Listing T (opposite): The first half of Chess 0.5, written in Pascal. The second half of the pro-
gram will be presented in part 3 (December 1978 BYTE) of this series. The portion of the
program presented here covers initialization of the program, variable declaration, manipulation
of the “bit boards” (used to represent positions on the chessboard), user print routines and
move generation. The second half of the listing will include procedures for evaluation of ter-
minal positions, the look-ahead procedure, and user commands.

Creating

a Chess Player

Chess 0.5

Part 2:

Part 1 of this series (*‘Creating a Chess Player,” October 1978 BY'TE,
page 182) was an essay on human and computer skill. This month and
next we present Chess 0.5, a program written in Pascal by Larry AtRin,
who is coauthor with David Slate of the world championship computer
chess program Chess 4.6. The program is readily adaptable to per-
sonal computers having Pascal systems such as the UCSD Pascal project
software. Part 4 of the series will conclude with some thoughts about
computer chess strategy.
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described in “A ‘Tiny’
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182) is not compatible
with the more sophis-
ticated  Pascal used
here. . . .CM
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We have attempted to incorporate several
features which make the search process more
efficient and others which increase the
user’s options. Both of these enhancements
are important. The first set of features
(incremental updating, iterative searching,
staged move generation, etc) were described
in general terms in part 1. These features
reduce computation to the point where a
move can be selected in a reasonable amount
of time even with a full-width search. The
second set of features (special control and
print commands, accepting chess moves In
standard notation) not only add to the
pleasure of using the program, but also make
the debugging process much easier. The price
for these enhancements is a longer, more
complicated program. We hope the length
of our listing will not discourage the reader
from becoming actively involved.

Pascal was developed to provide a logical
and systematic higher level language which

could produce reasonably efficient machine
code for existing hardware. Computer pro-
grams can be conceptualized in terms of
two essential parts, descriptions of data and
descriptions of actions which are to be per-
formed on the data. Pascal requires that
every variable occurring in the program be
introduced by a declaration statement which
associates an identifier and a data type
with that variable. The data type defines the
set of values which may be assumed by the
variable. Since a chess program involves a
large number of variables, our program
begins with a long list of declaration
statements.

A constant definition introduces an iden-
tifier as a synonym for a constant. This is
very useful since the value of the constant as
stated in the declaration list can be changed
at some later date, and this change will then
be reflected throughout the program in
every place where the constant is used. In
the chess program, the values of some of
the constants depend on the characteristics
of the user’s hardware. For example, the
values of ZK (maximum search depth) and
ZW (move stack limit) will reflect the amount
of memory which is available on your sys-
tem. On personal computers, ZX will gen-
erally be set at 7 if you have an 8 bit proc-
essor and at 15 if you have a 16 bit proces-
sor. Note also that the value of PZXS8
depends on the value of ZX. To implement
this program on a given computer, it is
necessary to insert at the beginning of the
program the appropriate values for these
constants.

For the sake of clarity, specific data types
are declared for a number of different chess
concepts and for certain useful indices. The
program also takes advantage of the different
properties represented in Pascal’s data
structures: the set, array and record. It is
unlikely that anyone will immediately
memorize the names of all the variables.
Therefore it is useful to have them listed
at the beginning where they can easily be
found for later reference.

There is a comment statement accom-
panying almost every instruction in the
program. Although these brief statements



PROGRAM CHESS{INPUT,OUTPUTH §

LABEL
1 (* INITIALIZE FOR & WEW GAME =)
24 {* EXECUTE MACHIMNES MOVE *)
93 (* END OF PROGRAM *)
CONST
AA = 1% IA = 103 (* CHARACTERS IS A WORD =)
AC = A®y IC = “,*j (* CHARACTER LIMITS =)
AD = =2153°7TD = +21% (®* DIRECTION LIMITS =)
A = 0% F) = T3% (®* CHARACTERS IMN A STRING *)
AKX = 03 TK = 163 (®* SEARCH DEPTH LINWITS *)
AKHZ = =23 i AK=2 =)
IKPL = 17} * Zis1l *®=)
AL = B3 TL = 119; (* LARGE BOARD YECTOR LIMITS =)
AL = =119% TAL = 119% {* LARGE BOARD DIFFEREMCES
LIMITS =)
AM = 13 TH = 30 (* MESSAGE LINITS *)
AS = p7 IS = B3 {* BOARD VECTOR LIMITS =)
AT = =4t IT = 633 {* BOARD VECTOR LIWITS ANOD
AMOTHER WALUE *)
AY = =32TRTT] IV = +32TaT: (®* EVALUATION LINITS =)
AWM = 1% Iw = SE0% {* MOVE STACK LIMITS =)
AX = Qf IN = 314 {* SUBSETS OF SQUARES =)
AY = 0% IV = 1} {* ARRAY OF SUBRSETS TO FCRM A SET
OF ALL SQUARES OM BOARD =)
LPP = 20% i* LINES PER PAGE *) N
PIxA = 1BTTTZ1i6; 1* 2=1Z%=71 =)
SYNCF = 1% (* FIRST CAPTURE SYNTAX =)
SYNCL = 363 (® LAST CAPTURE SYNTAX *)
SYNHF = 373 (* FIRST MOWE SYNTAX =)
STYHML = LT3 (® LAST MOWE SYWTAX =)
TYPE
1* SIMPLE TYPES *)
TA = Al..TA; {* INDEX TD WOFDS OF CHAR =)
TR = BOOLEAM: (* TRUE OR FALSE *)
¢ = CHAR: (* SINGLE CHARACTERS *)
TD = AD..TD: (* DIRECTIONS *)
TE = (31,82+83,B4 51,52 45395k N1 M2 T Ma NG, MEMT,NB)
(* NUMBER OF DIRECTIONS =)
TF = IFlsF2 F3;FLFEF&;FTFAD; {* FILES ")
TG = (PQ,PR,PN,PR) I {* PROMOTION PIECES =)
TH = [HO«HL HZ  HI  Hi HE, HEHT) ]
(* TREE SEAFCH MODES =)
TI = INTEGER: (* HUMBERS =)
TS = LoDt (®* INDEX TO STRINGS =)
T = AK,,TK: [* PLY INDEX *)
TL = ML..2L: {* LARGE (10%12) BOARD *)
TH = (LITE.DARK,MNOMNE)} (* SIDES =)
TH = AM..ZM} {* INDEX TO MESSAGES *)
TP = (LPyLR+LMNyLB,LOLE,OP,0R,OM;08,00,06,MT) T
{* PIECES? LIGHT PAWM, LIGHT
ROOKs sse + DARKE KINGy; EMPTY
SAQUARE =)
TA = (LS+LL,DS4DL) (* QUADRAMTS *)
TR = (RL,R2,RI,R4 RS, ARG, R7,RB)} (" RANKS =)
TS = AS..I5% {®* SQUARES =)
TT = AT..IT} (®* SQUARES,; AND ANOTHER WALUE =)
TU = (EPLER,EMERB,EQ.EK)} {* TYPES: PAWM,; ROOK:; sus &
KING =)
TV = AV..IV} (* EVALUATIONS *)
THW = AW,..IW} (®* MOVES IMDEX *)
T = AN..TX% {* SOME SQUARES *)
TY = AY¥..IY] (* MUMBER OF TX*S IM A BOARD *}
TZ = REAL: {* FLOATING POIMT NUMBERS *)
{* SETS =)
SC = SET QF AC..IC} i{* SET OF CHARACTERS *)
SF = SET OF TF: (* SET OF FILES *)
sQ = SET OF Ta: (* SET OF CASTLING TYPES *)
SR = SET OF TR: (* SET OF RAWKS %)
SX = SET OF Tux} (* SET OF SOME SQUARES =)
(* RECORDS *®=)
RB = RECORD (* BOARDS *)
RATH 1 TH: (* SIDE TO HMOVE *)
RBTS 1 TT: (* EMPASSANT SOUARE *)
RBTI © TI3% i* MOVE MUMBER *)
RB3Q 1 5@3% (* CASTLE FLAGS *)
CASE INTEGER OF
01 ( RAIST ARFAY [TS) OF TP) 3% {* INDEXED BY SQUARE *)
11 § RBIRFy ARRAY [TF,TF] OF TPI:1* INDEXED BY RANK AND FILE #*)
ENDS
RA = PACKED ARRAY [TA)] OF TC: {* WORDS OF CHARACTERS =)
RC = ARRAY [TS) OF TP% (* BOARD VECTORS *)
RW = PACKED ARRAY [TM] OF TC% (* MESSAGES *)
RJ = PACKED ARRAY [TJj) OF TC: 1* STRINGS *)
RO = PACKED RECORD (* SYNTAX DESCRIPTOR FOR
SINGLE SQUARE *)
ROPC 1 TH! {* PIECE *)
ROSL 1 TAS (* s ®)
ROKQ 1 TH; (* ¥ OR O *=)
RONB 1 TH} (* Ry N, OR B =)
RORK 1 TA: (* RANK =}
END}
R = RECORD (* KLUDGE TO FIND NEXT BIT =)
CASE INTEGER OF
0t (RKTBt SET OF Duobl)3 (* BITS =)
1t (RETZ: TId: {® FLOATING POINT NUMBER *)

END}

RH = PACKED RECORD

RMFR
RMTO
RMCP
RHCA
RHAC
RMCH
RHNT
RMIL
RHSU
CASE
FAL

CASE RMOO 1
FALSE

1 T53
1TSS
1 TP:
t Tag
T Tat
1 TAai
1 TB;
1 TB:
i TEs
RHPR 1
SEs |

TRUE
Vi

Te OF

T8 OF
(RMEP 1 TB){
(RMQS ¥ TB)}

TRUE 1 ({RMPP 3 TG)}

END3Y

RS = RE
CASE
04
11
END?

CORD

INTEGER OF

(RSSST ARRAY [TY] OF 5%)3
(RSTI1 ARRAY [TY) OF TI)}

ARRAY [T5) OF RS;

RY = PACKED RECORD

RYLS
RYCH
RYRS
END;

RE
RF

VAR
(* DATA

BOARD
NAORD
ATKFR
ATKTO
ALATE
TPLOC
THL OC
MOVES
VALUE
ALLOC
BSTHY
BSTVL
CSTAT
ENPAS
GEHPH
GENTO
GENFR
HAVAL
MYSEL
IMDEX
KILLR
LINDX
SRCHH
GOING
LSTHY
HANPS
MBL TE
HAPWN
HATOT
MODES

R B BN R S R B G R R R O o O S e e e R e R e e

JHTE
JHTK
JHTH
JHTH

-

(* LETS

FEKPSHD
FXSANG
FHAXMT

FNODEL
FPADCR
FPAELOK
FPCONY
FPFLNX
FROWAL
FRETTH
FTRADE

FTROSL

FTRPOK

FTRPWN
FMEING
FuMAJH
FHMINA
FHPAWN
FHROOK

WINDOW

(* SWITCHES *=)

SHEC @
SHPA 1
SHPS
SHRE 1
SM5U 1
SHTR
i® COMH
ICARD 1@
ILINE 1
JHTID
JHTJ 1

1 RD%
1 TC3
1 RDY

ARRAY [TW] OF Tw3
ARRAY [TW] OF REM:

BASE *)

L1 H

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
TIs

RM3

Tv:

T}

ARRAY
T3

TI:

Ty
TS
TH:
TH3

TI:
TI:
TIZ
TI:

TI
TI:
TI:
TIt
TI
TI:
TIi
TIt
TI:
TI;
TI}
TI%
T1;
TI
TI:

O O B SR B M G B R W M W e -
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TRy
e
T8
8%
e

AMD PROCESSING DATA *)

LW
RJ3
TJ3
TJdi

ARRAY [TF]

L7511 OF
[T5]1 OF
[TS) OF
ITH) OF
(TP] QF
[TH] OF
[TW) OF
[TW] OF
I[TE] CF
[Tl OF

[AKH2 ., . 7KPY])

[TK] OF
[TK] OF
[TK) QF
[TK] OF
[TK) OF
[T OF
[TK) OF

[AK..7KPL] OF Tu§

[TK] OF
[TK] OF
[TK] OF

[TM] OF

TP
R5%
RS %
753
RS
R5 %
RME
T3
RS
TWi

RS+
RS %
RS}
RS}
RS}
LR
TI:

Tu:
THE

TIs

oF TI:

i®
i®
e
[
i+
(=
ie
(=
i=
(=
[I
=
(=
L

i=
(R

[
[
(s
[

[
[

i
[
R
(=
ie
i=
=
=
i
[
i=
(=
i=
ie
{‘-
'I-
i
=
[*
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i*

=
i*
i*
[
i*
(=
=
i*

[
(=
ie
i*
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i=
[=
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i=
[=
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HOVES *)

FROHM SQUARE *)

TO SQUARE *)
CAPTURED PIECE *)
CAPTURE *=)
AFFECTS CASTLE STATUS =)
CHECK *)

MATE *=)

ILLEGAL *)
SEARCHED *)
PROMOTION *)

CASTLE *)
ENPASSANT *)
QUEEM SIDE *)

PROMOTION TYPE *)

BIT BOARDS *)

ARRAY OF SETS *)
ARRAY OF INTEGERS *=)

ATTACK HAPS *)

MOYE SYNTAX DESCRIPTOR =)
LEFT SIDE DESCRIPTOR =)
HOVE OR CAPTURE *})

RIGHT SIDE DESCRIPTOR *)

ARRAY OF VALUES *=)
ARRAY OF MOVES *)

THE BOARD *})

LOOK=AHEAD BOARD =)

ATTACKS FROM A SQUARE *)
ATTACKES TO A SQUARE =)
ATTACKS BY EACH COLOR *)
LOCATIONS OF PIECE BY TYPE *)
LOCATIONS OF PIECE BY COLOR =)
MOVES ®*)

VALUES *)

ALL PIECES *)

BEST HMOVE S50 FAR *=)

VALUE OF BEST MWOVE *®=)

CASTL ING SQUARES *)

EMPASSANT SOQUARES *)

PAWN ORIGIMATION SQUARES *)
HOVE DESTINATION SQUARES *)
MOYE ORIGIMATION SQUARES *)
MATERTAL BALANCE VALUES *)
COUNT MOVES SELECTED 8Y PLY *}
CURRENT MOVE FOR PLY *)
KILLER MOVES BY PLY *=}

LAST MOVE FOR PLY *)

SEARCH MODES *)

HUMBER OF MOVES TO EXECUTE =)
PREVIOUS MWOVE *)

HAXIHUM POSITIOMAL SCORE =)
HATERIAL BALAMCE LITE EDGE *=)
NUMBER OF PAMNS BY SIDE *)
TOTAL MATERIAL ONM WAORD =)
NUMBER OF WODES SEARCHED *)

PLY INDEX *)

ITERATION =)

SIDE TO MOVE *)

MOVES STACK POINTER *)

KING PAWN SHIELD CREDIT *=)
KIMG IN SANCTUARY CREDIT *=)
HAXIMUM MATERIAL SCORE *)

WODE LIMWIT FOR SEARCH *)

PAWM ADVAMCE CREDIT AY FILE *=)
PAWM BLOCKED PEMALTY *®)

PAWNN COMMECTED CREDIT *)

PAWN PHALANY CREDIT =)

DOUBLED ROOK CREDIT =)

ROOK OW SEVEWTH CREDIT *)
TRADE=DOWMN BOMNUS FACTOR *)
TRADE=DOMM TUNING FACTOR *}
PAMM TRADE=DOWM RELAXATION *)
PAWM TRADE-DOWN FACTOR *)

KING EVALUATION WEIGHT *=)
MAJOR PIECE MOBILITY WEIGHT =)
HINOR PIECE MOBILITY MWEIGHT *)
PAWNM EVALUATION WMEIGHT *}

ROOK EVALUATION MEIGHT *)

SIZE OF ALPHA=BETA WINDOW *=)

ECHO IMPUT *)

PAGING =)

