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Program Title

THE GAME OF 3-D TIC-TAC-TOE

Contributor’'s Name ALAN STEIN

Address 372 SHOTWELL ST

City SAN FRANCISCO e CA oo W10
.

——

)
Program Description, Equations, Variables __This program pits the HP 67 against a
human opponent in the game of 3-D TicTacToe. The rules of this
gdalle dIT b..LmP.LC- -
e board is a cube consisting of 4 levels, each of which is
4 rows deep and L columns across, making a total of 64 squares
Oon a j—almen31ona_|_ DOdIU.-
2) Two players move alternately by placing a black or white
marker on a square( or making an X or a 0 on a paper layout of the
—amove—is made;, thepieceisnever moved—or—removedi——
“lnwjhigﬁgame. the human always goes first.
3) A player wins by placing four of her markers in a straight
—%timne— The-tine—can-lie—in—more—than one-teveli—es g——&tagena}s~——~————
are perfectly legitimate wins,

—Inm—short;—the—game is-played—just-like-regular TicTacToe;,—except
that the board has one additbnal dimension, and is one square
bigger in all dimensions, Unlike regular TicTacToe, there is no

—knﬁwn~wrnnrng—strategy—fer—%he~3—D—vers&en~—1t~is~a—mueh~mere-—~———~—
complex game which can require considerable skill in a player,
allowing for very complicated strategies.

The 67 plays and remembers the game by dividing the board into
its 16 component rows and storin§ an entire row iIn one register,

~%he—reg&s%ers—Ro~%hreugh~Rl5{ e~resepvedmfop—$he~game—boapdf—~—_
(see illustrations on next pa &

—Each-square—on—the-board can-be-characterized by its level=
row=y and its column=x. X,y,& 2z can have values from 1 through 4.

Operating Limits and Warnings ._When_end;er—lng“mwes,..make_sur:e_th&
decimal numbers. All three digits.nmiust be between 1 and 4. Entering
a move outside this range may causé the program t0 makeé erroneous
—entries-in-the board, -and blow up the game
-

L

)

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Title '

( 3-d tictactoe .
Contributor’s Name . |
Address
City State , Zip Code
"

rP Description, Equations, Variables __y__~~ - \ AL j
rogram vescription, 1 s Y 1 = ~ : = ;
1EVEL ROW REG. e P it g
(z) (y) # BOARD “~=-% ) g1
& . :
1 1 0 * € ) ig A arrows with
1 Z I > circled numbers
1 3 2 - @ > indicate the
i & 3 ¥ 4 seven kinds of
.«é" T:%f‘, N @ win Iines, and
4 . ' _will be referred
2 2 0 0 ‘g tolg.ra'l:e
2 3 6 . ’ /L/ r.
2 4 Vd 1 2 3 &
— — g
oY 4 Q X
3 1 S
3 2 9
3 b *}9 The table to the left shows how various
(; 3 1t combinations of Ievel and TOW NUmMbEYS
correspond to vari i
i 1 22 that the value of x does not affect the
Z gﬁ 7 register number,
T L 13
Column(x) =12 3 & N

. o - .

pos:Ltlons for the move. The format is a:.
. . 3 digit decimal number t  LAYX,

DO NOT FORGET THE LEADING DECIMATL, POINT when entering a move,
The machine will respond in the same form, with one exceptlon--
—if—the—machine—wins ,ﬁt%ii—lndlea%eﬁhrs—by—eﬁtpu%ﬂng
move in the form 1.ZYX -<the leading "1" indicates this is a winning
move.,

If the player makes a winning move, the machine will-recognize this
and halt during the execution of Card 1 with 4.000 in the display.

\. — /

- N
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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g (Program Title
. : 3=-d_-tictactoe

Contributor’'s Name

Address

City State , Zip Code
.

qogram Description, Equations, Variables ___The 67 stores the moves in a row(register)
of the board in the following form:

N, 0a0b0c0d. ¢+ N=total number of moves made so far

in that register(0 through 4). a,b,c,& d indicate the conditions of
—gpaces (x=value) #,3,2 and tinm that row: :
--d = 0, the space is empty. If a--d = 1, the gpace contains

a machinet piece. If a--d = 5, the space contains a human player's
ece, v

pree For example: If R, = 3.01000501, this means that there are
three pieces in the topmogt front row(see illugtration on preceding
IEEEﬁT“ﬂhe—first—and“iast_pieces-are*machipe~ptecesTTand—%hea~—7-—~——
second _space(x=2) hag a player's piece in it. The third square is empty

'!! 'ﬂ&ﬁ%ﬂ%ﬂiﬁ%ﬁfNG‘SEﬁTi@NﬂBESGRiEEE%%ﬂN#—THE—GGMPU%ER~DEG{DES~WHAELNKﬁH}—~——

The machine plays both a strategic game-- based on obtaining a strong
overall position--and a tactical game, which elither counters an lmmed-
“‘atespecific—threat-or—takes—immediate -advantage—of-an—unblockedline.

