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Definitions

Everything in the 2D plan

e Tiling of a domain: a countable set of regions called tiles, with no overlaps and no gaps
e K-hedral tiling: every tile congruent to one of K distinct shapes called prototiles
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Problems

Forward tiling: set of prototiles given

Inverse tiling: set of prototiles not
given, and should be minimized (K)
(with fixed number N of instances,
range [C_ . ,C ] of prototiles size)
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Problems

Forward tiling: set of prototiles given

NP-complete

Inverse tiling: set of prototiles not
given, and should be minimized (K)
(with fixed number N of instances,
range [C_ . ,C ] of prototiles size)

min’ ~ max

NP-hard
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input prototile set prototile set
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1. Construction
a. N random monominoes (K=1) (b)
b. Grow the instances of a prototile congruently, maintaining K (c), (d)
c. Ifnot possible, grow a subset of the instances of a prototile congruently (increments K) (e), (f), (9)
d. Until domain is covered

2. Reduction

a. Try to eliminate prototiles with few instances via local re-tiling



Search tree

Search tree to deal with abortive tiling
states

For each state, at most m child states
Ranking of these child states (number of
prototiles, number of uncovered cells)
Backtracking if abortive states
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Fig. 4. Three example abortive tiling states. (a) The two yellow tiles cannot
be enlarged. Their number of grid cells is less than the minimum allowed
number of grid cells Cihin = 3. (b) The uncovered grid cell (in gray) cannot
be assigned to any tile without violating the maximum allowed number of
grid cells Cmax = 5. (c) We cannot assign the uncovered grid cells without
violating the bounding box size constraint Wypox = 3 and Hppox = 2.



Heuristics

e Favor enlargeability
o Initial seed distributed evenly
o Enlarge tiles so that they still have uncovered adjacent cells (idea: minimize the potential
blocking impact)
e Minimize K
o Try to match existing prototiles in priority when enlarging the instances of a smaller prototile
o Try to enlarge into a shape that matches part of a larger prototile



Blockability of Enlargeability of tiles
uncovered grid cells e( ) —133

Construction e L, EN=1 e(t21) =3.83 e(r,) =4.0
b([l) = 2 Enlargeability of prototiles
to1 b(lll)= 3 e(t,) =133
e(t,) = 3.915

e blockability of a grid cell X: b(x) = number of tiles

intersecting with I-ring grid cell neighborhood of x.

1
e enlargeability of a tile: e(t ;) = Z b(x,)
u

xy € adjacent_uncovered(Zx ;)

e enlargeability of a prototile: e(#) = L Z e(tx ;) (average on the instances)
N ’
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Blockability of Enlargeability of tiles
uncovered grid cells e( ) —133

Construction e L, EN=1 e(t21) =3.83 e(r,) =4.0
b([l) = 2 Enlargeability of prototiles
b1 b(lll)= 3 e(r,)=1.33
e(t,) = 3.915

1. select a prototile: small size, high enlargeability
2. select a reference prototile instance

3. choose a target

a. try to match an existing prototile
b. otherwise, assign a uncovered cell with low blockability

4. enlarge the other prototile instances
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Reduction

1. select a prototile: few instances

2. identify the associated region D,__

3. re-tile the region with the construction
method (try to match the other
prototiles)

4. accept if K smaller

before local re-tiling

m <
K‘OC=4
m []

after local re-tiling
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Fig Dt’n‘:‘:in Gid M N Cun Cmax|Koonr K NK (Tm“I’r"fs'; (Tgl"r;‘;; (;'i"r"‘js')

Squ 484 100 4 6| 9 6 167| 326 127 453

1| Bunny Hex 509 100 5 6 |12 5 200|430 97 527

. . SquTri 756 125 5 7 | 20 8 156| 497 216 712
TI m I n g S Umbrella 120 20 5 7|6 4 50| 06 03 09
Robot 202 3 5 7|9 6 58| 133 18 151

S| Deer squ 180 30 4 7|9 7 43| 72 09 81

Mega Man 274 50 4 8 |16 8 63| 358 139 497

Flower 408 8 4 6|14 9 89| 550 234 784

Mario 604 120 4 6 |18 9 13.3|1196 161 1357

Kite T 172 30 5 6|9 7 43| 106 21 126

Heart Hex 130 20 6 7|6 4 50| 85 10 95

8 Key Rho 190 3 5 7|8 5 70| 126 53 178

Teapot Squ-Tri 242 42 5 6 |12 9 47| 374 82 456

House Oct-Squ 134 20 6 8 | 8 7 29| 282 68 349
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Fig. 10. Experiment to evaluate the scalability of our inverse tiling approach
for tiling BUNNY in different resolutions. We compare our approach (in
solid curves) with a baseline approach (in dashed curves) that uses our
computational framework without our proposed strategies. 12




Minimization of K

Compared with forward tiling approaches

Task #1

Task #2

Task #3

[Crins Cmax] = [2,5]

[Cmin: Cmax] = [5,8]

[Crmin: Cmax] = [8,11]
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8.72 min
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Application to puzzles: user study

breakthrough: puzzle’s difficulty related to N, and K, and the grid (!!!)

Bird Bird Bird Heart (squ) Heart (hex)
N=20, K=5 N=20, K=10 N=10,K=5 N=20, K=4 N=20, K=4
User1 | 1055 / 21.34 36.41 /
User2 | 13.42 26.47 6.5 14.95 39.71 -
User3 | 18.94 37.54 3.41 21.96 17.56 -~
Userd | 22.84 / 17.46 57.51 / E
User5 | 19.62 / 5.61 17.35 45.78 -
User6 | 2245 41.28 10.54 27.46 52.68
£ 17.97 35.10 10.81 29.27 38.93
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