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Programming

The fascination of chess gains a new
dimension with microcomputer chess. No
longer are the struggles confined to giant
machines. With the advent of the Chess
Mate, Chess Challenger, Boris, and Compu-
chess, as well as some custom software
packages, the day of microcomputer chess
has dawned. Writing a program to play
chess on a small system is no small matter,
though. Consider just for a start the chal-
lenge of meaningfully representing the board
and its pieces in computer memory: there
are 64 squares, 32 pieces, 6 piece types
and 2 piece colors. Since the machine is a
microcomputer, storage requirements must
be kept to a minimum. Next comes the job
of moving the pieces. Only when these first
problems of piece representation and move
generation have been solved can the chess
programmer go on to consider strategy.

GENMOV MPIECE PATH
ADMOVE
CASTLE ATTACK PATH
ATKSAV PNCK
ADMOVE
—— ADJPTR
ENPSNT ADMOVE
—— ADJPTR
INCHK ATTACK PATH
— ATKSAV PNCK

Figure 1: Block structure of the move generation routine of Sargon, the
authors’ chess playing program written for Z-80 assembler language.
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Sargon, a chess playing program we
developed for Z-80 machines, solves the
representation problem through the use of
a board array. Move generation is accom-
plished through a network of routines
diagrammed in figure 1. The functions of
the routines are as follows:

GENMOV Generate move routine.
Generates the move set
for all of the pieces of a
given color.

MPIECE Piece mover routine.
Generates the move set
for a given piece.

INCHK Check routine.
Determines whether or
not the Kingis in check.

PATH Path routine.

Generates a single pos-
sible move for a given
piece along its current
path of motion,

ADMOVE Admove routine.

Adds a move to the
move list.

CASTLE Castle routine.
Determines whether
castling is legal and
adds it to the move
list if it is.

ENPSNT En passant routine.
Tests for an en pas-
sant pawn capture and
adds it to the move
lists if it is legal.

ATTACK Attack routine.

Finds all the attackers
on a given square.

ADJPTR Adjust move list point-

er.
Links around the second
move in a double move
(ie: castle or en passant
pawn capture).

ATKSAV Attack save routine.
Saves attacking piece
value in the attack list
and increments the
attack count for that
color piece.

PNCK Pin check routine.
Checks to see if an

attacking piece is in the
pinned piece list.

Several of the routines involved are multi-
purpose routines. Their involvement in move
generation is incidental to a main function
elsewhere in the move selection logic. The
key routines in move generation are MPIECE,
PATH, CASTLE and ENPSNT. Of these,



110
100

11
101

(a)

112 113 114 115 116 117 118 119
102 103 104 105 106 107 108 109

90
80
70
60
50
40
30
20

91
81
7

61
o
41
31
21

92 93 94 95 96 97 98] 99
82 83 84 8 8 87 8 | 89
72 73 4 15 76 77 78| 79

62 63 64 65 66 67 68| 69

52 53 B4 B5 56 657 58| 59
42 43 44 45 46 47 48 | 49
32 33 34 35 36 37 38| 39

N22XN08 I O4NNE 36 07N 98| 29

10
0

11
1

12 13 14 15 16 17 18 19
2 3 4 5 6 7 8 9

(b)

6E 6F 70 71 72 73 74 75 76 77
64 65 66 67 68 69 6A 6B 6C 6D
6A|6B 5C 5D BE 5F 60 61 62|63
50 |61 652 53 B4 55 56 57 58|59
46 |47 48 49 4A 4B 4C 4D 4E | 4F
3C|3D 3E 3F 40 41 42 43 44 |45
32 |33 34 35 36 37 38 39 3A|3B
28|29 2A 2B 2C 2D 2E 2F 30|31
1E[1F 20 21 22 23 24 25 26|27
14|16 16 17 18 19 1A 1B 1c|1D
A B L0 IDSEENEERM 0T 2ii1a
0 1+ 2 3 Fasesael 7 BBl &g

Figure 2: Decimal (a) and hexadecimal (b) representations of the chessboard used in the Sargon program. Each square of the
board is represented by a single byte in memory. Border squares are assigned a flag value of hexadecimal FF. The use of the
border simplifies move generation, since it becomes easy to determine when a piece moves off the board.
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MPIECE and PATH will be discussed here.
The routines will be described in a language
independent narrative. The Z-80 assembler
code in which they are implemented will
also be presented and exhaustively com-
mented.

