
Th is paper d e s c r i b e s a p rogram, BRIBIP, 
capable of making d e c i s i o n s in an env i ronment 
o f i m p e r f e c t i n f o r m a t i o n . I t i s f r e q u e n t l y 
necessary t h a t such d e c i s i o n s be made in r e a l 
l i f e - a s , f o r example, the d e c i s i o n s made i n 
t h e d a y - t o - d a y r u n n i n g of a f i r m . As a 
paradigm of such s i t u a t i o n s , the game of 
Con t rac t b r i d g e ( 3 ) was chosen , f o r s e v e r a l 
reasons : 

1) Desp i te be ing a game of i m p e r f e c t 
i n f o r m a t i o n , i t i s w e l l - d e f i n e d : i n 
p a r t i c u l a r , t n e s c o r i n g systems g i v e a way 
o f assess ing the s t r e n g t h o f any r e s u l t i n g 
program. 

2) A l t hough f o r any one p l a y e r in t h e game, 
t h e r e i s an env i ronment o f i m p e r f e c t 
i n f o r m a t i o n , t h e f o u r p l a y e r s between them 
have t o t a l knowledge o f any s i t u a t i o n . 
Th i s leads n a t u r a l l y to a program based on 
e x p l i c i t r eason ing about why t h e o t h e r 
p l a y e r s r e a c t as tney d o , r a t h e r than a 
p r o b a b l i s t i c approacn . T h i s can be 
c o n t r a s t e d w i t h games sucn as p o k e r , where 
not a l l t he cards are d e a l t , and thus a 
p r o b a b l i s t i c approach i s necessa ry , even f o r 
humans. I n f a c t , an e a r l i e r program ( 1 1 ) , 
based on a p r o b a b l i s t i c app roach , was 
w r i t t e n , and found to be u n s a t i s f a c t o r y 
because t h e r e s u l t i n g d a t a - s t r u c t u r e s were 
no t s u b t l e enough t o r e f l e c t t he l o g i c a l 
processes needed to p l a y a good game, and 
because the p r o b a b l i s t i c approach s e v e r e l y 
underes t imated the need f o r a d e t a i l e d p l a n . 
I n v iew o f these d i f f i c u t i e s the c u r r e n t 
p rogram, which can make e x p l i c i t 
deduc t i ons in a C o n n i v e r - l i k e f a s h i o n , has 
been b u i l t . 

3 ) Tnere i s a g rea t dea l o f l i t e r a t u r e on the 
t heo ry of b r i d g e , and hence a w e a l t h of 
sugges t ions as to how the program shou ld 
work. Many of these sugges t ions are not in 
an immedia te ly u s e f u l form - f o r example 
"When i t i s hoped t o add the p o s s i b i l i t y o f 
a pseudo-squeeze to the o t h e r chances, one 
shou ld f i r s t casn the w inners i n t h e s u i t 
where the l e n g t h is v i s i b l e in dummy" - bu t 
they can be m o d i f i e d to s u i t our needs. 
However, many are in an immed ia te ly u s e f u l 
f o r m a t , and can be s t r a i g h t w a y rep resen ted 
in t h e program - f o r example "Open on 12 or 
more p o i n t s and a t l e a s t f o u r o f t h e s u i t " , 
e t c . 

4 ) The au tho r i s i n t e r e s t e d i n b r i d g e t o t h e 
e x t e n t o f r e p r e s e n t i n g Essex U n i v e r s i t y i n 
c l u b c o m p e t i t i o n s . 

The l a s t two reasons are c l o s e l y connec ted , 
and r e f l e c t a t h e s i s wh ich u n d e r l i e s t h i s 

r e s e a r c h : t h a t t h e bes t way to produce an 
i n t e l l i g e n t program i s t o code i n t o i t e xpe r t 
knowledge. Th i s has been seen to be t r u e of 
chess ( 2 ) , and o f c h e c k e r s , where Samuel ( 9 , 10) 
co -ope ra ted w i t h expe r t p l a y e r s i n o r d e r t o 
de te rm ine the parameters i n h i s e v a l u a t i o n 
f u n c t i o n s . 