PRINT PRELIMIMARY SCORES *)
REPLY MITH HOVE =)

PRINT STATISTICS SUMMARY =)
TRACE TREE SEARCH =)

INPUT CARD IMAGE *)

CURRENT COMMAND *)

CURRENT IMPUT LINE POSITION *)
CURREMT COMMAMD POSITION *=)
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Listing 1, continued:

HOVHS 1 RHI (®* MOVE MESSAGE *)

(* TRAMNSLATIONM TABLES *=)

ESPB 1 ARRAY (TP} OF THB;j [* TRUE FOR SWEEP PIECES *)

AFPE 1 ARRAY (TP) OF TE: (* FIRST DIRECTION *)

ELLD 1 ARRAY [A7L..74L) OF TD3% {* DIRECTION FOR LARGE BOARD

SOQUARE OIFFERENCES *)

ALPE t ARRAY [TP) OF TE: (* LAST DIRECTION =)

ARFS 1 ARRAY [TF] OF RS% t®* BIT BOARD FOR FILES *)

ERRS t ARRAY [TR)] OF RS {* BIT BOARD FOR RAMNKS *)

EMFS 1 ARRAY [TF) OF RS} {®* COMP AIT BOARD FOR FILES *®)

KNMRS 1 ARRAY [TR) OF RS53 (* COnP BIT BOARD FOR RAMNXS =)

XRSS 1 ARRAY [TS]1 OF RS} (* BIT BOARD FOR AXB IMDEX *)

XRQM t ARRAY [TQ) OF RM: (* WOVES FOR CASTLE TYPES *)

XS0S 3 ARRAY [TQ) OF RS: {* BIT BOARD FOR CASTLE TYPES =)

N55X 1 ARRAY [T5] OF S} {* SET ELEMENT FOR BN8& IMDEX *)

XTBC ¢t ARRAY [TR) OF TC3 {®* CHARACTERS FOR BOOLEANS =)

XTED 1 ARRAY (TE] OF TOD; {* DIRECTIOM MUMBER TO 10Xx12

SQUARE DIFFEREMCE =)
ETGC ®* ARRAY (TG) OF TC% {* CHARACTERS FOR PROMOTION *=)
XTGHPt ARRAY [TG,TH] OF TPy (* PIECE FOR PROMOTION TYPE
AND COLOR *)

XTLS ¢ ARRAY [TL) OF TT: (* ax8 INDEX FOR 10X12 IMNDEX *)

XTHA 1 ARRAY [THM) OF RA} (* WORDS FOR COLCRS *=)

XTHG t ARRAY [TH] OF TQ% (* CASTLE TYPES FOR SIDE *)

KTHY &t ARRAY [THM) OF Twi {* SCORE FACTOR FOR SIDE *)

XTPC ¢ ARRAY [TP) OF TCj {* CHARACTERS FOR PIECES *)

XTPH t ARRAY [TP)] OF TH: {(* SIDES FOR PIECES *=)

XTPU © ARRAY [TP] OF TUj {* TYPE FOR PIECE *)

XTPY 1 ARRAY ([TP) OF TwWg (* YALUES OF PIECES *=)

XTQA t ARRAY [TQ) OF RAZ (* WORDS FOR CASTLES *)

XTQS t ARRAY [TQ) OF T5: (* TO SQUARES FOR CASTLE TYPES *)

XTRFSy ARRAY [TR,TF) OF TS {* BX8 IMDEX FOR RAMK AND FILE *)

XTSF 1t ARRAY [T5) OF TF: (®* FILES FOR SOQUARES =)

¥TSL & ARRAY [TS) OF TL: {* 10x12 INDEX FOR AXA INDEX =)

ETSR 3 ARRAY [(TS) OF TR3 (* RANKS FOR SQUARES *=)

ATSX & ARRAY (TS) OF T} {®* ELEMEMT MUMBER FOR BXA

INDEX =)
ETSY 1 ARRAY [TS5) OF T¥i {* ARRAY SUBSCRIPT INTO BIT BOARD
FOR BAXA IMDEX *}

XTUC ¢t ARRAY (Tu) OF TC% (* CHARACTER FOR TYPE *)

XTUMPy ARRAY [TU,TM] OF TPj (* PIECE FOR TYPE AND SIOE *)

YRASO1 ARAAY (TQ) OF RS {* UNODCCUPIED SQUARES FOR

CASTLING *)
XROSAY ARRAY (TQ) OF RS: {* UNATTACKED SQUARES FOR
CASTLING =)

EDGE 1 ARRAY [TE) OF RS: {* EDGES IM VARICUS DIRECTIOMS =)

CORMRY RS53 {* KING SANCTUARY =)

NULMYy RMj 1* MULL MOVE *}

OTHERT ARRAY [TH] OF TH: {* OTHER COLOR *)

SYHTH1 ARRAYISYNCF..SYWML) OF RY} i%* MOVE SYMTAX TABLE *=)
FUMCTION MAX(A,BsTIIgTIz 1* LARGER OF TWO NUMBERS *)
BEGIN

IF A » B THEN

MAX 1= A
ELSE
MAX = B3
EWNDY (*® HMAX *)
FUNCTION MINIA,BITIHITI; {* SHALLER OF TWD NUMBERS *)
BEGIN
IF 4 « B THEW
MIN 1= A
ELSE
MIW 1= B
ENDE (* MIMN =)
FUMCTION SIGMEA,BaTINITIS (* SIGN OF B8 APPLIED TO
ABSOLUTE WALUE OF A =)
BEGIN

SIGN 1= TRUNCIB/ABSI(BI) * ABS(A)1
END; (* SIGN *)

PROCEDURE SORTIT (®* SORT PRELIMINARY SCORES *)

(VAR AIRE} {* ARRAY OF SCORES *)

VAR BIRF; (* ARRAY OF MOVES *)
CiTM) (* HWUMBER OF EMTRIES =)
VAR

INTE t JB} (* LOOP EXIT FLAG *)

INTH &t TH; (* OUTER LOOP INDEX *)

INTI § TIg (®* INMER LODOP IMDEX *)

INTY ¢ TVW: (* HOLD SCORE *)

INRM 1 RMI {* HOLD MOVE *)

BEGIM
FOR INTW 1= AM+Z TO C DO

BEGI
Im
IN
IN
IN
WH
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M

TI 1= INTW - 1}

TV 1= A[IMTHI?

RM 1= BLINTM];

TE 1= TRUE}

ILE (INTI » Aw) AMD INTH DO

IF INTY « A[INTI] THENM

BEGINM
A[INTI®#1) t= A[CINTIN:
BLINTI#L] 1= BLINTI);
INTI = INTI = 1%

END

ELSE

Movember 1978 & BYTE Publications Inc

INTEB 1= FALSE?

ALINTI®*1] v= INTV:
BLINTI®L] 1= INRM}
END:

ENDY

t* SORTIT =)

PROCEDURE AMDRS

IVAR CIRS}

VAR

BIRS) ;

INTY ¢ Tv:

BEGIN
FOR

C.RSSS[INTY]

END3

INTY 1= AY TO IY 0O

(* ANDRS =)

PROCEDURE CLRRS

(VAR CIRS:
TS

BEGIM

C.RSS5[XTSY[AL]

ENDS

{* CLRRS #*)

PROCEDURE CPYRS
(VAR CiR5}
AERS)?

VAR

INTY & TY3

BEGIM
FOR

C«RSS5SIINTY]

END{

INTY &= AY TO IV

{* CPYRS =)

PROCEDURE IORRS
IYAR CIRSS

A,

VAR

B1RS)

INTY ¢ TY}

BEGIM
FOR

END3

oo
1= A-RSS3S5CINTY}S

INTY = Av TO I¥ DO
C.RESSIIMTY] = A.RSSSIIMTYI

(* IDRRS =)

FROCEDURE MWEWRS
(VAR AIRS)

VAR

IMTY t Tv3

BEGIM

FOR

A
END3

INTY t= &Y TO I¥ DO

«RESSLINTY] = []5

1 NEWRS *)

PROCEDURE WNOTRS
(VAR CI1RS;
AIRS)

VAR

INTY ¢ Tvy

BEGIN
FOR

CoRSSSUINTY) 2= [AX, INI=A.R5S5SIINTY]}

END3

INTY 1= AY TO ZY DO

* NOTRS =)

FUNCTION NXTTS
(VAR AWRSH

YAR BiTS

1iTBS

LABEL
113

VAR

INTX ¢ T

INT
LI |

BEGIN
FOR

l.'l
[ren
l"'
ELY
l‘.'
L
(*
i*
i *

Y 1 TY3
RK 3

t= A.RSSSCINTY]

1= C.RSSS{XTSY(A)) -

INTY = JY DOWNTO AY DO
IF A.RSTI[INTY) «» 0 THEM
BEGIMN

tI
i=

i#®

ie
i#

EXIT ™)

INTERSECTION OF TwWO BIT
BOARDS *)

RESULT =)

OPERANDS *=)

BIT BOARD WORD IMDEX =)

* B.RSSSIINTYDS

REMOYE SQUARE FROM BIT
BOARD *)

BIT BOARD *=)

SQUARE TO REWOVE =)

XSSX[AL}

{* COPY OF A BIT BOARD *)
(* RESULT *)

{* OPERAND *)

{* BIT BOARD WORD INDEX *)

i=
=
[®

i=
=

=

i=
{=
(=

t'

(=

(R

i®

BEGIM CDC 6000 DEPENDANT COQE *)
*EXPO* FUNCTION TO RETURN

THE EXPOMNENT FROM A FLOATING POINT WNUMBER. IT ALSO ASSUMES
THAT FLOATING FOIMT NUMBERS HMAVE &8 BIT COEFFICIENTS RIGHT=-

FOLLOWING CODE REQUIRES THE

JUSTIFIED IN A WORD,

A WORD. *)

UNION OF TWO BIT BOARDS *)
RESULT =)
OPERANDS *)

BIT BOARD WORD INDEX *=)

B.RSSSIINTY I

CLEAR BIT BOARD =)
BIT BOARD TO CLEAR *)

BIT BOARD WORD INDEX =)

COMPLEMENT OF A& BIT BOARD *)
RESULT =)
OPERAMD *)

BIT BOARD WORD INDEX *)

WEXT ELEMENT IN BIT BOARD *)
BIT BOARD TO LOCATE FIRST
SQUARE, AMD THEWN REMOYE *)
SQUARE NUMBER OF FIRST SQUARE
IN BIT BOARD *)

TRUE IFF AWY SQUARES WERE SET
INITIALLY *=)

RETURM *=)

BIT BOARD BIT IMDEX *=)
BIT BOARD WORD IMDEX *I
KLUDGE WORD =)

LOOP THRU BIT BOARD WORDS =)

AMD THAT SETS ARE RIGHT=-JUSTIFIED IN

XRKTZ 1= ALRSTICINTY]}

B t= EXPOI(XN.RETZ)

INTY =

(* FLOAT WORD =)

170103

I* CONVERT TO SQUARE NUMBER =)



may not initially be very meaningful, we
expect them to be helpful when the user
becomes familiar with the program. Because
Pascal requires that all procedures and func-
tions be defined in the serial listing before
they are called by another portion of the
program, the procedures and functions
which are first defined tend to be primitives.
The main part of the program is concen-
trated at the end of the listing.

The most important part of the variable
declaration list in terms of understanding the
program is the portion which specifies the
global data base. This includes the current
board (BOARD, a record) and a number of
important arrays. The look-ahead board
(NBORD) is an array listing the piece
occupying each square, The attacks emanat-
ing from each square are represented by
ATKFR, an array which lists an 8 by 8 bit
board for each of the 64 squares. The
attacks to each square are represented by
a similar array, ATKTO. The combined
attacks for each side are represented by a 2
item array of 8 by & bit boards called
ALATK.

The location of all pieces by type is
represented by an array of 12 8 by 8 bit
boards, TPLOC. The location of all pieces
by color is represented by an array of two
8 by 8 bit boards, TMLOC. The moves are
stored in an array (MOVES) of records.
Each record (RM) contains information
about the from square, to square; whether
a capture is involved and the type of piece
captured, whether the move affects castle
status, involves check or mate, involves a
piece promotion, and whether the move
has been searched yet. Additional arrays
provide information on castling squares,
en passant squares, the location of all pieces,
the location of pawns, etc. To be successful,
a chess program must organize the data base
in a logical manner and be able to manipu-
late it efficiently.

For reasons of efficiency, the program
often stores the same information in two or
more different ways. Because of this, it is
necessary to be able to translate from one
form to the other. These activities are han-
dled by special arrays. For example, the
XTPC array allows one to use a piece desig-
nator (LP, LQ, LK, DQ, etc) as an index and
returns the corresponding character (1 thru
6 for Black pieces and A thru F for White
pieces) which is used when a board represen-
tation is printed on the terminal.

There are several general purpose routines
which are needed by the program. Two func-
tions, MIN and MAX, provide the smaller
or larger of two numbers upon request. A
third function, SIGN, applies the sign of
one number to the absolute value of another

Circle 46 on inquiry card.

64K BYTES ON SINGLE CARD
S-100 BUS COMPATIBLE MEMORY
9695

The CI-S100 64K x 8 Dynamic Memory Module
plugs directly into the IMSAI, MITS, TLD, SOL, and
most other S-100 Bus Microcomputers. Using
state of the art 200 ns 16K dynamic RAM chips,
the CI-5100 allows maximum processor through-
put with the use of hidden on board refresh. No
wait states are required even with the 780 at
4MHz.

Addressability is switch selectable in 4K incre-
ments to 64K.

Power consumption is less than 6 watts.
Price is S695 assembled, tested and burned-in.

Full year warranty.

e\ Chrislin Industries, Inec.

l Computer Products Division
31352 Via Colinas * Westlake Village, CA 91361 = 213-991-2254

The experienced 2114
4K static RAM

u-rgamzatinn 5V only S‘tandard 18-p|n BIP
It draws only 300 mw, has all the speed you
need for microprocessor applications.

EMM sem®ine.