While both games are determined by Ihe player's moves, the 67 does
notactuatltytook—more—than—one-meve—aheads

There are two periods 1n a gaﬁe. During the Opening game, the machine

will respond to a threatening situation produced Dy the nhuman prager, |
but will not attempt—te—to-advantage of-a strong tactical move that

9
would advance its position. Rather, it makes strategic moves whenever
possible, to lay out a good opening patiern o1 pieces.

During the main game, szrafégic moves are made only when there is no
tactical move to be made.

The machine makes a tactical move whenever it finds.that the last move
(of either player) has produced an unbyocked—TIne—Uf—twc*vr"threg——~—-
\pieceswforuamplayer.-Ehe,67wmovesm$o,eltherﬁblgck an opponents line o%J

7 ey
! This program has been verified only with respect to the numerical example given in Program Description li. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF TH!S PROGRAM
MATERIAL.
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ﬁrogram Title 3-d tictactoe

Contributor’s Name

Address

City ' State Zip Code
__

rPrcogram Description, Equations, Variables __extend its own unblocked line. The 62 w
cannot remember from one move to the next. Hence, if it does not
foIlow up on a tactical situation within one move, 1t will ‘forget' —
_about‘;$f_unt;l_anoiher_moxe_causes*amiacilcalﬁsean

To keep running time down, the machine does not examine the entire
board after each move, Instead 1t Looks only at the win lines which —
zmempoieni;ally_changed_hygﬂuanmyeﬂLw1ihwm1nQr~QXEptunuLJﬂu£h_wlll_
be discussed later).

SEQUENCE OF OPERATIONS -- MAIN GAME

ENTRY OF PLAYER'S MOVE: The human player enters a 3-digit decimal
fraction for her move, im the form ;zyxv where z 15 the levelof the—
move, y is the row, and x is the column. This number is stored in

§9 for future reference. The move is decomposed into its component

values, which are §t6r€d“a}riﬁ§:::z:§—~ﬁc"—_2717—1&~Rffﬂizsﬁf}+ﬁr#r%r"*—~

18 1s e num .

R = 10 0-2%,—This Tumber COrrespo

.Q%_ihe_desiredﬁmQMeLﬁﬁﬁAirgg,shifts the register to put the column

corresponding to x in the first two integer digits to the left of the
i dine ] T?E—g_-i ot

" ing INT, y ktng—FRAGT—we—can——————
_then isolate those two digits. This procedure will be used frequently

in the program.

Once the square is isolated, it is compared to 0. If it is #0, then
that move is illegal;i.e. the square is already filled, and the
-programattempts—to—jump—to—a nonexistanttabels—Ppredueingen—
error message. The player must then enter a correct move,
If the move is good, a 5 1s entered in the appropriate location

by adding 5/Rp to the—reg~*$—ts-a}se—added—%e-%he—%eg——$e-ma&n%&%n-—~
tle correct move count.

ANALYSIS OF HUMAN'S MOVE L

There are seven types<9f possible win lines, as illustrated on pp2.

They are:
i zontal—alumn,—where-x-and z-are-constant

——2) A horizontal-diagonal, where 2z is .constant.Note that there are
L two such diagonals,perpendicular to each other., J

B

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WiTH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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' (rl’rogram Title

3-d tictactoe

Contributor’'s Name

Address -

City State ___ ' Zip Code _

T

)
rF’rogram Description, Equations, Variables ___3) A vertical column; x-and -y are constant.
4) and 5) are two different kinds of vertical diagonals. To distin-

usih them, we will refer to (4) as a 'constant-y' diagonal and
conistant-x' diagonal. Note that Tike (2), there are

two af‘ paoh -hmp nprne'nd'l cular_ _to _each n+he'r'

) A full diagonal. There are Tour of these, rumming through fﬁe‘éﬁﬁ€“
to _opposite corners. Neither x,y, nor z is _constant,
7Y A rowy y ard z are constant:

*Far“aﬁy_given—square”cn—the—bcardT‘ftﬁTfBﬁiand‘f?ﬂ—existr—ATSUT“at“~—*
Jeast one diagonal will exist. If the square lies on a full diagonal
(6), then all diagonals are possible. Otherwise, only one diagonal,
(2);t),or (5)1s possivle:

It turns out that deciding which diagonals apply, while not difficult,

"! ~takes longer than tegting themall! The checkIngfrcutrnes—are—desrgned
pes of diagonals. For those which have a constant

term, it 1s set equal to the coordinate of the move; e.g. a move
ustrati per

cheg& (2) withz set =1 (illustrated), (4) with y=4 (illustrated),

and (5) with x=4(illustrated). Note that the diagonals perpendicular

to—tlese—would—=also—be checked;—eve

the given move., Also, the four full-diagonals are checked every move.

