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1 Properties of the Generalized Voronoi Formulation
We prove that our generalized Voronoi formulation (parameterized
by the slowness field 𝑓 ) satisfies constraints (i) and (iii). That is, cells
(pieces) form a single connected region, and adjacent cells exactly
share common edges with no gaps in between.

Setup. Let Ω ⊆ R2 be the puzzle domain, and 𝑓 : Ω → [𝑓min, 𝑓max]
the slowness field with 0 < 𝑓min ≤ 𝑓max < ∞. For sites {p𝑠 }𝑆𝑠=1, the
Eikonal solution 𝑢𝑠 (x) gives the geodesic distance 𝑑𝑓 (p𝑠 , x) from p𝑠
to x under the metric induced by 𝑓 . This is the shortest-path cost
on a discretized grid. The generalized Voronoi cells are given by
𝑉𝑖 = {x ∈ Ω : 𝑢𝑖 (x) ≤ 𝑢 𝑗 (x) ∀𝑗}. Since {𝑢𝑠 (x)}𝑆𝑠=1 is a finite set and
attains its minimum at every x, we have

⋃
𝑖 𝑉𝑖 = Ω.

Exact Boundaries. We first show that adjacent cells must share
common edges. Suppose we have x ∈ 𝑉𝑖 ∩ 𝑉𝑗 for 𝑖 ≠ 𝑗 . Then,
by definition, we have 𝑢𝑖 (x) ≤ 𝑢 𝑗 (x) and 𝑢 𝑗 (x) ≤ 𝑢𝑖 (x), implying
𝑢𝑖 (x) = 𝑢 𝑗 (x), and both𝑢𝑖 (x) and𝑢 𝑗 (x) are ≤ 𝑢𝑘 (x) ∀𝑘 . Conversely,
any x satisfying 𝑢𝑖 (x) = 𝑢 𝑗 (x) ≤ 𝑢𝑘 (x) ∀𝑘 is in 𝑉𝑖 and 𝑉𝑗 .

Therefore, we have
𝑉𝑖 ∩𝑉𝑗 =

{
x ∈ Ω : 𝑢𝑖 (x) = 𝑢 𝑗 (x) ≤ 𝑢𝑘 (x) ∀𝑘

}
, (1)

i.e. the bisector under 𝑑𝑓 . Combined with the fact that
⋃

𝑖 𝑉𝑖 = Ω,
we have that adjacent pieces share exact common edges with no
gaps. □
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Per-cell Connectedness. We
show that each 𝑉𝑖 is con-
nected by contradiction. Sup-
pose 𝑉𝑖 splits into multiple
components, with p𝑖 in one
of them. Let x lie in a differ-
ent component of𝑉𝑖 . Let 𝛾 be
the shortest path from p𝑖 to x,
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so length(𝛾) = 𝑢𝑖 (x). Since x
is not in the same component as p𝑖 , 𝛾 must exit 𝑉𝑖 at some point,
passing through y, where a different site 𝑗 satisfies 𝑢 𝑗 (y) < 𝑢𝑖 (y).

Split 𝛾 at y. The prefix from p𝑖 to y is itself a shortest path, with
length 𝑢𝑖 (y), and the suffix from y to x has length 𝑢𝑖 (x) −𝑢𝑖 (y). We
construct a path from p𝑗 (the source point of the cell that 𝛾 passes
through) to x as p𝑗 y x. This has length 𝑢 𝑗 (y) + 𝑢𝑖 (x) − 𝑢𝑖 (y) <
𝑢𝑖 (y) + 𝑢𝑖 (x) − 𝑢𝑖 (y) = 𝑢𝑖 (x) since 𝑢 𝑗 (y) < 𝑢𝑖 (y). Hence, we have
𝑢 𝑗 (x) < 𝑢𝑖 (x), contradicting x ∈ 𝑉𝑖 , and therefore, 𝑉𝑖 must be
connected. □

Discrete Setting. In the discrete setting, only constraint (iii) (jigsaw-
fit) is guaranteed because the argmin assigns exactly one index per
pixel. For the other two constraints, constraint (i) (piece-wise area-
connectivity) can technically be violated due to how the argmin
breaks ties using the lowest index. Constraint (ii) (global area-
connectivity) is also not guaranteed, but the background sources
provide a strong heuristic. In practice, however, we observe zero
constraint violations in all (35+) experiments.