A division of Electronic Memories & Magnetics Corporation
3883 North 28th Avenue, Phoenix, Arizona B5017 (602) 263-0202

Circle 134 on inquiry card. November 1978 © BYTE Publications Inc
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Listing 1, continued: e END}
(*Skt BEGIN
L Bl FOR INTY 3= AY TO ZIY DO i® SHIFT WORDS *)

L X.RETE 5= X.REKTE = [&7)j (* REMOVE WOST SIGNIFICAMRT BIT =) = BEGIN

(" ARSTICINTY] 8= TRUNCHUN.RETZ)} (* INTEGERIZE *) R B.RESSIINTY] 1= B,RSSSIINTY] = EDGELS).RSSSIINTYI:

(* WETTS 1= TRUE: {* RETURM A BIT SET =) i* INRS.RSSS(INTY] 8= B.RSSS{INTY] * [AN..AXeT ]}

(R GOTO 113 {* RETURN *) 1= ALRSTIIINTY) 1= BLRSTITINTY] DIV 256%

(*=* EMD COC 6000 DEPEWDANT CODE *} [ END3I

1= FOR INTY = AY TO Z¥=-1 DD (* CARRY BETWEEM WORDS *)
(*ss BEGIM MACHINE IMDEPEMODEMNT CODE *) i* ARETICINTY) 1= A RSTICINTY] # INRS.ASTIIIMTY+Li) * PZxA:
FOR INTX 1= JX DOWNTO AX DO (* LODOP THROUGH BITS IM WORD OF L END}
SET *}) (*B1s BEGIN
IF INTX IM A,ESSS[INTY] THEMW = SFTRSIINRS+B451) 3
BEGIM = SFTRSIA, INR5,52) 3
B r= INTE+INTY®(ZH#1)} (* RETURMN SQUARE WUMBER *) g END;
A RSSS{INTY) 2= A.RSSS{INTY] - [INTXI} (*B21 BEGIN
{* REMOVE BIT FROM WORD *} L e SFTRSIIMRS,B,52) %
HXTTS 1= TRUEj {(®* RETURM & BIT SET *) = SFTRE (A, INRS,.53) 3
GOTO 113 1* RETURM *) i END3
END® (*B3r BEGIN
{*** END MACHIME INDEPEWDEWT CODE *=} i* SFTRE(IMNRS 8,530 3
i SFTRS(A; INRS,5&) 3
END} {¥ END3
WXTTS 1= FALSE} (* ELSE RETURM NC BITS SET *=) (*Bsy BEGIN
111 (* RETURM *) (e SFTRSIIMRS+B4:54%) 3
ENDT (* HWXTTS =) (e SFTRS(A, INRES,51) 3
i EMDY
(*Nit BEGIN
i* SFTRSIIMRS 8,811 %
FUNCTION CNTRS {(* COUNT MEMBERS OF A BIT (" SFTRSU{A,INRS5,52)}
BOARD *) (* END3
(AIRS)ITSS i* BIT BOARD TO COUNT =) (*NZt BEGIN
i SFTRS(INRS.B8,82) 3

VAR * SFTRS (A, INRS,52) 3

INTY 1 TY3 (* BIT BOARD WORD IMDEX *) [ B END}

INTS 1 T53 (* TEMPORARY *) (*W3t BEGIN

IMRS 1 RS} (* SCRATCH *) L Rd SFTRS(IMRS, 8,821 1

INTS t T53% (* SCRATCH *) i SFTRSIA, IMNR5,53)
i END}

BEGIN (*W&r BEGIN
INTS 8= 03} S SFTRSIIMRS,8,83);

t* SFTRS(A, INRS,53) %

{*** BEGIN MACHINE INDEPENDENT CODE *) i END3
CPYRSIIMRS 4A) 3 (*NSy BEGIN
WMHILE WXTTS{IMRS,INTS) DO i SFTRSI{IMRS,B,B83)}

INTS 1= IWTS+13% {* COUNT SOQUARES *j = SFTRSTA,INRS,54&) 3

(®** ENMD HMACHINE INDEPEWDENT CODE *) (" EMD}

[ *NbB1 BEGIN

{*** BEGIN COC GCOQ ODEPEWDENT COODE *) = SFTRS(INRS s BsB4) 5

{*** FOLLOWIMG CODE REQUIRES THE "CARD® FUNCTION TO (" SFTRSUA, INRS+54) §

{®*** COUNT THE MEMBERS IN A SET. *} i EMD:

{*FOR INTY 1= AY TO IY DO (*MT1 BEGIN

{® INTS 1= INTS * CARDIA.RSSSIINTYING i* SFTRS({INRS+B4B4) §

{*=+ END CDC DEPENDENT CODE *) [ g SFTRS (A, INRS,51) ¢

(® EMDS
CHTRS t= INTS: (®* RETURM SUM *=) [*WBi BEGIN
EMD} (®* CNTRS *) | B SFTRS{INRS4B4+81) 3
iy SFTRS (A, INRS,51) %
(= END}
{®EMD I
PROCEDURE SETRS (* INSERT SQUARE INTO BIT (*** FND CDC 6000 DEPENDENT CODE ™I
BOARD *1)
(VAR CiR5} (* BIT BOARD *) END3 (* SFTRS *)
ATTS) S (* SQUARE TO INSERT =)

BEGIN
C.RSSSIXTSY[(AN] 1= C.RSSSIXTSYIAL] « XNSSWIALS FUNCTION IMRSTHE (* SQUARE IN BIT BOARD BOOLEAMN *=)

ENMDT (* SETRS *) tAIRS Y {* BIT BOARD *)

BITS)ETA: (* SOUARE INM QUESTIOM *)
BEGIMN
PROCEDURE SFTRS {® SHIFT BIT BOARD =) INRSTEB 1= XS5S5X[B] <= A, RSSSIXNTSYI[BI):
(VAR LIRS (* RESULT *) END: (™ INRSTB *)
BIRSS {* SOURCE *)
CiTE}} {* DIRECTION *)

VAR FUMCTION MULRS {* HMULL BIT BOARD *=}
INRS 1 R5; {* SCRATCH =) (AERS) (* BIT BOARD TO CHECK %)
INTS 1 T53 (* SCRATCH =) 1Te; (* TRUE IF BIT BO0ARD EMPTY *)
INTY & TY} {* AIT BOARD WORD IWDEX =)

VAR
BEGIM INTY & TVY3 {* BIT BOARD WORD INDEX *)
INTE 1 TB} (* TEMPORARY VALUE *}
{*=** BEGIN HACHIME INDEPEMDEWNT CODE *})
MEWRS (&) 3 (* CLEAR MEW AIT BOARD *) BEGIN

WHILE NXTTSiB,.INTS) DO
IF XTLSIXTSLL{INTSI+XTEDLCI)

INTEB 1= TRUE;
FOR INMTY 1= AY
INTA 3= INTH
MULRS 1= INTB;
END 3 (* HULRS *)

» 0 THEM

(* SHIF] EACH BIT =)
SETRSIA,XTLSIXTSLOINTS)I+XTEOICIN) 3
END HMACHIME INDEPEMDENWT CODE *)

To Iv 0O
AND (ARSTITINTY)Y = 033

(*=*+s BEGIN CDC G000 DEPEMDENT CODE *=}

(*s® FOLLOWING CODE ASSUMES THAT MULTIPLICATION OR DIVISION

(*®+ BY 4 CONSTANT POMER OF 2 IS DONE WITH A& SHIFT INSTRUCTION. *)

(*CASE C OF FUNCTION MULMYE (* WULL HWOVE BOOLEAM =)
1*Sis BEGINM (LyRM} {* MOVE TO TEST *)

e FOR IMTY 1= AY TO Z¥ DO (* SHIFT OME PLACE =) 1TAS {(* TRUE IF WULL MOVE =)
(= BEGIM BEGIM

(" B.RSSS[INTY] = B.RSSS[INTY) - EDGEIS1).RSSSIINTYI; WITH A DO

i ALRSTI[INTY) #= B RSTICINTY) DIV 2% WULMYE 1= RMAC AND RMPR AND (NOT RMCA)}

(= END; EMD: 1* MULMVE *)

(= END}

(*528 BEGIN

[ FOR INTY g= AY TO Z¥Y DO {* SHIFT WORDS *)

[ BEGIN PROCEDURE IMICOM} (* IMITIALIZE GLOBAL COWSTAWTS *)
1= B.RSSSIINTY] 1= B.RSSSIINTY] = EDGE(SZ1.RSSSC{INTY]]

= INRS.RSSSTINTY) am B.RSSSIIMTY] * [ZX=-T..IZX)} VAR

= A-RSSSIINTY] 1= B.RSSSIINTY) = [ZXN=-T..IK]} INTD % TD3 {* DIRECTION IMDEX *)
= ALRSTI[INTY) #= ARSTI[INTY) = 256 INTE & TEX (* DIRECTION *)

1= END} INTF 1 TF} (* FILE INDEX *)

[ FOR INTY &= AY+1 TO ZY DO {* CARRY BETWEEM WORDS =) INTL ¢ TI3 {* SCRATCH =)

= ALPSTICINTY) t= ALRSTI[{INTY) # IMRS.RSTICINTY=1] DIV PIXS&} INTL © TL: {* LARGE BOARD IMDEX *)
(R ENDS INTQ 1 Taj {* CASTLE TYPE IMDEX *)
1*53t BEGIM INTR & TR3 (* RAMK IMDEX *)

" FOR IMTY g= AY TO ZIY DO (* SHIFT OME PLACE *) INTT @ TT: {* SQUARE INDEX *)

L BEGIM INTX 1 TN} {* SET ELEMENT IMDEX *)
i A.RSSSIINTY] 8= B.RSSS[INTY) = EDGE[S3)-RSSS{INTY IS INTY 1 T¥i (* BIT BOARD WORD INDEX *)
(. ALRSTILINTY] g= ALRSTIIINTY] = 23 InTL ® TI3 {* SCRATCH *)

(= EMD: INRS 1 RS} {* SCRATCH =)
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number. A general purpose sort routine,
SORTIT, is also provided.

Manipulating the Bit Boards

There are a number of primitive opera-
tions which involve the manipulation of
information represented in bit board form.
A bit board is one or more computer words
which have a bit set in specific locations to
represent the occurrence or nonoccurrence
of a particular event. For example eight
8 bit words can be used to represent the
eight rows of a chessboard. Each bit corres-
ponds to one square. To represent the loca-
tion of all White pawns, a bit is set (ie: 1)
in the proper locations and all other loca-
tions remain clear (ie: 0). This method for
representing and manipulating information is
very useful in chess programming. For this
reason, the first actions defined by our
chess program are a set of procedures and
functions for manipulating bit boards.

The actions represented are:

(1) the intersection of two bit boards
(ANDRS);

(2) the union of two bit boards
(IORRS);

(3) the complement of a bit board
(NOTRS);

(4) setting a bit in a bit board (SETRS);

(5) removing a bit from a bit board
(CLRRS):

(6) counting the number of bits that are
set on a bit board (CNTRS);

(7) making a copy of a bit board
(CPYRS);

(8) setting all bits to 0 (NEWRS);

(9) shifting all bits in a particular direc-
tion (SFTRS);

(10) determining whether a particular bit
is set (INRSTB);

(11)determining whether a bit board is
empty, ie: has no bits set (NULRS); and

(12) finding and reporting integer value
for a location where a bit is set (NXTTS).

Since these routines are used repeatedly
by the program, you can decrease the
move calculation time quite a bit by imple-
menting these primitives in assembly lan-
guage. You will note that the function
NXTTS is written in two ways: machine
independent code, and code which is com-
patible only with the Control Data 6000
series machines. There are a number of
places in the program where execution time
can be enhanced by substituting machine
dependent code which takes advantage of
one or more special features of the hard-
ware you are using. It would be helpful,
also, if functions in Pascal could return an

array or record instead of just a single
value. There are many places in the pro-
gram where this type of function would be
more logical and more efficient than using a
procedure (ie: subroutine). If one were to
consider the best of all possible worlds,
it would be especially nice if the bit map
manipulations could be compiled in line.
With the Pascal arrangement, many of the

procedure calls take as much time as the
execution of the procedure.

Initial Steps

It is also necessary at the beginning of the
program to provide values for the variables
which define the chess environment, such as
piece characteristics. For example, a White
pawn is represented as LP for some purposes
and as the letter A for other purposes. It
has the color LITE, is not a sweep piece,
and moves only in certain directions. It is
necessary to initialize the translation tables,
the constant and variable 8 by 8 bit boards,
and a number of other tables. The three
routines which are called to do this when the
program is first activated are INISYN,
INIXTP and INICON. A fourth procedure
(INITAL) is called by the main program
to get ready for a new game. It will be called

to assembly source code generated.

€ Gnal Broadcasting presents the

ot-1 SOURCE GENERATOR

Program for disassembly of object code into source code
for direct editing and re-assembly.

® Qutput directed to tape or disk with either SWTPCo's
co-resident assembler format, or Smoke Signal Broad-
casting’s Text Editing System format.

e Reports number of bytes in source code file, number
of external labels, number of local labels, and number
of variables for computing memory space necessary

Only $24.95 (on cassette), $30.95 (on diskette)

'%We‘re the “CHIEF" in 6800 products software

'SMOKE SIGNAL BROADCASTING

6304 Yucca/Hollywood, CA 90028/(213) 462-5652

Circle 320 on inquiry card.
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Listing 1, continued:

PROCEDURE IMNISYM (* IMITIALIZE MOVE SYMTAX
TABLE ENTRY *)
TAIRA)D § (* MOVE SYNTANX *=)
BEGIMN
WITH SYWTR[INTI) OO
BEGIN
WITH RYLS DO
BEGIM
ROPC 9= TRUE?:
ROSL 1= A[AA#D] <>
ROKQ 1= A[AA#L) «>
RONB 1= A[LAARZ] <>
F0DRE 1= A[AAST]) =<>»
EMD
RYCH 1= A[AA+L]:
WITH RYRS DO
BEGIN
ROPC 1= A[AA*S) «»
ROSL = ALAA#B] =<»
ROKQ = A[AAR+T) <>
ROMA 1= A[LAA#A) «=
RORK 3= A[AA®S] «>»
END S
END
INTI = INTI#1i%
ENDT (* INISYN *)

Finan
[
- wh e w8

[ B B B
L I O B
AW e W ad

PROCEDURE INIXTP (* INITIALIZE PIECE TRAMSLATION

TABLES *)
(A 1t TP} (* PIECE TO BE TRAMSLATED *)
B s TC} (®* DISPLAY EQUIVALENT *)
C 1 TH: (* COLOR QOF PIECE *)
D" TUu: I® TYPE OF PIECE *)
E 2 TH} {* TRUE IF SMEEP PIECE *)
F 1 TE} (* FIRST DIRECTION OF MOVEMENT =)
G ¢ TE: {* LAST DIRECTYION OF MOVEMENT =)
H 1 TV} {* VALUE OF PIECE *)
BEGIMN

XTPCCA) 1= B}
ETPMLA] 1= C}
XSPBLA] 1= Ej
AFPELA) 1= F3
XLPELA]) 1= G}
XTPULA] 1= D3
XTPVIA] 1= M}
IF A => HT THEMW
ETUMPIDHC) 1=" A
END; (* INIXTP *)

BEGIN (*® INICON *=)

(** INITIALIZE PIECE CHARACTERISTICS *)

IMIXTRPILP =A™ LITEEPFALSE+BL,B2:1%64)3
INIXTPILR, "B ,LITELER,TRUE S1+5&+5%64)]
INIXTPUILMN: “C=sLITE sEMsFALSE yM1 M8, 3%64);
INIXTPILB, 0" LITELEB4TRUE Bil,Bb,3%64}}
INIXTRPILO“E=LITEZEQ:TRUE sBL+54:9%64)3
INIETPILKE F= ,LITEZEX,FALSE:BLs54,0) 3
INIXTPIDP ;™1™ s0OARK 4EP+FALSE B3sBhy=1%6&);
INIXTPIDR,=2= ,DARK ERyTRUE 451+5&s=5"64)}
IMIXTPION 3= ;DARK EMyFALSE N1 NBs=3"64) 3
INIXTPIDB s "64™ yDARK EB+TRUE +B1l:Bhs=3%64)}
INIXTPIOQ: ™5" s DARKsEQwTRUE +B1+Shy=9%6415
INIXTPIDK, 6= ;DARK ENFALSEBLoShk.003
IHII'I'F"I'I'-"-"..N-IJNE-EP-F.ILSE-!?-HI.'I‘.IIt

XTGMPIPO,LITE] 1= LOF XTGHMPI®Q,DARK] 1= DOi ATGCIPQ] ¥= =0}
XTGHPIPR,LITE] 1= LR} XTGHMPIPR,DARK]) 1= DR} XTGCIPR] k= “R™:
KTGHP{PN.LITE] 1= LNi XTGHPI[PH,DARK] 1= DNj ATGCIPN] = “N™j
ETGMPIPBLLITE) 1= LBS {TGHMP{ PR, DARK] 1= DB} ATGCIPB] 1= ™@A™:

¥TUCIEX]) 1= "K=3
XTUCLEQ) = =073
KTUCLER]) 1= “R"™}
ETUCLENT t= “H"3I
XTUC[EB) t= “B";
XTUCLEP] 1= =P}

(** INITIALIZE OTHER CONSTANTS *®)

XTACCFALSE] 1= "=}
XTBCITRUE 1 1= =s*}

OTHER[LITE] 1= DARK; XTHMWILITE) s= 13
OTHERIDARK]) = LITE: MNTHVIDARK] 1= =13
OTHERIMOME] 1= NONES

ETHALLITED 8= ™ WHITE *3
ATHAI DARK] ¥= = BLACK =3
EKTHA[MNONE] 1= ~ MO OME =%

XTQAILS] §= "WHITE KING™j
XTQATLL) 1= =“WHWITE LOMG™3
XTQALDS] 1= =BLACK KING™}
XTQALDL] #= =BLACK LONG™3

i** IMITIALIZE 10x12 TO ax8 AMD 8X& TO 10X1i2 TRAWNSLATION TABLES *)