%Hﬁk%ﬁmﬂrﬁdLafitne~ts"perfermedwby—adding~%ege%her—%h

squares, Since a player's move has a value of 5 and a 67 move, 1, therg
is a unique sum for each possible condtion of the 11ne. For example,

a human's unblocked~}ine-must—alw&ys~have—&-sum~éi

A machines unblocked line must have a sum less than 5, etec. etc.

In practice, the 67 is uninterested in all cases except unblocked 1ines

-ef—two—er-more—pieces, =

ne—subreu%&ne~&swrequ1redwxo—pepferm~¢he~summ%ngs—and~to-tes¢-~
both the human and 67 win-lines. This subroutine is controlled by

the follow1ng 1nputs.
1-holds—the starting register-inthe -line.
RE holds the amount by which Rt must be incremented to

e )

A\ ——
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HiS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WiTH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Title

3-d tictactoe

Contributor’s Name

Address
City State . Zip Code _

|

a8 .
Program Description, Equations, Variables g€t to the next regigter in the line

(e.g. for (3), Rg = 4; for (7), Rg=0; for (5), Rg = 3 or 5)

Fy indicates that a player move is being analyzed and
-t+gused—to—control—the—comparison—tests—run—on—th :

“-—~———$Tﬁmnﬁmﬂﬁ~ﬂw—mmmmﬁ;pmmea%tﬁﬁ&f—%f—ﬁ;%s%ﬁ%w%hmr—
the registers are simply added together, meaning all the squares
having the same x-value are summed. If Fy is on, after each term is

~———19§*Rﬂ(j1~)+1~9—iR%1-+e~—) +100%*R(i+2e )+R{i+3e).—The diagonal-will-be—
summed—in-—the first-—two—digits to-the—right of-thedecimalt— — ——

—%%—%urns—eu%~%hat_}ines~£&9wthru~4é%Tweomprising~%2~distinexmeasesT———

can be defined by four sets of Ryand Rp . Three kinds of summing

are done on each sets Fi off; F& on,with the registers summed
der¢~aﬂé——¥L-en~—w&$h—$he—regls%ers-summed—&n~éeseend-—

ing order(whlch gives the two diagonals perpendicular to each other),

Case (7) is treated as a seperate case--note that the summing is

—dene—wi%h-ﬁi—en+iveT~i¢~is—tyeaxed—asma_diagonal.

Once the sum is completed, and the desird two-digit sum isolated,

«44%&S—d%v&ded—by-5—and_a~;ema1ndep_looked_at +If it's- 0, then the

row is unblocked. The quotient gives the number of pleces in the row.

This number 1is compared with R which holds the highest such number

4&wmyi+£a—the—round(and-;s-;nLiiZl;zedwio_zf—ai_ihe_s+9r+ of the round)

If the quotient is2 R_,, it replaces the old R 487 In addition, F, is
an “fTr‘—#—Gf‘TﬁTgTa%mu:

set, To Indicate_a ta tlcal move was found,
1ar tegt ig recalled from R , and stored in R e

‘The 67 repeats this sum and check procedure untll all win-lines have
been examined. .

ANALYSIS OF MACHINE'S MOVE

The testing procedure,;s 1dentlca1 with that of the previous sectioni
~c%eared—to*indIcate—drffereﬁ%—%est—er&%eria"fer~e%imiaa%1ng%-~——
b?ocked lines(and to skip the /-by-5 section). F2 is cleared: since it
will be reset if a machine tactical status replaces a player's status
-+t-provides—an indicator-for-later—that-we—are-dealing-withamachine—
Lfoense rather than a defense, F3 is cleared to prepare for later useij

o )

This program has been verified only with respect to the numerical example given in Program Description Ii, User accepts and uses
this program material AT HIS OWN RISK; in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS

PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

'S:_‘I:EDR/I\Ml:AGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
AL.

L — — : _/

———-—__—___L
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,Frogram Title

Contributor’'s Name .

3-d_tictactoe

Address

City State __ Zip Code -
\_
( . . )
Program Description, Equations, Variables The previous 67 move is recalled and parsed,

gso that the correct x,y, and z values are available.
The test subroutine LBL 0 is run.

PREPARE FOR CARD 2

F. is checked--if it is off, then F, is set and the player's move is
parsed to load the X,y,and z values’into the registers.

The test # in R 6 is recalled and analyzed to tell the 67 which line
was the criticaf one. is loaded, and FO & F1 are set appropriately
-for—the-routines—on- Gar§~2~——~w——-—~__~____ R

Execution—then—jumps—te—LBL-G, -whiech—is-a loop—eenxalnlng-arAﬂﬂﬂﬁgL____
PAUSE sequence. The MERGE retains the flag statuses set by part 1.

IBL C loops until Card 2 is read in.

