willingness to
perform the requested task, or it has not, and in this case, it
can either turn down the request (which amounts to refuse
the message), or send it in turn, either entirely or
decomposed into several parts, to its own neighbours
(which means first to accept the message) and so on, till one
agent is eventually reached which will perform the total task
or a part of it. The fact that at the next cycle the same
request may be sent by agent j to agent i, is not a problem
since i, in turn, can refuse the task. On the contrary,
allowing the same request to be sent back and forth, gives
more generality to the model, since it allows for instance j
to accept the request r at time t, on the ground that it can
perform the related task, and then suddenly getting aware
that it isn’t. In turn, i can refuse to receive the request r on
the grounds it has already sent this request to j which has
accepted, and so on. In other terms, the model allows to
take into account all the subtleties related to contradictions
emerging with time between various agents. It follows that
there is no need to specialize requests emission with respect
to outgoing directions.

Last but not least, we consider that requests and
commitments are there to serve some general purpose of the
organization, namely satisfying customers demands, where
for the sake of generality, a customer is simply defined as
an element of a predefined subset of the set of agents
located outside the conversational network.
This means that if some requests may be originated by the
agents of the conversational network, others may come from
outside the latter. These two categories of requests may
merge into a single one, which is composed of new requests
stored in the same place.
Each storing capacity (whether for receiving requests from
a particular neighbour, or emitting requests, or for new
requests) can be considered as an M/M/i queue with FIFO
access. This means that for a particular sub-capacity, no
emergency, or preference-type priority is considered. Such
an assumption looks reasonable at the level of a reception
sub-capacity, for after all if agent j receives first request r1
and then request r2 from agent i, why should j change the
order of treatment ? Isn’t it i’s job to properly plan the
requests it wants to send ? Furthermore, if there would be
an advantage in changing the order in which the
commitments (i.e. the requests received form i) are treated,

assessing this advantage might be lenghty, for it would
require an exhaustive analysis of the consequences of
switching the priorities throughout the network, probably
implying analyzing a highly complex recursive process,
without being sure of getting to a solution, in a time
compatible with the organization requirements. So it is
better here to keep things as simple as possible.

This conclusion can be extended to the problem of priorities
between requests emanating from different neighboring
agents : it looks more viable to consider some state -
independent priority system, which nevertheless should not
systematically advantage the requests emanating from some
neighbors for two reasons at least. In the first place, lessons
can be drawn from communication networks where
homogeneous structures display a better behavior that non-
homogeneous ones in terms of traffic. Secondly, the specific
nature of relationships of agent i with some of its
neighbours, has already been taken into account at both the
"acceptance" level, that is at the level where i is willing to
accept or to refuse a request coming from a particular
neighbouring agent, and at the level of the sub-capacity
size. So there is little harm to assume that when requests
have been accepted by agent i, they are evenly treated, for
instance through a turning priority system defined by some
subset of the set of permutations of the collection of
neighbours.

Things may sound a little different, when considering
priorities between "old" and "new" requests. In fact, we
have seen here above that the most classical method for
preventing congestion in computer networks consists in
limiting the volume of data entering the network. This
means that priority has to be given to "old" requests with
respect to "new" ones. One way to do that is to gather the
tasks performed by each agent in cycles, each one including
four steps :
1) new requests are generated;
2) existing requests are prepared for emission;
3) new requests are prepared for emission;
4) requests are sent to adjacent agents.
Requests limitation in the network will be obtained by

blocking, when necessary, new requests.

We associate with every ordered pair of agents (i,j), and 
the beginning of each cycle t a dibit (ai.(t) bi.(t)) , t l , j ,
aij(t) and bij(t) validate (value 1) or inhibit (value 
emission from i to j, and reception by j of a request sent by
i, respectively. If i and j are not adjacent, we consider that
all functions are validated (the reason for that will be
apparent later on), and hence set the dibit value to (1,1).
Thus, the state of the network can be represented by an
square binary matrix, called the state matrix.
We assume moreover that the conversational network is
controlled by a centralized algorithm, implying the
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synchronous transmission of data necessary to assess the
agents states toward a control center in a such a way that :
1) During the transmission of these data, no request or
commitment transmission is authorized;
2) the information sent to the control center is sufficient to
update the state matrix.