FOR IWTL a= AL TO ZIL DO {* LOOP THROUGH LARGE BOARD *)

XTLSCINTLY 1= =1} {* PRESET ARRAY TD OFF BOARD *)
INTL 1= 213 (* INDEX OF FIRST SQUARE OM LARGE
BOARD *=)
INTT 1= =13 (®* INMDEX OF FIRST SQUARE OM SHALL
BOARD *=)
FOR INMTR 1= Ri TO RA DO (* LODP THROUGH RANKS =)
BEGIN
FOR INTF s= Fi1 TO F8 0O {(* LODP THROUGH FILES *)
BEGIN
INTT 1= IMTT#13 {* ADVAWCE SHALL BOARD IMOEX *)
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ATRFSEINTR,INTF] 1= INTT: (® SET MATRIX TO VECTOR
TRANSLATION =)
ETLSCIMTLY t= INTT: (* SET LARGE BOARD TRAMSLATIOM
TABLE WITH SMALL BOARD
INDEX =)
ETSLOINTTD 1= IMWTLS: (® SET SMALL BOARD TRANSLATION
TABLE WITH LARGE BODARD
INDEX =)
ATSRIINTT) t= INTR: [®* SET RANK OF SQUARE *)
AXTSFLINTT]) 1= INTF3 {* SET FILE OF SQUARE *)
INTL 1= IMTL#1: {® ADVANCE LARGE BOARD INDEX *)
END}
IHTL = INTL+2} (®* ADVAMCE LARGE BOARD IMDEX TO

SKIP BORDER *)
END}

(** INITIALIZE 8X& TO BIT BOARD TABLES *)

INTT sz =13}
FOR IMTY 1= AY TO IY DO
BEGIN
FOR INTX 3= AX TO IX DO
BEGIN

INTT o= IMTT#13
KTSX[INTT) #= INTX}
KTSYLINTT] 1= [NTYS
ASSELINTT] = [INTHDZ
MEWRS (XRSS[INTT 1) g
ERSSIINTTI.RSSSIINTY) &= [INTX]:
END}
EMD

{** IWITIALIZE COMSTAMT BIT BOARDS *}

FOR IWTR t= Ri TO RS DO
HEMES I XRRSI INTR] ) §

FOR INTF 3= F1 TO FA DD
HEWRS{XRFSLINTF 1) 3

FOR INTR t= R1 TO R& DO
FOR INTF ®= F1i TOQ FA OO
BEGIMN
SETRSI{XRRSI INTR]  XTRFS[ INTR, INTF )3}
SETRS(XRFSIINTF ), XTRFSLINTR, INTF]) 3
END}

FOR INTF s= FL TO F8 DO
HOTRS IXMFS[INTF ), XRFSEINTF]);

FOR INTR 1= R1i TO R& DO
MOTRS(XNRSI{INTR ], XRRSEINTRY ) §

{** INITIALIZE EDGES *)

CPYRS(EDGEISLI, XRFSIF11)3

CPYRSIEDGE[S2 ), XRRS[RA1) 3

CPYRS(EDGE[SI ), XRFS(FB])}

CPYRSIEDGE[SA], XRRSIR11) 3

10RRS (EDGELB11,EDGELS1]4EDGEL52)
I0RRS (EDGE(B21,EDGE(S2),EOGECS3)
I0RRS (EDGELB3 1, EDGEIS3)EDGELSk)
10RRS (EDGE[B&],EDGEISh] ,EDGEL51)
I0RRS (EDGE[NL 15 EDGE(B1]) s XRRSIRT)
I0RRS (EDGEIN21,EDGELB2],¥RRSIR7 1)
IORRS (EOGE[N3 ), EDGE[B2), XRFS[FT )}
IORRS (EDGE(NG ], EDGEIB3], XRFSIFT))
IORRS (EDGEINS1,EDGE(B3], XRRSIRZ)) T
1ORRS (EDGE(ME 1. EDGE[B4 ], XRRS[R2 1)}
IORRS (EDGECNT 1, EDGE(B& ), XRFS{F2))}
IORRS (EDGE (N8 ), EDGE(BL ], XRFS{F21)§

)i
b
hi
| 1
'

i*= INITIALIZE CORMER MASK *)

IORRS (INRS s XRRS{R1 ), XRRSIR21) }
I0RRS (INRS, INRS , XRRS[RT 1)}
IORRS (INRS, INRS, XRRS (RS )} ;
IORRS (CORMR, XRFS[F1],XRFSIF2]) 2
IORRS (CORNR,CORNR, XRFS{F71);
I0ORRS (CORMR, CORNR, XRFSIFB1) 3
AMDRS (CORNR, CORNR, INRS5) 3

(== INITIALIZE OIRECTION TABLE *)

XTEDINL 1= 19; XTED{NZ 11= 21}

SMTED[BL)le= 9INTED(S2)e= 10IXTED(BZ)e= 11IXTEDINII®= 12}

XTED[SL1)t= =13 XTEDIS3Ne= 1}

XTEOCM7 1 1==12 SXTED(BL11==113XTEOISk])t==10IKTEQIB3)t= =OIXTEDINLIT= =8}
RTEDINBI1==213 XKTEDINS 11==191

XTEQOINA U=

(*=* IMITIALIZE SQUARE DIFFERENCE TO DIRECTION TABLE *)

FOR IWNTI ¢= AZL TO 7AL DO
ALLOLINTI) t= 0O}

FOR INTE t= B1 TO S& DD

BEGINM
INTD 1= xTEDILINTED:
FOR IMTI = 1 TO 7 DO

ELLD[IMTI®INTO] 1= INTD:

EMD:

FOR INTE 1= N1 TO MA& DO
ELLOCXTED[INTEDY)Y 1= XTED[INTE];

(*® INITIALIZE CASTLING TRANSLATION TABLES *)

IORRS (XSASILS ) s XRSSIXTRFSIRLAFA) 1, XRSSIXTRFSIRLFS110 3
IORRS IXSOSILL) 4 XRSSIXTRFSIRL,FL] 1, XRSSIXTRFSIRL,.FS100}
IORRS(XSOSIDS ) KRSSIXTRFSIRA.FB] 1, XRSSIXTRFSIRSF511) 3
INRRSIXSASIOL ). XRSSIXTRAFSIRA.FL] 1, XRSSINTRFSIREFSI10

IORRS{XRASOILS)  XRSSI XTRFSIRLFE 11, XRSSIKTRFSIRLFTIINY
IORRS (XRASOILL) s XRSSIXTRFSIRL+Fa 1) XRSSIXTRFSIRLFIN1DDT
IORRS (XRQASA[LS] . XRSS{XTRFSIRL,.F5])XRASOCLS]D ¢
IORRS {XRASAILL] MNRSSINTRFSIRL+F5 1], XRASOILLID
IORRS (XRASOILL] » XRSSIXTRFSIRL,F2]],XRASOLILLINE

IORRS{XRASOIDS] s XRSSIXTRFSIRE.FH11 ,XRSSIXTRFSIRA,FTI10E
IORRS (XRQASOL[OL] s XRSSEXTRFSIRA,Fhl] , XRSSIXTRFSIRAFIIIDT



more than once if the user wishes to play
more than one game.

During the development of the program,
it is necessary to determine whether the
individual procedures are functioning prop-
erly. To do this, it is helpful to have a few
primitive print routines which can provide
information about the internal workings in
a form which is understandable to the pro-
grammer. These same routines are also called
by the main input/output (lO) routine
(READER) which appears later in the
program.

One of these routines (PRIMQV) prints
an internal representation of the machine’s
move. Another prints an 8 by 8 array
representing the board (PRINTB). This
consists of numbers for Black’s pieces
(Black pawn = 1; Black King = 6) and letters
for White's pieces (White pawn = A; White
King = F) with empty squares represented
by a —. The PRINBB routine prints an
8 by 8 array representing a bit board. In
this case an asterisk (*) stands for a square
where a bit is set and a minus sign (—)
stands for a square where a bit has not
been set. An attack map is printed by
PRINAM and this consists of 64 (one for
each square) 8 by 8 bit maps in which an
* stands for a bit which is set and a — stands
for a clear bit.

Other useful print routines include one
which permits a user controlled pause during
printing (PAUSER) and one which informs
the programmer of the status of particular
control switches (PRISWI). Because of
Pascal’s serial requirement (ie: every proce-
dure must be defined before it can be called
by another procedure), these routines appear
early in the program so that they can be
used to test the procedures and functions
which follow.

In part T we mentioned incremental up-
dating as an important feature of an effi-
cient chess program. It is necessary to
apply an evaluation function to the terminal
nodes of the look-ahead tree. These evalua-
tions, if they are at all sophisticated, require
a substantial amount of detailed information
about the position. Although it is possible
to calculate this information separately for
each evaluation, this is not a very efficient
procedure, because adjacent nodes are
almost identical. Most of the information
which would be calculated each time would
be redundant, A more efficient alternative
is to “update’’ and “‘downdate” the relevant

Circle 82 on inquiry card.

NO FRILLS! NO GIMMICKS! JUST GREAT

DISCOUNTS
MAIL ORDER ONLY

HAZELTINE
§ 699.00
995.00
1495.00

779 tractor

fODtractor ........

761 KSR tractor .. ... 1595.00
703 tractor

NORTHSTAR
Horizon | assembled. . 1629.00
1339.00
Horizon 1| assembled. . 1999.00
1599.00

Disk System
TELETYPE
1095.00

IMS
16K Static Memory. .. 350.00

DIGITAL SYSTEMS
Computer
Double Density
Dual Drive . . . ... ..

IMSAI
VDP 80/1000 ... ... .$5895.00

; 4250.00
16K Memory assem... 399.00
PCS 80/15
15% off on all other
IMSAI products

CROMEMCO
System 111 $1000 off . . 4990.00
10% off on all other
Cromemco products

ADDS
Regent100......... 1095.00

Most items in siock for immediate delivery. Faciory-fresh, sealed cartons.

DATA DISCOUNT CENTER ro.80x100

135-53 Northemn Bivd., Flushing, New York 11354, 212/465-6609

M.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y.
BankAmericard, Master Charge add 3% . COD orders require 25% deposit.

al Broadcasting presents the

SMART BUG
A Cure For Mikbugitus

1024 byte monitor program for use with
MOTOROLA 6800 microprocessor

® The only monitor really MIKBUG compatible.

® Designed to replace the MIKBUG ROM used in many
systems including the SWTPCo’s 6800 microcomputer.

® TRACE feature allows user to single step through a
program, examining the registers if desired.

* MIKBUG entry locations maintained, including most

relatively obscure ones.

® Quick program debugging when the TRACE is used

with BREAKPOINT.

Instruction Manual and Complete Source Listing....$19.50

data base incrementally as the program
moves about in the look-ahead tree. This
capability requires quite a bit of special
programming.

Several primitive routines are very useful
for this. If the move involves a capture, it

_ SMARTBUG on 2708 including listing ....... $39.95
Zas SMARTBUG on 2716 including listing........ $49.95
298 We're the “"CHIEF” in 6800 products software
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Listing 1, continued:

IORRS (XRQASA[DS ]+ MRSS[XTRFS[RA.F5)).XRQASOI(OS]) ¢
IORRS (XRASAIDL) » XRS5[XTRFSIRAB,F51),XRAS0OC0OLI) T
IORRS(XROSO[OL)+ XRSSIXTRFSIRB.F211,XRQASO(OLY)§

FOR INTQ 1=

LS TO DL OO

WITH XRQW[INTQ)} DO

BEGIN
RMCP 1=
RECA =
RMAC t=
RHCH 1=
RHMT 1=
RMIL 1=
RH5U &=
RMPR =
RMOO 1=

ENDS

MTS,
FALSES
TRUE S

FALSES
FALSE;
FALSE?
FALSES
FALSE}
TRUE 3

XROMILS ). RHFR
ERQMILL ) .RMFR
XROMIDS ). RHFR
XROMIDL 1. RHFR

EROMILS 1. RMQS
KRGHILL].RHQS
XRQNIDS51.RNQS
AROMI DL } . RMAS

I=
1=
Iz
i=

KTRFSIRL,F5)%
ETRFSIR1.F5)3
XTRFS(RA,FS5)3
XTRFSIRA,F511

FALSES
TRUE
FALSE;
TRUE?®

RTHQILITE D}
ATHALDARK]

XTASILS) 1=
ATQSILL] =
KTQSIDS] &=
*TQASIOL]Y rm

(** IWMITIALIZE WULL HMOVE *})

1= LS;
i= D5}

XTRFS(R1,F&8)3
ATRFSIRL.FLIS
ETRFSIRAFA)S
XTRFS[(RB.FL]}

WITH NULHWY DO

BEGIM

RMFR 1= AS3
RMTO 1= AS:
RHCP 1= MT}
RMCA = FALSE}
RMAC 1= TRUE}
RMCH ¥= FALSES
RMMT a= FALSE:
RMIL o= FALSE:

RHMS5U 1= FALSES
RMPR 1= TRUE}
RMPP 1= PB?

END3

XROMILS1.RHTO
XROMILL).RMTOD
ERQHIDS].RMTO
XROMIOL1.RMTO

I=
L
=
=

(** INITIALIZE COKMAMD PROCESSING VARIABLES *)

JHTJ 1= TJg

ICARDIZJ] = =373

ILINELZJ] =

b fhas 4

(** INITIALIZE MOVES SYNTAX TABLE *)

INTI 1= SYMCF;

INISYN(™ =p )1
INISYN(™ Py 113
INISYNE=F Le*P a1 1
IMISYNI™ "Ps R )%
INISYNMI=/ R =P el
INISYNI™ Py R1™)
IMISYNI=/ R1*P =)
IMNISYNI™ SPSER <)}
IMISYNI=/KR *P =13
IMISYHIL™ SPSERL™) G
INISYNIT/KRL®P =13
INISYNI™/ 1®*Ffs 17})3

INISTN(™/ R *P/ R ™)}

INISYNI™/

1*P/ R =03

INMISYMI=/ R *PF 17}
INISYNI™/ Ri1*P/ 17)1%

IMISYN{™/

1*Pr R1™);

INISYNI™/ R1®*Ps R =i 3
INISYNI™/ R *P/ R1%1}
INISYNI™/ER ®*Ps 1711

IMISYNI™/ 1*P/KR ");
INISYMIT™/KR *P/s R ")
INISYNI™/ R ®*P/KR "3
IHISYHI™/ 1®PFER1™)I
IMISYHI™/KRL®=P/S 17) 3
IMISYNI® R ®*PsEKR1™):
INISYNI=/KR1®"P/s R =)
INISYHNI®/ R1®*P/ R1*™)
IHISYNI™/KR =P/ R1™)
INISYNI™/ Ri*PSER ™)
INISYHI™/KR ®P/KR "1}
INISYNI®/KR1*P/ RL™)
INISYNI™/ RL®*P/KRL™]
INISYNI=/ERL®*P/ER ™)
INISYNI™/KR *P/ERL™I;
INISYHI®/ERI*P/KRL™)

P —

IMISYHMI™/ R1= R1™)
INISYMI®/KR = R1™)

INISYNL™ =  R1™I:
IHISYHI™ = MR1™):
INISYNL™/ i- R1™) %
INISYNI™/ R = R1™) 3%
INISYNI™/ 1= KR1™)}
INISYHI™S R = KRL™)

}

H

IMISYN(™/ Ri= KR1")}
INISYNI=/KR = ERL1=)3
INISYN(™/KR1= KR1™)j

(** INITIALIZE LETS *)

FKPSHD = 101
FXSANG 1= 150%
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XTRFSIR1.FTIS
XTRFS[R1,F313
XTRFSIRALFT)3
AKTRFSIRA.FI)S

