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\ertex cover: (L7 Warp 1973]
- chosse k \vertices o kit ol es n a 9raph
= positive QASAT with k teue varighles:

X:vX.:

— NP-lhavd even for onwnour VV\OtX—ch(g.’3 graf:l':s J
CGOXBJ & Johnson — STIAM 1477) [L?] | Lichtengtein 19%3]

Polnomal

— Exact Verlex cover: each ngje T exacy once
— E&ge cover: choose eo@ges to (m—lLaQQ vertices
it ~ ma‘fck?rgB
Connected vertex caver: [Gam(y &\_TOL\V\SGV\— JIJIAM 1‘17'?J
— \/eﬂ‘ex covey must imo(uce CLSYW\QCM gmpb\
— NP-hord for annour max-deg.~H graphs
- re&wfri dh \(}cmn previous Pf&o fewn § )
— never need fo OL\OOSQ ,éga( = O—@i? ﬁrcecﬂ /
— odd Rrced Po‘gy%‘w in each face
— nerease each original vertex dggree up o 4
- Suoni \/iou eo{ge need's exacj'g, 1 more claoseh
GE stherwise a verfex Cb\/er\ OO
— we\er use&ﬁ ‘o c(r\oose Goﬂ\
— added 6Xad‘% 5 # eées + o cover
— these oddifions induce comected _graph
A cvevy origi nof verfex is ao[j aceut




Recf (‘Qmear Sfeu/\er ‘IL%‘

—9iven n poim‘fs iv\.%\e anne,
— connect via AoriZ‘ovT(‘aQ& veﬁ‘:‘cqg Sgw\@n"fs
o€ minimum total Qem(gw%\ (= tree)

—Q&uc\tron from preyious roblom:
CPGGVEJ X(\—)-OL\V\SGV\ — IJAM 1(17'7;]
— drow (max-des—4) gaoph ectilineardy on grid
— <cale bg Yn®
~ po?m‘fs ot ol Mfgw pom'/? aﬁmy eoages
EXCEPT WHL\ in \raoqius 1 c)'(C vertices
- CO?WL@CJLI‘MS moyy Qs well 90 ‘{'ﬁrcm(y(a Vesr'ff s

— e\fexy @oage, musT Ccnnec'l' o o vevtex = Al E(
— must oso comect sther end of e&es

i a Spanming tree of GluC] - a(ivl-)



k—CoQO\riv\(?i (\/@ﬁ@x} AKA  Chvomotic Number
— 9iven  9voph % Posﬁ)v& infeger k
— 7[W\0Q collor CLSSE()Y\W\QV\JF c: \/»{1«3,\,“4%
such Hhat” no edoe uwi Ts mocv\(o%wm?‘rg,
V)=c(w
— Dke XOR ASAT but with k-valued fagic
X #XJ'
— NP-hord (Kowp 19 7&%
— avco,@orh}y (bipar‘ﬁjremgss [5S (Fogmcmmo
— 3-coQorir>9 NP'\/\MQ I:Gc«mg“ 3°L"’\5‘”m Sﬁdﬂ”\%f]f
6

— veduction fram JSAT: —TCS I
— collove 9()&(9@5[’ (3 disfinct CoQovs>
— Voviobly gacﬂ)efr’ m& 2( lonQ
— cllouse 30@9@*1 red xS force red)
WCOVWQ\/(Q 1% A QQSe Com F(,[" rQ(Q back
T (E&Mcﬁon "'0 @QOW\OV‘ 3*COQ0\FM9:
— Clossover o»cggej'i x=x £ g-‘—y'
CZ s notfes)
— veduction o PQoW\ar mox- degree ¢
= Tilf\*&e(g\me gadget: x=>"= -
s force Copying)

— polynomioll for max. degree 3
EZ%STLQQ@ not Ky erooks 1941]



