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ABSTRACT 

we have designed an evaluation function for each of three 

simple King and Pawn chess endings. In the case of King and Pawn 

vs. King, the function determines the correct result for every 

possible situation, within a short series of instructions. In 

cases with just two pawns, each function correctly evaluates a 

fairly large number of positions. The functions are implemented 

as subroutines in a chess-playing program for general King and . 

Pawn endings, created, in part, by the author's thesis advisor, 

Professor Honroe Newborn. This reduces the tree search 

through a:..~ cut-offs and enables the program to find the right 

move for the right reason in considexably less time than usual. 

The program was tested on a variety of endgame studies for 
• ...¥ 

King and Pawn vs. King and Pawn. The results show that 

improvement in the program's play must be directly attributed to 

the evaluation functions. Furthermore the same basic approach 

may be applied in complex endings. 
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RESU!!E 

Une fonction d'~valuation a ~t~ con~ue poor chacune de trois 

simples fins de partie du jeo d ·~checs comportant uniquement des 
. 

rois et des pions. Dans 1~ cas d •un roi et d •un pion contre un · 

roi, la fonction d~teraine, 4 l'aide d'une s~rie d 1 instructions, 

le r~sultat correct pour toutes les situations possihles. Pour 

les positions incluant exactement 2 pions, chaque fonction ~value 

un assez grand nombre de positions. Ces fonctions sont 

pratiquement r~alis~es comme sous-programmes d • un programme de 

jeox d 1 echecs ~crit pour les fins·de partie comportant des rois 

et des pions en g~n~ral, er~~ en partie par le conseiller de 

th~se de 1 1 auteur, le professeur M. Newborn. Ceci r~duit le 

scrutement de l'arbre des possibilit~s en cr~ant des coupures 

a-S et rend le programme capable de trouver le mouvemen t correct 

pour la bonne raison en un temps consid~rable ment plus court que 

d' ordinaire. Le programme a ~t~ examin~ en 1 1 appliquaut sur une 

vari~t~ d' ~tu des de fin de partie comportant un roi et un pion 

centre un roi et un pion. Les r~sultats montrent que 

l'am~lioration dans la qnalit~ de jeu du programme doit ~tre 

directement attribo~ aux fonctions d'~valuation. De plus, la 

m~me m~tbode de base de .1 1 approche pent t!!tre appliqu~e pour des 

fins de pat:tie plus compliqu€es. 
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INTRODUCTION 

1.0 

In the age of the Renaissance it was still possible for one 

man to grasp all the accumulated wisdom of his predecessors. 

This of course is no longer true. Modern man must devote his 

entire efforts to master but one specific branch of knowledge. 

Yet we have not completely lost the image of "Renaissance Man". 

Today, in order to solve the increasingly complex problems of our 

expanding universe, specialists must be trained in other 

unrelated fields. 

Artificial intelligence is primarily directed towards 

constructing machines that display intelligence. Through the 

interplay of tactical vision, strategic reasoning and memory, the 

game of chess has long provided a sufficient challenge to man's 

intellect. Thus computer researchers have spent much time and 

energy designing programs that play chess well. Despite their 

efforts the level of computer play is still far below master 

chess. This is probably because most programs have been written 

by computer scientists with little chess experience. Indeed the 

percentage of programs written or developed in close 

collaboration with chess players of expert or better strength is 

exceedingly small. We may expect further significant advances in 

this field as stronger chess players become involved in the 

research. 

Chess endings offer a unique opportunity to both players and 

programmers. Although for the chess player, it is less difficult 

to establish 'truth' in an endgame position, art and imagination 

are not forsaken. For the computer scientist, the tree search 

becomes far more reasonable; thus with fewer pieces and clearer 
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goals the tree can grow long and sparse. Chess masters most often 

display their superiority over lesser mortals in the endgame. On 

the other hand, computer programs,designed to play an entire game 

of chess, have considerably greater problems here {see 1.2). 

Nowhere is this more true than in pawn endings. Thus it is 

surprising that little investigation has taken place in this 

field (see 1.1). We are aware of only one program which was 

specifically conceived to play general king and pawn endgames. 

This program, called PEASANT£71, was developed,in part, by the 

author's thesis advisor, Professor Monroe Newborn, and serves as 

the touchstone for further research in this field. 

Our thesis presents a description of an evaluation function 

for each of three types of positions 

(a) King and Pawn vs. King, 

(b) King and two Pawns vs. King and 

(c) King and Pawn vs. King and Pawn. 

These functions, called ONEPAN, TWOPAN and PAWN2 respectively, 

are included as subroutines in PEASANT (see Appendix 1). Many 

more nodes in the search tree are correctly evaluated because the 

regular processing machinery in such positions has been replaced 

by these functions. 

In the rest of Chapter I we provide an historical survey of 

computer research in chess endgames and analyse a few examples of 

program play taken from recent tournament praxis. In Chapter II 

we describe the program in some detail. In Chapter III we present 

30 'problems', culled from Pawn Endings[1], and discuss the 

program's performance at various search depths in each position. 

Finally, in Chapter IV we offer some observations on the results 

and conclude with a few general remarks about the future of 

computer chess in this area. 
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HI STORIC!L SUR YE! 

1 .1 

The first chess endgame progmm, written by Huberman [3], 

was designed to play only certain positions. The principle goal 

of her research was to investigate the process of translating 

book descriptions of problem solving methods into computer 

program heuristics. Clearly von endings with little material 

(e.g. King and Book vs. King) were chosen for the task area. In 

order to limit the tree search, the functions better and .!2.t.§.~ 

were introduced. The results indicate that in such endgames it 

is possible to simply choose a good move, instead of the best, 

without seriously extending the number of moves required to 

checkmate with best play. It is hard to say whether further 

research into translation methods for chess books would be 

rewarding. To begin with, almost every rule in chess has an 

exception; much of the literature is limited to analysis of 

master play in specific cases. It is nearly as difficult to 

transform (sophisticated) chess knowledge into book form (i.e. 

language) as it is to translate the book descriptions into 

program heuristics. PJoreover, existing book representations 

would likely be too complex for direct translation. However, it 

is vitally important to make as much use as possible of book 

knowledge to develop improved heuristics. 

Although the objective in master level chess is still to 

checkmate, most players resign a hopeless situation if they 

believe their opponents are capable of discovering the winning 

continuation. Thus the majority of players would resign a lost 

King and Rook vs. King position. On the basis of our experience 
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we would argue that choosing a better, but not best move, in a 

position that is •just winning•, will, in general, not only 

lengthen the number of moves required to win but also 

significantly increase the difficulties in selecting the 

following move, after the opponent's reply. In simpler terms, 

the next time around there may be only one winning move and it 

will probably be more difficult to determine that it wins! 

Further investigation in the field of endgame play was 

carried on by Tan [ 8]. The purpose of his reseach vas to study 

how knowledge might be represented, organized and used in the 

task area of single-pawn endings (i.e. King and Pawn vs. King). 

In the program developed by Tan to pia y such positions, knowledge 

is represented as associations between predicates and action 

schemes and organized to form a binary tree. Predicates are the 

classification rules used in the decision tree and correspond to 

its non-terminal nodes. Each action scheme determines a legal 

move applicable to a given situation. A terminal node consists 

of an ordered pair <V,A> where V (value) indicates whether the 

position is won, drawn or undefined and A defines an action 

scheme. The program proceeds through the decision tree until a 

terminal node is reached. If the value Y of this node is 

undefined, the game tree is searched until a position is reached 

that does return a value v, won or drawn, from its decision tree. 

such a position matches a known situation or •pattern •. Part of 

the chess knowledge in Tan's prograa is represented by these 

patterns, which are simply positions where the re~ult, win or 

-draw, is easily determined. (If the square occupied by the pawn 

is considered as the origin of a coordinate system, the other 
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pieces form a •type pattern', which, in general, is n.2! !!lte~e~ 

by shifting the pavn•s square, while maintaining the same 

relation between .the pieces in the coordinate system.) The 

predicates and action schemes, described earlier, are the chess 

heuristics which determine when and if it is necessary to 

generate more moves in the game tree. 

Tan•s approach would be difficult to apply to more 

complicated endgames. selecting adequate predicates and 

organizing the decision tree would be too time consuming, even 

for a chess master, because there is no systematic procedure to 

follow.. Also, the program requires too m ach time in the single 

pawn ending for it to handle more complex situations. 

A recent report by Michalski and Negri [5] describes the 

results of an experiment in inductive learning. The goal of 

their re search was to establish classification rules which 

distinguish won and drawn positions in the single pawn ending by 

applying an inductive inference program, previously developed, to 

a set of learning events. These events were generated by taking 

examples of the pattern positions discussed in Tan's program. 

The preliminary results obtained were satisfactory and the method 

certainly deserves fut::ther investigation, particularly in more 

complicated endgames. Nevertheless it is debatable whether the 

process would eventually yield •stable' decision rules in a 

reasonable time. 

As yet PEASANT [7] 

play general pa vn endings. 

was to determine whether 

is the only chess program designed to 

The original purpose of the research 

the poor playing ability of ordinary 

tournament chess programs in the endgame was due to a basic 



- 6 -

0 

Fig. I-1. Position after 78. K-d4. 

Fig. I-2. Position after 81 •••• K:g5. • 
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weakness in the Shannon-Turing ainiaax approach or to the lack of 

custom-tailored chess heuristics. P!lSltiT, based on a 

conventional a·-8 miniaax search procedure plus tree-pruning 

heuristics, vas developed to exaaine this question. The prograa 

was tested on several exaaples of varying difficulty from Fine 

( 2] and th€ results signified that a respectable level of play 

had oeen attained. furtheraore there reaained considerable rooa 

for improvement within the Shannon-Turing structure. l detailed 

history of general chess-playing coaputer prO<jrams may be found 

in Newborn [ 6]. 

SEVERAL EXAftPLES OF PROGRAft PLAY 

1.2 

It seems inevitable that as the level of coapetition in 

computer chess tournaments rises, a higher proportion of gaae 

results will be determined in the endgaae. In the aeantiae ve 

can present only three exaaples of poor coaputer play in king and 

pawn endings. 

To begin with ve consider the position after White's 78th 

move in the game Coko III vs. J. Biit froa the first United 

States computer chess championship in 1970. See Fig. I-1. Black 

would lose after either 78 •••• R-a2 79. R•cS intending E-c7:b7 

or 7 8. ... R-d 1 79. K-c3 with R-eS to follow. Instead Black 

(wise 1 y ! in retr::>s pect) chose to win a pawn and transposed into a 

lost pawn ending. See Fig. I -2. The ga ae continued 78. ••• 1-

f 3+ 7 9. K-e3 R:d3+! 80. K:d3 B:gS 81. f:g5+ K:gS 82. K-e3? K-

f5 83. K-f 3 K-e 5 81+. K-e3 K-d5 85. K-d3 K-es 86. K-e3 K-dS 

87. K-d3 K-e5 and vas drawn by repetition. 
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Fig. I-3. Position after 129. K-c2 

Fiq. I-4. Position after 130. K:b3 
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White could have won by attacking the defenseless queenside 

pawns with either 82. K-d4 or 82. K-c4 intending K-c5-b6:b7.but 

this. would require a search of about 10 ply. We would at least 

expect w bite to select one of these two moves on the basis of 

general principles i.e. advance.tovard pawns and cut-off enemy 

king from J:a wns. The actual move played allowed Black's king to 

return quickly and defend his pawns. Black would have had more 

difficulties after 83. K-d4 but K-f5-c6-d7-c8 would still 

guarantee a draw. Note that White avoided 83. K-e2?? and 83. 

K-f2?? which both lose. 

The next position arose during a marathon struggle between 

Tech and Coko III in the third United States computer 

championship in 1972. White had kept a pawn advantage for nearly 

100 moves (!) in a rook ending, while avoiding, at. the last 

possible moment each time, 12 draws by repetition!! See Fig. I-

3. Black should now play 129 •••• R-h3 with a draw according to 

an analysis by Grigoriev (4]. Instead Black exchanged rooks into 

a lost pawn ending. See Fig. I-4 •. Play continued 129 •••• K:e4? 

130. K:b3 K-d~?! 131. b5? K-cS 132. K-a4 K-b6 133. K-b4 K-c7 

134. K-cS K-c8?? 135. K-c6! K-d8(?) 136. K-b7 K-d7 137. b6 

K-e7?! 13 8. K-c7 and White mated 7 moves later. Black could 

have tried 130. ••• K-d5 but after 131. K-a4! K-c6 132. K•a5 K-

b7 133. K-b5 White wins with direct. opposition. By blundering 

on his 131st move (131. K-a4!) White allowed an easy draw, which 

Black, in turn, threw away with 134 •••• K-c8?? instead of 134. 

••• K-b7. Note that both 135. K-c6 and 135. K-b6 win for White 

and that 135 •••• K-b8 would have prolonqed the struggle but not 
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Fig. I-5. Position after 24. R-d1 

Fig. I-6 Position after 25 .••. c:d6 

0 
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altered the result (unless White were to blunder again!). An 

incredible performance ••• 

Our last example occurred in the game Ostrich vs. Tech from 

the fourth United states computer championship in 1973. See Fig. 

I-5. White has an extra pawn and threatens mate but Black could 

have simply answered 24. ••• K-f8 with an easy draw; the double 

threat of 25 •••• B:c2 and 25 •••• R-c4 forking two pawns would 

soon re-establish material equality. Instead, as in both 

previous examples, Black chose to trade off into a lost king and 

pawn ending. See Fig. I-6. The game proceeded 24. R-d6? 25. 

R:d6 c:d6 26. h4 d5 27. c3 g6 28. aS! K-g7 29. £4 K-f6! 30. 

K-f2 a6(?) 31. K-e3 K-e6 32. hS £6 33. K-d4! K-d6 34. h6 gS 

35. K-e3 K- e6 36. fS+ K-d6 37. K-f3 d4(?) 38. c4 K-e5 39. 

b5! a:b 40. a:b d3 41. a6! d2 42. K-e2 and White mated 10 
' 

moves later. Actually both sides committed a series of blunders. 

After the exchange of rooks White should have realized his 

winning advantage in the swiftest manner by forcing a pawn 

through to queen. Since Black's king was far enough away this 

would only have required advancing the a and b pawns and, if 

necessary, sacrificing one to queen the other e.g. 26. bS K-f8 

27. aS K-e7 28. b6 a:b 29. a6! etc. (potential passed pawn). 

However, because of his material superiority, White•s position 

was still totally won. Black's 30th move was particularly poor 

since it permitted White to force through a queen in one less 

move i.e. 31. b5! and in three more moves White queens; with the 

pawn on a7 White must play b5-b6. Yet it was not clear that 

White would have found the road to victory had Black not 'forced 

the play• with 37 •••• d4 (?). Note . as well that both sides 
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Fig. I-7. Position after 47. B-c4. 
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temporarily ignored the 'free' passed pawn created after 

39 •••• a:b . 

Finally we present a pleasing example of correct play which 

involves a transition to a king and pawn ending. The following 

position arose in the game J. Biit vs. Chess 3.0 from the first 

United States computer championship. See Fig. I-7. Black 

finished off neatly with 47 ...• R:c4! 48. b:c e2 

49. g5 e1(=Q)+ 50. K-h5 Q-h1 mate! It is only fair to point out 

that most programs would solve this position; a brute search of 5 

plies clearly results in a won game because Black queens by 

force.None of the programs cited in this section had significant 

endgame heuristics. Furthermore Coko III and J. Biit were not 

even fully debugged. 

A more complete discription of the games noted here may be 

found in Newborn[ 6] . 
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PROGRAM ORGANIZATION 

2.0 

PEASANT is designed to perform a standard tree search, to 

some arbitrary fixed depth (at most 14 plies), based on an a-a 
minimax strategy. Specific endgame heuristics eliminate many 

unnecessary king moves through forward pruning (see PEASANT[7] ). 

At each node in the tree the program applies a series of tests to 

determine whether that node is terminal and, if so, what score to 

assign it. The subroutines ONEPAN, TWOPAN and PAWN2, are 

implemented at each node as static evaluation functions for 

positions with one or two pawns. ONEPAN correctly evaluates any 

position with exactly one pawn on the board whereas the other two 

routines correctly evaluate some positions with exactly two pawns 

on the board. 

ONE PAN 

2. 1 

In ONEPAN we use both a distance test and a classification 

scheme to solve every possible situation with king and pawn vs. 

king. The program first checks that the defending Black king is 

'within the square' of the enemy pawn. This simple distance test 

establishes that the pawn may not advance with impunity to the 

queening square without the aid of the White king (ie. if Black's 

king is not within the square, White wins). Next the program 
I 

classifies the position according to the relative x-y coordinates 

of the defending king and the enemy pawn. Let the White pawn be 

defined by ( x
1 

, y1 ) and the Black king by ( x2 , y2 ); then the 

difference in width (W=Jx1 - x2 1) and the difference in height 

(H= Y2 - y 1 ) are used to categorize the position. 
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Fig. II-1. Black to play. Fig. II-2. Black to play. 

Fig. II-3. T~7hi te to play. Fig. II-4. Black to play. 

Figures 1 and 3 are associated; if the White king in Fig. II-3 . 
occupies one of the 'large X' squares on the perimeter, then 
¥fuite can move to one of the squares marked x in Fig. II-1. 
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Finally, if the White king occupies a square within a specified 

region R, the position is won. Otherwise it is drawn. 

For example, we consider a situation with a White pawn at e3 

and the Black king at b5; then White can win only if his king 

occupies one of the squares marked by an x in Fig. II-1. This 

same 'mask' is used if the pawn and Black king are on squares 

e4,b6 or g3,d5 respectively, etc. Thus the marked squares form a 

mask which we associate with a specific W1 (3) and H1 (2). There 

are many exceptions to this many-one relationship. For instance, 

with the W1 and H1 of Fig. II-1 (ie.3,2) but with the pawn on 

the sixth rank, we must use another mask. See Fig. II-2. 

Naturally we must have different masks for whoever is to move 

(see Fig. II-3) and for the exceptional case of the White 

rookpawn (see Fig. II-4). Altogether about 300 masks, covering 

all possible piece configurations, are employed by ONEPAN to 

resolve the situation accurately. These were arrived at 

painstakingly, case by case (see Appendix 3). 

There are two types of normalization used in classifying 

positions. Firstly, because W is defined as an absolute distance 

measure, the program uses the same mask whether the Black king is 

on one side of the pawn or the other; the mask (ie. marked 

squares) is shifted horizontally about the axis of the pawn's 

file. Secondly we make no distinction between pawns on the 

b,c,d,e,f or g files, which all use the masks designed for the 

general case. The only exceptions are rook pawns on the a or h 

files which both use the masks designed for this special case. 

The set of masks ( a product of the author's chess knowledge) is 

complete in that anx_position, with king and ~Nn_vs. king, 

submitted to the program is classified and scored accurate~ 

If the position is won for White it is assigned a score of 

+6000 -200*d -400*P -100*(1-c) + K where d is the depth (in 
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plies), Pis the number of moves to the promotion square, c is 

~ · equal to 1 if White is on the move, and -1 otherwise, and K is a 

function of the distance of each king to the pawn which credits 

bringing the king nearer to the pawn. The score of a drawn 

position is set equal to K. The score function, excluding K, is 

identical to the one used in PEASANT [7:-] • The rationale behind 

the term -200*d is to differentiate between nodes of identical 

positions by decreasing the score of the one found at a deeper 

level in the tree ie. thus determining the shortest branch to the 

position (eg. the quickest win) . Similarly the terms -400*P and 

-100*(1-c) are included to stimulate pawn pushing and to 

distinguish between nodes on the basis of which colour is to move 

in the position respectively. The function K is made up of three 

terms ie. K= 7 + Max'( lx 1-x2 1, ly 1 -y2 1) - Max( lx 3 -x'+l, ly 3 -y 41) 
where (x

1
,y 1 ) and (x 3 ,y 3 ) are the squares of the Black king and 

White king respectively, (x 2 ,y 2 ) is the square of the White pawn 

and (x 4 ,y 4 ) is the queening square of the same pawn. The quickest 

win for White is achieved by controlling the queening square; the 

quickest draw for Black is gained by capturing the pawn. We add 

7 to avoid letting the function K equal zero, a score reserved 

for 'dead' drawn positions eg. no pawns. 

ONEPAN initializes local variables, tests 'within the 

square', tests some exceptional situations and calls one of two 

subroutines, RKPAWN or THPAWN, to classify (and score) any other 

position. The first routine handles all possible rook pawn 

positions with H varying between -1 and 6 and W varying between 0 

and 6. It also takes care of positions with regular pawns with H 

equal to -1 and W varying between 0 and 6. THPAWN handles the 

rest of the regular pawn cases with H varying between 0 
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Fig. II-5. ~hite to nla~. 

~~ite ~ins easilv ~fter 1. e6 
K-d6 2. ~6 K:e6 3. ~7 or 
2 .... K-c6 3. d7 etc. Fven 
with Black to plav, White winR 
here. 1. ... K-b6 2. e6 etc. 

Fig. II-E. Black to play. 

If Black attacks either pawn, 
the other advance~. 1 .... 
K-d4 2. f4 and Black cannot 
canture or the f-pawns aueens. 
If then 2 •••. K-n5 3. K-b7 
K-efi 4. d4 and the pawns 
defend each other aqain as in 
~ia. II-6. 

Fig. II-7. Black to nlav. 

Fig. JI-8. Black to play. 

Thus the ~hite kino on c3 
~oes not win here. 

•• 1./3 -

Fig. II-9. Black to play. 

Thus ONEPAN scores this 
position as a win with the 
White king on c3 (and then 
so does 'J'1WYPt:I""J) • 

Fig. JI-10. Mhite to play. 

White wins after 1. Kf2 KqA 
2. K-e3 but if the Black king 
occupied a4 1. Kf2? K-f4 
l·'ould onlv dra'\'! 
(1. K-q2 kf4 2. K-h3! wins). 

c 

~ 
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and 6, and W varying between 0 and 6 • In either case just a 

short series of tests is needed to classify and score a position. 

Since both subroutines are designed to categorize only positions 

with a White pawn, ONEPAN must •reverse• the board situation for 

a Black pawn. This is done at the very beginning of ONEPA N, 

while initializing local variables for the x-y coordinates of the 

pieces. 

TWOPAN 

2.2 

subroutine TWOPAN tests only positions with two pawns of the 

same colour. The program will consider such a node terminal 

(1) if either pawn can advance and queen without being 

captured, 

(2) if the pawns form a 'dynamic duo•, 

sacrificed to queen the other by force 

where one is 

i.e. without 

any aid from the White king, one pawn will queen (see 

Fig. II-5), 

(3) if the pawns form a 'defensive unit', where one may 

not be captured without allowing the other to queen 

and thus permitting the White king to approach and 

force the win (See Fig. II-6), 

(4) if the White king and either pawn win, according to 

ONEPAN (See Figs. II-7,8,9), 

(5) if the White king already protects the most advanced 

( 6) 

pawn, 

if the White king can protect the most advanced pawn 

before Black captures it (See Fig. II-10), 

(7) if the pawns and Black king stalemate the White king!, 
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Begin 

Initialize local variables 

Check for stalemate possibilities 
when the pawns are two files apart t---1·..._....,._ __ SE 
(rook and bishop pawns,respectively) ..,... 

"Rule of the square" 
test ...... 

~----·~ ~------~----~~~--- ~--------------~---------------, Check for drawing Check situations where the 
cases with doubled pawns win by either fore-
pawns one rank ~ ing through a new queen or 
apart ~~~~- SE defending themselves 

against attack. Cases are 
considered sequentially ----- ~ ,. ---

Check if the White King and only one 
pawn win against the lone Black King 

(using ONEPAN) 

Check ~f the most advanced pawn can 
be protected from - capture 

SE 

...... 
1---~r~- SE 

SE 

N.B. S-Scores (a) positions that are won, lost or drawn and 
(b) undecided situations at maximum depth. 

E-End follows immediately 
ie. SE implies S ~ E 

Control of flow in subroutine TWOPAN 

• 

• 
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(8) in certain exceptional cases with the pawns doubled 

and three files apart and 

{9) at maximum preset search depth. 

A terminal node is scored as a win in the first six categories, a 

draw in the next two and undecided in the last. The scoring 

function employed is virtually the same as in ONEPAN, except that 

undecided positions are assigned a score of 25+K, where K was 

defined earlier. The setup for initializing local variables is 

also similar in design to that used in ONEPAN. 

PAWN2 

2.3 

subroutine PAWN2 examines only positions with two pawns of 

opposite colour. The setup here is s~mewha t different than in 

ONEPAN. The program accepts any board position without change 

but searches for a win only for White. Then, to check Black's 

winning potential, the board situation is reversed, by calling 

subroutine REVERS, and the same search process begins. again. In 

another minor switch, a node will not automatically be considered 

terminal at maximum preset search depth e.g. if a king attacks an 

undefended pawn, search is extended {but not indefinitely). 

Also, terminal nodes, at maximum de pth or greater, which are not 

evaluated as a win, loss or draw, are scored using a special 

function call P::HK. This function distinguishes between 

positions where eithe r 

claim at least a draw. 

White, Black, bo t h sides or neither can 

IF Black has at least a draw but no clear 

win, the position is assigned a score of -S+K, where K was 

defined earlier. On the other hand, if neither side can claim at 
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Fig. II-11 

Fig. II-12. 
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If the Dhite kinq is one square 
av1ay fron the enemy pa\·m, vli th 
White to play, Black's kino must 
occupy a s q uare ±n Region A to 
draw for sure. If it is Black 
to move, the k ing's ranqe 
increases to Reqion (A+D). 
Next, if the 1iThite king is t'vo 
squares from the enemy pa\•Tn \vi th 
~vhi te to play , Black's king's 
range is agairi -- Reqion (P.+B); 
Hi th Black to play, Peg ion (P..+B+C} 
etc. This was discnvered by 
considering (in sequence) White's 
king on t~e h1-a8 diagonal. 

Notice that the region increases 
if ue lm·'er the ~·!hi te pavm. 
This is because Black can 
attack the enemy pawn. 
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least a draw, the score is set equal to K. IF both sides or at 

least white can claim a draw, the score · is set egual to +S+K. 

Note that a clearly drawn position is assigned a score of zero. 

Finally, in the scoring function for a win, we substitute the 

function PF , which depends on the number of moves to the 

promotion square for gach pawn, for the · variable P defined 

earlier. 

Subroutine PAWN2 is divided into three main sections, 

characterized 

r es p e et i v e 1 y • 

by blocked, adjacent and passed pawns 

In the first category both pawns are on the same 

file, hence blocked, and neither may advance to queen unless the 

opposing pawn is captured by the king. We consider blocked pa wns 

(a) on the rook file, 

(b) locked and thus unable to move, and 

(c) not locked. 

In the exceptional case of blocked rook-pawns the program 

cannot determine whether a position is won, lost or drawn. Thus 

a node is considered terminal only if the search terminate s at 

maximum depth or greater. We have developed a function which 

determines if one side has at least a draw. However to evaluate 

this tyfe cf position as a clear win or draw we must extend 

search until a pawn is captured. See .Figs. II-11, 12. 

the 

The 

program does solve many critical positions in which the pawns are 

blocked and locked against each other. We first check whethe r or 

not White can force the capture of the enemy pawn, by examining 

each Id ng' s distance from the pawn. If the pa vn is on or above 

the fifth rank, capturing will win against any defense. 

Otherwise, to win White must capture and avoid the •oppositi on• 
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Black to plav loses after 
tz-e6 K-08 1 .. . . K-e8 2. 

3. K-f7 as in Pia. TT -1U. 
Phi t:e to plav onlv rra~-; s 
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i . e . 
J<:e eo s 

1. K-e6 K- P.R ann Rlack 
the Ot:)POsition. 

Fig. II-1L~ . 

occuoies a souare 1f ~hite 
~c=tr~ed x 
won . 

the position is 

Pig . JI-16 

~hoevP.r ~oves loses! 

I 
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Fig. II-17 . White wins . 

If \'7hite has the upper hand in 
sideways oppositioD , c=tnd 1•7hi te' s 
kin0 does not occuov a s0uare in 
Region P , v7hi te wins whoever i s 
on the :r1ove. e.q . 1 . . . . K-}:)7 
2. K-es K-c6 3 . K-f4 K-d5 
4. K:f3. But if \··lh i t e ' s king 
on e6 and Black's on c6, then 
1 • K-e5 K-d7 2 • K-f4 K-e6 
3. K:f3 K-f5 onlv draws. 
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is 

F'ig. II-18 . Plack to p l ay. 

For blocked, but not l o cked 
pa~vn oo~i tions with \•7hi te 
to plav, we use the region 
exe~plified in Fig . II- 17 
to deterMine whether the 
position is won. Here, 
with Black to plav , a 
defensive manoeuvre involv­
inq the advance of Rlack's 

increases R eq i on -q . oa~<~n 

'J'hus 1 . . .. Pd4 2 . P - d3 
,..,ins as hP.fore, but ~·rith 
the ~inns on c7,a7 
r espectivelv, Black draws . 
i.e . 1 ... . 04 2. K- c6 d .1 
l . ~ -cs K-h7 4. K-04 K-c6 
etc . 

If ~h ite occupies a souare 
in Pegion ~ with the upper 
h~nd in sideways opnosition, 
whoever ~oves Mhite wins. 
The same is true in the next 
two figures 

--

-
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that occurs in Fig. II-13. Next we note some special cases with 

the pawn en or above the fifth rank. For example, White wins if 

the White king occupies one of the •critical squares• marked by 

an x in Fig. II-14 and the Black king lies below his pawn's rank 

{as in the diagram). Also, the program checks for the type of 

opposition which is exhibited in Pig. II-15. Then we probe 

situations where both kings are close to the pi wns. See Fig. II-

16. Finally the program considers another form of opposition 

('sideways') displayed in Pig. II-17. Note that in all of these 

tests, . aside from the distance check, the program attempts to 

match a given position with a known • pattern • situation. We 

apply a similar approach to blocked pawns tbat are not locked. 

The program scans positions for pattern matches and sideways 

opposition, uses a distance test and determines whether one side 

has at least a draw. See Fig. 18. 

Adjacent pa~ns (i.e. one file apart) are treated in much the 

same fashicn. Whereas the exceptionally difficult rookpawn case 

is given scant attention, the program uses a distance test and 

checks for sideways opposition as before. See Figs. II-19-21 • 

Fig. II-20. Fig. II-21. 
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P, !lhitc can sAfely nd va.ncc his 
poh' !1 , f:e re 1 ~Veil 1-'i t h f' lac) ; 
to p le> y , 1 ••• • ::~- d 2 2. Y: - '2 4 
Y- c 2 3 . t(-fq Phitc i1 <"S no 
j' r o l; l r.:' s . But >·: c rus t cl l s o 
chcc~-- ''h i te' s p c:n·m a s in t he 
;1ci: t c! icwrc.r. 
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i'\ 1 Thi t c p a\rn in r:>ea ion r. 
·~ ·0nlr. 0 l" s trnrt the nhi te 
k j_nn's rarch to An 
Rd vancina enery pawn . 
~his would nlso b e true for 
~c ai0n 'l , 11!1 l rss '·'hi t0 j s en 
t!t r: rn0vr i'lnd :.hr: r> L=wr Jr j nrr 
is An 'extrn' novc 0utsi~e 
t he 'sounrc' of t.hP ''hite 
rr:~\:n . ' Tot P. t h nt hoth }- i!1ns 
P' Ust h~ on tht> s c> rc sirl.o of 
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' 'Vhi te 
forks 

to 
on 

aue ens. 

play queens first and 
c1 if Bla.ck, in turn , 
Inste ad Black draws by 

aporoachinq his pawn . 
i.e. 1 . c5 h4 2 . c6 h1 3 . c7 

king 4 . cB(=Q) K-f1 and Mhite's 
h2 

is too far awav . Normallv a 
aueen wins e~silv against a pawn 
on the seventh rank, but with 
rook or bishop pa~ns there is a 
stalemate ~efense. e . q . 5 . Q- h3+ 
K-o1 6. 0-g3+ K-h1 7 . K-~2 
stalemnte! 

\'7hi te suoports his pa1·m and 
e ither aueens with check or forks 
on eB i.e. 1. K-b7 e4 2. do K-e6 
(or 2 . ... e3 3. d7 e2 
4. d8(=0)+) 3. K-c7 e3 4 . d7 e2 
5. dB (=Q) e1 (=0) 6. Q-e8+ etc. 
~ote that the ~hite kinq MUst he 
above the fifth rank an~ the 
\•7hi te pa\•rn a hove the fourth rank 
before subroutine PAT\TN2 will check 
out any winnina possibilities in 
t'f-te position . 

• 

e 
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The most interesting problems occur with passed pawns . 

PAWN2 calls PASPON if the pawns are 

(a) more than one file apart, 

(b) blocked, but free to advance to the queening square 

without obstruction by the enemy pawn or 

(c) adjacent, and similarly free to queen without threat 

of capture by the enemy pawn. 

Essentially, we first determine whether Black's king can prevent 

White's pawn from queening and is thus 'within the squa re'. If 

Bl a ck cannot, we asc e rtain wh e ther White 's k i ng is with i n the 

squa re and, if so, whether White can effectively foil any 

counte rplay. Se e Figs. II-22,23. Since Black's king ca nnot catch 

the e nemy pawn, White can afford to test the the ory that qu eening 

his pawn wins. Thus we envisage a race to queen by both pawns and 

if White wins the race we begin a further s e qu e nce of t e sts to 

de c i de if the result i ng position afte r White quee ns is indeed won 

for White (or at l e ast drawn). This involve s cl assifying t he 

'future type' positions where White has quee ned a nd trying to 

ma tch i t with known pat t e rn situations wh e r e Wh ite 'forks ' or 

ma t e s, with i n at most a short se r ie s of mov es. See Fig . I I-2 4. 

We must then d e termine wh e ther Black can postpone que e ning and 

r e t a in a dra wn e nd game with his bi s hop or rook pawn on the 

seventh r a nk. See Fig . II-25. On the o t he r ha nd, if Bl a ck is 

'within the square', we must che ck whe the r White's king can 

support his pa wn a nd force it through to queen aga inst Black's 

bes t de f e nse . If th i s is possible, we ha ve a nothe r potentia l 

race t o cal cula t e . Se e Fig . II-26 . Note t hat if ( a ) Wh ite is i n 

c heck or (b) i n front of his own pa wn, he will ha ve to ma ke a 
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king move before queening his pawn, thus altering the 'future 

type' posit ion. In the first case we always consider the node 

non-terminal and extend the search. In the second situation we 

also consider· the node non-terminal, unless White's pawn wins the 

race with time to spare or we have already passed the maximum 

preset search depth. 
.. 

Before passing .on to the results in chapter It! we would 

like to point out that a fev minor changes were made in the 

forward pruning section of PEASANT. Also another subroutine, 

called STLCHK; was introduced to check for stalemate at every 

node before! calling ONEPAN, TWOPAN, and PAiN2. 
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EXPERIMENTAL RESULTS 

Positions with just one pawn or two pawns of the same colour 

are essentially trivial.ONEPAN and TWOPAN were designed both for 

their intrinsic value and as a 'knowledge base' in more 

complicated endings. Instead we tested PEASANT on a variety of 

endgame problems from Pawn Endings[1] with King and Pawn vs. King 

and Pawn. The results are divided into three categories ie. 

blocked, adjacent and passed pawns. Of the 30 studies selected, 

23 are solved; 7 of the 8 positions in the first category, 7 of 8 

in the second an.d.. 9 of 14 in the third ... The program. r-equired- no 

more than 23 seconds of cpu time or a search depth of 9 plies to 

completely solve each study, and often less. ( The program was 

run on the IBM 360 Model 75 computer which has a cpu cycle time 

of 195 nanoseconds). Also, the right move was chosen for the 

right reason! 

replies led to 

A winning move was 

a forced loss for 

selected only if all possible 

the enemy; a drawing move was 

winnowed out of a set of losing alternatives. Passed pawn endings 

claimed the most cpu time; this was probably because there were 

more moves to consider at each level of the tree ie. both pawns 

could move. 

For each problem the data was collected and displayed in a 

table format. At every ply level, we record whether or not the 

move selected was correct, which move was chosen, the cpu time 

required, the score assigned by the program and the number of 

terminal nodes in the tree. Scores greater than a 1000 or less 

than -1000 are only given to clearly won or lost positions 

respectively; scores between -100 and 100 apply to drawn or 

undecided situations. If the program has chosen a move with a 
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1. White to play and draw. 

0 
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score between -100 and 100 we can only be sure that it has 

~ correctly evaluated the study (ie. it has chosen a move that 

really draws) by extending search in the principal variations to 

0 

a terminal node, scored as a clear win, draw or loss. The 

principal variations refer to the likely sequence of moves, with 

minor alternatives, which we designate as best play in the given 

problem. The program determines its own 'principal continuation', 

which is often subject to error on the last ply of the variation. 

This is due to the inaccuracy of the scoring function used for 

undecided positions at maximum depth settings. We extended 

search till every move of the 'computer's side' (ie. the opponent 
' 

attemting to draw or win) in the principal continuation was error 

free up till the last ply. 

BLOCKED PAWN POSITIONS 

3. 1 

1. We first present an ending with King and Pawn vs. King and 

two Pawns to show the transpositional character of such 

situations. This position occurred in the game Yates versus 

Tartakower, played in Bad Hamburg in 1927. After 1. K-b2 K-c4 

2. K-a3 b2 White saved himself with 3. K-a2! {but note that 

3. K:b2 K:b4 would have lost). PEASANT solved this problem quite 

easily but we had to continue searching 9 plies to get the 

program to realize that the position was completely drawn. 
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0 

2. White to play and win. 

0 
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Nm-mr:R 
OF PLIES 1 2 3 4 5 6 7 s 9 
VERIFICATION I .; .;. I .; I I I OF HOVE 

x· 

MOVE CHOSEN 
BY PROG~-1 K-b2 K-b2 K-a1 K-b2 K-b2 K-h2 K-b2 I~-h2 I<-b2 

CPU TIHE • 02 • 07 .12 • 47 .70 , • 55 2.08 2.92 ~~. 02 
SCORE OF 
POSITION -12 -15 -15 -18 -20 -30 -18 -29 -8 
t TERHINAJJ 
NODES 3 10 16 50 56 ~27 1 L! 5 20fi 261 

Here the result is correct at ply 9 because the principal 

continuation is 1. K-b2 K-cl~ 2. r:-a3 b2 3. K-a2 b1 (=Q)+ 4. 

K:b1 K:b4 "Tith a clear draw according to ONFP_l\N. The program 

prefers this sequence to 1. K-b2 K-c4 2. · K-a3 b2 3. K-a2 K-c3 

4. K-b1 K :b4 (but not 4. • • • K-b3 Stalemate!) , "1hich ~!as selected 

as the principal continuation at ply B because Tt•i'OP!\!1' cannot 

clearly evaluate this position. Jl.t ply 9 PFJ\SANT 'sees' that 5. 

K:b2 dra't-lS and that the t·Thite king is even closer to Black's pa~rn 

on b2 than on b1. 

2. This problern, corrposecl by Cheron in 1926, exhibits nany 

characteristics of blocked pa•..rn situations. White only drat-rs 

with king moves because Black can reply 1. ... eS and gain the 

the opposition l f ever Hhi te captures the p<Mn. 

begin \·lith 1. eS and \·!ins after 1. • • • K-d7 2. J<-b5! K-c7 3. K-

c5 (see Fig. II-15) or 1 •••• K-f7 2. K-cs K-g6 3. K-cE! (but 

not 3. I<-d6?? K-f5 and Black 'dns!) 3 •••• J~-gS 4. l\-d7 K-f5 5. 

K-d6 (see Fig. II-16). The proqram actually solves the second 

variation after 3 •••• K-as by pattern I'le>tchinq. 
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() 

3. v7hi te to play and ~·rin. 
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NUMBER 
OF PLIES 1 2 3 4 5 6 
VERIFICATION 

I OF r.IOVE X X )( X X 

MOVE CHOSEN 
BY PROGRAM K-c5 K-d4 K-c5 K-c5 K-c5 e5 
CPU 
TIME • 03 .17 .33 .65 1. 4 5 1.13 
SCORE OF 
POSITION -1 0 0 0 0 4395 
NUMBER OF 
TERMINAL NODES 3 15 23 44 1 06 58 

The principal continuation at ply 6 is 1. eS K-e7 2. K-c5 

K-d7 3. K-b6 (see Fig. II-14). The program has determined that 

this position is won and assigned it a score of 439S because it 

has found that every possible reply to 1. e5 leads to a forced 

loss. See Appendix 2. 

3. In this study, composed by r-1oravec in 19S2, White must not 

advance his pawn because Black gets the better of the draw with 

1 • • • • K-b3. Instead a king manoeuvre wins i.e. 1. K-f41 K-b3 

2. K-e5 K-c4 3. d4. 

NUMBER 
OF PLIES 1 2 3 4 5 
VERIFICATION 

X X )( X I 
OF MOVE 
MOVE CHOSEN 
BY PROGRAM d3 d3 K-e3 K-e3 K-f4 

CPU TIME .os .12 .92 1. 63 3.-95 
SCORE OF 
POSITION 0 1 5 5 2406 
NUlvlBER OF 
TERMINAL NODES 6 8 69 1 os 297 
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0 

4. White to play and draw. 

5. Nhite to play and draw. 

0 



/ 

c 

- 41 -

The principal continuation of ply 5 is 1. K-f4 K-b3 2. K-es 

I<-bft 3. K:dS. 

4. In this problem by Mandler (1949) White must be very cl'lreful 

in choosing his first move. If 1. cS? K-e2 Black wins (see ~ig. 

II-17). Also 1. K-f3? K-d2 2. K-e4 K-c3 3. c5 K-c4 or 2. K•f2 

c5 lose for White. The only way to draw is 1. K-f2! K-d2 2. cS! 

or 1. . . . c5 2. K-e31 K-c2 3. K-e21 (not 3. K-e4? K-c3) 3 .. 

••• K-c3 4. K-d1 etc. 

