Assume the functiom(p; s); (R%;R*) ! R* always returns
the shortest Euclidean distance between pgirdnd line
segments, and let function win@p; G) return the winding
number for poinp regarding polygors. With these, we then
can de ne the signed distance between pqrand polygon
G as

minf d(p; s)js 2 Gg; wind(p; G) =0

;G) = . : .
9(p:G) minf d(p; s)js 2 Gg;wind(p; G) 6 0

4)
This function describes the signed distance between a point
and a polygon and the zero-level set of this function is the
polygon boundary.

In this way, we de ne a new type of constraint be-
tween a point and a polygon. For two polygo@s and
Gg which have congurationgs = (Xa;Ya; a) and
s = (Xg;Ys; B), assume their transformation matrices
are T(da) and T(gg). We can build a constraint between (a) Stacked Minecraft Creeper Head.
any vertex inA with polygon B and vice versa. For a
constraint between a poipf , which is presented in polygon
A's local coordinate system, and a polyg&n we denote
p=Tg T pa. Then the constraint Jacobian matrix can be
represented as

@@p:Gs). @p:Gs)
@y ' @g
@p;Cs) @p @p;Ge) @p

J([on;ae]) =

= : 5
@ es @p @g O
@ @ @ 1 (b) Blocks position difference be- (c) To get a fully interlocked
= =15 1 X A —g@g Tapa tween optimized and original po- structure, blocks need to be
@p° @A @p@g sition. glued together on Creeper are

I . howed in red.
We denote the objective weight vector by and the con- showed n re

straint's distance before optimization 5. Then we can Fig. 13: Stacked interlocking blocks create a Minecraft Crt_e(_aper
solve the same linear programming problem as in Puzzlg-ead' Bottom left blocks, its eyes and mouth are xed in position.
Flex [14].
nal interlocking status. More details will be discussed in
max c q Sec. VI-D. We expect to get some estimations of these
‘) (6) problems out of the simulation.

subjectto J(q) q+do O We rst examined this modi ed PuzzleFlex method on the
After getting the con guration changes q, we update 7 interlocked blocks showed in Fig. 12c; see Fig. 12d. After
blocks con guration am+1 step tog(™*) = q(™M+t (¢, a few iterations, the optimization ceases to make progress,
wheret is the largest scale value that will not cause anguggesting that the structure is interlocked, as we observed
collision in the new con guration. in the physical world.

With this framework, we can simplify the block inter- A large-scale structure in Fig. 13 is tested by using this
locking analysis to the 2D space and analyze it on a largeliscussed framework. We assume all blocks are placed in
scale. If the optimization on all blocks leads to no separatioposition already, and we are examining their interlocking
between neighboring blocks, this suggests that the entisgatus. In this 16-layer structure, we hollowed three areas

T

structure is interlocked. intentionally: the eyes and mouth. We placed three xed
o ) black blocks in these areas. The bottom left-most block
C. Veri cation with PuzzleFlex is also xed to the ground. Additionally, we set an extra

There are several aspects we need to consider to apply thistraint to glue the last two pieces of this structure (top
interlocking design to a structure in the real world. We rstleft-most 2 pieces) together. The same constraint is also
want to con rm this pattern is repeatable and can still keepdded to the last two pieces beneath the mouth. Optimization
its interlocking property in a large scale structure. Secondlyp attempt to separate the components of the structure failed,
we need to consider the gap between virtual and real worlduggesting that the structure may be interlocked.

For blocks in the physical world, their dimensions are also We need to pay attention to another important rule in
affected by tolerances which are controlled by fabricatiodesigning an interlocked structure. As discussed above, an
methods and material. Tolerances might greatly affect oumterlocked structure can be treated as the union of the