The program i s w r i t t e n i n Popcorn ( 7 ) , and 
occup ies 26K of 3 6 - b i t co re on t h e PDP-10, p l u s 
the P0P2 i n t e r p r e t e r and r u n - t i m e system. The 
program b i d s t o t h e s tanda rd o f t h e average 
c l u b p l a y e r , and i s capable o f e x t r a c t i n g f rom 
a b i d d i n g sequence the d i r e c t i n f e r e n c e s o f t h e 
h idden hands (bu t n o t , as y e t , t h e i n d i r e c t 
i n f e r e n c e s based on the unmade b i d s ) , and is 
capable o f m a i n t a i n i n g a ( u s u a l l y ) c o n s i s t e n t 
da ta -base r e f l e c t i n g t h e h idden hands , wh ich i t 
can a l s o modi fy i n the l i g h t o f see ing t h e f i r s t 
card p layed and the dummy hand. The program 
b i d s at app rox ima te l y the speed of a human 
p l a y e r . Severa l examples ( i n which t h e 
program b i d s the South hands ) : 
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General Approach 

The program is based on two d i s t i n c t but 
c lose l y r e l a t e d ideas: f i r s t l y , close 
ana lys is of the b idd ing and the play to gain 
in fo rmat ion p rev ious ly unknown, and secondly, 
the u t i l i s a t i o n of such in fo rmat ion (and the 
programs knowledge of the game) in the c rea t ion 
of a plan which the program can f o l l o w . 

In making a p l a n , the program w i l l d i f f e r 
from most game-playing programs w r i t t e n to date 
(a l though M i l l e r ( 8 ) , Be r l i ne r and others have 
inves t iga ted a s i m i l a r approach in the case of 
chess). The more usual t ree -search ing approach 
was re jec ted on several grounds: 

1) I am in te res ted in t r a n s f e r r i n g to the 
program the knowledge gained by b r idge -
players in the past decades. The body of 
such knowledge is v a s t , and to ignore i t 
seems extremely s h o r t - s i g h t e d . The author 
i s look ing f o r an a r t i f i c i a l i n t e l l i g e n c e 
s o l u t i o n to the problem - and AI could w e l l 
be def ined as the implementation of 
knowledge/inference systems. I t fo l lows 
tha t instead of reducing t h i s body of 
knowledge to a set of numbers, the author 
wishes e x p l i c i t l y to reason about i t . 

2) An eva lua t ion f unc t i on in a game of imperfect 
i n fo rmat ion would presumably r e t u r n a 
p r o b a b l i s t i c r e s u l t . This makes mini-maxing 
a complex task . One can conceive of s i n g l e -
valued eva lua t ion f u n c t i o n s , (such as the 
number of t r i c k s won plus the expected 
number s t i l l to be won), but such func t ions 
are h igh ly a r t i f i c i a l , and a great deal of 
in fo rmat ion i s l o s t in the process. 

3) Any t ree-search ing method tha t t runcates the 
t ree (as must happen in a l l but a few cases 
in the l a t e r stages of the game) can f a l l 
f o u l o f what Be r l i ne r c a l l s the 'Hor izon 
A f f e c t ' - i . e . a f a l se value is assigned to 
a given move; f a l s e because of an a f f e c t 
f u r t h e r down the t r e e , and thus i n v i s i b l e 
to the r o u t i n e , 

4) If one s tud ies the concepts used by human 
br idge p l aye r s , one f i nds such concepts as 
" b i d to a s lam" , "draw t rumps" , "show f i r s t -
rouna c o n t r o l " , " f i nesse the queen of c l u b s " , 
and so on. A successful br idge program 
w i l l a lso need to have such concepts, and 
the author does not be l ieve tha t such 
de ta i l ed p lanning is poss ib le in an 
eva luat ion f u n c t i o n . I t i s f a i r l y c l e a r , 
however, how m i n i - s t r a t e g i e s of such a 
form can be generated by a reasoning program. 

