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ABSTRACT 

Problems of incomplete information include a 
component of unknown information. We investigate 
such problems through a study of the bidding phase 
in the game of Bridge. In particular, we would like 
to apply genetic algorithms to the Bridge bidding 
problem. Genetic algorithms, however, require a 
fitness function appropriate for the problem. 
Therefore, in this paper, we first attack the 
optimization problem of finding the maximum 
number of tricks that can be taken in a bridge hand 
with optimal play and with complete information. 
Solutions from this optimization problem will 
subsequently be used as fitness functions in 
applying genetic algorithms to the bidding 
problem.   
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INTRODUCTION 

Problems with incomplete information are 
problems that have two information components, 
one known and the other unknown. Bridge is a 
good example of this problem [2].  Bridge has a 
known component, the hand or 13 cards, and an 
unknown component, the 39 cards held by the three 
other players.  Bridge bidding is used to convey 
information about a hand to the other players. 
While it is easy to get computers to bid, it is 
difficult to get them to learn how to make better 
bids, and genetic algorithms (GA) might be used to 
solve this problem. 
 
In order to apply GA’s to bridge bidding it is 
necessary to come up with a fitness function. One 
way to do this is to solve the complete information 
problem first, and use the resulting solutions as the 
fitness function for the GA.  This paper explores 

both depth-first and GA methodologies to obtain 
optimal solutions, or near optimal solutions in the 
GA case, to the complete information 
problem. That is, we compute the maximum 
number of tricks that can be taken in a bridge hand 
with optimal play and with complete information. 
The solution results from the depth first and GA 
methods are also validated against a set of hands 
that have actually been played by bridge players. 

Overview of the Game of Bridge 

Bridge is a card game that is played with four 
players.  The players are commonly known as East, 
North, West, and South.  North and South are a 
partnership and East and West are a partnership, 
and the East-West pair competes against the North-
South pair. Before the game starts the two pairs 
decide on a set of bridge conventions or rule, and 
each team lets the other team know what their 
conventions are. The game starts by shuffling the 
cards to insure that the cards are in a random order.  
The dealer then deals the cards by passing one card 
to each player in a clockwise direction starting with 
the player on the dealer’s left.  For simplicity, the 
dealer will always be south in this study.  After the 
deal takes place, the bidding auction phase starts.  
The auction phase consists of each player 
evaluation his cards and the information derived 
from the previous bids to make a bid.  Bids come 
from the set of {1♣, 1♦, 1♥, 1♠, 1NT, 2♣, 2♦, 2♥, 
2♠, 2NT, …, 7♣, 7♦, 7♥, 7♠, 7NT} with special 
bids of double, redouble and pass. The sequence of 
bids and play is in the same sequence as the deal of 
the cards. East will start the bidding by making a 
bid or passing. North will follow by making a bid 
that is higher than the previous bid or passing. West 
follows next then south. This continues until there 
are three passes in sequence or four passes in the 
first round.  After bidding concludes, one of the 
teams has won the contract. The contract is defined 
to be 6 tricks plus the level of the bid.  
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Once the bid phase concludes, the play phase 
begins. A trick is defined to be a set of four cards 
played. In this paper all hands will be displayed as 
if North-South won the contract and south will be 
playing the hand. The East player initiates play by 
leading (playing) any card in his/her hand. The next 
three players have to follow suit if they have cards 
in the lead suit.  After East plays the first card, 
north will become the dummy and south will play 
North’s cards.  After all four cards have been 
played, the trick is completed and a new leader is 
determined.  The next trick starts with the new 
leader.  This process continues until all the cards 
are played and 13 tricks have been completed.  The 
next step is to calculate the number of tricks won 
by North-South.  If it is equal to or greater than the 
contract, the North- South team will get a positive 
score; otherwise East-West will receive the score. 

