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0. ABSTRACT 

T h i s paper c o n s i d e r s how t o r e p r e s e n t r u l e knowledge 
in a chess-endgame p r o c e d u r e . The p r o c e d u r e , to he 
used j o i n t l y w i t h d e p t h - f i r s t s e a r c h i n g , d e a l s w i t h 
t h e K i n g , B i s h o p and K n i g h t ve r sus K ing (KBNK) end-
game; t h e r u l e s d e r i v e f rom t h e o r y b o o k s , d i s c u s ­
s i o n s w i t h ( g r a n d ) m a s t e r s and t h e a u t h o r ' s e x p e r i ­
ence . 
The knowledge about r u l e s i s s t r u c t u r e d : p a r t i t i o n ­
i n g i n t o p a t t e r n e d e q u i v a l e n c e c l a s s e s (Bramer, 
1975, 1977) is e x t e n d e d so as to make t h e p rocedu re 
a c t s i m i l a r l y to a human e x p e r t , who, in t he KBNK 
doma in , p r e f e r s t o b e g u i d e d b y p a t t e r n s r a t h e r 
t han by e x p l o r i n g move sequences in d e p t h . 
The p r o c e d u r e , a p p l i e d by i n c o r p o r a t i o n in PION, a 
c h e s s - p l a y i n g p rog ram, has been t e s t e d and comment­
ed upon by Averbach and o t h e r s and has p roved to 
e x e c u t e c o r r e c t mates i n a l l cases s u b m i t t e d . I t i s 
c o n c l u d e d t h a t , w i t h i n i t s doma in , i t s l e v e l i s t h a t 
o f a chess e x p e r t though no p r o o f i s a v a i l a b l e t h a t 
i t s p l a y i s o p t i m a l . 
KBNK has been s o l v e d c o n s t r u c t i v e l y by a supp lemen­
t a r y d a t a - b a s e a p p r o a c h , e s t a b l i s h i n g i t as a 3 3 -
move game in the maximin sense . T h i s r e s u l t , as w e l l 
as some o t h e r s p r e s e n t e d h e r e , a re new to t h e t h e o ­
r y o f c h e s s . The r e s e a r c h r e p o r t e d may w e l l l e a d t o 
i m p r o v i n g e x p e r t s ' p l a y . 

1 . INTRODUCTION 

W h i l e t h e t h e o r y o f chess i s c o n t i n u a l l y b e i n g a d d ­
e d t o , i t i s , b y t h e same t o k e n , f a r f r om p e r f e c t . 
In t h e l a s t few y e a r s , a new e lement has e n t e r e d : 
e x t e n s i o n o f t h e t h e o r y no l o n g e r depends on human 
t h o u g h t s and i deas only. I n t h e chess f i e l d , A I -
programs and p r o b l e m - s o l v i n g p r o g r a m s , c o n s u l t i n g 
a p r e - c o n s t r u c t e d d a t a b a s e , have begun t o c o n t r i ­
b u t e . The s t r a t e g y i s known t o depend on t h e c o n ­
c e p t s t h e p l a y e r has in m i n d . For examp le , a g rand -
master "knows" how to hand le a c e r t a i n p o s i t i o n and 
t h i s i s why he i m m e d i a t e l y " s e e s " t h e " r i g h t " move 
(De G r o o t , 1965) . E x t e n d i n g t h e body o f knowledge 
capab le o f s u p p o r t i n g t he c h e s s - p l a y e r ' s concep ts 
may r e s u l t i n a n e x p e r t ' s p l a y i n g : 
( i ) acceptably in p o s i t i o n s where no gu idance was 

a v a i l a b l e b e f o r e ; 
( i i ) correctly i n p o s i t i o n s w h i c h were n o t s u f f i c ­

i e n t l y e x p l o r e d b e f o r e ; 
( i i i ) optimally i n p o s i t i o n s e x h a u s t i v e l y c h a r t e d 

b y t h e knowledge s u p p l i e d . 

The f u n d a m e n t a l q u e s t i o n reads a s f o l l o w s : i s i t 
p o s s i b l e t o a c h i e v e s i m i l a r r e s u l t s b y e x t e n d i n g 
t h e knowledge o f a chess program as by e x t e n d i n g 

t h e knowledge a v a i l a b l e to human e x p e r t s ? For some 
t y p e s o f endgame, t h e answer i s i n the a f f i r m a t i v e , 
though the p r o c e s s o f e x t e n d i n g a p r o g r a m ' s k n o w l ­
edge i s f a r f rom t r i v i a l (Bramer, 1977; B r a t k o & 
N i b l e t t , 1979; Van den H e r i k , 1980 b ) . 