NUl1BER 
OF P! ... IES 1 2 3 ll 5 6 
VERIFICATION .; OF r-tOVE X X X X X 

!'10VE CHOSEN 
BY PROGRA."'-1 c5 K-f3 K-f3 K-£3 K•f3 K-f2 

CPU Tir1E .03 .15 • 37 1.19 1 • l! 8 2.85 
SCORE OF ~ 

POSITION -8 -10 -6 -4 -5 -L~ 

Ntn•IBER OF 
TERMINl'.L NODES 3 14 28 95 108 203 

The principal continuation at ply 6 is 1. K-f2 K-c1 2. K-e3 

K-b2 3. K-e4? K-b3? Ll. cS? (3. K-dlH). The pro(J'ram considers 

1. K•f2 Kd2 as a terminal node at all ply levels except ply 1 and 

assigns it a score of o. Similarly 1. K-f2 cS 2. K-e3 K-c2 3. 

K-e2 is regarded as a terminal node Hith the score set equal to 0 

(3. K-et.J K-c3 gets a score of -3503). 

5. The solution to this study by Grigoriev {1931) is , . K-g3l 

K-c2 2. I<-f21 K-eD 3. K-e1! K-c4 4. K-d2 K-b5 s. K-c3 K:b6 

6. K-b4 with a dral·r. vJhite must avoid , . K-g5? K-c2 2. K-f6 :K.-

b3 3. K-e6 K-cll 4. K-d6 K-b5 s. K-c7 K-a6 etc. Note that 1. 

K-g31 K-c2 2 .. I<-f3? K""d3! 3. K-f2 K-ct~ also loses for l'7hite. 
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6. White to play and win. 

0 
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NUMB ET':. 

0 or PJ,trf' 1 2 3 u 5 f) 7 p, 

VF.RIFIC!\TIOH ,; ,; ,; ,; ,; ,; ,; ,; 
OF. HOVF 
J. !OVE CE 0~-a.::~! 
BY P POG Rl-_',1 K-cr3 K-q3 I<-q3 K-o1 K-cr3 K-o1 K-a3 K-g3 

CPU Tnn:: .03 • os • 1 B • 30 • Lt 5 .f.7 ,0&::, 2. t•7 
SCORE OF 
POS!'l'I0r: -10 -9 -n -7 -6 -5 -LI -10 
NUHBER OF 
TEIH~INl\L NODFS 3 7 13 21 ]f) 39 58 168 

The principal continuation at ply 8 is 1. K-a3 K-c2 2. K-f2 

K-d3 3. K-e1 K-e3?! 4. K-d1 K-f2?. If the program ,.re re to 

search 9 plies it \>multi rU~cover th?t 5. K-d2 ,.•J.ns for ~·7hi te! ann 

thus would have to re-adjnst th~ principAl continuntion. 

Nonetheless the pro<:'ra1" select~r1 the first five plies of thP 

principal vnriation correctly ani! a study of' the tree verifies 

that the prooraM 'saw' that the rest of this continuation, as 

sho'Ym earlier, also leads to a draw. Incir.entallv the princinal 

continuation selected by the pro~raro at ply 7 ~s 1. K-o3 K-a2?! 

2. K-f4 K-b3 3. K-eS? K-c4 4. K-df, wh~~h of ~nurse, lrses for 

vthi te 1 

6. P.s r•entionec: in r.haptcr IJ, '!oJe h~VP not rle>velonp(! ~~·innjna 

functions for posit ions \<ti th two rooY: pa\'ms en th~ S<11"'e file. 

,.,hus to evaluate the follm·dna sitnfltion ;,s 0 "'Tin t~~ ~P..l"rch T'lust. 

be extended till one pa'rm is captured. This position Arose in 

the gane Schlace vs. !\hues in 19 21 r.md after 1. K-~6 l(-c3 2. K-

dG? K-c14 3. K-c6 K-eS 11. K-b7 K-;16 5. K: a7 K-c7 :i. t enned in ;, 

prosaic draw. The correct solution is 1. K•e6 K-c3 2. K-dS!! K-

b4 3. F-c6 K-a5 4. K-1::7 and ;'lhite wins. 
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7. White to play and win. 

0 
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NU!-U3ER 
OF PLIES 1 2 3 4 5 6 7 
VERIFICA'l'ION I I .; .; .; .; .; 
OF MOVE 
HOVE CHOSEN 
BY PROG'Hl\1'1 K-e6 K-e6 K-ef K-e.6 !<-efi K-e6 K-e6 

CPU TIHE .03 .os • 1 0 .23 • 62 1. 43 2.2fl 

SCORE OF' 
POSITION -3 -2 -1 -1 0 -1 3207 
NUHBER OF 
TERMIN.1\L NODES 2 3 6 14 47 Bfi 137 

The principal continuation a.t ply 7 is 1. R-e6 K-b3 2. K-d7 

K-b4 3. K-c6 K-aS L~. K-b7 K-b5; at ply 6 it is 1. K-e6 K-c3 2. 

K-d7? K-d4 3. K-c6 K-eS. 

7. This difficult problem is solved correctly and efficiently 

by the program. The nain variation is 1. I<-g4! K-bS 2. K-£5 K-

c4 3. .94 K-d4 4. aS K-e3 5. g~! .etc. or here 2. . . . K-cs 3. 

K-e51 K-c6 4. K-c6! I<-cS 5. gu etc. lvrona would be 1. K-h4? K-

b5 2. K-g5 K-cS! 3. K-g6 K-d5 4. K:g7 K-eS 5. K-g6 K-£4 6. 

I<-hS K-g3 with a dra'l"fT or here 3. !<-f5 K-d6! 4. K-g6 K-es etc. or 

3.. g4 K-d6 4. K-g6 1\-es s. g5 K-f4 etc. P..lso 1. K-g3 K-h5 2. 

K-f4 K-c6! 3. K-fS K-d6 etc. permits Black to dr~"''· 

NUr'fBER 
OF PT .. IES 1 2 3 4 5 6 
VERIFICATION .; .; 
OF MOVB X X X X 

HOVE CHOSEN 
BY PROGRA!·t I~-h4 K-h£1 K-h4 q3 K-ott K-o!l 

CPU Tnm .os .12 .30 .75 2.go 4.98 
SCORE OF 
POSITION -L! -3 -2 -2 10 3593. 
Nm·1BER OF 
TEP11!Nli.L NODBf; 4 9 24 54 2Ll0 334 
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8. ~fuite plays, Black wins. 
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The principal continuation at ply 6 is 1. K-gll K-h6 2. K-fS 

K-c7 3. K-e6! gS. The program gives a 't·?orse score (i.e. 399tn 

to 1. K-g4 I<-bS 2. K-£5 K-c5 3 .. K-est because it considers it a 

won terminal node earlier in the tree. Thus the program decides 

that Black \-70Uld prefer to 1. K-gLf with 1. ••• K-b6 

instead of 1 •••• K-bS, and yet, both moves lose. Mote that the 

px-incipal continuation at ply 5 is 1. K-g4 K-b6 2. K-£5 K-c7 3. 

K-g6 K-d6. The program does not realize that 3. K-e6 "rins until 

Black has tried every possible reply at ply 6. 

a. This study, composed by Grigoriev (1!?38}, is too difficult 

for the program to solve in a reasonable amount of time. The 

principal variation is 1. K-g6 K-es 2. K-f7 K-d6 3. K-ea bS 4. 

K-d8 b4 5. K-c8 K-c6! 6. K-b8 b3 7. K-a7 K-b5! 8. K-b7 K-c4 

9. K-b6 K-d3 10. K-b5 K-c2 etc. and Black ~·li.ns r but not 7.. • •• 

K-cS? B. K-a6 K-ctl 9. K-a5 K-d3?? 10,. K-b4 and Black even 

loses! The program would require approxi~ately 15 plies and, 

conservatively estimated, about 1 hour of cpu time to find the 

win. 

NUT-1BER 
OF PLIES 1 2 3 4 5 6 
VERIFICATION .; .; .; .; .; .; 
OF MOVE 
MOVE CHOSEN 
BY PROGP~J-1 l(-g6 i~--a6 K-q6 I<-q6 1~-<:6 K-q6 

CPU TINE .os • 27 .65 2.f0 3.38 10.03 
SCORE OF 
POSITION -14 -14 -13 -12 _,, _,, 
NDr1DER OF 
TI.:RHIN.Z..L NODES 5 27 49 220 212 788 
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0 

9. White to play and dra\•7. 

0 
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The principal continuation at ply 6 is 1. K-g6 K-e5 2. K-f7 

K-d6 3. K-e8 K-cs. That the program selects the first move 

correctly is irrelevant since we are trying to show that Black 

wins! and yet the principal continuation is quite reasonable. 

ADJACENT PAt~ POSITIONS 

3.2 

9. l"1e begin this section with a rather simple ending by l-1oravec 

(1952) • White dra-t·Js by sacrificing his pawn and gaining the 

distant opposition i.e. 1 • K-c2 K-d6 2. f6! {not 2. K-d3 K-eS) 

2. ••• g:f 3. K-d21 with a draw. The program has no trouble 

here. 

NUI:-!BER 
OF PLIES 1 2 3 
VERIFICATION 

I I I OF :HOVE 
MOVE CHOSEN 
BY PROGRAM K-c2 K-c2 K-c2 

CPU TIME .OB ·• 17 .so 
SCORE OF 
POSITION -12 -13 -11 
NUJ:.1BER OF 
TERNINAL NODES 12 21 61 

The principal continuation at ply 3 is 1. K-c2 K-e7 2. K-d3 

but the program does recognize that 1. Kc2 K-d6 2. f6 g:f is 

drawn and gives it a score of -6. Note that 1. K-c2 K-d6 2. f6 

g6 gets a score of -1 because we use a very simple scoring 

function (involving PCHK, see 2.3) at maximum depth settings. 

0 Nevertheless 3. K-d2 would draw even without the v1hite pawn on 

f6! 
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0 

10. White to play and win. 

11. White to play and win. 



0 
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10. The program has more difficulty with this problem by Moravec 

{1940). The solution is quite neat i.e. 1. K-b4!! K-g4 2. K-cs 

K-f4 3. K-d4! K-fS 4. K:dS. Notice that 1. K-c3? K-g4 2. K-d4 

K-f4 only draws. 

NUMBER 
OF PLIES 1 2 3 4 5 
VERIFICATION 

I I I OF ~lOVE X X 

1•10VE CHOSEN 
BY PROGR.Al-'1 e3 e3 K-b4 K-b4 K-b4 

CPU TH1E • 05 . .. 12 • 70 1 .53 4.10 
SCORE OF 
POSITION 0 1 6 6 2006 
NUMBER OF 
TEIU-ITNAL NODES 4 11 66 135 322 

The principal continuation at ply 5 is 1. K-b4 K-g4 2. K-cs 

K-f4 3. K-d4 K-g3. 

11. This position is quite interesting. The obvious \'7inning 

method would not work here . i.e. 1. K-c3? a3! and if White 

captures, Black draws easily. Also both 2. b4 K-es 3. K-b3 K-o.S 

4. K:a3 K-c6 5. K-a4 K-b6 and 2. b3 K-eS 3. K-c2 K-d4 4. K-b1 

K-c3 5. K-a2 K-b4 only draw. The solution is 1. Kb1! a3! 2. b3! 

K-es 3. K-a2 K-dS 4. K :a3 K-c6! s •. K-a4! ( 5. K-b4? K-b6 draws) 

and ~vhi te wins • 
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0 

1 2. White to play and -;.Tin. 

0 
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NUMBER 
OF PLIES 1 2 3 4 5 
VERIFICATION .,1 OF HOVE X X X X 

}10VE CHOSEN 
BY PROGRAM b4 K-c3 K-c3 K-c3 K-b1 

CPU TIME • 1 0 .28 .77 1 .35 1.88 
SCORE OF 
POSITION -1 0 7 7 2005 
NUMBER OF 
TERMINAL NODES 10 32 83 129 153 

The principal continuation at ply 5 is 1. K-b1 K-e5 2. K-a2 

K-d4 3. K-a3 K-d3. 

1 2. This problem, composed by Moravec in 1952 (a prodigious 

year!), is based on the previous study but adds one new wrinkle. 

lvhite wins after 1. K-f21 h4 2. K-g1! h3 3. g3 K-d7 4. K-h2 K-

e6 5. K:h3 etc. If 1 • K-g1 or 1.g3 Black has enough time to 

defend the pa"t<.'n. 

Ntw1BER 
OF PLIES 1 2 3 4 5 6 7 
VERIFICATION I I .,1 OF N.OVE X X .X X 

!10VE CHOSEN 
BY PROGRAH g4 g3 g3 g3 K-f2 K-f2 K-f2 

CPU TIME • 07 • 1 0 .25 .37 1.58 2.58 6.60 
SCORE OF 
POSITION -3 -3 -2 

_, 7 7 1606 
Nill1BER OF 
TERMINP..L NODES 6 9 23 27 1 40 211 536 

The principal continuation at ply 7 is 1. K-f2 h4 2. K-g1 

K-d7 3. K-h2 K-e6 4. K-h3 K-fS. 

0 



-54-

0 

1 3. White to play and. win. 

14. White to play and dr~w. 

0 



- 55 -

13. In this study by Moravec (1952!), White :r!lnst acmin be ?vTare 

of sacrificial offerings on the rook file. The solution is 1. K-

0 d3 K-b5 2. K-e4 K-c6 3. K-f5! h3 (or 3 •••• K-d6 4. K-ge etc.) 

4. g:h K-d7 5. K-f6 K-e8 6. K-g7 and White wins. Pote that 3. 

K-f4? h3! 4. g:h K-d6 dra\-'rs. 

Nm1BER 
OF PLIES 1· 2 3 4 5 6 7 
VERIFICATION ·_; J .1 .l .I .I I OF HOVE 
MOVE CHOSEN 
BY PROGRA~. K-d3 K-d3 K-d3 K-d3 K-d3 K-d3 K-d3 

CPU Tr·m .08 .25 • 52 1.45 2.1!7 l!.53 ~.lW 

SCORE OP 
POSITION -5 -4 -3 -2 -1 0 1605 
NUHBE1l OF 
TEPMINAL NODES 11 32 58 156 252 426 517 

The principal continuation at ply 7 is 1. I<-d3 K-h5 2. K-et~ 

K-c4 3. K-f5 K-d3 4. K-gS K-e2. 

14. This position is remarkably easy to solve for the prograf"l. 

lfuite draws after 1. K-h8! K-f6 2. K-q.G 1 !<'-e5 3. K-f7 K-dl! l! .. 
K-e6 K-d3. 5. K-d5. Black wins after 1. K-h6? K-fE 2. K-h5 K-

e5 3. K-g4 K-d4 4. K-f3 K-c13. The proarfl.m. sees that 1. K-h6? 

K-f6 loses because of sieeHays opposition and \•That other choice 

is there! If all the pieces \-?ere IT'C'ved one file over (i.e. 

Nhite's king froM h7 to g7 etc.), the solution '-''Ould he ex;:;ctly 

the same. The proqran \·muld reject any kincr m·ove to the h-file 

because the distance forrula \vould sho\.-r that it loses (but 

0 
fon.rard pruninq "70uld reject it even sooner!}. 
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NUMBER 
OF PLIES 1 2 3 
VERIFICATION .; .; OF MOVE X 

MOVE CHOSEN 
BI PROGRAM K-h6 K-h8 K-h8 

CPU TIME I .o8 .18 .35 
SCORE OF 
POSITION -15 -14 -13 
NUMBER OF 
TERMINAL NODES 10 23 _35_ 

The principal continuation at ply 3 is 1. K-h8 K-f6 

2. K-g8 . Notice that 2. K-h7 was rejected (with a score of 

-4509) because of the distance formula. We feel justified in 

cutting off the investigation because the program is quite 

obvLously on the right track (both here and in problem #9). It 

is impossible to force the program to p~ck the main variation as 

the principal continuation unless search is extended to much 

greater depths. Since Black's king is closer to the pawns, PAWN2 

will give Black a bonus when scoring at maximum depths and thus 

Black will procrastinate as long as possible (while avoiding 

repetitious drawing sequences) ie. 1. K-h8 K-f6 

3. K-g7 K-e6 4. K-g6 K-e5 5.K-f7! K-d6 

2. K-g8 K-e7 

6. K-f6 K-d5 

1. K-f5 K-d4 8. K-e6 K-e4 9. K-d6 K-d3 10.K-d5 etc. 
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0 

15. White to play and win. 

0 
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15. This is the Most difficult problem solved by the proqram in 

0 
adjacent pawn endings. 'V·lhite "'rins after 1. K-dLt! K-c6 2. K-es 

K-c5 3. f4! but both 1. fU? K-c4 2. K-es K-d3 and 1. K-d5? K-

b4! 2. K-d£1 I<-1::3! 3. f4 K-c2 only rlra,·r • 

.N u rvm t: .R 

OF PLIF.fl 1 ') .. 3 4 5 6 
VERIFICA'l'ION 

/ I OF MOVE X X X X 

MOVE CHOSEN 
BY PROGRl\H f3 f3 K-e5 K-es K-dll K-d4 

CPU TDAE .08 .20 1. 07 2.13 8.82 17.77 
SCORE OF 
POSITION -1 0 7 7 8 2808 
NUHBER OF 
TEIDUNAL NODES 9 1 4 88 175 737 1370 

The principal continuation at ply 6 is 1. K-dl~ crS 2. f3 K-

c6 3. K-es g4 4. f:g. 

c 
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0 

16. White to play and win. 

0 



0 
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16. The program has no chance writh this arnazint;r study, composed 

by Adrunson in 1915. The solution is 1. K-c7! K-a6 2. K-ef\! K-a5 

3. K-c5 K-a4 4 K-c4 !(-a3 5. K-c3 K-a2 6. K-c2 K-a3 7. a3! ! ! K-

a2 8. g4! ! K-a3 9. l{-d3 K-b4 1 0. K-e4 K-cS 11. K-fS and ~dns. 

Both 1. K-d7? K-b6 2. I<-e6 K-c5 3. K-fS K-dL! l!. K-g6 K-e4 5. 

K:h6 K-f4 etc. and 1. g4? K-b6 only dra.\'1. In the main ~raria.tion 

retreating the Black king at any point loses i.e. 1 •••• K-a8 2. 

g4 K-a7 3. K-d7 etc.: similarly 5 •••• K-a1 6. ~L~ etc. and 6. 

. . ~ h5 7 • K-d3 both lose for Black. t'Jhite Must play 7. g3!!! 

because 7. g4? K-bL~ 8. K-d3 K-cs 9. K-e4 K-d6 1 0. K-f5 h5! 11. 

g :h K-e7 allmvs Black to draw. The progral':l \vould require about 

25 plies and 1300 hours of cpu time!! to solve this correctly. 

We could cut out about 8 plies \'lith a formula for excentional 

rook pal·m cases but it would probably still be too e}~pensive! 

(:: 80 minutes). 

NU1>1BER 
OF PLIES 1 2 3 4 5 
VERIFICATION 
OF' HOVE X I I X X 

1·10VE CHOSEN 
BY PROGRl'\J-1 K-d8 K-c7 K-c7 K-d7 I<-d7 

CPU Trm-; .os • 17 .72 1. 75 5.28 
SCORE OF 
POSITION -10 -€ -5 -5 -l~ 

HU!olBER OF 
'l'EPJHNAI, NODES 5 1(, 6 Lf 136 430 

The principal continuation at ply 6 is 1. K-d7 K-}-.p, 2. K-d6 

h5 3. K-e7. 
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0 

17. White to play and win. 
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PASSED PAWN POSITIONS 

3.3 

17. The \vinning motif in this problem by Horavec (1952!) is 

somewhat unusual i.e. 1. b5! K-e5 2. b6! K-d6 3. K-b5 hl~ 4. 

K-a6 h3 5. b7 K-c7 6. K-a7 and \V'ins. 'Nhi te only dra"'rs both 

after 1. K-c5? '\l.rhen Black queens first and after 2. K-c5? K-e6! 

3. b5 (or 3. K-c6 h4 and both sides queen} 3. • •• K-d7 "t-7hen Black 

can prevent the pawn's queening. In the ~ain variation 3 •••• K-

d7 4. K-a6 K-c8 5. K-a7 is no better for Black. 

NUMBER 
OF PLIES , 2 3 4 5 6 7 
VERIFICATION I 
OF !10VE 

X I I' I I I 

HOVE CHOSEN 
BY PROGR1'J~ b5 K-b3 bS b5 b5 bS h5 

CPU TI!-1E .07 .30 .52 .77 1. 33 3.l!S 6.38 
SCORE OF 
POSITION -4 -6 -3 -4 -2 -2 3991 
NUMBER OF 
TEFMINJ._L NODES 8 35 53 78 128 281 l.t ll6 

The principal· cont:i.nuation at ply 7 is 1. h5 K-eS 2. b6 K-

d6 3. K-b5 h4 4. K-a6. 
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0 

18. White to play and win. 

19. White to play and draw. 
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18. The idea in this study by Brenev ( 19 31) is to force Bla.cY: r s 

king to occupy d3 "1he:reupon Nhi te wins by forkinq i.e. 1 • h4 b5 

2. K-d5! K-d3 3. hS b4 4. h6 b3 5. h7 b2 6. h8(=Q) b1 (=Q) 7. 

Q-h7+. The program recognizes this on the fourth ply but must 

search deeper to be sure of a '·lin if the pawn runs i.e. 1. h4 bS 

2. K-d5 b4 3. K-c4 etc. 

NJ~1BER 

OF PLIES 1 2 3 4 5 
VERIFIC.:z\TION 
OF MOVE 

X I I I I 
~10VE CHOSEN 
BY PROGRN·1 K-d6 h4 h4 h4 h4 

CPU TU!E • 10 .30 2.17 3.55 7.88 
SCORE OF 
POSITION 0 

_, _, 
2 3796 

NU!•1BER OF 
TERHINl\L NODES 10 28 203 296 530 

The principal continuation at ply 5 is 1. h4 b5 2. K-dS bll 

3. K-c4. 

19. This famous problem 'Vlas composed by Reti in 1921 and, since 

then, its Motif has been copied repeatedly. It would seerrt 

impossible for White to dra'tAl here but 1.-Jhi te 1 s king moves serve a. 

dual purpose. By both attacking the enemy pawn and th.reatenina 

to support his m.;rn vlhite dra'"s i.e. 1. K-g7 h4 2. K-f6! h3 3. 

K-e6! h2 4. c7 etc. or 1 •••• K-b6 2. K-f6! h4 3. K-e5! h3 4. 

K-d6 h2 5. c7 etc. An imaginative study! 

c 
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0 

20. White to play and draw. 

0 



/ 
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NUHBER 
OF PIIIES 1 2 3 4 5 6 7 8 
VERIFICATION .; .; I I .; I I I OF HOVE 
MOVE CHOSEN 
BY PROGRAt-1 K-a7 K-a7 K-g7 K-q7 K-cr7 K-cr7 K-a7 K-q7 

CPU TU'!E .03 .42 .ss 1.48 1. 77 4.50 6.50 11.90 
SCORE OF 
POSITION 1 -3 -3 -3 -3 -8 -8 -10 
NUMBER OF 
TERMINAL NODES 4 36 45 111 127 329 441~ 895 

The principal continuation at ply 8 is 1. K-g7 h4 2. K-f6 

h3 3. K-e71 K-b6 4. I<-d6 h2. The program must search 8 plies 

deep to find the draw because of the horizon effect at ply 7 e~. 

1. K-g7 h4 2. _K-g6? h3 3. K-gS h2 4. c7 and the winning !!lOve 4 • 

••• K-b7 is only discoverec at ply 8. The principal continuation 

at _ply 7 is 1. K-g7 h4 2. K-g6? K-b6 3. K-crs h3 4. K-cr4 h2 • 

. ~: 

20. In this study by Prokes (1946}, Tt-Thite also drtl'>V'S vdth a dual 

purpose king manoeuvre i.e. 1. K-f7! aS 2. f4 a4 3. f5 a3 4. 

f6 a2 S. K-g81 a1 (=Q) 6. f7 and draws. White must avoid 

several pitfalls. Bad \'TOuld be 1. f4? K-gl~ 2. K-f7 K-f5! ! or 

in the main variation. 2. K-e6? a4 3. f4 a3 4. f5 a2 5. f~ 

a1 (=Q) 6. f7 Q-a3 with Q-f8 winning for Bla.ck. Note that 1. K-

f7 K-a3?! 2. K-e6 and Nhite is in the square of Black's ?aWni 

also 1. K-f7 aS 2. f4 K-gll?! 3. K-e6 au 4. f5 dra,'ls easily. 

Finally we point out that 5. K-e7? in the princip?l vari~tion 

would lose for White after 5 •••• a1 (=Q) 6. f7 Q-e5+ 7. K-d7 O-f6 

8. K-eo Q-e6+ 9. K-fR K-q5 10. K-g7 Q-e7 11. K-g8 K-cr6 1?.. 

f8(=Q) Q-h7 mate! 



0 

0 
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NUI-1BER 
OF PLIES 1 2 3 4. 5 
VERit;'ICATION 

I I I OF ~-'lOVE X X 

MO\TE CHOSEN 
BY PROGR.ll.H f4 f4 K-f7 K-f7 K-f7 

CPU TUre • 03 .25 1. 03 2.63 3.33 
SCORE OF 
POSITION -3 -11 -12 -10 -12 
NUMBER OF 
TErut.INl\L NODES 4 23 92 237 260 

The principal continuation at ply 5 is 1. K-f7 aS 2. f4 a4 

3. f5. The program did not find a \'Tin in this variation because 

it realizes that Black's king is not close enoucrh, if White plays 

5. K-gB!, to allow White to queen and force the mate afterw?rds, 

as shown in an earlier sub-variation. (Thus Black cannot \'!in 

after 5. K-g8 a1 (=Q} 6. f7 Q-g1+ 7. K-h7 O-f~ 8. K-g7 O-g3+ 9. 

K-h7 Q-f4 10. K-g7 Q-gS+ 11. K-h7· Q-f6 12. K-g8 ()-g6+ 13. K-

hB! (not 13. K-f8'? because the Black kina can then approach and· 

win) and 13. . .. Q:f7 is stalemate!) 'A detailed C.iscussion of 

queen vs. rook or bishop pa,·m on the seventh endings, includincr a 

description of the region in 'lllhich the 'Nhite }:incr must be to 

secure the win, may be found in Chapter 9 of Pa'lim Endinc;s ( 1]. 

These same results \•rere (unfortunately) derived indepenclantlv hy 

the author! 
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0 

21. Black to play and draw. 

0 
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21. This is a aoo~ practical exa~ple of fin~inn the rinht firAt 

move in a tricky situation. In the oar.te ""!ajdor~ vs. VinuPsa (Pc1a:r 

del Plata 19L!1) '8lack achieverl a neflt drnw t·'ith 1 •.••• Y-h3!! 2. 

b5 f4 3. K-e4 K-g3! 4. b6 f3 5. b7 f2 6. b8(=n)+ K-o2. 

would hflve ~on after 1. 

5. h8(=n)+ !~-cr2 6. n-crP+ K-h2 7. Y-e:'. r<lsn 1 •••• v:-r<'!! ?.. 

b5 f4 3. K-e4 K-g4? woul~ hRve lost for Dlack a~ter u. hf ¥1 5. 

K-e3! K-g3 6. b7 f2 7. r::l (=()) + etc. 

m..i~~BFP 

OF PLn-:s 1 .?. 3 4 5 t: 7 
VT:PIFIC'!T!C·~J I OF' I\10VE X X X X X X 

rvtOVF CI:0Sf:~l 

BY PPOGR~T K-qS J(-o 5 fl' fU f4 fl! r:-r3 

CPP TI! 1E .os .70 .67 2.90 1!. 8 0 10.(;0 22.3~ 
SCORF OF 
P0SITIC1 -2 -11 -3 -7 _,, -, 1 -11 
!T'1DEP. (:!:' '. 
TFR'IHTJ'I.L NO!Jf~ 6 7(, f;5 ~88 3!'0 Q(;2 17h7 

The principal continuation at ply 7 is 1 •.•• Y-h~ 2. h5 fQ 

3. b6 f3 4. K-e3 K-a4? Both 4 •••• K-a4? ~nd 4. . . . K-cr2 rave 

the s2~e score at ply 7 rut the for~er ~ove is nenerAte~ first! 

The pro0ra~ ~oes not realize thPt 1 •••• K-h3 2. !5 fV 3. K-e4 

J(-g4? 4. bt f3 5. K-e3 X-n3 losf'S hE'CflllSe thjs 0nly COf"lCS UP at 

ply 9~ but it does see that 1 •••• f~-q3? lc:ses an0 rives 5t a 

score of -I.! 107 on the first ply! ~·'e rmst se~rch 7 nl ie!!; to 

refute the variation 1 • ... f L~ ') I:-e2 (not 2. b5 f3 3. }--,:; }\--· 
h3! l) 2. ... K -n Ll 3. h5 Y.-f5 4. hf K-ef 0nc' Ol"lV her f.' 0oes the-

Q prm1rarn reco(rnize that '>7hite '·!ill snfely crnePn i'l.nc1 Dlflck , .• ; J l not 

be able to support his r>o\\rn to CTUCC!!l. 
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22. Nhite to play and draw. 
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22. In another study by Horavec ( 19 52!!) White dra-t•Ts by 

threatening both to re-enter the square of the enemy pawn and 

0 support his o¥m i.e. 1. K-bS h5 2. K-c6! ! h4 3. Y.-b7 h3 4. cf1 

h2 5. c7+ etc. or 2 •••• K-cB 3. K-d5. 

NUMBER 
OF PLIFS 1 2 3 L~ 5 
VERIFICA':::'ION 
OF HOVE 

I I I I I 

MOVE CHOSEN 
BY PROGRAH K-b5 K-b5 K-b5 K-b5 K-b5 

CPU TINE • 12 .35 .. 70 1.70 3.28 
SCORE OF 
POSITION -14 -13 -12 -11 -11 
NUM.BER OF 
TERHINJ\L NODES 12 37 61 166 23L! 

The principal continuation at ply 5 is 1. K-bS K-c7 2. K-c4 

K-b7?! 3. K-dS h6?! (and vet Black still h?s a drcn•r in hand i.e .. - . 
~. K-d6 K-c8!). The prograM assiqns slightly betf:er scores 

(because of PCHIO to both 1. K-bS hS 2. I<-c6 h4 3. K-b7 (-4) 

and 1.. K-bS h5 2. K-c6 K-c8 3. K-dS (-2) and thus prefers the 

principal continuation. 

c 
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0 

23. Black to play and draw. 

0 



c 

- 73 -

23. Here Clad: clraws by re-cntcrino the S(TUrlre ot" Phi te' r-: pawn 

'ie'. 1. • •• K-e5! 2. K-cs K-e6 3. K-bf K-d7 t~. aS K-c8 5. a€ :r-

bB. Black wins after hoth 3. K-c6? h5 4. aS h4 5. ?~ h' ~.?7 

h2 7. aB(=O) h1 (=0)+ forkinq the queen ane, in the nrincip?l 

variation asain, 4. K-h7? hS 5. aS h4 6. ~( h3 7. ~7 h? R. 

aS(=Q) h1 (=Q)+ 9. K-bB Q-h2+ 10. K-a7 Q-f2+ 11. K-bP O-f4+ 12. 

K-a7 0-d4+ 13. K-h8 O-e5+ 14. ~-a7 n-aS+ 15. K-b7 (not 15. ¥-~8 

0-c7 !!'ate!) 15 •••• O-hS+ 16. K-a7 ¥-c7 "rith !"ate to f'ollo"'• 

The program actually knows that Black \>•oulr1. ':\fin in t'ltis last 

variation on the fourth ply! because the pattern vith K-d7 vs. 

K-h7 and t\•.10 r0ok pnwns is one of the fnture type nos i tions 

discussed in 2.3. 

~. I::·~BER 

or PLIES 1 2 3 4 5 f 
VF ~IFirJ\'J' 10~ l I I I I OF ~ovr 

X X 

~KNE CHOSE!! 
BV PROG!'JV! h6 h6 K-es Y.-e5 K-es K-e5 

CPt' TI!tF • 07 • 1 3 .60 1. 55 ?..95 5. /I 2 

Sf:f'RE or 
POSITIOtJ -9 -15 -9 -14 -13 -111 
Nt.:'~~l3ER OF 
Trr·~nmL 1:0nr;, 7 12 52 11111 2f3 Uf6 

The principal continuat1on at ply 6 is 1 •••• Y-es 2. ¥-h~ 

:;.:-df 3. K-Lf I-~-d7 Ll. T~-bS? (4. 2.5!). ~earch \··ould h<'lVE' to r·e 

extended several plie.5 for the proorflf'l to reRli ze that. 4. v-1--5? 

just loses. 
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24. t•Thi te to play ano win. 



./ 
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24. In this position l'<1hite forces the enemy J<-ina to a •bad 

0 square' by attacking his pawn i.e. 1. K-f6! K-g2 2. b4 h5 3. R-

g5 K-g3 4. b5 h4 5. b6 h3 6. b7 h2 7. ba(=O)+ K-g2 8. K-g4! 

etc. Note that 1. b4? only drm·Ts \dth queen vs. rook pa.t-m on the 

seventh and that 2. K-g5? allows Black to re-enter the square. 

P...lso 1. K-e6? h5 2. K-f5 h4 3. K-g4 K-g2 fl. K:hft K-f3 dra~rs 

easily. 

NUMBER 
OF PLIES 1 2 3 4 5 6 
VERIFICATION 

I I I OF HOVE X X X 

!-lOVE CHOSEN 
BY PROGRAM b4 b4 b4 K-f6 K-ffi K-f6 

CFU Tir1E • 15 • 18 1.43 3.08 10.27 12.67 
SCOP...E OF 
POSITION -3 -3 -3 .-1 5 2 l\07 
NlJHBFR CF 
TE?lUNP.I, NODES 1€ 15 13li 241 873 955 

The principal continuation at ply 6 is 1. K-f6 h5 2. K-gS 

h4 3. K:h4. The program knov-1s that \'Thite's king is close enough 

to vTin the potential queen vs. rook pawn on the seventh endina, 

that occurs in the rrtain variation, efter 1. K- f6 K-g2 2. rt~ h5 

3. K-g5 K-c:r3 and assigns this position a score of 3~'1L!. 

0 
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0 

25. White to play and draw. 



0 

0 
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25. The program solves this study, compose~ by De Peijter in 

1949, very efficiently 

dS 4. K-e7! K-e4 

i.e. 1. K-b7 aS 2. K-c7 K-c5 3. !~-d7 J(-

5. I<-e6 K:f4 6. K-d5 with a nra'tAT. ~·Jhite 

loses after 2. fS? I<-cS 3. K-c7 K-dS 4. l(-d7 1~-es etc. .'l\lso, 

in the main variation, 4 •••• a4 s. fS a3 6. f6 a2 7. f7 a1 (=0) 

8. f8 (=Q) dra\'1S. 

NUJI.1BER 
OF PLIES 1 2 3 4 5 6 7 8 ~ 
VERIFICATIOn 

.l j j l l I .; .; .; 
OF MOVE 
HOVE CHOSEN 
BY PP.OGP..A!-1 K-b7 K-b7 K-b7 K-b7 I<-b7 :r:-b7 K-b7 K-b7 K-b7 

CPU TU$ • 03 .17 .20 .30 • IJ2 1 .PS 1.08 1.32 2.10 
SCORE OF 
POSITION 0 -1 

_, 
-12 -12 -13 -13 -1, _,, 

# TEPJHNAL 
NODES 3 18 20 29 39 76 90 , 55 166 

The principal continuation at ply 9 is 1. K-h7 aS 2. K-c7 

K-c4 3. K-c6 a4 4. f4 a3 5. f6. The program preferred this to 

the main variation Nhich gives l"\lhite a better score (-6)., See 

Appendix 2. 
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0 

26. White to play and win. 

0 
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26. This problem, composed by Gricroriev (1929) , hears 

similarities to a fet•7 earlier·studies (7,8,15,16). White's kjnq 

0 must move off the pat·m' s file to allm·r its advance anc1 

simultaneously cut-off ('hold back') the ene"'!ly king and catch the 

enemy pawn. The solution is quite elegant i.e. 1. K-dL!! K-f4 2. 

c4 K-f5 3. K-d5 K-f6 4. K-c16 K-f7 5. cS K-e8 6. K-c7! aS 7. 

c6 a4 a. K-bS a3 9. c7 a2 10. cB(=Q)+ ancl. Whi.te 't·dns. 

Obviously 1. K-dS? is bad because of 1. • •• a5 2. ell a4 etc. 

White also dra-.>~s after 1. K-b4?. K-eL~! (but 1 •••• K-e3? lcses for 

Black as deMonstrated in another study by Grigoriev (1931) in 

Pawn Endings) 2. et! K-e5! 3. K-b5 K-d6 etc. or here 3. c5 K-eG! 

Black has no trouble after 1. K-b5? K-en 2. cL! K-dl1! 3. cS :K-dS 

4. c6 K-d6 etc. or here 3. K-hLI aS+. The important tactj cal 

point which justifies White's olay in the nain VC!riation occurs 

after 1. K-dL~ K-fLI 2. elf K-fS 3. F~-d5 a5 LJ.. c5 Y:-f6 (4 •••• ail 

5. c6 and White queens first 'dth check!) 5. K-dG (not 5. c6? K-

e7) 5. • •• a4 (5 •••• K-f7 6. c6 K-e8 7. c7 is '!tJOrse) 6. c6 a3 

7. c7 a2 a. cB(=Q) a1 (=Q} 9. Q-h8+ forkin?!! A very nasty 

point ••• The program \vould require about 1 0 plies and about 10 

minutes of cpu tiroe to solve this. 

li u £:l.I:J.t~ 1--:. 

OF PI.IES 1 2 3 4 5 
VERIFICATION 
OF aovr X X X X X 

Hovg r.F0SEJ."!" 
BY PROGP.A'.I( K-b5 K-rs K-b5 J\-h5 Y.-h5 

CPU Tnm .27 .77 1.93 5.78 20.5/. 
SCORE OF 
POS ITIO~,T 1 1 7 7 7 
NUHBER OF 

0 'l'ERNINI.\.L NODES 28 72 165 488 17?1 
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0 

27. Wh:i_ te to play and win. 



0 
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The principal continuation at ply 5 is 1. K-b5 K-e3 2. K-a6 

K-d4 3. K:a7. The prograM guarantees a sliqht edge by at least 

winning the eneny pcrt·m. 

27. In another study by Grigoriev (1928) White 'dns \dth an 

aesthetic king manoeuvre i.e. 1. K-c3! K-a3 2. K-cll! K-a4 3 •. g4 

bS+ 4. K-d3! K-a3 5. g5 b4 6. a6 b3 7. a7 b2 8. K-c2! K-a2 

9. gS(=Q)+ and mates next move. Hhite would oueen ,.Jith check 

after 1. g4? but Black checks first with 1 •••• hS 2. gS b4 3. 

g6 b3+ and dra'l.<rs after 4. K-c3! b2 s. g7 b1 (=Q) 6. gS(=Q)+ K-

a1! Black must play 4. . . . K-a3 in the principal variation 

because 4. • •• b4?! 5. K-c2! K-a3 6. Y.-b1 is even \>!Orse. The 

program would require about 16 plies and 100 minutes of cpu time 

to solve this problem. 

NUMBER 
OF PLIES 1 2 3 4 5 
VERIFICA.TION I OF HOVE 

X X X X 

HOVE CHOSEN 
BY PROGRA!t K-c3 g4 al~ g4 q4 

CPU TiriE • 1 0 • 37 .92 1.62 3.02 
SCORE OF 
POSITION -LI -4 -3 -3 -3 
Nm1BER OF 
TEFNINA.T-' NODES 9 33 80 129 243 

The principal continuation at ply 5 is 1. n4? b5 2. gS b4 

3. g6 K-a3? 
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0 

28. White.to play and win. 

0 
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2B. In this problei!t (Grigoriev 1928!) i•ihite eventually forceR 

0 Black's king to occupy a losing square. The solution is 1. K-

d41! (holding back!) 1 •••• b5 2. fU h4 3. f5 b3 D. K-c3! R-a3 

5. f6 b2 6. f7 b1 (=Q) 7. f8{=0}+ K-a4 (or 7 •••• R-a2 B. O-a8 

mate!) B. Q-a8+ K-b5 9. O-b8+ forkinq the queen. There is one 

major sub-variation i.e. 1. K-d4!! K-b5 2. K-d5! K-a6 3. f4 (but 

not 3. K-c6? b5 4. K-c5 K-a5 5. fLl bL~ 6 .. K-c4 b3! 7. K:b3 ¥.-

b5 with a draw) 3 •••• K-b7 4. f5 K-c7 5. K-e6! K-d8 6. K-f7! 

b5 7. f6 b4 8. K-gB and Hhite queens first \<Tith check. 1-lote 

that Black can delay getting into the main variation "rith 1. K-

d 4 ! ! K-b 5 2 • K -d 5 ! K- a 4 3 • f 4 b 5 4 • f 5 b L1 5 • K-c Lq b 3 6 • K-

c3! K-a3 etc. The program ,.;rould require about 12 plies and about 

13 minutes of cpu tine to solve this study. 

H U£'1.010:1-{ 

OF P!JIES 1 2 3 4 5 
VERIFICATION 
OF r-10VE 

X X X X X 

MOVE CHOSEN 
BY P ROG P,.l\.M K-e3 fl!. I~-c4 f3 f4 

CPU TIHE • 18 • 37 1. 93 1.90 6. 32 
sconE OF 
POSITION -3 -2 -2 -2 -2 
NmtBER OF 
TERHINJ.I..L NODES 19 35 182 150 575 

The principal continuation at ply 5 is 1. f4? b5? 2. f5 b4 

3. K-c2 K-a5 (but 1. • •• K-bS! dravrR). 

0 
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0 

29. White to play and draw. 

0 
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29. This study by Moravec (1 952!!!) exhihi ts a n~<'lt nra"~dincr 

manoeuvre :Le. 1. K-h4! K-d£! 2. K-<'!5!! and, even thouqh Black 

0 queens first and then checks on a1, :·7hite can still sa"~le his 

queen after K-b6. In order to refute Hhite's other first move 

tries, the prograM r:mst be partly rer1esic;ned. First t••e note that 

1. Kb4! K-e4 2. K-c3 K-e3 3. K-c2 K-e2 ll. K-c3 dra"';rs 1-y 

repetition. Nm·J both 1. K-bll! K-dL~ 2. K-a3? ancl. 2. K-a4? lose 

after 2 •••• K-e3 because Black forks on a1-b1 and oueens vrith 

check, respectively. Ho\·Iever 2. K-h3? is more difficult to 

refute. Black wins after 1. K-b4! K-d4 2. K-h3? K-cl3! 3. K-a2! 