The Board in Memory

The chessboard in memory is an array of
120 bytes that can be visualized as in figure
2. Each square of the board is represented
in memory by a single byte. Border bytes
are assigned a flag value of hexadecimal FF.
The border simplifies move generation,
since it becomes easy to determine when
a piece moves off the board.

The Pieces in Memory

Each piece is represented in memory by
one byte of data. The meaning and function
of the bits are as follows:

Bit 7 — color of the piece.

1 — Black

0 — White
not used.
not used.
castle flag for Kings only.

Set if the King has

castled.
moved flag.

Set if the piece has

moved.
Bits 2-0 — Piece type.

1 Pawn
2 Knight
3 Bishop
4 Rook
5 Queen
6 King

Bit 6 —
Bit 5 —
Bit4 —

Bit3 —

The pieces in play occupy squares of the

board. If a board square is empty, it has the
value 00. Thus the board set up for play
would be as shown in figure 3,

Piece Mover Data Base

In order to generate moves for the pieces
on the board, data must be maintained to
describe the possibilities for each piece. This
is accomplished through the use of three
tables. Values for the tables are given in
table 1.

DIRECT Direction Table.

Used to determine the
direction of movement
of each piece.

DPOINT Direction Table Pointer.
Used to determine
where to begin in the
direction table for any
given piece.

DCOUNT Direction Table
Counter.

Used to determine the
number of directions
of movement for any
given piece,

FF FF FF FF FF FF FF FF FF FF
FF _FF _FF_FF FF FF FF FF FF FF
FF| 84 82 8 85 8 83 82 84| FF
FF| 8 81 8 81 81 8 81 81|FF
FF| 00 00 00 00 00 00 00 00| FF
FF(00O 00 00 00 00 00 00 00| FF
FF| 00 00 00 00 00 00 00 00| FF
FF| 00 00 00 00 00O 00 00 00| FF
FF| 01 01 01 01 01 01 01 01/ FF
FF| 04 02 03 05 06 03 02 04| FF
FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF

Figure 3: Representation of the pieces on
their home squares. Pieces are identified by
means of unique byte values.



Listing 1: The Sargon move generation routine, written in Z-80 assembly language.

#**********************************

; EQUATES
?**********************************
PAWN = 1

KNIGHT = 2

BISHOP = 3

ROOK = 4

QUEEN = 5

KING = 6

WHITE = 0

BLACK = 80H

BPAWN = BLACK+PAWN

e e ko o o e e e ek ke ek
;TABLES SECTION

kkkkkkkhkkhkhkhkhhkhkhkdihhhhhhdihhhdhhddh

1]
START:

.LOC START+80H
TBASE = START+100H

SRR EARRFREFEERRRERFFIFRR AR TR R K
;DIRECT — DIRECTION TABLE

?**********************************

DIRECT = .—TBASE

.BYTE +09,+11,—11,—09
.BYTE +10,—10,+01,—01
.BYTE —21,—12,+ 08+ 19
.BYTE +2],+12,—08,—19
BYTE +10,+ 10,+ 11 + 09

.BYTE —10,—10,—11,—09
:***********************************
;DPOINT-DIRECTION TABLE POINTER
ﬁ**********************************
DPOINT = —TBASE

.BYTE 20,16,8,0,4,0,0
;***********************************
{DCOUNT-DIRECTION TABLE COUNTER
;***********************************
DCOUNT = —TBASE

BYTE 4,4,8,4,4,8,8

ke ek ok ok ke ek Rkl ek koo e
;BOARD — BOARD ARRAY

oo de e ook ke ek ook e e oo e sk e
BOARD = .—TBASE

BOARDA .BLKB 120

e e ok ek Rk Rk R R R Rk

;TABLE INDICES SECTION

#**********************************

.LOC START+0

M1: WORD TBASE
M2: WORD TBASE

M3: .WORD TBASE

Md4: WORD TBASE

L WORD TBASE

T WORD TBASE

T3: WORD TBASE
ﬂ**********************************
;VARIABLES SECTION
w**********************************
Pl: BYTE 0

P2: BYTE 0

P3: BYTE 0

ﬁ**********************************

PIECE MOVER ROUTINE
ek kiokodkkok dokdekdok kot ko ok ok ko ook ok

MPIECE: XRA M

ANI 87H
CPI EPAWN

Equate statements supply symbolic equivalents for the piece
types and colors.

