| 6290 | Lectue 8 | Sept30.2014 |
HO/thfm\Tam QVQQQ/ fowr/Civeuit: (()QQM7L>

= cgazo\/rsijrivy eoch \!QHEX exo(d% dhee

Ham Qﬁm(am Paﬂn
= PoaLL\ stﬁiy each Vverfex @XQch()? ance

H(s’ror(y . Tcosiom Game [Sir Willliom. Rowon Homilken 185 7}
G Ashonomer Royaf of Trefond

I?G‘%MM‘IOQ for (aﬂways YES)

—Cubes of grap‘ns U@vaﬁamrs 196 8]
= plamor Y-connected graphs [Ttte = Trans, AlS 1956]
MNP-complete evem: (Sovey L Johwson book)

® — 9o stat & end vertices
reduction foom Hom. cycle: 507055 D¢
— for planar Sf@agor A-comected (ytmf&ms
wzﬂ« TalAY {ace OQ?V'QQ S [Gamy, SGC\WSG'M,’BUM ]ﬂ?G
- {or L)iPo\r‘mLe gvuplns [Krishnameor th 1975
© ~ for Squaves of gm‘o[z\s [Chvétad 19%¢
© — Ham. %CQQ Jiven Q Houn. Polﬂ,,
[Papodimitris.d Shiglitz 19%]



ind+out

N-complite v plowar directed max-desvee-3 graphs
(Plesinik - TPL 1974]

— reduction from ASAT
— clouse 3acqgej
— XOR jacﬂgej

— Cvossover gac%d

Me-complste for plomar bipartife max-desee -3 grophs
Nl [1’1‘0@, Papo\cﬂimﬁn‘m, Szwarctiter ’SICoiP 1%&]
— reduction from provious problem

G\m‘& g_v_gk = verlices on Sqove Qattice
P + Sog)es for aﬂfl%‘:»rs ol wiit dlisfance
[T, Papodimitriou, Sewavcfiter ~SiComp 1993
—s50lid grid orophst Homlfonicity ps%mcsw\:aQ
5 o holes [Umons &Lerhart-Focs 1997
—(witl holes) Hamilfoneity NP-complete (Tfoi ofef.
~ reduction from previous problem 195]
— Parnta—(are,ge}rvwg gri& wl\oddwy g\n‘& 3x Scaﬁa)
—eée (& turn) cgao@d' " tedtacles
— \/er‘fex ﬁacﬂﬁe’('
— HHO«W\. pcd{'\ from Pi o FJ \/l\SﬂLilg €1.%4,€3, &y
— \/@fte)c-eoeﬁa connections (Paw'f(y 0@9%4@5‘6

Euclidean 15P: NP-lord spectdd case
Eﬁa‘f\%rm 9ames with coins & time fimiT I:Férf‘s’e‘vﬁw :QQO@




Max-degree-3 grid graphs:  [Popadimitiiou & Vozivou 1984
— simifav redluclion €rom Planar 35AT
- turn godypj' = hofe (Lut {-oPoQogrca% sqmex
— verfex gac%d = dumbbell
- \Ier'fex —eoqja cmm@,cﬁm«si
— degree -2 vertex: opposite ends of dumboel
— (ﬂeg ree— 3 vertex:
— nontorced enges n appos(fe ends
- {orced edbe  on beth endls via ‘Grk”

EUCQTJQOM oq%ree'j MST: [Po\pa&rm#mu & \bivon 1989]
— ceduction from previoys PmAQem

o
= O-l- b\JL\TfQ V\Ocle'- o Ox L)QQCJ( Vloﬂe" g ex
V. Yy

o3 0
— musT comect odded nodes to nearesT weighbors
> mmamcfer S Ham. poﬂ\




A& hex 9Wo¢ d@yraPL\S - [AVLM, che'fe, Tslow, /V\eyer,
Mitchell Niitez-Rodriguez, Polishch k, qupaporl', Xiao &OO‘H
— solid > A% 3 polynomic <y OPEAJ
- S_uper'Hﬁm S 04% C Pogﬂomia,a . A N(’-(«ach
G ol faces are holes/sutside

— thin A & NP- havd QO 0PeN
L evegy vectex on boundary

- max —049 4 A /\IP'L\ard’