Congestion Control through Games of Deterrence

The state of the network can be interpreted as a matrix
game of deterrence, where the players are the request
function (player R) and the commitment function (player
C), both performed under the control of the control center.
With each line i (resp. each column j) of the matrix 
associated a strategy ri of R, (resp. strategy cj. of C)
corresponding to emission of a request by agent i (resp.

emission of a commitment by agent j). (aij(t),bij(t)) 
outcome vector associated with the selection of strategic

pair (ri,cj) at time t.
The strategies playability properties can be reinterpreted in
the context of the network. Thus, a strategy ri is :
- safe, if request emissions from i toward all other agents
are validated ( in practice, toward all adjacent agents, which
explains why taking request emission towards a non-
adjacent agent tbr granted causes no harm);
- dangerous, if there is at least one agent j toward which
request emission is impossible.
We define similarly a safe and a dangerous commitment

strategy cj.The concepts of positive playability, playability
by default, and playability are then directly applicable.
Assume for instance that request strategy ri is deterrent vis-
a-vis commitment strategy cj. The usual conditions can be
interpreted here as follows :
1) agent i can emit a request;
2) agent j cannot give any commitment to a request sent by
agent i;
3) there is another agent j’ which can give a commitment to
a request sent by agent i.

Although it is not compulsory, the game can be played each
time the state matrix is modified, that is - the network being
synchronous - at each clock pulse indicating the beginning
of a new cycle of tasks to be performed by the agents.
So, controlling the network implies playing a multi-stage
game. Since the state matrix is finite, the number of states
of the network is also finite. It is therefore valid to use the
concepts of the finite-state machine model. After a long
enough time, deadlocks might appear, which characterize
congestion.
For the sake of simplicity we assume that an agent can
always emit. At first glance, such an assumption may look
weird. Indeed, it means that an agent can emit a request
toward a non-adjacent agent, that-is, some agent far away in
the organization, whether at the same or at a different

hierarchical level, whether with the necessary skills to
satisfy the request or not. But in fact this is not a problem,
since we can consider that a non-adjacent agent is simply an
agent that will systematically turn down the request which is
sent to him, whatever the reason for this refusal. Similarly,
we let adjacent agents accept or refuse the requests that are
sent to them.

Assuming an agent can always emit means all strategies of
player R are safe, which implies in turn that all positively
playable strategies of C are also safe.
It follows that definition of congestion will be based on the
fact that no agent is willing or able to commit itself. But this
is not a sufficient condition, since if such a situation occurs
at a certain instant, it does not imply that the same will go
for all later instants, as we shall see below. This amounts to
defining a congestion, not by a single state matrix where all
outcome pairs associated with adjacent agents are set to
(1,0), but by a sequence of at least two such matrices.
Indeed, all agents are then saturated, and the network has
reached a state of deadlock corresponding to a game of
deterrence of type E (i.e. the deterrence graph of which
includes only E-paths).

Congestion control, is then done through the following
algorithm, where cj is a commitment strategy :
1) If cj is safe, agent j commits itself to any request whether
new, or sent by any adjacent agent;
2) If cj is not playable, j does not commit itself to any
request, whether new or sent by adjacent agents;
3) If cj is playable by default, j does not commit itself to
new requests, but commits itself to request sent by adjacent
agents.
This allows the conversational network to get rid as quickly
as possible of the requests that it actually contains, before
allowing new requests in the network.

To see why this algorithm prevents congestion, it is
necessary to analyze how the latter occur. So, let us
consider a state of the network at time t, for which all
commitment strategies are safe, and suppose that at time

t+l, the commitment sub-capacity Rij of a agent i associated
with direction j is saturated. The request sub-capacity Ei of i
is empty. Indeed, were it not the case, then at time t, at least
one adjacent agent k of i would have been unable to
commit istself, and hence commitment strategy rk would
not be safe, which contradicts the assumptions. So Ei is

empty, and at time t+2, Rij will again accept requests from
agent j.
It follows that there can be no direct transition between a
state of the network for which all commitment strategies are
safe, and congestion. The conclusion extends with no
difficulty to the case where at time t, only one commitment
strategy rj was safe. Indeed, at time t+l, there is at least one
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adjacent agent j of i, such that request subcapacity Ej is not
full.
Hence, congestion can only occur when commitment
strategies are playable by default. Let us then assume that in
the state preceding the occurrence of a congestion, there
was only one agent i willing to commit itself to a request,
say of agent j. Applying the algorithm amounts to creating a
new possibility of request for j. In the next state,
preparation of requests for emission will move the
possibility backwards towards one of j’s commitment
subcapacities, and so on. The same applies in the case when
there is more than one request or commitment possibility.
Hence applying the algorithm prevents congestion.

Conclusions

Applying games of deterrence to workflow problems
combine the local perception of each agent with a global
control system - at the level of the organization - which
requires only limited information. This approach avoids
backtracking and the computational complexity that derives
from it. Moreover, while it has proved successful in
avoiding congestion, it is not detrimental to the mean work
flow delivered by the organization, because the thresholds
can be modified either through negotiation or directly by
the hierarchy. Future extensions of the work are intended to
consider the link between the conversational network and
the task network through the execution and assessment
phases.
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