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Outline: Seavch T & NP-completeness
— BES ys. DFS
— job scheduling
T ‘f;ovt\crbﬁogmaﬂ Sor'f
— 1 a.ctt oloQ@/ PFOBQQVY\S
— Pa AP, NP'C&V\PQ@'EY\QSS

Reading: CLRS 934 & 34.1-34.3 (st high leved)

Recall

— Breadth-First Search (BF3): (evel by Level
— Depth- First Searchh (DFS): backtrack as rece.
— both OC\HE) Worst—case fime :‘)opﬁ mal
— BFS compules shortest pathis (min. # e%es‘)
—DFS is a bit srmpﬂer & has useﬁﬁ Proyefrﬁes




&)t) é&dﬂoﬂ\g g‘\ven &W'eaé& acyclic 9!mPL\ (DAGB,
Where vertices represenl hsié
& edges m?resevd' &e\»encﬂendes,.
order fasks (ithoul VTOQQ+M(7 erprAencres
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Souste = vextex with yo thcom g ec%aes
= achedulolle ot Qegmmmg (A.G.I)

Aj@_".’\})i: BFS from each source:

—ftiom A finds H.B.C.¥
‘{r;yv: D ﬁV\oQSs<C\/E§:/ gﬂeeoa to meroe

“(\rﬁ‘m 6 (MOQS H

Topdlogicd sort: veverse of DFS finishivg Times
(fime at which node’s owtgorsy edbes finished)

Exevcise: prove thal no coitrains ave vislited
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— DES & BFS are worst-case oerrmaQ d
PN\OQQW\ s (0 ea% 9mpl\ SeﬁrcL\ (ﬁ) ﬂoﬁk o* EIWO@D
— Whot (\C gm?\«m
— 18 ‘(me?crfz. %@w\ai k's cabe
~ has spectofz Shucture?

~ 15 M{Tme?
Ha%‘w\g_ roblem: civen o compifer proovam,
' cgﬂbe,s it e\;erP kaQJrP(sszV.
— decision prowem‘f answen s YES or NO
— UNDECIDABIE: nO anoriﬂ«m SoQ\se,s Hhis ’f)ronem
C(,oﬂfedﬁg wn finife fime on aﬂQ ‘mPquSB

Most_decision probems ave undecidablle N
= program = binovy siving = nonneg. tnfeger €
— cﬂeocé?‘s ion Pronevmi: o funclion from
binaxy striugs 3YES, NO%
?%@Wrs = 0,13
~ wfinfe sequence of bits = vedl number € 1R
. IN << [R: wno O»SS?V\W\@V\* of unigle Nohnegy.
e Fo ol numbers (R uncourtable)
= et neordy enough Proovams for o ‘ombﬂems

X each om solves only one pro
= anGs‘rPr?}lﬂ prolofems Cawav%\yof be solved




nxnxpn Rubik's cubes
—n=d or 3 1§ €asy alooriftwi 2 O(0) fime
(in practice, n=3 ﬁﬂgﬂo unsolved
— 9mpk sizZe (frows e)((l)ovxeuﬁa% b\ﬁ{'é\ N
— %QVa(oiQﬂa CisioN oﬁu%fran 1S easy (Farrg cL\ecQ
~ fiding shortest soliion  UAISOLVED

nxp Chess: givem xn board X some Com{«zgwnfmvx
016 pieCes, Ceh WHTTE \%vce a winz.

—can be formulofed as (xP) graph search

— every anomlhm needs fime exponedtial i n:
“EXPTIME- complete “  [Froenke & Gicktersten 1931]

V\a~1 E&i}&e? givem nxn g\rch wﬂt&\ mg"l preces .,
sorT preces % sfl_u‘_&v\g ™

‘SIMIﬂar o Rubik's cube: Li|3]Y

— solvab ZQI@ decision o(ues‘h‘ah 5678
'S eosy (Pan‘;y check) 916|11 1';1

*{rh&m& sl'\or\‘es 509uh‘mz 13)14)151 % |}

NP-CompLETE  [Ratner & Wormath 1910)

letvrs: %V@M cuxreil” board ccsmc%guer im &
st of pleces + come. sﬁg ollive

— NP-ComMPLETE  [Demaine, Hol\av\buyer . Liben-Nowell
2003 ]



E = ol (&eCFST® cobems SoQ\!q‘oQQ 63 a
Pogynmmﬁ ( OZ\C» Fime oﬂ(gériﬁlm (e(ﬁc?em?%

_/\E = QQQ cﬁecrs /0N Pmbﬂems whose YES answess
lhove 5L\oﬁ (PogyanoQ -Qev\;ﬂm) “Pmdfs”
checkabfe by a Po%mwﬂoﬂ« Time aQ;ariﬂ\m

€.9.: Rubik’s cube & w?-1 wz2le
s there o solution of fenoth ¢<k?
YES = Casy —to ~c(/\eck SL:?'? [V 00‘( (movefb
— Tetvis € NP
— bat we co»«gechre Chess ¢ NP
C\J\V\V\Ttg ﬁ‘h‘d’% [T @g -®<Ponem‘h‘aQ n VB

P+AP: laTg c,avxjedlure (st & 1,000,600)
~ generafing proofs/solutims s hardley
“’L\QV\ O\/\Qc\(Th& ‘H'ler

/\)(P-CMPMQ: in NP X NP-hoyd

NP-hard = as hard as eveyy prallen 1 AP
= every problem 1 AP can be

effi rcrem'H%y canverted s s problem
= f this poblemeP then P=AP

(so probabll, this Pmbﬁem ¢P




