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“RQQQ“ Pro"ém 1@0& Qccov&ly T frces: Torsion
anQeS Poj(% lO.Q/\ Vo der uQQQ5 Mf@»facﬁm\x l'y(ﬁ\m;%
bord's, hydiophebicity, secondovy shudure pre pe/msfy.\
povwise “specitic n¥exndms, - [@‘.Jrstxka et ol. aookl]

HP model of profein lding_emergetics: [Ken DIl 193]

simple combinaforiol model captucing an sffen
prommquf -@me‘« L\g &mpl«obrc (aoy\(ﬁ (owou‘& Surrouugg%>
— PVO\L&TV‘ = chan of oV @ nodes
l«g&ro phobic > l‘\ycﬂm pkiQrc/ poQOV’
— ﬁj@ﬂg = empedding on square grroq m AD or 3D
(also sevev aQ VarioTions . QVQT&I@ Pavi \éy s5uUR, €.9.
Q%uIQcﬂan A in 2D & cannonball chkcmj n BD)
— sCore = # pairs of @ no&% acﬁ(jacemf n Qot{frce
QAS\LQQQg gnoriy edges of the chain —Rrced)
~ opfmal £0ding = maximum score

FM(Q(@ oPWLImaQ ﬁ}%{\j QNP-MJRZ
— in 3D [Be\rge»r &Leg(«ﬁm 1998/
— in dAD  [Crescent. Goldman. Papadmitrion, Recallboni,
— vasious  O(D)—approcmations Yanmakakis 178]
[Hovt & Tshail 19967 Mayys oF ofl. 1999+ Newman 2002;
Ag QWQQQ, qu}o(jﬁou,, Day\CiI(.\ Dec:a,"‘uf‘.\ Famol'\.\ l‘tou'mebd\agt1
Muthukvishnan, Skiena 1997]
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HP mccﬂeﬁ approxrvnaﬁoyg (scguom 9n‘&> |
— Upper bownd: a'mtv\i#evw H's, #OCM H S?s
— every bond s between odd & even H
— 23 bonds per H. but double cowitin
= 23 bonds pex eVem H. and ditb Grodd H
— assume ¥ over H's = # 08d Hs (oxcess>P's)

Best approximation: £ [Newman 003.]
~ wcrflis even for clhsed chains (| arder)
— find  breakpoint such that
— P(focee&ivxg cQo?kwse‘ olays af foast
as many odd Hs as evem H's
— proceeding cowderchekuise, afways G foast
0s many evem H's as odd H's
— hang cham  down from breakpoial ecgge.\
wﬁkﬁ sde losps to mach l?p —0
oven s of leff (ccu) holf 4 =8 4h .
X/Jo&cé HE's 31; cight (cw) half é~o—0~§(W—A
— 2ol bs ' 's =1
9 n '6 Q\f@ly 3 H ?—.@——Q; Lo

—fsur cases: gap=1 or 21 owe—o—a—d
fsv each su\oclf\wh >14(, ‘>1
~ ot tonering half Hals o 1.
521 kond per 3 H's I—o—0 e—o—os
— Upper bound =#H's -—I c‘a——o—?

= 1/3 VQPP‘(&(' u —g—® 0—0



U)Vn%ue OPﬁW\QQ ‘H\Q&Vﬁ_ [A tCLLmQZQ)( BQW\V\GT Dernq.ne
/V\euef Sacvistan, Sess &003]
Q)OST' TN D sctuare gch

— for ol even n for closed chaws
\ﬁr&a%mn -ér open oL\Q\hs

|opEN > ofher grids fhan square ¢ (presumaloll)

OPEN|: oP\HMaQ \QQAL /\vall\arJ among
- uniguell oPJnmaQ profeins S (probabil,)

) GWoQ\QM {Xﬁca' aoumeler
Q %v%dalaﬁe wd&jmsmﬂb#us’l #PL?

