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In this poster, we examine what Herbert Simon
might call the “solution space” for tic-tac-toe,
a compound visualization of all its solutions—
every legal game move and the connections
between them—in a single artifact.

Design for manufacture involves finding an
optimal point in a solution space—or at least

a point that “satisfices.” Design for interaction
involves defining a range within a solution space.

Understanding and representing the game

Most of us have played tic-tac-toe. It's a deceptively
simple game. Two players claim unique symbols
(X or O) before alternating turns in placing their
symbol in an empty cell within a 3-by-3 grid.
The first player to place 3 of their symbols in

a row, either cardinally or diagonally, wins.

End conditions are clear; either a player wins, or
the game is a draw. The myriad ways of getting
there are what makes the game fun. But what
does the solution to tic-tac-toe look like? Drawing
a single winning combination does not do justice
to the complexity of the game.

Instead, imagine a map of all possible paths from
blank board to finished game. We might call this
the “solution space” for tic-tac-toe, where each
path is but one way to navigate through the space.

Determining the solution space size

For the first move, there are 9 cells available.

For the second, there are 8, and so on. Follow to

completion, and we get 9x8x7x6x5x4x3x2x 1

or 9! boards for the final level. For each level (n)

of gameplay, there are 9!/(9-n)! boards in total.

By adding the level totals together, we get an
“upper bound” of 986,410 boards—far too many

to represent meaningfully.

For the visualization to be meaningful, the number
of boards must be reduced. We do this by intro-
ducing 3 rules; (1) removing duplicate boards
reduces the count to 6,046, (2) removing illegal
moves (play after a win) reduces the count to 5,478,
and (3) by removing symmetric duplicates (rota-
tional and reflectional) we are left with 765 unique
boards. This poster displays them all in a matrix.

A board does not exist in isolation but is part of a
larger sequence of gameplay. Below each board

is a list of coordinates (positions in the matrix)—

its parents and children, the boards that precede

and succeed it. Parents are listed before the bullet
point, while children are afterward.

Generating the solution space

As rules are introduced to restrict the size of the
solution space, some filtering is required.
Filtering can occur either during the generation,
in a “filter-as-you-go” approach, or afterward.

Our algorithm filters during generation by using

two ordered lists, a processing queue, and a final
collection for storing game boards. To begin, we
seed the processing queue with a blank board.

While there are boards left in the processing
queue, pull the first board (a) from the queue to
generate candidate boards for the next move.
Compare each candidate board against both the
processing queue and the final collection to
determine its uniqueness.

If a candidate board is unique, add it to the back
of the processing queue so subsequent boards
can be generated. If a candidate board already
exists, flag the existing board based on its
similarity to the candidate before discarding the
candidate. The associated flag is what gives the
boards their coloring. After generating, testing,
and processing the candidates stemming from
board (a), move it to the collection.

Design: Marina Menéndez-Pidal & Knut Synstad
Creative direction: Hugh Dubberly
Algorithms & development: Knut Synstad

Interactive website and source code:
tictactoe.dubberly.com

Copyright © 2019
Dubberly Design Office
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AB20, D21, G21

