[ G249 | Lecture 13 [ Oct 25,2010

Powynepron  (UnYeoLdeng: P 7
9lued along s boundary o 7
form (@actfy) o conel poledrar’

ang Qa%er Qa a UV\QikQ or o‘;ami>

uhﬁwu% UUL\eV\ Coh o PonL\eonQ S(erace be cat &

unfolded isto one nonoverapping planar pie<e?

e unfolling: just cat alony polyhedons edges
GE:%;mQ unfg&ﬂi_nﬁg? %ay\ cut Tv»*e%‘cr %ﬂ ‘Faceje%

Summg._(gl e umgﬂ&m | emQ um%M-
Convex po hedra e‘%} OPEN /t:: vi‘fwALmﬂ\/s \
non convex po hedvo | NOT ALWAYS OPEN

Y rostly LAY
Big_questions:
[OPEN] does exery canvex. polluhedkon have an
e_&(yg, um%wnyz, Direr 1535: Shephavd117]

OPEN|: daes eu 0 ron Withodt bounde
\: have o ?@f@w_w%ﬂ&i@? J

[ Bern, Demaine, Epp,sfem., Kuo lcf"(cl]




OUTVJ we Sf Q. \reﬁex =360° ~2 ‘\V\Q‘&ev"\f ﬁce cmgﬂes
— positive = convex cone  /\ con be
. = ot 4/77// i

— Zeyo Convex

~ Pegative = saddle § never convex

Qﬂﬁ_{\g = chs h o VQQRQ M\%Q&Wg
—“only Zero-curvslure vertices can be flaffoned
without cuffing or focal overdap
= vy Cidh‘vg Spans an nonzexo—curviiure vexrices
— tndeeds it curvoture < —k - 360°
then culting must have oﬂgree/ >k+1
— it poQgL\e&mn has” no handles (SPL\WE/CQEK et fbrus>
then udﬁvg has no cgcfes (efse >1 Pvecrb
= Spanning forest
— connected c,ompoy\evﬂL of aZITMg makes
Eouv\oQarg componeit of um%Qon;
= if Po%.he&mn has no boun Yy or handles
A u,m%ﬁdry has no holles

Hen cu#ny TS o spamning Tree

R = et

— hc ?o@t\e&mm S convex
+hen cuﬁfmj S a 5panm(/g‘fre@



Wivmfl bad eXamPQg: [Bexn, Demaine, ‘Epps'fe/‘im Ko 1‘?%}
Po@b\e&m\ with boundary & st one /%‘i‘%§

verfex, of negolive curvaiure /7
— need > cufs af Vertex boundary
— can't shop adﬁug until we vreach Hhe boumdlavy

(else could efue cufs without clf\ov?e)
= dliscomect surface
= no ge/nem@ M\%Q&Wg

Shovtest path betwee, Fwo poinls x &y on polshedian
— umcoEfs straght (. 8@0525] a?‘ 7 P

— doesn't cross ifself
— doesn't pass Through o posifive-curvalure vertex




Genexol unfoldings of’ convex po%he&m"

Star ot shovfest Paﬂ,\s from Pcm\)L x to o] sther pomTS
— if 1wo 5L\oﬁ@sfpaﬂns touch bgm& X
‘H/\QM Qi‘(‘f,\e,r one. 1s Q 5ulopaﬂ\ 0_(0 ano'("/\er
or they touch GV\Q; at Hheir ends
= nonunigue shortest path)

Cqu Qb(:ﬂ@g /Q‘cﬂje JW_Q& With vespect fo Fo?n‘fx
= poifs With nonunigue shorfest paths fram x
= \Joronoi 09am of X
— Spomm@ —l'ree cmp Poﬁglqe&mr\
— Jeoves = 4he Po%ke&mn vertices

Source. @FOQ&MQ [Sharir& Schorr 13965 Mowit 1935:

MitcheQl, Mowits ?apao@:mf triou 193]

— cult oﬂcmj -ﬂle cul” Aocus YA
—unfodd sfar of shodest paths Ham x

= Sfa,r—-skape& unﬁsMivyf bouthag visible from x

Stow unﬁ)MJn? [ Alexandrov 19485 Aronov & O Reurke 1‘?‘?2}
— cuf oﬂoy shorfest paths from (generic) point x
1o eNexy poluhedion \ertex (sfar of cute)

— much harder Yo prove V)OV\OVQ,Y‘JQOLP —




Gengmg (mﬁg&ings ot convex po(ghecha? (coit 'o@

Extensipns:
- Lao'H,\ SoeuNce & s‘fo\( uy\‘(c’)Q&T S Wa{lzze “Q
x= geodesic poth  (Thoh, 0'RSwrke, \illow 2064, 20
— neithey works ﬁr honconvex po(?gkecﬂm
— source unfolding works i higher dimensians
[Miller & Pok 9003] \
— saurce untlding can be \cmrMuousé bioamed”
withoul™ infersection [D@mam e Dema ne 4 HorT
.iaﬁc&oa Lavx(yemr%%m O P\cuﬂlcloe 206 ?jO]
—OX0, Ny U g Cah e el
1o Lo cotmuosds bloomable
—[OBEAJ: Hrue of star weftlding?
ol e&gz/g@nemQ wn%Q&c‘n;S?.
—[OPEN):  ofher gemwaﬁ um%Mnys?,