Start is the first address in Sargon and should lie on an even
256 byte page boundary.

Indexing in the Z-80 makes use of an address, contained in
either the IX or IY index registers, plus a displacement. The
displacement is a signed number +127 to —128, Thus a 256
byte area of memory centered on the index address is access-
ible. For this reason TBASE is placed in the middle of the
tables section.

The value of *." is the current program counter. Direct is
now the displacement of the direction table from the table
base. So if the value of TBASE is loaded in the IY index
register, ““DIRECT(Y)"" will reference the first element in
the direction table.

Diagonal directions used for Bishop, Queen, and King.

Rank and file directions used for Rook, Queen, and King.
Knight move directions.

White pawn directions including two forward moves and
two diagonal moves for captures.
Black pawn directions.

Displacement from table base.
Starting point in direction table. In the order BP, WP, N, B,
R, Q K.

Number of directions to use from table. In the same order
as DPOINT.

The board array consists of 120 bytes in memory,

Uses the area of memory between START and START+80H,
These indices are used to index into the various tables. Since
TBASE is on an even boundary, its address is of the form
XX00, where XX depends on the load address. The table
address needed for a particular routine is formed by storing
a one byte value in the 00 portion. Since addresses are stored
in memory with the low order byte first, XX00 would be
stored as 00XX. Then changing the 00 portion is simply a
matter of storing a one byte value in the index.

Working storage area to hold the contents of the board array
for a given square.

Gets the piece to be moved into register A, In GENMOV,
the routine which calls MPIECE, the piece value in register A,
had been exclusive ORed with COLOR, the color of the
piece to determine whether or not to call MPIECE. Another
exclusive OR restores the piece.

This clears all the flag bits and leaves just piece type and
color.

Is it a Black pawn?

October 1978 ©@ BYTE Publications Inc



Listing 1, continued (Listing 1 is concluded on page 95):

JENZ

DCR
MP2: ANI

STA

LIYD
MOV

MOV

STA

LIYD
MPS5: MOV

LDA

STA
MP10: CALL
CPI

JRNC

ANA
EXAF

LDA
CPIL
JRC

CALL
EXAF
JRNZ

LDA

CPI
JRZ
CPI
JRNC

MP15: INX
DINZ
LDA
CPI

CZ
RET

R FF IR ERRHFD AWN LOGICH*Fh*kkkkdekk

MP20: MoV

CPI
JRC

IRZ

EXAF
JENZ

LDA
CPI

JENC
CPI

JRNC

MP25: LXI
SET
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MP2
A

7

Iy

T1
B,DCOUNT(Y)

A,DPOINT(Y)
INDX2
INDX2
C,DIRECT(Y)
M1

M2

PATH

2

MP15

A

T1

PAWN+1
MP20

ADMOVE
MP15

T1

KING
MP15
BISHOP
MP10

Y

MP5

T1

KING
CASTLE

AB

3
MP35

MP30

MP15

M2
91

MP25
29

MP26
H,P2
5M

No—Skip.

Decrement, making piece type a O for a Black pawn.

Clears color bit and leaves just the piece type.

This is the first step in forming the index into DPOINT and
DCOUNT. T1 contains the value of TBASE (XXO00) stored
in low-high order (00XX). After storing the piece type
(0—6) in T1, it contains the address of TBASE + TYPE.

This operation loads the entire TBASE + TYPE address into
the IY index register.