DECIDE ON MACHINE'S NEW MOVE

Card 2 begins with a GTO(i) which jumps to any of 6 routines. 1 thru 5
simply iritialize the 67 to check for open spaces in a win-Iine

'de£ined—by~$he~$est-#r—lt—&3~s;m;lap_io_ihe_ppocedure_used_io_sum_a*_,
specific win-line. This will be discussed in more detail, later,
A"0"(GTO LBL 0) indicates that mo tactical positon passed the test

nerexer%af~ln—th;s—casew-amstpaieglc_moxemls-made+mh

move in the following fashion™ : :

Each of the levels of the board is summed, by adding the registers
ogether, starting wi eve :
on it ja gelected, If two Jevels have the same number, the first one
found 1s the. chosen one. This favors the inner levels.

The same sort of selection process is performed on the files(the
Tomm*ofTeglsterS"hammnstanﬁ—startrng—Wtﬁhfﬂe—e——%e——
intersection of the chogen level and file defines one register in whicl
the machine will attempt. to move. Depending on the reg.#, one of two
'sequences*uf*square*searchxng~rs—se1ec%edf—%hts—prevrdes—a—be%%ef—————
layout of pieces, then would be gotten from using the same pattern all
the time.
—~fhchfsquare‘1n‘thewregxsterwts—eheckedw%e—seem1£~}%~is~emp

Lmanner similar to that used to check the validity of the player's move,
,

F ——
This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS

PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

:ﬂ'l:_lr.E%AMLAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
IAL.
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rogram Title
-1 3-4 tictactoe

Contributor’s Name

Address

City State Zip Code
.

( . . )
Program Description, Equations, Variables For a tactical move, registers and

squares within a register are examined along the chosen win-line,
-The—selection—procedure—for—the-registers—is-identieal—with—thatin—
the original testing routine. Instead of summing the registers,

though, RA is used to isolate the appropriate square,and it is

“tested—to see—tf-tt—is—emptyiin—the-fashion-previously-deseribeds
If a diagonal is being examined (F,=on), no staggered sum is performed,
mther, R, is multiplied or divided by 100, as is appropriate, between

regrsterss

RECORDING THE MACHINE'S MOVE

Once a satisfactory move is found, 1/BA~iS added to the appropriate
register,loading a '1' into the appropriate square. 1 is added to the
register—to—update—the—move-counter.—Then,xicreconstructedfrom —
R, and the coordinates combined to produce .zyx. This is stored in
Rng. The tactical gtatus in R7 is recalled,divided by 3 and theINT

fnrr—}f—R4=37—%h&s—pfeéuees—a~value—e£—LT—9¢hexwiser—;¢~501_liygui_~_
checked.If {t is off, it means that this was an offesive move and maybe

the machine has moved in a row which had 3-in-a-row,That is, the 67
‘has-won.—If this-is—theease,—thenthe value added to .zyx will be 1
and the output will be of the form 1l.zyx. If this is not the case

0 will be added, and the output will be the standard ome.

. S _S_S_S_Sp Wb Wt G sove W S i) i Wl Gyt mmw G S S B G gt i O W GNP GV G G G=n YD SR G @ v —

OPENING GAME T
The opening game differs in the emphasis given tactics, and specifical
Ty in the use of Rgg. IT R g=0, it Is the Tirs ,

skips the tactical analysis of Card 1. RS is used ag a roundcounter=
".01*# of roéunds. Sﬁfﬁﬁﬁfﬁﬁrfﬁémébﬁﬁffig‘§ESS—than*Tﬁ6T“FE*iSj§£§”“——
‘before Card 2 is loaded inhibits the writing of the machine move
in R_,.During the opening game, the machine also skips the tactical
?ﬁifr‘sIé"ﬁf”iﬁﬁ??ﬁmﬁ‘meEES“?US‘émphESTZE“stI%ﬁxﬂ;y;“butriﬂrikmanHGmmtne—
_the player's move, starting in round 2,-to look for threats. So long
as R_p<.1, the 67 plays opening game. Once a machine move is written
B”Tﬁé“re

'1n‘E§S gister, the machine will skip the opening game—variant: —
L\This completes the description of the machine's playing pattern.

v,
e = S— —

Tnis program has bgen verified only with respect to the numerical example given in Program Description li. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

LI:#EDR/?XIE\GES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
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 Sketch(es) | z=1 z=2 | | | zE3 z=l
' = 1 1 1
L y=2 2 2 2
y=3 3 3 3
y=U L L -
123% &2i3§£l; L1213i ‘}234
X ' X X X
PTAYING %OA'RD
u | )
= )
Sample Problem(s) A SAMPLE GAME IS PLAYED OUT HERE. Thig is a-real —
game; since the program is deterministic, if you make the
~same moves, the machine willl make the same responses as
these,
move _ALAN 67 COMMENTS
231 . 322 Unusual human opening.
WWWSl egare trying to se tmpmﬁ_*—“
3 243 323
Ly .32k Jul machine blocks two-in-row
5 .212 .111 machine blocks two=in=row
6 133 L3k human _blocks two-in-row
7 - «332 22
Q' “8""*-“—211#'—“*'233 —human tries to set up trap,machine doesso tst+
9 A1 2143 aaarrrggghhh
10 B413 1.141 MACHINE WINS!
B In general, the machine is more likely to win a short game,
« ——the—human,;—a-long -ones —
Solution(s) — . _
Xl ol loy _[al dlg]
XIXIQG! X
O, Q i, C%x )&
\VALW. \K | .
. v,
- =
Reference(s)
. - W,
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02925D User Instruections

