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Tilings in graphics

Texture synthesis, sampling, 
decorative pattern generation, 
manufacturing, recreational 
puzzles
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Definitions

Everything in the 2D plan

● Tiling of a domain: a countable set of regions called tiles, with no overlaps and no gaps
● 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 [Cmin,Cmax] 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 [Cmin,Cmax] of prototiles size)

NP-hard
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Approach

1. Construction
a. N random monominoes (K=1)   (b)
b. Grow the instances of a prototile congruently, maintaining K   (c), (d)
c. If not possible, grow a subset of the instances of a prototile congruently (increments K)   (e), (f), (g)
d. Until domain is covered

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

● Favor enlargeability
○ Initial seed distributed evenly
○ Enlarge tiles so that they still have uncovered adjacent cells (idea: minimize the potential 

blocking impact)
● Minimize K

○ Try to match existing prototiles in priority when enlarging the instances of a smaller prototile
○ Try to enlarge into a shape that matches part of a larger prototile
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Construction

● blockability of a grid cell x:

● enlargeability of a tile:

● enlargeability of a prototile:                                          (average on the instances)
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Construction

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 Dloc
3. re-tile the region with the construction 

method (try to match the other 
prototiles)

4. accept if K smaller
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Timings
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Minimization of K

● Compared with forward tiling approaches
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Application to puzzles: user study

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