DCOUNT is the displacement from TBASE to the start
of the direction count table. So DCOUNT + TBASE is
the starting address of the direction count table. Then
DCOUNT(Y) is:

DCOUNT + CONTENTS IY Register

DCOUNT + TBASE + TYPE (0—6)

START OF TABLE + TYPE (0—6)

This move instruction pulls the direction count for the given
piece type and places it in register B.

Similarly, this instruction pulls the direction table pointer for
the given piece type and places it in register A,

The direction table pointer will be used to index into the
direction table,

Gets the direction and places it in register C,

Gets the ‘from' position which was stored in M1 in
GENMOV.

Save in M2 to form the address of the current position.
Generate a single move in the given direction.

Did the moving piece encounter a piece of the same color,
or is new position off the board?

Jump if yes to either question. No move to add to move
list. Ready for new direction.

Was the square moved to empty?

Save the answer to this question by swapping flag register
for alternate flag register.

Get type of moving piece.

Is it a pawn?

If so, jump to special pawn handling logic. PAWN+1 is equal
to the number 2. A White pawn would be of type 1 while a
Black pawn would have type set to 0. In either case the
carry flag would be set upon a comparison to a value of 2,
Valid move, so add it to the move list.

Restore the answer to the empty square question,

If it is not empty, go get ready for next direction, No further
moves are possible in this direction.

Get piece type. Some pieces may only make one move in a
given direction.

The King is such a piece, Is this piece a King?

If s0, go get ready for a new direction,

Compare piece type to a Bishop.

If piece type is bishop or greater (ie: Bishop, Rook, or
Queen) go make another move in this same direction.
Increment direction index for next direction in the direction
table.

Decrement the direction count (in register B). If count is
not yet 0, go back and repeat this process for the new direc-
tion. Otherwise all of the directions have been considered.
Fetch piece type again.

Is it a King?

If 50, call castle to add it to the move list if legal.

Return to GENMOV,

([}

Get the number of move directions left to consider. If this
is the first direction, register A=4,

Are there three directions left to look at?

A carry on this compare indicates a diagonal move, If so,
branch to diagonal logic.

Equality on this compare indicates a forward move of two
squares.

Branch to check for legality.

Otherwise this is a forward move of one square, Restore the
answer to the empty square question.

If the square is not empty, this is not a valid move. Go check
the next direction.

Get the “to’ position of the move.

Is it on the last rank and therefore a promotion of a White
pawn?

If 5o, go set promotion flag.

Otherwise, is it on the first rank and therefore a promotion
of a Black pawn?

If no, skip setting flag.

Load the address of the promotion flag.

Set the flag (bit 5 of P2).
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The subroutines in Sargon that handle
the actual move generation rely heavily
on the indexing capabilities of the Z-80
microprocessor. For this purpose several
sets of indices are maintained to access
elements of the tables. The piece mover
routines depend especially on the following
groups of indices.

M1—-M4  Working indices used to
index into the board array.

T1-T3 Working indices used to
index into direction count,
direction value, and piece
value tables.

INDX1 General working indices.

INDX2 Used for various purposes.

Variables and constants used in the routines
PATH and MPIECE include:

PAWN =1 (ldentification of the
KNIGHT =2 piece types is made
BISHOP =3 through use of
ROOK =4 equate statements.
QUEEN =5 Numbers are hexa-
KING =6 decimal.)
WHITE =0
BLACK =80
BPAWN = Black + pawn
P1—P3 = Working area to hold the
contents of the board
array for a given square.
DPOINT (a)
0 +09 +11 -1 —-09
4 +10 —10 +01 -01
8 =21 —-12 +08 +19
12 +21 +12 -08 -19
16 +10 +10 +11 +09
20 —10 —-10 11 —09
()
Piece Type DPOINT DCOUNT
Black Pawn 20 4
White Pawn 16 4
Knight 8 8
Bishop 0 4
Rook 4 4
Queen 0 8
King 0 8

Table 1: Direction table (a) and direction
table pointer and counter (b). In order to
generate moves for the chess pieces, data
describing the possibilities for each piece is
kept in table 1a. Table 1b shows the direc-
tion table pointer, which tells where to
start in the table for a given piece, and the
direction table counter, which determines
the .number of directions of movement for
a given piece.