- 3-D TIC TAC TOE

CARD 2 SAYS ONLY "3-D TIC TAC TOE : CARD 2".(NO USER CONTROLLED FUNCTIONS)

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Load both sides of card 1
2 Enter player's move (level,row & columr]) .2yX

3 | Ioad both sides of Card 2 (Merge) | ==---- mac%.Qove

L Co to Step 1, and repeat sequence untifl
end of game.

b §

NOTE 1: The machine takes from % to 2 min to
make a move,

NOTE 2: The loading of card 2 is controlled by
a Jlerge/Pause 1oop. When the machine wanty card 2
- it witlhfrash 500 until—eard 2 ts—entereds—
Alternately, Card 2 may be inserted in the
rehder as soon as "A" isg started, and the machine’
willautomatically read the first side wheny 1T

cofres —to —the—1oops

NOTE 3: If the machine makes a winning move
the output will display l.zyx, instead of | .zyX.

. If the machine detects a winning playdr move,
it will halt during Card 1 and display %,000.

NOTE 4: If a card-read error occurs at[step 3,
prEss R/S to clear the error, DU NOT reingert

Card 2; instead press C , and immediatel
infert Card 2, atthe PausET“ﬁhE‘ﬁEEE?EE:aE%t—————
thbn sk for"Crd", lozad Side 2 of Card 2 into the

reader without pressing any keys.

This procedure is necessary because Card 2
makes use of the flags set by Card 1-- without

the MERGE instruction in LBL C, the maghine
—wotitd—erase—the- Flags "when—reading Card 2,

