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X o

11,R1+L3, 03,
T4-W4
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o
X
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X (0]
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€2+ J10, W10,
B11,G11

O | X

O X
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R11,C12,R12
X| 0| X
o

X
C3,Y3,64+ D13,
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X
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J3, A3
X |0
o X
X
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A16,016, P16
X|X|0O
X
o
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H17, AC17, A18

X (@)

X | X
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W4, AA4, W5 »
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O X0

X X
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X 0| X

o X

o
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X O O

X X
(o]

K7,C8,U10

021-521

X |0

X | X

O 0

X7,AB7, Y9
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X|0|0
o
X | X
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X|X|0O

X

o (@)
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M24, 024, 024

X | X
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X 0| X
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O X
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X 0|X
X | X
o o
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X 00
X 0
X | X
F14,J14, A17, H18
* 626, H26
X O
X X X
o O

G15, H15,AC15

X|X |0
X0 | X
(@)
G17,J17, G18, 119
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O/ X|O
X X X
o)
D19, H19
X O O
X O X
o X

U21, W21, H22 «

X X0

X (0]

O X |0
124, V24, S24

The tic-tac
solution space

Even given optimal starting positions, either player can force a draw.
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X
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o
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X O
o
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o
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O X
X
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X10, B12, L12, S12

X X
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X
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O | X
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O | X
X
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X

X
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o X
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X | X

0] o
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X
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O X
0] X
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0] (0]
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X
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X X0
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O X O
X | X
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X 0 O
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X 0 X
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O X
X
T3, G4, G5 * V14,
116, M16, S16
X|X |0
o X
M4, V4, F5 « L14,
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X0 | X
T5, AB, G6 * F19,
119, 119, M19
X110 | X
o X
o
Y6, C7, 09 * E20,
020, P20
X100
X X
(@)
17,7, B10= K21,
w21, X21
X0
X X
o0
Y7,AC7, AA9*
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X
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X
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F16,Q16, T16
X|X|0O
X
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o X
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X
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X 0 O
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X X0
X | O
o
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X X0
X
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o
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024, AC24, B25

X 0|X
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o
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X 0|X

X

0|0 X

V13,213, N15¢

X 00

X

X X0

114, W16, C18 *

X 00
X | X
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X X0
O X
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J17,017,V18, F19

*J26,726

O X

X X0
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019, P19, S19¢

X| 0| O

X X

O|X | O
W21, AB21, AC22,
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O X O

X X

O X O
D25+ U27

O O X

F
X
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o
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X

V1, AC1+K7-07

X O
o
X
AA1 - ABS, L8,
AC8
X O
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O X
o
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X
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X
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V3, AA3 * H13,
B16,016
X | X|O
X
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X
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X O O
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N7, R7,N10= U21,
AC21, A22
X |0
X
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AC20, 221,222

X 0|0
X
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Z8,D9, F11 W21,
D23, V23

X | X0
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o
$9,D10,L11+ 022,
Y23, AC23
X o
X 0| X
o
L10, 710, N11 =122,
J22, AC23
O X|0O
X 0| X

A12,C12+E24,
C25

X 0|X
O X

X o
AB12,F13+

X 0|X
X

O X|0O

W13,Y13,AB15 ¢
J25

X 0|0
X0
X X
J14,X16,X18
X000
X | X
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K15, N15, AC15,
B16 * G25, P26

X X|O
(O N©)

X | X

K17, M17, X18,
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23 wins for 0
X|O0|0O
X X
O 0| X

X21,2721+0Q27

15 boards
12 wins for X
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X ®)
O O X
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X X

o
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X |0
X |0
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P7-87
X |0
o
X
AA1,12¢A7,87,
€9, 19,09
X | X
o O
F2,J2+07,C9,
L11-N11
O X
o
X
U2, 22 V9, L10,
S11,C12,R12
X 0|X
o X
D3, AB3, 14+ F13,
L13,R13,213
X|O0|0O
X | X

L3, R3, X5« 115-L15

X |0
X
X o
W3, AB3, Z4 * J13,
B16, C16, P16
X X |0
X
o
04, 4, B6 * G17,
$17,217,C18
X o
X
X o
AA, A5+ Y13,
C16,T18
O X
X X
(0}
V5, D6, J6 * G19,
K19, M1, P19
X 0| X
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X