KNIGHT BEGINS AT WHITE'S QB3
DECIMAL BOARD ARRAY INDEX =43
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Table Direction Board Array Resulting
Values Calculation Index Square
=21 43 - 21 22 Qan1
-12 43 - 12 kil QR2
+08 43 + 08 51 QR4
+19 43 +19 62 QN5
+21 43 + 21 64 as
+12 43 +12 55 K4
-08 43 - 08 35 K2
-19 43-19 24 a1l

Figure 4: Generating all the possible Knight
moves from the Queen Bishop 3 (QB3)
square. The Knight is piece type 2 (see text)
and has a DPOINT (direction table pointer)
value of 8 and a DCOUNT (direction table
counter) value of 8 also. So in generating
the Knight's moves, DIRECT+8 will be the
starting point in the direction table, and
8 values will be used: —21, —12, +08, +19,
+21, +12, —08 and —19. The Knight starts
at White's QB3 square, which is square 43
(see figure 2a, decimal representation).
Thus the first possible Knight move s
43 — 21 =22 (QN1), and so on.

Sample Move Generation

Suppose a Knight occupies the QB3
square. A Knight is piece type 2 and has a
DPOINT of 8 and a DCOUNT of 8 (see
table 1b). So in generating the Knight's
moves, DIRECT + 8 will be the starting
point in the direction table and 8 values
will be used. Those values are —21, —12,
+08, +19, +21, +12, —08, and —19. The
Knight starts at White's QB3, which is
square 43 (see figure 2a, decimal repre-
sentation). Thus the first possible Knight
move is 43 — 21 = 22. Now 22 is QNI,
so the first Knight move returns the Knight
to its starting square. Figure 4 summarizes
all possible Knight moves from QB3.

Move Generation—
The Algorithms Explained

Move generation is controlled by GEN-
MOV, which scans the board array and
calls MPIECE for each piece encountered.

AND "SMORE' IT:

9150 less
for the hest!

SMOKE SIGNAL BROADCASTING'S
M-16A STATIC MEMORY SYSTEM

IS NOW BEING OFFERED AT A NEW
LOW PRICE OF $379.00 — $150.00 LOWER
THAN EVER BEFORE!

®| ow Power

FEATURES:

®SWTPC 6800 Plug Compatible
®STATIC — No refresh required
@Allows SWTPC 6800 expansion to 48K

®Uses Single +8 Volt Supply

The M-16A STATIC random access memory system,
with a total storage capacity of 16834 words of 8 bits
each, is switch selectable to any 4K starting address,
and a hardware write protect switch is also included.
The system’s storage elements are 4K by 1 STATIC
memory chips which store 4 times as much in only
12% more space than the low power 2102's. Typical
access time is fast enough to work with a 6800 based
computer operating at 2 MHz and all systems are
factory tested at 2 MHz.

Send for FREE NEW
Computer Products Catalog
includes our complete line of 6800
Super Software products.

SMOKE SIGNAL BROADCASTING

e
Pt g
(R

7

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

Circle 320 on inquiry card.

October 1978 © BY TE Publications Inc

93



Then MPIECE, the piece mover routine,
generates all possible legal moves for that
piece (moves that place the King in check
are eliminated later in the program). The
piece is brought in from memory. It is a
one byte data value, as previously discussed,
which contains piece type, flags and color.
The flags are deleted from the piece before
checking for type. Basic piece types are
indicated by values from 1 to 6. Except for
pawns, White and Black pieces move alike.
So a special case is needed for the Black
pawn. If the given piece is a Black pawn,
the piece type is decremented, making it
type 0.

The type of the piece, now one from
0to6, is used as an index into the DCOUNT,
direction table count, and DPOINT, direc-
tion table pointer arrays. The values for the
given piece are fetched. The direction table
pointer is then used as an index into
DIRECT, the direction table, and the first
move direction is fetched. The ‘“from”
position of the piece is the square on which
the piece currently stands. This ‘‘from”
board index and the direction table value
are passed as parameters to the routine
PATH.

PATH generates the move indicated
and returns a flag which describes the status

of the “to” position of the piece. Flag
values are:

0 “to” position is empty.