Optimal Tricks for a Bridge Hand 

We simplify the search for finding the optimal 
number of tricks that can be won by the North-
South pair by changing the bridge environment to 
be fully observable, deterministic, and omniscient.  
It is still a hard problem, and is NP hard for an 
arbitrary number of cards per player.  Each player 
has 13 cards to choose from.  There are five 
contract types (the four suits and no-trump) and 
four possible opening-lead seats (north, east, south, 
and west). This makes an upper bound of searches 
as 13! 13! 13! 13! * 4 *5 and the lower bound as 
13*4*5. The upper bound is determined by the fact 
that each player can play the following sequence 
(N*(N-1)*(N-2) … 1) or N!  The upper bound is 
over 3 x 1040 search paths. The lower bound is 
determined from the simple case when each player 
has 13 cards of the same suit.  In this case, since the 
cards in each hand are in sequential order, the order 
of play from a hand does not matter so the number 
of search paths reduces to one (1*1…1). 

Search Tree 

To illustrate the depth-first search of the search tree 
for this problem, we use a small subset of the actual 
problem.  Instead of 13 cards per hand, we use 
three, and instead of four suits, we use two.  The 
trump suit will be No Trump.  For a specific deal 
the initial state is shown in Fig. 1. A search state 
consists of two tables: Hand which lists the cards in 
each hand, and Played which lists the cards that 
have been played up to this point in the search. The 

search tree for the first depth (first trick) is shown 
in Fig. 2. In the search tree, each node is numbered 
and the player at that node (East, North, West, and 
South) is indicated. 
 

6♦5♦6♠SOUTH

4♦3♠2♠EAST

3♦2♦A♠WEST

10♦9♦8♠NORTH

Initial State – East Leads

HAND

SOUTH

EAST

WEST
NORTH

PLAYED

 
Figure 1. Initial state: Hand and Played. 
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4
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5
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6
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9♦
X
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X

X
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X X

SOUTH
7

A♣ 2♦
3♦

XX

6♠
X

X
6♦

5♦
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X X

Initial State
Depth 1
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State 2
West Wins
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North Wins

5♦

 
Figure 2. Search tree for the first depth. 

 
For Node 1, West is the leader, and West can play 
one of 3 cards: A♠, 2♦, or 3♦.  Since the 2♦ and 3♦ 
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are adjacent in sequence, the 3♦ path can be pruned 
because the results would not differ from the 2♦ 
path.  For node 2, North can play the 8♠, 9♦, or 
10♦.  However, the paths for 9 and 10 can be 
pruned because North must follow the suit of the 
card that the leader played.  For Node 5, the 2♠ will 
be played because the 3♠ is one rank higher. The 
4♦ will be pruned because it does not follow suit.  
Also, for Node 11, South can only play the 6♠.  
Since all four players have now played to the trick, 
the value of the trick can be calculated, and since 
there is no trump suit the card with the highest 
value in the suit led wins. Thus, for the path that 
leads to state 2, West wins.  Similarly, for the path 
that leads to state 3, North wins.  Note that the total 
number of tricks for both state 2 and 3 must be 
calculated before the optimum number of tricks for 
West can be determined, since it is possible that the 
playing of a card that wins for this depth causes the 
total number of tricks to be less than that of playing 
a card that loses for this depth. 

State 4
North Wins

EAST
3

SOUTH
2

WEST
1

NORTH
4

State 2 
Depth 2
West Leader 2♦

5♦

6♦

3♠
4♦

X

X

9♦

X
3♦

X 10♦

 
Figure 4. Search tree for second depth. 

 
 After reaching state 4, the status of Played is shown 

in Fig. 5, and the search tree for the third depth 
(third trick) in Fig. 6. The only new condition here 
is for East node 2, where East has to play the 3♠ 
since it is the only card East has not yet played. 

After reaching state 2, the status of Played is shown 
in Fig. 3 (Hand is omitted since it does not change), 
and the search tree for the second depth (second 
trick) in Fig. 4. 
 

State 4 – North Leads

PLAYED

Num Wins:
NS 1  EW 1

6♠

A♠

8♠

2♠

5♦SOUTH

4♦EAST

2♦WEST

9♦NORTH

State 2 – WEST Leads

PLAYED

Num Wins:
EW 1

6♠

A♠

8♠

2♠

SOUTH

EAST

WEST

NORTH

Figure 5. State 4: Played. 
Figure 3. State 2: Played. 
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State 5
North Wins

SOUTH
3

EAST
2

NORTH
1

WEST
4

State 4 
Depth 3
North Leader

3♠

6♦

10♦

3♦

 
Figure 6. Search tree for third depth. 

