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Paradigms:. It’sall in the game

Keesvan der Laan

1 BLUe€sDesign VI

Hi folks. In 1989 Greene contributed ‘Playing in TEX's
mind’ to TUG 89. Having fun with TEX has been on my
mind all the time. Of late, | thought of tic-tac-toe as an
exercise in programming dialogues in TEX, in a simple
and elegant way, with hopefully some paradigms emerg-
ing, suited for educational purposes. Theplay issimple but
nevertheless entails essential aspectsin dialoging. Below
| first strip the play to the essentials and from there build
the user-friendly but otherwise modest code. At theend the
TeXing peculiarities are summarized.

2 Theplay

Tic-tac-toeis played by two persons on a board with 3x3
fields. Each player marks afield in turn and the one who
hasfirst three marksin arow haswon.

+ o]+
o] +
) +

3 Prototyping

Thedialoguewith TEX goesthroughthelogfile, also called
transcript.

The board is represented by the defs \ 1, ...\ 9 row-
wise. Each player ownsamark called\ mar kpl ayer and
\ mar kopponent . A user is prompted to input avalue—
1, 2, ... or 9—which indicates the field where to put his
mark. The program keeps track of the kind of mark, via
atoggle. To end the game the user can input O.

The aboveresulted in the following bare-to-the-bonesim-
plementation of tic-tac-toe.

\ def \ showboar d{\ i medi at e\ wri t eO{\ 1\ 2\ 3}
\'i mredi at e\w it e0{\4\5\6}
\i medi ate\witeO{\7\8\9}}
\def\initialize{\def\1{-}\def\2{-}\def\3{-}
\def\4{-}\def\5{-}\def\6{-}
\def\7{-}\def\8{-}\def\9{-}}
\def\play{\initialize \Iloop\showboard
\'i fx\ mar k\ mar kpl ayer
\'| et \ mar k\ mar kopponent\ el se
\'| et\ mar k\ mar kpl ayer\fi
\'i nmedi ate\write0{Supply index for \mark:}
\readOt o\ i ndex \ expandaf t er
\ xdef \ csnane\ i ndex\ endcsnane{\ mar k}
\'i fnum i ndex>0 \repeat}%nd \pl ay
\ def \ mar kpl ayer { +}\ def \ mar kopponent { o}
\'endl i nechar-1 9%IB20. 18
\play \bye

Remarks. Because of thetoggling of the\ mar k an\ xdef
was needed.

One could code that the player and opponent are both tak-
ing care of during each traversa of the loop. However,
apart from that it makes the code longer it is also clumsy,
and if careless one has to account for multiple exits of the
loop. | assumed states in which the loop istraversed. The
next steps are not for the faint of heart.

4 Real-lifeversion

Given the above prototype implementation we can refine,
add more bells-and-whistles. Basicaly these add-ons are
in two directions

e improvethe user interface

e lettheprogram do more, such asdeciding who haswon.

4.1 Improvingtheuser interface

Explain the conventions adopted, especially what the in-
dices stand for.

Alwaysniceisto allow for personalization, i.e. the system
prompt asks for YOU, with your name. This entails that
the players must be asked to identify themselves and that
the toggling must be extended.

Another featureis that the program prompts the remaining
indicesto choose from.

Andwhat about robustness? | decided not toimplement ro-
bustness with respect to lowercase or uppercasey or n, for
example. | also refrained from checking whether the sup-
plied index is allowed.

4.2 Lettheprogram domore
Themost important aspect isto add intelligence to the pro-
gram to check for awinner.

The play restarts automatically.

43 Thecode

Theboardisrepresented by thedefs\ 1,\ 2,...\ 9,the3x3
board row-wise.

The dructure of the program is similar to the
()rototype, with \ pl ay elaborated and the check
checkf or gameend added.