The knowledge to be s u p p l i e d i s e x t e n s i v e and h i g h ­
l y d e t a i l e d , e . g . , t h e r u l e s i n the KBNK endgame 
need t o b e ve r y e x p l i c i t even i f t he K ing A lone i s 
p i n i o n e d s i n c e he may be in the wrong c o r n e r ) . T h i s 
paper w i l l r e p o r t the r e s u l t s o f a new method (Van 
den H e r i k , 1980 b , 1982) o f r e p r e s e n t i n g know ledge , 
combined w i t h c o n v e n t i o n a l d e p t h - f i r s t s e a r c h i n g , 
to t h e s p e c i a l domain o f t h e KBNK endgame. 

2. THE STRUCTURE OF THE ALGORITHM 

Bramer ( 1 9 7 5 ) , i n t r o d u c i n g the concep t o f e q u i v a l -
ence classes, d i d n o t adm i t any s e a r c h i n g beyond a 
d e p t h o f o n e p l y . I n h i s v i e w , i n a n e l e m e n t a r y end­
game, such as K i n g and Pawn v s . K i ng (KPK), the p r o ­
gram s h o u l d r e l y o n e x p l i c i t knowledge o n l y . Even 
f o r KPK, B r a m e r ' s p rogram needs 20 c l a s s e s f o r a 
c o r r e c t , s t r a t e g y and 30 f o r an o p t i m a l s t r a t e g y . 
As t h e c o m p l e x i t y o f the endgame i n c r e a s e s , a p o i n t 
i s soon reached where t h e number o f e q u i v a l e n c e 
c l a s s e s grows beyond reason (Van den H e r i k , 1980 a ) . 
I n o r d e r t o keep the number o f c l a s s e s (embodying 
knowledge) down to manageable p r o p o r t i o n s f o r more 
complex endgames, t he c o n c o m i t a n t use o f deeper 
s e a r c h i n g i s a p p r o p r i a t e . T h i s c o m b i n a t i o n has 
p r o v e d s u c c e s f u l i n a number o f f o u r - p i e c e endgames, 
such as KNPK, KBNK and KBPK. 
Our b a s i c m o v e - f i n d i n g a l g o r i t h m ( i n wh i ch W h i t e i s 
assumed t o be t h e s t r o n g e r s i d e and t o move f i r s t ) , 
d e r i v e d f r o m B r a m e r ' s a l g o r i t h m , i s s t r u c t u r e d a s 
f o l l o w s : 
a ) g e n e r a t e t h e s e t Q o f a l l immed ia te successo r p o ­

s i t i o n s o f a p o s i t i o n p ; 
b ) f i n d t h e h i g h e s t ranked e lemen t o f Q , say q ; 
c ) p l a y t h e move c o r r e s p o n d i n g t o q . 

I n s t e p b ) , find means ' d e t e r m i n e by g o a l - d i r e c t e d 
s e a r c h ' . In accordance w i t h Bramer , we i nduce a 
r a n k i n g on Q_ by d e f i n i n g an o v e r a l l r a n k i n g on the 
s e t Q* , b e i n g t h e s e t o f a l l l e g a l BTM (B lack t o 
move) p o s i t i o n s . We a s s i g n each p o s i t i o n in Q to 
e x a c t l y one o f a number o f d i s j o i n t s u b s e t s , e x ­
h a u s t i v e l y p a r t i t i o n i n g Q . The a im i s f o r each s u b ­
s e t of t h e partition, te rmed a class, to c o r r e s p o n d 
t o some s i g n i f i c a n t r e c o g n i z a b l e feature o f t h e 
endgame a s p e r c e i v e d b y c h e s s - p l a y e r s , e . g . , ' B l a c k 
i s i n c h e c k * . The c o n n e c t i o n between ' p a r t i t i o n ' , 
' f e a t u r e ' and ' c l a s s ' i s g i v e n b y r e g a r d i n g f e a t u r e s 
as e q u i v a l e n c e r e l a t i o n s , on w h i c h a f undamen ta l 
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I f a p o s i t i o n b e l o n g s t o t h e r e s i d u a l c l a s s , t h e 
s e a r c h must be c o n t i n u e d ; no ass ignment s h o u l d be 
made a t t h i s p o i n t , a n ana logous p r o c e d u r e s t a r t s 
w i t h B l a c k t o move and B l a c k ' s s e t o f F . . I f two 
d i f f e r e n t moves l e a d t o p o s i t i o n s w h i c h b e l o n g t o 
t h e same c l a s s ( o t h e r t h a n t h e r e s i d u a l c l a s s ) , a 
s p e c i f i c s c o r i n g f u n c t i o n must b e a p p l i e d i n o r d e r 
t o b r e a k t i e s . I f t h e t i e p e r s i s t s , t h e f i r s t p o s i t ­
i o n examined w i l l be c h o s e n . O f c o u r s e , a maximum 
d e p t h o f s e a r c h i n g has t o b e d e c i d e d i n advance . 
Hav ing reached t h e maximum d e p t h v a l u e s must be a s ­
s i g n e d t o each p o s i t i o n s o r e a c h e d . T h i s means t h a t 
we need two more s e t s o f e q u i v a l e n c e c l a s s e s f o r 
final p o s i t i o n s w i t h W h i t e and B l a c k to move r e s p e c ­
t i v e l y . 
The f o u r s e t s o f e q u i v a l e n c e c l a s s e s r e q u i r e d t o 
c o n s t r u c t an e v a l u a t e d s e a r c h t r e e may be w h i t t l e d 
down to t h r e e when one d e t e r m i n e s t h a t a s p e c i f i c 
s i d e i s a lways t o move i n t h e maximum dep th p o s i t ­
i o n . We i n t r o d u c e the f o l l o w i n g names f o r o u r s e t s . 