X0 X 0 X 0O
X0 X| X O X X0
O | X (0] o
S7,B8,C9¢ T7,X7, E10+ E20, T7,AB7,V11+

022, R22 €20, 22, 722

X 0 X 0 X 0O
X O X O X 0

X 0 X o O | X
M8, T8 D20, S22 Ms, W8, Y10+B20, N8, 08, ACI0*
U22,023 G20, 022, R22
X O O X 00 X 00

(0] o
X X X| X O X X

19, M9, K11« B22,

19, 09, J10 = E22,

J9, 19, J11 < F22,

G22,123 K23, S23 R23,723
X X O X|X|0O X | X|0O
X O (@) (@)
o X (@) O | X
Y9, H10,X11 79,J10,K11 AA9,B10,T10
X21, 124, K24
X (0] X o X o
o X X o|o
X 0 O X |0 X | X
E11, H11,T11 FI1,H112024,Y24  111,K11, M1
D24, E24, V24 F22, F24, W24
O X O X O X
O 0| X (0] X O X
X O | X O X
Q12, R12, W12 012, 812¢ R12, 812+ C24,
U21, AB23, 224 €25
X 10 X X 0 X X O X
X|0O X 0O X O
O | X (0] X X (0]
N13, $13, R14, R16 N13, R13, U14, P16 P13,R13, 816
* 025, W25 * M25, X25
o|0O X 0|0 X 00
O X X X X X
X O | X (o] X
B14,J14, 116, M17 C14, H14, F16, P19 C14,L14, 16, X17
* €26, D26 * A26, E26 * C26, F26
X0 X |0 X O
X|X |0 X o X (@)
(0] O X X X X 0
Y14, AA14, Y15, Z14, AB14 126, AA14,AC16, R17 «
R19+ AB25, L26 K26
X 0 0 X 0 X 0O
X O | X O X
O X | X X | X X | X
F16,J16, B17,Q17 K16, M16, Y18 « P16, R16, AA16,
* 126, U26 26 117« 025, R26
X (0] X o X o
X|0| X X 0 0O X X X
X |0 X X (oo
G18,118, V18,119 H18,X18,Z18 M18,N18, S18
B26, 226
X 10 X X 0| X X0 X
X0 | X X 0 X | O
o o) O X O 0|0 | X
U20, B21, G24 » V20, Y20, C21, D24 W20, AC20, R23 *
M27 *M27
X|X|0O X X O X | X|0O
X 0 0 X O O X 10| X
O X X O o 0

AB23,AC23, 124 «

AB23, C24,724 »

AC23, A24, S24,
724+ P27

X

H1, K1+B3,
X3-AB3

01+T5, A6, 06, T6

X

Y1,G2+A7,07,
A9, K9, L9

X O

o)

B2, D2+ A10-C10,
AA10, F11

O |X

X |0

S2,V2+X7,V8,
AC10, D12, K12

X 0 X

(@] X

B3, H3, S3 ¢

AC12-C13

X 0

X X

o

13, U3, H6 + C14,

N14, C15, D15

X 0|0

X

X

R3, X3, R5 * 113,

A16-C16

X X 0
X 0

L4, T4, X5« A15,

TI7-V17
X o
X 0O
X
T4,AC4, Q5 V13,
M15, W15, 018
X | X
o
X |0

N5, R5, F6 « H15,
Y17, N18, AA18

X 0|X

O X O
X6, T8 « AA19,
AB19

X 0|X

O X O

F7,G11C21, F21

X 0
X X O
o
T7,C8, 211+ AC19,
u22,v22
X 0
X O
X O
N8, X8, AB11
A20, V22, 023
X 0|0
(0}
X X

J9, N9« G22, J23

X X O

(e}

X O

AA9, K10, Y11«
X | X

X 0|0
(0}

L11, U112 122,
W23

X
O X |X
o|o
U12, V12«21,
AA24
X 0 X
X 0

X 0O
P13,813, 814,016
* N25, W25
X 0|0
X X
X O
D14, H15,B16
X 0
X X X
(oo

A15,C15,Z15

X |0
O | X
O|X | X
Q16, $16, C17, F17
* 526, U26
X o)
X | X
O|X|O

R18, W18, C19+
026

X 0 X
X | X
O O O

AA20, A21, D21«

X|X| 0
X 0| X
(@) (o)

A24,C24, 24 »

Final boards

z AA AB

X 0 X 0 X X 0

X X
H1,Q1+S3, H1, K1« E4-J4 11, M1+ 13, K4-04
AC3-D4
X X X
(o] X X
X o (@)
01+ G6, R6 P1,R1+Z5, ABS, P1+ V5, B6, P6, T6
L6, N6, US, V6
X 0 X O X 0
(@]

X X O X O
Y1, M2« ABS, U7, Y1eJ7, A8, T8, F9 Y1, €2+ G7, E8,
M8, M9, N9 W8, G9, 09

X (@] X (o] X o

X X o
O (@] X

B2, N2+ AA7, G9,

B2,02+110, V10,

C2, G2+ U9, M10,

F10, T10, AC10 A11,611, H11 D11, 111, J11
O X O X O X
X X X
o ®) O
2, AA2 < H10, $2,AC2+ 08, X8, S2, AA2 ACS,
C11,AC11,L12, E10,D12, N12 AA10, F12, 012,
M12 P12
X 0| X X| 0| X X 0|X
o O ®)
X X X
B3, H4+ D13-F13 B3, S3,B4* B3, 73, F4E13,
G13-J13 K13-M13
X |0 X |0 X |0
X X X X
O X (@) X o
13, C4, U5 * H14, 13,14, 4 114, J3,P3,K6 AC13,
R14,Z14, E15 U14, AB14, F15 X14, A15, G15
X 0|0 X 0|0 X |0
X X ) X
X X X
R3,AC3, AC5 R3, E4, L4« F15, $3,06+ D16, K16,
D16-G16 H16-J16 L16
X X0 X|X |0 X X|0
®) O X
X X o