2 Recognizability
We attempt to quantify recognizability by showing each silhouette
to a Vision-Language Model (VLM) (Claude Sonnet 4.6) and asking
it to accept or reject candidate labels. The incorrect candidate labels
were generated by picking from the target category’s confusion
pool (for example, a silhouette labeled “mouse” could reasonably be
confused as “guinea pig” or “hamster”), filtered by a WordNet rule
that collapses synonyms to a single answer. The prompt given to
the VLM was: “This image is a single solid black silhouette on a plain
white background. Does the shape look like a {noun}? Answer with
exactly one word: yes or no.”

Across our examples, the model correctly accepted the correct la-
bel 313/358 times, and correctly rejected the wrong label 1176/1278
times (around 90% balanced accuracy). Figure 1 shows some exam-
ples of where the VLM failed to say yes to the correct label, as well
as where it failed to say no to the wrong labels.

SA Conference Papers ’26, December 01–04, 2026, Kuala Lumpur, Malaysia.

HTTPS://ORCID.ORG/0000-0002-8095-1951
HTTPS://ORCID.ORG/0000-0001-9415-0701
HTTPS://ORCID.ORG/0000-0003-1251-970X
HTTPS://ORCID.ORG/0000-0001-6511-9385
https://doi.org/10.1145/3829340.3842213
https://doi.org/10.1145/3829340.3842213
https://orcid.org/0000-0002-8095-1951
https://orcid.org/0000-0001-9415-0701
https://orcid.org/0000-0003-1251-970X
https://orcid.org/0000-0001-6511-9385
https://orcid.org/0000-0001-6511-9385
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3829340.3842213


2 • Chew et al.

Does this shape look like …?

…a car…
actual: car
expected: yes
answer: no

…a bicycle…
actual: bicycle
expected: yes
answer: no

…a guinea pig…
actual: mouse
expected: no
answer: yes

…a turtle…
actual: castle
expected: no
answer: yes

Fig. 1. Wrong Labels.We show some examples where the VLMwas unable
to correctly recognize what the silhouette was trying to depict. Left : The
VLM does not accept the correct labels. Right : The VLM accepts the incorrect
labels

3 Eikonal Forward Pass

ALGORITHM 1: Eikonal solve forward pass
Input: Source locations 𝑝𝑖 , slowness field 𝑓

Output: Travel times 𝑢𝑖

Initialize 𝑢𝑖 ←∞ everywhere;
// Compute step size, assume grid spans [−1, 1]2
ℎ ← 2/(𝑁 − 1) ;
for each source point 𝑝𝑖 do

for each neighboring cell (𝑚,𝑛) do
Set 𝑢𝑖

𝑚,𝑛 ← dist to 𝑝𝑖 × 𝑓𝑚,𝑛 ;
end

end

for 𝑖𝑡 = 1 to 4𝑁 do

for each grid cell (𝑚,𝑛) do
Skip if (𝑚,𝑛) is a source corner;
// Get smallest neighbors

𝑎 ← min(𝑢𝑖
𝑚,𝑛−1,𝑢

𝑖
𝑚,𝑛+1 ) ;

𝑏 ← min(𝑢𝑖
𝑚−1,𝑛,𝑢

𝑖
𝑚+1,𝑛 ) ;

if |𝑎 − 𝑏 | ≥ ℎ𝑓𝑚,𝑛 then

𝑢𝑖
𝑚,𝑛 ← min(𝑎,𝑏 ) + ℎ𝑓𝑚,𝑛 ;

else

𝑢𝑖
𝑚,𝑛 ← 1

2 (𝑎 + 𝑏 +
√︁
2(ℎ𝑓𝑚,𝑛 )2 − (𝑎 − 𝑏 )2 ) ;

end

end

end

4 Eikonal Backward Pass

ALGORITHM 2: Eikonal solve backward pass
Input: Source locations 𝑝𝑖 , slowness field 𝑓 , solution from forward

pass 𝑢𝑖 , initial adjoint 𝑑𝑢𝑖 = 𝑑𝐿

𝑑𝑢𝑖

Output: Gradient with respect to the slowness field 𝑓 ′ and source
positions 𝑝′𝑖

Initialize 𝜆 ← 𝑑𝑢𝑖 and 𝑑𝐿
𝑑𝑓
← 0;

ℎ ← 2/(𝑁 − 1) ;
for 𝑖𝑡 = 1 to 4𝑁 do

for each grid cell (𝑚,𝑛) do
Skip if (𝑚,𝑛) is a source corner;
// Get and clear current adjoint