— wox-des. 3 Q%O & A NP-hard

X Qo
O-=A gru‘(f convers: thse Ru.&o(y SOHJ

- pg%mﬁ'- A Pégnormro\g,\ o IUP-LW’J Q oPeEN
O o holles /ovifside foce shace a verex (autisuper thin)

SQWQXS of Caton: [KQQMS Teuber 199 5]

— hex orid

— fongest voad = A \lichry Pouts

— mafe-in-1 1S NP—L\(,\TJ [Dema‘me, Vo Bycke, /'/chacy &OID
— oPpo‘»\o/iS Seyve as cLsTolc,Qeg |
— enoygh resouces o buy M voods
— g9¢f meesf' wad & Hamiltonion

_“W\Q-(-e,'iv\" 0 (5 MP‘L\O«V‘A [De,ma‘me, Vou Eycke, MCKQJ QOIB
] L\owe de\ges'f’ Vbaco S Hm]gﬁhta/n




Shtherfink  Nikol: 1399]
— given gmﬂ of sqmares eoch blank or O—Y4
- ;QQ_Q'- ‘ﬁp\oa c(ycﬁi on rl‘J Lives  such ‘Hnad'
Vluméereoq S%MGW‘@S V[ 1‘{40{“ many Mcl‘o@n_{' e/@es

— eduction from Ploor Hom. Cﬁcge [‘/onLo—IP(SJ &0003
- opﬁ onall vertex gaoagél'
= efqumoo vertex gadsel (.
= (nen

edgo comeclions S \

— (Qoaudh‘ﬁy\ Goom HMiQﬁnid@ (n gw‘oq gmp(ns

Hashiwok akero:  [Nikol: 1‘?‘10] “buld é,m&»es"
— given V\oJes wn‘i\ cfesirecﬂ oae rees

- 39391 build ovthogenal (muflﬁ% edses
o comedL V\oers X satrs dlggrees

— reCQucficn ﬁcrm Ha/m}bemcz@ h QW‘J (Qraphs
[Anderssen — TPL 3009]
— 1s for (ooun&o\ry

- MT&W\QQ V\o&e =2+ # EOW\CQQ‘F?@S



M&Q_\Vy (/\/C W\?M"@\ [Arl(?m, FekeTQ, MchL\QM‘CGTH QOOO}
cul 9ivem ﬂij?&q wﬂi\ Jiven ‘Fooﬂ
using shovtest path  staying thside vegion
— NP-havd for gﬁcﬂ 979‘”‘ £ unif T ool
— \(QoQuc'hGn 140‘»1 Hazm': ﬁvﬁdfy in ﬁh‘(g graphsi
Minkowski _SUm & vertices with wnt O
G st of ol palrwise Sums
Lawm Vhou\m/\j'. (Qa%r/wdf'ege_t/srjh cu‘H‘?rg\
PQ‘H/\ com 46 odl’S:‘Je m{yrm
- NP'(rxa\roQ (Er grrcﬂ Pogy on & unif T ool
— some teduchion: hurts Tongth b feave. vegion
— cam even remove holes [Arkin, Fekte, Mitcheld &00@

@Prin‘ht}?: each ﬂayer [ aawr\ mow?yg




Unit orthegomal 5@m%+ iifersection graphs:
— ‘mcﬂtﬁes oll gh‘o@ 3raplas (cstated 45°)
= HomiLlonicity AIP- complete
[Ackin, Bender, Demaine, Fekete, Mitche ll, Setfiq — STcomp &065]

Minimuim—Turm miﬂinji (Arkin et of. 2005]
— matvation: need 4 stow down for Jurns
- v*ezﬂuc‘h‘csh {row\ prexious Prologem
- Syme/vn" — sup@rﬂu‘m redmer
— /V\‘mkowsk:‘ Sum bdﬂ% (Ahifﬂ
— need Y furns pev Sggvn@m'\'
+ 1 Huen pev fransition

— 5n tuns achievabfe < HamiHonian




MIT OpenCourseWare
http://ocw.mit.edu

6.890 Algorithmic Lower Bounds: Fun with Hardness Proofs
Fall 2014

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu
http://ocw.mit.edu/terms