K-c2! ! 4. b4 d4 5. b5 d3 6. b6 d2 7. b7 d1(=0) B. bR(=Q) 0-

d5+ 9. K-a3 Q-a5 Mate!!! An incredible variation ••• Notice 

here that 3 •••• d4 4. b4 K-cll 5. K-b2 cratATS. The prog-ram \'TOUl.d 

normally choose 1. K-b'! ar:ytv-ays at some t:)ly cepth l':'ut the saT"e 

position occurs after a transposition of moves after 1. K-all? I<-

e4! (not 1 •••• K-d4? 2. b4! K-c4 3. K-a3 etc. or here 2. • • • 

K-c3 3. bS d4 4. b6 d3 5. b7 d2 E. b8 (=Q) d1 {=0) + 7. Y.-as! 

Q-a1+ 8. K-b6 \>~ith a dratv) 2. K-h3! K-d3! Thus it is R toss up 

betveen 1. I~-a4? and 1. K-b4! and the former h~ qeneratec1 

first!?! Therefore the program cannot solve this prohle!'1 

correctly at any ply depth. PFP.$A'!'!T does not play aneen endincrs! 

N U :'",.l:H:.: t> 
OF PI~IES 1 2 3 4 5 
VEP.IFICATIOH 

X X .; X X 
OF NO'lF: 
HO\lE CPOSEN 
BY PP0G!?l\ 1! K-c5 K_;c5 K-bH h3 l>3 

CP'C TI!'!E .07 .35 1.23 2.25 7.25 
SCORE OF 

0 POSITION -ll -LJ. - L~ -Ll -4 
NUHBEP. OF 
TEPJ'UNP..L i10DI:R 9 31 1 ()7 190 613 
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3 0. \•Thi te to play and win. 

A. 
\11 

0 



0 
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The principal continuation at ply 5 is 1. b3? dll 2. K-c4 K-

e4 3. b4. The program vJOuld realize this loses v.fter 3. • •• C:3 

4. K-c3 K-e3. 

30 .. irJe end this section '\·.rith a v7ell-knovm stndy by Duras. (1905) 

which is also too difficult for the progra~ to solve in a 

reasonable amount of time. The solution is 1. K-cS!! K-g6 2. b4 

K-f7 3. bS K-e7 4. K-c6! K-d8 5. K-h7 g5 6. bf. g4 7. K-a8 and 

Nhite queens first "lith check. Black's other major alternatlve 

also loses after 1. K-cS!! gS 2. bl~ gl.! 3. K-d4! 1~-gS 4. bS g3 

(if 4. • •• K-f4 1\Thite queens with check) 5. K-e3 K-g4 6. b6 K-h3 

7. b7 g2 8. K-f2! K-h2 9. b£(=Q)+ etc. 

The program \vould require about 16 plies and 300 minutes of 

· cpu time. 

NUMBER 
OF PI,IES 1 2 3 4 5 
VERIFICA.TIO!J I OF ~10VE X X X X 

r~lOVE CHOSEN 
BY PROGRM·l I\-cS K-c4 K-c4 K-c4 K-cll 

CPU TH'":E • 05 • 17 • 67 1.73 6.33 
SCORE OF 
POSITION -10 -9 -8 -8 -7 
NDr·lBER OF 
TEru·1INJ•J, NODES 4 1 8 63 151 596 

The principal continu2ticn is 1. K-cb K-aS 2. hB K-f4? 3. 

K-d4! but the program doesn't realize yet thc.t this positi0n is 

winning for t·Yhite (2. • ... J:-f6! crmv). 
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SUMMARY 

3.4 

The basic approach used in solving these problems with the 

computer was to extend search until all the main tactical 

variations discussed in each position were correctly scored in 

the tree. However increasing the search depth would not have 

changed the principal variations once ~hese had been correctly 

determined by the program. Note that when the program proposed an 

incorrect move that lost ie. instead of the drawing move (as in 

problem #4), the loss was over the horizon and so the search 

depth had to be increased. In some examples (see problem #5) the 

program found the right move for the wrong reason and the search 

depth also had to be increased until the problem was correctly 

solved. 
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FINAL OBSERVATIONS & CONCLUSIONS 

4.0 

ie began work with the goal of improving PEASANT's tree­

pruning heuristics and decided to attack the problem by first 

considering the simplest situation i.e. one pavn. As it turned 

out, we completely solved this case through exhaustive analysis. 

This approach, suggested by Newborn, was quite practical here 

because we wanted the program to play this ending very well but 

encountered great difficulty in programming such concepts as· 

•zugzwang• or •opposition•. Next we moved on to positions with 

two pawns and designed many specific heuristics. It was 

impossible to apply the same procedure to positions with more 

than one pawn because the number of cases we would need to 

consider would be too great. We intended to build upon the 

foundation of our earlier efforts by using ONEPAN as a •perfect 

information base•. This meant that, 

(a) if a position with two pawns degenerated at some point 

in the tree into a one pawn case,. we could count on 

ONEPAH to evaluate it perfectly, and 

(b) if one of the pawns was 'ignored•, we could check· 

whether king and pawn were sufficient to win against a · 

lone king by testing the appropriate position in 

ONEPAN. 

In the simple case of two pawns of the same colour this approach 

was successful. However, we could not implement the latter 

portion of this procedure in positions with two pawns of opposite 

colour and indeed, as hoped for, in more complicated endings 

because of zugzw an g. To try and decide whether a king could 
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support his pawn past the defense of the enemy king by examining 

ONEPA N would not work in positions where the vi.n is attained 

through zugzwang (i.e. obligation to move) because the enemy can 

push his pawn instead of his king. One way to overcome this 

problem would be to categorize all situations in ONEPAN where 

zugzwang is necessary to win, but this would probably be too time 

consuming. In PAWN2 we developed a formula which needed constant 

revision due to the many exceptions found. Lack of time did not 

permit further research in co•plex pawn endings. Nevertheless ve 

achieved quite reasonable results and gained an insight into the 

Herculean task facing chess programmers. 

IMPROVING PAWN2 1 s PERFORftANCE 

4.1 

"In spite of the limited material, pavn vs. pawn endings 

offer a wide variety of exciting ideas and special features. 

These ideas., which underlie very complex endings vi th more pawns, 

d.eser ve deep study". Pawn Endings[ 1 J. 

We chose a fair cross section of the problems available in 

Pawn Endings and the results of this experiment proved the 

program•s efficacy. Yet there remains considerable rcom for 

improvement. Particularly noteworthy and pleasing vas the 

solution of the moderately intricate studies nos. 7 and 15. Each 

exhibited the success of the sideways function in blocked and 

adjacent Fawn positions respectively. This suggests that a 

similar function would be quite useful in passed pawn endings 

e.g. #26 clearly demonstrates the value of cutting off the enemy 

king from the pawns. The difficulty in evolving a function to 
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handle this complex a situation might be reduced through a 

moderate case by case approach. Furthermore it may be quite 

possible to develop new formulas for certain squares! For 

example, a White king on c6 is often very powerful in relation to 

a Black king on a6,a7,a8,b8 or c8. 

The simplest way to improve the program would be to consider 

a position where each side has at least a draw as equal and 

assign it a score of zero. However this does entail 

double-checking of the formulas where PCHK is used. Other task 

areas would be to devise functions for the exceptional rook pawn 

situations and, in general, revise existing formulas. 

We have not compared the program's performance before and 

after the inclusion of the three subroutines. It would be 

interesting to find out whether or not the increase in a-S 

cut-offs during the tree search more than compensates for the 

time lost by extensive evaluation at each node. A sensible test 

procedure would be to compare PEASANT's performance at different 

depth settings when, 

(a) both ONEPAN and PAWN2 are implemented, and 

(b) only ONEPAN is called at each node. 

We believe that the benefits derived in applying complex 

evaluation functions far outweigh their inherent cost problems 

(at least potentially!). 

Essentially the patterns, described in Tan's research (see 

1.1), are also used in PAWN2. However, the underlying concept was 

considerably stretched in terms of the sideways function and 

'future type' positions (see 2.3). Similar ideas will probably be 

--' created in more complicated endings. 
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GENERAL RE"ARKS ON PAWN ENDINGS 

4.2 

In pawn vs. pawn endings the author first attemFted to 

develop a broad encompassing theory but settled on a limited yet 

practical approach. The results were nonetheless quite 

encouraging. However, we realize that extending our efforts to 

more difficult endings (where the complexity increases 

exponentj.ally!) will not be simple, if at all possible, without 

evolving some basic general principles. Although it requires 

further development, the method of 'critical squares•, discussed 

in Pawn Endings, deserves attention. 

PEASANT was originally designed to continue the tree search 

past maximum preset ply depth only in reply to queening moves. 

There are several heuristics in PAWN2 which decide whether to 
~ 

prolong the search past maximum depth in order to reach fairly 

stable ox •quiescent• positions. We have experimented a·bit with 

different depth settings (i.e. the number of extra plies 

permitted past max-depth) for one specific heuristic i•e· King 

attacking an undefended pawn. The results, though inconclusive, 

seem to indicate that increasing search, based on this heuristic, 

would be very useful in some positions (especially with passed 

pawns) and counter-productive in others! If this is indeed true, 

we could determine when it ought to be applied and why this is 

so. There must also be other heuristics worth developing. 

Eventually, in order to display a reasonably high level of play, 

endgame programs, even in pawn endings, must be designed to 

efficiently search depths of 20 to 30 plies as standard fare. 
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CONCLUSION 

4.3. 

Information in chess literature and, as a consequence, 

expertise in chess programming is acquired im piecemeal fashion, 

through laborious investigation. We followed the example of 

books on chess endings and focused in great detail on each type 

of position, starting with the simplest. This approach would 

a.lso be beneficial in major piece endings. e.g •. Rook and Pawn 

vs. Rook (Some reports indicate that a team of computer chess 

specialists in Russia have solved this case completely, despite 

its extreme difficult.y (masters misplay it!) ]. It is. basic. chess 

knowledge that a position with bishop and rook pawn of the wrong 

colour generally does not win. It should be basic program 

knowledge as well. 

Research . in computer chess should probably concentrate on 

developing a hierarchy of intelligent, goal oriented ·decision 

rules within the tree search. Clearly we want to probe deeply in 

some positions and cut off the investigation in others. 

Combinations often occur where specific patterns are evident 

(e.g. a bishop sacrifice on h7 followed by a mating attack). 

Further psychological research is necessary to enable chess 

players to effectively communicate their thought processes. In 

this way we may learn how to find the right continuation by 

weeding out all the weaker alternatives. Even in a simple, pawn­

ending tree-search much time is wasted on futile meandering 

variations... There is great progress to be made! 
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APPENDIX 1 

PEASANT is written in FORTRAN G for the IBM 360/370 series 

computers. It consists of about 3600 instructions and requires 

about 158K bytes of storage. During execution, the entire program 

resides in core memory. The following is a listing of the entire 

program with subroutines ONEPAN, TWOPAN and PAWN2 located towards 

the end. About 400 hours of programming work have been invested 

in the program developed by the author for this thesis. 
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COMMON /ELIMD/ KT(20) ,SAVED(14,200),VECTOR(14,200),FIRST0(20),SER 
1 H ,SERCHS 
COM~ON /COLOR/ COLOUR 
COMMON/GAME/ WM(100) ,UM{100),S'IPOS(8,8) ,COUNT 

CCMMON /DEEP/ DEPTH 
COMMON /DEBUG/ MSGLVL 

COMMON /RESULT/ PRINCA(14,14),IREFUT 
COMMON /MLIST/ MOVE(7CO) ,PtY,SCOLCR,C,MOVEP,D 

CCMMON /DLIS~/ Mf(20) ,SCOBE(20),CAPTY(20),EOARD(8,8) 
COMMON /IODATA/ MOVEST,MOVESC,NMOVES,NPOS!T 
COMMON /SPEC/ KTYPE(8,8) ,EOARDI(64) 
COMMON /OLDD/ LASTOX,lASTOY,LASTNX,tASTNY 
CCPIMON /DRAW/ DR AWT, tRAWC1 ,DRUlC2, DRAWC3, KONTA, KONTS 

INTEGER DRAWT,DRAWC1,DRAWC2,DRAWC3,KON'IA,KONTS 
INTEGER LASTOX,LASTOY,LASTNX,LASTNY 
INTEGER PLY ,SCOLOR ,C, MOVEP,. D, PIP ,SCOliE,. BOARD, CA.PTI,. BOARD! 

INTEGER DEPTH,OX,OY,PRINCA,COLCUB 
INTEGER JMOVE(B),COUN'I,STPOS,REPLAI,ITEST 
INTEGER KT,SAV!D,VECTOR,FIRSTO,SERCH,SERCHS 
REAL*8 WM,BM,BLANK,PRGMOV,MANMCV 
LOGICAL*1 BL(8) 
EQUIVALENCE (Bl,BLANK} 
tATA BL/' •,.• 1

,.
1 

'•' '•' '•' ',' 
1

,
1 1

/ 

HANMOV=O.O 
1 CALL NEWONE 

CALL GETPOS 
MSGLVL=O 
DEPTH=1 

COONT=O 
0=6 

CALL PRINTE 
IF (COLOOR.EQ.O) DEFTH=-DEPTH 

READ(9,400) I'IEST 
400 FORT1.AT(l1) 

IF {COLOUB.EQ.O) GOTO 90 
IF (ITEST.EQ.1) GOTO 202 

200 C=1 
DO 10 1=1,14 
DO 10 J=1,14 
PRINCA(!,J)=O 

10 CONTINUE 
IREFOT=O 
KONTA=O 
KON'IS=O 

DRAWC1=0 
DRAWC2=0 
DRAWC3=0 
SCOLOR=1 
NPOS!T=O 
MOVEST=O 
MOVESC=O 
NMOVES=O 
DO 30 J=2,7 
DO 30 !=2,7 

30 KTYPE (I, J) =1 
KTYPE(1,8)=2 
DO 31 J=2,7 

31 KTYPE(J,8}=3 
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KTYPE(8,8)=4 
DO 32 J=2,7 

32 KTYPE(S,J)=S 
KTYPE{8,1)=6 
DO 33 J=2,7 

33 KTYPE(J,1)=7 
KTYPE(1,1)=8 
DO 34 J=2,7 

34 KTYPE(1,J)=9 
LASTOX=O 
LASTOY=O 
LASTNX=O 
LASTNY=O 
SERCH=O 
SERCHS=O 
SCORE ( 1) =-1 0000 
DO 47 J-=2,20 

- 96 -

47 SCORE(J)=(-1)*SCORE(J-1) 
CALL GENPL 
CALL CLOCK1 
CALL TREE 
CALL PRINT'R 
CALL CLOCK2 (N) 
SECS-=N/60.0 
WRITE(6,141)SECS 

141 FORMAT(1H ,'JOB TIME= 1 ,F6.2,'5!CONDS') 
IF (ITEST.NE.1) GOTO 49 
WRITE (6, 193) 

193 FORMAT(1H ,'REPlAY?') 
READ(9,400) REPLAY 

158 FORPIA'!(I2) 
IF (REPLAY.NE.1) GOTO 49 

202 WRITE(6,1193) 
1193 FORMAT(1H , 1 D=1? 1 ) 

READ(9,158)REPLAY 
D=REPLAY 
WRITE(6,1194) 

1194 FORPIAT(1H ,'MSG=??') 
READ(9,158)REPLAY 
MSGLVL=REPLAY 
GOTO 200 

49 MOV=IABS(PRINCA(1,1)) 
DO 50 !=1, 7 
K=MOD (MO V 1 1 0) 
MOV=(l!OV-K)/10 
Jl!OVE(I)=K 

50 CONTINUE 
Jl!OVE (8) =MOV 
CALL UPDA(JMOVE(3) ,JMOVE(2),JMOVE(5),JMOVE(4),JMOVE(8),JMOVE(1)) 

CALL PMOVE(PRINCA(1,1),PRGMOV) 
COUNT=COUNT+1 
WM{COUNT+COlCUR)=MANMCV 
BM(COUNT+COLOUR)=PRGMCV 
WM(COUNT+1-COLOUR)=PRGMOV 

90 BM(COUNT+1-C010UR)=BLANK 
CALL USER(MANMOV,&1,&1,&90) 
BM(COUNT+1-CC10UF)=MANMOV 
!F (ITEST.EQ.1) GOTO 202 
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GOTO 200 
END 
BLOCK DATA 
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IMPLICIT INTEGER(A-Z) 
REAL*8 WM,BM 
COMMON /ELIMD/ KT(20),SAVED(14,200),VECTOR(14,200),F!RST0(20),SER 

1 H, SERCHS 
CCMMON /GAME/ WM(100) ,BM (100) ,S'IPOS(8,8) ,COUNT 
COMMON /RESULT/ PRINCA(14,14),IREFUT 
CCMMON /MLIS!/ ~OVE(700),PLY,SCOLOR,C,MOVEP,D 
COMMON /DLIS'I/ MP(20),SCORE(20) ,CAPTY(20),BOARD(8,8) 
COMMON /IODATA/ MOVEST,MOVESC,NMOVES,NPOSIT 
COMMON /SPEC/ KTYPE(8,8),BOARDI(64) 
CCMMON /OLDD/ LASTOX,LASTOY,LASTNX,LASTNY 
COMMON /DRAW/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
CCMMON /PLIS'I/ WHITEP(11) ,WHITEX(11) ,WHITEY(11) 
CCMMON /PLISTB/ ELACKP(11),BLACKX(11),BLACKY(11) 
COMMON /PASSEC/ PPSCOR,NUMBW,NUMBB,WHITEQ,ELACKQ,ADVW,ADVB,WPPP,B 

1PP 
CCMMON /QCHECK/ MCHECK,ICHECK,JCHECK 
CCMMON /GENSP/ JENTYP(20) 
COMMON /WMOVE/ UPPER(20),LOWEB(20),NOVE(20),NP(20) 
COMMON /ADV/ WADV(20),BADV(20),WLFT(20),BLFT(20) ,WRT(20),BRT(20) 
DATA KT/20*0/,SAVED/2800*0/,VECTOR/2800*0/,FIRST0/20*0/, 

1SERCH/O/,SERCHS/0/,WM/100*0.0/,BM/100*0.0/,COUNT/O/, 
1STPOS/64*0/,IREFU'I/O/,MOVE/700*0/,SCCLOF/O/,MOVEP/0/ 

DATA MP/20*1/,SCORE/20*C/,MOVEST/O/,MOVESC/O/, 
1CAPTY/20*0/,BOARD/64*0/,NMOVES/O/,NPOSIT/0/ 

DATA KTYPE/64*0/,BOARDI/€4*0/,LASTOX/0/,LASTOY/0/, 
1LASTNY/O/,LASTNX;O/,DRAW'!/O/,DRAWC1/0/,DRAWC2/0/ 

DATA DRAWC3/0/,KCNTA/0/,KCNTS/O/,WHITEX/11*0/, 
1WHITEY/11*0/,BLACKX/11*0/,BLACKY/11*0/,PPSCOR/0/,NUMBW/O/, 
1NUMBB/O/,WHITEQ/O/,BLACKQ/0/,ADVW/O/,ADVB/O/,WPPP/O/,BPPP/0/ 

DATA MCHECK/0/,ICHECK/0/,JCHECK/0/,JENTYP/20*0/,UPPER/20*0/, 
1LOWER/20*0/,NOVE/20*0/,NP/20*0/,WRT/20*0/,BRT/20*0/ 

DATA WADV/20*0/,BADV/20*0/,WLFT/20*0/.BLFT/20*0/ 
END 
SUBROUTINE GENPI 
IMPLICIT INTEGER (A-Z) 
COMMON /PLIST/ WHITEP(11),WHITEX(11) ,WHITEY(11) 
COMMON /PLISTB/ ELACKP(11) .BLACKX(11),ELACKY(11) 
CCMMON /DLIS~/ MP(20),SCORE(20) ,CAPTY(20),EOARD(8,8) 
COMMON /SKOR!/ MATERW,MATEBB 
CCMMON /PASSEC/ PPSCOR,NU!'IBW,NUMBB,WHITEQ,ELACKQ,ADYW,ADVB,WPPP,E 

1PP 
M=1 
N=1 
MATERW=O 
MATERB==O 
DO 10 1=1,11 
ELACKP(I)=O 
WHITEP(I)=O 

CONTINUE 
DO 20 J=1,8 
DO 20 I=1,8 
IF(BOARD(I,J).NE.6) GC TO 16 
WHITEP(1)=6 
WHITEX(1)=I 



c 
WHITEY(1)=J 
GO TO 20 
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16 IF(BOARD(I,J).NE.-6) GO TO 17 
BLACKP(1)=-6 
BLACKX (1) =I 
BLACKY{1)=J 
GO TO 20 

17 IF(BOARD(I,J).NE.-1) GO TO 20 
IF (J.EQ.2) GOTO 100 
M=M+1 
MATERB=MATERB+BOARD(I,J) 
BLACKP(M)=BOARD(I,J) 
BLACKX (M) =I 
BLACKY(M)=J 

20 CONTINUE 
DO 32 I=1,8 
DO 32 J=1,8 
IF (BOARD (9-J, 9-I) • NE .1) GO TO 32 
IF (9-I.EQ.7) GOTO 100 
N=N+1 
MATERW=MATERW+1 
WHITEP(N)=1 
WHITEX(N)=9-J 
WHITEY(N)=9-I 

32 CONTINUE 
NUMBB=M 
NUMBW=N 
WHITEP(N+1)=0 
ELACKP(M+1)=0 
RETURN 

100 iRITE(6,101) 
101 FORMAT(1H ,• PLEASE USE OTHER PROGRAM 1 ) 

STOP20 
END 
SUBROUTINE TREE 
I~PLICIT INTEGER (A-Z) 
COMMON /DEBUG/ MSGLVL 
COMMON /RESULT/ PRINCA{14,14),IBEFUT 
COMMON /MLIST/ MOVE(7CO) ,PIY,SCOLOR,C,MOVEP,D 
COMMON /IODATA/ MOVEST,MOVESC,NMOVES,NPOSIT 
COMMON /QCBECK/ MCHECK,ICHECK,JCHECK 
COMMON /SKORE/ MATERW,MATERB 
COMMON /DLIST/ MP(20),SCOBE(20) ,CAPTY(20),BOARD(8,8) 
COMMON /GENSP/ JENTYP(20) 
COMMON /PASSEC/ PPSCOR,NUMBW,NUMBB,WHITEQ,ELACKQ,ADVW,ADVB,WPPP,E 

1PP 
COMMON /ELIMD/ KT(20) ,SAVED(14,200),VECTOB(14,200),FIRST0(20) ,SER 

1H,SERCHS 
CCMMON /DRAW/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
CCMMON /PLIST/ WHIT!P(11),WHITEX(11) ,WHITEY(11) 
CCMMON /PLISTB/ ELACKP(11),BLACKX(11),BLACKY(11) 
COMMON /WMOVE/ UPPER(20),LOWER(20) ,NOVE(20),NP(20) 
PLY=O 
IF(MSGLVL.LE.2) GOTO 301 
WRITE (6, 302) 

302 FORMAT(' ','ENTER RESTRICTIONS',/) 
BEAD(9,303) (UPPEB{I) ,I=1,8) 
READ(9,303) (LOWER(!) ,!=1,8) 



303 
301 

100 

444 

110 

FORMAT (8!3) 
CONTINUE 
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IF(PLY.EQ.O) GO TO 150 
MOVE (7 00) =0 
CALL STlCHK 
IF (DRAWC3.EQ.1) GOTO 444 
CALL ONEPAN 
CALL TWOFAN 
CALL PAWN2 
IF(DRAWC3.EQ.1) SERCH=SERCH+1 
IF(DRAWC3.EQ.1) GOTO 1003 
IF(MOD(IABS(~OVE(MP(PLY))) ,10).EQ.3) GO TO 150 
IF((MAT~RW.LE.S).lND.(~ATF.RB.GE.-8)) GO TO 110 
SCORE (PtY+J) =0 
IF (MATER B. LT. -8) 
IF (MATERW. G'I. 8) 
GO TO 1003 
CALL PASSED 

SCORE(PLY+3)=-6000+200*PLY 
SCORE(PLY+3)=5CORE{PLY+3)+6000-200*PLY 

IF(PPSCOR.NE.O) GO TO 1002 
IF((SCORE(PLY+2)*(-C)).GE.(6000-(PLY+3)*200)) GO TO 1005 
IF((WHITEQ.EQ.BtACKQ).AND.(WHITEQ.NE.10}) GO TO 1006 
IF((PLY.GE.D).AND. (MOVE(700) .EQ.O)) GO TO 1000 
CALL DRAWN 
IF(DRAWT.NE.O) GO TO 1003 
SERCHS=SERCHS+1 
IF (PLY.LE.2) GO TO 150 
IF (KT (PL Y-2) +KT (J?t Y) • NE.2) GO TO 150 
KSQ=MOD(IABS(MOVE(MP(PtY)))/1000,100) 
OPPMV=MOD(IAES(MOVE(MF(J?tY-1))),100000) 
CODE=100*0PPMV+KSQ 
K=PLY-2 
J=FIRSTO (K) -1 

50 IF(J.EQ.O) GO TO 150 
IF(CODE.BQ.VECTOR(K,J)) GC TO 1007 
J=J-1 

1007 

150 

200 

999 

1000 

1008 

GO TO 50 
SCORE(PLY+3)=SAVED(K,J) 
GO TO 1003 
IF ((MATERW+IABS(MATERB).G'I.2).0R. (PLY.EC.O)) CALL GENERT 
NMOVES=NMOVES+1 
FIRSTO(PLY+1)=1 
IF(MOVEP.EQ.SO*PLY) GO TO 999 
SCORE(PLY+3)=SCORE(PLY+1) 
MP(PLY+1)=50*PLY+1 
IF ((PLY.EQ.O).AND. (MATERW+IABS(!ATERB).LE.2)) CALL PASSED 
CALL PLAUS(MP(PLY+1)) 
IF(MOVE(MP(PIY+1)).JE.O) GO 'IO 200 
SCORE(PLY+3)=-C*8000 
GO TO 1003 
Pt Y=PLY+1 
CALL UPDATE 
t;O TO 100 
SCORE(PLY+3)=(-C)*MCHECK*(6000-100*PLY) 
GOTO 1003 
SCORE(PLY+3)=(MATERW+MATEFB)*10+(WPPP-BPPP)*5-ADVW+ADVB 

1 +10*{BLACKQ-WHITEQ) 
CALL KSCORE 
IF(WHITEX(1).NE.BLACKX{1)) GO TO 1003 
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IP(WHITEY(1).EQ.BLACKY(1)-2) SCORE(PLY+3)=SCORE(PLY+3)-(3*C) 
GO TO 1003 

1005 SCORE(PLY+3)=8000*C 
GO TO 1003 

1006 SCORE(PLY+3)=0 
GO TO 1008 

1002 SCORE(PLY+3)=PPSCOR 
1003 NPOSIT=NPOSIT+1 

SCORED=1 
IP (PLY.GE.~SGLVl) GOTO 1001 
DO 131 I=1,MSGLVL 
IP((UPPER (I) .NE.O) .AND. (MF (!) .GT.UPPER (I))) GOTO 1001 
IP ((LOWER (I) • NE. 0). AND. (MP (I) .tT.tOWER (I))) GOTO 1001 

131 CONTINUE 
DO 113 I=1,PLY 
POVE=IABS(MOVE(MP(l)}) 
NOVE(I}=MOD(POVE,100000) 
POVE=POVE/10000000 
IP{MOVE(~P(I)).GT.O) HOVE(I)=NOVE(I) +POVE*100000 
IP(MOVE(MP(I)).L!.O) NOVE(I)=-NOVE(I)-POVE*100000 

113 NP(I)=MOD(MP(I),50) 
WRITE{6,2) SCORE(PLY+3), (NP(I) ,NOVE(l) ,I=1,PLY) 

2 FORMAT(' 1 ,!5,10(13,!7)) 
1001 IP{SCOLOR*C.EQ.1) GO TO 1010 

IF (SCORE (PLY+3) .GT. SCORE (FLY+2)) GO TO 1020 
GO TO 1030 

1010 IF(SCORE(PlY+3).LT.SCCBE(PtY+2)) GO TO 1020 
GO TO 1030 

1020 SCORE(PLY+2)=SCORE(P1Y+3) 
PRINCA(PLY,PLY)=P.OVE(MF(PLY)) 
IP(SCORED.NE.1) GOTO 1013 
PRINCA(PLY,PlY+1)=-1 
GOTO 1030 

1013 J=1 
1015 PRINCA(PLY,PLY+J)=PRINCA(FLY+1,PLY+J} 

IF(PRINCA(PLY,PLY+J) .EQ.•1) GOTO 1030 
IP(PLY+J.GT.D) GOTO 1030 
J=J+1 
GOTO 1015 

1030 PLY=PLY-1 
SCORED=O 
CALL RESTOR 
IF(PtY.NE.MSGlVL-1) GOTO 1037 
DO 1331 I=1,MSGIVL 
IF((UPPER(I).NE.O).AND. (MP(I}.GT.OPPER(I))) GOTO 1037 
IF ((LOWER (I) • NE. 0) • AND. (MP (I) .1 T. LOW ER (I))) GOTO 1037 

1331 CONTINUE 
DO 1113 I=1,MSGLVL 
POVE=IABS(MOVE(MF(I))) 
NOVE(I)=MOD(FOVE,100000} 
POVE=POVE/10000000 
IF(MOVE(MP(I)).GT.O} NOVE(I)=NOVE(~ +POVE*100000 
IF(MOVE{MP(I)) .t!.O) NOVE{I)=-NOVE(I)-POVE*100000 

1113 NP (I) =HOD (MP (I) ,50) 
Q~ITE(6,2) SCORE(MSGLVL+2) ,(NP(I) ,NOVE{l) ,I=1,MSGLVL) 

1037 !F(MOVE(MP(PLY+1)+1}.NE.O) GO TO 1100 
1031 IF(PLY.EQ.O) GO TO 4000 

GO TO 1001 
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1100 IF(SCOLOR*C.NE.1) GO TC 1110 
IF(SCORE(PLY+3).GE.SCORE(PLY+2}) GO TO 1130 
GO TO 1150 

1110 IF(SCORE(PLY+3).LE.SCCBE(PLY+2)) GO TO 1130 
GO TO 1150 

1130 PLY=PLY-1 
CALL RESTOR 
IF(PLY.NE.MSGLVL-1) GOTC 1041 
DO 13331 I=1,MSGIVL 
IF((UPPER(I).NE.O).AND.(MP(I).GT.UPPER(I))) GOTO 1041 
IF((LOWER(I).NE.O).AND.(MP(I).I!.LOWER(I))) GOTO 1041 

13331 CONTINUE 
DO 11113 I=1,MSGLVL 
POVE=IABS(MOV~{~I(I))) 
NOVE(I)=MOD(POVE,100000) 
POVE=POVE/10COOOOO 
IF(MOVE(MP(I)).GT.O) NOVE(I)=NOVE(~ +POVE*100000 
IF(MOVE(MP(I)).L!.O) NOVE(I)=-NOVE(I}-POVE*100000 

11113 NP(I)=MOD(MP(I),SO) 
WRITE(6,2) SCORE(MSGLVL+2) ,(NP{I) ,NOVE(I),I=1,MSGLVL) 

1041 IF(MOVE(MP(PLY+1)+1).EQ.O} GO TO 1031 
1150 MP(PLY+1)=MP(PLY+1) +1 

GO TO 200 
401)0 RETURN 

END 
SUBROUTINE KSCORE 
IMPLICIT INTEGER (A-Z) 
COMMON /DLIS'r/ MP (20), SCORE (20) ,CAPTY (20), BOARD (8,8) 
COMMON /MLIST/ MOVE (7 00) ,PLY, SCOLOR,C, MOVEP, D 
CCMMON /PLIST/ WHITEP(11) ,WHITEX(11) ,WHITEY(11) 
CC~MON /PLISTB/ ELACKP(11) ,BLACKX(11),BLACKY(11) 
XT=O 
YT=O 
PC=O 
DO 10 I=2,10 
IF(WHITEP(I).EQ.O) GOTO 20 
IF (WHITEP (I). NE. 1) GOTO 10 
PC=PC+1 
XT=XT+WRITEX (I) 
YT=YT+WHITEY(I) 

10 CONTINUE 
20 DO 30 I=2,10 

IF(BLACKP(I).EQ.O) GOTO 40 
IF(BLACKP(I).NE.-1) GOTO 30 
PC=PC+1 
XT=X'!+BLACKX(I) 
YT=YT+BLACKY (I) 

30 CONTINUE 
40 DW=IABS(WHITEX(1)*PC-XT) 

IF (IABS (WHITEY (1) *PC-YT) .G!. I:W) DW=IABS (WHITEY (1) *PC-YT) 
DE=IABS(BLACKX(1)*PC-XT) 
IF (IABS (ELACKY (1) *PC-YT) .G'I.DB) DB=IABS (BLACKY (1) *PC-YT) 
SCORE(PLY+3)=SCCR~(PLY+3)+DE-DW 
RETURN 
END 
SUBROUTINE PRINTR 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE(700),PLY,SCOLOB,C,MOVEP,D 
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COMMON /RESULT/ PR INCA ( 14, 14) , IREFUT 
COMMON /IODATA/ ~OVEST,MOVESC,NMOVES,NPOSIT 
CCMMON /DRAW/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
COMMON /ELIMD/ KT(20),SAVED(14,200),VECTOB(14,200),FIRST0(20),SEB 

1H,SERCHS 
COMMON /DEBUG/ MSGLVL 
CCMMON /DLIST/ MF(20),SCORE(20),CAPTY(20),BOARD(8,8) 

IF (MSGLVL.EQ.O) RETURN 
J=1 

1 4 I F (PR INCA ( 1 , J) • E Q. -1 ) G 0 TO 1 5 
IF (J.EQ.14) GOTO 15 
J=J+1 
GOTO 14 

15 WRITE(6,17) (PRINCA(1,I), I=1,J) 
17 FORMAT(/,' TEE PPINCIPAL CCN~INUATION IS 1 ,/,(9(19, 1 - 1 ))) 

WRITE(6,18) NPOS!T,NMCVES,MOVEST,MOVESC,DRAWC1,DRAWC2,SCORE(3) 
18 FORMAT(' TERM =1 ,17, 1 NCNTER = 1 ,!7, 

1 1 TRANS MOVES= 1 ,I7,• CAPTURES= 1 ,I7,/ 
1' 3-PLY DRAWN SEQ=',I5,' 4-FLY DRAWN SEQ=',I5,' SCORE=',I6) 

WRITE(6,19) IREFUT,KONTA,KCNTS 
19 FORMAT(' REFUT. ON PC= 1 ,I6,' KING MOVES/KING ON 7=•,I5,'/',I5) 

WP.ITE(6,20) D,MP{1),SERCH,SERCHS 
20 FORMAT(' D-= 1 ,!2,' P'!OVES= 1 ,I2,' 3-P CONT.= 1 ,I8,' TN FOUND=',I8) 

RETURN 
END 
SUBROUTINE UPDATE 
IMPLICIT INTEGER (A-Z) 
COMMON /MLIST/ MCVE(700),PLY,SCOLOR,C,MOVEP,D 
COMMON /ELIMD/ KT(20),SAVED(14,200),VECTOR(14,200),FIRST0{20) ,SER 

1H,SERCHS 
CCMMON /PLIST/ WHITEP(11) ,WHITEX(11),WHITEY(11) 
COMMON /PLISTB/ ELACKP(11),BLACKX(11),ELACKY(11) 
COMMON /DLIS~/ Mr(20),SCORE(20),CAPTY(20),BOARD(8,8) 
COMMON /SKORE/ MlTERW,MAT!RE 
C=(·1)*C 
P=MP (PLY) 
IMOVE=IABS(MOVE(P)) 
IT=MOD (!MOVE, 1 0) 
IP=MOVE(P)/10000000 
KT (PLY) =0 
IF{IABS(IP).NE.6) GO TO 20 
IF(IT.EQ.O) KT(PIY)=1 

20 NX=MOD(IMOVE/10000,10) 
NY=MOD(IMOVE/1000,10) 
OX=MOD(IMOVE/100,10) 
OY=MOD(IMOVE/10,10) 
BOARD(OX,OY)=O 
BOARD(NX,NY)=IP 
IF(IT.EQ.2) EOARD(NX,NY+C)=O 
IF (IT. EQ. 3) BOABD (NX, NY) =-5*C 
POINT=MOD(IMOVE/100000,10) 
IF(IP.LT.O) GO TO 100 
WHITE X (PC! NT) = NX 
WHITEY {POINT)=NY 
IF(IT.EQ.O) RETURN 
IF (IT.EQ.3) GO TO 50 
POINT2=MOD(IMOVE/1000000,10) 
CAPTY(PLY)=BlACKP(POINT2) 
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MATERB=MATERB-BLACKP(POINT2) 
ELACKP(POINT2)=+1 
PE TURN 

50 WHITEP(POINT)=9 
MATERW=MATERW+8 
BET URN 

100 BLACKX{POINT)=NX 
BLACKY(POINT)=NY 
IF(IT.EQ.O) RETURN 
IF(IT.EQ.3) GO TO 150 
POINT2=MOD(IMOVE/1000000,10) 
CAPTY(PLY)=WHITEF{POINT2} 
MATERW=MATERW-WHITEP{POINT2) 
WHITEP(POINT2)=(-1) 
RETURN 

150 BLACKP{POINT)=-9 
:-!ATERB=MATERE-8 
RETURN 
END 
SUBROUTINE RESTOR 
IMPLICIT INTEGER (A-Z) 
COMMON /MLIST/ MOVE{700),PtY,SCOLOR,C,MOVEP,D 
COMMON /PLIST/ WHITEP{11) ,WHITEX(11),WBITEY{11) 
COMMON /PLISTB/ ELACKP(11),ELACKX(11) ,BLACKY(11) 
COMMON /DLIST/ MP(20),SCORE(20) ,CAPTI(20),EOARD(8,8) 
COMMON /SKORE/ MATERW,MATERB 
COMMON /ELIMD/ KT(20) ,SAVED(14,200),VECTOR(14,200),F!RST0(20) ,SEB 

1 H, SERCHS 
C=(-1)*C 
P=MP (PL I+ 1) 
IMOVE=IABS(MOVE(P)) 
1F(PLI.LE.1) GO TO 25 
IF ((MATERW+IABS{MATERB).LE.2).AND.{PtY.GE.D•1)) GOTO 25 
IF{KT(PLY-1)+KT(FLY+1).NE.2) GO TO 25 
KSQ=MOD(IMOVE/1000,100) 
OPPMV=MOD(IABS(MOVE(MP(PLI))),100000) 
CODE=100*0PPMV+KSQ 
K=PLY-1 
.J =FIIlSTO (K) 
VECTOR(K,J)=CODE 
SAVED(K,J)=SCORE(PLY+4) 
FIRSTO(K)=FIRSTO(K)+1 
IF(FIRSTO(K).GT.200) FIRSTC(K)=200 

25 IT=MOD(IMOVE,10) 
IP=MOVE(P)/10000000 
OX=MOD(IMOVE/100,10) 
OY=MOD(IMOVE/10,10) 
NX=MOD(IMOVE/10000,10) 
NY=MOD(IMOVE/1000,10) 
BOARD(OX,OY)=!P 
BOARD(NX,NY)=O 
IF (IT .EQ. 1) BOARD ( NX, NY) =CAPTY (PLY+ 1) 
IF (IT. EQ. 2) BOARD (NI, NI+C) =CAPT I (PlY+ 1) 
IF (IT. EQ. 3) BOARD (OX ,OY) = IP 
!F(IP.LT.O) GO TO 100 
POINT=MOD{IMOVE/100000,10) 
WHITEX(PCINT)=OX 
WHITEY(POINT)=OY 



c 
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IF (IT. EQ. 3) GO TO 50 
IF(IT.EQ.O) RETURN 
MATERB=MATERE+CAPTY(PLY+1) 
POINT2=MOD(IMOVE/1000000,10) 
BLACKP{POINT2)=CAPTY(PLY+1) 
RETURN 

50 WHITEP(POINT)=1 
MATERW=MATEBW-8 
RETURN 

100 FCINT=MOD(IMOVE/100000,10) 
BLACKX(POINT)=OX 
BLACKY(POINT)=OY 
IF(IT.EQ.3) GO TO 150 
IP (IT. EQ. 0) RETURN 
MATERW=MATERW+CAFTY(PLY+1) 
POINT2=MOD(IMOVE/1000000,10) 
WH!TEP(PCINT2)=CAPTY(?LY+1) 
RETURN 

150 BLACKP(POINT)=(-1) 
MATERB=MATEBE+8 
RETURN 
END 
SUBROUTINE GENERT 
IMPLICIT INTEGER (A- Z} 
COMMON /MLIST/ MOVE(700),PLY,SCOLOR,C,MOVEP,D 
COMMON /QCH~CK/ MCHECK,ICHECK,JCHECK 
COMMON /PASSEC/ PPSCOR,NUMBW,NUMBB,WHITEQ,BLACKQ,ADVW,ADVB,WPPP,E 

1 pp 
COMMON /RESULT/ PRINCA(14,14) ,IREFUT 
MOVEP=SO*PLY 
CALL CHECK 
CALL PAWNG 
CALL KINGG 
MOVE (MOVEP+ 1) =0 
RETURN 
END 
SUBROUTINE KINGG 
I~PLICIT INTEGER (A-Z) 
COMMON /MLIST/ MOVE{700),PLY,SCOLOR,C,MOVEP,D 
COM!IlON /PLIS'I/ WHITEP(11) ,WHITEX(11) ,VHITEY(11) 
COMMON /PLISTB/ BLACKP(11) ,ELACKX(11) ,BLACKY(11) 
COMMON /SPEC/ KTYPE(8,8) ,BOARDI(64) 
IF(C.EQ.1) GO TO 5 
X=BLACKX (1) 
Y=BLACKY (1) 
GO TO 7 