AAG, B7, A9 * H20,

120, $20

X O O

X (0]
X

N7,V7,R10¢ 121,
B22, C22

X |0
X | X
(O]

AB7,C8,X11¢
D21,021,A23
X O O
X

X 0

Z8,H9, H11 e
AB21, H23, S23

$9,610,Q11+

A24-C24
X o
X0 | X
o

L10,V10, 811+

A24,U24,V24
O X0
X X
o

A12,B12,G12«
024, AC24, D25

X 0| X
O | X
X O

AB12, J13, U15,
X15« G25, J25

X 10| X
X
O 0| X

X13,Z13, M14 »

X 0|0
X o
X X
K14, V16, Y16 *
X|0|0
X | X
X o
L15, 015, C16, S18
* J25, P26
X X|O
o
X|X|0O
L17, 017+ V25,
AA26
X 0|X
O X |0
O X
AB19, A20, G20,
F23+ 627
X|0|0
X|0|0O
X | X

A22,C22, M22 »
R27

X 0| X
O X O
O X | X

625, K25, 025«

X o
O O X
X X

H
X |0
D1+ U1-AAT
X
O X

J1,01+T3, A4, X4,

B5, K5, L5
X O
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V1, K2 Y6, T7-W7

AA1 76, W7, 08,
N9
X | X
o
o

F2, K2+ K9, Q9,
L11, 011, P11

O | X

X
U2,X2+Y7, D8,
T10, E12, K12

X 0|X
X
o

E3, J3,V3+B13,
013, T13,X13

L3, X3, 05212,
M15-015
X |0
X
X0

W3, D4, U5+ G16,
L16, R16, T16

04, W4, 75+ B15,
V17, AB17,D18

X o
X
X1 0
AA4, D5, S5 ¢ G16,
T16, V18, W18
O/ X O
X
X
W5, E6, V6 *
X 0| X
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X

AAB, F9+ AB19,
M20

X 0|0

X

o X

N7,27,A10+ L21,

W21, D22

X |0

X X
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AC7,D8,Y11+

AB20, Y21, A23
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o X
X
AA8, AC8, R9*
120, €23, T23
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O X
(0]
T9, A10,N10
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N10, R10, P11

A22, AB23, W24

O X0

X X
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O O X
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AC12, D13, G13,
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X

AA13, M15,A19«
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X 00X

o X

N14,R14, Q16, L19

* A26, J26

X 0|0
X | X
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L15, S15, G16, B19

*N26, 026

X X0

X X0

o

Q17,T17, AAT7,

S19+ AB26, AC26

X 0|X
O|X | X
o|O
AC19, €20, D21,
123 H27
X 0 O
X O
O X X

A22,D22,N22

X O X
O X X
O O X

H25«

D1+ AB1-E2

J1+G4, E5

O X | X
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X |0

(@) X

AA1, E2+G7, AAT,
R8, E9, R9

X X
o
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X
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L3, AC3, U6 *
P15-S15
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o
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* B26, J26
X|O0| O
X
X|X| O
015, $15, W16,
D18+ 125,026
X X O
X O
o X

T17,X17, P18
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D1+ C2, 02-Q2 E1+AB1, B2, E1V1,X1,J2,N2,
Q2-u2 V2-X2
X X X
X 0 (0] o
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Traditionally, much of what designers have been

called upon to do revolves around giving form to

artifacts—a thin veneer on top of existing products
and services.

Advancements in computing and Al are now
fundamentally changing design practice. These
changes have significant implications for design
education and continuing education. For
example, it seems clear that designers will need
to become familiar with programming, using
data, and doing analysis to discover and visualize
patterns and relationships. Like many aspects of
modern society, design practice is becoming
data-driven, too.

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.

Understanding and representing the game
Most of us have played tic-tac-toe at some point
or another in our lives. It's a deceptively simple
game. Two players claim unique symbols (X or
O) before taking alternating turns in placing that
symbol in an available cell within a 3-by-3 grid.
The first player to get their 3 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 of ways of
getting there is 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 it.