In format ion Available 

Probably the most important a c t i v i t y 
performed by the program is the c o l l e c t i o n of 
in fo rmat ion about the hidden hands. There are 
several oppo r tun i t i es f o r c o l l e c t i n g such 
i n fo rma t ion : 
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F i r s t l y , d u r i n g the b i d d i n g s tage , wnere 
the program a t t e m p t s to gauge the s t r e n g t h s and 
weaknesses, perhaps even to t h e p o i n t o f h o l d i n g 
( o r not h o l d i n g ) i n d i v i d u a l c a r d s , o f t he n idden 
hands , f rom wnat b i d s tney make. There a r t two 
aspec ts t o t n i s : tne s t r a i g h t f o r w a r d aspect 
o f a n a l y s i n g t n e meaning o f each b i d , and t h e more 
s u b t l e aspec t o f c o n s i d e r i n g wny a d i f f e r e n t b i d 
was not made. i 'or example , c o n s i d e r tne p a r t i a l 
sequence: 

Wnat i n f o r m a t i o n i s a v a i l a b l e f rom Sou th ' s b i d 
of 1 S? (nere we assune t h a t N o r t h / S o u t h use t h e 
b i d d i n g system known as Essex Standard ACOL). 
T n i s can be s imp ly i n t e r p r e t e d as snowing a n i g h -
ca rd p o i n t s count o f a t l e a s t 6 , and a t l e a s t 
4 spades. nowever , a deeper a n a l y s i s is 
p o s s i b l e , and y i e l d s more i n f o r m a t i o n . I f we 
assume t h a t South is making wnat he b e l i e v e s to 
be h i s b e s t b i d , t nen t n e b i d o f 1 S d e s c r i b e s 
n i s nand more p r e c i s e l y tnan any o t h e r . f rom 
t h i s , we may i n f e r t h a t he ho lds more spades 
t n a n , s a y , d iamonds, as w i t h l o n g e r d iamonds, 
or w i t h an equa l number, ne would have b i d 1 D 
( i t b e i n g a cheaper b i d ) . S i m i l a r l y , he 
cannot h o l d more than t h r e e c l u b s , or ne would 
have b i d 2 C. More i n f o r m a t i o n is a v a i l a b l e 
f rom the f a c t s t n a t ne d i d no t b i d 1 H, 1 NT, 
e t c . e t c . T o f a c i l i t a t e t h e d e s c r i p t i o n o f 
ones hand , t h e r e have evo l ved b i d d i n g 
conven t i ons - p r e - a r r a n g e d b i d s w i t h s p e c i a l 
meanings d e s c r i b i n g t h e hand. These 
conven t i ons a re ga the red t o g e t h e r i n s e l f -
c o n s i s t e n t sys tems, such as Goren ( 6 ) , Aco l ( 4 ) , 
Roman ( 1 ) e t c . Whi le such systems p r o v i d e 
u s e f u l g u i d e l i n e s f o r tne b i d d i n g , t hey by no 
means make t h e process of b i d d i n g m e c h a n i c a l . 
W i t h i n any system t h e r e i s a need f o r d e t a i l e d 
l o g i c a l thought i n choos ing t h e b i d . 
Consequen t l y , t he p l a n n i n g s e c t i o n o f t he 
program i s i n c l u d e d a s p a r t o f t h e b i d d i n g . 
Cons ider t n e f o l l o w i n g hand: 

F a i r l y o b v i o u s l y , w i t h t h i s hand , one can make 
b S w i t h no he lp f rom p a r t n e r , 6 S i f p a r t n e r 
ho lds one of t h e m i s s i n g a c e s , and 7 NT shou ld 
he ho ld b o t h . The c o r r e c t b i d , t h e r e f o r e , 
would be an a s k i n g b i d , e n q u i r i n g o f p a r t n e r 
how many aces he h e l d . However, t h e thought 
" I can make 5 S, p l u s a t r i c k f o r eve ry ace 
p a r t n e r h o l d s " i m p l i e s t h e e x i s t e n c e , and 
perhaps c o n s t r u c t i o n , o f a r u d i m e n t a r y o r 
p a r t i a l p l a n f o r s o d o i n g . 

The a c t u a l p rocess o f t r a n s f e r r i n g 
i n f o r m a t i o n between t h e p l a y e r s i s bes t 
cons ide red i n f o u r s e c t i o n s , m i r r o r e d b y f o u r 
r o u t i n e s i n t h e p rogram. One r o u t i n e i s used 
once i n every round o f b i d d i n g t o choose t h e 
programs own b i d s , ano ther i n t e r p r e t s the 
p a r t n e r s b i d d i n g , and the r e m a i n i n g two i n t e r p r e t 
the opponents b i d d i n g . A t f i r s t s i g h t , one 
might b e l i e v e t h a t t h e t h r e e i n t e r p r e t i n g 

r o u t i n e s a r e c l o s e l y c o n n e c t e d ( a n d i n t h e 
t r i v i a l sense t h a t t h e y a l l u p d a t e t h e same d a t a ­

base t h e y a r e ) , b u t i t i s u s e f u l t o s e p a r a t e 
t h e m , a s t h e y have s l i g h t l y d i f f e r i n g e f f e c t s 
c o n c e r n e d w i t h i n t e r - p r o c e s s c o m m u n i c a t i o n . 