5 X=WHITEX(1) 
Y=WHITEY (1) 

7 Z=KTYPE(X,Y) 
GO TO (10,20,30,40,50,60,70,80,90) I z 

10 CALL KING1(X,Y,X-1,Y+C) 
CALL KING1 (X,Y,X+1,Y+C) 
CALL KING1{X,Y,X,Y+C) 
CALL KING1(X,Y,X-1,Y) 
CALL KING1 (X, Y ,X+1, Y) 
CALL KING1{X,Y,X+1,Y-C) 
CALL KING1(X,Y,X-1,Y-C) 
CALL KING1 (X,Y,X,Y-C) 
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RETURN 
20 CALL K!NG1(X,Y,X+1,Y) 

CALL KING1(X,Y,X+1,Y-1} 
CALL KING1(X,Y,X,Y-1) 
RETURN 

30 CALL KING1(X,Y,X-1,Y) 
ChLL KING1 (X,Y,X-1,Y-1) 
GO TO 20 

40 CALL KING1 (X,Y,X-1,Y) 
CALL KING1 (X,Y,X-1,Y-1) 
CALL KING1(X,Y,X,Y-1) 
RETURN 

50 CALL KING1 (X,Y,X-1,Y+1) 
CALL KING1(X,Y,X,Y+1) 
GO TO 40 

60 CALL KING1 (X,Y,X-1,Y) 
CALL KING1{X,Y,X-1,Y+1) 
CALL K1NG1(X,Y,X,Y+1) 
RETURN 

10 CALL KING1{X,!,X+1,Y) 
CALL KING1(X,Y,X+1,Y+1) 
GO TO 60 

80 CALL KING1(X,Y,X,Y+1) 
CALL KING1(X,Y,X+1,Y) 
CALL K!NG1(X,Y,X+1,Y+1) 
RETURN 

90 CALL KING1(X,Y,X,Y-1) 
CALL KING1 (X,Y,X+1,Y-1) 
GO TO 80 
END 
SUBROUTINE KING1 (X,Y,XN,YN) 
I"PLICIT INTEGER (A-Z) 
CCM!ON /l1LIST/ MCVE(700) ,PLY,SCOlOB,C,MOVEP,D 
COMMON /PLIST/ WHITEP(11) ,WHITEX(11),WHITEY(11) 
CCMMON /PLISTB/ ELACKP(11),BLACKX(11),BLACKY(11) 
CCMMON /DL!ST/ HP(20),SCOBE(20) ,CAPTY(20) ,BOARD(8,8) 
COMMON /IODATA/ MOVEST,MOVESC,NMOVES,NPOSIT 
IF(C.EQ.1) GO '!'0 10 
IF (BOARD (XN, YN). LT. 0) BETUBN 
XP=WHITEX(1)-XN 
YP=WHITEY (1) -YN 
GO TO 30 

10 IF(BOARD(XN,YN).GT.O) BETUBN 
XP=BLACKX (1) -X N 
YP=BLACKY(1)-YN 

30 DIST=IABS(XP) 
IF (DIST. LT.IABS (YP}) DIS'I:!ABS {YP) 
IF (DIST. EQ. 1) BETUBN 
IF(XN.EQ.B) GO TO 20 
IF ((YN+C.LT.1).0R.(YN+C.GT.B)) GOTO 40 
IF(BOARD(XN+1,YN+C).EQ.(-C)) RETURN 

20 IF(XN.EQ.1) GO TO 40 
IF ((YN+C.LT.1).0R.(YN+C.GT.8)) GOTO 40 
IF {BOARD (XN-1, YN+C). EQ. (-C)) RETURN 

40 IF(BOARD(XN,YN}.EQ.O) GC TO 50 
CALL CAPTUR(6*C,X,Y,XN,YN,1,1,IFIND(XN,YN)) 
RETURN 

50 I'lOVEP=MOVEP+1 
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MOVE ST=MOVES'I+ 1 
MOVE(MOVEP)=C*(10*(Y+10*(X+10*(YN+10*XN)))+60100000) 
RETURN 
END 
SUBROUTINE PAWNG 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MCVE(700),PLY,SCOLOR,C,MOVEP,D 
CCMMON /PLIST/ WHITEP(11) ,WHITEX(11) ,WHITEY(11) 
CCMMON /PLISTB/ ELACKP{11),BLACKX(11) ,BLACKY(11) 
COMMON /DLIST/ MP(20},SCORE(20) ,CAPTY(20),BOARD(8,8) 
COMMON /OLDD/ LASTOX,tlSTOY,LASTNX,LASTNY 
COMMON /QCBECK/ MCBECK,ICHECK,JCHECK 
COMMON /IODATA/ MOVEST,MOVESC,NMOVES,NPOSIT 
PAWNP-=2 

1 IF(C.NE.1) GO TO 7 
IF (WHITEP (PAWNP) .EQ.O) RETURN 
IF(WHITEP(PAWNP).NE.C} GO TO 80 
X=WHITEX (PAWNP) 
Y=WBITEY(PAWNP) 
GO TO 20 

7 IF (BLACKP (PAWNP) • EQ. 0) RETURN 
IF(BLACKP{PAWNP).NE.C) GO TO 80 
X=BLACKX (PAWNP) 
Y=BLACK! (PAWNP) 

20 IF(BOARD(X,Y+C).NE.O) GO TO 30 
IF(MCHECK.NE.O) GO TO 30 
MOVEP = MOV!P + 1 
MOVEST=MOVEST+1 
MOVE(MOVEP)=C*10*(Y+10*(X+10*((Y+C)+10*(X+10*(PAWNP+100))))) 
IF((Y.EQ.2).AND. (C.NE.1)) MOVE(MOVEP)=MOVE(MOVEP)-3 
IF ( (Y. EQ. 7) .AND. (C. EQ.1)) MOVE (MOVE P) =MOVE (MOVEP) +3 
IF((!.EQ.2).AND.(C.EQ.1)) GO TO 25 
IF((Y.EQ.7).AND.(C.NE.1)) GO TO 25 
GO TO 30 

25 IF(BOARD(X,Y+2*C).NE.O) GO TO 30 
MOVEP = MOVEP + 1 
MOVEST=MOVEST+1 
MOVE(MOVEP)=C*10*(Y+10*(X+10*((Y+2*C)+10* (X+10*(PAWNP+100})))) 

30 IF(X.EQ.8) GO !0 40 
IF((BOARD(X+1,Y+C)).NE.(-C)) GO TO 40 
IF(MCHECK.EQ.O) GO TO 31 
IF ((!CHECK. NE. (X+1)) .OR. (JCHECK. NE. (Y+C))) · GO TO 40 

31 CALL CAPTUR(C,X,Y,X+1,Y+C,1,fAWNP,IFIND(X+1,Y+C)) 
40 TF(X.EQ.1) GO TO 50 

IF ((BOARD (X-1, Y+C)). NE. (-C)) GO TO 50 
IF(MCBECK.EQ.O) GO TO 41 
IF ( (ICHECK. NE. (X-1)) .OP.. (JCHECK. NE. (Y+C))) GO TO 50 

41 CALL CAPTUR(C,X,Y,X-1,Y+C,1,FAWNP,IFIND(X-1,Y+C)) 
50 IF{PLY.EQ.O) GO TO 55 

P=MP (PLY) 
IF (IABS (MOD (IABS (MOVE (P) ) /10, 10) -MOD (lABS (MOVE (P)) /1000, 1 0) ) • NE. 2 

1GO TO 80 
IF((!.EQ.5).ANU.(C.FQ.1)) GO TO 51 
IF((Y.EQ.4).AND.(C.NE.1)) GO TO 51 
GO TO 80 

51 IIX=MOD(IABS(MOVE(P))/10000,10) 
IF (I~RS (X-IIX}. NR.1) GC TO 80 
IF (MCHECK. EQ.O) GO '::'0 53 
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IF((ICHECK.NE.IIX).OB.(JCHECK.NE.Y)) GO TO 80 
53 CALL CAPTUR(C,X,Y,IIX,Y+C,2,fAWNP,IFIND(IIX,Y)) 

GO TO 80 
55 IF((IABS(LASTOY-LASTNY)).NE.2) GO TO 80 

IF((Y.EQ.5).AND.(C.EQ.1)) GO TO 52 
IF((Y.EQ.4).AND.(C.EQ.-1)) GO TO 52 
GO TO 80 

52 IF ( (IABS (X-LASTNX)). NE. 1) GO TO 80 
IF(MCHECK.EQ.O) GO TO 57 
IF((ICHECK.NE.LASTNX) .OR.(JCHECK.NE.Y)) GO TO 80 

57 CALL CAPTUR(C,X,Y,LASTNX,Y+C,2,PAWNP,IFIND(LASTNX,Y)) 
80 PAWNP=PAWNP+1 

GO TO 1 
END 
SUBROUTINE PLAUS (I} 
IMPLICIT INTEGER (A-Z) 
CCMMON /HLIST/ MOVE(700),PLY,SCOLOR,C,MOVEP,D 
CCMMON /RESULT/ PR!NCA(14,14) , IREFUT 
COMMON /DLIST/ MP(20) ,SCORE(20) ,CAPTY(20),BOARD(8,8) 
COMMON /SKORE/ MATERW,MATERB 
IF ((PLY.EQ.O).AND. (MATEBW+IABS(!UTERB) .GT.2)) GOTO 10 
CALL FILTER (I) 
CALL BACKW (I) 

10 PLYT=PLY+1 
PLYR=PLY 
IF(PLY.EQ.O) PLYF=1 
J=I 

20 !F(MOVEJJ).EQ.O) GO TC 200 
DO 25 L=PLYT,D,2 
DO 24 K=PLYR,L 
IF (MOVE (J) • EQ. PRINCA (K ,L)) GO TO 100 

24 CONTINUE 
25 CONTINUE 

J=J+1 
GO TO 20 

100 IF (MOD (MOVE(!) ,10) .NE.O) GO TO 199 
I1 =MOVE {I) 
MOVE (I}= MOVE {J) 
MOVE (J) =I1 

199 IREFUT=IREFUT+1 
200 CONTINUE 

RETURN 
END 
INTEGER FUNCTION IFIND(XN,YN) 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MCVE(700),PLY,SCOLOR,C,MOVEP,D 
COMMON /PLIST/ WHITEP(11),iHITEX(11) ,WHITEY(11) 
COMMON /PL!STB/ ELACKP(11) ,BLACKX(11),ELACKY(11} 
:F(C-1) 100,200,100 

100 DO 120 J=1,11 
IF(WHITEX(J).NE.XN) GO TO 120 
IF(WHITEY(J).NE.YN) GO TO 120 
IFIND=J 
PETIJRN 

120 CONTINUE 
200 DO 220 J=1,11 

IF(BLACKX(J).NE.XN) GO TO 220 
IF(BLACKY(J).NE.YN) GO TO 220 
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IFIND=J 
RETURN 

220 CONTINUE 
CALL PRINTE 
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WRITE(6,1000) PLY,C,XN,YN,MOVEP,PLY 
1000 FORMAT(1H ,'IFIND•,6I2) 

STOP 
END 
SUBROUTINE CAPTUR(IPIECE,!CX,IOY,INX,INY,ITYPE,IPTO,IPTQ) 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE(700),PLY,SCOLOR,C,MOVEP.D 
CCl'IMON /DLIS't/ MP(20) ,SCORE(20) ,CJI.PTY{20} ,BOARD(8,8) 
COMMON /GENSP/ JENTYP{20) 
COMMON /IODATA/ MOVES!,MOVESC,NMOVES,NPOS!T 
MOVEP=l'IOVEP+1 
MOVESC=MOVESC+1 
IQ=50*PLY+1 
IF(JENTYP(PLY+1).NE.O) IQ=MP(PLY+1)+1 

3 IF(MOVEP.EQ.IQ) GO TO 30 
IF (MOD (MOVE (IQ), 1 0) • EQ. 0) GO TO 5 
IQ=IQ+1 
GO TO 3 

5 MOVE(MOVEP)=MOVE(IQ) 
30 KOVE (IQ) =C* (ITYPE+ 1 0* (IOY+ 1 0* (IOX+ 10* (INY+ 10* (INX+1 0* (IPT0+1 0* (IP 

1Q+10*IABS(IPIECE))))))J) 
RETURN 
END 
SUBROUTINE CHECK 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE{700),PLY,SCOLOB,C,l'IOVEP,D 
CCMMON /PLIST/ WHITEP(11),WHITEX(11) ,WHITEY(11) 
COMMON /PLISTB/ BLACKP(11) ,BLACKX(11),BLACKY(11) 
COMMON /DLIST/ MP(20),SCOBE(20),CAPTY(20),BOARD(8,8) 
COMKON /QCHECK/ MCHECK,ICHECK,JCHECK 
MCHECK=O 
IF(PLY.EQ.O) GO TO 33 
IF (MOVE (MP (PLY)) /10000000. NE.-C) RETURN 

33 IF(C.EQ.1) GO TO 3'7 
I=BLACKX (1} 
J=BLACKY(1) 
IF(J.EQ.1) BETU11N 
GO TO 40 

37 I=WHITE X (1) 
J=W HITEY (1) 
IF(J.EQ.8) BETUFN 

40 IF (I.EQ.1) GO TO 50 
IF(BOARD(!-1,J+C).NE.(-C)) GO TO 50 
ICHECK=I-1 
GO TO 55 

50 IF (I .EQ. 8) RETURN 
IF(BOARD(I+1,J+C).NE.(-CJ) RETURN 
ICHECK:I+1 

55 MCHECK:1 
JCHECK:::J+C 
RFTURN 
END 
SUBROUTINE DRAWN 
I~PLICIT INTEGER (A-Z) 
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COMMON /~LIST/ MOVE{700) ,PLY,SCOLOB,C,MOVEP,D 
COMMON /DLIST/ Mf(20),SCORE(20) ,CAPTY(20),BOARD(8,8) 
COMMON /DRAW/ DRAWT,DBAWC1,DBAWC2,DRAWC3,KONTA,KONTS 
CCMMON /PLIST/ WHITEP(11) ,WHITEX(11) ,WHITEY(11) 
CCMMON /PLISTB/ BLACKP(11) ,BLACKX(11) ,BLACKY(11) 
COMMON /SKORE/ MATEFW,MATERB 
COMMON /ELIMD/ KT{20) ,SAVED(14,200),VECTOR{14,200),FIRST0(20),SER 

1H,SERCHS 
DRAWT=O 
IF((MATERW.EQ.O).AND. (PIATEEB.EQ.O)) GOTO 50 
!F (PLY .LT. 3) RETURN 
IOS2=MOD(IABS(MOVE(MP(PLY-2)))/10,100) 
INSO=MOD(IABS(MOVE(MP(PLY}))/1000,100) 
IF (IOS2. NE.INSO) R'E:TURN 
IF(KT(PLY)+KT(PLY-1)+KT(PLY-2).NE.3) RETURN 
IF(PLY.LE.4) GO TO 40 
!F (KT (PLY-4) .NE.1) GO TO 40 
IOSJ=MOD(IABS(MOVE(MP(PtY-3))) /10,100) 
INS1=MOD(IABS(MOVE(MP(PLY-1))) /1000,100) 
IF(IOS3.NE.INS1) GO TO 40 
DRAVC1=DRAWC1+1 
DRAWT=1 
SCORE(PLY+3)=PLY*(-C) 
RETURN 

40 IF (C*SCORE(FLY+2).GT.O) RETURN 
DRAWC2=DRAWC2+1 

50 SCORE(PLY+3)=0 
DRAWT=1 
RETURN 
END 
S(BROUTINE FILTER(!) 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE(700),PLY,SCOLOR,C,MOVEP,D 
CCMMON /DLIST/ MP(20) ,SCORE(20) ,CAPTY(20),EOARD(B,8) 
COMMON /DRAW/ DRAiT,DRAWC1,DRAWC2,DBAVC3,KONTA,KONTS 
IF (PLY.EQ.O) GOTO 50 
IF (MOD (IABS (MOVE {MP (PLY))), 10). NE. 3) GO TO 50 
IF (MOVE (I) .FQ. 0) RETIJRN 
I I= I 

20 II=II+1 
IF (MOD (MOVE (I!), 1 0) • NE. 0) GO TO 20 
MOVE (II) =0 

50 J=I 
60 IMOVE=IABS(MOVE(J)) 

TF(IMOVE.GT.60000000) GOTO 70 
IF (MOVE(J) .EQ.O) RETURN 
J=J+1 
GOTO 60 

70 KONTA=KONTA+1 
KY=IMOVE/10 
!F(MOD(KY,10).EQ.2) GO TO 100 
IF(MOD(KY,10).EQ.7) GO TO 100 
KX=IMOVE/100 
IP(MOD(KX,10).EQ.2) GO !0 100 
IP(MOD(KX,10).EQ.7) GO TO 100 
RETURN 

100 KK=J 
105 !P(MOD(MOVE(KK),10}.NE.O) RETURN 
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IP(MOVE(KK).EQ.O) GO TO 200 
KK=KK+1 
GO TO 105 

200 KCONT=KK-J 
!F (KCONT. NE. 8} BET URN 
KON'!'S=KONTS+1 
KK=KK-1 
II=J 

210 IF {II.GE.KK) GO TO 400 
MI=IABS(MOVE(II)} 
MXN=MOD(MI/10000,10) 
IF (MXN. EQ. 1) GO TO 220 
IF(MXN.EQ.8) GO TO 220 
MYN=MOD(MI/1000,10) 
!F(MYN.EQ.1) GO TO 220 
IF (MYN .EQ. 8) GO TO 220 
II=II+1 
GO TO 210 

220 KI=IABS(MOVE(KK)) 
KXN=MOD {KI/10000,10) 
IF(KXN.EQ.1) GO TO 230 
IF (KXN. EQ. 8) GO TO 230 
KYN=MOD(KI/1000,10) 
IF (KYN. EQ. 1) GO TO 230 
IF(KYN.EQ.8) GO TO 230 
GO TO 240 

230 KK=KK-1 
IF{KK.EQ.II) GO TO 400 
GO TO 220 

240 l'lM=MOVE (KK) 
MOVE(KK)=MOVE(II) 
MOVE(II)=MM 
KK=KK-1 
II=II+1 
GO TO 210 

40 0 IF (MOVE (KK) .EQ. 0) RETURN 
MK=IABS(MOVE(KK)) 
IP(MOD(MK/1000,10).EQ.1) GO TO 500 
IF(MOD(f!K/1000,10) .EQ.8) GO TO 500 
IF{f!OD(MK/10000,10).EQ.1) GO TO 500 
IF(MOD(MK/10000,10).EQ.8) GO TO 500 
KK=KK+1 
GO TO 400 

5 00 MOVE (KK) =0 
RETURN 
END 
SUBROUTINE PASSED 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE(7CO),PLY,SCOLOR,C,MOVEP,D 
COMMON /PLISTB/ BLACKP(11} ,BLACKX(11),BLACKY(11) 
C CMMON /PLIS'I/ WHITEP {1 1), WHITE X (1 1) ,WHITE! (1 1) 
CCMMON /PASS!C/ FPSCOR,NUMBW,NUMBB,WHITEQ,ELACKQ,ADVW,ADVB,WPPP,E 

1PP 
DIMENSION WPPAWN(8),BPPAWN(8),DISTKW(8),DISTKB(8),DISTW(8),DISTB( 

1 ) 
COMMON /ADV/ WADV(20) ,BADV(20) ,WLFT(20),BLFT(20) ,WRT(20) ,BRT(20) 
CCMMON /SKORE/ MATERW,MATERE 
PPSCOR=O 
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50 

WHITEQ=10 
BLACKQ=10 
ADVB=9 
AtVW=O 
BLEFT=O 
WL'EF!=O 
BR!GfiT=9 
WRIGHT=9 
WPPP=O 
P=2 
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IF (P. GT. NU~BW) GO TO 1 00 
IF (WHITEP (P). NE. 1) GO TO 50 
Q=2 

10 IF (Q. GT. NU~BB) GO TO 40 
IF(BLACKP(Q).NE.-1) GO TO 20 
IF (BLACK! (Q) • LE. WHIT! I (P)) GO TO 20 
IF {IABS (BLACKX (Q) -WHITEX (P)). LE. 1) GO TO 52 

20 Q=Q+ 1 
GO TO 10 

40 IF(BLACKX(1).NE.WHITEX{P)) 
!F(BLACKI(1).GT.WHITEY(P)) 

42 IF(WHITEX(1).NE.WHITEX(P)} 
IF(WHITEY(1).GT.WHITEY(P)) 

44 WPPP=WPPP+1 
WPPUIN ( WPPP) =P 
DISTW(WPPP)=8-WHITEY(P) 

GO TO 42 
GO TO 52 

GO TO 44 
GO TO 52 

52 IF (WRITE! (P) .GT. !DVW) ADVW=WRITEY (P} 
IF(WH!TEX(P) .GT.WLEFT) WLEFT=WHITEX(P) 
IF (WHITE X (P) .LT. WRIGR'l) WRIGHT=WH!TEX (P) 

P=P+1 
GO TO 5 

100 BPPP=O 

105 

110 

ADVW=8-ADVW 
P=2 

IF(P.GT.NUMBB) GO TO 400 
IF(Bt!CKP(P).NE.-1) GO TO 150 
Q=2 
IF{Q.GT.NUMBW) GO TO 140 
IF(WHITEP(Q).NE.1) GO TO 120 
!F(WH!TEY(Q).GE.ELACKY(P)) GO TO 120 

· IF(IABS(BLlCKX(P)-WHITEX(Q)) .lE.1) GO TO 152 
120 Q=Q+1 

140 

142 

, 44 

152 

150 

400 

GO TO 110 
IF(WHITEX(1).NE.BLACKX(P)) 
IF(WHITEY(1).tT.WHITEY(P)) 
IF{BLACKX(1).NE.BLACKX(P)) 
IF{BL!CKY(1).LT.ELACKY(P)) 
BPPP=BPPP+1 
BPPAWN(BPPP)=P 
DISTB(BPPP)=BtACKY(P)-1 

GO TO 142 
GO TO 152 
GO TO 144 
GO TO 152 

IF (BLACKY (P) .L 'I. !DVB) ADVB=BLACKY (P) 
IF (BLACKX (P) .GT. ELEFT) BLEFT=ELACKX (P) 
IF(BLACKX(P).LT.FRIGHT) BBIGH'I=Et!CKX{P) 
P=P+1 
GO TO 105 
ADVB=ADVB-1 
IF(WPPP.EQ.O) GO TO 600 
P=1 
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520 QSX=WHITEX(WPPAWN(P)) 
DIST=IABS (KX-QSX) 
IF (DIST.LT. {8-KY)) DIS'!=8-KY 
DISTKW (P) :=:D:!:ST 
IF (P. EQ. WPPP) GC TO 600 
P=P+1 
GO TO 520 

600 IF (BPPP. EQ. 0) GO TO BOO 
P=1 
KX=WHITEX (1) 
KY=WHITEY (1) 

620 QSX=BLACKX(BPPAWN(P)) 
DIST=IABS(KX-QSX} 
IF (DIST. LT • (KY-1)) DIST=KY-1 
DISTKB(P)=DIST 
IF(P.EQ.BPPP) GO TO 800 
p = p + 1 
GO TO 620 

800 !F(BPPP.EQ.O) GO TO 1000 
P=1 

720 DIFF=DISTKB(P)-DISTB(P) 
!F(C.NE.1) GO TO 730 
DIFF=DIFF-1 

730 IF(DIFF.LE.O) GO TO 760 
IF (DISTB (P). tT. BLACKQ) BLACKQ=DIST B (P) 

760 !F(P.EQ.BPPP) GO TO 1000 
P=P+1 
GO TO 720 

1000 IF(WPPP.EQ.O) GO TO 2000 
P=1 

820 DIFF=DISTKW{P)-DISTW(P) 
IF (C. EQ. 1) GO TO 830 
DIFF=DIFF-1 

830 IF(DIFF.LE.O) GO TO 860 
IF (DIST W (P) .LT. WHITEQ) WHITEQ=DISTW (P) 

860 IF(P.EQ.WPPP) GO TO 2000 
P:=:P+1 
GO TO 820 

2000 WADV(PLY+1)=ADVW 
BADV(PLY+1)= ADVB 
WLFT(PLY+1)=WLBFT 
BLFT{PLY+1)=BLEF~ 
WFT(PLY+1)=WBIGHT 
BFT(PLY+1)=BBIGH~ 

IF(C.EQ.-1) GO TO 2200 
I=WHITEQ-BLAC~Q 

IF(I.GE.O) GO TO 2020 
J= WHITEQ-ADVB 
IF(J.GE.O) GO TO 2020 

2010 IF (MATEBW+IABS(MATEBB).LE.2) RETURN 
PPSCOR=6000-200*PLY-400*WHITEQ-200*MOD(FLY,2) 
RETURN 

2020 I=BL~CKQ+1-WHITEQ 
IF(I.GE.O) RETUFN 
J=BLACKQ+1-AtVW 
IF(J.LT.O) GO TO 2210 
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RETURN 
2200 I=BLACKQ-WHITEQ 

IF(I.GE.O) GO TO 2220 
J=BLACKQ-ADVW 
IF(J.GE.O) GO TO 2220 

2210 IF (MATERW+IABS(MATEBB) .LE.2) RETUBN 
PPSCOR=-60C0+200*PLY+400*BLACKQ+200*MOD(FLY+1,2) 
RE'!' URN 

2220 I=WHITEQ+1-BIAC~Q 
IF(I.GE.O) RETURN 
J=WHITEQ+1-ADVB 
IF(J.LT.O) GO TO 2010 
RETURN 
END 
SUBROUTINE BACKW(I) 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE(700) ,PtY,SCOLOR,C,MOVEP,D 
CCMMON /DLIST/ MP(20) ,SCORE(20) ,CAPTY(20),BOARD(8,8) 
C CM MON /PLIST/ WHIT EP ( 11) , WHIT EX (11) , WHITEY ( 11) 
COMMON /PLISTB/ BLACKP(11) ,BLACKX(11),BLACKY(11) 
COMMON /PASSEC/ PPSCOR,NUMBW,NUMBB,WHITEQ,ELACKQ,ADVW,ADVB,WPPP,E 

1 PP 
COMMON /ADV/ WADV(20) ,BADV(20) ,WLFT(20),BLFT(20) ,WRT(20),BRT(20) 
COMMON /SKORE/ MATERW,MATERB 
IF (PLY.EQ.O) GOTO 1 
IF {MOD(IABS(MOVE(MP(PLY))),10).EQ.3) RETURN 

1 J=I 
5 IF(IABS(MOVE(J)).GT.60000000) GOTO 10 

IF {MOVE (J) • EQ. 0) RETURN 
J=J+1 
GOTO 5 

10 IF(C.NE.1) GO TO 40 
MOST=BADV(PLY+1)+1 
IF(MOST.GT.BLACKY(1)) fl!OST=BLACKY(1) 
IF ( (MATERW. NE. 1). OR. ( PIATEBB. NE. -1)) GOTO 19 
P=2 

1 1 IF (WHITEP (P). EQ. 1) GOTO 12 
P=P+1 
GOTO 11 

12 IF ((WHITEY(1).EQ.WHITEY{P)).AND. 
1 {lABS (WHITE X (1)- WHITE X (P}). EQ. 1}) GOTO 19 

MO ST=PIO ST+ 1 
19 IF(WHITEY(1).GT.llOST-3) GO TO 100 

ROW=WBITEY(1) 

41 

42 

49 

GO TO 50 
40 MOST=8-WADV(PtY+1) 

50 

IF {MOST. t T. WHITEY ( 1) ) MOS'I=WBI TEY (1) 
IF ((MATERW.NE.1).0R.(MATERB.NE.-1)) GOTO 49 
P=2 
IF {BLACKP(P}.EQ.-1) GOTO 42 
P=P+1 
GOTO 41 
IF ((BLACKY(1).EQ.BLACKY{P)) .AND • 

1 (lABS (BLACKX (1) -BLACKX (P)). EQ. 1)) GOTO 49 
MOST=MOST-1 
IF(BLACKY(1).LT.PJOST+3) GO TO 100 
ROW=BLACKY (1) 
II=J 
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55 !F(MOVE(II) .EQ.O) GO TO 100 
NPOW=MOD(IABS(MOVE(II)/1000) ,10) 
IF (NROW-ROW. EQ. -C) GO TO 60 
IF (NROW~EQ.ROW) GOTO 400 

58 II=II+1 
GO TO 55 

60 JJ=II 
61 IF(MOVE(JJ+1).EQ.O) GO TO 70 

MOVE(JJ)=MOVE(JJ+1) 
JJ=JJ+1 
GO TO 61 

70 MOVE(JJ)=O 
GO TO 55 

100 LEFT=BLFT(PLY+1) 
IF(LEFT.LT.WLFT(PLY+1)} LEFT=WLFT(PLY+1) 
IF(C.EQ.1) GO TO 140 
IF {WHITEI(1).GT.LEFT) LEFT=WHITEX(1) 
IF (BLACKX (1). LE. LEF'T+1) GO TO 200 
COL=BLACKX(1) 
GO TO 150 

140 IF (BLACKX(1).GT.LEFT) LEPT=BLACKX(1) 
IF(WHITEX(1).LE.LEFT+1) GO TO 200 
COL=WHITEX (1) 

150 II=J 
155 IF(MOVE(It).EQ.O} GOTO 300 

NCOL=MOD(IABS(MOVE(II)/10000),10} 
IF(NCOL-COL.GT.O} GO TO 160 
IF (NCOL.EQ.COL) GO~O 420 

158 II=II+1 
GO TO 155 

160 JJ=II 
161 IF(MOVE(JJ+1).EQ.O) GO TO 170 

MOVE(JJ)=MOVE(JJ+1) 
JJ=JJ+1 
GO TO 161 

170 MOVE(JJ)=O 
GO TO 155 

200 RIGHT=BRT(PLY+1) 
IF(RIGHT.GT.WRT(PLY+1)) RIGHT=WRT(PLY+1) 
IF(C.EQ.1) GO TO 240 
IF (WHITEX (1). LT. RIGHT) RIGHT=WHITEX (1) 
IF(BLACKX(1).GE.RIGHT-1) GOTO 300 
COL=BLACKX ( 1) 
GO TO 250 

240 IF (BLACKX(1).tT.RIGHT) RIGHT=BLACKX(1) 
IF(WH!TFX(1).GE.BIGHT-1) GOTO 300 
COL= WHITE X ( 1} 

2 50 II=J 
255 IF(MOVE(II).EQ.O) GOTO 300 

NCOL=MOD(IABS(MOVE(II)/11000),10) 
IF (NCOt-COL.LT.O) GOTO 260 
IF (NCOL.EQ.COL) GOTO 430 

258 II=II+1 
GOTO 255 

260 JJ=II 
261 IF (MOVE(JJ+1).EQ.O) GOTO 270 

MOVE(JJ)~MOVE(JJ+1) 
JJ=JJ+1 



GOTO 2*5 1 
270 MOVE(JJ)=O 

GOTO 255 
300 Q=2 
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IF ((MATERW.NE.1) .OR.(MATERB.NE.-1)) RETURN 
IF (C.NE.1) GOTO 330 
IF (WHITEX(1).EQ.WRITEX(P)) RETURN 

311 IF (BLACKP(Q).EQ.-1) GOTO 312 
Q~Q+1 

GOTO 311 
312 IF (BLACK I (Q). EQ. 2) RETURN 

LEAST=BLACKY (Q) 
IF (LEAST.LT.BLACKY{1)) LEAST=ELACKY(1) 
IF (WRITEY (1) .l':t.LEAST+1) RETURN 
ROW=WRITEY (1) 
GOTO 350 

330 IF (BLACKX(1).EQ.BLACKX(P)) RETURN 
341 IF (WHITEP(Q).EQ.1) GOTO 342 

Q=Q+1 
GOTO 341 

342 IF (WRITEY (Q). EQ. 7) RETURN 
LEAST=WRITEY(Q) 
IF (LEAST.GT.WRITEY(1)) LEAST=WH1TEY(1) 
IF (BLACKY(1).GT.LEAST-1) RETURN 
ROW=BLACKY {1) 

350 II=J 
355 IF (MOVE(II).EQ.O) RETURN 

NROW=MOD(IABS(MOVE(II)/1000)*10) 
IF (NROW•ROW.EQ.C) GOTO 360 
IF (NROW.EQ.ROW) GOTO 440 

358 II=II+1 
GOTO 355 

360 JJ=II 
361 IF (MOVE(JJ+1).EQ.O) GOTO 370 

MOVE(JJ)=MOVE(JJ+1) 
JJ=JJ+1 
GOTO 361 

370 MOVE(JJ)=O 
GOTO 355 

400 IF (C.NE.1) GOTO 410 
IF (ROW.GT.MOST-4) GOTO 58 
GOTO 60 

410 IF (ROW.LT.MOST+4) GOTO 58 
GOTO 60 

420 IF (COL.LE.LEFT+2) GOTO 158 
GOTO 160 

430 IF (COL.GE.RIGHT-2) GOTO 258 
GOTO 260 

44 0 IF ( WHITEY ( 1). EQ. BLACKY (1) +2) GOTO 358 
IF (C.NE.1) GOTO 450 
IF (ROW.tT.LEAST+2) GOTO 358 
GOTO 360 

450 IF {ROW.GT.LEAST-2) GOTO 358 
GOTO 360 
END 
SUBROUTINE READK(YOURM,OX,OY,NX,NY,MAN,T) 
LCGICAL*1 JJ(8),II{4) 
INTEGER OX,OY,T 
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REAL*8 J,YOUEM 
EQUIVALENCE {JJ,J), (II,I) 
!=0 
J=YOURM 
MAN=6 
II{4)=JJ(1) 
IF (I.NE.215) GOTO 20 
MAN=1 
II(4)=JJ(2) 
OX=201-I 
I I ( 4 ) =J J ( 3 ) 
OY=I-240 
II (4)=JJ (5) 
NX=201-I 
II (4) =JJ (6) 
NY=I-240 
I I ( 4) =J J ( 4) 
IF (I.EQ.96) GOTO 60 
T=1 
II(4)=JJ(7) 
IF (I.EQ.64) RETURN 
T=2 
RETURN 
T=O 
IF ((NY.NE.1).AND.(NY.NE.8)) RETURN 
IF (MAN. EQ.1) T=3 
RETURN 
END 
SUBROUTINE GETMOV(YOURM,OX,OY,NX,NY,MAN,T,*} 
LCGICAL*1 JJ(8),!!(4),KK(4) 
INTEGER OX,OY,'!' 
REAL*8 J,YOURM 
EQUIVALENCE (JJ,J),(II,I), (KK,K) 
I=O 
K=O 
J=YOURM 
II(4)=JJ(1) 
IF (I.NE.215) GOTO 20 
MAN=1 
GOTO 30 
IF (I.NE.210) RETURN1 
MAN=6 
II (4) =JJ (2) 
OX=201-I 
IF ((OX.LT.1).0R.{OX.GT.8)) RETURN1 
!I (4) =JJ (3) 
OY=I-240 
IF ((OY.LT.1).0R.(OY.GT.B)) !IETURN1 
I I ( 4) =J J ( 5) 
NX=201-I 
IF ( (NX.LT. 1) .OR. (NX.GT.B)) RETURN1 
II(4)=JJ(6} 
NY=I-240 
IF ((NY.LT.1).0R.(NY.GT.8)) RETURN1 
II (4) =JJ (4) 
IF (I.EQ.96) GOTO 60 
IF ( I • NE • 12 2) R ETU R N 1 
T=1 
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II (4) =JJ (7) 
IF (I.EQ.64) RETURN 
KK (4) =JJ (8) 
IF ((I.NE.197).0R.(K.NE.215)) RETURN1 
T=2 
BE TURN 
IT (4) =JJ (7) 
IF (I.NE.64) RETURN1 
T=O 
IF ( (NY.NE.1) .AND. (NY.NE.8)) RETURN 
IF (MAN.EQ.1) T=3 
RETURN 
END 
SUBROUTINE FMOVE{MOVE,YOORM) 
COMMON /COLOR/ CCLOOR 
INTEGER COLOUR 
REAL*8 J,YOURM 
LOGICAL*1 JJ(8),X(8)/ 1 A','B','C','D','E','F', 1 G1 , 1 8 1 /,DEL(6)/ 1 P1 , 

C •,•:•,•- 1 , 1 E1
4

1 K1 /,Y(8)/ 1 1 1 , 1 21 , 1 31 , 1 4','5 1 , 1 6 1 , 1 7 1 ,'8'/ 
EQUIVALENCE (JJ,J) 
MOV=MOVE 
IF (MOV.LT.O) MOV=-MOVE 
JJ (7) =DEL (2) 
JJ (8} =DEL (2) 
I.:::O 
I-=I+1 
K=MOD (MOV, 1 0) 
MOV= (MOV-K) /10 
GOTO (10,60,70,40,50,5,75) ,I 
IF ((K.EQ.O).OR.(K.EQ.3)) GOTO 20 
JJ(4)=DEL(3) 
IF (K.EQ.1) GOTO 5 
JJ (7) =DEL (5) 
JJ (8)=DEL(1) 
GOTO 5 
JJ (4) =DEL (4) 
GOTO 5 
JJ{6)=Y(9-K+COLOUR*(2*K-9)} 
GOTO 5 
JJ (5) =X (9-K) 
GOTO 5 
JJ(3)=Y(9-K+COLOUR*(2*K-9)) 
GOTO 5 
JJ (2) =X (9-K) 
GOTO 5 
JJ (1) =DEL (MOV) 
YOURM=J 
WRITE (6,80) J 
FORMAT (1H0, 1 MY MOVE IS 1 ,18} 
RETUHN 
END 
SUBROUTINE GETPOS 

COMMON /GAME/ WM(100),BM(100),STPOS(8,8),COUNT 
CCMMON /DLIST/ MP (20) ,SCORE(20) ,CAPTY(20) ,BOARD{8,8) 
INTEGER STPCS,COONT 
INTEGER MP,SCORE,CAPTY,BOARD,MOVES(20} 

REAL*8 WM,BM 
LOG!CAL*1 JJ(4),!I(4) 
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EQUIVALENCE (JJ,J), (II,I} 
DO 1 M=1, 8 
DO 1 N=1,B 
BOARD(M,N)=O 

1 CONTINUE 
KK=1 
LL=1 

5 LP=O 
READ (9, 10) (MOVES (K}, K=1, 20) 

10 FORMAT(20A4) 
30 LP=LP+1 

IF(MOVES(LP).GT.O) GOTO 50 
J=MOVES (LP} 
I=O 
I I ( 4 ) =J J ( 1 ) 
MAN-=I-214 
IF (MAN.NE.1) GOTO 35 
GOTO 40 

35 IF (MAN.NE.-4) GOTO 45 
MAN=6 

40 II (4) =JJ (2) 
IX=201-I 
IF((IX.L'!.1) .OR. (IX.GT.S)) GOTO 45 
I I ( 4) =J J ( 3) 
IY=I-240 
IF((IY.LT.1).0R.(IY.GT.8)) GOTO 45 
GOTO 49 

45 WRITE (6,46) 
46 FORMAT (' *** INPUT ERROR FENTER') 

GOTO 5 
49 BOARD(IX,IY)=MAN*KK 

GOTO 30 
50 IF (LL.EQ.2) GOTO 100 

LL=LL+1 
KK=-1 
GOTO 5 

100 DO 200 M=1,8 
DO 200 N=1,8 

STPOS(M,N)=BOARD(M,N) 
200 CONTINUE 

CALL DUAL 
RETURN 
END 

SOBROUT!NE UPDA(OX,OY,NX,NY,MAN,KIND} 
COMMON /DEEP/ DEPTH 
COMMON /DLIST/ 8P(20),SCORE(20),CAPTY(20) ,EOARD(8,8) 
COMMON/COLOR/ COLOUR 
INTEGER COLOUR 
INTEGER MF,SCORE,CAPTY,BOABD,DEPTH,OX,OY 
IF (DEPTH.EQ.1) GOTO 1 

MAN=- MAN 
NY=9-NY+COLOUR*(2*NY-9) 
OY=9-0Y+COLOUR*(2*0Y-9) 

1 BOARD"(OX ,OY) =0 
BOARD(NX,NY)=MAN 
IF (KIND.EQ.2) EOARD(NX,NY·DEPTH)=O 
IF (KIND.EQ.3) EOARD(NX,NY)=S*DEPTH 
DRPTH=-DEPTH 
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END 
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SUBROUTINE OSER(INPUT,*,*,*) 
REAL*8 MSGL 
RE~L*8 INPUT,MASS,RES,PB,WM,BM 

INTEGER COUNT,DEPTH,WORD(2),0X,OY,T 
INTEGER MP,SCORE,CAPTY,BCARD,STPOS 
INTEGER PLY,SCOLOE,C,MOVEP,t,COLOUR,COL 
LOGICAL*1 LIST,RESIGN(8) ,MM(8) ,PEOARD(8) ,DRAW(4) ,END(4), 

1GOTO (4) ,II(4) ,.JJ(4) ,DP(2) ,L1\S'I,MSG (8) 
INTEGER*2 HWORD(4),KDP 

CCMMON /COLOR/ CCLOUR 
COMMON /DEBUG/ MSGLVL 
CCMMON /GAME/ WM(100),BM(100),STPOS{8,8) ,COUNT 
CCMMON /MLI S'!/ MOVE (7 00) ,PLY, SCOLOB, C, MOVEP, D 
COMMON /DEEP/ DEPTH 
CC!HtON /DLIST/ MF (20) , SCORE ( 20) ,CAPTY (20) , BOARD (8 ,8) 
EQUIVALENCE {II,III) ,(JJ,JJJ) ,(END,KEND),(DRAi,KDRAW) 
EQUIVALENCE (RESlGN,RES) ,(PBOARD,PB), (GOTO,KGOTO) 