UdOUdoUdodoBaoOdu0on0000e0000000060a0
JJuodoEobOoUdopbopbopboboooooioooimot0
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY COMMENTS
001 LBL C 131 25 1IMERGE 2nd CARD G1TU e << 31 151skip tactics
MERGE 32 47 - * TBL Ef32 Z5 151 TEST MACH.MOVE
PAUSE 35 72 auto-read or vait GSB B |31 22 12| parse mach move
’ GTO C 22 13 %ﬁp 060 GSB O [31 22 00] test for tact.
¥ IBL A |31 25 14D ARMIN F?2 [3571 02]status., If Fp,
Pe S 31 42 ST_TUS GTO ¢ 22 31 13| then mach.move
STO 9 33 09 |Rgg= Player move SF 3 35 51 03] has priority.If
0 00 tost # RCL 9 |34 09 not,SF 3 and
STO 6 33 06 zero tes GSB B 31 22 12| reset memory for
——E 2= For Twoincrow RCL 6 T3 o6 | Piaverls_positld.
ET-(}? ‘ gg g; return player Pe S |31 42 recall test #
R ¥ 35 23 move to X-reg. INT 31 83 determine propen
Pe S 31 42 " Jo70 1 01 test call for
GSB B 31 22 i2parse move &store - 51 card 2, and set
ST I 35 33 reg# in I 3 03 flags to match
RCL A 3L 11 column entry / 81 test condition
RCL(31) |34 24 |shift reg so tha 1 01 on card ljii.e.
X 71 proposed move's + 61 initialize so
020 INT 31 83 position 1s in S 35 33 that proper 1ling
FEY Y 1st 2 integer F 32 83 or diagonal is
2 Q2 places, then chop x = 07 |31 51 tested., Note
/ 81 off fraction,di- CF 1 35 61 01} that #=0 means
FRAC 32 83 lvide and frac to [ . _{83 strategy,rather
x #£ 07 131 61 isolate digits. 5 05 than tactic will
(;:TO E 3’25 15 I{hfil;ed,EfcaROR. X F>\Or'> }32 5‘3;% 55 determine mach
otherwise,store onse
RCL A [34 11 |05 in that posi- GTO C_ |22 13 CRFE CRRD 2
_ OETEn) %}3 SET '-léion of ﬁeg # ;E)I(.BL B Z% 25 12 P!ZXBI}EIE MOVE
i o0 record move .
( ISZ(i) 132 34 add one to total 1 01 10
Pe S 131 42 move tally X 71 Z.yX
RCL 8 34 08 If Rg=0, then it INT 31 83 z.00
v = O? ?1 51 jg first round. 050 LST x 35 82 NES
SF 0 35 51 0Q6f player's move EEX 43
GSB 0 31 22 OO0l TEST MOVE = 1 01
CF 2 35 61 02 reset flags X 71 AR
CE 3 35 61 03 for machine's INT 31 83 y
040 CF O 35 61 0 move tests, ILST x 35 82
. ggL Initially, Rg FRAC g% 83 X
6 06 ggﬁﬁ%é??of o%‘or : 5 05 1X=25
RCL 8 34 08 7 rounds,play - |%¥ = 51
FRAC 32 83 lonly opening game, CHS b2 $5mX
STO 8 33 08 if not,centinue 2 02
> y? {32 81 tests at e. 0 00 20
GTO e 22 31 19+ Rg=.06, prepard x 71 2(5-x)
x = y? [32 51 3o 8 - 0:PTOP 10%*x  [32 53 10%*2(5-x) = pos-
050 |GTO ¢ 22 31 1qgove, next_play. STO A {33 11 ition in regist
--LEL 4 132 25 14 TNCREMENT ROUND RY D553 ‘
EEX 1+ COUNT % 2 Rg = y-1
2 02 Fo prevents storg? STO B [33 12
STO + 8 {33 61 08 of mach.move in Xe y 5 52 2
SF 2 35 51 02 opening plays 1 01
REGISTERS
4 6 7 8 9
® wx#*pJAYING BYARD****FPLAYING| BOARD*M***PLAYING BOARD****¥PLAYTNG BOARD*#*¥
S S1 S2 S3 S4 S5 S 157 iclS8est s9 player
Sxxxpr RITNG BOARD*#%#FPTAYING) BOARD* 4 xwxnnx |1SSE 9 Fa BEGEL Chrmns e, ToYe
B C D E 1ti 1
A 102 (5-%) Y-1 L(Z-1) Register # Eﬁg%‘gl}lggt indirect
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STEP KEYENTRY  KEY CODE COMMENTS STEP  KEYENTRY  KEY CODE COMMENTS
- 51 _ + .- 61 add registers.
z-1
I ol 170 Xe T 35 24
| X 71 gc =4 (z-1) RCL E 24 15 lincrement I
STO C 33 13 eg + 1
(, T 61 h(z-1)+(y-1) xe I 35 24k |continue stag- ‘
STO D__ |33 14 Rp= Reg # F 2?1 35 71 0flgered summing
—__{RTN 35 22 TINITIALIZE TEST Xy T dieeonals
2 * LBL 0 131 25 00{ CONTROLS RCL U 21 2 end sum is
There are 5 - regq treg,trega+t
RCL C |34 13 classes of reg- xe I 3520 regi or 2 ¢ o3
GSB 7 |31 22 07] ; RCL E | 34 15 oL 106regy
m ol isters correspong:; - 21 L
RCT B T ding to possibls : oL +10 reg2+102x@3
3 5 win-lines. All X ",?’ 1 35 2 +regl . (i.e staggerdd]
ESB Vi 81‘; 22 07 but the last ar ;}Z 21 %;—f‘ 710 sum%.
associated with - - Note that 'kingdle
RNTER pid 3 possible ori- BOL (1)1 2 2h— you* test Staggers!
entations of 5 .
130 GSB 7 131 22 07} o ,oh lines. Thigs F2?21 35 71 04 Normalize non-
3 03 S ine oot o] CTOD 22 14" ldiagonal_sun=S
gggES q} 55 o7| the classes RCL A %4 11 100/4=10%"
o f A0 ~ for LBL 7 to %0 7 81 8
ST E |33 13 ] look at. 7 a1 Snew=S014*10° "%
RCL -D |34 10 This test looks * IBL D] 31 25 14 ENELYZE SUN ~ —
ST I 35 33 gné{nfgg VI%Q in FRAC 32 83  |Isolate 1st two
oo 5% 57| SET TEST POTITS |—om 25 3 _Jaecinal digits- |
W __[CF 1 |35 61 01| non-diagonal fest INT 3187 Imoves i tested line
(, 1SRT+I Bg g% %‘g;t, register in L;P“ S gLiP L2 setLj(anSreg's. ‘
- . y=U,x=Sum
. STOE (33 15 | Interval between xe v |35 82 |If looking at