I n t e r - p r o c e s s c o m m u n i c a t i o n i s m o d e l l e d 
b y messages w h i c h o v e r r i d e t h e s t a n d a r d a c t i o n 
o f t h e r e c e i v i n g r o u t i n e . f o r e x a m p l e , s h o u l d 
t h e p r o g r a m make t h e 4 N T b i d d e s c r i b e d a b o v e , 
i t w i l l send t o t h e r o u t i n e i n t e r p r e t i n g 
p a r t n e r s r e s p o n s e a message s a y i n g " I have 
j u s t made a B l a c k w o o d b i d a s k i n g f o r a c e s . 
I n t e r p r e t t h e b i d y o u r e c e i v e i n t h a t l i g h t " . 

A l l f o u r r o u t i n e s have t o a c c e s s k n o w l e d g e 
o f t h e b i d d i n g s y s t e m . T h e r e a r e s e v e r a l 
ways i n w h i c h t h i s c o u l d b e d o n e . I n one 
p o s s i b l e m e t h o d , t h e s y s t e m i s h e l d a s a d a t a 
s t r u c t u r e - most p r o b a b l y a t r e e - and t h e n 
a l l t h e r o u t i n e s i n t e r p r e t i t . T h i s seems 
t o b e t h e mos t c o m p u t a t i o n a l l y f e a s i b l e m e t h o d , 
and has been u s e d b e f o r e ( 1 2 ) , b u t i s somewhat 
u n s a t i s f a c t o r y i n t h a t t h e d a t a s t r u c t u r e 
w i l l b e o n l y a v a g u e a p p r o x i m a t i o n t o t h e 
t r u e t r e e - w h i c h w o u l d b e o f a s t r o n o m i c s i z e . 
A p r e f e r r e d a p p r o a c h i s t o have t h e m a i n p a r t s 
o f t h e s y s t e m coded a s m i n i - p r o c e d u r e s ( f o r 
e x a m p l e C o n n i v e r m e t h o d s ) , and add t h e s e m e t h o d s 
t o , o r d e l e t e them f r o m , t h e d a t a - b a s e a s 
t h e y become r e l e v a n t . 

H o p e f u l l y , w e s h o u l d emerge f r o m t h e 
b i d d i n g sequence w i t h a r e a s o n a b l y a c c u r a t e 
p r e d i c t i o n a b o u t t h e h i d d e n h a n d s , and a 
t e n t a t i v e p l a n a s t o how t h e C o n t r a c t c o u l d 
b e made , o r d e f e a t e d , a s t h e c a s e may b e . 
A t t h i s p o i n t , t h e p l a y i n g s t a g e i s e n t e r e d . 
A f t e r t h e f i r s t l e a d , t h e dummy hand i s s p r e a d , 
and t h e dummy t a k e s n o f u r t h e r p a r t i n t h e 
p l a y o f t h i s h a n d . 

A s s u m i n g t h e p r o g r a m n o t t o b e dummy, 
i t has two c o n n e c t e d t a s k s t o p e r f o r m a t t h i s 
p o i n t . I t s h o u l d r e v i e w t h e b i d d i n g , b u t 
t h i s t i m e k n o w i n g t h e dummy h a n d , a n d s e e i n g 
w h e t h e r any o f i t s a s s u m p t i o n s a r e e i t h e r 
u n t e n a b l e , o r nedd m o d i f y i n g - one can o f t e n 
p i n p o i n t t h e l o c a t i o n o f s e v e r a l key c a r d s 
i n t h i s way . Suppose t h e p r o g r a m h o l d s t h e 
aces o f h e a r t s and c l u b s , and S o u t h has made 
a b i d i n d i c a t i n g t h e h o l d i n g o f one a c e . T h e n , 
s h o u l d dummy h o l d t h e ace o f d i a m o n d s , we may 
p l a c e S o u t h w i t h t h e ace o f s p a d e s , and v i c e 
v e r s a . T h i s r e v i e w w i l l b e made c o n s i d e r a b l y 
more e f f i c i e n t i f t h e p r o g r a m b u i l d s u p , 
d u r i n g t h e b i d d i n g s t a g e , a l i s t o f cues f o r 
t h i n g s f o r w h i c h t o w a t c h dummy. C o n c u r r e n t 
w i t h t h i s i m p r o v e m e n t o f t h e d a t a - b a s e , t h e r e 
s h o u l d b e a n a n a l o g o u s i m p r o v e m e n t o f t h e p l a n . 