EQUIVALENCE (MASS,WORD,MM,HWOBD), (DP,KDP) 
EQUIVALENCE (MSGL,MSG) 
DATA LIST/'L'/,RESIGN/'R','E','S','I','G','N',' ',' 'I 

1,PBOARD/'P','B','O','A','R','D',' '•' '/,DRAW/'D','R' 
1, 1 A', 1 W1 /,END/'E','N','D 1 , 1 1 /,GOT0/ 1 G1 , 1 0','T 1 ,'0'/ 
1,£P/ 1 D1 , 1 =1 /,MSG/ 1 M1 ,'S','G 1 , 1 L','V','L','=',' 1 / 

III=O 
JJJ=O 

PRINT19 
19 FORMAT(1X, 1 * 1 ) 

READ(9,1) INPUT 
IF (MSGLVL.EQ.O) GOTO 2 
WBITE(6,11) INPUT 

11 FORMAT{1X,A8) 
1 FORMAT (AS) 
2 MASS=INPUT 

IF (WOBD(1).EQ.KEND) STOP50 
IF (MASS.EQ.RES) RETURN1 
IF (WORD (1). EQ. KDRAW) RETURN2 

IF (MASS.NE.PB) GOTO 5 
CALL PRINTE 
RETURN3 

5 JF (HWORD{1).NE.KDP) GOTO 10 
LP=3 
CALL NUMBFR(INPUT,LP,NUM,&1000) 
D=NUM 
RETURN3 

10 IF(iORD(1).NE.KGOTO) GOTO 50 
LP=6 
CALL NUMBER(INPUT,LP,NUM,&1000) 
IF {{NUM.EQ.O).OR.(NUM.GT.COUNT)) GOTO 1000 
DO 1 5 I=1, 8 
DO 15 J= 1, 8 
BOARD(I,J)=STPOS(I,J) 

15 CONTINUE 
DEPTH=1 
NUMM=NUM-COLOUR 
IF (NUMM. EQ. 0) GOTO 25 

COL=COLOUR 
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COLOUR=1 
DO 20 !=1,NUMM 
CALL READM(WM(I) ,OX,OY,NX,NY,MAN,T) 
CALL UPDA(OX,OY,NX,NY,MAN,T) 
CALL READM(BM(I) ,OX,OY,NX,NY,MAN,T) 
CALL UPDA(OX,OY,NX,NY,MAN,T) 

20 CONTINUE 
COLOUR=COL 

IF (COLOUR.EQ.O) GOTO 26 
25 CALL READM(WM(NUM),OX,OY,NX,NY,MAN,~) 

CALL UPDA(OX,OY,NX,NY,MAN,T) 
26 CALL DUAL 

COUNT=NUM 
DEPTH=-1 

RETURN3 
50 II(4)=t!ST 

JJ (4) =MM (1) 
IF (I!I.NE.JJJ) GOTO 100 
LP=3 ' 
II(4)=END(4) 
JJ (4) =MM (3) 
IF (III.NE.JJJ) GOTO 60 
LIMIT1=1 
LIMIT2=COUNT 
GOTO 70 

60 CALL NUMBER(INPUT,LP,tiMIT1,&1000) 
LIMIT2=LIMI'I1 
JJ (4) =MM(LP+1) 
IF (II!.EQ.JJJ) GOTO 65 
LP=LP+1 
CALL NUMBER(INPUT,LP,tiMIT2,&1000) 

65 IF ((LIMIT1.LT.1).0R.(L!MIT2.G7.COUNT).OB.(L!MIT2.LT.LIMIT1)) G01 
C1000 

70 DO 80 I=LIMIT1,LIMIT2 
W R IT E { 6 , 2 0 0 1 ) I, W M (I ) , BM (I) 

80 CONTINUE 
RETURN3 

2001 FORMAT(1HO,I2,2X,A8,6X,AB) 
100 II(4)=MM(B) 

MM (B) =END (4) 
IF (MASS.NE.MSGL) GOTO 200 
NUM=III- 240 
'!F ( (NOM. LT. 0) • OB. (NOM. GT. 10)) GOTO 1000 
MSGLVL=NUM 
RETORN3 

200 MM{B)=II(4) 
CALL GETMOV(INPOT,OX,OY,NX,NY,MAN,T,&1000) 
CALL UPDA(OX,OY,NX,NY,MAN,T) 
RETURN 

1000 PRINT1001 
1001 FORMAT(1H0, 1 INPUT ERROR R!!NTER') 

RETURN3 
END 
SUBROUTINE JUMBER(INPUT,LP,N,*) 
REAL*A INPUT ,J 
LOGICAL*1 JJ(8},1I(4) 
EQUIVALENCE (J,JJ),(I,II) 
J=INPUT 
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IF (NUM.NE.-116) GOTO 5 
RETUFIN 
IF((NUM.LT.O).OR. (NUM.GT.9)) RETURN1 
N=N*10+NUM 
CONTINUE 
LP=LP+3 
BET URN 
END 
SUBaOUTINE NEWCNE 
COMMON /COLOR/ COLOUR 
INTEGER COLOUR 
LOG!CAL*1 YES/ 1 Y1 /,N0/ 1 N1 /,INT(4) 
EQUIVALENCE (INT,!N) 
COLOUR=O 
IN=O 
FORMAT (A 1) 
PRINT1000 
FORMAT (180, 1 * 1 ) 

PRINT101 
FORMAT(1H0,1X, 1 PICK YOUR COLOUR { "W" OR "B") ') 
READ (9, 95) !NT (4) 
IF (IN.EQ.230) GOTO 200 
IF (IN.NE.194) GOTO 11 
COLOUR=1 

PRINT1000 
PRINT 201 
PRINT1000 
FORMAT(1H0,1X,' TYPE FOSITION') 

RETURN 
END 
SUBROUTINE DUAL 
COMMON /COLOR/ COLOUR 
COMMON /DLIS~/ MP(20),SCORE(20),CAPTY(20),BOARD(8,8) 
INTEGER MP,SCORE,CAPTY,EOARD,COLOUR 
IF (COLOUR.EQ.1) RETURN 
DO 10 J=1, 4 
DO 10 I=1 ,8 
NEW=-BOARD{I,9-J) 
BOARD(I,9-J)=-BOARD(I,J) 
BOARD{I,J)=NEW 
CONTINUE 
RETURN 
ENO 
SUBROUTINE PRINTB 
COMMON /COLOB/ COLOUR 
COMMON /DLIS':I/ MP(20) ,SCORE(20) ,CAPTY(20) ,EOARD(8,8) 
INTEGER MP,SCORE,CAPTY,BOARD,CCLOUR 
IF {COLOUR.EQ.1) GOTO 10 
CALL DUAL 

WRITE(6,101) ((BCAPD(9-I,9-J) ,!=1,8) ,J=1,9) 
CALL DUAL 
RETURN 
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101 fORMAT(1H1,8X, 1 BLACK SIDE 1 ,//,8(1X,8I3,/) ,I/,8X, 1 WHITE SIDE') 
END 
INTEGER FUNCTION DIST(W,X,Y,Z} 
IMPLICIT INTEGER (A-Z) 
A=IABS (W-Y) 
B=IA BS (X-Z) 
DIST=A 
IF (B.GT.A) D!ST=B 
RETURN 
END 
SUBROUTINE ONEPAN 
I~PLICIT INTEGER (A-Z) 
COMMON /MLIST/ MCVE(700) ,PLY,SCOLOR,C,MOVEP,O 
COMMON /DLIST/ MP(20),SCORE(20),CAPTY(20),BOARD(8,8) 
COMMON /SKORE/ MATEFW,MATERB 
COMMON /DRAW/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
COMMON /PLIST/ WHITEP(11),VH!TEX(11) ,WHITEY(11) 
COMMON /PLISTB/ ELACKP(11) ,BLACKX(11),BLACKY(11) 
COMMON /PLISTZ/ QC,KXO,KYO,KX,KY,PX,PY,PX1,PY1, 

1KX1,KY1,KX2,RY2 

SUBROUTINE ONEPAN IS CALLED FROM TREE ANt, WEEN GIVEN A 
POSITION WITH ONLY ONE PAWN, IT SCORES IT AS A TERMINAL NODE. 
TO DETERMINE WHETHER THE POSITION IS WON OR DRAWN ONEPAN USES 
THE 'RULE OF THE SQUARE' TEST AND/OR CALLS SUBROUTINES RKPAWN 
OR THPAWN, WHICHEVER IS APFBOPRIATE. ONEPAN WILL ONLY TEST 

. POSITIONS WITH A WHITE PAWN, SO THE GIVEN POSITION MUST BE 
1 SET UP' ACCORDINGLY. THE SCORING FUNCTION MOST ALSO BE 
ADJUSTED TO TAKE THIS FACT (IE. THE ORIGINAL MATERIAL 
SITUATION) INTO CONSIDERATION. IN ONEPAN THE X-Y 
COORDINATES OF THE BLACK KING ARE REPRESENTED BY KXO,KYO. 
AS WELL THE WHITE PAWN IS REPRESENTED BY PX,PY AND THE 
WHITE KING BY KX,KY. SINCE THESE VALUES ARE SOMETIMES 
CHANGED IN RKPAWN OR THPAWN, A COPY OF THEM HAS BEEN 
PRESERVED IN KX2,KY2,FX1,PY1 AND KX1,KY1 RESPECTIVELY. 
QC REFERS TO THE COLOUR OF THE PLAYER TO MOVE. THE VARIABLE 
ADD IN THE SCORING FUNCTION DISTINGUISHES BETWEEN POSITIONS 
ON A MINOR SCALE (IE. BASED ON THE PROXIMITY OF EITHER 
KING TO THE WHITE PAWN). THIS ENABLES THE TREE SEARCH TO SELECT 
THE 'BEST' OF SEVERAL EQUALLY 'liKELY' MOVES. 

C TEST FOR ONE PAWN AND WHICH SIDE HAS PAWN 
c 

c 
c 
c 
10 

1 1 

12 

IF ((MATERW.EQ.1).AND.(MATERB.EQ.O)) GOTO 10 
IF ((MATERB.EQ.-1) .AND.(MATERW.EQ.O}) GOTO 20 
RETURN 

SETS UP THE PAWN'S AND BCTH KING'S POSITIONS FOR SUBROUTINES 

QC=C 
J=2 
IF (WHITEP(J).EQ.1) GOTO 12 
,J=J+ 1 
GOTO 11 
P X= WHITE X (J) 
PY=WHITEY (J) 
KX=WHITEX (1) 
KY=WHITEY (1) 



c 
c 

KXO=BLACKX (1} 
KYO=BLAC KY (1) 
GO TO 50 
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C IF BLACK HAS THE PAWN, THE POSITION IS REVERSED. THE PROGRAM 
C WILL ONLY TEST A POSITION WITH A WHITE PAWN. 
c 
20 QC=-C 

J=2 
21 IF (BLACKP(J).EQ.-1) GOTO 22 

J=J+1 
GOTO 21 

22 PX=9-BLACKX(J) 
PY=9-BLACKY (J) 
KX=9-Bl.ACKX (1) 
KY=9-Bl.ACKY (1) 
KX0=9-WHITEX {1) 
KY0=9-WHITEY(1) 

50 DRAWC3==0 

c 

PX1=PX 
PY1=PY 
KX1=KX 
KY1=KY 
KX2=KXO 
KY2=KYO 

C BEGINS 'RULE OF THE SQUARE' TEST AND CONSIDERS 
C EXCEPTIONS EG. ROOK PAWN STAL!M~TE. 
c 

c 

IF { (PY. EQ. 2). AND. (OC.EQ.-1} .AND. (DIST (PX,PY ,KXO, KYO). EQ.1) 
1.AND. (D!ST(PX,PY,KX,KY).NE.1)) GOTO 888 

IF ((PY.EQ.7).AND. (80D(PX,7).EQ.1).AND. (KX.EQ.PX).AND. 
1 (KY. EQ. 8) • AND. ( ( (KYO. GE. 7) • AND. (tABS (KX-KXO) • EQ. 2)) • OR. 
1 ( (KYO.GE.6) .AND. (IABS (KX-KXO) .EQ.3) .AND. (QC.EQ.-1)) .OR. 
1 ((IABS(KX-KXO) .EQ.1) .AND.(KYO.EQ.6).UW. (QC.EQ.-1)))) 
1 GOTO 888 

DD=8-PY 
I! (PY.EQ.2) DD=S 
!F (QC.EQ.-1) DD=DD+1 
IF (IABS(KXO-PX) .GT.DD) GOTO 777 
IF ((8-KYO).GT.DD) GOTO 777 

C TESTS WHICH SUBROUTINE SHOULD EE APPLIED 
c 

c 

IP ((KYO.EQ.PY-1).0R. (MOD{PX,7).EQ.1)) CALL RKPAWN 
IF ((KY2.NE.PY1-1).AND.(MOD(PX1,7).NE.1)) CALL THPAWN 
RETURN 

C SCORES LOST POSITIONS 
c 
777 

801 

ADD=7+DIST(PX1,PY1,KX2,KY2)-DIST(PX1,8,KX1,KY1) 
IF (8ATERW. NE.1) GOTO 801 
SCORE{PLY+3)=6000-200*PLY-400*{8-PY1)-100*(1-C)+ADD 
D!UWC3=1 
RETURN 
SCORE(PLY+3)=-6000+200*PlY+400*(8-PY1)+100*{1+C)-ADD 
DRAWC3=1 
RETURN 
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~ 

- 124 -

c 
C SCORES DRAWN POSITIONS 
c 
888 AtD=7+DIST(PX1,PY1,KX2,KY2)-DIST(PX1,8,KX1,KY1) 

IF (MATERW.NE.1) GOTO 889 
SCORE(PlY+3)=ADD 
DRAWC3=1 
RETURN 

889 SCORE(PLY+3)=-ADD 

c 
c 
c ,.. .... 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c ,... 
\., 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ORA WC 3=1 
RETURN 
END 
SUBROUTINE RKPAWN 
IMPLICIT INTEGER (A-Z) 
COMMON /MLIST/ MOVE(700),PLY,SCOLOR,C,MOVEP,D 
CCMMON /DLIST/ Mf{20),SCORE(20),CAPTY(20),BOARD(8,8) 
COMMON /SKORE/ MATERW,MATERB 
COMMON /DRAW/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
COMMON /PLIST/ WHITEP(11) ,WHITEX(11) ,WHITEY(11) 
COMMON /PLISTB/ ELACKP(11) ,BLACKX(11) ,ELACKY(11) 
COMMON /PLISTZ/ QC,KXC,KYC,KX,KY,PX,PY,PX1,PY1, 

1KX1,KY1,KX2,KY2 

SUBROUTINE RKPAWN IS CAltFD FRCM ONEPAN WHEN A) THE 
BLACK KING IS ONE SQUARE BEHIND THE WHITE PAWN OR 
B) THE PAWN IS A ROOK PAWN. TBE PROGRAM TESTS,IN A 
SEQUENTIAL MANNER,WHAT ARE THE POSITIONS OF THE BLACK KING 
AND WHITE PAWN RELATIVE TO EACH OTHEF • (IE. FIRST TEST FOR 
WIDTH DISTANCE BETWEEN BLACK KING AND WHITE PAWN EG. 3 
FILES ADJACENT. SECOND TEST FCR HEIGHT DISTANCE BETWEEN 
THEM EG. D=q. NOTE: 0 FILES ADJACENT,D=O: BOTH PIECES 
OCCUPY THE SAME SQUARE.) IN EACH PARTICULAR CASE IT 
THEN TESTS WHETHER THE WHITE KING OCCUPIES A SQUARE WITHIN 
A SPECIFIED REGION AND, DEfENDING ON THE RESULT, SCORES THE 
POSITION. THIS IS A CASE BY CASE APPROACH. IN (A} WE CONSIDER 
PAWNS ON ANY PILE WITH D=-1 PUT IN (B) WE CONSIDER ONLY 
ROOK PAWNS WITH D VARYING FROM ZERO TO SIX. 
SUBROUTINE THPAWN IS CALLED FROM ONEPAN WHEN THE WHITE 
PAWN IS NOT CN THE ROOK FILE AND D VARIES 0-6. 
ITS STRUCTURE IS SIMILAR TO FKPAWN. IN THIS WAY 
WE CONSIDER ALL CASES. THIS, TOGETHEF WITH THE 
'RULE OF THE SQUARE' TEST AND EXCEPTIONS, HANDLED IN ONEPAN, 
WILL SCORE ANY GIVEN POSITION WITH ONE PAWN. 

IF {KYO. NE. PY-1) GOTO 100 

D=-1 BEGINS 

THE BLACK KING IS ON THE SAME FILE OR ONE FILE ADJACENT TO 
THE WHITE PAWN 

IF (IABS(KXO-PX).GT.1) GOTO 5 
IF (IABS(KX-PX).GT.1) GOTO 888 
IF (IABS(KY-PY).GT.1} GCTO 888 



c c 
c 
c 
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GOTO 777 

2 FILES A£JACENT:D=O 

5 IF (IABS(PX-KXO).~E.2) GOTO 20 
IF (IABS(KX-FX).GT.2) GOTO 888 
IF (MOD (PX, 7) • NE.1} GOTO 15 
IF (PY.EQ.7) GOTO 10 
IF ((PY.EQ.6).AND.(KY.EQ.8).AND.(KX.EQ.PX)) GOTO 888 
IF (KY.LE.PY) GOIO 888 
IF (KY.GT.PY+2) GOTO 888 
IF ((KX.EQ.KXO).AND.(RY.EQ.PY+2)) GOTO 888 
GOTO 777 

10 IF (KY.LT.6) GOTO 888 
IF ((KY.EQ.8) .AND. (RX.EQ.PX)) GOTO 888 
GOTO 777 

15 IF (KY.tT.KYC) GOTO 888 

c 

IF (KY.GT.PY+2) GOTO 888 
IF ( (KY.EQ. PY+2) .AND. (KX. E<;. KXO)) GO'rO 888 
GOTO 777 

C 3 FILES ADJACENT 
c 
20 IF (IABS(KXO-PX).NE.3) GOTO 35 

!F (IABS(KX-PX).GT.3) GOTO 888 
IF (KY.GT.PY+3) GOTO 888 
IF ((KI.EQ.KXO).AND. (KY.GT.PY+1)) GOTO 888 
IF (MOD(PX,7).NE.1) GOTO 30 
IF (KY.LT.KYC) GOTO 888 
IF ((KX.EQ.PX).AND.(KY.EQ.KYO)) GOTO 888 
GOTO 777 

30 IF (KY.tT.KY0-1) GOTO 888 
GOTO 777 

c 
C 4 FILES ADJACENT 
c 
35 IF (IABS{KXO-PX).NE.4) GOTO 45 

IF {KY.GT.PY+4) GOTO 888 
IF (IABS(KX-PX).GT.4) GCTO 888 

38 IF ( (KI.EQ.KXO) .AND. (KY.G'!.PY+1)) GOTO 888 
IF ( (IABS (KX-KXO) .EQ.1) .AND. (KY .GT.PY+3)) GOTO 888 
IF {MOD (PX, 7). NE.'t) GOTO 40 
IF (KY.LT.KY~ GOTO 888 
GOTO 777 

40 IF (KY.tT.KY0-1) GOTO 888 

c 
c 
c 
45 

c 

IF ((KY.EQ.KY0-1) .AND.(IABS(KX-KXO).LE.2)) GOTO 888 
GOTO 777 

5 FILES AtJACENT 

!F (IABS{KXO-PX).NE.5) GOTO 60 
IF (IABS(KX-PX).GT.5} GCTO 888 
IF (MOD{PX,7).EQ.1) GOTO 38 
KYO=O 
IF (PY.EQ.4) KY0=2 
GO:rO 38 

C 6 FILES ADJACENT 



c 

-

c 
60 

65 

c 
c 
c 
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IF (MOD(PX,7).NE.1) GCTC 65 
IF (IABS{KX-PX).GT.6) GOTO 888 
GOTO 38 
IF {(KX.EQ.KXO).AND.(KY.GT.PY+1)) GOTO 888 
IF ((KY.GT.6).AND.(IABS(KX-KXO).EQ.1)) GOTO 888 
GOTO 777 

C ROOK PAWN BEGINS 
c 
c 
c 
C 0 OR 1 FILES ADJACENT 
c 
100 QD=O 

IF (KXO.EQ.PX) GOTO A8B 
IF (!JI.BS (KXO-PX). NE. 1) GOTO 110 
IF (KYO.NE.PY) GOTO 888 
IF (QC.EQ.-1) GOTO 888 
IF (PY.EQ.6) GOTO 105 

103 IF (KY.NE.PY+2) GOTO 888 
IF (IABS(KX-FX).GT.1) GOTO 888 
GOTO 777 

105 IF (KY.NE.PY+2) GOTO 888 

c 

IF (IABS(KX-FX).NE.1) GOTO 888 
GOTO 777 

C 2 FILES ADJACENT 
c 
110 IF (IABS (KXO-PX).NE.2) GOTO 160 

IF (KYO.NE.PY) GOTO 125 
IF (PY.EQ.7) GOTO 120 
IF (PY.EQ.2) GOTO 115 
IF (QC.EQ.-1) GOTO 105 

113 IF (KY.GT.PY+3) GOTO 888 
114 IF (KY.LT.KYO) GOTO 8A8 

IF (IABS(KX-PX).GT.2+Q~ GOTO 888 
GOTO 777 

115 IF (KY.GT.PY+4) GOTO 888 
IF (KY.LT.KYC+2) GOTO 888 
IF (IABS(KX-PX) .GT.3) GOTO 888 
GOTO 777 

120 IF (KY.NE.6) GOTO 888 

c 

IF (IABS(KX-PX).GT.2) GOTO 888 
GOTO 777 

C D=1 
c 
125 IF (KYO.NE.PY+1) GOTO 145 

IF (PY.EQ.7} GOTO 120 
IF (PY.NE.2) GOTO 135 
IF (QC.EQ.1) GOTO 130 
IF (KY.NE.PY+3) GOTO 888 
IF (KX.EQ.PX) GOTO 888 
IF (IABS(KX-PX).GT.2) GCTO 888 
GOTO 777 
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130 KYO=KY0-1 
GOTO 115 

135 IF (QC.EQ.-1) GOTO 888 
PY=PY+1 
GOTO 105 

C D=2 OR GREATER 
c 
145 IF (KYO.NE.PY+2) GOTC 888 

IF (PY.EQ.6) GOTC 155 
IF (PY.NE.2) GOTO 888 
IF (QC.EQ.-1) GOTO 8A8 
PY=PY+2 
GOTO 105 

155 IF (QC.EQ.-1) GOTO 888 
GOTO 120 

c 
C 3 FILES ADJACENT:D=O 
c 
160 IF (IABS(KXO-PX).NE.3) GOTO 250 

IF (KYO.NE.PY} GOTO 170 
IF {PY.NE.2) GOTC 165 
IF (KY.GT.PY+4) GOTO 888 
IF ( (KX. EQ. PX) .AND. (KY .EQ. PY+1)) GOTO 888 
GOTO 392 

165 IF (QC.EQ.1) GOTO 167 
166 IF ((IABS(KX-PX).EQ.2).AND.(KY.EQ.KY0+2)) GOTO 777 

GOTO 172 
167 IF ((KX.EQ.KXO).AND.(KY.GT.KYO).AND. (KY.LT.KY0+4)) GOrO 777 

PY=PY+1 
KYO=KY0-1 
GOTO 113 

c 
C D=1 
c 
170 IF (KYO.NE.PY+1} GOTC 190 

IF (PY.EQ.6) GOTO 1R5 
IF (PY.EQ.2) GOTO 180 
IF (QC.EQ.1) GOTO 175 

172 IF (KY.GT.PY+3) GOTO 888 
173 IF (IABS(KX-PX).NE.1) GOTO 888 

IF (KY.LT.KYO) GOTO 888 
GOTO 777 

175 KYO=KY0-1 
PY=PY+1 
GOTO 113 

180 IF (QC.EQ.1) GOTO 183 
IF ((KX.EQ.KXO).AND. (KY.EQ.KY0+2)) GOTO 777 
PY=PY+1 
GOTO 166 

183 IF ((KY.GT.KYO).AND.(KY.LT.KY0+4).AND. 
1 (lABS (KX-KXO}. lE. 1)) GOTO 777 

PY=PY+ 2 
KYO=KY0-1 
GOTO 113 

185 KYO=KY0-1 
GOTO 173 

c 



c 
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C D=2 
c 
190 IF (KYO.NE.PY+2) GOTO 215 

IF (PY.EQ.2) GOTO 205 
If (PY.EQ.6) GOTO 200 
IF (QC.E0.1) GOTO 175 
GOTO 172 

200 IF ((KY.EQ.6).AND.(IABS(KX-PX}.EQ.2)) GOTO 77~ 
KYO=KY0-2 
GOTO 173 

205 PY=PY+1 

c 

IF (QC.EQ.1) GOTO 175 
GOTO 172 

C D=3 OR GREATER 
c 
215 IF {KYO.NE.PY+3) GOTO 245 

IF (PY.EQ.2) GOTO 235 
217 IF {PY.EQ.S) KYC=KY0-1 

IF (QC.EQ.1) GOTO 175 
GOTO 172 

235 IF (QC.EQ.1) GOTO 240 
PY=PY+1 
GOTO 172 

240 PY=PY+2 
KYO=KY0-1 
GOTO 113 

245 IF (KYO.EQ.S) PY=S 

c 

IF (KYO.EQ.PY+4) PY=PY+1 
IF (KYO.EQ.PY+5) PY=PY+2 
GOTO 217 

C 4 FILES ADJACENT:D=O 
c 
250 IF (IABS(KXO-PX).NE.4) GOTO 370 

IF (KYO.NE.PY) GOTO 265 
IF (PY.EQ.2) GOTO 260 
IF (QC.EQ.1) GOTO 255 

253 IF ((IABS(KX-PX).EQ.3).AND.(KY.EQ.KY0+2)) GOTO 777 
PY=PY+1 
GOTO 113 

255 QD=1 
PY=9 
GOTO 167 

260 IF (MOD (KY, 7). EQ.1) GOTO 888 
IF (IABS(KX-PX).GT.4} GOTO 888 

c 

IF ((IABS(KX-PX).GT.2) .AND.(KY.GT.6)) GOTO 888 
GOTO 111 

C D=1 
c 
265 IF (KYO.NE.PY+1) GOTO 285 

IF (PY.EQ.2) GOTO 275 
:~ IF {QC.EQ.1) GOTO 270 
.... PY=PY+1 

GOTO 113 
270 KYO=KY0-1 

QD=1 
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GOTO 114 

c 275 IF (QC.EQ.1) GOTO 280 
IF ((KX.EQ.KXO).AND.(KY.EQ.KY0+2)) GOTO 777 
PY=PY+1 
GOTO 253 

280 QD=1 
PY=9 
GOTO 183 ,.. 

'-
c D=2 
c 
285 TP (KYO. NE. PY+2) GOTO 315 

IF (PY. EQ. 2) GOTO 305 
IF ( PY .EQ. 5) GOTO 300 
IF (QC. EQ.1) GOTO 270 
PY=PY+1 
GOTO 113 

300 KYO=KY0-1 
GOTO 11 q 

305 IF (QC. EQ.1) GOTO 270 
PY=PY+2 
GOTO 113 

c 
c D=3 
c 
315 IF (KYO. NE. PY+l) GOTO 345 

IF (PY.EQ.5) GOTO 325 
IF (PY.EQ.4) GOTO 330 
IF (PY. EQ. 2) GOTO 340 
IF (QC. EQ. 1) GOTO 270 
PY=PY+1 
GOTO 113 

325 KYO=KY0-2 
GOTO 114 

330 KYO=KY0-1 
IF (QC.EQ.1) GOTO 270 
GOTO 114 

340 IF (QC.EQ.1) GOTO 270 
PY=PY+2 
GOTO 113 

c 
c D=4 OR GREATER 
c 
345 IF (KYO. EQ. 8) GOTO 365 

IF (KYO.EQ.7} KYO=KY0-1 
IF (QC. EQ. 1) GOTO 270 
IF (KY. EQ. 8) GOTO 888 
GOTO 114 

365 KYO=KY0-2 
IF (QC.EQ.1) GOTO 270 
GOTO , 14 

c 
f"' 5 FILES ADJACENT:D=O ·~ 

.~ c 
·~ 370 IF (IABS(KXO·PX}.NE.5) GOTO 430 

IF (KYO. NE. PY) GOTO 390 
IF (PY.EQ.2) GOTO 380 
IF (QC.EQ. 1) GOTO 375 



_,.., ......., 

!""" -

]71 
372 

375 

380 
385 

c 
c 
c 
390 

392 

395 

401 

c 
c 
c 
405 

c 
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QD=1 
IF ((IABS(KX-PX).EQ.4) .AND.(KY.EQ.KY0+2)) GOTO 777 
GOTO 114 
QD=2 
PY=9 
GOTO 167 
QD=3 
IF ((KY.GT.6).AND.(IAl3S(KX-PX}.GT.3)) GOTO 888 
GOTO 114 

D=1 

IF {KYO.NE.PY+1) GOTO 405 
IF (PY.EQ.2) GOTO 401 
IF (QC.EQ.1) GOTO 395 
QD=1 
GOTO 114 
IF (IABS(KX-PX).GT.4) GOTO 888 
IF (KY.LT.KY0-1) GOTO 888 
GOTO 777 
IF (QC.EQ.1) GOTO 435 
IF ((KX.EQ.KXO).AND.(KY.EQ.KY0+2)) GOTO 777 
GOTO 371 

D=2 

IF (KYO.NE.PY+2) GOTO 425 
IF (PY.EQ.4) KYC=KY0•1 
IF (QC.EQ.1) GOTO 395 
QD=1 
GOTO 114 

C D=3 OR GREATER 
c 
425 KY0:5 

c 

IF (QC.EQ.1) GOTO 395 
QD=1 
GOTO 114 

C 6 FILES ADJACENT:D=O 
c 
430 IF (KYO.NE.PY) GOTO 440 

IF (PY.EQ.2) GOTO 435 
433 QD=2 

IF ((IABS(KX-PX).EQ.S).AND.(KY.EQ.KY0+2)} GOTO 777 
GOTO 114 

435 QD=4 

c 
c 
c 
440 

445 

450 

IF ((Kl.GT.6).AND.{IABS(KX-PX).GT.4)) GOTO 888 
KY0=2 
GOTO 114 

D=1 

IF (KYO.NE.PY+1) GOTO q60 
IF (PY.EQ.2) GOTO 450 
QD=2 
GOTO 114 
IF ( (KX. EQ. KXO) .AND. (KY. EQ. KY0+2)) GOTO 777 



c 

c 

c 
c 
c 
460 

c 
c 
c 
c 
c 
c 

GOTO 433 

D=2 OR GREATER 

KY0=4 
QD=2 
GOTO 114 
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777 ADD=7+DIST(PX1,PY1,KX2,KY2)-DIST(PX1,8,KX1,KY1) 
IF(MATERW.NE.1) GOTO 801 
SCORE(PLY+3)=6000-200*PLY-400*(8-PY1)-100*(1-C)+ADD 
DRAWC3=1 
RETURN 

801 SCORE(PLY+3)=-6000+200*FLY+400*(8-PY1)+100*(1+C)-ADD 
DRAWC3=1 
BETURN 

888 ADD=7+DIST(PX1,PY1,KX2,KY2)-DIST{PX1,8,KX1,KY1) 
IF (MATEBW.NE.1) GOTO 889 
SCORE(PLY+3)=ADD 
DRAWC3=1 
RETURN 

889 SCORE(PLY+3)=-ADD 

c 

DRAWC3=1 
RETURN 
END 
SUBROUTINE THPAWN 
IMPLICIT INTEGER {A-Z) 
COMMON /KLIST/ MOVE(700),PLY,SCOLCR,C,MOVEP,D 
COMMON /DLIST/ MP{20),SCORE(20) ,CAPTY(20),EOARD(8,8) 
COMMON /SKORE/ MATERW,MATERB 
COMMON /DR~W/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
COMMON /PLIST/ WHITEP(11) ,WHITEX(11) ,WHITEY{11) 
CCMMON /PLISTB/ BLACKP(11) ,BLACKX(11),BLACKY(11) 
COMMON /PLISTZ/ QC,KXC,KYC,KX,KY,PX,PY,PX1,PY1, 

1 KX 1, Kt 1 I KX2 I KY2 

C 0 FILES ADJACENT 
c 

105 

110 

IF (KXO.NE.PX) GCTO 300 
IF (KYO.NE.PY+1) GOTO 110 
IF (KYO.NE.8) GOTO 888 
IF (QC.EQ.1} GOTC 105 
IF (KY.NE.6) GOTO 888 
IF (IABS(KX-PX).NE.1) GOTO 688 
GOTO 777 
IF ((KY.LT.S).OR.(KY.EQ.8)) GOTO 888 
IF (IABS(KX-PX).GT.2) GOTO 888 
IF {(KY.EQ.6).AND.(IABS(KX-PX).EQ.1)) GOTO 888 
GOTO 777 
IF (KYO.NE.PY+2) GOTO 120 
IF (KYO.NE.S) GOTO 888 
IP (QC.NE.1) GOTO 888 
IF {KY.NE.PY) GOTO 888 
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!F (IABS(KX-PX).NE.1} GOTO 888 
GOTO 777 

120 IF (KYO.NE.PY+3) GOTO 130 
IF (KYO.NE.8) GOTO 125 
IF (QC.EQ.1) GOTO 123 
IF (KY.NE.6) GOTO 988 
IF (IABS(KX-PX).GT.1) GOTO 888 
GOTO 777 

123 IF ( (KY. LT. 5). OR. (KY. EQ. 8)) GO!O 888 
IF (IABS(KX-PX).GT.2) GOTO 888 
GOTO 777 

125 IF (QC.EQ.1) GOTO 127 
IF (KY.NE.PY+1) GOTO 888 
IF (KX.NE.Pl) GOTO 888 
GOTO 777 

127 IF (IABS(KX-PX).NE.1) GOTO 888 
IF ((KY.LT.PY).OB. (KY.GT.PY+1)) GOTO 888 
GOTO 777 

130 QD=KYO-PY 

c 

IF (QC. EQ.1) QD=QD+1 
IF (KY.LT.PY+6-QD) GOTO 888 
IF (KY.GT.PY+QD-2) GOTO 888 
IF (IABS(KX-PX).GT.QD-3) GOTO 888 
GOTO 777 

C 1 FILE ADJACENT 
c 
300 IF (IABS(KXO-PX).NE.1) GOTO 410 
310 IF (KYO.NE.PY) GOTO 316 

I F (QC. E Q. 1 ) GOT 0 31 5 
IF ((KY.LT.PY).OR.{KY.GT.PY+1)) GOTO 888 
IF (IABS(KX-FX).NE.1) GCTO 888 
GOTO 777 

315 . IF ( IABS (KX-PX). GT. 2) GOTO 888 
IF ((KY.LT.PY-1).0R.(KY.GT.PY+2)) GOTO 888 
IF ((IABS(KX-PX).EQ.2).AND.(IlBS(KXO-KX).EQ.1)} GOTO 888 
GOTO 777 

316 IF (KYO.NE.PY+1) GOTO 320 
IF (PY.EQ.6) GOTO 317 
IF (PY.EQ.7) GOTO 318 
IF (KY.NE.KYO) GOTO 888 
IF (IADS(KX-PX).NE.1) GOTO 888 
GOTO 777 

317 IF (MOD(KY,8).L~.6) GOTO 888 
IF (IABS(KX-PX) .NE.1) GOTO 888 
IF ( (MOD(KX0,7) .EQ.1) .AND. (KY.EQ.6)) GOTO 888 
GOTO 777 

318 IF ({KY.EQ.6).AND.(KX.EQ.PX)) GOTO 777 
IF (KY.LE.6) GOTO 888 
IF (IABS(KX-fX).NE.1) GOTO 888 
GOTO 777 

320 IF (KYO.NE.PY+2) GOTO 330 
IF (KYO. NE. 8) GOTO 325 c IF ((MOD(PX,S).EQ.2).AND.(MOD(KX0,7).EQ.1)) GOTO 323 
IF (QC.EQ.1) GOTO 322 
IF ( (KY. GE. 6). AND. (IABS {KX-PX). LE. 1)) GOTO 777 
GOTO 888 

322 IF ((KY.LT.S).OR.(IAES(KX-PX).GT.2)) GOTO 888 



c 
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IF ( (KX.EQ.KXO) .AND. (KY.EQ.PY)) GOTO 888 
GOTO 777 

323 IF (QC.EQ.1) GOTO 324 
IF { (KY .EQ. 6). AND. {IABS (KX-PX). EQ.1)) GOTO 777 
GOTO 888 

324 IF ({KY.EQ.6).AND.{IABS(KX-PX).EQ.1)) GOTO 888 
IF ((KY.EQ.8).AND.(IABS(KX-PX}.GT.1)) GOTO 888 
GOTO 322 

325 IF (QC.EQ.1) GOTC 327 
IF ((KY.LE.PY).OR.(KY.GT.PY+2)} GOTO 888 
IF (IABS(KX-PX).NE.1) GOTO 888 
GOTO 777 

327 IF ((KY.LT.PY).OR.(KY.GT.PY+3)) GOTO 888 
IF ((1ABS(KX-PX).GT.2).CB. (IABS(KX-KXO).tT.2)) GOTO 888 
GOTO 777 

330 IF (KYO.NE.PY+3) GOTO 340 
IF (KYO.NE.8) GOTO 335 
IF (QC.EQ.1) GOTO 332 
IF ((KY.LT.6).0R.(IABS(KX-PX).GT.1)) GOTO 888 
GOTO 777 

332 IF ((KY.LT.5).0R. (IAES(KX-PX).GT.2)) GOTO 888 
GOTO 777 

3 3 5 IF (QC. EQ. 1 ) GOTO 3 3 7 
IF (lABS (KX-PX). NE. 1) GOTO 888 
IF {(KY.LE.PY).OR. (KY.GT.KYO)) GOTO 888 
GOTO 777 

337 IF (IABS(KX·PX).GT.2) GOTO 888 
IF ( (KY.LT.PY) .OR. (KY.GT.KY0+1)) GOTO 888 
IF ((KX.EQ.KXO).AND. (KY.EQ.KY0-2)} GOTO 888 
GOTO 777 

340 IF (KYO.NE.PY+4) GOTO 350 
IF (QC.!Q.1) GOTO 345 
IF ( (IABS {KX-KXO). EQ. 2) • UID. (lABS ( KX-PX) .EQ. 1) • A NO. 

1 (KY.GT.PY) .AND.(KY.tE.KYO}) GOTO 777 
IF ((KY.EQ.PY+2).AND. (IABS(KX-PX).tT.2)) GOTO 777 
GOTO 888 

345 IF ((IABS(KX-KXO).LE.1) .AND. (KY.EQ.PY)) GOTO 888 
IF (IABS(KX-PX).GT.2) GOTO 888 
IF (KY.tT.PY) GOTO 888 
IF (KY.GT.KY0+1) GOTO 888 
GOTO 777 

350 IF (KYO.NE.PY+5) GOTC 360 
IF (QC. EQ.1) GOTO 355 
IF ((KY.tE.PY) .OB.(KY.GT.KYO)) GOTO 888 
IF (IABS (KX-PX). GT. 2) GOTO 888 
IF ({IABS(KX-PX).EQ.2).AND.(KY.GT.PY+3)) GOTO 888 
GOTO 777 

355 IF (IABS(KX-PX).GT.3) GOTO 888 
IF (KY.tT.PY) GOTO 888 
IF (( IABS(KX-PX).EQ.3).AND.(KY.GE.KYO)) GOTO 888 
GOTO 777 

360 IF (QC.EQ.1) GOTO 365 
IF (IABS(KX-PX).GT.3) GOTO 888 
JF {KY.F.Q.1) GOTO 888 
IF ((IABS(KX-PX).GT.1).AND.(KY.GE.7)) GOTO 888 
GOTO 777 

365 IF (IABS(KX-PX).GT.4) GOTO 888 
IF ((KY.EQ.8).AND.(IABS(KX-PX).GT.2)) GOTO 8A8 
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GOTO 777 
c 
C 2 FILES ADJACENT 
c 
410 QD=O 

QK=O 
IF (IABS(KXO-PX).NE.2) GOTO 525 
IF (KYO.NE.Pl) GOTO 425 
IF (PY.EQ.2) GOTO 420 
IF (QC.EQ.1) GOTO 415 
IF (KX.EQ.KXO) GOTO 888 

413 IF (KY.GT.PY+2) GOTO 888 
414 IF (KY.LT.KY0-1+QK) GOTC 888 

IF (IABS(KX-PX).GT.2+QD) GOTO 888 
GOTO 777 

415 IF {(IABS(KX-PX).EQ.3).AND.(IABS(KX-KXO).EQ.1)) GOTO 888 
IF ( (KX. EQ. KXO). AND. (KY. EQ. KY0-2)) GOTO 888 

f.l.17 QK=-1 
PY=PY+1 
QD=1 
GOTO 413 

420 PY=J 
GOTO 417 

425 IF (KYO.NE.PY+1) GOTO 460 
IF (PY.EQ.6) GOTO 450 
IF (PY.EQ.2) GOTO 440 
IP (PY.EQ.7) GOTO 430 
IF (QC.EQ.-1) GOTO 413 
IF ((IABS(KX-PX).EQ.1) .AND.(KY.EQ.PY+3)) GOTO 777 
IF (IABS(KX-KXO}.LE.1) GOTO 888 
GOTO 417 

430 IF ( (MOD(PX,3) .NE.O) .OR. (MOD(KX0,7).NB.1)) GOTO 435 
IF (IABS(KX-KXO).LE.1) GOTO 888 

435 KY0=7 
GOTO 414 

440 IF (QC.EQ.1) GOTO 445 
PY=3 
GOTO 413 

445 IF ((KY.EQ.1).AND.(IABS(KX-KXO).LE.1)) GOTO 888 
PY=4 
KY0=1 
QD=1 
GOTO 413 

450 IF (QC.EQ.1) GOTO 455 
KY0=6 
GOTO 414 

455 KY0=5 
QD=1 
GOTO 414 

460 IF (KYO.NE.Pl+2) GOTO 480 
IF (PY.EQ.6) GOTO 470 
IF (QC.EQ.1) GOTO 465 
IF (IABS(KX-KXO).LE.1) GOTO 888 
PY=PY+1 
QK=-1 
GOTO 413 