FHAXMT 1= 255&%
FNODEL 1= 10}
FPADCRIFL) = Q1%
FPAOCRIF2)] = 3%
FPADCRIF3) 1= 5%
FPADCRIF&) 1= 10%
FPADCRIFS) 1= 153
FPADCREFE) i= 5}
FPADCRIFT) 1= Q03
FPADCRIFB) t= D%
FPBLOX 1= 203}
FPCOMN 1= 5%
FPFLNX r= 12}
FROUBL 1= 603
FRETTH 1= 1203
FTRADE t= 36%
FTRDSL t= 51563
FTRPOK 1= 273
FTRPWN = A3
FHEKING 1= 503
FuMAJH 1= 17
FHMINM 1= 200:%

FHFPANN 1=
FHROOKE 1=
MINDOW i=

(®== INITIA
SHEC 1= TR

SHPL 1= TR
SHPS 13 FA

1da¢
2%
3os

LIZE SWITCHES *)
UE}

UES
L5ES

SMRE 1= TRUEj
SWSU 1= FALSE:R
SHTR 1= FALSES:

(** INITIALIZE MAIN LOOP COMTROL VARIABLES *)

GOING §= 03

END3 (®* IMICOMN =)

PROCEDURE INITALIVAR ApRB)

VAR
INTF 1 TF:
INTR t TR}

BEGIN
WITH A 0O
BEGIMN
RBTM 12 LITE}
RATS 1= =13}
RBTI 1= 0%
RB5Q 1= [LSsLL+OS,0L1}
FOR INTF 1= F1 TO FA DO
BEGIN
RBIRF(R2Z,INTF] 1= LP}
FOR INTR 1= R3I TO Ré DO
RBIRFLINTR,INTF] 1= MT3
RBIRF(RT,INTF] 1= DP;
END:
RBIRFIRL,F1] 1= LR}

REBIRFIRLLF21 1= LN}
REIRFIRL.F3I1 i= LB?
RBIRF(RL1,Fu] = LO:
RBIRFIRL,FS1 r= LK}
RBIRFIR1,.,FB] t= LB}
RBIRFIRL,F7] &= LN}
RBIRFIRL.FB] = LR}
REIRFLRA,F1] 1= DR}
RBIRFIRAB,F21 1= DN}
RBIRFIRA,F3] 1= DA:
ABIRPIRA,F&] 1= 0O}
RBIRFIRAFS] 1= Ox:
RBIRFIRA,FEBE] 1= Q81
RBIRF[RA,FT)] 3= DN}
RBIRFIRA,FA] 1= QOR:

HOWHS 1= = ENTER MOVE CR TYPE GO.
WRITELMIHOVMS |}
LSTHY 13 HULMW3
BND 3
END: (* INLITAL *)

FROCEDURE PAUSER;

BEGIMN

IF S5WPA THENW

BEGIM
MRITELMI
FEADLMGY

ENDZ

ERD 3 i* PAU

PROCEDURE PR

BEGIN
WITH A DO
BEGIM

" PAUSING ™)1

SER =)

IHOVI&gRH)

i=

(=
i=
i=
i#
i=

INITIALIZIE FOR A MNEMW GAME *)

FILE INDEX *)
RANK THDEX ™)

SIDE TO MOVE
HO EMPASSANT
GAME HAS NOT
ALL CASTLIMG
LOOF THROUGH

*)
SQUARE =)
STARTED *)

HOVES LEGAL =)
ALL FILES *)

SET LIGHT PAMNS ON BOARD *)
LOOP THRU MIDODLE OF BOARD *)

SET WIDOLE OF

BOARD EMPTY ®)

SET DARK PAWMS OM BOARD *)

SET REMAINDER 0OF PIECES OMN

BOARD *)

-
Ll

INITIALIZTE PREVIOUS MOVE *)

{* PAUSE FOR CARRIAGE RETURM *}

(* PRINT A HOWE =)

MRITE(™ FROM ",EMFR1Z,"™ TO ",RMTOr2):

IF MULHY

BIA) THEM

WRITEI™, HULL MOVE™)

ELSE
BEGIN

IF RMCA THEM

WRIT
ELSE

WRIT
IF HWOT

WRIT
WRITE(
IF RMC

Ei™, CAPTURE ™, XTPCIRMCP] ™"}

EL™y SIMPLE,™):
RHAC THEN

E(™ ND™)3

™ ACS™h5

H THEM



is necessary to change the material balance
function. The actual scoring itself is handled
by MBEVAL. This routine is called either
by MBCAPT or MBTPAC when a piece is
lost (update) or gained (downdate); or by
MBPROM or MBMORP when a pawn is
promoted (update); or when a newly pro-
moted pawn is demoted (downdate). There
are other changes which are required in the
data base for both capture and noncapture
moves. The new squares which are attacked
by the piece need to be added to the attack
maps (ATKFR, ATKTO, ALATK). This is
done by ADDATK. The new square for the
piece is added to the data base by ADDLOC.,
The attacks of sliding pieces which are
blocked by the newly moved piece are
recomputed by CUTATK. The attacks of
sliding pieces which are unblocked by
vacating the former square are recomputed
by PRPATK. The attacks which emanated
from the piece on its former square are
deleted by DELATK. These primitive
routines are called by LOSEIT when a cap-
ture is involved or by MOVEIT otherwise.
If the move affects castling status, the
necessary data base changes are made by
PROACA and PROACS. If a pawn promo-
tion is involved, PROMOT makes the neces-
sary adjustments,

Move Generation

A major part of any chess program is the
move generation module, Because of the
complexity of the game, many programs
simply ignore some of the more unusual
moves, such as Queenside castling, en pas-
sant pawn captures, or promotion of a pawn
to a piece other than a Queen (ie: underpro-
motion). This arrangement will suffice to
play legal chess, but it may be costly if one
of the omitted move types is highly desirable
in a specific game situation. In addition, an
incomplete move generation facility prevents
the machine from checking the legality of
its opponent’s moves.

Rather than being satisfied with an
approximate solution, we have heeded the
old maxim, *“If a job is worth doing, it is
worth doing well,” and have implemented
a move generator which permits the pro-
gram to play a complete game of legal
chess. As you can see from the listing, this
requires extensive programming.

The first step in move generation is to
create the data base for the important
features of the existing board configuration.
This is done by CREATE. Once a move has
been selected, it is necessary to change the
data base. This is done by UPDATE which

Text continued on page 181
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1 1 1 1
. 16K RAM

FULLY STATIC

it $350

10 SLOT MAINFRAME
TT-10. . KIT $325

10 SLOT TABLE TOP
MICROCOMPUTERS
TT-8080. . .KIT 440
SYSTEM WITH 16K & I/O
TT-8080-5. . .KIT $1050

CARD CAGE &
MOTHER BOARD
ECT-100. . .KIT %100

CCMB-10. . KIT 875

WITH CONNECTORS
& GUIDES
ECT-100-F. . .[KIT $200

CCMB-10-F. . .[KIT %125

!I‘
¥

CFU'S, MEMORY
MOTHER BOARDS
PROTOTYPING BOARDS
EXTENDER CARDS
POWER SUPPLIES

SHIPPING EXTRA
DEALER INQUIRIES INVITED

ELECTROMNIC CONTROL TECRNOLOGY

FACTORY ADDRESS: MAILING ADDRESS:
763 RAMSEY AVENUE P. 0. BOX &
HILLSIDE, N. J. 07205 UNION, M. J. 07083

(201) 686-8080

oA-1 SUPER ASSEMBLER

Uses Motorola Standard Mnemonics
for 6800 Microprocessor

® |[nput source code from file on Smoke Signal Broad-
casting’'s BFD-68 disk system.

® Disk capability allows assembly of source code larger
than available memory.

® Outputs object code to disk file.

® Assemnbly listings include alphabetized and tabulated
symbol table.

® Complete source listing included.

Only $29.00 (on diskette)

'_‘E'We’re the “CHIEF” in 6800 products software

'SMOKE SIGNAL BROADCASTING

6304 Yucca/Hollywood, CA 90028/(213) 462-5652
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Listing 1, continued:

WRITE(=,: CHECK™)}
IF RMMT THEM

MRITE(™s MATE™)j
IF RMIL THEM

WRITE(™s ILLEGAL™)}
IF RHSU THEM

WRITE{(™, SEARCMED™)}
CASE RMPR OF

FALSEr (* NOT PROMOTION *=)

CASE RMOD OF

FALSE® (* NOT CASTLE *)

IF RMEP THEM

WRITE(™, ENPASSANT™)}

TRUE® (* CASTLE =)
BEGIN
HWRITEL®, CASTLE =i
IF RMAS THEW
WRITE(TLONG™)
ELSE
WRITEITSHORT™) §
ENDY
END;
TRUE® {* PROMCTION *)
BEGIN

WRITE(™, PROMOTE FO ")}

CASE RMPPF OF
Pdy MWRITE("QUEEN™)}
PRI WRITE (“ROOK=)}
PBi WRITE(™BISHOP™):
PH1 HWRITEISKNIGHT =)}
EMD;
END:
END
END}
EMDI
WRITELNI=. "}
END; (* PRIMOVW *)

PROCEDURE PRIMTHIAIRC)

VAR
INTR © TR;
INTF 1 TF:

BEGIN
MRITELN;
FOR IWTR 3= RA DOWNTO Ri OO
BEGIN

WRITE (® “,;0RDIINTRI®#LE1,"™ “)3

FOR INTF = F1 TO Fa DO

WRITE (XTPCIALXTRFSIINTR, INTFI1D)

WRITELM]
EMND?
WRITELH (™ W RNBOKBNR™)
END; (* PRINTB *)

PROCEDURE PRIMBBIAIFRS)

VAR
INTR 1 TR:
IMTF 1 TF;

BEGIM
WRITELW:
FOR INTR 1= RA& DOWNTO R1 0O
BEGIN

WRITE (7 “,ORDOINTRO®LOL,™ T13

FOR INTF 1= F1 TO FB DO

i* PRINT A BOARD =)

{® RAWNK IMDEX *)
{* FILE INDEX *)

i{* WRITE A BLANK LIMNE =)
(®* LOOP DOWW THROUGH RAMKS #)

1* OUTPUT RAWK LABEL *)
(* LOOP ACROSS THROUGH FILES *)

(* OUTPUT COWTENTS OF SQUARE *)
(* WRITE OUT A& RANK =)

€* WREITE OUT BOTTOM LABEL *)

(* PRINT & BIT BOARD *)

(* RAWK IMDEx *)
(* FILE INDEX *)

(* WRITE OUT & BLANK LIWE *)
(* LOOP DOWM THROUGH RAMKS *)

(* QUTPUT RAMK LABEL *)
(* LOOP ACROSS THROUGH FILES *)

MRITE (XTACIINRSTBOA,XTRFSIINTR.IMTFID 1)

MRITELMN:
END
WRITELN 1™ W RMBOKBNRT) 3
END 3 (* PRINBB =1

PROCEDURE PRIMAM{AgFX)

VAR
INTR, JNTR 1 TR:
IMNTF, JNTF 1 TF 3§

BEGIM
WMRITELNS
FOR INTR 1= RS DOWNTO Ri DO
BEGIM
FOR JNTR 1= RA [DOWNTO R1 DO
BEGIN
FOR IMTF 3= F1 10 FB DO
BEGIN
HRITEL™ =)
FOR JUNTF gz Fi TO F8 DO
BEGIMN

L]
i* QUTPUT COMTEMTS OF SQUARE *)
(* WRITE OQUT & RANX *)

i* WRITE OUT BOTTOM LABEL =)

{* PRINT ATTACK MAP =)

(* RANKE IMODICES *)
(* FILE IWNDICES =)

WRITE(XTACIINPSTROAATRESEINTR INTF 1) s xTRFSEINTR, JNTF QD)3

END;
HRITEML™ =) 3
END
WEITELMN:
END S
MRITELN?

IF INTR IN [Ri+FJ;R5.R7)] THEN PAUSER;

ENDS
ENDS [* PRINAM *)

PROCEDURE PRISWI(A Fa;BaTANS

BEGIN
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(® PEINT & SHLITCH ")

WRITEL™ T A[AA] ACAA+L]}
IF B THEM
MRITELNI™ OW™)
ELSE
WRITELMI{™ OFF™1;
END3 {(* PRISWI =)

PROCEDURE MBEVAL {® EVALUATE MATERIAL BALANCE *)

VAR
INTI ¢ TIg (®* COUNT PAWNS OF WIMMING SIDE *=)

BEGIN
IF MBLTE <> 0 THEM
IF MBLTE » 0 THEM
INTI 1= MBPWMILITE]

ELSE
INTI 1= MBPWNIDARK]
ELSE
INTI 1= 03

HBYALL JNTX] 1= SIGMIMINIMIMIFMAXMT ,ABS{MBLTE)})
¢FTRADE®ABS (MBLTE)*(FTROSL-MBTOT)* (*INTI+FTRPOK)
DIV (&4*INTI+FTRPHN) DIV 26216&,16320)MBLTE)

END; (*® HBEVAL *}

PROCEQURE WBCAPT {* EVALUATE MATERIAL AFTER
CAPTURE =)
(A2 TP I® PIECE CAPTURED *)
BEGIM
MBTOT 5= HBTOT - ABS(XTPVLAL); (* TOTAL HATERIAL OM BOARD =)

IF xTPULA) = EP THEM
HEPWHIXTPHIA]]) = HAPWMIXTPMIA)}]) - 113
(®* REMOVE PAMM IF MECESSARY =)
MBLTE = MBLTE - XTPVIAIL?: (® LITE ADVANTAGE *)
HBE WAL 3 (®* EVALUATE MATERIAL *)
EWD: (* MBCAPT =)

FROCEDURE MBTPAC (* REMOVE CAPTURE FROM
MATERIAL BALANCE DATA. THIS
IS5 THE IMVERSE OF MBCAPT *)
(ATTP) S (* PIECE UNCAPTURED *)

BEGIMN
MATOT 1= WBTOT + AASIMXTPNIAL) G
IF XTPULA) = EP THEN
HBPHHNI[XTPH[A)] t= HBPWN[XTPH[A]] + 1%
MBLTE 1= HBLTE # XTPWIA]}
ENDG i* HMATPAC =)

PROCEOURE MBPROM (* EVALUATE MATERIAL BALAMCE
CHANGE DUE TO PAWN
PROMOTION *)

TAgTP) (®* PIECE TO PROMOTE TO *)
BEGIN
MBTOT 1= HBTOT + ABS(XTPW[A)-XTPV[XTUNPLEP,XTPH[A]]]) ]
(®* TOTAL MATERIAL ON BOARD *)
HEPWHNLXTPHIA] ] 1= MEPWNIXTPHIA]] - 13(®" COUNT PAWNS *)
MBLTE 1= HBLTE » XTPY[A)=XTPY[(XTUMPLEP,XTPM[A]]11}
HMBEWAL? i* EVALUATE RESULT *=)

ENDS (* MBPROM *)

FROCEDURE MBMORP (®* REMOVE PAWM PROMODTION
FROM MATERIAL BALANWCE DATA.
THIS IS5 THE IMNVERSE
OF HBPROMW *)

TAETPI R (* PIECE PROMOTED TO *=)

BEGIN
MBTOT t= MBTOT - ABS(XTPVIA)-XTPV(XTUNPLEP,XTPMIAI]])
HEBPWMI XTPHI(A)] 1= MBPWN[XTPH{A]] + 13
MBLYE 1z MBLTE - (XTPVIA]-XTPYIXTUMPLEP,XTPHIANI])S
END:I (* MAMORP *=)