P r o g r a m D e t a i l s 

A f t e r t h e c o m p a r a t i v e f a i l u r e o f BRIPP1 
( t h e e a r l i e r , and u n s u c c e s s f u l , p r o g r a m b a s e d 
o n p r o b a b l i s t i c t e c h n i q u e s ) , i t was d e c i d e d 
t o w r i t e BRIBIP w i t h d i f f e r e n t d e s i g n 
d e c i s i o n s a s p r e v i o u s l y d e s c r i b e d . 
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Tne p a r t i c u l a r b i d d i n g systems implemented 
is a h i g h l y - m o d i f i e d v e r s i o n of ACOL used by 
some o f t h e U n i v e r s i t y o f Essex b r i d g e team. 
T h i s i s d e s c r i b e d i n ( 5 ) . T h i s system was 
cnosen a s tne a u t h o r was f a m i l i a r w i t h i t . 
Us«rs of s t anda rd ACOL may f i n d some b i d s 
unusua l - t h i s i s due t o e c c e n t r i c i t i e s i n t h e 
B i d d i n g s y s t e m , not t o bugs i n t h e program. 

To demonst ra te the o p e r a t i o n in the p rog ram, 
we work t h rough a d e a l , showing t h e v a r i o u s 
r o u t i n e s i n o p e r a t i o n . The program b i d s t h e 
South hand , and East i s t h e d e a l e r . The f o u r 
hands ( o f wh ich t h e program o n l y knows i t s own, 
o f c o u r s e ) a r e : 

Hav ing r e c e i v e d i t s hand - i n t h i s case f rom 
tne t e l e t y p e , bu t t h e r e i s a l s o t h e f a c i l i t y o f 
c o m p u t e r - d e a l t hands - t h e program ana lyses i t s 
hand f o r v a r i o u s f e a t u r e s . 

The f e a t u r e s r o u t i n e r e t u r n s seven f e a t u r e s 
o f t he hand: 

1 ) The h i g h c a r d p o i n t s c o u n t . T h i s i s used 
to de te rm ine whether o r no t the programs hand 
i s s t r o n g enough t o open t h e b i d d i n g , o r t o 
r e s p o n d , o r whether a s p e c i a l open ing b i d i s 
p e r m i s s a b l e . 

2 ) An e s t i m a t e o f t h e p l a y i n g s t r e n g t h o f each 
s u i t . The a c t u a l e s t i m a t e r e t u r n e d i s t h e 
l e n g t h p l u s o n e - t e n t h t h e p o i n t s c o u n t , w i t h a 
w e i g h t i n g of 1.25 on m a j o u r s . Thus Souths 
spades a re r a t e d at 1 .25* (5 + 7 /10 ) = 7 .125 . 

3 ) A l i s t o f t h e s u i t s i n wh ich t h e hand has 
f i r s t - r o u n d c o n t r o l , by wh ich we mean an ace or 
v o i d - t h e p o i n t b e i n g t h a t i f t h a t s u i t i s l e d , 
t h e hand can a lmost c e r t a i n l y w in the t r i c k . 

4 ) Tne d i s t r i b u t i o n p o i n t s c o u n t . 

5) Wnetner or no t t h e hand is ba l anced . A 
ba lanced hand is a p r e r e q u i s i t e f o r t h e program 
to c o n s i d e r a natural (as opposed to c o n v e n t i o n a l ) 
b i d in NOTRUMPS. 

b) 0 I f t h e hand is no t s u i t a b l e f o r a weak two 
o p e n i n g , o r the p o s s i b l e s u i t i f i t i s . 