Determining the solution space size

For the first move, there are 9 cells available. For
the second, there are 8, and so on. Follow this to
completion and we get 9x8x7x6x5x4x3x2x1 or 9!
boards. For each level (n) of gameplay, there are
91/(9-n)! combinations. 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,

we need to greatly reduce the number of boards.
We do this by introducing 3 rules; (1) removing
duplicate boards reduces the count to 6,046, (2)
removing illegal moves reduces the count to
5,478, and (3) by removing symmetric duplicates
(rotational 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—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

The underlying dataset was created using two
ordered lists, a processing queue, and a collection.
We begin by seeding the queue with a blank
board. While there are still boards in the queue,
do the following:

Pull the first board (a) from the queue before
generating new boards for all possible combina-
tions for the next step. Compare the new boards
against both the queue and the collection to see
if it already exists. If it does not exist, add it to the
queue, and if it does exist, discard it. Board A is
then moved to the collection.

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

Dubberly Design Office
2501 Harrison Street, #7
San Francisco, CA 94110
415 648 9799
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U17, J18, A19 C18,218,AC18 V17, M18, A19

X X
O | X|X O 0| X

0] X
M6, Q6 * N19, R19, 06,R6+L19,V19 204 boards
Y19 21 wins for 0
X0 | X X 0| X X0 X

X X X
(o o] 0] (0] (o o)
D7, 17, Y10 « AA20, D7,B11+A21, F21 E7,H7,K11e

D21, E21

AB20, D21, G21

X |0 X |0 X |0
X |0 X | X |0 X | X |0
O X o (0]
S7,B8,C9+ T7, X7, E10 < E20, T7,AB7,V11+
022, R22 C20, S22, T22
X |0 X |0 X |0
X |0 X |0 X |0
X |0 X o o X
M8, T8+ D20, $22 M8, W8,Y10+B20, N8, 08, AC10*
U22, 023 G20, 022, R22
X O O X 0|0 X 0|0
(@) (0]

X | X X[ X0 X X
19, M9, K11+ B22, 19, 09, J10 * E22, J9, 19, J11 < F22,
G22,123 K23, S23 R23,723

X X O X | X0 X | X 0O

X O (o) o
(0] X (o) o X
Y9, H10,X11+ 79,J10,K11 AAS,B10,T10*
X21, 124, K24
X (0] X o X o
O X X (o o]
X |0 O X 0O X | X
E11,H11,T11. FI1,H11+Q24, Y24 111,K11, M1+
D24, E24, V24 F22, F24, W24
O X O X o X
O 0 X (@) X O X
X O X o X
12, R12, W12+ Q12,512¢ R12, 812+ C24,
U21, AB23, 224 €25

X0 | X X 0| X X 0 X

X |0 X |0 X 0

O X o X X o
N13, $13, R14, R16 N13,R13, U14, P16 P13,R13,S16
* 025, W25 * M25, X25

X|O0|0O X 0|0 X 0|0

X|0|X X X X X

X o | X (o) X

B14, 14, 116, M17 C14, H14,F16, P19 C14,L14, 16, X17
* €26, D26 * A26, E26 * C26, F26
X |0 X |0 X |0

X|X|O X o X o

X |0 O X | X X X |0

Y14, AA14, Y15,
R19+ AB25, L26

Z14, AB14 = 126,
K26

AA14, AC16,R17 »

X|0|0 X |0 X |0
X O O |X O X
O X | X X | X X | X0
F16,J16, B17, 017 K16, M16, Y18 * P16, R16, AA1S,
* 26, U26 26 117« 025, R26
X (0] X o X O
X 0|X X 0|0 X X X
X |0 X X o O
G18, 118,18, 119 H18,X18,Z18 M18, N18, S18
B26, 226
X 0|X X 0|X X 0|X
X 0|X X 0 X |0
o (0] O X0 O 0 X

U20, B21, G24 »

V20, Y20, C21, D24

W20, AC20, R23

M27 - M27
X X 0 X X O X X0
X 0 O X 0 O X 0| X
O X X O (ORN©)

AB23,AC23, 124 «

AB23, C24,724 »

AC23, A24, S24,
724+ P27

X

H1, K1+B3,
X3-AB3

X
X0

01+T5, A6, 06, T6

X

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

X (@)