z (‘l&éﬁn potein with uni

o opfimaf
(o ng with appmyama:g optimal shape?
— pofedna@g PO%V[GM‘GQ( i P




fPrg@p olC cﬁo&d;dmmw opﬁmoﬁ \%Mttyg:
~ 2ig2og folding adveves score h- 1&
# H pedes
— GPWLIMOJQ aQwags sh (42 coifacts per H,
double count my\
— heve, 6P+ZMGQ <h-1:
= ?Lf nomconsecwﬁve, ecgges S EOMcQ«nj on.,
one agoau\s\f each woﬂQ
= <2 are P-P edges
> 23 have H nodes
— Hese H nodles fose 21 contact
> QOSQ, 1 contoct (oQGuL;Qe Coum‘h‘hg)

— Parhty: A/a tle\/e,mu H hocQQ.s., Wa qu" H V\ocges
= ®\Qg ‘OOVV(Q.S Qefweem even & ochQ H vlo&eg

— o contacts externa to fosed chain
— pP-P Qc%es must be on bouw&ﬂ(\j &x%

— parfitions odd & ever. H nedes %

— groph of canfacls 'S a lic /53
— biparfite & “nside” J %

= aroph s a poth {@
— path s unigue up To reflection
_ dleaomposes M‘h) S%uqye,sz I};g;l

:>2¢\g2r% I__?oo.




In*ed&kg& AD d«ams? (Demaire, Lavgexmam O'Rourke.
Inoeyink 2009 & 2003 ]
— smalllest locked chain has & bars (knitting needlls)
6 if dosed [Covtarellad Sohnston 19 %]9
— can we gef away with fwer bats (per chain)

if we have move Hin one chaind

Tuteddocked set of choins = cannst be sepam‘feco
arbitvarily far 6‘() Motion a\/oi&mj infersection

Motivation: Lubiw's Pronem [2000]

[OPEN):  whol 1S %e( minium number of

vertex ‘cuts” Hal suffice 4o “unlock”

any n-bar open chains @\a/
—L-

— C,@,\ﬂLamgg 2 LV\—:ti_‘ by repected k"‘"ﬂn"é needles:

/L\j\[:,/“[\j\[:l/t\ﬂ\..,

— LV-\%l'_( cufs guarantee that each prece s wnlocked
bu‘f ﬁdo o Mmove PFGC%S m.}kf be iv\']‘e}rfoc[(eco
— best upper Q;owdf L_La- _,




Main results on titerlackab rQi{y-.

GPEN CHAINS \ CLOSED CHATNS
2 3 4 3 4 5
SR

Sep  sep”  sem. sep.  Sep.  sep.
sep. sep” iv\’rei&ck( sep.  nterfock wterdbck
sep. teclck ierfock | ttefock taterfock wterdack

APEN CHAZN
* LW

« cNepn wn%\ Omg mm]oef of A-bar open CJ/\mns

VA
g

'&): fhee 3-bar open c\'\o‘w\s TV\"“Q‘FQOCk
= covv\\»Qe)Le, c)/\amcjreﬁmjﬁw 510 Tvd‘eszbck iry o

seJB o\C open c‘/\o‘ms EXCEPT?

[OPEN): smallest k for which a-bar open chain
| infexfocks with a k-bor open/closed chaind
~ open 16~chain

(Glass. Largerman, O'Roucke, 5V\0%¢m|<ﬂ Zhong 004 ]
—open 1l-chain, conjedured optimal

[Glass, Lu. O'Rourke, thvﬁ 2006 |
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No finite set of Q-choins con ivterfock  “hairpins
. even if d<chams are held rgio“ v
— explosion mation: [Dawson 1984: de Brujjn 195Y]
— SCa,QQ 2D space from ov19in bg fachr 1+tq
fime €= (point p > (1+t)p>
— preserves  won- pitersection (affne transform)

bul het the e&ge %\4\5: all o Qorg
- SL\M‘TQM éwf QQIAQH'\S ‘o ovigin ﬁevy‘ﬂ'\s

as time t proceeds
- Su)os@+ olp steoe version = o Zvﬂéfsec‘h\om
~ chawns separafe as € =00

— | Propeﬂyﬁ 2-chaine axe s'fa\rs)r\apefy sets
Qéj(umcm of fue seyments from one point)

Alternste viiew:  Loson Kuf
200 oul To L(;eef MT&QQQ vertices n PQqce
&Wﬂ’y Scan'mﬁ o) ‘ULSTL m‘we \I@»ﬁ ex COOVZQS.