7) ¢ 1f t n e hand is no t s u i t a b l e f o r a 
p reempt i ve b i d , o r t h e s u i t i f i t i s . Thus , 
i n t n i s case f e a t u r e s r e t u r n s 

and (as a s i d e e f f e c t ) adds to the da ta -base 
v a r i o u s f a c t s about t h e hand - which cards a re 
h e l d , t h e l e n g t h o f each s u i t , the p o i n t s i n 
each s u i t , and the t o t a l p o i n t s - c o u n t . I t i s 
t r u e t h a t t h e same f a c t s a re a l s o he ld e x p l i c i t l y , 
bu t i t i s u s e f u l t o have them d u p l i c a t e d i n t h e 
d a t a - b a s e , a s , i n c o n n i v e r - l i k e languages such 
as POPCORN, I f a d d e d methods are used to i n t e r a c t 
w i t h t h e f a c t s i n t h e d a t a - b a s e . For examp le , 
t h e r e is an I f a d d e d method invoked whenever any 
p l a y e r shows f i r s t - r o u n d c o n t r o l . T h i s method 
searches t h e da ta -base f o r the f a c t t h a t any 
p l a y e r s ( o t h e r t h a n t h e one showing f i r s t - r o u n d 
c o n t r o l , bu t i n c l u d i n g t h e program i t s e l f ) i s 
known t o h o l d t h e ace i n t h e s u i t . I f s o , t h e n 
we know t h e f i r s t - r o u n d c o n t r o l is based on a 
void. 

C o n t r o l t h e n e n t e r s the b i d d i n g r o u t i n e 
p r o p e r . I t f i r s t i n i t i a l i z e s some v a r i a b l e s 
and " p s e u d o - v a r i a b l e s " . These p s e u d o - v a r i a b l e s 
appear t o b e s t a n d a r d v a r i a b l e s , b u t beh ind t h e 
scenes they are f u n c t i o n s t h a t access a n d / o r 
update t h e d a t a - b a s e . East opens 'NOBID ' . 
BRIBIP is aware t h a t 12 p o i n t s or more is needed 
to open t h e b i d d i n g , and so conc ludes t h a t East 
h o l d s , a t mos t , 1 1 p o i n t s . Th i s f a c t i s added 
t o t h e d a t a - b a s e . S ince E a s t , h a v i n g n o b i d 
o n c e , i s l i k e l y t o c o n t i n u e d o i n g s o ( e s p e c i a l l y 
i f West a l s o n o t i d s ) . BRBIP h e n c e f o r t h e x p e c t s 
East t o n o b i d , and w i l l o n l y ana lyse o t h e r ( i n 
some sense ' s u r p r i z i n g ' ) b i d s . 

I t i s t h e n t h e programs t u r n t o b i d . 
Hav ing f i r s t checked t h a t i t does n o t h o l d a 
hand q u a l i f y i n g f o r a s p e c i a l open ing b i d , i t 
c o n s i d e r s t h e p o s s i b i l i t y o f making a s t a n d a r d 
s u i t open ing . The o n l y requ i remen t f o r t h i s 
i s a t l e a s t 1 2 p o i n t s , and t h i s i s e m i n e n t l y 
p o s s i b l e . Hav ing s a t i s f i e d i t s e l f t h a t i t has 
t h e s t r e n g t h t o d o s o , i t c a l c u l a t e s wh ich i s 
i t s bes t s u i t ( i n t h i s c a s e , spades) and b i d s 
I S . I t t hen i n t e r p r e t s i t s own b i d - a t 
f i r s t s i g h t a s u p e r f l u o u s p r o c e s s , bu t i n 
p r a c t i s e u s e f u l f o r t h e f a c t s added t o t h e da ta 
base . The i n t e r p r e t a t i o n adds t h e f a c t t h a t 
South b i d spades to t h e base , and s e t s t h e v a l u e 
of t h e p s e u d o - v a r i a b l e Weveopened. In f a c t , 
two databases a re used - one to h o l d a l l f a c t s 
BRIBIP knows, and ano the r a l l f a c t s BRIBIP has 
shown. 

West n o b i d s , and is marked as h o l d i n g l e s s 
than 12 p o i n t s . 