L 2 O S Sagonars | lome e oo Rt Shen sk
nals .
RCLE I34 15 reverse interval X > y? 32 81 If sum>4, thenlre
CHS 42 to count back t RIN 35 2& is Hoded by player.
GTO D 2
255 g %2 2 zngg?xc ~ [* 1BL 2 %1 %5 07 §NALYZE PLAYER
150 RCI.E |34 15 ount Up; check 5 05 =l x=S
CHS 42 diag running / 81 y=%, x=Sun/5
aqugg g g% ég 09 %E%?I‘%N%a%iﬁlf - x/= ¥z gi 21 gf ﬁruewglﬁenﬁlay-
R/S e€r_has_ WUN. __ _
1 01 Increment test#{210 FRAC 22 813 If not integer,
S;_I)‘O+8S :53% 2; 08ket primary reg‘s_.. x £ 0°? 31 61 b'_tihei éige is .
P s . RTN 35 22 DIOCKEd_ Dy mach,
EEX i3 fooy Stack with 1ST x| 35 62 | recall Sum/5
2 02 o= *LBL D 3] 25 14§ TEST TAC STATUS
ENTER 31 S~ RCL 7 3407 | If old status
160 ENTER 1 . X>2y? 32_81 is higher than
ROL() 1o 2k pull first reg. RTN 35 22 | Sum, end test.
X & . X ery 35 52 | If not, SF 2, td
RCL E [3% 15 ‘increment I SF 2 3% 51 0d indicate tact.
+ . 2‘13 . 220 STO 7 33 07 Store Sum as ney
}Fi‘ 3 1 35 71 01 c11f 1ooking a;t Efﬁf(i %L; 2’2 ;ig:;c?césititgi'
X 71 lagonals,x 100 RTN 35 22
RCL(3) 34 24 next regiéter. ———= g4 Rg. .
LABELS FLAGS SET STATUS
A RUN Parse move[Merge#2 |°P used [F ----- Bayermove | rLAGS TRIG DISP
2 - T §nit'tal.ﬂi 2 R € e aiagonals 0 OE']\I OéF DEG R FIX X
et tests|! —---- 2 used 3 e T — 2 used : g g g?go B gﬁé; [D]
ST 6 e Bettests |8 —-—m- run testlmachmove |3 O wx n_3
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STEQIQK;I?;«%ﬁ % CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 GTO(1) |22 2& Jump wU_ propel 1 o1l
*TLEL 1 |31 25 test call.Note' ST & 33 18 test 2nd level
1 01 fha't these LBg.t‘;} GSB e 32 22 15
RCL C_ |34 13 t;15 %orie-SP(?l.’lt- 1 = 2 02 test 3rd level
GTO D[22 14 |1 ¢ fest iniftial- GSBe |32 22 15
ZLBL 2 8%" 25 02;?. tg?g 11n SSB 22 TR test 4th level
* e
RCL B |34 12 The functions 0 00
a0 D T2z 1L handled by LBL 7 TN ETRD test 1st_1eve1.
recall z-1 of
010 *LBL 3 |31 25 0 ;n girg %) azﬁ RCL C_ |34 13 emptiest level
5 05_ andled by _the by ol )
ENTER | L1 status of Fo &Fq Sm) E 33 15 change increnert
0 00 which select the < 71
GTO D {22 14 prgcper register - |oro ST0 D 2 1L Ry= L(z-1)
#TBL 4 |31 25 plyset. 1 01
>~ .
ANTER— 7t LBL 0 on this gTO T 22 = reset comparism
CTO D 72 1h Cird 18 strgtegl.c 1 0i test 2nd file
*LBL 5 |31 25 vgPlay--used in GSB B |31 22 12
550 SFT 3551 U1 openings and wken i1
there is no tact 2 Q2 test 3rd file
RT R ical move indicated, GSE B 31 22 12
T S N e 3 03 test 4th file
LBL D {31 25 1M PACTICAL PLAY GSB B 1 22 12 .
ST 1 35 33 Initialize reg | 0 00 test 1st file
Ry 35 53  |lcounter and GSB B |31 22 12| recall y-1 of
STO & 133 15  [increment value. RCL C f3+ 13 emptiest file
EEX 43 For diagonal cassg RCL D |34 14
2 02 A must be set + |61 I=reg #=h(z-1)
EEX 43 for appropriate ST T 35 33 | .2 :.1.‘ ______
0 8 08 diagonal,by F * 1BL E[31 25 15] FIND MOVE
d F?0 [3571 0Q(i,e. 100 or 108) RCL(i) {34 24 x=k,y=register
Xey 35 52 If non-diagonal BLL g.f %li'fizf if register is
F21 1332 71 Ol (Fi=off) use A |y &-—onfp— full, then try
STO A 32 11 set_by parser. _ RC T 35 3k another, Other-
RCL A 111 71| _FIND MOVE 2 05— wise, go to LBL
GIS',']I_DB,L 2 32 22 19 test potentidlmwe| = [/ T 6 or LBL 7 to
c 132 . = find empty space.
< e I 35 24 if no good, then FRAC 32 83
RCL E 34 15 increment I to x = 07 {31 51
040 + 61 look at next GTO 6 122 06
X e T 35 2l position in line GTO 7 22 07 -
EEX L3 . . : * LBL 9131 25 09| RESET REG
Bl s done v |
2 02 'l:herg1 chanse P2 + 61 Increment reg #
F20 3571 0Q 07 702 S 10-2 1 01 by 4. If this
1/x 35 62 devendint on 6 06 gives # greater
RCL A [3h 11~ | ¢°P h’"é'g o x>y? |32 81 | than 15, normal-
F21 11171 0 ich diagonal. CIX Ll ize modulo 16,
X Vi - 51 Then return to
550 GT0 & |22 31 11 %ORXeSt nemeove ST 1 35 33 "FIND MOVE".
*TBI, 0 |31 25 0o STRATEGIC PLAY GTO E_ |22 i5
1 01 A is usl as * TBL B[31 25 12| FIND _TOTAT MOVES
Z YA comparison reg. ST 1 22 15 store initial #
aT0 A 81%11 1§A =11163’ initialydmo #* 1,1(217p 'Si gﬁ A call 1st registe
: et I,E for RCL.(] 3
Q ST I 35 33 second level, xe» T 135 ol
: REGISTERS
il *****ig***PLAYENG BOARB******‘)F******%{%LAYING 6BOAR:D‘)!")(' ******;&******J%******
3 T 58 59
So-x-*****aes-)l*****PfiYING BSKRD***a{—%e*****JiS****** S'f‘est # ;%g%aéc mlg%gh~ mg%gyer
A1010-2x B c E i
10 scratdh y-1 (2z-1) Reg # lncrement indirect
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COMMENTS