465 IF {(IABS(KY-KYO).EQ.2).AND.(IABS(KX-PX).EQ.1)) GOTO 777 
IF (IABS(KX-KXO).LE.1) GOTO 888 
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PY=PY+2 
QK=-2 
QD=1 
GOTO 413 
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470 IF (QC.EQ.1) GOTO 475 
IF ((KY.EQ.6).AND.{I!BS(KX-KXC).EQ.1)} GOTO 888 
KY0=6 
GOTO 414 

475 KY0=5 
QD=1 
GOTO 414 

480 IF (KYO.NE.PY+3) GOTO 495 
IF (PY.EQ.S) GOTO 490 
IF (QC.EQ.1) GOTO 485 

482 IF ((KX.EQ.KXO).AND. (KY.EQ.KY0-2)) GOTO 777 
IF (IABS(KX-KXO).LE.1) GOTO 888 
PY=PY+1 
QK=-2 
GOTO 413 

485 IF ((KX.EQ.KXO).AND.(KY.EQ.KY0-2)) GOTO 888 
486 IF ((IABS(KX-KXO).LE.1).AND.(KY.EQ.PY-1)) GOTO 888 

PY-=PY+2 
QK=-3 
QD=1 
GOTO 413 

490 IF (QC.EQ.1) GOTO 486 
IF ( (KY.EQ.5) .AND. (IABS(KX-KXO) .LE.1)) GOTO 888 
KY0-=6 
GOTO 414 

495 IF (KYO.NE.PY+4) GOTO 505 
IF (QC.EQ.1) GOTO 500 
IF ((lABS (KX-KXO). tE.1) .AND. (KY .LT.KY0-2)) GOTO 888 

497 PY=PY+2 
QK=-3 
GOTO 413 

500 IF ((IABS(KX-PX}.EQ.1).AND.(KY.EQ.PY)) GOTO 777 
IF {(lABS (KX-KXO) .LE.1) .AND .. (KY.LE.PY)) GOTO 888 
PY=PY+3 
QK=-4 
QD=1 
GOTO 413 

505 IF (KYO.NE.PY+5) GOTO 515 
IF (QC.EQ.1) GOTO 510 
IF ((IABS(KX-KXO).LE.1) .AND. (KY.EQ.PY)) GOTO 888 
PY=PY+3 
QK=-4 
GOTO 413 

510 IF {(IABS(KX-KXO).tE.1).AND.(KY.LT.PY)) GOTO 888 
QK=-5 
QD=1 
GOTO 414 

515 IF (QC.EQ.1) GOTO 520 
IF ((IABS(KX-KXO).EQ.S).AND.(KY.GE.7)) GOTO 888 
KY0=3 
QD=1 
GOTO 414 

520 IF (IABS(KX-PX).GT.4) GOTO 888 
IF ((KY.EQ.8) .AND.(IABS(KX-PX).EQ.4)) GOTO 888 
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GOTO 777 

3 PILES ADJACENT 

525 IF (IABS(KXO-PX).NE.3) GOTO 660 
IF (KYO.NE.PY) GOTO 545 
IF (PY.EQ.6) GOTO 540 
IF (PY.EQ.2) GOTO 535 
IF (QC.EQ.1) GOTO 530 

526 IF ((KY.EQ.PY+2).AND. (IABS(KX-PX).EQ.2)) GOTO 777 
527 IF ((KY.EQ.PY-1).AND. (IABS(KX-KXO) .EQ.2)) GOTO 888 
528 IF (IABS(KX-KXO).LE.1) GOTO 888 

PY=PY+ 1 
QD-=1 
GOTO 413 

530 IF ((KY.EQ.KY0+4).AND.(KX.EQ.KXO)) GOTO 888 
IF ((IABS(KX-KXO).LE.1).AND.(KY.EQ.KY0-2)} GOTO 888 
IF ((IABS(KX-KXC) .EQ.1) .AND. (IABS(KX-PX) .EQ.4)) GOTO 888 
QD=2 
KYO-=KY0-1 
PY=PY+2 
GOTO 413 

535 IF ((IABS(KX-KXO).EQ.2).AND.(KY.EQ.PY-1)) GOTO 888 
PY-=4 
QD=1 
GCTO 413 

540 IF ( (KY. EQ. 8) .AND. (IlBS (KX-PX). EQ. 2)) GOTO 777 
IF (IABS(KX-KXO).LE.1) GOTO 888 
KYO=KY0-1 
QD=1 
GOTO 414 

545 IF (KYO.NE.PY+1) GOTO 570 
IF (PY.EQ.6) GOTO 565 
IF (PY.EQ.2) GOTO 555 

547 IF (QC.EQ.1) GOTO 550 
KYO=KY0-1 
GOTO 527 

550 IF ((KY.EQ.PY-2).AND.(IABS(KX-KXO).EQ.1)) GOTO 888 
551 IF ( (IABS ( KX-KXO) • LE .1) • AND. (IABS (KX-PX). GT. 2)) GOTO 8 88 

KYO=KY0-2 
PY=PY+2 
QD=2 
GOTO 413 

555 IF (QC.EQ.1) GOTO 560 
IF ((KY.EQ.PY-1).AND.(IABS(KX-KXO).LE.2)) GOTO 888 
IF {(KY.EQ.KY0+3).AND.(IABS(KXO-KX).LE.1)) GOTO 888 
KY0=2 
PY=4 
QD=1 
GOTO 413 

560 IF ( (!lBS(KX-KXO) .LE.1) .AND. (IABS(KX-PX) .GT.2) .AND. 
1 (MOD(KY,6).EQ.1)) GO'I'O 888 

IF (KY.RQ.8) GOTO 888 
IF (IABS(KX-FX).GT.4) GOTO 888 
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GOTO 777 
56 5 IF ( ( K Y. E Q. P Y-2 ) • AND • (I A B S ( K X-K X 0) • L E. 1 ) ) GOT 0 8 8 8 

KY0=5 . 
QD=1 
GOTO 414 

570 IF (KYO.NE.PY+2) GOTO 605 
IF (PY.EQ.6) GOTO 600 
IF (PY.EQ.5) GOTO 590 
IF (PY.EQ.2) GOTO 580 
KYO= KY0-1 
GOTO 547 

580 KYO=O 
PY=3 
IF (QC.EQ.1) GOTO 551 
IF ((KY.EQ.PY-2).AND.(IABS(KX-KXO).EQ.2)) GOTO 888 
GOTO 528 

590 IF {QC.EQ.1) GOTO 595 
592 IF ((KX.EQ.KXO).AND.(KY.EQ.PY)) GOTO 888 

IF ( (IABS (KX-KXO). LE. 2) • AND. (KY. EQ. 4)) GOTO 888 
KYO=S 
Qt=1 
GOTO 414 

595 IF ((!ABS(KX-KXO).LE.1).AND.(KY.EQ.3)) GOTO 888 
IF ( (IABS (KX-PX) • EQ. 4) • AND. (lABS (KX-KXO) • EQ. 1)) GOTO 888 
KY0=4 
QD=2 
GOTO 414 

600 KY0=5 
QD=1 
GOTO 414 

605 IF (KYO.NE.PY+3) GOTO 625 
IF (PY.EQ.5) GOTO 615 
IF (QC.EQ.1) GOTO 610 
IF ((KX.EQ.KXO).AND.{KY.EQ.KY0-2)) GOTO 777 
IF ((KY.EQ.PY-1).AND. (IABS(KX-KXO).EQ.2)) GOTO 888 
IF (IABS{KX-KXC).LE.1) GOTO 888 
PY=PY+2 
QK=-3 
QD=1 
GOTO 413 

610 IF (((KY.EQ.PY-1).0R. (KY.EQ.KY0+2)) .AND.(IABS(KX-PX) .EQ.2)) 
1 GOTO 777 

IF ((IABS(KX-KXO).EQ.1) .1ND.(KY.EQ.PY+1)) GOTO 777 
IF ((IABS(KX-KXO).LE.1).AND.(KY.EQ.PY)) GOTO 777 
IF (IABS(KX-KXO).LE.1) GOTO 888 
PY=PY+3 
QK=-4 
QD=2 
GOTO 413 

615 IF (QC.EQ.-1) GOTO 592 
IF ((KY.GE.5).AND.(IlBS(KX-KXO).EQ.1)) GOTO 777 
GOTO 595 

625 IF (KYO.NE.PY+4) GOTO 635 
IF (QC.EQ.1) GOTO 630 
IF ( (IABS (KX-KXO) .LE.1) .AND. (KY.LE.PY+1)) GOTO 888 
IF ( (IABS ( KX-KXO) • EQ. 2) • AN D. (KY. EQ. PY-1)) GOTO 8 88 
PY=PY+2 
QK=-4 
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QD=1 
GOTO 413 
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630 IF ((IABS{KX-PX).EQ.2) .AND.(KY.GE.PY-1) 
1.AND.(KY.LE.KYO)) GOTO 777 

IF ((KY.LE.PY).AND .. (IABS(KX-KXO).LE.1)) GOTO 888 
PY-=PY+'3 
QK=-5 
QD=2 
GOTO fJ13 

635 !F (KYO.NE.PY•5) GOTO 645 
IF (QC.EQ.1) GOTC 64C 
IF ({IABS(KX-PI).EQ.1).ANU.(KY.EQ.PY)) GOTO 777 
IF ((IABS(KX-KXO).LE.2) .AND. (KY.LE.PY)) GOTO 888 
PY=PY+3 
QK=-5 
QD-=1 
GOTO 413 

640 IF ((KY.EQ.PY-1).AND.(IABS(KX-PX).EQ.2)) GOTO 777 
IF ((IABS(KX-KXO).LE.1).AND. (KY.LT.PY)) GOTO 888 
QK=-6 
QD=2 
GOTO 414 

645 IF (QC.EQ.1) GOTO 650 
IF ((IABS(KX-KIO).LE.2) .AND. (KY.EQ.1)) GOTO 888 
QD=1 
QK=-6 
GOTO 414 

650 IF (IABS(KX·PX).GT.4) GOTO 888 
GOTO 777 

c 
c 
c 
C 4 FILES ADJACENT 
c 
c 
c 
660 IF {IABS(KXO-PI).NE.4) GOTO 770 

IF (KYO.NE.PY) GOTO 675 
IF (PY.EQ.2) GOTO 670 
IF (QC.EQ.1) GOTO 664 
!F ((IABS(KX-PX).EQ.3).AND.(KY.EQ.PY+2)) GOTO 777 

662 IF ((IABS(KX-KXO).EQ.2).AND.(KY.EQ.PY-2)) GOTO 888 
663 IF (IABS(KX-KXO).LE.1) GOTO 888 

QD=1 
QK=QK-1 
PY=PY+2 
GOTO 413 

664 IF { (KX. EQ. KXO). AND. { ( KY. EQ. KY0+2) • OB. (KY. EQ. KY0+3) ) ) 
1 GOTO 777 

665 IF ((IABS(KX-KXO).EQ.1).AND.(KY.EQ.PY-3)) GOTO 888 
QK=-6 
QD-=1 
GOTO 414 

670 IF ((KY.EQ.7).AND.(IABS(KX-KXO).LE.1)) GOTO 888 
QD=2 
PY='5 
GOTO 413 

675 IF (KYO.NE.PY+1) GOTO 695 
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IF (PY.EQ.2) GOTO 685 
IF (QC.EQ.1) GOTO 665 
QK=-1 
GOTO 662 

685 IF (QC.EQ.1) GOTO 690 
IF ((IABS(KX-PX).tE.4).AND. (KY.EQ.KY0+2)} GOTO 777 
PY=3 
GOTO 663 

690 IF ((IABS(KX-KXO).tE.1).AND.(MOD(KY,7).GE.5)) GOTO 777 
IF (IABS(KX·PX}.GT.3} GC~O 888 
GOTO 777 

695 IF (KYO.NE.PY+2) GOTO 715 
!F (PY.EQ.2) GOTO 705 
IF (PY.EQ.5) GOTO 700 
IF (QC.EQ.1) GOTO 665 
QK=-2 
GOTO 662 

700 IF ((IABS(KX-KXO).EQ.1) .AND.(KY.LE.4)) GOTO 888 
IF ((lABS (KX-KXO). EQ. 2). AND. (KY. BQ.3)) GOTO 888 
KY0=4 
QD=1 
GOTO 414 

705 IF (QC.EQ.1) GOTO 710 
PY=3 
QK=-2 
GOTO 663 

710 QD=1 
QK=-2 
GOTO 414 

715 IF (KYO.NE.PY+3) GOTO 740 
IF (PY.EQ.2) GOTO 730 
IF (PY.EQ.5) GOTO 725 
!F (QC.EQ.1) GOTO 720 

717 IF ({KX.EQ.KXO).AND.(KY.EQ.KY0-2)) GOTO 777 
QK=-3 
GOTO 662 

720 IF ((KX.EQ.KXO).AND.(KY.EQ.KY0-2)) GOTO 888 
722 IF ((IABS(KX-KXO).LE.1).AND.(KY.GE.PY).AND.(KY.LT.KYO)) 

1 GOTO 777 
GOTO 665 

725 IF ((KX.EQ.KXO).AND.(KY.EQ.6)) GOTO 7'77 
GOTO 700 

730 IF (QC.EQ. 1) GOTO 720 
PY=3 
IF ((IABS(KX-PX).EQ.2) .AND.(KY.EQ.PY-2}) GOTO 777 
GOTO 717 

740 IF (KYO.NE.PY+4} GOTO 750 
IF (QC.EQ.1) GOTO 745 
IF ((I ABS (KX-PX). LE. 4). AND. (KY. EQ. KY0-2)) GOTO 777 
IF ((IABS(KX-KXO).EQ.2).AND. (KY.EQ.PY-2)) GOTO 888 
QK=-4 
PY=PY+1 
GOTO 663 

745 IF ((IABS(KX-KXO).LE.1) .ABD.(KY.GT.PY).AND. 
1 (KY.tT.KYO)) GOTO 777 

GOTO 665 
750 IF (KYO.NE.PY+5) GOTO 760 

IF (QC.EQ.1) GOTO 722 
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IF ({KX.EQ.KXO).AND.(KY.GT.PY)) GOTO 777 
IF ( (KY. LE. PY) • AND. (IABS (KX- I< XC) • EQ. 1)) GOTO 888 
IF ((IABS(KX-KXO).EQ.2).AND.(KY.EQ.PY-2)) GOTO 888 
PY=PY+3 
QK=-6 
QD=1 
GOTO 413 

760 IF (QC.EQ.1) GOTO 765 
IF (IABS(KX-PX).GT.4) GOTO 88A 
IF ((KY.EQ.1).AND. (IABS(KX-KXO).LE.1)) GOTO 888 
GOTO 777 

765 IF (IABS{KX-PX).GT.5) GCTO 888 
GOTO 777 

c 
c 
c 
C 5 FILES ADJACENT 
c 
c 
c 
770 IF {IABS(KXO-PX).NE.5) GOTO 850 

IF (KYO.NE.PY) GOTO 790 
IF (PY.EQ.2) GOTO 785 
IF (QC.!Q.1) GOTO 780 
IF ((IABS(KX-PX).EQ.4).AND.(KY.EQ.PY+2)) GOTO 777 

775 IF ((IABS(KX-KXO).EQ.2) .AND.(KY.EQ.PY-3)) GOTO 888 
GOTO 805 

780 IF ((KX.EQ.KXO).AND.(KOD(KY*7).LE.1)) GOTO 888 
GOTO 765 

785 IF ((KY.GE.7).AND.(IABS(KX-KXO).tE.1)) GOTO 888 
GOTO 765 

790 IF (KYO.NE.PY+1) GOTO 815 
IF (PY.EQ.2) GOTO 800 

795 IF (QC.EQ.-1) GOTO 775 
797 IF (IABS(KX-PX).GT.4) GOTO 888 

GOTO 777 
800 IF (QC.EQ.1) GOTO 810 

IF ((KY.EQ.5).AND. (IABS(KX-PX).tE.5)) GOTO 777 
805 IF (IABS(KX-PX).GT.3) GOTO 888 

GOTO 777 
810 IF { (IABS(KX-PX) .GT.4) .AND. (PJOD(KY*7) .IE.1)) GOTO 888 

GOTO 777 
815 IF (KYO.EQ.PY+2) GOTO 795 

IF (KYO.NE.PY+3) GOTO 825 
IF {QC.EQ.1) GOTO 820 
IF {(KX.EQ.KXO).ANO.(KY.EQ.PY+1)) GOTO 777 
GOTO 775 

820 IF {(!ABS(KX-KXO).EQ.1).AND.(KY.EQ.PY+1)) GOTO 777 
!F ((IABS(KX-KXO) .tE.1).AND.(KY.EQ.PY)) GOTO 777 
GOTO 797 

825 !F (KYO.NE.PY+4) GOTO 835 
IF (QC.EQ.1) GOTO 830 
IF ((IABS(KX-PX).tE.5).AND.(KY.EQ.PY+2)) GOTO 777 
GOTO 775 

'330 IF ((IABS(KX-KXO).LE.1) .AND. (KY.GT.PY).AND. 
1 (KY .L'I.KYO)) GOTO 777 

GOTO 797 
835 IF (KYO.NE.PY+5) GOTO 845 
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IF (QC.EQ.1) GOTC 840 
IF ((IABS(KX-PX).LE.5).AMD.(KY.GT.PY)) GOTO 777 
GOTO 805 

840 IF ((IABS(KX-PX).GT.4).AND. (KY.LT.PY)) GOTO 888 
GOTO 777 

845 IF (QC.EQ.1) GOTO 777 

c 
c 
c 

IF (IABS(KX-FX).GT.S) GOTO 888 
IF ((KY.EQ.1).AND. {IABS(KX-KXO) .tE.1)) GOTO 888 
GOTO 777 

C 6 FILES ADJACENT 
c 
c 
c 
850 IF (KYO.NE.PY) GOTO 860 

IF (PY.EQ.2) GOTO 855 
IF ((IABS(KX-PX).EQ.5).AMD.(KY.EQ.PY+2)) GOTO 777 

853 IF (IABS(KX-KXO).LE.1) GOTO 888 
GOTO 777 

855 IF (KY.LE.6) GOTO 777 
IF (IABS{KX-KXO).LE.1) GOTO 8~8 

860 IF (KYO.NE.PY+1) GOTO 870 
IF (PY.EQ.3) GOTO 853 
IF (KY.EQ.S) GOTO 777 
GOTO 853 

870 IF (KYO.EQ.PY+2) GOTO 853 
875 IF (KYO.NE.PY+3) GOTO 880 

IF ((KY.EQ.PY+1).AND. (KX.EQ.KXC)) GOTO 777 
GOTO 853 

880 IF (KYO.NE.PY+4} GOTO 885 
IF (KY.EQ.PY+2) GOTO 777 
GOTO 853 

885 IF (KYO.NE.PY+S) GOTO 890 
IF (KY.GT.PY) GOTO 717 
GOTO 853 

890 IF ((KY.EQ.1}.AND.(IABS(KX-KXO).LE.1)) GOTO 888 
777 ADD=7+DIST(PX1,PY1,KX2,KY2)•DIST(PX1,8,KX1,KY1) 

IF (MATERW.NE.1) GOTO 801 
SCORE(PLY+3)=6000-200*PLY-400*(B-PY1)-100*(1-C)+ADD 
DRAWC3=1 
RETURN 

801 SCORE{PLY+3)=-6000+200*FLY+400*(8-PY1)+100*(1+C)-ADD 
DRAWC3=1 
RETflRN 

888 ADD=7+DIST{PX1,PY1,KX2,KY2)-DIST(PX1,8,KX1,KY1) 

889 

IF (KATERW.NE.1) GOTO 889 
SCOR1(PLY+3)=ADD 
DRAWC3=1 
RETURN 
SCOR1(PtY+3)=-ADD 
DRAWC3=1 
RETURN 
END 
SUBROUTINE TWOPAN 
IMPLICIT INTEGER (A-Z) 
CCMMON /MLIST/ MOVE(700) ,PLY,SCOLOR,C,MOVEP,D 
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c 
c 
c 
c 
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CCMMON /DLIST/ MF{20),SCORE(20),CAPTY(20),BOARD{8,8) 
COMMON /SKORE/ MATERW,MATERB 
COMMON /DRAi/ DRAW'r,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
CCMMON /PLIST/ WHIT!P(11) ,WHITEX(11),WHITEY(11) 
CCMMON /PLISTB/ BtACKP(11) ,BLACKX(11),BLACKY(11) 
COMMON /PLISTZ/ QC,KXC,KYO,KX,KY,PX,PY,PX1,PY1, 

1KX1,KY1,KX2,KY2 

SUBROUTINE TWOPAN IS CALLED FRCM TREE AND WHEN A POSITION 
WITH ONLY TWO PAWNS 0F THE SAME COLOUR IS SUBMITTED, IT 
TRIES TO DETERMINE IF THE POSITION IS TERMINAL. IF 
THE POSITION IS INDEED TERMINAL OR THE SEARCE PLY 
LEVEL HAS REACHED MAXIMUM DEPTH, IT IS SCORED 
ACCORDINGLY. OTHERWISE THE PARAMETER DRAWC3 IS NOT 
ALTERED AND WHEN CONTROL RETURNS TO TREE THE SEARCH 
CONTINUES. THE SETUP AND SCORING STRUCTUBE OF TWOPAN 
IS SIMILAR TO ONEPAN;EG. TWOPAN WILL ONLY TEST 
POSITIONS WI~H TWO WRITE PAWNS. 

TEST FOR TWO PAWNS 

IF ((MATERW.EQ.2).AND.(MATERB.EQ.O)) GOTO 10 
IF ( (MATERW. EQ.O) .AND. (MATERB. EQ.-2}) GOTO 20 
RETURN 

C SETS UP THE PAWNS' AND BCTH KINGS' POSITICNS 
c 
10 CQ=C 

J=2 
JJ=1 

11 IF (WRITEP(J).EQ.1) GOTO 12 
J=J+1 
GOTO 11 

12 IF (JJ.EQ.2) GOTO 15 
XP1=WHITEX (J) 
YP1=WHITEY(J) 
J=J+1 
JJ=2 
GOTO 11 

THIS MAKES XP1,YP1 THE ~OST ADVANCED PAWN 
c 
15 IF (YP1.GE.WHITEY(J)) GOTO 17 

XP2=XP1 

17 

19 

20 

YP2=YP1 
XP1=WHITEX(J) 
YP1=WH!TEY (J) 
GOTO 19 
XP2=WHITEX (J) 
YP2=WHITEY(J) 
XK=WHITE:X(1) 
YK=WH!TEY (1) 
XKO=BLACKX(1) 
YKO= BLACKY ( 1) 
GO"rO 30 
CQ=-: 
J=2 
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21 

22 

25 

27 

29 

30 

c 
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JJ=1 
IF (BLACKP(J).EQ.-1) GCTO 22 
J=J+1 
GOTO 21 
IF (JJ.EQ.2) GOTO 25 
XP1 =9-BLACKX (J) 
YP1=9-BLACKY (J) 
J=J+1 
JJ=2 
GOTO 21 
IF (YP 1. GE. r~-BLACKY {J))) GOTO 27 
XP2=XP1 
YP2=YP1 
XP1=9-BLACKX {J) 
YP1=9-BLACKY(J) 
GOTO 29 
XP2=9-BLACKX(J) 
YP2=9-BLACKY{J} 
XK=9-BLACKX (1) 
YK=9-BLACKY (1) 
XK0=9-WHITEX (1) 
YK0=9-WH1TEY (1) 
DRAWC3=0 
RKPW=O 
ABCD=O 
YZA=1 
BD1=DlST(XKO,YKO,XP1,YP1) 
BD2=DlST(XKC,YKO,XP2,YP2) 
DP=YP1-YP2 
IF (IABS(XP1-XP2).RE.2) GOTO 40 

C THIS TAKES CARE OF STALEMATE POSSIBILITIES WITH BP AND RP 
c 

!F ((MOD(XP1,7).RE.1).AND.(MOD(XP2,7).NE.1)) GOTO 40 
32 IF ( (MOD(XP1,7) .EQ.1) .AND. (XK.EQ.XP1) .AND. (YK.EQ.8) 

c 

1 • AND. (YP 1. EQ. 7) • AND. ( ( (CQ. EQ.1) .AND. (XKO. EQ. XP2) .AND. 
1 (YKO.GE.7)).0R. ((CQ.EQ.-1).AND. (YKO.GE.6) .AND. 
1 (IABS (XKO-XP2). LF. 1)))) GOTO 888 
IF ( (MOD(XP1,7) .EQ.1) .AND. (XK.EQ.XP1) .AND. (YK.EQ.7) .AND. 

1 (YP1.EQ.6) .AND. (((YP2.EQ.7) .AND. (CQ.EQ.-1) .AND. (YKO.GE.6) 
1. AND. (lABS (XKO-XP2). LE.1)) .OR. ( (YP2. EQ. 6). AND. (CQ.EQ. 1) .AND. 
1 (X K 0. E Q • X P 2) • AND. ( Y K 0. EQ • 7) ) • 0 R. ( ( Y P 2 • E Q. 6) • AND. ( CQ. E Q. -1) 
1 .AND. ((lABS (XKO-XP2) .EQ. 1) .AND. (YKO.GE.6)) .OR. ((XKO.EQ.XP2) 
1.AND. (YKO.EQ.8))))) GOTO 888 

I F (A BC D • E Q. 1 ) GO TO 3 4 

C WE CHECK WHETHER THE LEAST ADVANCED PAWN IS ON THE ROOK 
C FILE AND, IF SO, SWITCH THE TWO PAWNS' COORDINATES 
C IN ORDER TO TEST THE ABOVE FORMULA ONCE AGAIN. 
c 

IF {MOD (XP2, 7). NE. 1) GOTO 4 0 
34 AAA=XP1 

BBB=YP1 
XP1=XP2 
YP1=YP2 
XP2=AAA 
YP2=BBB 
IF (ABCD.EQ.1) GOTO 40 
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C 'RULE OF THE SQUARE' FOB EACH PAWN 
c 
40 DD=8-YP1 

c 

IF (YP1.EQ.2) DD=5 
IF (CQ.EQ.-1) DD=DD+1 
IF (IABS(XKO-XP1).GT.DD) GOTO 777 
IF ((8-YKO).GT.DO) GOTO 777 
IF (XP1.EQ.XP2) GOTO 200 
D0=8-YP2 
IF (YP2.EQ.2) DD=5 
IF (CQ.EQ.-1) DD=DD+1 
IF (IABS(XKO-XP2).GT.DD) GOTO 777 
IF ((8-YKO).GT.DD) GOTO 777 

C PAWNS WIN ALCNE; HERE WE DETERMINE WHETHER THE PAWNS 
C WIN EVEN WITHOUT THEIR KING'S ASSISTANCE.DP IS THE 
C DIFFERENCE IN HEIGHT B!TWEEN THE PAWNS. BD1 IS THE 
C DISTANCE OF THE BLACK KING FBCM THE MOST ADVANCED PAWN. 
C BD2 IS THE DISTANCE OF THE BLACK KING FROM THE OTHER PAWN. 
c 

c 

IF (YP1.EQ.2) GOTO 777 
IF ( (YP2.EQ.2) .AND. ( (CQ.EQ .. 1) .OR. (BD1.NE.1))) DP=DP-1 
IF (CQ.EQ.1) DP=DP-1 

C FIRST WE CONSIDER PAWNS ONE FILE APART 
c 

c 

IF (IABS{XP1-XP2).NE.1) GOTO 50 
IF (YP1.EQ.YP2+1) GOTO 777 
IF ( (YP1. EQ. YP2). AND. (CQ. EQ. 1)) GOTO 777 
IF ( (YP1.EQ. YP2) .AND. (BD1. NE. 1) .AND. (BD2. NE.1)) GOTO 777 
IF ( (BD1. GE. tP) • AND. (YP1. GT. YP2+1)) GOTO 777 
GOTO 100 

C 2 FILES APART 
c 
50 IF (IABS(XP1-XP2).NE.2) GOTO 60 

IF (YP1.NE.YP2) GOTO 52 
IF (YP1.EQ.7) GOTO 777 
IF ((BD1.EQ.1).AND.(BD1.EQ.BD2)) GOTO 100 
IF (CQ.EQ.1) GOTO 777 
IF ((CQ.EQ.-1).AND.(BD1.NB.1).AND. (BD2.NE.1)) GOTO 777 
GOTO 100 

52 !F (YP1.NE.YP2+1) GOTO 55 
IF (XKO.EQ.XP2) GOTO 777 
IF ( (CQ. EQ. 1). AND. (BD 1. G'!. 1)) GOTO 777 
!F ((CQ.EQ.-1).AND.(BD1.GT.2)) GOTO 777 
GCTO 100 

55 IF (BD1.GE.DP+2) GOTO 777 
GOTO 100 

c 
c 
c 
60 

3 FILES APAR'I 

IF (IABS(XP1-XP2).NE.3) GOTO 85 
TF (YP2.GE.6) GOTO 777 
IF ( (CQ.EQ.1). AND. (YP2.GE.5)) GOTO 777 



62 

c 
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tF ((YP1.EQ.3).AND .. (YF2.EQ.2).AND.(BD1.NE.1)} GOTO 777 
IF ( (YP1.EQ.3) .AND. (YP2.EQ.3) .AND. (BD1.NE.1) .AND. 

1 (BD2.NE. 1)) GOTO 777 
IF ((YP1.EQ.3) .AND. (YP2.EQ.3).AND. (MOD(XP1,7).EQ.1) .AND. 

1 (XK. EQ. XP1) • AND. (YK. EQ. 1) • AND. (!ABS ( XKO-XP 1) • EQ. 1) 
1.AND. (YKO.EQ.3)) GOTO 888 

IF (ABCD.EQ.1) GOTO 64 

C SINCE BOTH PAWNS HERE AEE EQUALLY ADVANCED WE MUST 
C SWITCH THE COORDINATES TO RETEST THE ABOVE FORMULA. 
c 

IF (MOD (XP2, 7). NE.1) GOTO 65 
64 AAA=XP1 

BBB=YP1 
XP1=XP2 
YP1=YP2 
XP2=AAA 
YP2=BBB 
IF (ABCD.EQ.1) GOTO 65 
ABCD=1 
GOTO 62 

65 IF ((CQ.EQ.1).AND.(YP1.EQ.3)) GOTO 777 
IF (YP1.LT.6) GOTO 100 
AA=-1 

80 AA=BD1 +AA 

c 

!F ((YP1.EQ.YP2).AND.(BD2.LT.BD1)) AA=AA+BD2-BD1 
IF {CQ.EQ.1) AA=AA+1 
IF (YP2.GT.3) AA=AA+YP2-3 
IF {AA.GE.3) GOTO 777 
GOTO 100 

C 4 FILES APAFT 
c 
85 IF {IABS(XP1-XP2).NE.4) GOTO 90 

IF (YP2.GE.5) GOTO 777 

c 

lF ( (YP1. EQ. 3) .AND. (CQ. EQ. 1)) GOTO 777 
IF ((YP1.GT.YP2).AND.(BD2.EQ.1)) GOTO 777 
IF ((BD1.GE .. 2).AND.(CQ.EQ.1)} GOTO 777 
AA=O 
GOTO 80 

C 5 PILES APART 
c 
90 IF (lABS(XP1-XP2).NE.5) GOTO 777 

c 
c 
c 
c 
100 

IF ((CQ.EQ.1).0R.(BD1.NE.1)) GOTO 777 
IF {YP2.GE.4) GOTO 777 

HERE WE CHECK WHETHER THE WHITE KING tUNS WITH 0 BLY ONE 
PAWN BY CALLING CNEPAN, ONCE FOR EACH PAWN. 

YZA=MATERW 
ZYA=MATERB 
MATERW=1 
MATERB=O 
ABC=WHITEX (1) 
DEF= W HITEY ( 1) 
GHI=WHITEP (2) 
JKL=WHITEX (2} 



c 

c 

MNO=WHT'l'EY (2) 
PQR=BLACKX (1) 
STU=BLACKY (1} 
VWX=C 
YNOT=SCORE(PLY+J) 
WHITE X (1) =XK 
WHITEY(1)=YK 
WHITEP(2)=1 
WHITEX (2) =X Pi 
WHITEY (2) =Y P1 
BLACKX(1)=XKO 
BLACKY(1)=YKO 
C=CQ 
CALL ONEPAN 
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IF (IABS(SCOBE{PtY+3)).GT.20) GOTO 777 
SCORE(PLY+3)=YNOT 
IF (RKPW.EQ.1) GO~O 910 
WRITE X (2) ::::XP2 
WHITEY(2)=YP2 
CALL ONEPAN 
IF (IABS(SCORE(PLY+3)).GT.20) GOTO 777 
SCORE(PLY+3)=YNOT 
GOTO 300 

C WE CONSIDER DOUBLED PAWNS IN GENERAL. IF RKPW IS SET 
C EQUAL TO 1 WE DEAL WITH THE SPECIAL CASE OF DOUBLED 
C ROOKPAWNS. 
c 
200 IF (MOD{XP1,7).EQ.1) BKPW=1 

IF ((YP1.EQ.6).AND.{YP2.EQ.S).AND.({(XKO.EQ.XP1).AND. 
1 (YKO.EQ. 7)) .OB. ( (YK. EQ.6) .AND. (CQ.EQ.-1) .AND. (YKO.EQ .. 8) 
1.AND. (IlBS (XK-XP1). EQ.1) .AND. (XKO. EQ. XP1)))) GOTO 888 

IF ((YP1.EQ.YP2+1).AND. (DIST(IK,YK,XP1,YP1).EQ.1) .AND. 
1 ( YK. LT. YP1). AND. (IABS (XKO-XP1). LE.1) • AND. ( ( (YKO. EQ. YP1 +1) 
1.AND.(CQ.EQ.1j).OR.({CQ.EQ.-1).AND.(YKO.EQ.YP1+2)))) GOTO 888 

GOTO 100 
c 
C SPECIAL TES~S ~o DETERMINE WHETHER WRITE WILL SUCCEED 
C IN PROTECTING HIS MOST ADVANCED PAWN WITH HIS KING 
C AND THUS WIN. 
c 
300 IF (DIST(XK,YK,XP1,YP1).EQ.1) GOTO 777 

IF (CQ.EQ.-1) BD1=BD1-1 
IF (DIST(XK,YK,XP1,YP1).LE.BD1-1) GOTO 777 

c 
C IF A POSITION CANNOT BE EVALUATED AND THE PLY LEVEL IS 
C LESS THAN D, THE MAXIMUM DEPTH, WE RETURN WITHOUT 
C CHANGING THE SCORE VECTOH. 
c 

c 
c 
c 
777 

IF (PLY.GE.D) GOTO 850 
DRAWC3=0 
GOTO 889 

SCORES WON AND LCST FCSITIONS 

ADD=7- DIST (XK I Y.K ,X P1 ,YP1+ 1) + DIST (XKO, YKO I XP1, y P1+ 1) 
IF ( (MATERW.EQ.O) .OR. (YZA. EQ.O)) GOTO 801 
SCORE(PLY+3)=6000-200*PLY-400*(8·YP1)-100*(1-C)+ADD 



c 

c 

801 

850 
c 
c 
c 
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DRAWC3=1 
GOTO 889 
SCORE(PLY+3)=-6000+200*PLY+400*(8-YP1)+100*(1+C)-ADD 
DRAWC3=1 
GOTO 889 
ADD1=7-DIST(XK,YK,XP1,YP1+1)+DIST(XKC,YKO,XP1,YP1+1) 

SCORES UNDECIDED POSITIONS AT MAXIMUM DEPTH 

IF ((MATERW.EQ.O).OR.(YZA.EQ.O)) GOTO 860 
SCORE(PLY+3)=ADD1+25 
DRAWC3=1 
GOTO 889 

860 SCORE(PLY+3)=-25-ADD1 
DRAWC3=1 
GOTO 889 

c 
C SCORES DRAWN POSITIONS 
c 
878 SCOBE(PLY+3)=-lDD1 

DRAWC3=1 
GOTO 889 

888 IF ((MATERW.EQ.O).OR.(YZA.EQ.O)) GOTO 878 
SCORE(PtY+3)=ADD1 
DRAWC3=1 

889 IF (MATERW.EQ.1) GOTO 900 
BETURN 

900 MATERW=YZA 
MATERB=ZYA 
WHITEX(1)=ABC 
WHITEY(1)=DEF 
WHITEP (2)=GHI 
WHITEX(2)=JK1. 
WHITEY(2)=MNO 
BLACKX(1)=PQR 
BLACKY ( 1) =STU 
C=VWX 
RETURN 

910 IF ((YK.LE.YP1+1).0R.(YKO.GE.YP1+2)) GOTO 888 
DRAWC3=0 

c 
c ,.. 
·--c 

GOTO 889 
END 
SUBROUTINE PAWN2 
IMPLICIT INTEGER (A-Z) 
COMMON /COLOR/ COLOUR 
CCMMON /MLIST/ MOVE(700) ,PLY,SCOLOR,C,MOVEP,D 
COMMON /DLIST/ MP(20},SCORE(20),CAPTY(20),EOARD(8,8) 
COMMON /SKORE/ MATERW,MATERE 
COMMON /DRAW/ DRAWT,DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
CCMMON /PLIST/ WHITEP(11) ,WHITEX(11) ,WHITEY(11) 
COMMON /PLISTB/ BLACKP(11) ,BLACKX(11),BLACKY(11) 
CCMMON /PLISTZ/ QC,KXO,KYO,KX,KY,PX,PY,PX1,PY1, 

1KX1,KY1,KX2,KY2 
COMMON /PLISTX/ XP1,YP1,XP2,YP2,XK,YK,XKO,YKO,NLOCK,CP 

SUBROUTINE PAWN2 IS CALLED FROM TREE AND IT TRIES TO 
DETERMINE WHETHER A GIVEN POSITION, WHERE EACH SIDE HAS 
BUT ONE PAWN, IS TER~INAL. THE SETUP HERE IS SOMEWHAT 
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c 
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c 
c 
c 
c 
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I" .... 
c 
c 
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15 

16 

c 
c 
c 
c 
c 
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DIFFERENT FROM ONEPAN. THE ORIGINAL POSITION SUBMITTED 
FROM TREE IS SETUP TO START W!TH. THERE ARE THREE PAWN 
VS. PAWN SITUATIONS TO BE CONSIDERED A) PASSED PAWNS: 
EACH PAWN IS FREE TO ADVANCE TO THE QUEENING SQUARE 
WITHOUT OBSTRUCTION OB THREAT OF CAPTURE BY THE 
OPPOSING PAWN, B) BLOCKED PAWNS: BOTH PAWNS ARE ON 
THE SAME FILE AND CANNOT ADAVNCE TO QUEEN UNLESS THE 
OPPOSING PAWN IS CAPTURED BY THE KING, C) ADJACENT 
PAWNS: PAWNS ARE SEPARATED BY ONE FILE AND IF EITHER 
SIDE ADVANCES TO THE QUEENING SQUARE TBE OPPOSING PAWN 
MAY CAPTURE IT WHILE IT PASSES. IF THE PAWNS ARE PASSED 
A CALL IS MADE TO PASPON; OTHERWISE PAWN2 TESTS THE 
POSITION.IN EITHER CASE, IF THE POSITION CANNOT BE EVALUATED 
AS A CLEAR WIN,LOSS OR DRAW, A CALL IS MADE TO REVERS 
(WHICH IN TURN CALLS DUAL) TO EFFECTIVELY REVERSE THE 
GIVEN POSITION CHESSWISE. CONTROL IS RETURNED TO THE 
CALLING PROGRAM, EITHER PAWN2 OR PASPON AND THE 
REVERSED POSITION IS SUBJECTED TO THE SAME SERIES 
OF TESTS. THE SCORING FOLLOWS ALONG SIMILAR LINES TO 
TWOPAN.FINAlLY CNE MCBE CALL IS MADE TO REVERS OR DUAL 
TO SET UP THE ORIGINAL POSITION AND RETURN. THE 
VARIABLE NLOCK IS SET TO A) 0 FOR BLOCKED POSITIONS WRERE 
PAWNS ARE ALSO LOCKED IE. ONE RINK APART, B) 1 FOR 
BLOCKED BUT NOT LOCKED PAWN POSITIONS, C) 2 FOR 
ADJACENT PAWNS, D) 3 FOB PASSED PAWNS, AND E) 4 FOB 
BLOCKED ROOK PAWNS, AN EXCEPTIONAL CASE. 

IF ((MATERW.EQ.1).AND.(MATERB.EQ.-1)) GOTO 1 
RETURN 

SETUP 

REV=O 
PCHK=O 
CP=C 
QC=CP 
J=2 
IF (WHITEP(J).RQ.1) GOTO 10 
J=J+1 
GOTO 5 
XP1-=WHITEX{J) 
YP 1= WHITEY ( J) 
J=2 
IF (BLACKP(J).EQ.-1) GOTO 16 
J=J+1 
GOTO 15 
XP2=BLACKX (J) 
YP2=BLACKY (J) 
XK=WHITEX (1) 
YK=W HITEY (1) 
XKO=BLACKX (1) 
YKO=BLACKY (1) 

AS A DEPARTURE FROM THE NOFM THE VARIABLE YP11 TAKES BOTH 
PAWNS' HEIGHT INTO CONSIDERATION WHEN CALCULATING THE SCORE 
OF A WON OP LOST POSITION (SEE 777 AND 1111). 

YP11=16-YP1-YP2 
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MOVE(699)=COLOUR 
IF (((MOD(PLY*2).EQ.1).AND.(C.EQ.1)) .OR. 