1 “to” position contains a piece
of the opposite color.

2 “to” position contains a piece
of the same color.

3  “to” position is off the board.

PATH accomplishes its task by fetching
the ““from” position, adding the direction
counter, and storing the result as the °
position. It then uses the “to” position to
form an index into the board array. The cur-
rent contents of the square are fetched. If
the square contains hexadecimal FF, it is
off the board. The off board flag is set and
control is returned to MPIECE.

If the square is on the board, the contents
of the square are saved in memory location
P2. The color and flag bits are then cleared
and the remaining piece type is saved in T2.
If the square is empty, control is returned
to MPIECE with the flag value still set to 0.
Otherwise the color of the piece on the “to
square is compared with that of the moving
piece. The appropriate flag is set to indicate
whether or not the pieces are of the same
color, and control is returned to MPIECE.

Upon return from PATH, piece mover
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checks to see if the square is occupied by
a piece of the same color or is off the board.
If so, this cannot be a legal move, so a check
for further moves must follow a new direc-
tion. Otherwise a check is made to see if the
square is empty. The answer is saved. A
check is made to see if the piece being
moved is a pawn. If so, control is passed
to the special pawn logic. Otherwise the
move generated must be added to the move
list. ADMOVE is called for the job. After
the move has been added to the move list,

Listing 1, continued:

MP26: CALL ADMOVE
Y

INX
DCR B
LXI HP1
BIT 3M

JRZ MP10

the answer to the empty square question is
recovered. If the square is empty and the
piece is a Bishop, Rook, or Queen, it is
possible to continue moving in the same
direction. In this case control passes back
to the call to PATH for another move in
that direction. Kings and Knights may make
only one move in a given direction.

When the time comes to consider a new
direction of movement for the piece, the
index into the direction table is incremented.
DCOUNT, the number of directions to con-

Add this move to the move list.

Increment direction index for two square move direction.

Decrement the direction count.
Load the address where the piece was saved.

Check the flag in the piece which tells whether it has moved

before.

JMP

MP15

PRk kxR kA VOVE OF 2 SQUARES* %k %k

MP30: EXAF

JRNZ  MPI5
MP31: CALL ADMOVE

JMP MP15
;*********DIAGONAL MOVE**********
MP35: EXAF

JRZ MP36

LDA M2

CPI 91

JRNC  MP37

CPI 29

JRNC  MP31
MP37: LXI H,P2

SET 5M

JMPR  MP31
#*%%*DIAGONAL SQUARE EMPTY ks
MP36: CALL ENPSNT

JMP MP15

;************************** e e e e ek ok ok

iPATH ROUTINE

;***********************************

PATH: LXI H M2

MOV  AM

ADD C

MOV  M,A

LIXD M2

MOV  A,BOARD(X)

CPI OFFH

JRZ PA2

STA P2

ANI 7

STA T2

RZ

LDA P2

LXI H Pl

XRA M

BIT 7,A

JRZ PA1

MVI Al

RET
;***********SAME CDLOR************

MVI A2

RET
;************OFF BOARD************

MVI A3

RET

If the pawn has never moved, go generate a second forward
move. (The pawn can move two squares on the first move.)
Otherwise go get new direction, skipping second forward
move.

Restore the answer to the empty square question.

If the square is not empty, this is not a valid move. Go check
the next direction.

Otherwise add this move to the move list.

Go check the next direction.

Restore the answer to the empty square question.

If the square is empty, it is not a normal pawn capture.
Go try en passant.

Get the “'to” position of the move,

If the board index is 91 or greater, this is the last rank and
a White pawn promotion.

If so, go set promote flag.

Otherwise, if the board index is less than 29, this is the first
rank and a Black pawn promotion.

If not, just go add the move to the move list.

Load the address of the promotion flag.

Set the flag (bit 5 of P2), and go add the move to the move
list.

Check for possible en passant capture and add it to the
move list if legal.
Go check the next direction.

Get the address of the location where the “from" position
was stored.

Get the ‘‘from”’ position from that memory location.

Add in the direction from the direction table, giving the
“to"’ position.