stop 

halt 
blackeval: 

whiteval 

t h e s e t o f p a t t e r n s ( f e a t u r e s o f p o s i t ­
i o n s ) w i t h B l a c k t o move a p p l i c a b l e when 
t h e v a l u e o f t h e p o s i t i o n i n v e s t i g a t e d 
can b e d e t e r m i n e d s t r a i g h t f o r w a r d l y ; 
s i m i l a r t o stop, b u t w i t h W h i t e t o move; 
t h e s e t o f p a t t e r n s w h i c h d i f f e r e n t i a t e 
among t h e p o s i t i o n s w i t h B l a c k to move-
when t h e maximum d e p t h o f s e a r c h i n g has 
been reached and t h e p o s i t i o n s must be 
e v a l u a t e d ; 
s i m i l a r t o blackeval, b u t w i t h W h i t e t o 
move. 

I n o r d e r t o p r e v e n t t he g e n e r a t i o n o f i n a p p r o p r i a t e 
moves, a h e u r i s t i c f u n c t i o n , c a l l e d reject, has been 
i n t r o d u c e d w h i c h t r i m s t h e g e n e r a t o r o f a l l l e g a l 
moves i n t o a g e n e r a t o r o f a l l p l a u s i b l e moves f o r 
t h e endgame i n q u e s t i o n . I n summary, t h e a l g o r i t h m 
c o n s t r u c t s a t r e e w i t h a v a r i a b l e b u t l i m i t e d d e p t h . 
The f a n o u t v a r i e s w i t h t h e l e v e l ( p l y ) . T h i s and t h e 
a c t u a l d e p t h depend o n t h e g i v e n p o s i t i o n . 

3. THE KBNK PROGRAM 

In a p r e v i o u s e x p e r i m e n t , we used t h e KNPK e n d i n g 
w i t h t h e Pawn on t h e h - f i l e as a t e s t - b e d f o r t h e 
r e p r e s e n t a t i o n o f chess-endgame knowledge (Van den 
H e r i k , 1980 b , 1982) . One o f t h e p o s s i b l e g e n e r a l i ­
z a t i o n s men t ioned i n t h e 1982 a r t i c l e was t h e a p p l i ­
c a t i o n o f t h a t t e c h n i q u e to t h e KBNK endgame. The 
r e s u l t i n g KBNK p r o g r a m , HEDEAM, has been d e s i g n e d 
and imp lemen ted by Van den H e r i k , Dekker and Ampt . 
I t i s based o n the t h e o r y f o r t h i s s p e c i f i c endgame 
as p i o n e e r e d by D e l e t a n g (1923) and v e r y s y s t e m a t i ­
c a l l y d e s c r i b e d by Che"ron (1964) . Dekker and Ampt 
(1981) have r e c a s t t h i s t h e o r y f o r s p e c i f i c use i n 

an endgame p r o g r a m . 

None o f t h e s e assumpt ions d e t r a c t s f r o m g e n e r a l i t y : 
( i ) i s c i r c u m v e n t e d b y r e l a b e l l i n g s i d e s ; ( i i ) can 
b e c o m p l i e d w i t h b y r e f l e c t i o n i n t h e v e r t i c a l m i d ­
l i n e , w h i l e ( i i i ) can a lways b e made t o o b t a i n b y 
m i r r o r r e f l e c t i o n i n one o f t h e d i a g o n a l s o r b o t h . 

In stop, halt, blackeval, whiteval and reject, chess 
knowledge f r o m t h e o r y b o o k s , g r a n d m a s t e r s and t h e 
a u t h o r ' s e x p e r i e n c e i s a c c u m u l a t e d . The numbers o f 
p a t t e r n s i n t h e e v a l u a t i o n f u n c t i o n s t o t a l : 1 7 i n 
stop, 3 in halt, 4 in blackeval and 4 in whiteval. 
A f u l l d e s c r i p t i o n o f t h e p a t t e r n s i n t h e s e f u n c t ­
i o n s i s g i v e n b y Van den H e r i k ( 1 9 8 3 ) . 