> edoe” loncths” shcink . midlle veutices stafic
= eof\/\ o subset™ o€ N%MF@

= o COQQTS 6N




Two open 5 'dz\a‘w\s Cduf\\1L Tn‘\Errok
cor e¥en With fintely many Q-chains added in
— perlurh chains so that no nonincidedt bars ave
coplanar & no Hhree vertices ave collinear
— find plane poralled to fwo middle bars
such that middle bors are on opposife sides
- ‘fe-owem*' to vr\a\<e it the xy PQavxe
— perturb choins so that ol 2 concds. digtinet
— eXPQOCQe Jusf in 2 Gﬂgq“t) \—é(mgq (1%)23.\ ‘(LZQ
— mr&&Qe bayr Qem?f’[qs ?TQ/S@TVQ&
— other fengths ‘ncrease ~ trim apprapriated
— presecves no infersection

— ol chains separgte verticalll

Y-chain + A=chains can't inferfock: similar
— Ye-orient o put middle bacs in xy plane
“exPQoJe \}‘us‘f in 2

> | 23] upper bound o~ Lubiws problem
—cut Yth Joinjr.\ then every other u‘(\iv\‘l’



Three 3-chains can _uterdock:

"
7

3'01'\0714 Can TV\'\'Q/\FQOCI( ﬁu‘ﬁﬂf\ Ll-o\/\oah}

— 1o oQO rc,o.Q Q um@vﬁ /\
r%ﬁguil’r G W%OSSTBQE:?b \ ﬂ /
for Two open chains m
— instead use geometvic
oy wmenl” about bars

Sﬁ‘(ki@ foces of
convex hudl & middle jouits




H “C/L\O\ih con “\vd‘é’Xrol( whq/\ +\riav\9Qg;. (closed 3—c|r\myb

—view A as fixed /»e\\
— suppdse A has x
crﬂaum eivele contered ‘/ / R
ot origin, cadius v /
— fof R=r+ Zmdde bors
of 4-chain
— Vequire end bars of Y-chain  have Qem;%\ 2d0R

—as fong as endpouits sfay oitside ball cedtered at
origu & codies 15R, and) middle bors sfay inside bl

can connect endpls. with vope oulside balll:
51 @\j

— Conscher {Ns* \rroQaJn\on‘- fwo Cases
@ f middle verdex abodt to exit.
ol middle vertices ave z I4R away from OXi9in
@ € emgpoM‘} oboul o ester., a&dacexﬁ vertex
i = 5R Qaway from QYigin = others are ZYR away
3?@\% end bars con strke the A's interior
— Huree cases:
D no end bars strike A- O O @ <
%ovxe end bor stvikes A: (0D & ’7
both end bars sfrike A )y ¢ o ¢
(with seme avpument LJ : '
— none of these mailch OWZTVlQQ ﬁ)poQo;g (5?}
& topcllogy con't change before such an evet. O




S=chain can wiedlock with cbkk_a__(ﬁ? (losed 4-chain)

— ansther

hﬂwdz

argzumem’r

\lar;afions:

=

L

—\n‘grd? chains  (Gike 2-chain vesulh)
— fixed -angle (“revolide’) chains

esults:
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RQCQW from Lecture %

Decision proEQem: con you Foldl o Uinkose
xqmmg C&\ﬁ} A o f:?g B2
— PSPACE —complefe for D trees & 3D chans
[AlF, K\rL\auer\ Rofe, wﬁeﬁz 2004
™ o Uses D trees
b wtredlsckeed 3D chams (ﬁzwm%&o%}
s fom vigid infrastuctue o gadgets
— so all focked 1 hence:

l OPEN [7 charadferize  focked kacges
e.9. Uocked Hrees in QD or chains in 3D
— Po@nomiaﬁ@ solvolble 2

— speciod Case: finear Trees
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