Flipturning Polygons
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1 Intro duction
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Figure 1.1. A ipturn. The edgesof the pocket are bold (red), and its lid is dashed.
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Figure 1.2. A convexifying ipturn sequence.

1.1 Previous and Related Results
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Figure 1.3. (a) Dierent Erddps-Nagy ip sequencesan leadto di erent convexshapes. (b) Dierent ipturn sequences
always lead to the sameconvexshage.

1.2 New Results
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Table 1.1. Boundsfor shatest and longest ipturn sequencedor orthogonal polygons. SeeSection 3.
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Table 1.2. Upper boundsfor longest ipturn sequence®f more generalpolygons. For arbitrary polygons,the lower bound
is [5]. SeeSection4.
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2 The Importance of Being Degenerate
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(a) Standad (b) Extended (c) Modied
Figure 2.1. Three typesof degenerateipturns. Compae with Figure 1.1.

3 Orthogonal Polygons
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3.1 Shortest Flipturn Sequences
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Figure 3.1. An orthogonal -gon requiringb ¢ ipturns to convexify
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Figure 3.2. Flipturning one diagonal pocket can hide another one.
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Figure 3.3. Any orthogonal extended ipturn createsat leasttwo diagonal pockets.
Theorem 3.7. n b5(n - 4)=6c
Proof:
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Figure 3.4. (a) A forced orthogonal ipturn createsat leasttwo pockets, at least one of which is diagonal. (b) A polygon
with only bad pockets cannot haveboth dexter and sinister pockets on the sameedge. (c) A forced bad orthogonal ipturn
(ipturn 1) createsa good orthogonal pocket (ipturn  3).
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3.2 Longest Flipturn Sequences
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Figure 3.5. Thirteen classesf standad ipturns and the number of brackets they remove. Only the bold (red) edgesare
important. The top row shaws orthogonal ipturns; the other rows show diagonal ipturns with two, one, and no outer lid
brackets. The columnsshow ipturns with two, one, and no inner lid brackets. Compae with Figure 4.1.
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Figure 3.6. An orthogonal -gon that can undergod e standad ipturns. Two levelsof recursionare shown.
The small squaes contain a recursivecopy of the polygon.

3.3 Order Matters
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Figure 3.7. An orthogonal polygon that can be convexi ed with either or ipturns. The small
squaes contain a recursivecopy of the polygon.
4 More General Polygons
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Figure 4.1. Twenty-sevenclassesof nondegenerateipturns and the number of brackets they add or remove. Only the
bold (red) edgesare important. Symmetric casesare omitted. Compae with Figure 3.5.
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5 Extreme Orders are Hard to Find
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Figure 5.2. A samplereduction from to . The stepsstore the set
and the vertical spike stores the target sum . If we ipturn the step of height as soon as possible
(ipturn 3) and leavethe other stepsalone, then ipturning the test spike (ipturn 6) createsan orthogonal pocket.
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6 Order Doesn't Matter
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Figure 6.1. Strips de ned by a polygon and one of its pockets. Strips and are highlighted. Trianglesindicate
up-regionsand down-regions. (a) The original polygon , with and . (b) The ipturned polygon ©° with
0 and °

Lemma 6.1. u + x = u%+ x° i
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Figure 6.2. Casesfor the proof of Lemma6.1 where is an up-regionin strip
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7 Conjectures and Open Problems
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