\inmedi ate\witeO{Tic-tac-toe
Aug 1995, cgl @c.service.rug.nl}
\l et\ ea\ expandafter

INot that difficult, actually, because the set of allowed indices is maintained.
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\ newcount \ k\ newcount \ val ue\ newcount \ checksum
\'new f\ifsol
\ newt oks\ set % ndex set
\ def \ del #1{\ def \ | op##1#1##2\ pol {\ set { ##1##2} }
\ea\l op\t he\ set\ pol }
%
\ def\ showboar d{\i medi ate\witeO{}
\'i mredi ate\wite0O{\1\ 2\ 3}
\'i medi at e\ w i t eO{\ 4\ 5\ 6}
\imedi ate\wite0{\7\8\9}}
%Wnitialization
\def\initialize{\set{123456789}\sol fal se
\'i mredi ate\w i t eO{ New nanes of pl ayers?
(default \player\space and \opponent)}
\readOt o\yorn
\if y\yorn
\'i nmedi at e\w i t e0O{ Nane pl ayer}
\readOt o\ pl ayer
\'i nmedi at e\ w i t e0O{ Nane opponent}
\ r eadOt o\ opponent
\fi\ko
\'| oop\ advance\ k1
\ ea\ def \ csnane\ t he\ k\ endcsnane{-}
\'i f num k<10
\r epeat
\'i nmedi ate\w it eO{ Enpty boar d}
}%nd initialization
%est for solution
\ def \ sol #1#2#3{{\ advance\ count #1\ count #2
\ ‘advance\ count #1\ count #3

\'i f num count #1=\ checksum \ gl obal \ sol true\fi}}

\ def \ checkf or ganeend{ %

\'sol 123\i f sol \ nessage{\ who\ space won}\kO0 \el se
\'sol 456\ i f sol \ nessage{\ who\ space won}\kO0 \el se
\'sol 789\i f sol \ nessage{\ who\ space won}\kO0 \el se
\'sol 147\i f sol \ nessage{\ who\ space won}\k0 \el se
\'sol 258\i f sol \ nessage{\ who\ space won}\kO0 \el se
\'sol 369\ i f sol \ nessage{\ who\ space won}\kO0 \el se
\'sol 159\i f sol \ nessage{\ who\ space won}\kO0 \el se
\'sol 357\i f sol \ nessage{\ who\ space won}\kO0 \el se
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9Pl ay
\def\play{\initialize\begingroup
\ | oop\ showboard
\'i f x\ who\ pl ayer\val ue-1 \ checksum 3
\'| et\ who\ opponent
\'I et \ mar k\ mar kopponent
\ el se\val uel \ checksunB
\'| et \ who\ pl ayer
\'| et\ mar k\ mar kpl ayer
\fi
\i mredi ate\w i te0{\who, supply index
for \'mark:}
\'i nmedi at e\w i t e0{ Choose from \the\set.
(0 termi nates)}
\readOt\ ea o\ csname\ who\ endcsnane
\ k\ csnamre\ who\ endcsnane
\ ea\ xdef\ csnane\t he\ k\ endcsnane{\ nar k}
\ count \ k\ val ue
\ checkf or ganeend
\i fnum k>0 \ea\del\ea{\the\k}
\r epeat \ endgr oup
\'i medi ate\witeO{Play anot her gane?}
\ r eadOt o\ newpl ayyorn
\if y\newpl ayyorn\ea\play\fi}%nd Pl ay
Yefaul ts
\ def\ pl ayer {Kees} \def\opponent{l na}
\ def \ mar kpl ayer {+} \def\ mar kopponent { o}
%
\'imedi ate\wite0{}
\'i medi at e\ wr i t eO{ Boar d nunberi ng}
\'i medi ate\wite0{123}
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\'i nmedi at e\ w i t e0{ 456}

\i mredi ate\wite0{789}

\play \bye

Remark. In order to get the personalized prompts\ Kees,
or\ | na the following coding was needed.

\readOt\ ea o\ csnane\ who\ endcsnane

Thefew linesthat follow ook unnecessary complex but are
entailed by the above.

5 What more?

It is intriguing to ponder about adding even more intelli-
gence. For example to let the game prompt for obligatory
moves, or to let the program terminate when draw is in-
evitable, that is when there is no possible solution left. In
order to achieve this| chose to
e maintain the set of possible solutions, instead of check-
ing all possible solutions?
e updatethe set of solutionsafter each move, and look for
asolution or adraw
e look for obligatory moves.

