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Many mathematical problems, such as those on the subject of mathematical puzzles, often are
problems whose rule describing the problem is primitive and simple. Nevertheless, mathematical
structures of solutions for such a problem can often be extremely challenging to solve. In this thesis,
we investigated the sparsest packing and the Topswops problem by using computer-assisted and
theoretical analysis.

The first is a card game called “Topswops.” Given a deck of n cards numbered 1 to n,
continue the following operation until the top card is 1: If the top card of the deck is k, then turn
over a block of k cards at the top of the deck. Let f(n) be the maximum number of steps of
Topswops on n cards. Despite 50 years of research, the exact value of f(n) has yet to be
determined. In this thesis, by applying an algorithm developed by Knuth in a parallel fashion, we
concluded that f(18) = 191 and f(19) = 221.

The second is a puzzle called “anti-slide.” The anti-slide packing is a packing of identical
pieces of some specified shape for a three-dimensional box in such a way that none of the pieces in
the box can slide. Given a box of some specified size and identical pieces of some specified shape,
we find a sparsest anti-slide packing. In this thesis, we analyzed the sparsest anti-slide packings for
the three cases of T-tetrominoes, L-tricubes, and 2 X 2 X 1 pieces. We consider the problem for
the case of a two-dimensional square box using T-tetromino pieces. We showed that, for a square
box of side length n, the number of pieces in a sparsest packing is exactly |2n/3] when n %
0 (mod 3), and is between 2n/3 —1 and n—1 when n = 0 (mod 3). Next, we consider the
problem for the case of a three-dimensional cubic box of side length n using L-tricubes. We find a
new construction of an anti-slide packing of n?/2 L-tricubes. Finally, we give the construction of
an anti-slide packing of 2 X 2 X 1 pieces with volume density 0.48.