PROCEDURE ADDATK (* ADD ATTACKS OF PIECE TO DATA
BASE *1
(ALTS) (* SQUARE OF PIECE TO ADD
ATTACK *=)
VAR
INTEB ¢ TH} (®™ LOOP CONTROL BOOLEAMN *)
INMTD * TDS (* CURRENT DIRECTIOMN OFFSET =)
INTE © TE: (* CURREMT DIRECTION LMODEX =)
IMTM ¢ THy {* COLOR OF CURREWT PIECE *}
INTP 1 TP (* CURREMT PIECE *)
INTT & TT; (* RUNNING SQUARE =)
BEGIM
INTP 1= WBORDIADS (* PIECE OF INTEREST =)
IMTM 1= XTPHMLINTP)} (* COLOR =)
FOR IMTE 1= XFPEIIWTP) TO XLPELINTR] DO
BEGIM
INTT 13 A; (* IMITIALIZE RUMMING SOUARE =)
INTB 1= xSPBEIINTR)} (* TRUE IF SWEEP PIECE *)
IMTD 1= uTEDCINTED: i* OFFSET =)
REFEALT
INTT 1= XTLSIXTSLLINTTD « INTOR: (® STEP IN PROPER DIRECTION *)
IF INTT 2= 0 THEN
BEGIN

SETRSIATHFRIAD INTTH 3

SETRS(ATETO[ INTT) (4b 3

SETRSIALATE[ INTH] INTT) ;

[F NBORDL INTT] «» MT THENW
INTH 1= FALSES



Listing 1, continued:

UM
EMDS
EMD3

END

ELSE
INTB 1= FALSE:
TIL NOT INTB:

(* ADDATK *)

FROCEDURE AODDLOC

(AT
arr

BEGIM
CLR®R
SETR
SETR
SETR
MBOR

END3

51
L3 B

SITPLOCIMTI,.A)}
S(TPLOCIBI, A}
SITHLOCEXTPHIBI ], A) 3
SOALLOCIJNTE]),A) §
DIA) 1= B3

{* ADDLOC *=)

PROCEDURE CLSTATj;

BEGIM
WITH BOARD DO
BEGIM
RBTH &= LITER
RBTS 1= =13
RB5Q 1= [}
END3

END; (* CLSTAT *=)

PROCEDURE CUTATK

TARTS) S
VAR
INRS 1 RS:
INTS ¢ T53
IHRS © RS3
INTD = TD3
INTH 1 TH;
INTL ® TL:
INTT & TTS
BEGIN

CPYRS(INRS,ATKTOCAN);

WHILE MXTTS{INRS,INTS) DO
IF XSPBINBORDIIMTS11 THEN
BEGIN

IMTD t= XLLODOXTSLIAT=-NTSLOINTSDDG

INTH = XTPH{MBORD[ INTS11

INMTL 1= XTSLEAI+INTODS
INTT 1= XTLSIIMWTLIS

WHILE IMTT » AT DO
BEGIM

CLRRS(ATHKFREIMTS], INTT)
CLRRSIATETOLINTTI  INTSHE

l"-

[ &4
i=
=
e
e

[ K
(=
=
l'
i*

[

ADD PIECE TO ODATA BASE *)
SQUARE WITH MEW PIECE ONW IT *}
MEW PIECE TO ADD *)

BIT BOARD OF EMPTY SQUARES *)
BIT BOARD OF ALL SAME PIECE *)
BIT BOARD OF ALL SAME COLOR *)
BIT BOARD OF ALL PIECES *)

SET MEW PIECE ON BOARD *)

CLEAR POSITIOM STATUS *)

WMHITE TO MOVE *)
MO ENPASSAMT =)
MO CASTLING LEGAL *)

CUT ATTACKS THROUGH SOUARE *)
SQUARE =)

ATTACKING PIECES *)
ATTACKING PIECE SQUARE *)
SCRATCH *)

STEP SIIE *)

ATTACKING PIECE SIDE *)

NO LONGER ATTACKED SQUARE *})
HO LONGER ATTACKED SQUARE *)

ALL PIECES ATTACKIMG SQUARE *)
IF SWEEP PIECE *1)

STEP SIZE OM 10 X 12 BOARD *)
SIDE OF ATTACKIMG PIECE *=1
FIRST SQUARE BEYOMD PIECE ®})
FIRST SQUARE BEYOWD PIECE OM
A8x8 BOARD =)

WHILE ON BOARD *p

CLEAR ATTACK MAP *)

AMDRS (IMRSATKTO[ INTT I, THLOCIINTMIN S

IF NULRS{IMRSE THEN

CLRRS (ALATKIINTM],INTT)
IF MBOROLINTT) = MT THEN

BEGIN
INTL a= IWTL+#INTD;
INTT 1= XTLSLINTLIG

END

ELSE
INTT 1= AT}

ENMD:
END;
EMDY (% CUTATK *)

PROCEDURE DELATK
LAITS) g

VAR
IMRS 1 RS}

IMRS ¢ R53
INTS 1 T5§

INTH 1 THS

BEGIM
CPYRSIINRS ,ATEFRIADI S

HWEMRSIATEFRLAD)
INTH 1= XTPHMINBORDIADNDG
WHILE NXTTSIIMRS, INTS) DO

BEGINM
CLRRS(ATKTO[LINTS ) A0

|®
l'l
i*

i*

i#®

[E.J
[

[ R
=

AMDRS{THRS,ATKTOLINTS) »TALOCLE INTHE) 3

IF NULRS({IMRS) THEM
CLRRSIALATELINTHM] . INTS) S

CLRRS (TPLOCINBORD[A)]. &)}

CLRRS(THLOCI INTM], 403

CLRRSTALLOCIJNTK ] +A) 3

SETRS{TPLOCIHT J - A}}

MBORDLA] = HMT3

END3
EMO:F (® DELATX *)
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=
i=
i=
i=
i=

OTHER ATTACKS OM SQUARE BY
SAME SIDE *)

IF WO ATTACKS BY THAT SIDE =)
CLEAR ATTACKS BY SIDE *)

STEP BEYOND SOQUARE *)

STOP SCAN *)

DELETE ATTACKS FROM SQUARE =)
SQUARE TO REMOVE PIECE *)

SQUARES ATTACKED BY PLECE ON
SQUARE *)

SCRATCH =)

SQUARE ATTACKED BY PILECE Ow
SQUARE *)

SIDE OF PIECE ON SQUARE *)

SQUARES ATTACKED BY PIECE
ON SQUARE *)

CLEAR ATTACKS FROM SQUARE *)
SIDE OF PIECE ON SQUARE =}
LOOP THROUGH ALL ATTACKS AY
PIECE *)

CLEAR ATTACK TO OTHER
SQUARE *)

OTHER ATTACKS By SAME SIDE *)

CLEAR ATTACKS BY SIDE *)

CLEAR PIECE *}

CLEAR PIECE FROWM SIDE *)

CLEAR PIECE FROM ALL PLIECES *)
SET EMPTY *)

PROCEDURE PRPATH

VAR

(hgTSh;

INRS § RS}
InNTs & T5%
INTD ® TD3:
INTH 8 TH;
INTL ® TL:
INTT 8 TT;

BEGIM

CPYRSUIINRSATKTOLADD S
WHILE WNXTTSIINRS,INTS) DO

IF XSPBINBOROIINTSI] THEMW
BEGIHM
INTO p= NLLODEXTSLOA)=XTSLIINTSND;

INTH = XTPHINBORDIINTS]IIS
INTL = XTSLEA)+INTD;
INTT o= XTLSIINTLI?

WHILE INTT »= 0 DO

BEGIM
SETRSIATKFRI INTS), INTT) S
SETRS(ATETO[IMTT ). INTS) §
SETRSUALATELD INTHI, INTT)E
IF WBORD([ INTT] = MT THENW

BEGIM
IMNTL 3= INTL#INTDS -~
INTT i1z XTLSOINTLIG
END
ELSE
INTT 1= =13

ENDS (* PRPATK *)

PROCEDURE GAIMIT
{AERM) §

BEGIN
WITH & DD
BEGIN
ADOLOCIRMFR ,NBORDI{RHTON) 3

ADDATE (RMFR) 3
CUTATE(RMFR §
DELATEIRHTON !

ADDLOC{RMTO,RHCF)
ADDATK (RMTOD 3
HETPACINBORDIRMTON) S
END 3
ENDS 1* GAIWIT *)

PROCEDURE LOSELT
LIRS

BEGIM

WITH A DD

BEGIN
MBCAPT (NBORDI RHTO1) 3
DELATK (RHTO) §
ADDLOC(RMTO,NBORDIRMFRII 3
DELATK(RMFR) §
PRPATE(RMFR)
ADDATK (RMTO) 3

ENDT  (® LOSEIT *)

PROCEDURE MOVELT
(AgRH) 3

BEGIN

WITH & DO

BEGIN
ADODLOCIRMTO.NBORDIRMFR D) §
CUTATKIRMTO)D ;
DELATK{RMFR) 3
PRPATK (RMFR) 3
ADDATK(RMTOD §

END?
ENDOT (*® MOVEILIT =)

PROCEDURE RTRKIT
(ATRM)

BEGIM

MITH A& DO

BEGIN
ADOLOC(RMFR,NBORO(RMTO)) §
CUTATK(RMFR] 3
DELATK (RMTORS
PRPATK(RHMTO) ;
ADDATK (RMFRD 3

EMDG
ENDS 1® RTRKIT =)

i»
i
i*
[
i*
(R
i*
i=

i=

=
s
e
i*

i*

[

"
[

t.

[I-

i*

=

i=
=
=

(R
=
[
0=

=

PROPAGATE ATTACKS THROUGH
SAQUARE *)
SQUARE *)

ATTACKING PIECES *!
ATTACKING PIECE SQUARE *}
STEP SIIE *)

ATTACKING PIECE SIDE *)
HEW ATTACKED SOUARE *)
WEW ATTACKED SOQUARE *)

ALL PIECES ATTACKING SQUARE =)

IF SWEEP PIECE =)

STEP SIZE OWN 10 X 12 BOARD *)
SIDE OF ATTACKING PLECE *1}
FIRST SQUARE BEYOWD PIECE *)
FIRST SQUARE BEYOMD PIECE OW
8X8 BOARD *)

WHILE ON BOARD *)

SET ATTACK MAP =)

SET ATTACKS BY SIDE *)

STEP BEYOMD SQUARE =)

STOP SCAN *)

UNPROCESS CAPTURE MOVE *)
CAPTURE MOVE =)

PUT PIECE ON ORIGIMAL
SAUARE *}

STOP ATTACKS AT THIS SQUARE *)
REMOVE THEW FROMW

DESTIMATION SQUARE =)

REPLACE CAPTURED PIECE *)

UPDATE SCORE *)

PROCESS CAPTURE MOVE *=)
CAPTURE MOVE *=)

UPDATE SCORE *)

DELETE ATTACKS OF CAPTURED
PIECE *)

ADD PIECE TO DESTIMATION
SQUARE =)

DELETE ATTACKS OF MOVING
PIECE *)

PROPAGATE ATTACKS THROUGH
FROM SGQUARE =)

ADD ATTACKS OF MOVING PIECE *)

PROCESS ORDIMARY MOVE *)
ORDIMARY MOVE *)

ADD PIECE TO MEW SQUARE =)

CUT ATTACKS THROUGH MEMW

SQUARE *)

DELETE ATTACKS FROM OLD

SQUARE =)

PROPAGATE ATTACKS THROUGH OLD
SQUARE *)

ADD ATTACKS FROM MEW SQUARE =)

UNPROCESS ORDIMARY MOVE *}
THE MOYE TO RETRACT *})

PUT PIECE ON ORIGIMAL

SQAUARE *)

CUT ATTACKS THROUGH DRIGIMAL
SQUARE *)

DELETE ATTACKS FROHW
DESTIMATION SQUARE *)
PROPAGATE ATTACKS THROUGH
DESTIMATION SOUARE *)

ADD ATTACKS FROM ORIGIMAL
SQUARE *)



Listing 1, continued:

PROCEDURE PAMMIT
(AIRM)

BEGIN
WITH A DO
BEGIN

MBMORP (NBORD([RHTOY) §
HBORDIRMTOl &=

END3

END;

(* PAWNIT =)

PROCEDURE PROACA

tAaTS)h 3

VAR

INRS 1 RS
IMRS 1§ RS}

BEGIN
CLRRSICSTATIJNTK] A}
ANDRS { INRS,CSTATI JNTK ], XRRS{XTSR(A]]) §

IF MOT IMRSTB(INRS,XTRFSIXTSRIA],FSI}

(* UNPROMOTE A PAMN =)
(* PROHOTION WOVE =)

(* UPDATE SCORE =)

ETUHPLEP, XTPHINBORDI RHTONN) §

{* PROCESS CASTLE STATUS
CHANGES *)
{* SQUARE =)

1* SCRATCH *}
{* SCRATCH =)

1* CLEAR THIS SQUARE *)
(* CASTLE BITS FOR THIS SIDE =)

THEN
(® IF XING MOVE *)

ANDRSECSTATOINTK] ,CSTATI JNTK] o XNRSIXTSRIANID) ]

AMDRS (IMRS , INRS , XRFSIFB]) 3
AMDRS{IMRS  INRS, XRFSIFLID}
IORRS (INRS , [NRS, IMRS) |

IF WULRSIINRS) THEM

AMDRS ICSTATIJNTE ] 4CSTATIJNTE] , XNRSTXTSRIA))) }

END;

(* PROACA *)

PROCEDURE PROACS

(AIRM) §

BEGI
Wl
BE

N

™ & DO

GIM

IF IMRSTBICSTATIJNTE],RMFRY THENW
PROACA(RMFR) 3

IF INRSTBICSTATIJNTE] ,RHTON THEW
PROACA(RMTOD 3

END §

ENDS

PROC

1* PROACS *)

EDURE PROMWOT

T

BEGI
Wl
BE

EM
END?%

PROC

VAR
IN
IN
IN
IN
IN

BEGI

Wl
BE

176

M
TH A DO
GIN
HEBPROMIXTGHPLI RHPP . JNTH]) §
NBORD[RHFR]) 1= XTGMP[RMPP,JNTM]}
03

* PROMOT =)

EDURE CREATE}

RS
™
TR
TQ
TS

RS}
L H
TP
Taj
753

L

L]

TH BOARD DO
GIM
JHTW 1= AWs13
JHTKE 1= AK:
JHTH 1= RABTH;
MODES = 0%

LIMDKL JHNTE] 1= JNTHWS
SRCHM[ JNTKE] 1= HOG

FOR INTS 1= AS TO 25 DO
BEGIN
MEMRS [ATKFRIINTSI)
NEMRS(ATKTOLINTSI)
NBORD[INTS] 1= MTj
END%

HEMRSIALLOCTIJNTE I §

FOR INTP 1z LP TO HMT DO
MEMRS(TPLOCL INTP)D

FOR IMTH t= LITE TO MONE 0O
BEGIN
MEWRSITHLOCI INTHID §
MEMRSIALATEL INTHIN
END}

HBTOT = 0%
HBPHNILITE]
MEBPWMIDARK] 1= 0%
MBLTE = 0}
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(* CLEAR ALL CASTLE MOVES FOR
SIDE *)

(* LING ROOK SQUARE ®)

{* QUEEN ROOK SQUARE *)

{®* BOTH ROOM SQUARES *)

(* IF BOTH ROOKS GOME *)

{* PROCESS MOYES AFFECTIMG CASTLE
S5TATUS =)
{* MOVE WITH RMAC *)

(* FROM SQUARE =)

(* TO SQUARE *)

{* PROCESS PROMOTION *)
i* PREOMOTION MOVE =)

(* UPDATE SCORE *)

(* CREATE GLOBAL DATA BASE *)

(* SCRATCH BIT BOARD =)
(* COLOR IWDEX *}
(* PIECE INDEX *)
(* CASTLE TYPE IWDEX =)
(* SQUARE IWDEX *)

(* IMITIALIZE MOVES STACK
POINTER *=}

(®* PLY INDEX *)

{* SIDE VO MOVE *)

(® INITIALIZE TOTAL MODES *)

(* MOVES ARRAY LIMIT =)
(* SEARCH MODE *)

{* CLEAR ATTACKS FROW *)
(* CLEAR ATTACKS TO =)
(* CLEAR LOOKAWEAD BOARD =)

(* CLEAR ALL PIECE LOCATIDONS *=)

{* CLEAR PIECE LOCATIOMS *)

(* CLEAR COLOR LOCATIONS *)
{* CLEAR COLOR ATTACKS *=)

FOR INTS 3= AS TO IS5 DO

IF RBISIINTS) <> WMT THEM

BEGIN
AODLOCUIMTS,RBISIINTSI) !
HBTPACIRBISIINTSING

END

ELSE
SETRS(TPLOCIMT] +INTS)?