With respect to robustness the input can be checked for
whether the index is allowed, casu quo ay(es) or n(0).

\inmedi ate\witeO{Tic-tac-toe
Aug 1995, cgl @c.service.rug.nl}
\l et\ ea\ expandafter \Ilet\nx\noexpand
\ newcount \ k\ newcount \ kk
\ newcount \ val ue\ newcount \ checksum
\ newcount \ f easi bl e\ newcount\ pr onpt
¥sol ution |ines
\ newcount \ hi \ newcount\ hi i \ newcount\ hiii
\ newcount\ vi \ newcount\vi i\ newcount\viii
\ newcount \ di \ newcount \ di i
\newi f\ifsol
\ new f\ifnotfound
% ndex set and deletion fromindex set
\ newt oks\ set % ndex set
\ def\ del #1{\ def \ | op##1#1##2\ pol {\ set { ##1##2} }
\ea\l op\t he\set\pol}
\ def\ showboar d{\ i mredi at e\ w it e0{}
\i mredi ate\witeO{\1\2\3}
\'i nmedi at e\wr it e0{\ 4\ 5\ 6}
\imredi ate\witeO{\7\8\9}}
%nitialization
\def\initialize{\set{123456789}\sol fal se
\hiO \hiiO \hiiiO \viO \viiO\viiiO
\di0O \diiO \feasible8 \pronpt0
%Cel | no associated with solution subsets
\ ea\ def \ csnanme sol set 1\ endcsnane{ %
\IsVhiVls\vills\di}
\ ea\ def \ csnanme sol set 2\ endcsnane{ %
\Is\hills\vii}
\ ea\ def \ csnane sol set 3\ endcsnanme{ %
\VIsVhiVls\viiills\dii}
\ ea\ def \ csnane sol set 4\ endcsnanme{ %
\Is\hiills\vi}
\ ea\ def \ csnane sol set 5\ endcsnanme{ %
\IsVhiiVls\viiVls\diVls\dii}
\ ea\ def \ csnane sol set 6\ endcsnanme{ %
\VIsVhiiVls\viii}
\ ea\ def \ csnane sol set 7\ endcsnane{ %
\VIisVhiiiVlis\vills\dii}
\ ea\ def \ csnanme sol set 8\ endcsnane{ %
\VIsVhiiilVls\vii}
\ ea\ def \ csnanme sol set 9\ endcsnane{ %
\VIisVhiiiVls\viiills\di}
\'i medi ate\w it e0{ New names of players?