Use ‘‘to" position to form an index into the board array.
Load the board index.

Get the contents of the board at the “to" square.

Is the “to" position off the board?

If so, go set off-board flag.

Save contents of the board at '‘to" square.

Isolate piece type.

Save piece type.

Return if the square is empty. The flag value is returned in
the A register and it is already 0.

Get piece again.

Load the address of the moving piece.

Compare the pieces.

Check to see if the colors match. If so, after the exclusive
OR the color bit will be 0.

If they match, go set match flag.

Otherwise, set different color flag and return.

Set same color flag and return.

Set off-board flag and return.
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DECREMENT
PIECE
TYPE

START

NO

Figure 5: Flowchart of the piece mover routine, MPIECE.

DPOINT AND
DCOUNT FOR
PIECE TYPE

sider, is decremented. When DCOUNT
reaches zero, all the moves for the piece
have been generated. If the piece involved
is the King, a call to castle will add any

INCREMENT
DIRECTION
INDEX

DIAGONAL
MOVE

CALL

ENPSNT

DECREMENT
DIRECTION
COUNT

' RETURN ’
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legal castling moves. Then control is returned
to GENMOV.

All that remains is to discuss the special
pawn logic. Pawns are peculiar in that they
capture diagonally, but move straight ahead.
They also have the option of moving one or
two squares forward on their first move.
Furthermore, if they reach the eighth and
final rank, they may be promoted to another
piece. Sargon always promotes its own
pawns to Queens. A flag in variable P2 indi-
cates pawn promotion.

The pawn logic in MPIECE first checks
to see if the direction of movement is along
a diagonal. If so, the square must be occu-

GET
“To"
POSITION

PROMOTE
PAWN
P

SET
PROMOTE
FLAG

CALL
ADMOVE

®

CALL
ADMOVE

INCREMENT

DIRECTION
INDEX

DECREMENT
DIRECTION
COUNT

Note: The authors’ complete Sargon
chess playing program is available in
book form. The documentation in-
cludes a complete Z-80 listing with
detailed comments. The price is $15
from Dan and Kathe Spracklen, 10832
Macouba Pl, San Diego CA 92124, or
from local computer stores for $17.95,




pied by an enemy piece. It may also be pos-
sible to move to the eighth rank in capturing,
so pawn promotion must be considered here
as well. Another type of diagonal pawn
move is the en passant capture. It must be
considered by a call to ENPSNT. Finally it
is time to consider a new direction, as is
done for the other piece types.

If, however, the direction of movement
is forward, the ““to” square must be empty.
Pawn promotion must be checked for on
forward moves. If the piece has never
moved before, another move in the same
direction is a possibility. Otherwise it is
time to consider a new direction. Figures
5 and 6 are flowcharts of MPIECE and
PATH, respectively.

The Other Move Generation Routines

The move generation driver is GENMOV,
the generate move routine. The basic func-
tion of GENMOV is to generate the move
set for all pieces of a given color. It scans
the board checking for a piece of the same
color and calls MPIECE, the piece mover
routine.

CASTLE and ENPSNT are also key
routines in move generation. CASTLE
checks the legality of both King side and
Queen side castling. It adds them to the
move list if legal. Basic checks must
include:

Has King moved?

Is King in check?

Has Rook moved?

Are the intervening squares empty?
Are any squares that the King passes
through under attack?

ENPSNT checks for any en passant pawn
captures and adds them to the move list if
legal. The tests must include:

On the fifth rank?
Was previous move the first move for
the enemy pawn?
Is the enemy pawn on an adjacent file?

INCK, the check routine, performs the
function of determining whether or not the
King is in check. The basic method used is
to scan outward from the King looking for
attackers, by calling ATTACK.

The attack routine finds all attackers on
a given square by scanning outward from the
square until one of the following occurs:

A piece is found that attacks this
square.

A piece is found that doesn’t attack
this square.

The edge of the board is reached.