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 X0
X | O

L4, T4, X5 « A15,

T17-V17
X o
X |0
X
T4, AC4, Q5 V13,
M15, W15, 018
X | X
O
X |0

N5, R5, F6 « H15,
Y17,N18, AA18

X 0|X

O X0
X6, T8 « AA19,
AB19

X 0|X

O X 0O

F7,G11+C21, F21

X O
X X O
o
T7,C8,Z11+ AC19,
u22,v22
X O
X O
X 0
N8, X8, AB11 ¢
A20,V22, 023
X 00
O
X X

J9, N9 = G22, J23

X X O
(0]
X O

AA9, K10, Y11

X | X
X 0|0
o

L11, U11 =122,
W23

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

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

A15,C15,Z15

X |0
O X
O X | X
Q16, $16, C17, F17
* $26, U26
X o
X | X
O X 0O

R18, W18, C19
026

X 0| X
X X
O O O

AA20, A21, D21

X X|O
X 0|X
(0] (@)

A24,C24, M24 »

z AA AB AC
X |0 X O X X0 X o
X
X X
H1,Q1° 83, H1, K1+ E4-J4 11, M1« 13, K4-04 11, P1+F3, M4,
AC3-D4 P4-S4
X X X X
(o) X X X
X (@) (©) (@)
01+G6, R6 P1,R175, AB5, P1+ V5, B6, P6, T6 Q1, ST+ AA5, M6,
L6, N6, U6, V6 V3
X |0 X O X |0 X O O
()
X X O X (@) X
Y1, M2« AB6, U7, Y1+J7,A8,T8,F9 Y1, C2+G7, E8, Z1,D2+N7,18, 28,
M8, M9, N9 W8, G9, 09 19, P9
X o X (o] X (0} X (©)
X X ©) ()
(o) o X X
B2, N2+ AA7, G9, B2,Q2-110, V10, C2, G2+ U9, M10, C2, M2+ J9, 79,
F10,T10, AC10 A11,G11, H1 D11, 111,J1 Q10, Y10, K11
O X O X O X O X
X X X (e} X
O (0] (@)
S2, AA2+ H10, S2, AC2 - (8, X8, S2, AA2+ ACY, T2, W2+ 278, X9,
C11,AC11, L12, E10,D12, N12 AA10, F12, 012, AA11,112, Q12
M12 P12
X 0| X X 0 X X 0| X X 0 X
©) (@) () X |0
X X X
B3, H4+ D13-F13 B3, S3,B4 B3,Z3,FA<E13, C3,G3,T3=AC12,
G13-J13 K13-M13 N13-P13
X |0 X |0 X |0 X |0
X X X | X X X
o | X (o] X (o) (@)
13, C4, U5  H14, 13,14, 74+ L14, J3,P3,K6+AC13, J3,V3, 86+ D14,
R14, 714, E15 U14, AB14, F15 X14, A15, G15 014, C15, H15
X| 0|0 X 0|0 X 0 X |0
X X o X o X
X X X X
R3, AC3, AC5* R3, E4, L4 * F15, S3,06 * D16, K16, S3, F4, M5+ AC14,
D16-G16 H16-J16 L16 H16, M16, N16
X X O X X O X X |0 X X O
() ©) X X
X X (©) o)
L4, AC4,R5+ T13, L4, C5, F6 * C15, M4, D6+ E17,Q17, M4, U4, ABS »

AC16, K17, W17 M17,X17, Y17 z17 AB13, T17, AA17,
AB17
X (0] X (0] X (0] X o
X | O X | X X X | X
X (0] (0] X o
T4, C5, L6 * Q15, U4, Y4, AB5 + J15, U4, F5 V4,4, Y5 « K15,
715, P18, Q18 R15, P18, R18 X15, P18, S18
X X X O/ X |0
X | X |0 X (0] X |0 X | X
(0] X |0 X |0
05, @5, U6 * Y14, 05, R5, AC5 * @s, RS, X5+ Y15, S5, W5, 75«
D18, K18, A19 AA14,E18, 118, AC15,Q18, S18 B19-E19
AB18
X 0 X X 0 X X 0| X X 0 X
O X o X O X O 0 X
(0] (0] (0]
X6, D7, H8 * X6, 17, M8 * AA19, X6, D7, W8 * Y6, AC6, K9 *
AC19-B20 €20, D20 E20-G20 H20-J20
X 0| X X O O X|O0|0 X O O
X X O X | X X X
O O|X (o)
67,7, J9* AC20, K7,T7,P10+ K7, X7, AC9 * K7, AB7,S10+
E21, 621 H21-J21 K21-M21 N21-P21
X | O X O X |0 X |0
X (0] X O X (0] X o
o X X O (0] X O | X
V7,27, F10+ P20, V7,F8,AATT=K20,  W7,AA7,R9e W7, B8, AC8*
022, W22 V22, X22 020, R22, W22 M20, N20, T22
X | O X | O X |0 X |0
X | X X | X X X | X
O O o (0] O X |0 o 0
P8, 8,210+ D21, P8, V8, C11+ A21, 08, X8, A1 < F21, S8,V8, AB11+

