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MN NTETEPUIVIOTIKEC
Mnxavec Turing

O Mn vrereppivioTikn Mnx. Turing (NTM) N = (Q, 2, A, qo, F)
B (Q OUVOAO KATAOTACEWV.

> aAgapnTo e100dou kal I' = X U {1} aA@aBnTo Taiviac.

do, € Q apxikn karaoTaon.

F = Q TeAikn kaTtaoTaon (eoTialouphe o€ YES kal NO).

AC(Q\F)xI)x (QxI'x{L,R,S}) oxéon perapfaonc.

(kaTtaoTtaon g, 61apalel a) —» oUVOAO EVEPYEIWV

(vea kaTaoTaon q’, ypagpel a’, kepaAn perakiveiTal L, R n S).

O (Apxikn, TeAikn) diapoppwon onwc yia DTM.

O Ta kaBe Tpexouoa dlauoppwan, unapxouv Kauia n
NEPICOCOTEPEC ENITPENTEC ENOUEVEC OIANOPPWOEIC ONOU
unopei DTM va petaBei!
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MN NTETEPUIVIOTIKEC
Mnxavec Turing

[0 YnoAoyiopoc NTM: oxeon |- kal oxeon |-* .
B |- : JlaMOPPWOEIC NOU NPOKUMNTOUV ano TPEXOUOa o< eva Bnua.
B |-": JIaUOPPWOEIC NOU NPOKUNTOUV O€ KAMNOIO #BNUATWV.

0 YnoAoyiopoc NTM avanapiotaTtal HE OEVTPO:

B PiCa: apyikn d1apoppwaon (q,, X).

B KopBol: OAec o1 diapopPWOEIC MOU UNOpPEL va
NPOKUWOUV ano apxikn d1apoppwon (q,, X).

B Anoyovol KOUBou: OAeC ol SIaUOPPWOEIC MOU
NpOKUMTOUV JE Baon oxeon HeTaBaonc A.

B DUAAa: OAecC o1 TEAIKEC DIAMOPPWOEIC NOU
NPOKUNTOUV ano apxikn.

B BaBpoc orabepoc! XPT1y, duadiko OEVTPO.
B YnoAoyiopoc DTM: povonari!

(g0, X)
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Anodoxn kai Anoppiyn

0 NTM N €xel noAAoUG KAQOOUG UNOAOYIOHOU («EKDOOXEG»)
NoOU JUNOPElI va KaTtaAnyouv o€ OIAQOPETIKO AnoTeAeTuA.

B  AnodexeTal av TOUAAXIOTOV Evag KAAOOC AdnodEXETAl:
«0IKTaTopia TNC anodoxnc»!

B N(x) = YES awV (qo, Z1%2...Z,) F* (YES,...)
O T[Awooa L NTM-anokpioiun avv unapxel NTM N, vx € 2"
B OAol ol kAadol Tnc N(x) TeppaTiouv,
kal z € L & N(x) = YES
O T[Awooa L NTM-anodekTn avv unapxel NTM N:
VeedX*,x € L < N(x)=YES
B Evdexeral kAadol N(x) va pnv Teppatidouv.
B 'Otav x € L, TouA. evacg Teppartilel o€ YES.
B 'Otav X ¢ L, oool TeppaTifouv divouv NO.

(g0, X)
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Mn NTETEPUIVIOTIKN
Xpovikn MoAunAokoTnTa

0 Xpovikn noAunAokotnta NTM N:

B Aufouoa couvaptnon t : N > N woTe via kabe x, |x| = n,
OoAol ol kAadol Tng N(x) exouv pnkog < £(n).

B MeyioTto uyoc devTpou unoAoyicpou N pe €icodo PNKoug n.
0 Mn VTETEPUIVIOTIKN XpoVikn noAunAokoTnTta npoBA. IM:
B Xpovikn noAunAokoTnTa «taxutepnc» NTM nou Auvel M.
0 KAaon noAunAokoTnTac A (o, ¥)
NTIME|t(n)| = {II : II Moveron o€
Un VIETEQMVLOTIXO Yoovo O(t(n))}
O 'Oxi pealiOTIKO HOVTEND,  x. o Motwnh.
aAAa BeueAiwdec yia ="Yyog Aévipov
Ocwpia MoAunAokoTnTac!
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Mn NTETEPUIVIOTIKOC YNOAOYIOUOC

0 Iocoduvapol TpOMOl yia PUN VTETEPUIVIOTIKO UNOAOYIOHO:
B N(x) «gavTever» (navra ocwoTa) KAado nou KaTtaAnyel o€
YES kal akoAouBei povo auTtov (eniBeBaiwvel YES).