The i n t r o d u c t i o n o f t h e s e f o u r s e t s o f e v a l u a t i o n 
f u n c t i o n s l e a d s n a t u r a l l y t o a t r e e s t r u c t u r e o f 
w h i c h t h e f o l l o w i n g i s a t y p i c a l i n s t a n c e . 
[Our example i s a 5 - p l y t r e e ; t h e number ing o f t h e 
b ranches r e f l e c t s t h e sequence o f t r a v e r s a l i n t h i s 
i n s t a n c e . ] 

I n o r d e r t o convey some i d e a abou t t h e p a r t i t i o n s b y 
c l a s s , w e c i t e t h e f i r s t p a r t o f stop, w i t h t h e p a t ­
t e r n s t r a n s p o s e d i n t o human t e r m s . 

c l a s s 1 : B i s h o p o r K n i g h t a re n o l o n g e r o n the boa rd 
c l a s s 2 : Mate 



to mate the black King Alone, s t a r t i n g from an a r ­
b i t r a r y p o s i t i o n w i t h White to move and assuming 
opt imal counterplay by Black? 
The estimates of chess p u b l i c i s t s diverge consider­
ab ly : Pachman conjectured 32, Rabinovich 33, Euwe/ 
Donner 34, Fine 34, Golombek 'about 3 4 ' , Averbach 
'etwa 35 ' , Znosko-Borovsky 40. No s p e c i f i c a t i o n is 
found in B i j l , Cheron, Keres and Wi thu is . Computer 
chess researcher Bramer (1982) s t a t ed : ' . . . the end-
game King, Bishop and Knight versus King is thought 
to requ i re up to 34 moves to win and an e r ro r in 
c e r t a i n c r i t i c a l pos i t i ons can eas i l y lead to an ex­
ceeding of the 50-move l i m i t . ' 

Prompted by the p r e v a i l i n g uncer ta in ty , Dekker and 
Van den Herik decided to b u i l d a data base for the 
KBNK endgame so lv ing the maximin problem, in f a c t by 
exhaustive enumeration. Thei r f ind ings have been pub­
l i shed in 'Computerschaak' (Dekker & Van den Her ik , 
1982 b, 1982 c) s t ress ing the chess- theore t i ca l as­
pects and in the HCC Nieuwsbr ief , (Dekker & Van den 
Her ik , 1983 a, 1983 b) w i th s t ress on the computer-
science aspects. 

The most important resu l t s are 
1. The KBNK endgame has a 33-move maximin s o l u t i o n . 
2. Rabinovich was the only one to have t h i s p red ic ted . 
3. No chess p u b l i c i s t (not even Rabinovich) had pub­

l i shed an analys is opt imal in the maximin sense. 
4. There are 1104 'mate in 33' p o s i t i o n s . 
5. Not a s ing le 'mate in 33' p o s i t i o n had been pub­

l i shed be fore , l e t alone a 'mate in 33' s o l u t i o n . 
6. B lack 's best counterplay o f ten involves h is 

tak ing refuge in a corner the extreme square of 
which is opposi te in colour to Whi te 's B ishop 's . 

7. Forcing the King from the large Bishop t r i a n g l e 
to the middle Bishop t r i a n g l e (the method of De-
letang) need not represent an opt imal method of 
p l ay . 

8. The KBNK data base cont r ibu tes to the theory of 
chess by p rov id ing new pa t t e rns . 

6. FUTURE RESEARCH 

The implementation of the KBNK endgame, as embodied 
in HEDEAM, has also led to an improvement of end-
game-program const ruc t ion by sparking a new idea in 
the compi la t ion of knowledge to be fed to programs. 
In order to be able to deal w i t h a large amount of 
endgame programs, we are working on a pa t te rn compi­
l e r pursuing the f o l l ow ing aims: 
a) to make the pa t te rn f i l e s readable to a chess-

p layer who is not a computer s p e c i a l i s t ; 
b) to give chess-players of t h i s k ind the oppor tu­

n i t y to cons t ruc t , i n person, a pa t te rn f i l e fo r 
a given endgame; 

c) to be able to implement a l l subsequent programs 
much f a s t e r . 

A f u l l e r desc r i p t i on of t h i s idea has been publ ished 
by Van den Herik (1983). 

Another research i tem is based on a cont ras t between 
pa t t e rn -d r i ven HEDEAM and the b ru te - fo r ce data-base 
approach. Whenever HEDEAM deviates from the opt imal 
pa th , i t i s intended t h a t the program's ru les should 
be re f i ned w i t h the u l t ima te aim of r e f i n i n g the p ro ­
gram's s t ra tegy , now co r rec t , i n t o an opt imal one in 
Bramer's 1982 sense of these terms. 
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