Edoe —unfodding convex polyhedin:
db—- ]mﬁ}cn‘% (ZUPS bock I)Qg%redn‘f Di VEr\S Faiter’s Manl
— possible for every exam,sﬂe we've fried (1523
— e Archimedean
— heuristic /exhaustive search: commercial softunre,
Jdavaiew Unfold. JavaGami, Unfld £ Rlender.
P@Pal(um De/s,‘ V\QX'} http://www.tamasoft.co.jp/pepakura-en/
— Schiickenrerder [199%) search
— ol efficient algorithms weve tied il
[Schlickenverdex 1999+ Lucier 006 ]
— Some snmpﬁe QXQMPQQS ove;rﬂop
eo. sliver felrahedion B
— random wﬁg & random convex Pg%lqe&rzm
OVerQqu with Pmba'orﬂib-»l as N—2m
[Schevon & O'Rourke 1%?] hil of rond. pis. ow sphere
—[CREN]: prove Hhis empirical cbservation

An 2prmc%? [Bern, Demaine. Réte, G Price. ]
— |OPEN]: edje-unfold camvex ferrains
(project to a plane without wilersection)
= posifive equilibrium stress
— [CpED): edge-untold “alimost” Flat” fermun/polyhedun
(scalle 2 = £2 ., £-2infintesimal
=2 visile n PQahe
— challenging even for prismaloids
= comex hulll of 4o parafled po %3&\5




E e,-umOchin\g conyex m&g&&_@‘- ((,@{f (OQ)
C%SQQVe& _éPeCicQ c,chsSegg
— £6 vertices [DiBiose 1990]
— Pgmzmn‘& = Convex l'\\LM 61C convex Po%jcﬁ\ -I-Poin"’

RN = Velleans
unﬁMivy '
— pPhSmM = ConveX holl of convex PO% o
+ Pm@eﬂ Gf(zéej

vasliee % or T “bad
um%QJ;?'

— prismoid = convex hull of Fwo pmﬁﬁeﬁ
CanVex Po%ym\s wn‘l, mcattlfmy am;ﬁes

| [0'Rourke, 2001]
I’ = @ Volcano Ogain

- cagr_n,e =+ alefaces Shcxre e wzf{'\ single l&se
i [O‘Rourk%-éﬁqtoﬂ

‘#‘} ‘2'[> @ VOQQ&N) ongy\

"@EENII ?n‘smd‘biis = convex hull of fwo

Pamee,Q convex Po%gcms
— possible i “smocth”’ cose
[Benbernow, Cohn, &'Rourke 2004]
— bond. of side faces wifpls {Aloupis 3003)




Fewest nets: edge-wifold covex polhedran wito
o “smoll" number of pieces
— wont fo know wl'\eﬁr\er 1 s PosSIIQQQ
— 7:"'.]‘# {foces s ‘inVTa,Q (cat out eqc@
— SF by poiring Tgether #3 of faces [Spriggs 3003
— 3F by fancier agumevd’ [Dud‘movrc’:\Morim Wood QGOHJ
— befler lbounds  [Pnciu 2007]

— 1 o(F) PoSSiler?

_E_&;e——uv\ﬁwmi nonconvex y,g@he&m:

— trivied  ununRdoble example: i T
wsufficient area in donid hole 27 2

A2
[Bie&g et of. 177?] +wo  baxes 7 M
— with ol faces ~ disks: g‘u—
Cont comnect two X's — \\ﬂj
2
[Biedd of of. 199] \3_”;1

Cube with bites |5 7]
— with ofl faces triamsles  witd's | ehigh

= two share 2}% one edgo l" abmost
(“opolbgiedly convex) ot

[Berin, Demaine. Eppsten,  glued on each foce
Kuos Maritfer; Shoeyink 2003) of <{>

- 5moﬂer QXamees [Grumloam 2001 & Joo;}




[ Y

Edoe —unfolding _nonconvex_polyheda:  (cof'd)

(:’A.}L
Triansulated wmbldable example: zmsf
—’;Suppose base vertices &f /JA\ flot

spike hove nes. curvatwre, olued on each face

even Wwithot one spike A of
(brim 0%0633006-2\ 4>
Spike cwgﬂe.=q0°—g > 3‘10"-&2}
—cloim: cant e&evum%ﬁc{) a hat by ifself”
— Spanning forest has 23 feaves
—con't be of myaﬁVe, Curvature Verfices

“COUAL/' hove fwo on Eoumfoxy i:
—one o (aeak Ghe (n boumoQovrg ﬁ}‘

— fuo Possi Lleh €5 remain -<Z

—both feave ol buf one spike A ?‘
af o bose vertex of spike

=7Y’\LL5+ Ee a Pa'H\ of cufs
between fwo boundory Verticesa igferior fo hat
— these Y paths force Cger on Y verlices

X

= no ane-piece e&e um(’oﬂiry a