STEP KEYENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE
RCL E L 15 ] INT .- 31 83 chosen space is
T 51 Incement index [ino EEX L3 in integer rarge
X el 35 24 ) 2 Q2 Take int. part,
RCL(i) P34 2L add next registep / 81 _ divide by 100
+ 61 FRAC 32 83 take fraction,
xe I 13524 When done, all x # 07 [ 31 61 to isolate.If
RCL E 3l 15 four registers RTN 35 22 #0, then move is
120 + 61 represnting a gijen RCL A 3 11 no good.Other-
X e I (35 24 level or file 1/x 35 62 wise,store 1 in
ROT.(3 ) 2L 2L of the board will STO+(i) 33 61 20 that position
+ 61 ‘pe summed. The ISZ (i) 32 3h for machine's
xe I 135 24 linteger part of '® |log 31 53 | move & add 1 to
RCL E b 15 the sum is the 2 02 integer part,to
+ 61 total # of moves / 81 record total
x & 1 35 24 made so far,on g 05 moves.
RCL(i) 34 24 that level or file + 61 x=log(A)2 +5
+ 61 RC I 35 34 I=4 (z-1)+y-1
130 X & I 35 24 4 o4
RCL E |3k 15 / 81 integer part=
+ 1 TNT 21 83 z-1;frac part =
x e« T |35 2ol ST x 35 82 y-1/4
INT 31 83 # of moves. 190 FRAC 32 83
RCIL A 34 11 previous low #. L o4
x<y 213271 if new # is no X 71 y-1
RTN 35 22 lower, thenretum} 1 01
R ¥ 35 53 otherwise, store + 61 y
STO A (33 11 new low # X ey 35 52 z-1
140 R+ 35 53 and store appro- 1 01 ,
st ¢ 133 13 priate 1 orz-l. + 61 z
RTN 35 22 . EEX L3
_ *E§BL 6 2{'25 06] FIND EMPTY SPACE 1 01 ig
E 200 A
5 Og Look for empty }_f_ Z% 10z +y
GSB o 37 22 13] spaces in the TEX L3
EEX L3 order: 4th,3rd, 1 01 10
n ol 1st, and f}nall < 71 100z+10y
GSB ¢ |32 22 13|24nd space in - |+ 61 100z +10y+x
150 FEX L3 row chosen by TR 3
8 08 LBL 0 and E. 3 03 1000 .
GSB ¢ 32 22 1 ——— - —- / 81 output =* .2
» 11, 7|31 25 07| FIND EMPTY SPACE F 72 |35 71 02 if Py ie o id
EEX 143 Look in the 210 R/S 8L, is still open-
6 06 orders 2nd, 3rd, Po S 131 42 ing game;Rg is
GSB ¢ |32 22 13|4th, and 1st. STO 8 |33 08 being used to
EEX 43 RCL 7 |34 07 store # oframd.
4 o4 - Pe S |31 42 Otherwise, store
CSB ¢ 32 22 131 3 03 mach.move in R§
160 EEX L3 S / 81
> 02 INT 31 83 recall old tact
GSB c 32 22 13 F 2?3 [35.71 03] status.If = 3,
ERX g3 - CLX L1, then if Fa=on,
8 08 e 220 + 61 indicatin
* ILBL c¢]32 25 13! CHECK/STORE MOVE R/ 8L machine tact.
irq:?(é) :’:L’: %Lij( recall chosen reg ) 1 statuﬁ! this is
. AR By and shift so thag v ; zdlga10 i{_’leo‘l";iﬁ-
2 LABELS FLAGS SET STATUS
—— Bum rows |*----- ®t ests [f ----- 8522833 FLAGS TRIG DISP
#nd mowe |°-—---- %estmove [¢ ————- &um rows dlagonal o OE’]“ %l bee = | rx m
®trategy|'tactic [? tactic |3 tactic [|* tactic [openinge|! O B | GRAD O | sCI O
5tacti 6 7% 8 oo T 2 d RAD O ENG_ O
tactlc ry move |7try move kReep K16 Bahi.move |3 O ® n_ 3




