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|_acked in\kaages: recall

chains frees
D never (acked Y Eanlocky  Tovay

3D Can fde>  con ock
9Dt never Jocked  never focked

Alaocitims fr (mféﬂivy D chains
"0 ordinayy {r fRreitial equation given by
(canonical) expansive mfitesimal mation
[chw\e%q Demaine, Rote &00}1]
— strictly expansive
~ one step in polly. fime: convex progrom
— vnan% sfepsz inaccuyale (without pcro‘}ecj‘:m\

OPEN|: how mangz. pseu(ﬂopo@ndmraﬁ?

@ Poere(g Pseq&gjﬁav?uﬁaﬁm\ S [Streinu 000)

—_— expav\si\/@ L»max:vv\o& eélge seT on given POZH+S
_ V\O(D st s with >180° angle af-every vertex

— ohe sl foﬂﬂows 1D6F finkage —> delete edge of
~T IoQS"fePa%criﬂ\m 1S QXPMU\?J comvex hudd
— |OFENJ: are pseudotvi Mgd@f[ﬁhs easier
than genernl 2D linkages?
(89, 'H'\Qy are. noncrossing )
— [PROJEC Il: 7mPQemenT +this anorZ m
T




Ang rifhns for unfolding D chains: (contd)
B ener "9y [Cantarello, Demane . Then,O'Brien 2604
—not  expansive

—one skep Ts OW®) & exact on real RAM

T P@Pﬁ%ﬂmﬂ number of steps
C’P"Q} n N & = max. &mk%mm(ﬁcshncg

/ﬂpp\roac[«t
— define enevgy finction on configurations:

Fo==z. = _t %(’
edge vu Vertex u di(u,vw)
FVor w o4 x)

— ony enesy—-decreasing motion avoids
CéOSSI:;(Z:g oppmud'\?uyj() dist Shosts E-200
— expansive motion decveases eneyy
n ﬁcﬁ &Y er(y “‘em)
> enengy —decveasing metions exist
= downhill gm&iey?ﬁ of energy exists —VE
—computable in O(?) Fime
— fower bound  oradlient, upper bound curvdlire
= O(n'B 1) Step bound (')

SPEN]: improve sfep bound  (rkelly it havel)
OPEN |- pOW £1L€p bownd Pos'siwe? conjeciure no
OPEN : 'S MihimuM—2n canp:;am‘b‘om um‘%ue?
for %ui%WaQ poluasns, it's o vegular n-gom




[ S : &ramdﬂr L’ 1
k.20 \ KX ?;gree%
VexTex
o %
\ [ VV'Q»QQJ'\

Go
(Bredl of ofl. ﬁ?ﬁ’ﬂ [Poon 31005] Demaine, Rae L0 02]

OPEN k focked e%wﬁofemg trees, AD or 2D? ﬁ’o«m“« Demaing|
— o Jocked equiflot. aD frees o Bramefer <! [Poon 2005

|OPEN ! Qocked orthggonal trees in D7 [Poon

— no Qacked @%uiﬁaf, orfho. tres i D30 [Poon 2006}

IC_)E_E_N [‘ charnclerize  focked kao;es
€.9. locked trees in QD or chains in 3D
— poliynomially solvable 2

Related Prowemi can you &Id m@.A—B@n@.B?
— PSPACE —complefe 3 QD frees & 3D chams
(ALt Knauer, Rote, Whitesides 2004 ]
— but their veductions use focked Qinkoges
as gacﬂj@% — so ol focked




IV\\(I’V\T‘ESFYY\Q% ﬁodseco fitf\lgaggs ):-Covmea%\D‘lrv\a‘m@.t Rote

2003]

Dntuition:  in Many locked examplles (particufard, ab)
as gaps get~ Smaller, so do valid msfions

(:ockgf wi'('[aih E = co;«ﬁde.umﬁam ‘erow\ (A\L\G\CL\
it TS (mposs/‘bﬁe -Iz) ng fartheyr than s

(N

in Co nfi um‘(“hm spoce
Rigid = focked wuthin @
—bul” trees are never rigi&--~ &ryfr\f?