𝑙 ← 𝜆𝑚,𝑛 ;
𝜆𝑚,𝑛 ← 0;
if 𝑙 = 0 then continue;
// Recompute neighbors

𝑎 ← min(𝑢𝑖
𝑚,𝑛−1,𝑢

𝑖
𝑚,𝑛+1 ) ;

𝑏 ← min(𝑢𝑖
𝑚−1,𝑛,𝑢

𝑖
𝑚+1,𝑛 ) ;

// Get indices

𝑖𝑎 ← argmin(𝑢𝑖
𝑚,𝑛−1,𝑢

𝑖
𝑚,𝑛+1 ) ;

𝑖𝑏 ← argmin(𝑢𝑖
𝑚−1,𝑛,𝑢

𝑖
𝑚+1,𝑛 ) ;

if |𝑎 − 𝑏 | ≥ ℎ𝑓𝑚,𝑛 then

// Gradient only flows in one direction

if 𝑎 < 𝑏 then 𝜆𝑖𝑎 ← 𝜆𝑖𝑎 + 𝑙 ;
else 𝜆𝑖𝑏 ← 𝜆𝑖𝑏 + 𝑙 ;
𝑓 ′𝑚,𝑛 ← 𝑓 ′𝑚,𝑛 + ℎ𝑙 ;

else

// Gradient is split

𝑑 ←
√︁
2(ℎ𝑓𝑚,𝑛 )2 − (𝑎 − 𝑏 )2;

𝛿𝑎 ← 1
2 (1 −

𝑎−𝑏
𝑑
) ;

𝛿𝑏 ← 1
2 (1 +

𝑎−𝑏
𝑑
) ;

𝛿𝑓 ←
ℎ2 𝑓𝑚,𝑛

𝑑
;

𝜆𝑖𝑎 ← 𝜆𝑖𝑎 + 𝑙𝛿𝑎 ;
𝜆𝑖𝑏 ← 𝜆𝑖𝑏 + 𝑙𝛿𝑏 ;
𝑓 ′𝑚,𝑛 ← 𝑓 ′𝑚,𝑛 + 𝑙𝛿𝑓 ;

end

end

end

for each source 𝑝𝑖 do
𝑝′𝑖 ← 0;
for each neighboring cell (m,n) do

𝑙 ← 𝜆𝑚,𝑛 ;
// distance derivative wrt source position

𝑝′𝑖 ← 𝑝′𝑖 + direction to 𝑝𝑖 × 𝑙 𝑓𝑚,𝑛 ;
end

end
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5 Full Prompts
For the prompts used in ourmethod, we augment them by appending
the suffix: “trending on artstation. black silhouette on plain white
background. high quality.”. Additionally, we also use the following
prompt as negative conditioning: “blurry. low-detail. low quality.
extra limbs. deformed. disfigured.”.

5.1 Figure 1: Generative Whimsy Jigsaws
From left to right:

(1) Fish A (12 pieces)
Overall fish

Individual fish
(2) Nature A (12 pieces)

Overall tree
Individual Clockwise starting from 12 o’clock: tree, leaf, bird, leaf, leaf,

bird, tree, tree, bird, leaf, bird, tree
(3) Zodiac A (12 pieces)

Overall circle
Individual Clockwise starting from 12 o’clock:mouse, cow, tiger, rabbit,

chinese dragon, snake, horse, goat, monkey, chicken, dog, pig
(4) Animal Tree (7 pieces)

Overall tree
Individual Clockwise starting from 12 o’clock: fish, cat, bird, chicken,

dog, bear, mouse

5.2 Figure 7: Textured Puzzles
From left to right:

(1) Humans B

Texture Generate minimal vector line-art textures for this UV map
(possibly just adding eyes and other minimal details) con-
sisting of side profiles of humans. Each UV island represents
a different shape. DO NOT change the positions of the UV
islands. DO NOT go beyond the UV islands.

(2) Dog A

Texture Generate black-and-white minimal vector line-art dog tex-
tures for this UV map (possibly just adding eyes and other
minimal details). Each UV island represents a different shape.
DO NOT change the positions of the UV islands. DO NOT go
beyond the UV islands.

(3) Animal Tree

Texture Generate minimal vector line-art textures for this UV map
(possibly just adding eyes and other minimal details) follow-
ing the labels in red. Each UV island represents a different
shape. DO NOT change the positions of the UV islands. DO
NOT go beyond the UV islands.