 
A leaf node (Terminal State 5) has now been 
reached, and the status of Played with all the cards 
having been played is shown in Fig. 7 where each 
column contains a trick. 
 

State 5 – Terminal State

PLAYED

Num Wins:
NS 2  EW 1

6♠

A♠

8♠

2♠

6♦5♦SOUTH

3♠4♦EAST

3♦2♦WEST

10♦9♦NORTH

Figure 7. State 5 (Terminal State): Played. 
 
To complete the search we would now return to the 
root node and follow the right-hand path. However, 
we leave it to the reader to complete the paths 
leading to the remaining two leaf nodes. After 
following paths to all terminal nodes, we determine 
the optimal trick count for the hand. In this case, 
each of the three leaf nodes gives the same result 

(NS 2, EW 1), so that the optimum number of 
tricks taken by the North-South team is clearly two. 

METHODOLOGY 

We solve the search problem using depth-first 
search, genetic algorithm search, and human search 
(an empirical study). We calculate two measures in 
this study: the average time to calculate the number 
of tricks, and the number of search paths taken.     

We have simplified the search problem slightly by 
always making South the declarer. This reduces the 
upper bound of searches as by a factor of 4 to be 
13! 13! 13! 13! *5. Nevertheless, even with pruning 
of sequential and non-suit-following cards, this is 
still a difficult problem. Therefore, in order to make 
the searches, particularly the depth-first tree search, 
more amenable to solution, we are running our 
searches on a powerful cluster computer. To further 
speed the search we use GA’s that, although not 
optimal, find near optimal solutions. Finally, we 
employ a third method of search, that of human 
play.  

Hardware 

Due to the complexity of this problem, the depth-
first and genetic algorithms are run on a cluster of 
20 machines that are on there own private network.  
Each machine is an Apple XServe G5 2x2Gz CPU, 
4GB memory, and runs the MacOSX 10.3.7.  We 
have ample disk space for experimental use. 

Depth-First Tree Search 

There are four components used to solve this 
problem, a node and three processor types.  The 
three processor types are the expander (slave, 
master), expand_finish (slave) and collector 
(master) [3]. A node is part of the search tree. The 
node has four components: stat, trick, cards, and 
played.  Stat is a structure that defines where the 
node is on the search tree. So that it can be worked 
on independently, stat contains all the pertinent 
information: the depth, the player, the lead suit, the 
last card played, and the path cost (number of wins) 
up to this depth.  Trick contains the cards that have 
been played at this depth, and is used to calculate 
the step cost and the leader for the next depth.  
Cards contain the hand as it was originally dealt. 
Played contains the cards that have been played.       
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1) Calculate the card with the greatest rank so 
far played. For the leader (west on initial round) it 
will be null or none.  For the second player (North) 
it will be the first player’s card. For third it will be 
the card that is greater between West and North. 
For South it will be the biggest card of West, 
North, and East. 

Initially there is a process that reads in cards from a 
file and creates a node (NI). NI is passed to the 
collector via a socket.  The collector reads NI and 
passes it to an available expander (Initial process 
IP).  The expander takes the NI and expands the 
node based on the depth-first algorithm to N1, N2, 
and N. The expanded nodes are passed back to 
another expander or if the depth has reached 9 to 
expand_finish process. When a process finishes it 
passes the results back to the calling process.  
When the IP process finishes it is passed back to 
the controller. The controller keeps track of 
important statistics, and the number of expanders 
and expand_finish processes.    

 
2)  Then calculate three types of cards (Highest, 
Middle, Lowest) for a particular suit. The lowest 
card will be found first.  If the suit does not match 
the lead suit or is not equal to the trump suit, 
preprocessing stops here. Otherwise, it calculates 
middle cards. Middle cards are cards greater than 
the max card found in step 1. Middle cards can 
only contain one card between 2 and 10.  The card 
with the highest value is then placed in the highest 
type set. 

