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Abstract

We present an application designated to the cal-
culation of probabilities in the card game bridge.
The application can be used by bridge players to
improve their decisions in the game. We describe
in detail how a Bayesian network is dynamically
generated depending on the case presented to the
application. We also present a communication
language which makes the specification of all kinds
of relevant evidence simple. The communication
language also makes it easy to specify requests for
probabilities of complex properties of the distri-
bution of cards. We explain how the probability
of a strategy for declarer’s play being successful
is calculated by transforming the corresponding
condition to disjunctive normal from. Finally, we
give examples showing the use of PROBSY.

Introduction

Bridge is a card game played by four players which are
initially dealt 13 cards each. Each player is usually asso-
ciated with one of the four directions of the world and
they are organized in two pairs such that North and
South are partners and similarly are East and West.
The game consists of two phases, an auction and the
play of the cards. During the auction each partner-
ship bids to get a contract. The pair who makes the
highest bid gets a contract to win a certain number of
tricks. The two players who get the contract are called
declarer and dummy while the players of the other pair
are called the defenders (Francis, Truscott, & Francis
1994). Throughout this paper we assume South to be
declarer.

After the auction declarer’s left hand opponent makes
a lead and dummy places her cards face up on the ta-
ble and she no longer participates in the game. Now,
only two hands are unknown to the three players still
remaining in the game. Based on information revealed
during the auction, each player has an opinion about
the hands he or she cannot see. That is, each player
is uncertain about the distribution of the hidden cards,
because each player has imperfect information about
the state of the game (Blair, Mutchler, & Liu 1993).
After the lead is made, declarer (the decision maker)
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should decide on a strategy (also referred to as a plan)
for playing the two hands he controls.

Many bridge players use much time to perform after-
game analysis. In particular, declarer’s play is often
heavily discussed. Such discussions are often focused
on the probability of the cards held by the defenders
being distributed in a certain way. Therefore, many
bridge players could benefit from a tool which can be
used to perform after-game analysis. PROBSY (short
for probability calculation system) is such a tool.

PROBSY is primarily a tool for calculating the prob-
ability of a strategy being successful given some knowl-
edge about the distribution of cards. A strategy is suc-
cessful if declarer wins at least the number of tricks bid
during the auction. Given a strategy declarer makes his
contract if the cards are distributed in a certain way.

In the rest of the paper we describe how a Bayesian
network is dynamically generated each time the user
wants to calculate probabilities of properties of the dis-
tribution of the defenders cards. We also present a lan-
guage to communicate with the inference engine. Us-
ing the communication language it is possible to spec-
ify properties of the distribution known to the decision
maker and conditions under which a strategy will suc-
ceed. Next, we describe how probabilities of conditions
specified in the communication language is calculated.
Two examples are used to show what kinds of decisions
PROBSY can be used to support. Finally, we compare
PROBSY with another system and provide a discussion.

Bayesian Networks

A Bayesian network is an acyclic graph whose nodes
represent random variables and whose edges repre-
sent causal dependencies between these variables. A
Bayesian network is a well suited representation of a
joint probability distribution over a set of variables.
The representation can be simplified by exploiting
causal independences among the variables.

We use Bayesian networks to represent the joint prob-
ability distribution of the cards initially distributed be-
tween the defenders only. It is not necessary to rep-
resent the cards initially held by declarer and dummy,
because as declarer we are only interested in properties
of the cards distributed between the defenders.
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