_i&?— fbuc\r\Tvy Cam@u@{‘my\ QWONS Im(:’mf@ﬁrnaﬂ gaps.
geometric overlap, distinguished combindtori

egee

>
— oW can be n‘g?d)

Return o VIOV\'}O(.LCLliZ\g: ﬁ‘gc‘cg ﬁy = “Sfrorg@ Ocked”
Steonely Jocked = Su{ﬁdeﬁﬂ; smafll pecturbations
are {ocked within €, for any £>0
S-perfurbation = move vestices witin §—disks,
preserving combinatorial sidednes
Every self-touching has o (non—self-toudling
S—perturbation, “for all §>0 [Ribs Mor, PRD 2066




Imfrh‘.‘fesma% Pocked ﬁihkoges: (coitd)

Tinfinitesimal cioidity:
— impllies rigidity
—"zevoLength strut” (Jineor inequality):
U shadd vemoin rghtof ww V72857
— Somelimes  nonconvex: W
2
= consertatie. polsnamial fost (rop conshrons)
or expov\e,nfmj test (split by A convex)
“anangs of e i,Qibﬁum stress X< duali 72
—even Moxawell - Cremona. [Ribé Mov, PRD2006]
—nice prosts by hond: pesitfive sivess on struls
+ underf;iry @‘n’cgje rij?&

= Wt rigid
= yigid
= sWMjg Qocked

[Peogect|:  mplement lQocked ik
ﬂ gs"g)nre}dlesoy her -fcﬁﬁw




3D kniﬂ“w(g needles: focked i cach end bar
s ﬁovxgex thon 32 middle bors

// ( /
// Zy// [Cantarello &
Y. . JohnsTon 1998 |

TFroof: draw ball B cedered af midpoint
of middle bars, diamefer =2, mddle bovs +
= middle verfices veman inside B,
end vertices vemain outside B.
=2 any  mation could be augmenM by
an unknotfed rope. connecting Tuis ends oulside B.
= sTra.ghmM; mofisn would witie trefil knoh ©

OPEN]: mmimum possible edae Qemth ot
( %r'mwhcﬁ focked 3% ckao%n existe

— best example s 1:3+e above

[OPEN: any focked equilaferal 3D chand [Bied! f of
| —— e%uTQaj?mQ 3D chain self-weaving on line (E.Demaine)
?‘4//,:’

fatero] unknolled closed chains? [MDermaine]
Q%W,QM‘QV’GQ tvees ¢ [E Demainex Pooh]
sturQQjEraQ chan of e%uaﬂm&ﬂh %IQM@C;? [O‘Rourkej




FQTPS & friends:

Tocket of D PoQﬁcm = reien oulside polkygon
L inside convex hull

E&’\q = veffect po cket f(’/svo%% its (id
= (otofe 23¢° ermyt\ 3D avound the i
- OLVOT&S §&Q€ - Fm+€@eCﬁbh & he 0\0 Sufpor'f'>
— InCcYreases (e

"Ecds-Nas, Theorem: [posed by Erdés 1935
aJg
(wrong preot by Nogy 1939
[Demaine. Gassends O‘Rourkes Toussaint Q0]
any  polygon aQw%s convexifies affer ﬁmfg lips
— but_can be avbitvarily mony: =
[Soss & Shamon 1973]
v]j_EM: bhound 3¢ &‘ps in n & r=maxdist. fmn. dist
— pseudopolynomial? [Overmars 1993]




D@C QOJ’TOV\L ihveyse sf {:@i]b (a\lo‘\&rv(g orossn“ys}
T Wﬁ%’@ﬂs with atc=btd A a#b¥ctdia Y,
lwags deflate wiftntely AW
[Fevers, Hernandez, Mesa,Morin, Soss, Taussaint 2061]
~ that's all such quads [Ballier, PR 2003]
— no P@xﬂL%cm aﬂwogs deflsfes M\Cmrfe@
[De,moane,‘ ‘De)moine, Souvaing, Tasﬂukr an ZZOO‘?J
— [OPEN|: any n26 gon with no et vertices
that aQwajs deflafes to ut fimit 2
— [OPEN l> does any  nfinite deflotion Seguence
M&uce o (hique ,@‘mtf‘ao /cxcm?‘
"‘: characferize Tnﬁhiféﬂdo; deflotible Po%;ons-
~aQﬁoth1«m G Twﬁy a se%uemce?,

Hptwen: rotate pockel 180° in 2D around fid midporit
1
—af mest nl confiourafions  [Joss & Shannon 1973)
— QQW%IS 66«;) 'Qip Yns Dﬂru‘cl\hogzd’ et ol 20024
Al et ofl. 2000 (@ model) |
— semetimes QU062 Fptums [Biedd 2004]
— final Po%?cm S acation defermined %[Aiol\-
¢

— Np-hord Yo find  Qongest Hiphum sequence holzer
“’@1 Qv\&?rg shortest Hiptuen Se%iuemce v

2002



rPQTPJ ‘%P on Q incident edges ,é» .
— can be forced 1o idtreduce crossings = allow

—(QPEN) * poSSier fo convexity an poQggdh
n anQQ; many F%PS?. 2[8(1‘9::9@& ThursTon 3061

’}%Pmni: (ﬁr‘dum on o tncideat e&;es é%:)
— Con Conekity any PO%W\
olfbowing 5eﬁz‘~rm‘evseoﬁmw§ [Afoupis et . 2067

— characterization of when
possible without crass ing