Rush=1X: can't revisit a square
— veduction from Plomar 3-coQoriv(9 w\otxroog'“f
[Delmoﬁme, Demaine, Hoffs monn, O'Rowke —(GTR 3003]
— plamar Euler tour  Construct by induction)
— choose colbr whevever visiting o verfex
~via fork gadget
— one-ways o “fovget” colov for next™ vertex
— eogan ga&ggfr t force same of o vertex
— V\(SY\Q,OWQQ ﬁa&gof( +b PVQVQA«+ Vv\GV\Qdf\YMaJﬁ C e&ge
- Oﬂ\ re&uce ‘l‘O
— XOR cypssover: srvyﬁa—-use crosSover
— o
— NAAND: two adjacest paths,
Cach preventing the other

PLASL\" lG— ErokS \CeeQ ﬁm\/i{y [Frreoamqm 30023

— mimic Same Y‘QCQMC oW

— ona Wow . fork. XoR crossover
— NAND “veduces to XOR crossover|




Gmpla owemtotﬁ On’ [Hovyama, Tfo, Makafsuka, Sizuk:, Uehaig
— 9iven an undlivected 3-\rejqﬁar gmpk 160601 ]
it 3 vertoc Hypes, Grd a vl oriedtalion
— 1-in=3: exactl, 1 incommg edge, 2 oifyoing
| a‘iv\‘.B'- Q)(oc'f a itf\c,omi;g eco(je_g, 1 incomin
— O-or-3° @Xadf% O or J M@miyéu}fyo?y e%eg
— NP- cmpﬁofe !o(y eduction from 1-in-dSAT

— wn plome, also need crossover gadset

&cl(ir)) L ‘frcmimesiﬂ‘(ovyama, Tto, Nakatsuka, Suauk:, Uehavg]
— 9iven grl‘d) Poyon, Cam we Pack k Bo's tside?
— eXact PQCI‘“’\gf k= area/ 3
= NP-hord by reduction Grom Groph  Orientation

— Jouble O-or-3" ~ Lft A or right 2
> >k

PaCIGP\; 1 +tominees’ SIMT0QV' Q




Linear Qoyouf of graph = bijection {:\/»12.2,..., Vi3
= maps e«gf}é; o segments v 1D
(see survey b; Diaz, Rtit, Seruna QOOZD

Bandwidth = mimmize lpgth of Congest edbe
Minimum Qineav arrangement = Miim;3e total e&e fe@‘(’i\

ey motivaled by VLST Qago»d’
Cutwidth = minmize mMaximum #ec%es cul Jo(y

o verticl Gine

— Sum version = min. linear armwememf
\feﬁex separaJﬁm= Minimi2e MoXirmmum (over X Coo(‘o(SB
# vertices o Qeft with eéves on rgNL
Sum cul = minimize sum of =2
EOEQ bisection = minimize, #eo@eg arassihg middlle x
Veytex bisection = minimize # vertices in ot hal€

with edses to bt holf

Betweenness:  gen friples of the form  [Opatrny—
“y S be’fu/eeﬂ X % 2’/ STComp
X<Y<LZ or X>y>2 1979]

find volid finear Oon:{efik}?




Bipartite ciossing mumber:  [Garey 3Tohnson = STADM 1933
minimum #”crogsivys n ‘oipqrﬁfe 06/mpk o@mw}g
with R sides on Q parallel fues

— @duction ‘Gmm Minimum Linear Ar Vayyemew'f
— |EI® edes between top, & bdltom,
= fbp order = biftom order it <(Elq CrossSings
— e&ﬁe i\/;.\\o'% - &Qje( ?fo&,\ 65;125»:/25
— # crossings = EIF(k-IE|t1)-1
Y OPT /V\LAJ\ ,t'-l m‘;“ <|E(? 6{‘@9;%?

Cross th9 humber: [G’ar%&SOL\V\SOh"SlADM lqgfffs

draw gmph with min. # Crossings
— (¢ ecfudh‘cm (}am Previdus pr‘ouem

= 3k+1 copies of wfrastructure
(abipar‘ﬁ’fe # Crossings

Rub;k's Cube:  [Demaine, Dewaing, Eisonstif, Lubiw, Wrnsfow—ggﬁ
— min # moves for nxnx1 Rubik “s%qareu
— @("‘a/% n) in Worsl case
— NP-hard with “dont cares” (missing stickers)

by eduction from Betweenness
— ’ ol stickers [ Evrickson 3010J
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