O Avalntnon x o€ nivaka A JE n OTOIXEIa:
«Mavtewe» Beon k, kal eniBeBaiwoe oTi A[k] = x.

O Hamilton Cycle: «Mavteywe» peTrabeon
KopuQwV Kal eniBeBaiwoe oTi divel HC.

O k-SAT: «MavTtewe» anoTignon Kal
eNIBeBaiwoe OTI IKAVONOIE] . (90, X)
B >T70 Bnua k, N(x) «ekTeAei» / BpiokeTal o€
OAecC TIC dlAPNOPPWOEIC O anooTaon kK ano
apxikKn TauToxpova.
O «MnxavioTikn» Npoogopoiwaon vonuoouvnc.

B  XpOovocg = Uyoc OEVTPOU UnoAoyiopou.
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NTeTepuIvioTIKN Mpooopoiwaon

O NreteppivioTikn npocopoiwon NTM ue ekBeTikn nifapuvon.
B [lpooopoiwon 0evTpou unoAoyliopou pue BFS Aoyikn.
m [at=1, 2, .. t(|x]), npooouoiwon OAwWV TwV KAGOWV
unoAoylopou N(x) pnkouc < t.
B TeppaTiopyoc YES: npwToc KAA®OC nou KaTtaAnyel o€ YES.
B TeppaTiogoc NO: npwTo t nou oAol o1 kAadol TeppaTiouv o€ NO.
B Mn TeEpUATIOPOC: Kavevac KAAadocC o€ YES
Kal kanoloc dev TepuaTilel.

O NTM-anokpioigo avv DTM-anokpioipo.
(@eon Church-Turing)

0 NTM-anodekto avv DTM-anodekTo.
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NTIME kai DTIME

O NreteppivioTikn npocopoiwon NTM ue ekBeTikn nifapuvon.
m [at=1, 2, .. t(|x]), npooopoiwon oOAwvV TwV KAGOWV
unoAoyiogpou N(x) pnkouc < t.
B TeppaTiopoc YES: npwToC KAA®OC nou KaTtaAnyel o€ YES.
B TepuaTiopoC NO: npwTo t nou o0Aol o1 kKAadol TepuaTifouv o€ NO.

OO0 Av NTM xpovou t(n) kal ye Babuo

Un VTETEPUIVIOWOU d,  tn) (Go.2)
XPOVOC NMPOCOHOoIwaoNC: Z O(d") = O(dt(n)H)
t=1

O KaTta ouvenesia:

NTIME[t(n)] C | ] DTIME[d"™)]

d>1
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H KAdon NP

OO0 MpoBAnuaTa nou AUuvovTal O€ NOAUWVUNIKO
HN VTETEPHIVIOTIKO Xpovo: NP = ;o NTIME[n]

B «YES-AUOnN» UNOpEi va «JavteuBei» og NOAUWVUMPIKO XpOVvo
(apa NOAUWVUMPIKOU PJNKOUC) Kal va enipepaiwbei oe
NOAUWVUUIKO VTETEPHIVIOTIKO XPOVO.

B (k-)SAT, kukAoc Hamilton, TSP, Knapsack, MST,
Shortest Paths, Max Flow, ... avikouv otnv kAdaon NP.

B Xpeialetal npoonabeia yia va okepBeite npofAnua ektoc NP!
0 KAaon NP kA€i0Tr] W€ NpocC evwon, Toun, Kal
NOAUWVUNIKN avaywyn.

B [lioTeuoupe OTI KAaon NP dev gival KAEIoTH wC
npoC ocupnAnpwpa (acuppeTpia unep anodoxnc).
B coNP: avTioToixn KAGon JE ACUMMPETPIA unep anoppiync.
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NP kal ZuvonTika MioTonoinTika

O Zxeon R c* x 2* givai:
B noAUWVUMIKA Igopponnuevn av Y(z,y) € R, |y| < poly(|z|)

B noAUWVUMIKA anokpioiyn av (X, y) € R eAeyxeTal
(VTETEPUIVIOTIKA) OE NOAUWVUMIKO XPOVO.

OO L e NP avv unapxel nOAUWVUUIKG I00ppOoNnNUEVN Kal
NOAUWVUMIKA anokpioign oxeon R < 2* x 2* woTe
L={ze¥ :dye¥* (z,y) € R}

By anoTEAEI «OUVTOUO» KAl «EUKOAO» va eAEYXOE
NIoTONOINTIKO OTI X € L.