L4, AC4,R5T13,

L4, C5, F6 = C15,

M4, D6« E17,Q17,

AC16, K17, W17 M17,X17,Y17 717
X (o] X 0] X 0]
X |0 X | X X

X o (O] X
T4, C5, L6 * Q15 U4, Y4, ABS » J15, U4, Fs»
Z15, P18, Q18 R15, P18, R18
X X X
X|X|O X o X |0
o X |0 X | O
05, 05, U6 » Y14, 05, R5, AC5 * Q5, R5, X5 ¢ Y15,
D18, K18, A19 AA14, E18, L18, AC15,Q18, S18
AB18

X 0| X X 0| X X 0 X

O | X O X (@]

O (@] O
X6, D7, Hg * X6, 17, M8 « AA19, X6, D7, W8 *
AC19-B20 €20, D20 E20-620

X110 X X O O X1 0|0

X X O X | X

O 0O X (@]

67, J7, J9 * AC20, k7,77, P10+ K7,X7,AC9
E21, G21 Ha1-J21 K21-M21

X110 X O X0

X (@] X (o] X O

O | X X O o X
V1,21, F10+ P20, V7,F8,AAT1+K20,  W7,AA7,R9e
22, W22 V22, X22 020, R22, W22

X110 X0 X0

X | X X | X X

O|O0 O O O X O

P8, S8, 710+ D21,

P8, V8, C11A21,

08, X8, A11 < F21,

P21,Y22 AA22, P23 AB22, P23
X 0 X 0 X|0
[oRNe) ©) [oNe)
X | X X X0 X X

K9, M9, M11 « S20,

K9, 09, U9 = 220,

L9, N9 - 020, P22

L22, P22 022, X23
X X |0 X|X |0 X X|0O
X X X
O ®) (o] ®) O

AB9, G10 = L24,

AC9, E10, P10 »

AC9, H10,U10

M24 M23, H24, N24 L24, 024, P24

X | X X X X | X
X 0|0 o O O X
®) X O o0
L11,Q11, W1t e N11, 811, Y11 P11,R11, AATT
AC21, W24, 224 T21, F24, 224 023, AA23, 224
X0 X X 0|X

O X O O | X

X X

153 boards Y12, AAT12, E13 ¢ Y12, H13, T15

58 wins for X G625

X 0| X X| 0| X X 0|X
O X | X X X

X X 0 (o] o 0
R13, 13, AA1S, T13, V13, A15, T13,X13, C15, H15

€17+ M25,T25 AC15 * K25, Y25 *U25,225

X 0|0 X 0 0 X 0 0

X X X X X X
O | X X (0] X O

D14, M14,C15,F15  E14,C16,N18* E14,114,G16, J19

* D26, F26 B26, E26

X |0 X O X 0

X | X X X X X | X

0|0 X (0] (0] Oo|X |0

A15, F15,K15 B15, D15, AA15 * B15, E15, AB15,

D19+ AC25, L26

X O O X | X0 X|X |0
(0] X 0|0 X 0 0
X X X X X
U16,X16, A17 * D17,K17, AB18* D17, M17, H18,
V19« V26, W26
X | X X | X O X O
X X X0 X[ X O
X O o|0 X
Z18-AB18, V19 AC18, A19, Y19 B19,J19, 19+
W26, X26 B27
X|0|X X 00 X 0 O
X X X X0 X X O
o 0 O O | X X O
AB20, B21 * 121, L21, Q22, N24 121,821, V22
*N27
X X 0 X| X 0O X X0
O X (ORN0) X|X |0
O X|O X | X|0O o 0
E24, 024, V24 F24,G24 « H24, J24 + S27

Discarded duplicates (based on predefined rules)

126 x Black boards

Black boards represent configurations that may
have duplicates, but no transformational dupli-
cates. As a result, one configuration may have
more than one parent.

95 x Blue boards

Blue boards represent configurations exhibiting
rotational symmetry —such as 90°, 180°, and 270°
rotations.

436 x Green boards

Green boards represent configurations exhibiting
reflectional symmetry —such as horizontal, vertical,
diagonal, and counter diagonal reflections.

108 x Magenta boards

Magenta boards represent configurations exhib-
iting both rotational symmetry and reflectional
symmetry.

138 x Highlighted boards

Highlights describe a game’s end state. Colorized
cell backgrounds indicate a winning line, while a
full board background indicates a draw. We were
surprised that there are only three draw states.
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o
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X 0]
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O X

o X
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O X
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X o
X | X
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X | X
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o
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X |0
X (e]
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[oRNe}
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©)
X| X O
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X X |0
X
[oNe)
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O X | X
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O|0 | X
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X X
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O X |0
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X X |0
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X X X
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O X |O
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