  
Since each node is independent, the standard alpha-
beta pruning method can not be used [7].  Pseudo 
code for our new method is as follows: 

  
3) The next card function varies between first the 
low card, then the middle card and finally the 
highest card. 

   α = num of max wins 
   β = num of min wins 
   γ = current wins 

    MD = Max Depth 13 for bridge 
An example of the heuristic search is shown in 
Figure 8. 

   D = Actual depth 
 

 If the node is a MAX node   
 West Leader     Then 

            If α > (γ + (MD – D) SPADE 2 3 5 7 10 J K A 
            Then 

WEST

2♣
5♣

J♣ K♣

                        Prune 
            End if 
   End if 
If the node is a MIN Node 
   Then 
            If β < (γ – (MD – D) 
            Then 
                Prune 
            End if 
   End if 
  
Heuristic Algorithm Tree Search 
 

Figure 8. Example of heuristic tree search. Heuristic search increases the pruning to reduce the 
choices of the next card to be played. Previously, 
we checked each card and only pruned the card if it 
was sequentially higher than the previous card or if 
it did not follow suit.  The simplifying heuristic 
does some preprocessing as follows before getting 
the next card for a particular depth: 

 
The 2 will be used because it is the smallest card. 
The 3 will not be used because it is sequentially 
higher than the 2.  The 5 will be used because it is 
the first middle card. The 7 and 10 will not be used 
because 1 small card has been used.  The J will be a 
middle card because it is an honor.  The K will be    
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the highest card since the Ace is sequentially higher 
than the K. 

Genetic Algorithm Tree Search 

The initial population is generated by taking each 
player’s hand and randomizing the order in which 
the cards are played. The hands are then played, 
validating them against the rules of bridge play.  If 
the hand passes the validation, it is included in the 
bridge population. This processor is called the 
validator. The validator will also calculate the 
number of tricks that will be won for this particular 
hand. 
             
Reproduction occurs by splitting two of the hands 
from the bridge population at a specific random 
point.  Mutation occurs by randomly switching two 
cards in a bridge hand. Hands that have been 
successfully reproduced and mutated are then 
passed through the validator [4].  The good hands 
are then placed in a new bridge population, and 
these hands are scored assuming that the level of 
tricks will be the final bid.  For example, if the 
number of tricks won is ten with hearts as trump, 
the final bid would be four hearts.  The average of 
the new scores is calculated, compared to the actual 
hand score using a bridge scale called imps 
(international match points), and hands that are 
more than a standard deviation from this new imp 
score are thrown away. 

Human Play Tree Search 

Data has been collected from two online bridge 
services, OkBridge [5] and BRBR bridge online [1, 
6].  The imp scores for the hands have already been 

calculated. This could be the score that will be used 
as the fitness function to measure the bidding 
system. 

RESULTS AND CONCLUSION 

Preliminary results for up to 8 cards per hand 
appear promising. Results with the full 13 cards per 
hand are expected shortly, and this is necessary for 
comparison with human play. 

References 

[1] BRBR bridge online, http://www. 
microtopia.ca/bridge/, accessed March 2005. 
 
[2] Ian Frank, Search and Planning under 
Incomplete Information a study using bridge card 
play, 1998, ISBN: 3540762574. 
  
[3] Warren Gay, Linux Socket Programming by 
example, 2000, ISBN: 0-7897-2241-0. 
 
[4] David Goldberg, Genetic Algorithms in search, 
optimization, and machine learning, 1989, ISBN: 
0-201-15767-5. 
 
[5] OkBridge, http://www.okbridge. com/, accessed 
March 2005. 
 
[6] Stephen Pickett, http://www. 
microtopia.ca/bridge/BRBRonline.html, accessed 
March 2005. 
 
[7] Stuart Russel and Peter Norvig, Artificial 
Intelligence a modern approach, 2nd edition, 
Printice Hall, 2003, ISBN: 0-13-7

 

 B5.6 

http://www.microtopia.ca/bridge/
http://www.microtopia.ca/bridge/
http://www.okbridge.com/
http://www.%20microtopia.ca/bridge/BRBRonline.html
http://www.%20microtopia.ca/bridge/BRBRonline.html

