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ADMINISTRIVIA

=Homework 2 1s out, due 10/4 (next Monday)

=Is the pace and workload okay?




GroMETRIC FOLDING ALGORITHMS

6.849: Geometric Folding Algorithms: Linkages, Origami,
Polyhedra (Fall 2020)

Prof. Erik Demaine; Martin Demaine; TAs Yevhenii Diomidov & Klara Mundilova

[Home] [Lectures] [Problem Sets] [Project] [Coauthor] [Github] [Accessibility]

Overview
the algorithms behind building TRANSFORMERS and designing ORIGAMI

Whenever you have a physical object to be reconfigured, geometric folding often comes into play. This class is about algorithms for
analyzing and designing such folds. Motivating applications include

¢ automated design of new and complex origami

e using 2D fabrication technology to manufacture complex 3D objects
e transforming robots by self-folding sheets or chains

¢ how to fold robotic arms without collision

¢ how to bend sheet metal into desired 3D shapes

¢ understanding how proteins fold

Major progress have been made in recent years in many of these directions, thanks to a growing understanding of the mathematics and
algorithms underlying folding. Nonetheless, many fundamental questions remain tantalizingly unsolved. This class covers the state-of-
the-art in folding research, including a variety of open problems, enabling the student to do research and advance the field.

Fully Online Format

Most course material is covered in video lectures recorded in 2010 (already watched by over 19,000 people), which you can
conveniently play at faster speed than real time. There may also be some new material presented by the professor and/or guest
lecturers, which will be recorded for asynchronous viewing.
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WHAT IS B LINKAGE?

=Graph with rigid bars

= Self-intersect?
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LINKEGE PROBLEMS

=Reconfiguration vs Reachability
= Obstacles?

= Allowing self-intersection?







Table 2.1: Lower bounds”

Dim

3D

3D

2D

2D

2D

2D

Link
graph

Tree

Chain

Graph

Chain

Chain

Tree

Linkage
intersection Obstacles

Simple Polyhedra
Simple None
Permitted None
Permitted 4 segments

Permitted Polygons

Simple None

Question

Reachability

Reconfiguration

Reachability

Reachability

Reachability

Reconfiguration

Complexity

PSPACE-complete
(Reif 1987)

PSPACE-complete
(Alt et al. 2004)

PSPACE-complete
(Hopcroft et al. 1984)

NP-hard

(Hopcroft et al. 1985)
PSPACE-complete
(Joseph and Plantinga
1985)

PSPACE-complete
(Alt et al. 2004)

4 “Simple” means non-self-intersecting.
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UNIVERS ALITY THEOREM [Kempe 1876] [Kapovich-Millson 2002]

There 1s a planar linkage whose orbit is

a hounded portion of any algebraic curve.
“There is a planar linkage that signs your name”




PORTANT (UESTIONS

=Reconfigure 2D chain with/without self-intersection, with no obstacles?







- What are the set of
points reachable by v ?

(Self-intersections allowed)
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OPEN CHEIN

- What are the set of
points reachable by v ?

(Self-intersections allowed)
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OPEN CHEIN

- What are the set of
points reachable by v ?

(Self-intersections allowed)
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POLYGON
INSIDE-0UT

- When can you turn a
polygon inside-out?

(Self-intersections allowed)




POLYGON

5 INSIDE-QUT
4
K / : 4 - When can you turn a
: ! ! N\ olygon inside-out?
(a) 6 (b) 6 /3' (c) 6 5 3 POy
\ (Self-intersections allowed)
A ; 6

(d) \______> ) | 2
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POLYGGN-IN‘JERTING THEQREM [Kapovich-Millson 1995] [Lenhart-Whitesides 1995]

R polygon 1s invertible if and only if
Lol = Lol ol
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F00D FOR THOUGHT.
Linear-time implementation?






CONVEX

- Reconfiguration?

(Self-intersections disallowed)




ARM LEMME [Cauchy 1813] [Steinitz-Rademacher 1934] [Zaremba 1967]

Opening a convex chain by Increasing its internal angles
Increases the distance between v, and v..




GENERALIZETION

i Oi, = ['Bi y Ol] fOl‘ all l
[O'Rourke 2001]




CONVEX
POLYGON

- Reconfiguration?

(Self-intersections disallowed)

« Observation.
Rotation number has to
preserve; no flipping

@



CAUCHY-STEINITZ LEMMA. Eny t-labeling on the
corners of convex polygon must have 4 alternations.




RECONFIG CONVEX POLYGONS
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CARPENTER’S RULE THEGREM tcomeiy bemaine rore 2008

Rny two equivalent 2D chains can he reconfigured into
each other in the plane.




NEXT TIME.
Can you flat-fold this crease pattern?
When 1s a polyhedron unique?