MBEVAL S
CPYRS(INRS  ALLOC[ JNTK ) §

WHILE MXTTSIIMRS,INTS) DO
ADDATE (INTS) §

MEWRS (CSTATIJNTK ]}
FOR INTQ = LS TO OL DO
IF INTO IN RBSO THEM

i*

EVALUATE MATERIAL *)

COPY BIT BOARD OF ALL
PIECES *)

ADD ATTACKS OF ALL PIECES *)

INITIALITE CASTLING SQUARES *)

IORRSICSTAT[JNTE ) 4CSTATI JNT ), XSASIINTONS

NEWRS (EMPAST JNTKE D) 3
IF RBTS »= 0 THENW
SETRSIENPAS[ JNTK],RBTS) 3

INITIALIZE EMPASSANT SOUARE =)

CPYRS(GENPMIJNTE) ,TPLOCIXTUMPLEP,JNTHM]I])}

HOTRSIGENTO[JNTE ] s THLOCL JNTH]) §

MOTRS ( INRS ;s GENPMI JNTK DD §

AMDRS (GENFRIJNTK ), THLOCL JNTH] , INRS) §

END

ENDY [* CREATE =)

¢ROCEQOURE OMDATE
(AERM)

VAR
INTS 1 TS}
INTR © TR}
INTF § TF}

REFR 1 TS%
REKTO ¢ T53

BEGIM
MITH & DO
BEGIM

i=
i=
(=
=
=

i=
(=

DOMMNOATE OATA BASE TO BACK
OUT A MOVE *=)

THE WOVE TD RETRACT *)

SCRATCH =)
ROOK RANK FOR CASTLING *)
ROOK FILE FOR CASTLING *)

ROOX FROM SQUARE *)
ROOK TO SQUARE *)

CASE ORDIRMCA)*& + ORDIRMAC)I®*Z + ORDIRMPR) OF

B (* OROIMARY MOVE *)
RTRMITOND

1t (* PAMM MOVE AMD PROMOTE *=)

BEGIM
PAMMITIA)
RTREITIA):
ENDj
2t i® HISCELLAMEOUS ACS *)
IF RMDO THEN
BEGIN (* CASTLE *)
IF RMQS THENW
INTF 1= Fi
ELSE
INTF
INTR 1=
REKFR §=
RETD 1=

1= Faj
ETSRIRMFR]S

DELATE(RKETO) ;
PRPATEIRKTON 3
ADDATE (REFR) 3
RTREITIA)

END

ELSE (®* MOT CASTLE *)
RTREITOAD §

Itd (® MULL MOVE =)
k1 {*® CAPTURE *)

IF RMEP THEMN

BEGIM
INTS 1=
ADDLOCU(INTS,RHCP) §
CUTATE(INTS) §
ADDATKIINTS) S
RTREITIA)
HBTPAC (WBORDI INTS1) 3

END

ELSE
GAINITUAD S

51 (® CAPTURE AMD PROMOTE =)

BEGIN
PAMNITIA} ]
GAINITIA)?
END}
6t (* CAPTURE ACS *)
GAINITIANS
71 (* CAPTURE ROOK ACS,
BEGIM
PAMNIT (&)}
GAIMITIA)
END}
END3
JHTH 1= LIMDX[JNTK]S
JHTK 1= JNTK-1}
JNTM 1= OTHER[JMTH]}
END3

ENOT (* DNODATE =)

FUNMCTION UPDATE

(VAR A1RM)
1TH;
VAR
IMRS 1 R5;
IHMRS 1 RS%
INTS 1 T53
INTF ¢ TF}

XTRFSEINTR,INTF )}
(RHFR«RMTO) DIV 23
ADOLOC {RKFR,NBORDIRKTOI )}

(* CAPTURE EMNPASSANT *)
ATRFSIXTSRIRMFR) XTSFIRMTON )%

PROMOTE

i=
i=
i=
[ K
i=

{* CAPTURE MOT ENPASSANT =)

i*

*)

i=

=
[ B

i=
i=
=

ROOK ON QUEEM ROOK FILE *)

RODE OM K ING ROOK FILE =)
RODK FILE *)

ROOK FROM SQUARE #)

ROOK TO SQUARE =)

REPLACE ROOK #)

RETRACT KING HOVE *)

RETRACT PAWMM WOVE *})
ADD PIECE TO SCORE =)

UNPROMOTE *)
UNCAPTURE ™)

UNCAPTURE *)

RESET MOVE GEMERATIOM
POINTER =)

BACK UP PLY INDEX *)
SWITCH SIDE TO MOVE *)

UPDATE DATA BASE FOR A MOVE =)
THE MOVE =)

RETURNS TRUE IF MOVE IS

LEGAL *)

SCRATCH =)
SCRATCH =)
SCRATCH =)
ROOK FILE FOR CASTLIMG =)



,{__.-_gnng _;f’ continued: MODES 1= NODES#1} i* COUNT MODES SEARCHED *)
END3
END; (® UPDATE %)
INTR 1 TRS (® ROOK RAMK FOR CASTLING *}
RETO © TS% (* ROOK DESTINATION SQUARE *|
RKFR 1 T5% (* ROOK ORIGIN SQUARE *)
PROCEDURE GEMOME i® STACK OME GEMERATED MOVE =)
BEGIN (ALTTS (* FROM SQUARE *)
WITH A DO BaTSh {* TO SQUARE ™=
BEGIN
JHTKE B= JNTK+13 (®* ADVAMCE PLY INDEX =) VAR
MEWRS (ENPAS[JNTK]D } (* CLEAR ENPASSANT BIT BOARD *| INRS 1 RSt (* SCRATCH *)
CPYRSUICSTATLJINTK],CSTATIJNTK=-100% (* INITIALIZE CASTLE STATUS %)
CPYRSUALLOCIJNTE )  ALLOCE JNTK=1113 (* ITNITIALIZE ALL LOCATICNS =) BEGIM
FAVALLJHNTK] = HBVALI JNTE=-113 (* INITIALITE MATERIAL SCORE =) WITH MOVES[JNTW] DO
LINDED JMTEK] 1= JUNTH; (®* HOVES ARRAY LIMIT =) BEGIM
CASE ORDIRMCA)*®*& + ORDIRMACI®*? + ORDIRMPR) OF RMFR 1= A3 (* FROM SQUARE *)

01 (* ORDIMAFY MOVE *1}
IF RHMEP THEM
BEGIN
SFTRS(INES , XRSS[RHTO1,500 %
SFTRS(IMRS; XRSS(RMTO1+53) 3

[* PAMN HOVE 2 SPACES *)

RMTOD = B3

RMCP 1= NBORDIBID

RMCA 1= (NBORD[B) «<»* MT)}
IORRSIINRS s XRSS[A],XRSS[E])
AMORSIINRS s INRS CSTATIJNTK]

.
L
I

[l

l"

TDO SQUARE =}
CAPTURED PIECE *)
CAPTURE =)

IORRS{ INES . INRS . IMRS) § I* SUUARES MEXT TO DESTIWATION *=) RHAC 1= NOT MULKSIIMRS)? {® AFFECTS CASTLE STATUS *)
AMORSIINRS, INRS, TPLOCIX TUMP[EP, OTHER[JNTH]1 1) 3 RMCH 1= FALSE} {* CHECK *)
{% INTERSECT WITH EMEMY FANNS *) RMHT 1= FALSES (® HATE =)
IF HOT MULRSIINRS) THEN RHMIL t= FALSE} {* ILLEGAL *)
SETRS(ENPASI JNTK ], (RMTO+RMFR) DIV 2); AMSU 1= FALSE} (* SEARCHED *)

(* SET ENPASSANT SOUARE *)

RMPR 1= FALSES

PROMOTION *}

HOVEIT (b3 (* MOVE PAWN *) RHMOO 1= FALSES 1* CASTLE *)
END RMEP i= FALSE: (* ENPASSANT *=})
ELSE END3G

MOVEIT (A3
1 {* HMOVE AND PROMOTE ™)
BEGIN
PROMOT (A) 3
MOVEIT(A)

[* MOVE PIECE ")

(* PROMOTE PAMN *)
{* MOVE PROMOTED PLECE *)

VALUEL JNTHW] 1= 0%

IF JWMTH « IW THEM

JHTH 1= JHTW#L}
ENDT (* GEWNOME *)

CLEAR VALUE #)

ADVAMCE HMOVES STACK POINTER *)

END3
21 (% WISCELLAMEOUS ACS *)
BEGIMN PROCEOURE PHMMPROG (* GEMERATE ALL PROMOTION
IF RMOO THEW HOVES *)
BEGIN (* CASTLE *)
IF RMQS THEM VAR
: g:rr 1= Fi 1* ROOK OM QUEEN ROOX FILE *) INTG & TG3: {(* PROHOTION TYPE *)
L
INTF = Fajg (* ROOK OM XING ROOK FILE *=) BEGIN

INTR 1= XTSRIRMFR]: {® ROOK ON KINGS RAMK *)
REFR = XTRFSIINTR,INTFIi (* ROOK ORIGIN SQUARE *)
RETD g= (RMFR+RATON DIV 2§1* ROOK DESTINATION SQUARE =)
ANDRSUCSTATI JNTK ) qCSTATIJNTE] ; XMRST INTRI) &

(* DISALLOWN FURTHER CASTLIMG

BY THIS SIDE *)

ADDLOCIRETO,NEORDI REFRII: 1™ PUT ROOK ON MWEW SQUARE *=)
ADDATK(RKTON 3 (* ADD ITS ATTACKS *)
DELATKIRKFR) 3 (* DELETE FROM ORIGIMAL SQUARE *=)
HOVEITOANS (* MOVE KIMG *)

MOVESI JNTW=1].RHPR i= TRUEj

HOVESI JNTM=1].RHPF 1= PQ3

FOR IMTG s= PR TO PB DO

BEGIN
HOVESTJNTH] 1= MOVESI[JNTH=113%
HOVES[{JNTH].RMPP 12 INTG}
JHTH = JHTweld

EMD:

END; [* PWNPRO *)

=
=
(=

i=

SET PROMOTION *)
PROMOTE TO QUEEN FIRST *)
GEMERATE OTHER PROMOT IOMS *)

COPY LAST MOVE *)
CHANGE PROMOTE TO PIECE *)
ADVANCE MOVE IMDEX =)

EMD

ELSE (* MOT CASTLE *)

BEGIN PROCEDURE GENPWN {® GEMERATE PAMN MOVES *)
PROACS (AT (®* PROCESS CASTLE STATUS MODS *=) TAIRSS i®™ PAMNS TO MOWE *)
MOVEITUOA); {* HOVE TO OR FROM XING OR ROOK BuRS); (® YALID DESTINATION SQUARES *=)

SOQUARE *)
END} VAR
EMD* INRS; IMRS 3 RS (®™ SCRATCH %)
J1; (% HULL MOWE =) INTs 1 TS: (* DESTIMATION SQUARE *)
(31 {* CAPTURE ™)
IF RMEP THEMW BEGIMN
BEGIN (* CAPTURE EMPASSANT *=) IF JNTH = LITE THEM
[NTS 1= ETRFSIXTSRIRMFR),XxTSFIRNTO) )% BEGIMN I* WHITE PAMNS *)
(* CAPTURED PAMM SQUARE *) SFTRS(IMRS . Ay 521 3 (* ADVANCE OME RAME =)
MBCAPT INBORDI INTS D) S (* UPDATE SCORE *) AMDRS (I IMRS s TPLOCIHT ) INRS) S (* ONLY TO EMPTY SQUARES *)
DELATHIINTS) : (®* DELETE CAPTURED PAMM CPYRS I IMRS, INRS) § {* SAVE FOR 2 SQUARE MOWES *)
ATTACKS *) ANDRS (INRS . B, INRS) i® OMLY VALID DESTINATION
PRPATE (INTS) S (* PROPAGATE ATTACKS THROUGH SOUARES *)
PAMM ) WHILE MXTTSIIMRS, INT5) DO
MOVEIT (&b} (* MOVE CAPTURIMNG PAMN *) BEGIN
END GEMOME(NTLSIXTSLI INTSI=TEDISZ21) 4 INTS)
ELSE 1* CAPTURE MOT EMPASSANT #) (* GENERATE SIMPLE PAMN MOVES *)

LOSEIT(AD; {* PROCESS CAPTURE *I)

IF INTS »= KTRFS[RA.F1] THEM

51 (* CAPTURE AND PROMOTE *) PHNPROY {* PROCESS PROMOTION *)
BEGIN END3
PROMOT (A 3 (* PROMOTE PAMN *) ANDRS L INRS , IWRS . KRRS[RIN) § {* TAKE OMLY PAWNS ON THIRD *.
LOSEIT(AD] (* PROCESS CAPTURE WITH PROMOTED SFTRSIINRS, INRS,52) 3 (* ADVANCE ONE WORE RANK *)
PIECE *) AMDRS (INRS s INRS . TPLOCIHT )} 3 (* ONLY TO EMPTY SQUARES =)
END§ AMORS {INRS, INRS, 81 ; (* OMLY VALID DESTIMATIOM
&1 (* CAPTURE ACS *) SOQUARES =)
BEGIN WHILE METTSOIMAS,INTS) DO
PROACS (&) 3 (* PROCESS CASTLE STATUS MODS *) BEGIM
LOSEIT(AY {* PROCESS ROOX CAPTURE *) GEMOME (XTLSIXTSLLINTSI=2*XTED(S211,INTS)
END: i* GENERATE DOUBLE PAMN HOVES *)
Ti  (* CAPTURE FODOX ACS, PROHOTE *) MOVES[JNTW=1].RMEP s= TRUE} (* FLAG AS TWO SOUARES ®)
BEGINM END}
PROMOT(AD 3 (* PROMOTE PAMN *)
PROACS (4D (* CHAMGE CASTLE STATUS *) SFTRSIINRS, A,B1) 3 {* TRY CAPTURES TO THE LEFT =)
LOSEITiADS 1* PROCESS ROOK CAPTURE *) ITORRS (IHRS« THLOCIOTHERL JNTH1 1 ,ENPAST JNTK] ) §
END? (* OPPONENMT PIECES + EP SQUARE *)
END; AMORS [IMRS, IMR5,8) } (* VALID DESTIMATION SQOUARES *)
AHDRS ( INRS, [NRS, THRS) § (* CAPTURE MOVWES TO LEFT =)

(* INITIALIZE MOVE GENERATION *)

JHTH tz OTHERLJHTH)S (* SWITCH SIDE TO MOVE *)
CPYRSIGENPNIJNTK], TPLOCIXTUMPIEP, JNTHI TN
MOTRS(GENTO[ JNTK ], THLOCE JNTH) ) §

HOTRS (IMRS . GENPHIJNTK )

ANDRS (GEMFR{JNTK ], THLOCT JNTM] . INRS) §

(* DETERWIME IF MWOWE LEAVES XIMG IM CHECK, OR MOYES
KING INTO CHECK *)

ANDRSUINRS  TPLOCIXTUMPIEK , JMNTHM 1), ALATEIOTHERL JNTH] D)}

RHMCH 3= WOT MHULRSIIMRS);

AMDESIINRS  TPLOCIXTUNPIER ;OTHERI JNTH]] ) (ALATKI JNTH]} §

RHIL 1= NOT HULRS(IMRS)

UPDATE s= NOT RHWILS

IF HOT RMIL THEM (®* COUMT LEGAL MOVES *=)

HYSELI JMTK=1] o= WMVSELL[JNTE-1] + 1%
{(®* INITIALIZE MOWE SEARCHING *)

SRCHMI JWTKK] = H1j
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WHILE HATTSIINRS,INTS) OO0
BEGIN

GENOME(XTLSIXTSLI INTSI=ATEDIALIN o INTS)

HOVES[ JHNTH=1 J.RHCA 1= TRUE;

GENERATE CAPTURE HOVWE =)
FLAG CAPTURE =)

MOVESEI JHTH=1]1.RHEP t= IHRSTBU{EMPASIJNTK] ,INTS)?

