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Foldina: when con a polyaom be T v
V\gflue& aﬁozy i io%v\g&avy T 7/
form (QXQC/‘H@ A CoweX po L\e&m?

ang Qa%er Qa a UV\QikQ or i;ami>

Um%(lé?mz UJL\eV\ Con o PonL\eeraQ swface be cat &
unto ecQ iwo  one V\onoverﬁapp‘wy Pﬂanar ptece?.

e unfolling: just cat alony polyhedon's edges
gj%zmﬁ unf&ﬁmﬁg %ay\ cut ‘w&e%‘ar %ﬂ ‘ﬁtceﬁe%

Summg_(gl e umgﬂ&m | eVnQ um%M-
convex_polhedra b oteN éW:Lxuw\/s |
nonh convex po hedvn | NOT ALWAYS OPEN

B‘ﬁ estions.
Q,@3 does 6\!@@ ConNex Po%lnﬁ&mﬂ I’\ONQ QN
e_&(gg, um%wnyz. Direr 1535: Shephavd117]

\C_)ﬂi/\l! daes every PonLzL\gcQ ron Wirthotd™ L)oun&ag
have o gen um%Q&ivg?

[ 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
a = ot 4/27// i

— Zeyo Convex

— n%aﬁve > 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 vextices
— tndeeds it curvoture < —k - 360°
then culting must have oﬂgree/ >k+1
—if 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\ wih boundary & ust one /ﬁ»‘%§

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

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

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

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




Genexol unfoldings of’ convex po%he&m"

Star of shovtest Paﬂ,\s from Pcm\)L x 1o dfl cther pomTS
— if 4wo 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 their ends
= nonunigue shortest path)

Cqu Qb(:ﬂ@g /Q‘cﬂje JW_Q& With vespect fo Fo?n‘fx
= pots With nonunigue shorfest paths fram x
— Spannipg free of Poﬁglf\e&w\
— Jeoves = 4he Po%ke&mn vertices

Source. uyﬂCoQ&ing [Sharir& Schorr 19365 Mowat 1985:
MitcheQl, Mowits Papadimitriou 19 37

— cult o&m\; the cut Aocus %
—unfodd sfar of shodest paths Ham x

= S]La,r—skape& uvﬂ%Mivyf bouthag visible from

Star unﬁﬂi_n;, [Alexandrov 19485 fronov & O'Ruurke 1993 ]
— cuf ofong shorfest paths from (generic) point x
To every poluhedion \ertex (star of cute)
— much harder Yo prove nonoveydap —




Generol unfoldings of’ convex po(ghech" (conit'd)

NQMJ um%g&’mg‘ [$+ob\« O'Rourke, Vidcu ROO?]
— fm& V\or\c‘msxiky cfoseoﬂ (cycgic\) gﬁO&eﬁQ
— cut all bat ShorT SQ;mem‘(' of iT
— cul” shortest pafl. from each vertex fo geocﬂesic

Exttensions:
— neither works for nonconvex Po%\e&m
— Souvrce, um%M,g wcrl(s in h:}l«or chmemsrdns
[Miler & Pk F003]

— sowrce untelding can be \CGV\ﬁl’\uol«éé éQoomec()”
withoul ntersecfion [Lavgemon et of. ot meuw.]
—[OFEAJ: Hrue of star weftlding?

ol e&gz/g@nemQ M?%Q&M;S?.
—[REN): ofher geneval unfldings?




Edbe ~unfolding convex pPo hedi: (1535]
C%’ imﬁ} c?f% (ZUPS back I)Qé%redn‘f D V‘er\s Faiter's Manual
— FOSSILQQ for every exam,)Qe we've fried
— e Archimedean
— heuristic /exdhaustive searchs commercial softunre,
Jdavaiew Unfold. JavoGami, Unld R Blender
— Schlickenrerder [1997] search <
— oll efficient a&aon’%ms weve fied fard —
— Some 5nmpfe QXQMPQQS oveanP
s, sliver felrahedron B
— random cufﬁrg &€ random convex Pg@lqe&mm
OverQaPs with Pmbalotﬂ@—ai as N—2x
[Schevon & O'Rourke 1987]  hul of rond. pis. o sphere
—[OREN[ prove Hhis empirical observation

An 2prmo%? [Bern, Demaine. Refe, G Prices --- |
— |OPEN: 6&96'%'\1%90@ convex Jerrains
(project fo a plone withou! witersechion)
= positive e%ufﬂibrium shess
—[Cren): edye-unild “allmost Flat” fermuy/polgheden
(scalle 2 = £2 . £-2nfinitesimal
= visibk P«Qane
T C\'\O\Q»Q%yt‘rg eve, Tor P\m‘SmdfbicQs
= comex hulll of fuo paraflel Po%gm\s




Eo%e-umechQMg convex m&g@@‘- G,@;}‘OQ)

Sellved épecicg cﬂasieg
— £6 verfices [DiBiose 1990]
— Pgmzmkp = Convex L\\LM 6f convex Po%jm\ -I—Poin"’

“Velleano

unfodd g '
— plism = ConveX leQ of convex po¥isgon
+ ol oHtsel

Soralld
=> < or 10 band
% %E unfolding

— prismoid = convex hull of two parallel
Canvex Po%yohs wn‘ll mdfblﬂry am;ﬁes

Heaadac, [O'Rourke, QOOIJ
| i’ ‘:> @ \/chomO agoay\

- cag_,e = ol foces Share e wIH'\ single L&se
. @% [O‘Rourk%'éﬁ@toﬂ

<F P> > 53R Vellow ggain

"-QEEN,I? ’Pn‘smd\biié = convex hull of fwo

paralled convex podygons
— possible i “sposth’’ cose
[Benbernow, Cohn, G'Rowrke 2004]




Fewest nets: edge-wifold covex polyhedran wito
o “smoll" number of pieces
— Wit fo know wl'\eﬁr\er 1 s PosSIIQQQ
— 7:"'.]‘# foces 15 ‘inVTa,Q (cat out eqc@
— SF by poiring Tgether #3 of faces [Spriggs 3003
— 3F by fancier agumevd’ [Dud‘movrc’:\Morim Wood &EMJ
— befer bounds  [Pnciu 2007]

— 1 o(F) PoSSiler?

_E_&;e——uv\ﬁwmi nonconvex y,g@he&m:

— trivied  unundoble example: i T
wsufficient area in donid hole Vi 2

— with ol faces ~ disks: gu—
Cont comnect two X's — \\ﬂj

[Biedd of of. 199] :
cube with bites EI:E
— with ofl faces triamsles  witd's | e hilh

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

Z:Berl/\q Demaine1 ‘EPPs‘{'eim 90,%& on eoLol« -(ﬁce
Kuos Maritfer; Shoeyink 2003) of <{>
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Edoe —unfolding_nonconvex_polyheda:  (coid'd)

| 1 high
ﬁavyaga]LEcQ uy\um%Mabk/ @(QW\PQ@? fmosf
— Suppose base verlices o /4 A\ lat

spike hove nes. curvatwre, olued on each face
even withot one spike A of <I>
(bovim angle =306°-5., '
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
— can't hove fwo on Eoumfoxy }
—one o (aeak Ghe on boumoQovrg
— fwo possibilifies resmain < -

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

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

X

= no ane-piece e&e um(’oﬂiry a