Circle 383 on inquiry card.
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U.S. ROBOTICS TELETYPE

SERIES-300 MODEMS
300'8AUD MODEL 43
103/113 COMPATIBLE 10 OR 30 CHAR/SEC
ACOUSTIC/HARDWIRE VERSIONS 132 COLUMNS

ORIGINATE/ANSWER VERSIONS UPPER/LOWER CASE

U.S. Robotics now bines the price/perf leader in 300 Baud Modems
with the price/performance leader in hardcopy terminals to bring you teleprinter
capability at incredible package prices.

USR-310 Originate Acoustic Coupler + Teletype Model 43 KSR = 51195
USR-330 Originate/Auto-Answer FCC Certified Modem
+ Teletype Model 43 KSR = 31365
USR-320 Auto-Answer FCC Certified Modem + Teletype Model 43 RO = 51215
Stand alone modems and teletype available:
Teletype 43 KSRwithRS232C . . ... ... ... i S1095
USR-310 Originate Acoustic Coupler
(Operates with any standard telephone). . . ..................... $139
Direct’ Telco?
Connect DAA
Style Style
USR-330 Originate/Auto-Answer Modem . ... .. .. 8324 $185
USR-320 Auto-Answer Modem. ... ............ 5299 $160

('F.C.C. Certified Package. Connection to phone lines via standard extension phone
jack.)

(*Connection to phone lines via CBS-1001F DAA which can be leased from phone
company for approximately $5.00/mo. plus installation fee.)

Interfaces for stand alone modems:

USR-310 — RS232C only

USR-320 and USR-330 — RS232C and 20 ma.

(Specify with order. If both interfaces are required, add 510 1o unit price.)

All products include a 90 day warranty and optional annual maintenance package. Add 1%
shipping and handling in the continental U.5.
lilinois residents add 5% Sales Tax.
U.S. ROBOTICS, INC.
2440 N. Lincoln/Chicago, IL 60614/(312) 528-9045

LSI-11 TIME

It's TIME you brought your LSI-11 up to DATE. TIME and
DATE, two important parameters in the computer world, are
available to your LSI-11 on one DUAL SIZE BOARD. When
requested, the TCU-50D will present you with the date (month
and day), time (hour and minutes), and seconds. Turn your
computer off and forget about the time — your battery sup-
ported TCU-50D won't, not for 3 months anyway. The correct
date and time will be there when you power up.

The TCU-50D is shipped preset to your local time, but can be set
to any time you want by a simple software routine.

AT $295
YOU CAN'T AFFORD TO IGNORE TIME
Time is only one way we can help you upgrade your LSI-11 or

PDP-11 system. We'd also like to tell you about the others. So
contact Digital Pathways if you're into -11's. We are too.

DIGITAL PATHWAYS INC.

4151 Middiefield Road * Palo Alto,
California 94306 = Telephone (415) 493-5544
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In the case where this routine is called by
CASTLE or INCHK, the routine is termi-
nated as soon as an attacker of the oppo-
site color is encountered.

Haor: ADMOVE adds a move to the move list.
The move list is a linked list. Each move in
the move list is stored in a 6 byte area. The
meaning of each byte is as follows:

Note: Next month the
authors discuss their
Sargon Exchange Eval-

0&1 MLPTR — Move list pointer.
A pointer to the next move
in the move list. Used to
facilitate sorting the list.

2 MLFRP — Move list from posi-

Figure 6: Flowchart of the tion.

PATH routine, which per- The board position from which
forms the actual move the piece is moving.

of the piece.

START

GET
PREVIOUS
POSITION

ADD
DIRECTION
CONSTANT

]

SAVE
NEW
POSITION

GET
CONTENTS
OF BOARD

BORDER
?
NO

SAVE PIECE
AND
PIECE TYPE

YES
RETURN

COMPARE
COLORS OF
PIECES

SET OFF
BOARD RETURN
FLAG

NO YES

SET SET
OPPOSITE SAME
COLOR COLOR
FLAG FLAG
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3 MLTOP — Move list to posi-
tion.

The board position to which
the piece is moving.

MLFLG — Move list flags.
MLVAL — Move list value.
Contains the score assigned to
the move in evaluation.

W

It is hoped that this introductory discus-
sion will assist potential chess programmers
in getting started. With the essentials of
move generation out of the way, the fun
part of evaluation can begin.®
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