P21,Y22 AA22, P23 AB22, P23 AA20, A23, F23
X |0 X |0 X |0 X |0

(ORN©) (0] (O] (0]

X | X X | X0 X X X X0

K9, M9, M11 = S20,

K9, 09, U9 = 720,

L9, N9 = Q20, P22

M9, 09, 29+ T20,

122, P22 022,X23 X22, 023
X | X0 X | X0 X|X|0O X X0
X X X X
o (0] (ORN©) (0] o (ON o)

AB9, G10« L24,

AC9, E10, P10 *

AC9, H10, U10 »

A10,F10,R10«

M24 M23, H24, N24 L24, 024, P24 D22, 124, N24
X | X X X X X X | X
X 0|0 O O O X X o
(0] X O O O o 0
L11,Q11, W11 e N11,811, Y11 P11,R11, AATT U11, W11+B22,
AC21, W24, 224 T21, F24, 724 23, AA23, 724 AA24
X 0 X X 0| X X 0 X
O X O O X 0O O X |X
X X (0]
153 boards Y12, AA12,E13 Y12, H13,T15 712, A13,Y14, P15
58 wins for X G25 * H25, 125
X 0 X X 0 X X 0| X X 0| X
(0] X | X X X X
X X0 o 0 (oRNe] O O|X
R13, $13, AA1S, T13, V13, AT5, T13,X13, C15, H15 T13,Z13, F15, B16

€17+ M25,T25 AC15 « K25, Y25 *U25,225 * 025, X25
X 0|0 X 00 X|0|0 X 0|0
X X X X X X X 0
O X X o X |0 X | X
D14,M14,C15,F15  E14,C16,N18° E14,114,G16, J19 F14,U16, 218
* D26, F26 B26, E26
X O X O X |0 X |0
X | X X X X X | X X X
O0/0 X (©) O O X |0 O X0
A15, F15,K15 ¢ B15, D15, AA15 * B15, E15, AB15, D15, E15, T16, H19
D19+ AC25, 126 * E26, J26
X O O X X|O X X|0O X X0
(0] X 0|0 X100 X 0 |X
X X X X X o
U16, X16, A17 * D17,K17, AB18 * D17, M17, H18, F17,117,F18,L19
V19 .+ V26, W26 V26, X26
X | X X | X O X O O X 0O
X|O0|0O X X|0O X X |0 X X X
X |0 (ORN©) X o
Z18-AB18, V19 AC18,A19, Y19 B19,J19,T19° C19,E19,619+
W26, X26 B27
X 0|X X 0|0 X O O X 00
X X X X|0O X X O X | X
0/ 0 O O | X X O O X0
AB20, B21* 121,121, Q22, N24 121,821,V22 L21, 521, AB22,
*N27 024+ 027
X X0 X X|0O X X|0O X X0
O | X o|0O X X|0O X | X 0
O X |0 X| X0 (ORN©) o (0]
E24,024,V24 F24, G24 H24, J24 « S27 H24, 124, R24 »

Transformational duplicates (discarded to simplify reading)

126 x Black boards

Each black board has no transformational
duplicates. However, one configuration may have
many parents.

95 x Blue boards

Each blue board represents configurations
exhibiting rotational symmetry—such as 90°,
180°, and 270° rotations.

436 x Green boards

Each green board represents configurations
exhibiting reflectional symmetry —such as
horizontal, vertical, diagonal, and counter
diagonal reflections.

108 x Magenta boards

Each magenta board configuration exhibiting
a combination of 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.
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X X0
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X X O
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o —Xx 0 x 0
X X _$+
O X O X (0]
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X X X O O X
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