1 ((MOD(PLY,2) .EQ.O) .AND. (C.EQ.-1))) YP11=16-YP11 
DRAWC3=0 
NLOCK=O 

C THIS TEST ENABLES SUBPROGEAM TREE TO CONTINUE GENERATING 
C MOVES AFTER MAXIMUM DEP'IH HAS BEEN REACHEt. !F EITHER KING 
C MIGHT CAPTURE AN UNDEFENDED PAWN ON THE NEXT ONE OR TWO 
C PLIES, THE PARAMETER MOVE(700) IS SET EQUAL TO 1 AND THIS 
C CAUSES THE SEARCH TO CONTINUE WHEN CONTFOL RETURNS TO TREE. 
c 

IF ((PLY.LT.D).OR.(PLY.GT.D+1)) GOTO 19 
IF ( ( (DIST (XIC, YK,XP2, YP2). EQ. 1) • AN D. 

1 (DIST(XKO,YKO,XP2,YP2).NE.1)}.0R.((DIST(XKO,YKO,XP1,YP1).EQ.1) 
1. AND. (DIST (XI<, YK,XP1, YP1). NE. 1))) MOVE (700) = 1 

19 IF ((IABS(XP1-XP2).GT.1} .OR.(YP1.GT.YP2)) CALL PASPON 
IF (NLOCK.EQ.3) RETURN 
ADD1=DIST(XK,YK,XP2,YP2) +D!ST(XKO,YKO,XP1,YP1) 

18 TEMP=O 
IF (XP1.NE.XP2) GOTO 330 

c 
C BLOCKED PAWNS 
c 

c 

IF (MOD (XP1, 7) • EQ.1) GOTO 300 
IF (YP2.GT.YP1+1) GOTO 220 
IF (YP1.GE.S) GOTO 20 

C DOES BLACK HAVE THE OPPOSITION &FTER WHITE WINS THE PAWN? 
c 

c 

PR=O 
!F (QC.EQ.-1) PR=1 
IF (DIST(XK,YK,XP2,YP2)+PR.LE. 

1DIST(XKO,YKO,XP2,YP2+2)-1) GOTO 20 
IF (DIST(XKO,YKO,XP2,YP2+2) .EQ.1) GOTO 170 
IF ( (QC. E Q • 1 ) • AND. (D I ST ( X K , Y R , X P 2 , Y P 2) • E Q. 1) 

1.AND.(XKO.EQ.XP2).AND. (YKO.EQ.YP2+2)} GOTO 777 
GOTO 50 

C CAN WHITE CAPTURE BLACK'S PAWN? 
c 
20 IF (YK.GE.YP1) GO~O 40 

RC=DIST(XK,YK,XP2+2,YP1) 
IF (XP2.EQ.2) GOTO 25 
PT=DIST(XK,YK,XP2-2,YP1) 
IF (XP2.EQ.7) GO~O 30 
IF (PT.GT.RC) PT=RC 

25 
30 

40 

c 
c 

GOTO 30 
PT= RC 
IF (QC.EQ.-1) PT=PT+1 
IF (PT+2.LE.DIST(XKO,YKO,IP2,YP2)-1) GOTO 777 
GOTO 50 
P'I=O 
IF (QC.EQ.-1) PT=1 
IF (DIST(XK,YK,XP2,YP2)+PT.LE. 

1DIST(XKO,YKO,XP2,YP2)-1) GOTO 777 



c 
c 
c 
50 

60 

c 
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SPECIAL CASES 

IF ((YP1.LE.4).AND.(YKO.LE.YP1)) GO~O 80 
IF (YP1.LE.4) GOTO 110 
IF ( (YK.EQ. YP2) .AND. (IABS(XK-XP2). LE.3) 

1.AND. (YKO.GT.YP2)) GOTO 60 
GOTO 70 
IF ({~OD(XP2,5).NE.2).0R.(YP2.NE.7).0R. 

1 (MOD (XK, 7). EQ.1)) GOTO 777 
GOTO 888 

C CHECK FOE OPPOSITION EETWEEN KINGS IE. TWO RANKS APART 
c 
70 IF ((YK.EQ.YP1).AND.(XK.EQ.XKO).AND.(YKO.EQ.YP2+1)) GOTO 100 
c 
C MOST POSITIONS WHERE THE KING IS CLOSE TO THE ENEMY PAWN 
C ARE EVALUATED HERE. 
c 
80 IF ( (YK. EQ. YP2). AND. (IABS (XK-XP2). EQ. 2) • AND. 

1 (QC.EQ.1) .AND. (DIST{XKO,YKO,XP1,YP1) .NE.1)) GOTO 777 
GOTO 110 

100 IF ((QC.:EQ.1).0R. ((MOD(XP2,5) .EQ.2) .AND. 
1(YP2.EQ.7))) GOTO 8~8 

GOTO 777 
110 IF ((IABS(XK-XP2).EQ.1).AND.(YK.EQ.YP2)) GOTO 120 

GOTO 130 
120 IF ((IABS(XKO-XP1).EQ.1).AND. (YKO.EQ.YP1).AND. 

c 

1 (QC.EQ.-1)) GOTO 777 
XPR=XP1+1 
IF (XK.GT. XP1) XPR=XP1-1 
IF (DIST (XKO, YKO, X PR, YP1) • EQ. 1) GOTO 999 
IF ((IABS(XK-XKO).LE.1) .AND.(YKO.EQ.YP1-1)) GOTO 777 

C CHECK FOR ANOTHER FORM OF OPPOSITION BETWEEN KINGS 
C IE. TWO FILES APART (S!DEWAYS). 
c 
130 IF ((YK.EQ.YKO).AND.(IABS(XK-XKO).EQ.2)) GOTO 150 

GOTO 170 
150 IF (I!BS(XK-XP1).1T.IABS(XKO-XP2)) GOTO 160 

GOTO 170 
160 IF ( (!ABS (XK-XP1). t.E.1) • AND. (YK. LE. YP1)) GOTO 17 0 

IF (YP1.GT.4) GOTO 777 
R'r-=2 
IF ((NLOCK.EQ.1).AND.(QC.EQ.-1)) RT=1 
IF (YK.EQ.8) R~=RT+1 
IF (YK.GE.YP2+I!BS(XK-XP2)+BT) ~OTO 888 
GOTO 777 

170 IF (REV.EQ.1) GOTO 180 
CALL REVERS 
REV=1 
QC=-CP 
GOTO 18 

180 !F (NLOCK.NE.O) GOTO 1111 
TEMP=2 
GOTO 1333 

c 
C BlOCKED AND LOCKED PAWNS ARE SUBJECTED TO AN UNUSUAL TEST. 
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C AFTER THE SECOND CALL TO REVERS HAS ALREADY BEEN MADE, 
C CONTROL RETURNS HERE TO TEST FOR A PARTICULAR POSITION OF 
C THE ATTACKING KING. 
c 
185 TEMP=O 

REV=O 
QC=CP 
IF ( (XK. EQ. XP2) .A liD. (YK. EQ. YP2+1)) GOTO 190 
GOTO 200 

190 IF (YKO.LE.YK) GOTO 777 
DT=O 
IF (QC.EQ.-1) DT=1 
IF (DIST(IKO,YKO,XP2,YP2+2).GT.DT+1) GOTO 777 
GOTO 888 

200 IF ( (XKO.EQ.XP1) .AND. (YKO. EQ. YP1-1)) GOTO 210 
GOTO 1111 

210 IF (YK.GE.YKO) GOTO 999 
DT=O 

c 

IF (QC.EQ.1) DT=1 
IF (DIST(XK,YK,XP1,YP1-2).GT.DT+1) GOTO 999 
GOTO 888 

C PAWNS ARE ON THE SAME FILE BUT NOT LOCKED 
c 
220 NLOCK=1 

IF ( (YKO.GT. YP1) .AND. {YKO •. LT. YP2). AND. 
1 (IABS(XKO-XP1}.LE.1}) GOTO 470 

IF ((DIST(XKO,YKO,XP1,YP1) .EQ.1).AND. 
1 (YK. LT. YP2)) GOTO 4 70 

IF ((XK.EQ.XP2).AND.(YK.EQ.YP2-1).AND. 
1 (DIST (XKO, YKO, XP2 ,Y P2}. EQ. 1)) GOTO 8 88 

IF ( (YP1. EQ. 5) .AND. {YK. EQ. 7). AND. (YKO. EQ. 7). AND. 
1 (IABS (XK-XP2). EQ.1). AND. (IABS (XKO•XP2). EQ.1)) GOTO 230 

GOTO 240 
230 IF (QC.EQ.1) GOTO 888 

IF (QC. EQ. -1) GOTO 60 
240 PT=DIST(XKO,YKO,XP1,YP1} 

c 

IF (QC.EQ.-1) PT=PT-1 
IF {(YP1.EQ.2) .AND. (YKO.EQ.1)) PT=PT+1 
IF (PT.LT.DIST(XK,YK,XP2,YP2)) GOTO 470 

C DISTANCE TEST 
c 
250 DT=O 

260 
270 

280 

290 

c 

IF (QC.EQ.1) DT=-1 
IF ((YP1-YKO.EQ.3).AND.(NLOCK.EQ.1)) DT=DT-1 
IF (YK.GE.YP2-1) GOTO 260 
DT=DT+DIST (XK,YK,XP2,YP2-1) +1 
GOTO 270 
DT=DT+DIST(XK,YK,XP2,YP2) 
IF (DT.LE.DIST(XKO,YKO,XI2,YP2) -2) GOTO 280 
GOTO 290 
DT=DT+YP2-YP1-2 
IF (DT.LE.DIST(XKO,YKO,XP1,YP1)-2) GOTO 777 
IF (NLOCK.EQ.2) GOTO 460 
IF ( (IABS (XK-XP1). GE.2) .OR. (YK.GE. YP2}) GOTO 130 
GOTO 170 
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C ROOKPAWNS,BOTH LOCKED AND NOT lOCKED 
c 
300 NLOCK=4 

DT=DIST(XK,Y~,XP2,YP2)-1 
IF (QC.EQ.-1) DT=DT+1 
PR=DT 
IF ((YP1.EQ.2).AND.(YP2.NE.3)) PR=PR-1 
IF (DT.EQ.O) GOTO 310 
IF ((IABS(XKO-XP1).LE.DT).AND.(YKO.EQ.YP1-PR)) GOTO 170 

310 IF ((IABS(XKO-XP1).tE.DT+3).AND.(YKO.GE.YP1-PR)) GOTO 470 
GOTO 170 

c 
C PAWNS ARE ON ADJACENT FILES 
c 
330 IF (YP2.EQ.YP1) GOTO 340 

IF (YP2.EQ.YP1+1) GOTO 350 
GOTO 360 

c 
C CHECKING FOR EN PASSANT; IF EP. IS POSSIBLE 
C THE PAWN MOVE IS REJECTED 
c 
340 IF ((IABS(MOVE(MP(PLY)))-60000000).GE.O) CALL PASPON 

IF (NLOCK.EQ.3) RETURN 
XTEMP=IABS(MOVE(MP(PlY)))/100 
XTEMP=MOD(XTEMP,10) 
IF ((YP1.EQ.5) .AND.(QC.EQ.1).AND.(XTEMP.EQ.7)) GOTO 777 
IF ((YP2.EQ.4).AND.(QC.EQ.-1).AND. (XTEMP.EQ.2)) GOTO 999 
CALL PASFON 
RETURN 

350 IF ((IABS(MOVE(MF(PLY)))-6COOOOOO) .GE.O) GOTO 355 
c 
C IF PAWN MAY CAPTURE PAWN, CONTROL RETURNS IMMEDIATELY TO 
C SUBROUTINE TREE AND THE SEARCH CONTINUES (EVEN IF THE 
C PLY LEVEL IS EQUAL TO OR GREATER THAN THE MAXIMUM DEPTH). 
c 

IF {PLY.GE.D) MOVE(700) =1 
GOTO 1111 

355 IF (MOD(PLY,2).EQ.1) GOTO 999 
GOTO 777 

360 NLOCK=2 

370 

390 

c 

400 

c 
c 
c 
c 
410 

IF ((MOD (XP2, 7) .EQ.1) .AND. (YP2.EQ. 7) .AND. (XKO.EQ.XP2) 
1 .. AND.(YP1.EQ.S) .AND .. (YKO.EQ.8)) GOTO 370 

GOTO 390 
IF ((YK.GE.7).AND.(IABS(XK-XKO).EQ.2)) GOTO 777 
IF ((QC. EQ. 1). AND. (YK. GE. 6). AHD. (lABS (XK-XKO) • LE. 3) 

1.AND. (IABS(XK-XKO).GT.1)) GOTO 777 
IF ((D!ST(lKO,YKO,XP2,YP2) .BQ.1).0B. 

1 (DIST(XKO,YKO,XF1,YP1).EQ.1)) GOTO 470 
EXCEPTIONAL CASES WITH ROOKPAWNS FOR EITHER SIDE. 
IF (MOD{XP1,7).EQ.1) GOTO 450 
IF (MOD (XP2, 7). EQ.1) GOTO 170 
IF ((YKO.EQ.YK).lND. (IABS(XK-XKO).EQ.2)) GOTO 410 
GOTO 250 

CHECK FOR SIDEWAYS OFPOSITICN BETWEEN KINGS IE .. TWO 
FILES APART 

DT=O 
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PR=O 
IF {IABS(XK-XP2).LT.IABS(XKO-XP2)) GOTO ~20 
GOTO 250 

420 IF (!ABS(XKO-XP1).GT.IABS(XKO-XP2)) GOTO 440 
IF ( ( Y P 2 • E Q. YP 1 + 2) • 0 R. ( (QC. E Q. 1} • AND. ( ( Y P 2. E Q. Y P 1 + 3) • 0 B. 

1((YP1.EQ.2).AND.(YP2.EQ.YP1+4))))) GOTO ~30 
GOTO 250 

430 IF (XP2-XK.GT.O) DT=2*(XP2-XK) 
IF (XK+YK+DT.GB.XP2+YP2+PB+1) GOTO 777 
GOTO 250 

440 IF {(f!OD(XP1,7).EQ.1).AND.(((YP1.LT.4).AND.(QC.EQ.-1)).0R. 
1 (YP2.LE.5))) GOTO 450 

IF ((YP2.EQ.YP1+2) .OR.((QC.EQ.1) .AND. ((YP2.EQ.YP1+3) .OB. 
1((YP1.EQ.2).AND.(YP2.EQ.YP1+4))))) PR=-3 

IF (PB.EQ.-3) GOTO 430 
IF ( (YP2.EQ. YP1+3) .OR. ( (QC.EQ.1). AND. ( (YP2.EQ.YP1+4) .OR. 

1 ((YP1.EQ.2) .AND. (YP2.EQ.YP1+5))))) PR=-2 
GOTO 430 

450 DT=O 
IF (QC.EQ.1) DT=-1 
XPR=3 
IF (XP1.EQ.8) XPR=6 
IF (DIST (XKO,YKO,XPR,8) .LE. 

1DIST{XK,YK,XP1,8)+DT-1) GOTO 470 
IF (YP1.GE.4) GOTO 400 
GOTO 170 

460 DT=O 

c 

IF {QC.EQ.1) DT=-1 
IF (DIST (XK,YK,XF2,YP2) +DT.GE. 

1DIST(XKO,YKO,XP1,YP1)) GOTO 470 
GOTO 170 

C THE VARIABLE PCHK IS SET EQUAL TO A) 1, IF BLACK HAS AT 
C LEAST A DRAW, B) 2, IF WHITE HAS AT LEAST A DRAW, C) 0, IF 
C NEITHER SIDE HAS A DRAW, AND D) 2, IF BOTH SIDES HAVE AT 
C LEAST A DRAW. IF THE PLY LEVEL IS GREATER THAN OR EQUAL 
C TO MAXIMUM DEPTH AND CONTRCL SWITCHES TO 1222 THE POSITION 
C IS SCORED ACCORDINGLY. 
c 
470 IF ((REV.EQ.1).AND. (PCHK.EQ.O)) PCHK=3 

IF (PCHK.EQ.1) PCHK=2 
IF (PCHK.EQ.O) PCHK=1 
GOTO 170 

777 IF (REV.EQ.1} GOTO 1200 
DRAifC3=1 
SCORE(PLY+3)=6000-100*PLY-200*YP11-50*{1-C)-ADD1 
GOTO 1333 

888 DRAWC3=1 
SCORE(PLY+3)=0 
GOTO 1333 

999 IF (REV.EQ.1) REV=2 
IF (REV.EQ.2) GOTO 1200 
DRAWC3=1 
SCORE(PLY+3)=-60C0+100*PLY+2C0*(16-YP11)+50*(1+C)-ADD1 
GOTO 1333 

1111 IF (MOV!(700).EQ.1) GOTO 1112 
IF (PLY.GE.D} GOTO 1222 

1112 DRAWC3=0 
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GOTO 1333 
1200 TEMP=1 

IF (REV.EQ.2) GOTO 1210 
REV=O 
GOTO 999 

1210 REV=O 
GOTO 777 

1222 IF (PCHK.EQ.O) SCORE(PLY+3)=-AtD1 
IF { PCHK. EQ .1) SCORE (PLY+3) =-5-ADD1 
IF (PCHK.EQ.3) SCORE(PLY+3)=5-ADD1 
IF (PCHK.EQ.2) SCORE(PLY+3)=5-ADD1 
DRAWC3=1 

1333 IF ((REV.EQ.O).AND.(TEMF.EQ.O)) RETU!lN 
CALL REVERS 
COLOUR= MOVE (699) 
IF (TEMP.EQ.2) GOTO 185 
RETURN 
END 
SUBROUTINE REVERS 
IMPLICIT INTEGER (A-Z) 
COMMON /COLOE/ CCLOUR 
CCMMON /MLIST/ MOVE{700) ,PLY,SCOLOR,C,MOVEP,D 
COMMON /DLIST/ Mt(20),SCORE(20) ,CAPTY(20),BOARD(8,8) 
COMMON /SKORE/ MATERW,MATERB 
COMMON /DRAW/ DR~WT,DBAWC1,DRAWC2,DRAWC3,KONTA,KCNTS 
COMMON /PLIST/ WHITEP{11),WHITEX(11) ,WHITEY(11) 
COMMON /PLISTB/ ELACKP(11),BLACKX(11),BLACKY(11) 
COMMON /PLISTZ/ QC,KXO,KYC,KX,KY,PX,PY,PX1,PY1, 

1KX1,KY1,KX2,KY2 
CCMMON /PLISTX/ XP1,YP1,XP2,YP2,XK,YK,XKO,YKO,NLOCK,CP 
COLOUR=O 
CALL DUAL 
DO 30 I=1,8 
DO 30 J=1 ,8 
IF (BOARD(I,J) .NE.6) GO!O 15 
XK=I 
YK=J 
GOTO 30 

15 IF (BOARD(I,J).NE.1) GOTO 20 
XP1=I 
YP1=J 
GOTO 30 

20 IF (BOARD(I,J).NE.-6) GOTO 25 
XKO=I 
YRC=J 
GOTO 30 

25 IF (BOARD{I,J).NE.-1) GOTO 30 
XP2=I 
YP2=J 

30 CONTINUE 
RETURN 
END 
SUBROUTINE PASPON 
IMPLICIT INTEGER (A-Z) 
COMMON /COLOR/ COLOUR 
CCMMON /MLIST/ MOVE(700) ,PtY,SCOLOR,C,MOVEP,D 
COMMON /DLIS~/ 8E{20),SCORE(20) ,CAPTY{20),BOARD(8,8) 
COMMON /SKORE/ MATERW,MATERB 
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CCMMON /DRAW/ DRAWT#DRAWC1,DRAWC2,DRAWC3,KONTA,KONTS 
CCMMON /PLIST/ WHIT E'P (11) , WHITE X (11) , WHITE! ( 11) 
COMMON /PLISTB/ ELACKP(11),ELACKX(11),BLACKY(11) 
COMMON /PLISTZ/ QC,KXC,KYO,KX,KY,PX,PY,PX1,PY1, 

1KX1,KY1,KX2,KY2 
COMMON /PLISTX/ XP1,YP1,XP2,YP2,XK,YK,XKO,YKO,NLOCK,CP 
NLOCK=3 
FEV=O 
PCHK=O 
YP11=16-YP1-YP2 
IF ( ((MOD (PlY, 2) • EQ. 1) • AND. (C. EQ. 1)) • OR. 

1 ( (MOD(PLY,2) .EQ.O) .AND. (C.BQ.-1))) YP11=16-YP11 
ADD2=D!ST(XK,YK,XP2,YP2) +DIST{XKO,YKO,XP1,YP1) 

500 SWAT=O 
TR!CK=O 
TEMP=O 

c 
C PASPON CHECKS WHETHER THE WHITE KING LIES IN FRONT OF THE 
C BLACK PAWN AND ONE FILE ADJACENT TO IT, AND THUS SUBJECT 
C TO A CHECK BY THE ENEMY PAWN. IF THE KING IS ACTUALLY 
C IN CHECK AT ANY PLY LEVEl, CCNTBOL RETURNS TO SUBROUTINE 
C TREE AND THE SEARCH CONTINUES (GENERATING MOVES FROM THE 
C 'CHECKING' POSITION). OTHERWISE REVERS IS CALLED AND, 
C UNLESS THE NODE IS FOUND TO EE TERMINAL, ONCE CONTROL RE 
C TURNS TO TREF THE SEARCH CONTINUES, EVEN AT MAXIMUM DEPTH. 
c 

c 

!1" ((lABS ( XK-XP2) • NE .1) .OR. (YK. GE. YP2)) GOTO 505 
IF ((PLY. EQ. D). OR. (YK. EQ. YP2-1}) MOVE (700) =1 
IF (YK.EQ.YP2-1) GOTO 170 
IF (IABS(XKO-XP2).GT.IABS(XKO-XK)) GOTO 505 
GOTO 170 

C IS BLACK'S KING IN THE 'SQOARE' OF WHITE'S PAWN? 
c 
505 PTO=O 

c 

DT=9-YP1 
IF {YP1.EQ.2} DT=6 
IF (QC.EQ.1} DT=DT-1 
IF (DIST (I KO, Y KO, X P1 1 8) .tE. DT) GOTO 10 00 
IF ((YP1.EQ.2) .AND. (DIST(XKC,YKO,XP1,YP1) .EQ.1) 

1.AND. (QC.EQ.-1)) GOTO 170 
IF ( (XK. EQ. XP2) .AND. (YK. LT. YP2}) GOTO 777 

C IS WHITE'S KING WITHIN THE SQUARE OF BLACK'S PAWN? 
c 
510 PR=YP2 

c 
c 
c 
c 
c 

IF (YP2.EQ.7} PR=6 
IF (QC.EQ.-1) PR=PR-1 
IF (PTO.GE.1) GOTO 540 

TS WHITE'S KING ClOSE ENOUGH TO BLACK'S PAWN TO PREVENT 
BLACK'S KING ASSISTING IT TO QUEEN? 

IF ((DIST(XK,YK,XP2,1).GT.PR) .OR. 
1 (lABS (XKO-XK). GE. lABS (XKO-XP2))) GOTO 540 

RC=1 
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IF (YK-YKO.EQ.2) RC=O 
TF=O 
IF (DIST (XK,YK,XP2, 1} .E(;.PR) TF=1 
IF ((TF.EQ.1).AND.(QC.EQ.1)) GOTO 515 
IF ((QC. EQ. -1). AND. (YK .EQ. 5). UfD. ( YP1. LE. 3)) RC=2 
GOTO 520 

515 IF (DIST(XKO,YKO,XP1,8).EQ.DT+1) GOTO 540 
520 IF (IABS(XP2-XK).GE.IABS(XP2-XKO)-RC) GOTO 540 

IF ((QC.EQ.1).AND.(DIST{XKO,IKO,XP1,8).NE.DT+1)) GOTO 530 
IF ( (XP1.EQ.XK) .AND. (YP1. L'I. YK)) GOTO 540 

530 IF ((TF.EQ.1).AND.(YP1.EQ.2).AND. 
1 (DIST(XKO,YKO,XP1 ,YP1) .EQ. 1)) GOTO 540 

c 
C WE MUST ALSO CHECK WHETHER WHITE'S CWN PAWN PREVENTS HIM 
C FROM CATCHING BLACK'S PAWN AND ADVANCING HIS OWN.!E. 
C WHEN WHITE'S KING MUST CROSS HIS OWN PAWN'S FILE TO 
C INTERCEPT BLACK'S PAWN (IF IT ADVANCES). 
c 

IF (IABS (XP2-JK). LE. IABS (XP2-XP 1)) GOTO 777 
RC=O 
!F (XK-XP1. G~. 0) RC=2* (XK-XP1) 
IF (XP1+YP1+RC.LE.XK+YK) GOTO 540 
GOTO 777 

C WHO WINS RACE TO QUEEN PAWN? 
c 
540 IF ((XK.EQ.XP1).AND.(YK.GT.YP1)) DT=DT+1 

IF ( (XKO.EQ.XP2) .AND. (YKC. LT. IP2)) PR=PR+1 
IF (QC.EQ.-1) PR=PR+1 
IF (PTO.GE.2) DT=DT+1-PTO 
IF (PTO.GE.2) GOTO 1030 
IF (PR-DT.LT.O) GOTO 470 
IF ((PR-DT.EQ.3).AND.(XKO.EQ.XP2).AND. (YKO.EQ.1)) GOTO 1170 
IF (PB-DT.G!.2) GOTO 777 
IF (PR-DT.LT.2) GOTO 550 
IF ((MOO(XP2,7) .NE.1) .um. (KOD(XP2,3).NE.O)) GOTO 777 

550 SB=O 
c 
C CALL REVERS IF EITHER SIDE BLOCKS THEIR OWN PAWN. 

c 

IF ((XK.EQ. XP1) .AND. (YK.GT. YP1)) GOTO 170 
IF ( (XKO. EQ. XP2). AND. (YKO. LT. YP2)) GOTO 170 

C DOES PAWN QUEEN WITH CHECK? 
c 

c 
c 
c 

IF (YKO.EQ.8) SR=1 
IF (XKO.EQ.XP1) SB=2 
RC=O 
IF (XP1-IKO.GT.O) RC=2*(XP1-XKO) 
!F(XKO+YKO+RC..EQ.XP1+8) SR=3 
IP (SR.EQ.O) GOTO 570 

DOES WHITE'S KING BLOCK HIS CWN PAWN'S CHECK? 

IF (DIST(XK,YK,XP1,8) .GE.DIST(XKO,YKO,XP1,8)-1) GOTO 560 
IF ( (SR.EQ.1) .AND. (YK.EQ.8)) 'JR=-1 
IF ((SR. EQ. 2). AND. (XK. EQ. XP1)) SR=-2 
IF {SR.NE.3) GOTO 560 
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PC=O 
IF (XP1-XK.G1.0) RC=2*(XP1-XK) 
IF (XK+YK+RC.EQ.XP1+8) SR=-3 

C IF WHITE QUEENS HIS P~WN AFTER BLACK QUEENS HIS OWN, 
C W!THOUT CHECKING BLACK'S KING IN THE PROCESS, WE CALL 
C REVERS AND NOTE THAT ElACK HAS AT LEAST A DRAW. 
c 
560 IF ((SR.LT.O).AND.(PR.RQ.Dn) GOTO 470 

IF (PR.NE.DT) GOTO 570 
c 
C CAN BLACK'S QUEEN CAP!URE WHITE'S IF BLACK QUEENS FIRST? 
c 

IF ((XP1.EQ.XP2).AND.(SR.NE.2)) GO'I'O 170 
IF ( (IABS (XP 1-XP2) • EQ. 7) • AND. (SR. NE. 3) ) GOTO 170 
GOTO 580 

570 IF (PR.EQ.DT) GOTO 470 
IF (PR-DT.EQ.2) GOTO 1100 
IF (SR.GT.O) GOTO 780 
TRICK=1 

~ DO~S BLACK QUEEN WITH CHECK? 
c 
580 MT=O 

c 

IF (YK.EQ.1) MT=1 
IF (XK.EQ.XP2) MT=2 
RC=O 
IF (XK-XP2.GT.O) RC=2*(XK-XP2) 
IF (XK+YK. EQ.XP2+1+RC) P.IT=l 

C DOES BLACK'S KING BLOCK HIS OWN PAWN'S CHECK? 
c 

IF ((MT.EQ.O).OR, 
1 (DIST(XKO,YKO,XP2,1).GE.DIST(XK,YK,XP2,1)-1)) GOTO 590 

IF ((MT. EQ. 1). AND. (YKO. EQ. 1)) MT=-1 
IF ((MT.EQ.2).AND.(XKO.EQ.XP2)) MT=-2 
IF (MT.NE.3) GOTO 590 
RC=O 
IF (XKO-XP2.GT.O) RC=2*(XKO-XP2) 
IF (XKO+YKO.EQ.XP2+1+RC) MT=-3 

590 IF (PR.EQ.DT) GOTO 610 
c 
C CAN WHITE'S QUEEN CAPTURE BLACK'S IF WHITE QUEENS FIRST? 
c 

c 
c 
c 
c 
600 

c 

IF ((XP1.EQ.XP2).AND.(M~.NE.2)) GOTO 600 
IF ((IABS(XP1-XP2).EQ.7) .AND.(MT.NE.3)) GOTO 600 
GOTO 610 

PERHAPS ALL FOUR PIECES ARE tiNED UP ON CNE FILE OR THE 
LONG DIAGONAL 

IF ((SR.EQ.-2) .. AND. (SR.EQ.MT)) SWAT=1 
IF (SWAT.EQ.1) GCTO 620 
IF ( (SR.EQ.-3). AND. {SR. EQ. MT)) SWAT=1 
IF (SWAT.EQ.1} GOTO 630 

C CAN BLACK PROTECT HIS QUEEN FROM CAPTURE AFTER QUEENING? 
c 
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IF ( (DIST (XKO, YKO ,X P2, 1) • EQ. 1) .AND. (MOD { XP 2, 7) • EQ. 1)) GO'l'O 61 0 
IF (DIST(XKC,YKO,XP2,1).EQ.1) GOTO 760 
IF (DIST(XKO,YKO,XP2,2).GT.2) GOTO 777 
GOTO 780 

610 IF (MT.G!.O) GOTO 470 
c 
c 
C TBAPS!! WINNING POSITICNS AP'l'tR BOTH SIDES QUEEN. 
C IF TRICK IS EQUAL TO 1 WHITE QUEENS FIRST. 
c 
C' 
620 IF ((XKO.EQ.XP2).AND.(YKO.GT.3).AND.(YKO.LT.7)) GOTO 770 

IF (SWAT.EQ.1) GCTO 760 
630 IF (MOD(XP2,7).NE.1) GOTO 650 
6110 IF ((MOD (XP1, 7). EQ. 1). AND. ((Sa. EQ. 3) .OR. (SWAT. EQ. 1)) 

1.AND. (IABS (XKO-XP2). GT.1)) GC~C 780 
IF (SWAT.EQ.1) GOTO 760 
IF ( (DIST (XK, YK ,XKO, YKO). '€(;. 2). AND. 

1(DIST(XKO,YKO,XP2,1).EQ.1)) GOTO 645 
GO'l'O 650 

645 IF ((XK.NE.XKO).AND. (YK.NE.2)) GOTO 650 
IF ((TRICK.EQ.1).0R.((SR.GT.O).AND.(YKO.NE.1))} GOTO 777 

65 0 IF ((SR. NE. 2). AND. (TRICK. EQ. 0)) GOTO 700 
660 IF ((MOD(XK0,7).NE.1).0R.(IABS(XKO-XP2).NE.1)) GOTO 670 

IF ((YKO.EQ.4).AND. (DIST(XK,YK,XK0,2).EQ.2)) GOTO ~77 
IF ((YKO.GT.Q).AND.(YKO.IT.7)) GOTO 770 

670 IF ((YK.EQ.YKO).~ND. (IAES(XK-XKO).EQ.2).AND. 
1 (lABS (XKO-XP2). EQ. 1) • AND. ( IABS (XK-XP2). EQ. 3)) GOTO 675 

GOTO 680 
675 IF ((YKO.GT.4).AND.{YKO.Ll.7)) GOTO ~80 

IF ( (YKO. LE. 3). AND. (MOD (XP2¥ 7). EQ.1) • AND. (YKO. GE. 2)) GOTO 777 
680 IF ((YK.EQ.3).AND.(IABS(XK-XKO).EQ.2) .AND. 

1 (YKO. EQ. 2). AND. (MOD ( XKO, 7) • EQ.1)) GOTO 777 
690 IF ((YK.EQ.3).AND. (IABS(XK-XKO) .EQ.1} .AND. (YKO.EQ.1) 

1. AND. (f'IOD (XK, 7). NE. 1) .AND. (MOD (XKO, 5). EQ. 2)) GOTO 777 
700 IF ( (YK. EQ. 3). AND. (IABS (XK-XKO) • EQ. 2) • AND. 

1 (YKO. EQ. 3). AND. (MOD (XJ<O, 7) .EQ. 1)) GO~O 705 
GOTO 710 

705 IF ((SR. EQ. 3). OR. (TRICK. EQ.1)) GOTO 777 
c 
C THE FOLLOWING TESTS ARE CNLY FCR POSITIONS WHERE WHITE 
C QUEENS FIRSt. 
c 
710 IF (TRICK.EQ.O) GOTO 760 

IF ((YKO.EQ.1).AND.(IABS(XKO-XP2).GT.2).AND. 
1 (IABS{XP1-XKO) .GT.1) .AJD.(MOD(XK0,7) .. GT.2)) GOTO 720 

GOTO 730 
72 0 IF ( (XK. NE. XP1). AND. (IABS (XP1-X KO). LT. lABS (XP 1-XP 2) ) 

1.AND. (MOD(XP1,6).1E.3)) GOTO 780 
RC=O 
IF (XP1-XK.GT.0) RC=2*(XP1-XK) 
IF ((MOD (XP 1, 7). EQ. 1) • AND. (IABS (XP 1-XP2} • LT. IABS (XP 1 -XKO)) 

1.AND.{XK+YK+RC.NE.XP1+8)) GOTO 780 
730 RC=O 

IF (XKO-XP2.GT.0} RC=2*(XKO-XP2) 
IF ( (XKO+YKO.EQ.XP2+1+RC). AND. (IABS (XKO-XP2) .GT.1)) GOTO 740 
GOTO 760 

740 IF ((IABS(XP1-XKO).LT.IABS(XK-XKO)).OR. 
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1(MOD(XP2,7).EQ.1)) GOTO '750 
745 RC=O 

IF (XK-XP2.GT.O) TIC=2*(XK-XP2) 
IF (XK+YK.EQ.XP2+1+RC) GOTO 760 
IF (MOD {XP2, 7) • BO .1) GOTO 780 
IF ((XK.EQ.XP1).AND.(XK+YK.GT.XP2+1+RC)) GOTO 760 

750 IF (MOD(XK0,7).1E.2) GOTO 760 

c 

IF ( (!ABS {XP1-XKO). LT. IABS (XP1-XP2)) .AND. 
1 (IABS (XP1-XKO} .GT.1)) GOTO 780 

IF ((MOD {XP2, 7) .EQ.1) .AND. ( (YK. NE. 9) .OR. 
1 (IABS (XP1-XP2). GT. IABS {XK-XP2)))) GOTO 745 

C WHITE HAS AT LEAST A DRAW. 
c 
760 PCHK=1 

IF (REV.EQ.O) PCHK=3 
GOTO 1111 

770 IF (SWAT.EQ.1) GOTO 810 
IF (SR.EQ.2) GOTO 780 
IF (TRICK.NE.1) GOTO 775 
IF (XK.EQ.XK~ GOTO 775 
If ( (YK. NE. 8). OR. (IABS (XP1-XP2). LT. IABS (IK-XP1)). OR. 

1 (IABS(XP1-XP2).tT.IABS(XK-XP2))) GOTO 780 
775 IF (XKO.EQ.XP2) GOTO 630 

GOTO 670 
c 
c 
C IF BLACK HAS A BP OR RP HE MAY STILL BE ABLE TO DRAW, 
C EVEN THOUGH QUEENING THE PAWN LOSES. 
c 
c 
780 IF (SWAT.EQ.1) GOTO 810 

c 

IF ((MOD (XP2, 7) • EQ. 1) • OR. (MOD ( XP2, 3) • EQ. 0)) GOTO 790 
GOTO 777 

C FIRST WE CONSIDER POSITICNS WHERE WHITE QUEENS AFTER BLACK 
C BUT WITH CHECK! 
c 
790 IF (PR.NE.DT) GOTO 820 

IF ( (SR .EQ. 3). AND. (IABS (XKO-IP2) .GT. 2)) GOTO 777 
IF (SR.EQ.3) GOTO 910 
IF (MOD (XP2, 3). EQ. 0) GOTO 800 
IF ((XKO.EQ.XP2).AND.(YKO.EQ.4)) GOTO 910 
GOTO 777 

800 IF (XKO.NE.XP2) GOTO 760 
IF (YKO.EQ.6) GOTO 777 
RC=2 
IF (YKO.EQ.S) RC:3 
IF (DIST(XK,YK,XP2,1).tE.RC) GOTO 777 
IF ((YK.EQ.4).AND. (MOD(XK,7).EQ.1) .AND. 

1 (IABS(XK-XKO).EQ.2)) GOTO 777 
GOTO 1111 

810 IF (MOD(XP2,3) .EQ.O) GO!O 760 
,,.., IF ((SR.EQ.-3).AND.(YKO.EQ.3).AND.(YK.NE.S)) GOTO 760 
~ GOTO 777 

c 
C HERE WHITE QUEENS FIRST! 
c 
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820 IF (liJOD (XP2 ,3). EQ. 0) GOTO 830 
IF (DIST(XKO,YKO,XP2,1).GT.3) GOTO 777 
IF (YKO.EQ.4} GOTO 905 
GOTO 910 

830 RC=O 
IF ((SR.EQ.O) .AND. (XK.EQ.XP1)) RC-=1 

IF ( (XKO. EQ. XP2) .AND. (YKC. EQ. 5). AND. (SR. LE. 0)) GOTO 840 
IF ((SR.EQ.3).AND.(YKO.EQ.5).AND. (KOD(XK0,5).EQ.2) 

1 • AND. (XK. EQ. XP1). AND. (YK. GE. 5)} GOTO 760 
840 IF (DIST(XKO,YKO,XP2,1).G!.3+BC) GOTO 777 

IF {DIST(XK,YK,XP2,1).LE.2) GOTO 777 
IF ((liJOD(XK0,6).1E.3) .AND. (IABS(XKO-XP2).LE.2)} GOTO 935 
IF ( ( (XP1. EQ. XP2). OR. {XP1. EQ. XKO)) • AND. {YK. EQ. 5) • AND. 

1 (IABS(XKC-XP2).EQ.2).AND.(IABS(XK-XKO).EQ.1)) GOTO 760 
GOTO 940 

c 
C IF WHITE'S KING IS CLOSE ENOUGH TO BLACK'S ROOKPAWN OR 
C BISHOP PAWN, AFTER BOTH SIDES QUEEN WHITE WILL MATE. 
c 
900 IF (MOD(XP2,3) .EQ.O) GOTO 920 

IF (D!ST(XKO,YKO,XP2,1).GT.2) GOTO 777 
IF (YKO.NE.3) GOTO 910 

905 RC=O 
IF (XK-XP2.GT.O) RC=2*(XK-XP2) 
IF (XK+YK.EQ.XP2+1+RC) GOTO 910 
GOTO 777 

910 IF ((YK.EQ.5).AND.(IABS(XK-XP2).EQ.4)) GOTO 760 
IF (DIST(XK,YK,XP2,1).1E.4) GOTO 777 
IF ((IABS(XP1-XP2).EQ.7) .AND.(PR-DT.EQ.1)) GOTO 1180 
G01'0 760 

920 RC=1 
IF (XK.EQ.XF1) BC=2 
IF (DIST(XKO,YKO,XP2,RC).Gt.2) GOTO 777 

930 IF (DIST(IK,YK,XP2,1).1E.2) GOTO 777 
IF (MOD(XK0,7) .GT.2) GOTO 940 

935 XPB-= 1 
IF (XP2.EQ.6) XPR=8 
IF (D!ST (XK,YK,XPR, 2) .LE.2) GOTO 777 
Goro 760 

940 XPR=5 

c 
c 
c 
c 
c 
c 
c 
1000 

IF (XP2.EQ.6) XPR=4 
IF (DIST(XK,YK,XPR,2) .tE.2) GOTO 777 
IF ((YKO.!Q.2).AND. (YK.!Q.S).AND.(XK.EQ.XKO).AND. 

1(IABS(XP1-XKO).EQ.1) .AND. (IABS(XKO-XP2).EQ.1)) GOTO 760 
IF (XPR.EQ.4) XPR=8 
IF (XPR.EQ.5) XPR=1 
IF (DIST{XK,YK,XPR,2).tE.3) GOTO 777 
GOTO 760 

BLACK'S KING IS WITHIN THP. SQUARE OF WHITE'S PAWN. 
IF WHITE'S KING CAN SUCCESSFULLY ASSIST HIS PAWN TO QUEEN, 
WF CHECK WHICH PAWN QUEENS FIRST. 