5.3 Figure 8: Failure Cases
From left to right:

(1) Fish F (20 pieces)
Overall fish

Individual fish
(2) Crab F (8 pieces)

Overall crab
Individual crab

5.4 Figure 9: Ablations
From left to right:

(1) Explicit
Overall cat

Individual cat
(2) Implicit

Overall bird
Individual bird

(3) Slowness field 𝑓 (no FFN)
Overall human portrait

Individual male portrait (x4), female portrait (x4)

5.5 Figure 11: VLM Generation
We used the same prompt for all three VLM models.

Prompt First generate a silhouette of a cat, and partition it into 9 pieces
such that each partition is in the shape of a cat, not necessarily
the same shape. Then, write the SVG code for each partition
boundary.

5.6 Figure 12: Gallery (Single Prompt)
From top to bottom, left to right:

(1) Bear (8 pieces)
Overall bear

Individual bear
(2) Bird A (8 pieces)

Overall bird
Individual bird

(3) Bird B (10 pieces)
Overall bird

Individual bird
(4) Castle (10 pieces)

Overall castle
Individual castle

(5) Car A (6 pieces)
Overall car

Individual car
(6) Car B (10 pieces)

Overall car
Individual car

(7) Cat A (12 pieces)
Overall cat

Individual cat
(8) Cat B (15 pieces)

Overall cat
Individual cat

(9) Dinosaur (12 pieces)
Overall dinosaur

Individual dinosaur
(10) Dog A (12 pieces)

Overall dog
Individual dog

(11) Dog B (12 pieces)
Overall dog

Individual dog
(12) Dragon (8 pieces)
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Overall dragon
Individual dragon

(13) Fish B (12 pieces)
Overall fish

Individual fish
(14) Fish C (20 pieces)

Overall fish
Individual fish

(15) Flower A (6 pieces)
Overall flower

Individual flower
(16) Flower B (8 pieces)

Overall flower
Individual flower

(17) Leaf (10 pieces)
Overall leaf

Individual leaf
(18) Rabbit A (10 pieces)

Overall rabbit
Individual rabbit

(19) Rabbit B (10 pieces)
Overall rabbit

Individual rabbit
(20) Tree (8 pieces)

Overall tree
Individual tree

5.7 Figure 13: Gallery (Multi-prompt)
From top to bottom, left to right:

(1) USA (6 pieces)
Overall bald eagle

Individual Top to bottom, left to right: cactus, turkey, bald eagle, statue
of liberty, teepee, cowboy hat

(2) Zodiac B (12 pieces)
Overall circle

Individual Top to bottom, left to right: rabbit, cow, chicken, pig, snake,
dog, horse, mouse, chinese dragon, tiger, goat, monkey

(3) Humans A (8 pieces)
Overall human portrait

Individual Top to bottom, left to right: male portrait, male portrait,
male portrait, male portrait, female portrait, female portrait,
female portrait, female portrait

(4) Humans B (8 pieces)
Overall human portrait

Individual Top to bottom, left to right: male portrait, male portrait,
male portrait, male portrait, female portrait, female portrait,
female portrait, female portrait

(5) Vehicles A (5 pieces)
Overall car

Individual Top to bottom, left to right: helicopter, boat, train, car, air-
plane

(6) Vehicles B (6 pieces)
Overall car

Individual Top to bottom, left to right:motorcycle, bicycle, <>, helicopter,
airplane, car

(7) Vehicles C (8 pieces)
Overall car

Individual Top to bottom, left to right: airplane, airplane, boat, boat,
helicopter, helicopter, car, car

(8) Vehicles D (8 pieces)
Overall car

Individual Top to bottom, left to right: car, car, helicopter, helicopter,
boat, boat, airplane, airplane

(9) Japan A (6 pieces)
Overall circle

Individual Top to bottom, left to right: himeji castle, torii gate, cherry
blossom flower, koi fish, koi fish, koi fish

(10) Japan B (6 pieces)
Overall circle

Individual Top to bottom, left to right: himeji castle, torii gate, cherry
blossom flower, koi fish, koi fish, koi fish

(11) Bird Tree (8 pieces)
Overall tree

Individual Top to bottom, left to right: tree, tree, tree, tree, tree, tree,
tree, bird

(12) Nature B (12 pieces)
Overall tree

Individual Top to bottom, left to right: tree, tree, tree, tree, leaf, leaf,
leaf, leaf, bird, bird, bird, bird
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