IF MOVES[ JNTH=-11.RMEP THEMN
MOVESI JNTW=1].RMCP 1= QP
IF INTS »= XTRFS[RA.FL1] THEM
PMNPRO}
END?

SFTRSI{INRS.A,B2)}

=

FLAG ENPASSANT CAPTURE =)

SET CAPTURED PIECE TYPE =)

PROCESS PROMOTION =)

TRY CAPTURES TO THE RIGHT *)

IORRS{IMRSy THLOCIOTHER[ JHTH] ) s ENPAST JHTK 1} §

AMORS (IMRS, INRS,B) 1

AMORS ( INRS, INRS5 , INRS) §
MHILE METTS(INRS,INTS) DO
BEGIN

=
i=

OPPOMENT PIECES + EP SQUARE *)
YALID DESTIMATIONM SQUARES *)
CAPTURE MOVES TO LEFT =)

GENOME IXTLSIXTSLIINTS)=XTEDIBZN)« INTS)

GEMERATE CAPTURE MOWE *)



Lis

ting 1, continued:

MOVES[ JNTHW=1].RMCA 1= TRUE} {* FLAG CAPTURE *)
MOVESI JNTW=1]1.RMEP 1= INRSTBIEMPASIJNTK],INTS)}

(* FLAG EWPASSANT CAPTURE *)
IF MOVES[ JMTMW=1].RMEP THEMN

MOVESI JNTW=1].RHCP 1= DP} t* SET CAPTURED PIECE TYPE *)

IF IMTS »= XTRFSIRB:F1]) THENM
PHMPRO (* PROCESS PROMOTION =)
END3
END
ELSE
BEGIM (* BLACK PAMNS *)
SEFTRSIINRS , h,54) 3 (* ADVAMCE OME RANK *)
ANORS{INRS , TPLOCIHT 1, INRS) § (* OMLY TO EMPTY SOQUARES *)
CPYRSIIMRS, INRS) § (* SAVE FOR 2 SQUARE MOVES *|)
AMORS I INRS B, INRS ) (* OMLY VWALID DESTIMATIOM

SQUARES *)
WHILE WXTTS(IMRS,INTS) DO
BEGIN
GEMOME (XTLS{XTSLIINTSI=XTEOLI Sull.INTS)
(* GEMERATE SIMPLE PAWM MOVES *)

IF IMTS <= XTRFSIRL.FB] THEM
PHNPRO (* PROCESS PROMOTION *=)
ENMD3
AMDRSIINRS, IHRS s XRRSIRE)) 3 [* TAKE OMLY PAWNS OM THIRD *)

(* ADVAMCE ONE MORE RANK *)

(* _OMLY TO EMPTY SOURRES *)

(* OMLY VALID DESTIMATION
SQUARES *)

SFTRSIINRS , INRS 54} §
ANORS I INRS s INRS s TPLOCIRT ]
AHDORS { INRS s INR5,8) 5

WHILE METTSIINRS,INTSI

BEGIN
GEMOMEIXTLS(XTSLIINTS 1=2*XTED[SH 11 INTS) §

(* GEMERATE DOUBLE PAWN MOVES *)

i* FLAG AS TMO SOQUARES *)

Do

HOVESI JNTH=11.RHEP 1=
END;

TRUES

SFTRSIINRS, A, B3) 5 {®* TRY CAPTURES TO THE LEFT =)
IORRS(IMRS, THLOC[OTHER[ JNTM ), ENPAS [ JNTK]) §

{* OPPOMENT PIECES + EP SQUARE =)
(* WALID DESTINATION SQUARES *)
(® CAPTURE MOVES TO LEFT *)

ANMDRS(IMRS , IMPS ,B) }
AMDRS{INRS ; INRS , IMRS) §
WHILE MXTTSOIMRS,INTS) DO
BEGIMN
GEMOME (XTLS[XTSL]INTS)-XTEQ[ B3] 1+ INTS)
{* GEMERATE PAWN CAPTURE MOVE =)
MOVESI JNTHW=11.RHCA = TRUE: (* FLAG CAPTURE =)
MOVES[ JNTW=1] . RMEP g= INRSTA(ENPAS[JNTKE].INTS)?
(® FLAG EMPASSANT CAPTURE *®)
IF MOVESI JNTH=11.RMEP THEM
HOVES[JHTW=1].RMCP 1= LP}

IF IMTS <=z XTREFSIRL,FA] THEN
PHMPROG

END3

(* SET CAPTURED PIECE TYPE *)
(* PROCESS PROMOTIOM *=)

SFTRSIINRS A, B8] 3 (* TRY CAPTURES TO THE RIGHT =)
I0RRS{IMRS, THLOC[OTHER [ JNTM ] ], ENPAS[JNTK]) §

(* DPPOMENMT PIECES ¢ EP SQUARE *)
(* WALID DESTINATION SQUARES *)
(* CAPTURE MOVES TO LEFT #)

ANDRSI{IMRS: IMRS,8)
ANDRS (MRS s INRS ; IMRS) §
WHILE MYXTTS{IMRS,IMNTS)
BEGIM
GENOME(XTLS[XTSLIINTS J=XTED[B& )1+ INTS)
(* GEMERATE PAMN CAPTURE
HOVES{ JNTH=1]1.RHCA 1= TRUE; {* FLAG CAPTURE =)
MOVES[ JNTH=1).RMEP = IMRSTRIENPAS[JNTK].INTS)}
(* FLAG EMPASSAMT CAPTURE =1

oo

HOVE *)

IF MOVEST JNTH=-1].RMEP THEMN

HOVES[ JHTH=1].RHCP g= LPj; {* SET CAPTURED PIECE TYPE =)
IF INTS == XTRFSIRL1.FA] THEN
PHHPROS {* PROCESS PROMOTION *)
END
EMD3
ENMDY (* GEMNPMN *)

PROCEDURE GEMFSL (* GEMERATE ALL MOVES FROMW
& SET OF SQUARES *=)
(ATRS): (* ORIGIN SET OF SOUARES *)
VAR .
INRES 1 R5; (* QUTER LOOF BIT BOARD *)
IMRS § R53 (* INMMER LOOP BIT BOARD *)
IPRS 1 RS; (* PAWM QRIGIN BIT BOARD *=)
INTS 1 TS% {* DUTER LOOP SQUARE MUMPER *)
InNTS 1 TS3 (* INMER LOOP SQUARE NUMBER =)
BEGIN
AMORSUIMRS (A GENFRIJNTK] D § {* ONLY WALID FROW SJUARES *)
NOTRSIIHRS 40 3
AMDRS IGEMFRI JNTK ] ,GENFRI JHNTK) . IMRS) S (* REMOVE ORIGIN SQUARES =)
ANDRS(IPRS s Ao GENPHLJINTK )] § (* VALID PAWM FROM SQUARES ")
ANORSIGENPHL JHNTE ] , GEHPHL JHTK]) . IHRS)S 1* REHOVE PAWNNS *)
WHILE WETTSIINRS,INTS) DO (® LOOP THROUGH ORIGINS *)
BEGIN

ANDRSIIMRS (ATEFRLINTS) GENTOLI INTKDD §
(* GET UNPROCESSED DESTINATION
SQUARES =)

WHILE METTS{IMRS,IMTS) DO (* LOOP THROUGH DESTIMATIONS =)
GEMOME{INTS ., I=TS5) ¢ (* GEMERATE MOWE ™)
EMD 3
GENPMNIIPRS ,GENTOL JNTK 1) 3 (* GEMERATE PAWMN MOVES *)
END; (* GETFSL *)
PROCEDURE GEMTSL (* GEMERATE ALL MOVES TO &
SET OF SQUARES =)
(AIRS) (®* TARGET SET OF SQUARES *)
VAR
INRS § RS i(* QUTER LOOP BIT BOARD *)
IHRS 1 RS: (®* INMER LOOF BIT BOARD *)
IPRS & RS} (* PAWNM BIT BOARD =)
INTS a1 T35 (® QUTER LOOP SQUARE MUMBER *)
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INTS 1 TS§

BEGIN
ANDRS(INRS A, GERTOLJNTK]) 3
HOTRS I IMRS A} 3

AMORS (GENTO[ JNTK ], GENTO[ JNTK ], IMRS) §

CPYRSIIPRS, IMRS) §

WHILE METTSIINRS,INTS) DO
BEGIN

ANDRS {IMRS, ATETO[IMTS ) s GENFRI JNTK])

MHILE MXTTS5(IMRS,IMTS) DO
GENOME L IHTS , INTS) &
END;
GENPHNIGEMPHI JNTK] , IPRS) §
ENDS (* GENTSL *)

PROCEDURE GEMCAP;

VAR

INRS 1 RS}

BEGIN

{* INMER LOOP SQUARE MWUMBER *)

(®* ONLY VALID TO SAUARES *)

{®* REMOVE DESTINATIOM SQUARES =)
SAVE FOR PAWN MOWES =)

{* LOOFP THROUGH DESTIMATIONS *)

*
#*

[* GET PIECES OF SIDE TO HOWE =)
(* LOOP THROUGH ORIGINS *)
{* GEMERATE MOVE =}

{* GEMERATE PAWM MIVES *)

(* GEMERATE CAPTURE MOWES =)

{* DESTINATION SQUARES *)

IORRS(INRS ENPAS[INTE ) THLOCI OTHER[ JNTH ) 3

GENTSLIINRS)

END (®* GEMCAP =)

PROCEOURE CEWCAS:
VAR

INTQ ¢ TQ3

INRS 1 RS;

INRS 1 RS

BEGIN

FOR INTOQ 1=

BEGIMN

THE

{* GEMERATE MOVES TO
ENEMY SQUARES *)

(* GEMERATE CASTLE MOWES *)

(®* CASTLE TYPE INDEXx *)

(* OCCUPLED SQUARES TEST *)
(* ATTACKED SQUARES TEST *=)

ETHO[JNTH) TO SUCCUXTHQ[ JNTH]) DO
IF INRSTEBICSTATIINTE ] XTOSIINTIDY

I* IF CASTLING IS LESAL *I

AMORS {IMRS , XROSOIINTR) cALLOCT JNTXKD D

I*® CHECY OCCUPIED SUUARES *)

ANDRSIIHRS  XROSA[INT ) yALATK[OTHERT JNTH] T 3

IF MULRSIIMNRES) AND HULRSIIMRS)

BEGIN
MOVES[JNTH] 1= XROM[INTG]:
VALUEL JNTH] 1= 03
JHTH 1= JHTW#13
END;
EMD Y

ENDZ (®* GENCAS *)

PROCEDURE GEMALL;
HEGIN
GEWFSLIALLOCE JNTK]D;
GEWCASS
ENDT  (* GEMALL *)

FPROCEQURE LSTHOV;

vAR
INTM g Tuj
BEGIN
CREATE;
GEMALL 3
FOR IMTMW 1=
BEGIM
IF UPDATE(MOVESL INTH] )
DNODATEIHMOVESTI INTwW])
EMND:
EwD3

AWel TO JNTW=1 DO

THEM:

(* L3THOY *)

PROCEDOURE THEMOW

[AgRMY 3
VAR
INTB ¢ TB;
INRS 1 RS5:
INTa 1 TQ3
INTS 2 T
BEGIM
L5THY $= &g
IMNTE 3= UPDATE(A):
WlTW BOARD DO
BEGIN
RBTH 1= JNTH;

CPYRSUIMRS s ENPAS JNTK] ) 3

IF METTSIINRS,INTS) THENW
RBTS 1= [NWNTS

ELSE
RBTS &=

IF JNTH = DARE THEM
RBTI suw RBTI+1;

FOR IWTQ w12 LS T0 OL DO

ATS

THEN

IF INRSTABICSTATLIJNTE }, xTASLINTON

RB5d 1=
ELSE
HAS2 1= HEBSQ-[INTOQ)?
FOR INWNTS 3= AS TO IS OO
RBISIINTS) 1= NAORDL INTS):
END:
END S

RESUSLINTO)

{* THEMOY *}

[* CHECK ATTACKED SQUARES *)

{* IF CASTLING 15
POSSIALE =)

LEGAL AND

(* GENERATE CASTLING HMOVE *)

(* GEMERATE ALL LEGAL WOVES *)

(* GEMERATE SIMPLE MOVES *)
(* GEMERATE CASTLE MOVES *)

(* LIST LEGAL PLAYERS MOVES =)

(* MOVES [MWODEX *)

(* CREATE DATA BASE *)
(* GEMERATE ALL MOWES =)

(* SET ILLEGAL FLAG *)

{* MAKE THE MOVE FOR REAL *)
(* THE MOVE TO HWAKE *=)

(* SCRATCH *)
(®* SCRATCH *}
{* CASTLE TYPE INDExX *1I
(* SCRATCH =)

(* SAVE A5 PREVIOUS MOVE =)

(* UPDATE THE DATA BASE *)

(* AND COPY ALL THE RELEVANT DATA
BACE COWM ®=)

{* SIDE TOD MOVE *)

(®* FIMO ENPASSANT SQUARE =}

(* ADVAWCE HOVE MUMBER *)

THEMN
I* CASTLE LEGAL *)

t® CASTLE NOT LEGAL =%

(* COPY POSITION =)



Text continued from page 171

makes use of the routines which were just
described (eg: ADDATK, CUTATK,
ADDLOC, CLSTAT, PRPATK, DELATK,
MOVEIT, LOSEIT). The move is placed on
the move stack by GENONE. Special rou-
tines exist for generating moves which involve
the promotion of a pawn (PWNPRQO) and
for generating the standard pawn moves
(GENPWN). When a move is tried and
produces an a-3 cutoff, the program backs
down the look-ahead tree and begins to
explore moves at a different node. Several
procedures are employed to downdate the
data base. These include the main routines
RTRKIT and DNDATE, which are essen-
tially the complement of MOVEIT and
UPDATE. Two other procedures are also
needed, one to unpromote a pawn (PAWNIT)
and one to resurrect a captured piece
(GAINIT). This set of routines permits the
program to move about the look-ahead tree
and incrementally update or downdate the
data base.

The executive routines which are respon-
sible for move generation are GENFSL,
which generates all legal moves from a set
of squares, and GENTSL, which generates
all legal moves to a set of squares. The
rationale for having two routines is that we
wish to generate the moves in stages. For
example, captures should be searched first
at each node (ie: the capture heuristic).
To do this, we identify the square locations
of the opponent’s pieces, and then call
GENTSL to generate all capturing moves.
These moves are searched before any other
moves are generated. If one of these pro-
duces a cut-off the rest of the moves need
not be generated at all. A third executive
routine (GENCAS) generates all castling
moves. These moves are generated after
the captures if castling is still legal.

A fourth executive routine for move
generation s GENALL. This procedure
generates all legal moves and is used by the
program to check the legality of the oppo-
nent's move. It is called by LSTMOV which
makes a list of all the legal moves and each
of these are compared with the opponent’s

move by YRMOVE (presented later). If

the opponent’s move is not on the list, the
machine prints “illegal move.” If the oppo-
nent’s move is compatible with more than
one of the moves on the list (eg: P-R3
could be either P-QR3 or P-KR3), the
machine prints the message, “‘ambiguous
move.” When the machine has completed
Iits own move selection or has determined
that the opponent’s move is legal and not
ambiguous, the move is actually made by

THEMOV .=
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