IF {(YK.EQ.YKO).AND. (IAES(XK-XKO).EQ.2) .AND. (YKO.GT.YP1) .AND. 
1 (IABS (XKO-XP1) .EQ.1) .AND. (YP1.LE.4) .AND. (QC.EQ.-1)) GOTO 470 

IF {(XKO.EQ.XP1).AND.(YKO.GT.YP1)) GOTO 470 
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c 
C IF BOTH KINGS ARE ON DIFFERENT SIDES OF THE WHITE PAWN WE CAN 
C SIMPLY !EST EACH'S DISTANCE FRCM THE PAWN AND FROM ITS QUEENING 
C SQUARE. OTHERWISE WE SETUP lOCAL VARIABLES TO CALL ONEPAN. IF 
C WHITE CANNOT WIN WITH KING AND PAWN VS. LONE KING, BLACK HAS AT 
C LEAST A DRAW. BUT A WINNING SCORE IS DECEPTIVE SINCE THE CONCEPT 
C OF 1 ZUGSWANG' HAS NO VAlUE WHEN BLACK CAN SIMPLY PUSH HIS OWN 
C PAWN TO QUEEN! 
c 

YNOT=SCORE(PLY+J) 
EX=O 
RC=O 
IF (QC.EQ.1) RC=1 
IF ( { (XP1 -XK) * (XP1 -X KO) • LE. 0) .OR. (YP 1. EQ. 7)) GOTO 1010 
IF ((YK.LE.5).0R.{YP1.LE.4)) GOTO 1010 
ABC=WHITEX(1) 
DEF=WHITEY (1) 
GHI=WHITEP (2) 
JKL=IHITEX (2) 
MNO=VHITEY (2) 
PQR=BL!CKX(1) 
STU=BL!CKY (1) 
VWX=C 
YZA=QC 
WHITEX(1)=XK 
WHITE! (1) =YK 
WBITEP(2)=1 
WHITEX(2)=XP1 
WHITE! (2) =YP1 
BLACKX(1)=XKO 
BlACKY ( 1) =YKO 
C=QC 
MATERB=O 
CALL OlfEPAN 
MATERB=-1 
WH!TEX(1)=ABC 
VHITBY(1)=DBF 
WH!TEP(2)=GHI 
WHITEX(2)=JKL 
VHITEY(2)=MNO 
BLACKX (1) =PQR 
BLACKY(1)=STU 
C=VIX 
QC=YZA 
IF (IABS(SCORE(PLY+3)).LT.20) EX=1 
SCORE(PLY+3)=YNOT 
IF (EX.EQ.1) GOTO U70 
IF ((YK.GE.7).0B.(YKO.NE.8)) GOTO 1005 
IF ((XK.EQ.XKO).AND.(!P1.EQ.5)) GOTO 470 
TF=O 
IF (QC.EQ.1) TF=1 
IF (IABS(XK-XP1).LT.IABS(XKO-IP1)+TF-1) GOTO 1005 
MOVE(700)=1 
GOTO 470 

~ 1005 IF ((DIST(XKO,YKO,IP1r10}+RC.NE.3).0R. 
1 (YP1.NE.5) .O:B. (YK.NE.6)) GOTO 1010 
IF (QC.EQ.1) DT=DT+2 
IF ((QC.EQ.-1).AND.(YKO.EQ.8)) DT=DT+1 



c 

10 

30 

40 
50 

60 

70 
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DBAWC3=0 
IF (KATERW+IABS(MATERB) .GT.2) RETURN 
CALL GENERT 
IF (MOVE(50*PLY+1).NE.O) RETURN 
DRAWC3=1 
IF ((MATERW.NE.2).AND.(MATERB.NE.-2)) GOTO 50 
IF (C.EQ.1) GOTO 30 
IF (BLACKY(1).NE.8) GOTO 50 
DO 10 ABC=1, 8 
IF (BOARt(ABC,7) .NE. 1) GOTO 10 
IF (IABS(ABC-BLACKX(1)).EQ.1) GOTO 60 
CONTINUE 
GOTO 50 
IF (WHITEY(1).NE.1) GOTO 50 
DO 40 ABC=1.8 
IF (BOARD(ABC.2).NE.-1) GOTO 40 
IF (IABS(ABC-WHITEX(1)) .EQ.1) GOTO 70 
CONTINUE 
SCORE(PLY+3)=0 
RETURN 
SCORE(PLY+3)=6000-200*PLt-100*(1-C) 
RETURN 
SCORE(PLt+3)=-6000+200*FLt+100*(1+C) 
RETURN 
END 
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APPENDIX 2 

Here we present two sample trees from problem nos. 2 and 25 

of Chapter Ill. The chess pieces are internally represented as 

follows: White king= 6, Black king= -6, White pawn= 1, Black 

pawn = -1. A chess move is stored as a six digit number where 

the first digit represents the chess piece that moved, the next 

four digits, in pairs, represent the x-y coordinates of the new 

and old squares respectively of the piece that moved, and the 

last digit represents the type of move (0 for regular, 1 for 

capture, 2 for en passant and 3 for queening). We now present an 

example of a small tree to explain how to interpret the data. 

4895 1 135340 

3621 1 135340 

-5 2 677880 

1 -185860 

2 -674750 

1 -185860 

In each line the number located in the first column is the 

score at the terminal node; in the second column it refers to the 

number of the move in the move list at the first ply depth; in 

the third column it is the move itself (in this case it is 

White's move); in the fourth it is the number of the move in the 

list at the second ply depth; and finally, in the fifth column it 

is Black's move. The conventional format for the tree above 
~ 
...., follows: 
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-5 3621 4895 

In the sample trees that follow D refers to the maximum ply 

depth; the same position was tested at different D levels. The 

real job time and the principal continuation are also displayed 

after each tree. 

0 
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APPENDIX 3 

We wrote a 'drive' program to double-check subroutine 

ONEPAN. This was done by sett~ng up a position with the Black 

king and the White pawn on certain squares and then testing each 

of the remaining squares with subroutine ONEPAN to determine 

whether or not the position would be won for White with the White 

king occupying that square. If the position was won the 'drive' 

program would print an x on the square; otherwise it would be 

left ~mpty. Finally we tested the program in every possible 

situation with the Black king relative to the White pawn (except 

those cases easily disposed of by the 'rule of the square' test). 

The 'drive' program and a sample of the positions generated by it 

are listed here. It was much simpler to verify subroutine 

ONEPAN's accuracy by checking these diagrams. The masks 

discussed in Chapter II represent the chess information locked in 

these diagrams more concisely; one mask 'covers' several 

different diagrams exhibiting the same structure ie. a many-one 

relationship (see 2.1). If all the diagrams are correct then 

ONEPAN is correct. In the sample figures that follow some 

additional information is supplied. On top of each is a number 

indicating its position in the list of diagrams. On the bottom, X 

and Y are the coordinates of the White pawn P in the figure (with 

the origin in the bottom right-hand corner), AD and D, defined as 

W and H respectively in Chapter II, describe the position of the 

Black king K in relation to the pawn, and finally C refers to the 

colour of the player on the move (1 for White and 0 for Black). 
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lt1PLI C IT I UTEGER (A-Z) 
COnt1otJ /r4L I ST I f10VE ( 700), PLY, SCOLOR, C ,f10VEP, D 
COW10tJ IDLISTI t1P(20),SCOI1E(20),CAPTY(20),130AI10(3,8) 
COf1t10tJ ISK011EI r.1ATER\I,f1ATEI113 
COt.1t1otf I D11A\I/ D11A\JT, D!1AI!C1, D11A\JC2, DfM\'JC3, KOflTA, KOflTS 
COt.U10N I PL I ST I lllll TEP( 11), \JH I TEX ( 11), \lfll TEY ( 11) 
COMt10N IPLISTBI 13LACI~P(11),13LACKX(11),13LACKY(11) 
COMMON IPLISTZI QC,KXO,KYO,KX,KY,PX,PY,PXl,PYl, 

1KX1, KYl, KX2, KY2 
INTEGER*2 13(3,3,G),KitJG,PAHtJ,EX,SLASH,13LAUK 
Dlt1EtJSION E(G,G) 
DATA El36*01 
DATA I~ I fJG, PA\HI, EX, SLASH, BLAW~IlHK, lHP, 1HX, HI-, lH I 

c 
C THIS PROGI1At1 CHECI~S \Ill ETHER OIJEPAfl IS COR!1ECT, 13Y 
C PRitlTitlG 130ARD POSITIOtJS CASE 13Y CASE. ON EACH BOARD 
C THE £lLACK J~lfiG IS 11EPRESEtlTED BY 'K', THE \/HITE PA\W 
c BY I pI, Et1PTY SQUARES BY '-I AfJI) \J I tHll tlG SQUARES FOI1 
C THE Wll TE I(J IJG 13'.' 1 X'. TilE P110GRAr1 GOES THROUGH G DO LOOPS 
C t·JHICII ltJCI1Et1EtlT THE \.JliiTE PAWl'S, THE BLACK KltJG'S AtW 
C THE. \JHITE KIUG 1 S ;c-Y COOI1DitJATES.IT CotiSIDEI1S BOTH BLACK 
C AND \IHITE TO PLAY Ill E'/ALUATiflG EACH POSITION. (C IS 
C ALTEI1tJATELY PLUS 011 111rliJS OfJE FOR \JHITE OR BLACK TO PLAY 
C RESPECTIVELY). 13(3,3,G) STOI1ES SIX BOARDS AT A Tlt1E F011 
C PRINTitJG Slf1UlTAfiEOUSLY. E(G,fi) STORES INCREt1EUTED VALUES 
C OF THE PIECES FOR EACII OF THE SIX BOARDS. 
c 

50 

75 

lOO 

f,1A T E RH= 1 
T=1 
PLY=O 
MATERB=O 
TT=1 
BS=O 
HRITE(6,5000) 
DO 1000 1=1,3 
DO 900 J=l,8 
DO 800 K=1,3 
DO 700 L=2,3 
IF ((IAI3S(J-I).EQ.O).AtW.(K.EQ.2)) GOTO 800 
\JHITEP(2)=1 
WIITEX(2)=1 
HHITEY(2)=L 
BLACKX ( 1) =J 
IF (L+K-2.GT.8) GOTO 800 
13LACKY(1)=L+K-2 
C=-1 
GOTO lOO 
T=T+l 
TT=t10D(T,G) 
IF (TT.EQ.O) TT=G 
IF (TT.EQ.1) GOTO GSO 
C=C+2 
IF (C.GT.1) GOTO 700 
DO 150 0=1,3 
DO 150 G=l,8 
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. B(D,G, TT)=BLAtJK 
15 0 COtiT I tiUE 

DO 600 t1=1, 3 
DO 400 tl=l, 3 
IF ((t1.EQ.\JHITEX(2)).ArJD.(ti.EQ.HIIITEY(2))) GOTO 260 
IF ( 0.1. EQ. BLACKX(1)) .AtiD. {tJ. EQ. lllACKY(l))) GOTO 300 
IF (DIST(M,N,BLACKX(1),13LACKYC1)).EQ.1) GOTO 240 
UHITEX(l)=t-1 
\'JH I TEY ( 1) =tJ 

200 CALL O!JEPAtJ 
IF (SCORE(3).LT.20) 1Ht1,t~,TT)=SLASH 
IF (SCORE(3) .GT .20) 1301,U, TT)=EX 
GOTO 400 

240 fHM,fJ,TT)=SLASH 
GOTO lJOO 

260 B04,tJ, TT)=PAWJ 
GOTO 400 

300 B0.1,tJ,TT)=KitiG 
400 COtiT ltWE 
600 CotiT I tJUE 

E(l,TT)=T 
E(2,TT)=IABS(J-I) 
E(3,TT)=K-2 
E(4,TT)=I 
EC5,TT)=l 
EC6,TT)=C 
IF (C.EQ.-1) E(G,TT)=O 
GOTO 50 

650 BS=BS+1 
WRITE(6,2500) (E(1,P),P=1,G) 
WRITE(6,2000) (((B(9-P,9-Q,R),P=l,8),R=1,6),Q=l,8) 
\·JR I T E ( G , 3 0 0 0 ) 
WRITE(6,4000) ((E(P,Q),P=2,6),Q=l,6) 
DO 675 P=l,6 
DO 675 Q=l,6 
E(P,Q)=O 

675 CotiTINUE 
GOTO 75 

7 00 CONT ltHJE 
800 COfJTINUE 
900 CONTINUE 
1000 CONTINUE 
2 0 0 0 F 0 Rt1A T ( 6 ( 2 X, 3 A 2, 2 X ) ) 
2500 FORt1AT(lH ,6( 14,16X)) 
3000 FORHAT(lH ,6( 1 AD D X Y C ',3X)) 
4000 FORMATC1H ,6(11,1X,I2,1X,I1,1X,I1,1X,11,10X)/) 
5000 FORt1AT{1Hl) 

STOP 
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AD 0 X Y C 
5 4 2 2 0 

1017 
X X X X X 

- K - X X X X X 
X X X X X 

- X X X X X X X 
- X X X X X X X 
- X X X X X X X 

- X X X P X 
X X X X X 

AOOXYC 
5 5 2 2 0 

~«;4 

XX)(XXX 
xxxxxx 
xxxxxx 

X X X X X 
-K-XXXXX 

XX XXX 
XXXXPX 
xxxxxx 

JIO 0 X Y C 

5 2 2 2 

lOCO 
X X X X X 

-K-XXXXX 
X X X X X 

XXXXXXPX 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

AD 0 X Y C 
5 2 2 5 1 

1006 
xxxxxx 

X X X x X 
-K-XXXXX 

X X X X X 
x-xxxxxx 
X X X X X X P X 

X X X X X X 
- - X X X X X X 

AD 0 X V C 
5 J 2 3 

1012 
X ·x X X X X 

X X X X X 
-K-XXXXX 

X X X X X 
xxxxxxxx 
X X X X X X X x 

X X X X P X 
X X X X X X 

AD D X Y C 
5 4 2 2 1 

1018 
X X X X X 

• K - X X X X X 
XX XXX 

X X X X X X X X 
)I X X X X X X X 
X X X X X X X X 
XXXXXXPX 

X X X X X X 
AD 0 X Y C 
5 5 2 2 1 

·- -0--
li95 

X X X X X 
X X X X X 
X X X X X 

- K - X X X X X 
X X X X X 
X X X P )I 

XX XXX 
X X X X )( 

AD 0 X V C 
!!! 2 2 J 0 

1001 
- K - X X X X X 

X X X X )( 
X X X X X X P X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X· X X X X X )( 

X X X X X X X X 
AO 0 X Y C 
5 2 2 6 0 

1007 
X X X X X 

- K - X X X X X 
X: X X X X 

- X - X X X X X 
X X X P X 
X X X X lC 
X X X X li 

- X X X X 
"0 D X Y C 
5 J 2 4 0 

1013 
X X X X X 

- K - X X X X x 
X X X X X 

- X X X X X X X 
X X X X X 
X X X P X 

-xxxxx 
X X X X X 

"0 C X Y C 
5 4 2 J 0 

1019 
- K - X X X X X 

X X X X X 

- X X X X X X X 
- X X X X X X X 
- X X X X X X X 

- X X X P X 
XX XXX 
X X X X X 

AO 0 X V C 
5 5 2 3 0 

996 
X X X X X X 
xxxxxx 

X X X X X 
-K-XXXXX 

XX XXX 

X X X X P X 
xxxxxx 

- - X X X X X X 
AD 0 X Y C 
5 2 2 J 

1002 
- K - X X X )( X 

X X X X X 
XXXXXXPX 
xxxxxxxx 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 

AD D X Y C 
5 2 2 6 1 

1008 
X X X X X 

- K - X X X X X 
X X X X X 

X X X X X X X X 
XXXXXXPX 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 

AD 0 X 'Y C 
5 3 2 4 1 

1014 
X X X X X 

K - X X X X X 
X X X X X 

xxxxxxxx 
X X X X X X X X 
- - X X X X P X 

X X X X )( X 
- - X X X X X X 

AD D X Y C 
5 4 2 3 

1020 
- K - X X X X X 

X X X X X 

X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X P X 

X X X X X X 
X X X X X X 

AO 0 X Y C 
5 5 2 3 1 

...11. 

CX) 
...... 



-- --0·--
2281 

X X X P X - K 
X X X X X 
X X X X X X X X 
XXX)(l()(XX 
X X X X X X X X 

X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AO 0 X V C 
3 0 5 ~ 0 

·2?.87 

XX XXX 

X X X X X -
xxxxx-K­
x X X P X 
xxxx 

AO 0 X Y C 
3 1 5 4 0 

2293 
xxxxx-K­
x X X P X 
X X X X X X X X 
X X )( X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AO 0 X V C 
3 l 5 7 0 

2299 

l<XXXX­

XXXXX-K"" 
xxxxx­
xxxPx 
XXX)( 

AO D )( Y C 

3 2 5 4 0 

2305 

xxxxx 
X X X X X - I( 

X )( X X )( -
)(J()()()(-X 

X X X P X -
X X X X 

AD 0 x Y C 
3 3 5 2 0 

-··--- --------· 
2282 
l<XXI=X-1<­
XXXXX­

xxxxxxxx 
xxxxxxxx 
X X X X X X X X 
XXXXXX)()( 

xxxxxxxx 
xxxxxxxx 

AD D X Y C 
3 o 5 e 

2288 
xxxxxx-­
xxxxxx 
xxxxx 
xxxxx-K­
x X X P X 

xxxxxx-­
xxxxx 

AD 0 X V C 
3 1 5 4 

2294 
xxxxx-t<­
XXXj:X 
xxxxxxxx 
X X X X X X )( X 
X X X X )( X X X 
xxxxxxxx 
xxxxxxxx 
X X X X )( X X X 

AD D X V C 
3 1 5 7 

2300 
xxxxxx-­
xxxxx 
X X X X X - K -
X X X X X 

XXXPXX 
XXX)(XX 

xxxxx 

AD 0 X V C 
3 2 5 4 

2306 

xxxxxx-­
xxxxx 
xxxxx-K­
x X X X X 

XXX XXX-)( 
X)( X P,X X X X 
x x x x'x x--

AD 0 X V C 
~ 3 5 2 l 

2283 

X X X X X 

X X X X X X X 

X X X X X 
X X X X X - I( -

X X X P X 

X X X X -
AD 0 X Y C. 
3 1 e 2 o 

2289 
X X X X X - - -
X X X X X 

X X X X X - K -
X X X P X 
X X X X -

AO I) X Y C 
3 1 5 5 0 

2295 

XXX XX 
X X X X X 
X X X X X - K -
X X X X X 
X X X P X 
X X X X -

AO 0 X V C 
3 2 5 2 0 

2301 
X X X X X 

X X X X X - K -
X·XXXX 

X X X P X X - -
X X X X 

AD D X V C 
3 2 5 5 0 

2307 

X X X X X 

X X X X X - K -
XXX)()( 

xxxxx-x­
x X X P X 
X X X X 

AO 0 X Y C 
3 3 5 3 0 

22P.4 

xxxxxx-­
xxxxxxxx 
xxxxxxxx 
X X X X X 
xxxxx-K­
x X X P X 
xxxxxx--

AO 0 X V C 
3 1 5 2 

2290 
X X X X X X - -
X X X X X 
X )( X X X - K -
X X X P X 
X X X X X X 
X X X X X 

AD 0 X Y C 
3 1 5 5 

22«;6 

X X X X X X -· -
X X .X X X X - -
X X X X X 
xxxxx-K 
X X X X X 
X X X P X X 
X X X X X X - -

AO 0 X V C 
3 2 5 2 

2~02 

X X X X X 
X X X X X - K -
X X X X X 
X X X P X X X -
X X X X X X X -
X X X X X 

AD 0 X V C 
3 2 5 5 1 

2308 
X X X X X X 
X X X X X 
X X X X X - K -
X X X X X 
X X X X X X - X 
X X X P X X X X 
xxxxxx-
x X X X X 

AO 0 X V C 
3 3 5 3 1 

226~ 

XX XXX 

X X X X X 
X X X X X 
X X X P X 
X X X X -

AO 0 X V C 
3 1 5 3 0 

2;!91 
X X X X X 

K -

X X X X X - K -
X X X P X 
X X X X X X X -
xx>cxx-

AC C X Y C 
3 l 5 6 0 

2297 

X X X X X 

X X X X X - K -
X X X X )( 
X X X P X 

X X X X -

AO 0 X V C 

3 2 5 3 0 

2:!0 3 
X X X X X - K -
X X X X X 
X X X P X X X -
X )( ll X X X X -
xxxxxxx-

AD C X V C 
3 2 5 6 0 

23v9 
XXl<XX 

X .X X X X - K 
X )t X X X 
X X X X X - X -
X X X P X 
X X X X -

AC 0 X Y C 
3 ~ lS 4 0 

2286 

XXX XXX 

XXX XXX 

X X X X X -
X X X X X - K 
X X X P X 
XXX)()()( 

X X X X X 
AD D X V C 
3 1 5 3 

2292 
X X X X X -
X X X X X - K 
X X X P X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AOOXYC 
3 1 5 6 

2298 

X X X X X X -
X X X X X 

x. X X X X - K 
X X X X X 
XXXPXX 

XXX XXX 

X X X X X 

AD 0 X V C 
3 2 5 ~ 

2304 
X X X X X - K -
X X X X X -
X X X P X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 

AO D X Y C 
3 2 5 6 l 

2310 
X X X X X 
XXX XX-I< 
X X X X X 
xxxxxx-x 
X X X P X X X X 
X X X X X X 
XXX XX 

AO 0 X V C 
3 3 5 4 l 

..... 
(X) 

1\J 



-· .0------··-·---·--
2J 11 
xxxxx-K 
X X 'I( X X 

xxxxxxx­
xxxPxx 
X X X X 

J\D D X V C 
3 3 5 5 0 

2317 
xxxxx-K­
x X X X X -
xxxxxxx­
xxxxx--­
XXXPX 

xxxx-

AO D X Y C 

3 4 5 4 0 

2323 
XXl<XX-K­

XXXXX­
xxxxxxx 
xxxxxxx­
xxxxxxx 
xxxxxxx 
XXXPXXX 
xxxx----

AD D X Y C 
3 6 5 2 0 

2329 

-xxxx 
-xxxxx--
-XJ<P-

XJ<X-K-

AD 0 X Y C 
2 -1 5 4 0 

2335 
X X X X X - -

- X X P 

-xxx-K-

I 
AD 0 X Y C 
2 -1 5 7 0 

L 

2312 
xxxxx-K­
xxxxx 
X)(XXXXXX 

XXXPXXXX 

xxxxxxx­
x X X X X -

AD 0 X Y C 
3 3 5 5 1 

2318 
xxxxx-K 
X X X X X 
xxxxxxxx 
xxxxxxxx 
XXXPXX 
xxxxxx-­
xxxxx 

AD 0 X Y C 

3 4 5 4 1 

2324 
xxxxx-K­
xxxxx 
)()()()()()()()( 

xxxxxxxx 
X X X X X X X X 
xxxxxxxx 
XXXPXXXX 

xxxxxxxx 
AD 0 X Y C 

3 6 5 2 

2330 
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 
xxxxxxxx 
XXl<P---X 
xxxx-K-x 
xxxx---x 
xxxxxxxx 

AD 0 X Y C 
2 -1 5 4 

2336 
X X X X X X X X 
XXXP---x 
xxxx-K-x 
xxxx---x 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

AI) 0 X Y C 
2 -1 5 7 1 

2313 

X X X X X - K -
X X X X X 
X X X X X X X -
X X X X X 
X X )( P X 
X X X X 

AD 0 X Y C 
3 4 5 2 0 

2::319 

X X X X X - I< -
X X X X X -
X X X X X X X • 
X X X X X X X -
X X X X X X X -
X X X P X 
X X X X - - - -

AO D X Y C 
3 5 5 2 0 

2325 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X• X ·x X 

X X X X X X X X 
xxxxxxxx 
X X X P - - - X 
X X X X - K - X 

AO 0 X Y C 
2 -1 5 2 0 

2331 

- X X X X - - -
-xxxxx 
- X X P - - - -
- X X X - K -

AOOXYC 
2-1 s 50 

2337 
X X X P X 

X X X X - K - X 
X X X X - - - X 
X X X X X X X X 
)( X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AD D X Y C 
2-1 sa ;J 

2314 

X X X X X 

xxxxx-K­
x X X X X - - -
X X X X X X X X 
xxxxxxxx 
X X X P X X 
X X X X X X - -

AO D X Y C 
3 4 5 2 

2320 
X X X X X 
XXXXX-1<­
X X X X X 
xxxxxxxx 
X X X X )( X X X 
)()(XX XXX X 
XXXPXXXX 
X.X X X X X 

AD 0 X Y C 
3 5 5 2 1 

2326 
XXX XX XX)( 
xxxxxxxx 
X X X X )( X X X 
XXX X )lXXX 
)( X X X X X X X 
X X X X X X X X 

X X X P - - - X 
ltXXX-K-X 

AD 0 X Y C 
2 -1 5 2 

2332 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X P - - - X 
xxxx-K-x 
X X X X X 
X X X )( X X X X 
xxxxxxxx 

AD D X Y C 
2 -1 5 5 1 

2338 
l<XXP---x 
XXXX-K•X 
X X X X - - - X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AO D X Y C 
2 -1 5 e 1 

231~ 

X X X X X - K -
X X·X X X 

X X X X X X X • 
X X X X X 
X X X P X 
X X X X -

AD 0 X Y C 
3 4 5 3 0 

:2321 
X X X X X - K -
X X X X X 
X X X X X X X • 
X X X X X X X • 
)( )( X X X X X -
X X X P X 
X X X X - - - • 

AO C X Y C 
3 5 5 3 0 

2327 

- X X X X 
- X X X X X - -
- X X P -
-xxx-K 

AO 0 X Y C 
2 -1 5 3 0 

2333 
- X X X X -
- X X X X X 
- X X P 
- X X X - K 

AC 0 X Y C 
2 -1 5 6 0 

233'i 

X X )I X X X X -
X X X X X X X -
X X X X X X X -
X X X X -
X X X P - K 
X X X X -

AC 0 X Y C 
2 0 5 2 0 

2316 
X X X X X -
X X X X X - K -
X X X X X 
X X X X X X X X 
xxxxxxxx 
X X X P X X 
X X X X X X 
X X X X X 

AD 0 X Y C 
3 45:!1 

2322 
X X X X X - K -
XXX XX 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X P X X X X 
XXX XXX 

X X X X X 
AD 0 X Y C 
3 5 5 3 

2328 
X X X X X X ~ X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 
xxxPM--x 
X X X X M I( - X 
xxxx---x. 

AD D X V C 

2 -1 5 3 

2334 
.ll. X X X X X X X 
X X X X X X X X 
X X X P - - - X 
X X X X - K - X 
xxxx---x 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AD 0 X V C 
2 -1 5 6 

2340 
X X X X X X X X 
xxxxxxxx 
X X. X X X X X X 
xxxxxxxx 
X X X X X X X X 
X X X X - - - X 
XXXP-K-X 
xxxx---x 

AD 0 X Y C 
2 0 5 2 1 

~ 

CO 
w 



0------- ---- -· 
2341 

-xxxx-
- X X X 
-XI(P-K-

X X X 

AD 0 X V C 
2 0 5 3 0 

2347 
-xxxx-

x X X 
-xxP-K--
-xxx--

AD 0 X V C 
2 c 5 6 0 

235.3 

-xxxxx-­
x X X 
X X X - K 

- X X P -

AD D X V C 
2 1 5 2 0 

2359 

X X X - -
X X X - K 

- X X P - - - -

AD 0 X V C 
2 1 5 5 0 

2365 

- X X X -
-xxx-K 

X X X - -
- X X P - -

AO 0 X V C 
52 0 

2342 

xxxxxx-­
xxxxxx 
X X X X -
XJICXP-K 
X X X X 
X liC X X X 

AD 0 X V C 

2 0 5 3 

2348 
xxxxxx-­
x X X X -
XXXP-K-­
)(XXX---­
XX XXX 

AD D X Y C 
2 0 5 6 

2354 

)()()()()()()( 

xxxxxxx­
xxxx--
X X X X - K 
XXXP­
XXXX--

AD 0 X V C 
2 1 5 2 1 

2360 
xxxxx 
xxxx-­
x X X X - K 
XXXP­

XXXX-

AD 0 X Y C 
2 1 5 5 

236t> 

XXX XX 
X X X X -
X X X X - K 
xxxx-­
xxxPX 
X X X X -

AD 0 X V C 

~ 2 5 2 1 

2343 

- X X X X 
- X X X 
- X X P - K - -
- X X X 

AD 0 X V C 
2 0 54 0, 

2,j49 
- )( )( )( -
- X X P - K - -
- X X X -' -

AD D X V C 
2 0 5 7 0 

2355 

- X X X -
X X X - K 

- )( )( p 

AD 0 X Y C 
2 1 5 3 0 

2361 
- X X X -
- X X X - I< 
- X X p 
- X X X X X 

AD 0 X V C 
2 1 5 6 0 

2367 

- X X X 
- X X X - K 
- X X X - - - -
- X X P -

AD D X V C 
2 2 5 3 0 

2344 

X X X X X X - -
X X X X X X - -
xxxx---­
x X X P - K 
xxxx 
X X X X X 

AO D X Y C 
2 0 5 4 1 

2350 
xxxx---x 
XXXP-K-X 

X X X X - - - X 
xxxxxxxx 
X X X X X X X X 
XXX X XXX)( 

X X X X X X X X 
X X X X X X X X 

A) 0 X Y C 
2 0 5 7 

2356 

X X X X X 
X X )( X - - - -
X X X X - K - -
X X X P - - - -
X X X X 

AD D X Y C 
2 1 5 ~ 1 

z.:H2 
X X X X - - - -
xxxx-K 
XXXF-
JI X X X X X X -
X X X X X X X -

AO 0 X Y C 
2 1 5 e 

2368 

XXX XX 

X X X X -
xxxx-K 
X X X X -
X X X P X 
xxxx-

AD D X V C 
2 2 5 3 1 

2~4E 

- X X X X 

- X X X -
- X X P - K 
- X X X 

AD C X Y C 
2 0 5 5 0 

2::51 
X X X P - K - X 
X X X X - - - X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X 11 

AD C X Y C 
2 c 5 6 0 

2357 

- X X X 
-xxx-K 
- X X P -

- .... -
AD 0 X Y C 
2 1 5 4 0 

236;:! 

X X X - K 
- X X p 
- X X X X X 

,IIQ 0 X V C 
2 1 5 7 0 

236(.; 

X X X -
- X X X - K 
- X X X 
- X X p 

AC C X Y C 
2 2 !5 4 0 

---------0--
2346 

X X )( X X X 
X X X X X X 
X X X X 
X X X P - K 
)( X X )( 
X X X X X 

AD D X V C 
2 0 5 5 

2352 
X X X P - K - X 
X X X X - - - )( 
)( X )( X X X X X 
X X )( X )( X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X )( X 
X X X X X )( X X 

AD 0 X Y C 
2 0 5 8 1 

2.358 

X X X X X 
X X X X 
XXXX-K 

X X X P -
X X X X 

AD 0 X Y C 
2 1 5 4 

2364 
X X X X - K - X 
X X X p - - - X 
X X X X X X X X 
X X X .X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 

AD 0 X V C 
2 1 5 7 

2370 
xxxxx­
x X X X 
X X X X - K -
X X X X 
X X X P X -
X X X )( - - - -

AD 0 X Y C 
2 2 5 4 1 

.... 
(X) 

-'=' 



0-------------------·- ··------------------------------·-----------
3~71 

xxxxxx-K 
)()()()()()( 

P)()()()()()()( 

xxxxxxxx 
)()()()()()()()( 

X X X X X X X X 
)()()(XXXXX 

X X X X X X X X 
IlD 0 X V C 
7 2 8 6 0 

3877 
xxxxxx 
X X X X X X - K 
xxxxxx 
X X X X X X X X 
P X X X X X X X 
X X X X X. X X X 
xxxxxxxx 
xxxxxxxx 

AO 0 X Y C 
7 :3840 

3883 
)( X X X X X 
XXXXXX-K 
xxxxxx 
)()()()()()()()( 

xxxxxxxx 
PXXXXXXX 

)( X X X X X X X 
X X X X X X X X 

AD 0 X Y C 
7 4 8 3 0 

3889 
X X X X X X - K 
xxxxxx 
xxxxxxxx 
xxxxxxxx 
XXXXXX)()( 

PXXXXXXX 
X X X X X X X X 
X X X X X X X X 

A'>OXYC 
7 s a 3 o 

3895 
)()()()()( 

xxxxx­
xxxxxx­
)()()()()()( 

xxxxxxx 
P X X X X -
xxxxx-K 

AD 0 X Y C 
6 -1 6 3 0 

3':172 
.)( X X X X X - I< 

X X X X )( X 

PXXXXXXX 

X X X X X )( X X 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

AD 0 X V C 
7 2 8 6 

3878 
xxxxxx 
xxxxxx-1< 
XXX XXX 
)()()()()()()()( 

PXXXXXXX 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

AD 0 X V C 
7 3 8 4 1 

3884 
xxxxxx-­
xxxxxx-K 
XXX XXX 

xxxxxxxx 
xxxxxxxx 
PXXXX'<XX 
xxxxxxxx 
xxxxxxxx 

AO 0 x Y C 
7 4 8 3 

389~ 

xxxxxx-K 
xxxxxx-­
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 
PXXXXXXX 
)()()()()()()()( 

xxxxxxxx 
AD 0 X Y C 
7 5 8 3 

3896 
xxxxxxxx 
XXXX)(XXX 

xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
PXXXX--­
XXXXX-K­
X X X Xi X 

AO 0 X v· C 
6 -1 8 3 1 

3873 
X )( X X X X X X 

X )( X X X X X X 
XX XXX X 

X X X X X X - K 
X )( X X X X - -
xxxxxxxx 
P X X X X X X X 
xxxxxxxx 

AO 0 X Y C 
7 3 a 2 o 

3879 
xxxxxx-1< 
X X X X X X - -
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 
xxxxxxxx 

All D X Y C 
7 3 a 5 o 

3885 
X X X X X X - K 
xxxxxx 
X X X X X X X X 
X X X X X X X X 
P X X X X X X X 
xxxxxxxx 
X X X X X X X X 
X X X X X X X X 

AO 0 X Y C 
7 4 a 4 o 

3891 
X X X X X X - K 
X X X X X X -
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X X X X 
X )( X X X X X X 

AD 0 X Y C 
7 6 8 2 0 

3897 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X 

X X X X X - K -
X X X X X 
X X X X X X X X 

AD 0 X Y C 
6 -1 8 4 0 

3874 
xxxxxxxx 
X X X X X X X X 
X X X X X X 

X X X X X X - K 
X X X X X X - -
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 

1\0 0 )( y c 
7 3 8 .;: 

3380 
X X X X X X - K 
J( X X X X X - -
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 
X X X X X X X X 

X X X X X X X X 
xxxxxxxx 

AD 0 X V C 
7 3 8 !5 1 

3386 
X X X X X X - K 
X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X X ·x X 

X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AD D X V C 
7 4 8 4 

3fl'ii2 
xxxxxx-K 
X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 

AD 0 X Y C 
7 " a 2 

3!'!'}8 
xxxxxxxx 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
? X X X X 
xxxxx-K­
x X X X X 
xxxxxxxx 

AD 0 X Y C 
6 -1 8 4 

:!875 
X X X X X X X X 
X X Jl X X X 
X X X X X X - K 

X X X X X X - -
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AD D X Y C 
7 3 8 3 0 

:!81.'11 
X X X X X X X X 
X X X X X X - -
X X X X X X - K 
X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 

AD C X Y C 
7 4 8 2 0 

Jein 
X X X X X X 
X )I X X X X - K 
X X X X X X 
X le X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X X X X 
X X X X X X X X 

AD 0 X V C 

7 5 8 2 0 

:!89~ 

X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X 
X X X X X - K -

AD C X Y C 
6 -1 8 2 0 

3899 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X 
X X X X X - K -
X X X X X 
X X X X X X X X 
X X X X X X X X 

AD D X Y C 
6 -1 8 5 0 

3876 
X X X X X X X X 
XXX XX)( 

X X X X X X - K 
XXX XXX 
X X X X X X X X 
P X X )( X X X X 
X X X )( X X X X 
xxxxxxxx 

AD D X V C 
7 3 a 3 1 

3882 
X X X X X X X X 
XXX XXX 
xxxxxx-K 
XXX XXX 
xxxxxxxx 
X X X X X X X X 
PxXXXXXX 

X X X X X X X X 
AD 0 X V C 
7 4 8 2 

3888 
XXX XXX 
X X X X X X - K 
X X X X X X - -
X X X X X X X X 
X K X X X X X X 
xxxxxxxx 
P X X X X X X X 
X X X X X X X X 

AD 0 X Y C 
7 5 8 2 

3894 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
P X X X X 
X X X X X - K -

AD 0 X Y C 
6 -1 8 2 

3900 
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 
P X X X X 
X X X X X - K -
X X X X X 
xxxxxxxx 
X X X X X X X X 

ADOXVC 
6 -1 8 5 1 

_,. 
00 
V1 



() 
3901 

X X I( X' X X X X 

xxxxxxxx 
oxxxx­
xxxxx-K­
XX XXX 
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 

AO 0 X Y C 
6 -t a 6 o 

07 
xxxxx-
x X X X X 
xxxxxxx­
xxl(xxxx­
xxxxxxx­
xxxxx 
PXXXX•K-

AD 0 X Y C 
6 o e 2 1 

JQ 13 
X X X X X X X X 
X X X X X X X X 
xxxxx­
Pxxxx-K­
xxxxx-
x X X X X X X X 
x.xxxxxxx 
xxxxxxxx 

AO I) X Y C 

6 0 8 5 0 

3919 
Pxxxx-K­
x X X X X 

xxxxxxxx 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 
xxxxxxxx 
X X X X X X X X 

AD 0 X V C 
6 0880 

3925 
X X X X X X X X 
xxxxxxxx 
X X X X X -
xxxxx-K­
Pxxxx-
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

AD 0 X Y C 
6 1 a 4 o 

------- ------·- --- ·----------------· ··- -··----------·----

3902 
xxxxxxxx 
xxxxxxxx 
P X X X X 

xxxxx-K­
x X X X X 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

AD 0 X V C 
6 -1 8 6 

3908 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
X X X X X 
PXXXX-K 

xxxxx 
AD 0 X Y C 
6 o a 2 

3914 
xxxxxxxx 
xxxxxxxx 
xxxxx 
PXXXX-K­
XXXXX 

xxxxxxxx 
x.xxxxxxx 
xxxxxxxx 

AD 0 X Y C 
6 0 8 5 

3CJ20 
PXXXX-K• 
X X X X X 

xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
XXXXXX)(X 
xxxxxxxx 
xxxxxxxx 

AD D X Y C 
6 o a e 

3926 
xxxxxxxx 
X X X X X X X X 
xxxxx 
xxxxx-K­
P X X X X 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

AO 0 X Y C 

~ l 8 •. 

39C3 
X X X X X X X X 

P X X X X 
X X X X X - K -
XX XXX 

X X X X X X X X 
X X X X X X X X 
X X X X X X X X 

xxxxxxxx 
AO 0 X Y C 

6-te7o. 

3909 
X X X X X 

X X X X X 
·X X X X X 
xxxxxx 
X X X X X - - -
PXXXX•K-

AO 0 X Y C 

6 o e 3 3 

3915 
X X X X X X X X 
X X X X X 
P X X :< X - K -
X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 

AD 0 X V C 
6 o e 6 o 

3921 
X X X X X 
X X X X X 

X X X X X 
X X X X X X X -
X X X X X 

X X X X X - K -
p -

110 0 X Y C 

6 1 8 2 0 

3927 
xxxxxxxx 
X X X X X 
X X X X X - K -
P X X X X 
X X X X X X X X 
X )( X X X X X X 
X X X X X X X X 
xxxxxxxx 

AD D X Y C 
6 l 8 5 0 

39.,4 
X X X X X X X X 

!.> X X X X - - -
xxxxx-1<­
xxxxx­
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
X X X X X X X X 

AD 0 X Y C 
6 -1 8 7 

3911) 

X X X X X X X X 
xxxxxxxx 
X X X X X X X X 
X X X X X X X X 
!(XXXX 

P X X X X - K -
X X X X X 
X X X X X X X X 

AI) 0 X 't C 
6 0 8 3 1 

3QI6 
xxxxxxxx 
x·xxxx 
P X X X X - K -
X X X X X 
XXICXXXXX 
X X X X X X X X 
X X X X X X X X 
xxxxxxxx 

AD 0 X Y C 
6 ~ 8 E I 

3922 
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 
xxxxxxxx 
xxxxx­
xxxxx-t<­
PXXXX 

xxxxxxxx 
A:> 0 K Y C 

6 l A 2 

3928 
X X X X X X X X 
)( X X X X 
xxxxx-K­
P X X X X 
X X X X X X X X 
xxxxxxxx 
X X X X X X X X 
X X X X X X X X 

AD 0 X Y C 
6 1 6 5 

390e 
P X X X X 
X X X X X - I( -

X X J< X X 

X J< X X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X X 
X .X X X X X X X 

AD C X Y C 
6 -1 8 A 0 

3911 
X X X X X X X X 
X J< X X X X X X 
X X X X X X X X 
X X X X X 
P X X X X - K -
X X X X X 
X X X X X X X X 
)( X X X X X X X 

AD 0 X Y C 
E c e 4 o 

3917 
X X X X X -
p )( )( )( )( - I( -

X X X X X 
X X X X X X X X 
X X X X X X X X 
xxxxxx·xx 
X X X X X X X X 
X X X X X X X X 

AC D X Y C 
6 o a 1 o 

:!92 3 
X X X X X 
X X X X X 
X X X X X 
X X X X X 

X X X X X - K -
p -

AD D X Y C 
6 1 e 3 o 

:392'l 
X X X X X 
xxxxx-K­
P X X X X 
X X )C X X X X X 
X X X X X X X X 
X X X X X X X X 
X X X X X X X )( 
X X X X X X X X 

AD 0 X Y C 
6 l 8 6 0 

--------C)-
3906 
Pxx.xx­
xxxxx-K­
X X X X X • • -
X X X X X X X X 
X X X X X X X X 
xxxxxx;x 
xxxxxxxx 
X X X X X X X X 

.1110 0 X V C 
b -1 8 8 

3912 
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 
X X X X X - - -
Pxxxx-K­
x X X X X • - -
xxxxxxxx 
X X X )I X X X X 

AO 0 X V C 

6 0 8 4 

3918 
xxxxx--­
P X )( X X - K -

X X X X X 

X X X X X X X X 
xxxxxxxx 
xxxxxxxx 
X X X X X X X X 
xxxxxxxx 

AD 0 X Y C 
6 o a 7 1 

3924 
X X X X X X X X 
xxxxxxxx 
X X X X X X X X 
X X X X X -
X X X X X - K -
P X X X X 
X X X X X X X X 
X X X X X X X X 

AD D X Y C 
6 1 a ::! 

3930 
XXX XX 
X X X X X - I( -

P X X X X 
X X X X X X X X 
X X X X X X X X 
X X X .11 X X X X 
X X X X X X X X 
X X X X X X X X 

AD 0 X V C 
6 1 8 6 1 

..... 
00 
0'\ 


