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What 1 s class?
— pmdf«‘CaQ gw‘o@e o proving compu‘/aﬁcvmf pméfems
ore \%wna@ had / itractoble
— NoT o CDMPQQX? course
Cout we will use/reter fo wneeded resudls)
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Why take this lass?
— know Your Gmits 3n a@oriﬂwc cﬂesgh key problems
— master techviques for proving hovrdvess é orodf styles
— cooll commpctions betwee, problems Joyets
— fun problems (le Mario X Tetrrs
(sevious problems oo
- solhe. puzzfles — publishable popers

Backgrownd a,ggoﬁﬁxms , Osympiotics, combinatorics
- o Compllexity an\gr{umﬂ needed
(oit dlso e overdop with o cmPQecig hhss)
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— attend Lectures

~ Sexibing 173 fedures

— x5 psefs. -3 weeks each

~ project & presesitation
T H/‘eav} (a'(f&/v‘o‘(' 7‘0 soﬂue/poge open Pro(erwb
— survey (semething nol covered] in class)
— implemedt/yisuali ze
— Wikipedia
— act (seulpture, efe. velated o hardness)

EP&S L (on houdleit Aebpage)
~ NP-compllfeness  (3SAT, 3-padtition, Hamr%mrcnfyq geowﬁ}}x
- PspAcE, EXPTIME, ...
— Game,s, Puz%Qes, A Ccmpd(\a‘f/‘ox CCO?\QL(/aIn'IL L%?:,
Su&ako/ Nidendo, Tetrs, Rush Hour; Chess, Go. )
- Il/\appTOXTmaBIQ?(y (PCP , APX, Set Cover, tnd. set MGC,>
~ Gived-porameter wibpctability (W, clique, -
— 3sSUM  (toward n?)
— c:ouvﬂ‘z‘kg (#P) & Unigueness (ASP)
— ecanomic  game f&eog/ (PPAD)
— exigtential w‘t\eog of reafs, undecidabilily Gf fine)
Recgmmended fexts: Games, Q22 Qes, % Ccmgo M alion &(‘)@2&\&%@
Ga\f??y 2/ Solzmsmq
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Exomples:
— V}\)yodi\/e-wegln‘f ggﬁe JQ"(QC}T& P
— n3n Chess €EXP bul ¢°P
G who wing from 2Ven boord cop.?
—Tetis €EXP bul do't kvow wl\eﬁ\efr cp
Survive givem pieces from givem boavd!
— l/\aﬂﬁg problem ¢ R
— “most” decision probllems ¢ R
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via o “ueky” algorithm 3 ,,
Gcon make ch\éy UeSSES.a aQw%S “@H,
b g A splions
— nondlsteyministic vnoded: anmthf\m
rhai@,s guesses A Hrem Says YES or NO
— guesses guaranteed o Jood o VES
oifcome 7€ possible (wo stherwise)
= f&ecismn ‘proloQ&m ) with solutisns Fhat
can be “Chcked” in pelnomiod time ]
— when omswer =YES, con “prove’ it
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Example: Tetvis € AP
— vm\chT e\rw\‘wﬁsﬁc a%t ~ 3%655 eoch move
“&d T Survive’
— proof’ of YES: {ist what moves To make
(udes of Telris are eqs(f)



P+AP: brg &njedure (et & 1,000,600)
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= 9enlratin Yootg o) SolllionS Con bl
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ColNP = pegations (YES <> Ncﬁ ot proéaQemsé/\lP
= probllems with good prosfs of Ao answer

ANP, EXE, ete. | /vdleﬁhecﬂ Onter

K=had = ‘as hard as” every problem e X

X’CGMPQQTQ = X-haed o \2<~ |

Sometimes u)(-eols(y = eX

¢.9. lefris s NP-compléte

Breukelaar, Demaine, Hohenbergev,Hoogehosm Kosters, Liben-Noweld
= if P+ NP, fhen ’@%rs e NP~P il
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PSPACE = { problems solvable 1 P@%n&mmﬂ sFa_c_e%
— S EXP: m\% e)q)men‘(’ m@ marvy Sletes
— 2NP: simulbfe M execuﬁ‘ov\s, Take (unning OR
- OFem wL\e‘f{\er eiﬂ@f IS s'('r:‘cf"
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eg. Rush Howr 1s PSPACE *Cdmpgej\@ [Fﬂakewago@
= ¢P i P#AP or AP# PSPACE

Bgyﬂ_‘& UQDM%+T OQ’ (rot foo impar‘fax(')
EXR(TIME) € EXPSPACE € REXP(TIME) < QEXPSPACE < -
oo exponentiol 29"
AQSO L= LOGSPACE — oG ) hits of spacel
EXP % AEXP & o+ < tine £ space l«\remrcly thesrem s

L S PSPACE § ExPSPACE G JABXPSPACE §
/\/,mlmng: /,IV\ g&qem/, Space bound Squares

— NPSPACE = PSPACE (Savich 1970)  (very usefel!)
— NEXP. NIEXP, --.° omqﬁo;s of NP



Whot dbes “as hard as” mean?

SGther congtrontzs possible )
/
Reduction Gom A + B = poly - Hime a%er? m To

can\/e\r‘f‘t ivxs'l'amc@ 01C A - Msfance 016 B
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Such Haa‘l' SOQkih\Gh b A = SonLim @
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= B 15 af beast as bod as A Ac‘s\‘!’)(‘l«aral
(A 'S & SPQCFaQ case of B) B is X-hard

— this 15 o “ome-cll” eduction  (Karp)

— “multiccall” veduction ﬁ(m‘@] also Possiéﬁei
soflie A using an oracle that soflves B
— dbesn'+ help much Gr ProEszs we conscider

EmmPQes from ogjorru\msr
- unweyid‘ec{) slnov'fesf eaHas - we;)l{hz(g Cw=D
— m‘m—P\rodluc'l' PdHf\ — Mmin-Sum pod‘/a CQ;B
— est path = shorfest eath (egate)
— in—weight k-glep path = min—weidgit Fa('Hq
J P pa Y
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Aldmost ol Aam@nes; profs are by redystion |
from  known  hard prbbge,vu av] Yo probfe,m




Examples of hardness procts:
D Svper Mario Bros. s NP-complete

- redluction from BSAT: can you sofisty
(make @) a Gemula Gike "
67‘1 dR Xy OR \Jariab
AD (ks oR (NoT =3) OR \,?E‘D y
AND --- W Gteral

N———~ _
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@ Rush Hour 1s PSPACE —complete

~ reduction feom NCL. (Wordet. Constroiit Logio):
gven directed graph with edge weyhtse£1 33,
find soquence of edpe veversdls fo
ewerse o torgelt edse, whille o ol fnes
Mo TlaTnin ‘éLoQ zm-we(rybd’ > A af eoch verfex
— OM@ need AND wvertex & OR vedex
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