2This entails that non-feasible candidates are eliminated from the set of candidate solutions.
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(default \player\space and \opponent)}
\readOto\yorn
\if y\yorn
\i mredi ate\w i t eO{ Nanme pl ayer}
\ r eadOt o\ pl ayer
\'i mredi at e\ w i t eO{ Name opponent }
\ r eadOt o\ opponent
\fi\ko
\'| oop\ advance\ k1
\ ea\ def \ csnane\t he\ k\ endcsnane{-}
\i fnum k<10
\r epeat
\imedi ate\w it eO{ Enpty boar d}
}%nd initialization
%rest for solution
\def\|s#1{%1 is a solution counter
\'i f nun#1=0 \ advance#1\ val ue
\el se\i fnum si gn#1=\val ue \ advance#1\ val ue
\ el se\advance\feasible-1
\del ete#1 % rom sol ution sets
\'i f num f easi bl e=0 \ showboar d
\ nessage{***Draw**}\ kO
\fi
\fi
\fi
%Check for solution
\'i f nun#1=\ checksum \ showboard
\ nessage{***\ who*** won}\ kO
\fi}
\ def\si gn#1{\i fnum#1>0 1\el se -1\fi}
\ def\ sol set k{\ csnane sol set\t he\ k\ endcsnane}
\def\del ete#1{ %1 is a solution counter to be
%lel eted fromall solution sets
{\ kko
\def\ | s##1{\i f x#1##1\ el se\ nx\ | s\ nx##1\fi }
\ | oop\ advance\ kk1
\'i f num kk<10
\ ea\ xdef \ csnanme sol set\t he\ kk\ endcsnane
{\ csnanme sol set\the\ kk\ endcsnane}
\repeat}}% end \del ete
\def\fifo#Ll{\ifx#Il\ofif\ofif\f
\ process#1\fi f o}
\def\ofif#Il\fifo{\fi}
\def\lstry#1{%1 is a counter denoting
% sol ution
\'i f nun#1=0
\el se\i f num si gn#1=\ val ue
\ advance#1\ val ue
%Check for solution
\'i f num#1=\ checksum\ gl obal \ pronpt\ k
\fiVfi
\fi}
\ def\ process#1{\i f num pr onpt =0
{\Vk=#1 \let\Is\Istry \solsetk}\fi}
\ def \readpr ocess#1{\i f #1\ csnane\ who\ endcsnane
\ not f oundf al se\fi}
\ def \readi ndex{{\| et\ process\readprocess
\'| oop\ readOt \ ea o\ csnane\ who\ endcsnane
% who value in \set?
\notfoundtrue\ea\fifo\lthe\setO\ofif
\ifnotfound
\imredi ate\witeO{Pl ease supply index
from\the \set}
\r epeat
\ gl obal \ k\ csnane\ who\ endcsnane} }
%Pl ay
\def\play{\initialize\begi ngroup
\'| oop\ showboar d% show t he\sol set
\'i fx\' who\ pl ayer\val ue-1 \ checksum 3
\' | et \ who\ opponent
\'| et \ mar k\ mar kopponent
\ el se\val uel \ checksuns
\'| et\ who\ pl ayer
\'I et \ mar k\ mar kpl ayer
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\fi
% s there a wi nning nove?
9% Prefails obligatory nove)
{\prompt 0 \ea\fifo\the\set\ofif
\'i fnum pronpt>0 \ gl obal \ pronpt0 \fi}
%he idea is that the player nust see it
%i m hersel f. O course the program knows
% bout the wi nning nove
%l i gatory nove? (criterion O<\pronpt (<10)
\'i fnum pronpt>0 \i mredi ate\wite0O{Sorry \who
obligatory nove \the\pronpt}\k\pronpt
\el se
\'i medi ate\w i t eO{\ who, supply index
for \mark:}
\'i medi ate\w it e0{Choose from \the\set
(0 term nates)}
\ r eadi ndex
\fi
%ut mark on board
\ ea\ xdef \ csnane\ t he\ k\ endcsnane{\ nar k}
Yupdat e sol uti ons associated with \k
\'sol setk
%=0 i s stopping criterion
\i fnum k>0 \ ea\del\ea{\the\k}%
% ook ahead for obligatory nove
% Can \who gain in next turn?
\pronpt0 \ea\fifo\the\set\ofif
\r epeat \ endgr oup
\i mredi ate\w i teO{Pl ay anot her gane?}
\ r eadOt o\ newpl ayyorn
\if y\newpl ayyorn\ea\play\fi}%nd Pl ay
Yef aul ts
\ def\ pl ayer { Kees} \def\opponent{l na}
\ def \ mar kpl ayer {+} \def\ nar kopponent { o}
%And of f we go
\imedi ate\wite0O{}
\'i nmedi at e\w i t e0{ Boar d nunberi ng}
\imredi ate\wite0{123}
\'i mredi ate\w i t e0{ 456}
\'i nmedi at e\w i t e0{ 789}
\imedi ate\wite0O{}
\play \bye

6 Isthisall?

Especially the code in the last section has become com-
plex. Should we make it more complex? For the moment
| stopped. However, it is tempting to increase the order to
4, and to extend the play to 3 dimensions. My case rest.

7 Paradigms

The following functionalites have been encountered and a
way how to code thesein TEX have been worked out.

e loop traversal in various states

e global Boolean,\ gl obal \ sol t rue
maintaining an index set, del eting an element from a set
test for an empty set
high-level parameterization, for example a personal-
ized prompt within a state-dependent loop
e \ r ead with areference to a prompt through

\readO t\ea o\csname\ who\ endcsnane

e check on what isread is allowed.

Starting from the bare-to-the-bones prototype it is quite
something to arrive at a solution, which carries someintel -
ligence and robustness.

Have fun, and all the best.