No r th responds 2S. T h i s is ana l ysed as a 
s tanda rd r e s p o n s e , showing a p o i n t s count of 6 
o r more. T h i s i s added t o t h e d a t a - b a s e , a l o n g 
w i t h t h e i n f o r m a t i o n t h a t No r th b i d spades. 
The a d d i t i o n o f No r ths p o i n t s count t r i g g e r s an 
I f a d d e d method t h a t c a l c u l a t e s s a f e l e v e l , i n 
t h i s case 4 , S a f e l e v e l i s a p s e u d o - v a r i a b l e 
used to e s t i m a t e whether t h e r e a re good reasons 
to suppose a game or s lam is o n , and thus to 
dec ide whether t h e r e i s any p o i n t i n showing 
f i r s t - r o u n d c o n t r o l s . The a d d i t i o n o f t h e 
f a c t t h a t Nor th b i d spades t r i g g e r s an I f added 
method t h a t d i s c o v e r s t h a t bo th s i d e s o f t h e 
p a r t n e r s h i p have b i d i n spades: t hus spades i s 
agreed as t h e t rump s u i t . 
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East again nob ids , as expected, (Both East 
and West w i l l nobid throughout the a u c t i o n , and 
w i l l not be considered any more in t h i s ana l ys i s . 

I t i s now Souths t u r n to r e b i d . Safe leve l 
i nd ica tes the p o s s i b i l i t y of game, and trumps 
have been decided, and the re fo re the program 
decides tha t i t i s t ime to show f i r s t - r o u n d 
c o n t r o l s . South holds f i r s t - r o u n d c o n t r o l i n 
three s u i t s (diamonds, hearts and spades), and 
so he makes the lowest f i r s t - r o u n d c o n t r o l b i d 
open to h im, i . e . 3 D. 

North responds 4 C. This is i n t e r p r e t e d 
as showing f i r s t - r o u n d c o n t r o l in c l ubs , and 
denying f i r s t - r o u n d c o n t r o l in hearts - had 
he f i r s t - r o u n d c o n t r o l in h e a r t s , he would have 
made the cheaper b i d of 3 H. 

South now shows h is f i r s t - r o u n d c o n t r o l of 
hea r t s , by b idd ing 4 H. 

No r t h , whose b idd ing has so f a r not shown 
the power of h is hand, now decides tha t i f South, 
by h imse l f , be l ieves tha t game is o n , then a 
slam is a d i s t i n c t p o s s i b i l i t y . Instead o f 
s i gn ing o f f in spades, he the re fo re b ids 4 NT. 
This is analysed as being a Blackwood b i d , asking 
f o r aces. The i n t e r p r e t i n g rou t i ne passes t h i s 
message to the b id-choosing r o u t i n e . 

When South again comes to b i d , i t sees the 
message, and thus invokes the Blackwood r o u t i n e . 
Blackwood counts the aces, f i nds t h r e e , and so 
re turns a b id of S C. (Note f o r Cognescenti: 
we use Roman Blackwood). 

North is thus assured tha t the pa r tne rsn ip 
holds a l l the aces, and so asks f o r k ings by 
b idd ing 5 NT. This is i n t e rp re ted by BRIBIP 
as being a Blackwood b id as be fore . 

There fore , South shows the ho ld ing of one 
k i n g , by b idd ing b D. 

North can then t e l l t ha t the par tnersh ip 
holds a l l the aces, a l l the k i ngs , a t the 
very leas t 8 of the spades, and good oppo r tun i t i e s 
f o r r u f f i n g ( f o r example, the c l u b s ) . He 
there fore bids 7 S, which is passed o u t , and 
can be made wi thout d i f f i c u l t y . 

Conclusions 

The p ro jec t was s ta r ted in the hope of 
ob ta in ing some general p r i n c i p l e s of d e c i s i o n ­
making in environments of imperfect i n fo rma t i on . 
To da te , the only such p r i n c i p l e found is the 
negat ive one; tha t p r o b a b l i s t i c methods 
are not in themselves s u f f i c i e n t . I t was 
hoped to keep knowledge of br idge pe r i phe ra l to 
the program, and use a general co re , but it was 
found necessary to put t h i s knowledge in the 
core i t s e l f . This leaves the author somewhat 
pess imis t i c about the p o s s i b i l i t y of a 
general program f o r decis ion-making. 
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