0 Av unapxel Tetola oxeon R, unapxel NTM N:

B Vvx e L, N(X) «gavTeuer» nioTtonoinNTiKo y Kal enifeBalwvel
OTl (X, ¥) € R 0€ NOAUWVUUIKO XpOVoO.
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NP kal ZuvonTika MioTonoinTika

O L e NP avv undpxel NOAUWVUUIKA I00pponnNUeVn Kal
NOAUWVUNIKG anokpioign oxeon R c 2* x 2* woTe
L=A{zeX¥:yed¥ (z,y € R}

O AvL e NP, Bewpoupye NTM N nou anopaailei L.

B [lioTonoINTIKO Y anoTeAEI KWAIKONOINGN UN VTETEPUIVIOTIKWV
emAoywv N(x) nou odnyouv o€ YES.

R = {(z,y) : z € L nou y nwdwwomoiel ¥Addo N(z) ue YES}

ly| < poly(|x]) yiati N noAuwVvuUuIKOU XpOVOouU.

B (X, Y) € R eAeyxeTal noAUWVUMPIKG akoAouBwvTac (povo)
kKAado unoAoyiopou N(x) nou kwoikonolgiTal ano vy.

O (x,y) € Ravv o y-kAadoc N(x) kaTtaAnyel o€ YES.
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NP kal ZuvonTika MioTonoinTika

O H kAaon NP nepiAauBavel npopAnuarta anogaonc:

B [ia kabeg YES-OTIYHIOTUNO, UNAPXEl «KGUVONTIKO»
NIOTONOINTIKO MNOU EAEYXETAl «EUKOAA» (MOAUWVUUIKA).

B 'Evad TETOIO NICTONOINTIKO UMOPEI va €ival
OUOKOAO va unoAoyioOEi.

B Aev analteital kATl avTioTolXo yia NO-oTIyhioTuna.

0 KAaon coNP nepiAaufavel npopAnuara anogaonc nou
£XOUV AVTIOTOIXO MICTOMNOINTIKO YId NO-OTIYUIOTUNA.
B Av npoBAnua M € NP, npoBAnua coll = { x : X ¢ 1} € cONP.

MpoBAnpaTa oro P avikouv NP } P C NP N coNP
MNpoBAnpaTta oro P avinkouv coNP =

O O
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NP-MAnpoTnTa

O MpoBAnua M eivalr NP-nAnpec av N € NP kai kabe
npoBAnua N’ e NP avayeral noAuwvupika ato M (M’ <, M).
B [1 cival ano Ta duokoAoTepa npofAnuata oro NP
(0oov agopda OTOV UMOAOYIONO MOAUWVUUIKOU XPOVOU).
O 1 kanoio NP-nAnpec npoPAnua: N P avv P = NP.
B Av P = NP, noAAda onuavTtika npoBAnuarta eueniAurtal
B Av P = NP (onwc oAol NioTEUOUV), UNAPXOUV
npopBAnuaTta oro NP nou d&v AuvovTal
0€ NOAUWVUHIKO XpOVvo!
B EE opiopyou, Ta NP-nAnpn
avNKOUV O€ auTn TNV KaTtnyopia.
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NP-MAnpoTnTa

O AvTioToixa pe coNP kai coNP-nAnpn npoBAnuara.
0 'Eotw npoBAnuarta My, M, e NP wote M, <, I, .
[olec ano TIC napakaTw ONAwaoeIC aAnbeguouyv;
1. I, eP=1l,€P
2. lI,eP=1,€P
3. Il 6y NP-mMmjpec = II; 6y NP-tAvpec
4. 1I; NP-mmjpec = Il <p II;
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SAT eival NP-TIAnpec

O Ikavonoinoipornta (SAT):
B Aivetal Aoyikn npotaon ¢ o€ CNF. Eival ¢ ikavonoinaiun;

0 SAT e NP.
B «MavTevoupe» avabeon Tipwyv aAnbeiac a oe petaBAnTec @.
B EAcyyxoupe OTI avaBeon a 1kavonolei @.

O Oswpnpa Cook (1971):
B SAT eival NP-nAnpec.

B YnoAoyiouoc onolacdnnote NTM noAuwvupikou xpovou N pe
€i00d0 x Kwdikonoigital oe CNF npotaon @y ,:

O @y x EXEI HNKOG NOAUWVUHIKO O€ x| Kar [N].
O ¢y, unoloyiCeral og Xpovo NOAUWVUUIKO o€ |X| kai [NJ.
O @, ,€&ival ikavonoinaiun avv N(x) = YES.
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SAT

eival NP-TAnpec

O 'Eotw NTM N p(n)-xpovou kal €icodoc X, |x| = n.
O Ta kwdikonoinon N(x), elcayoupue 3 €idn HeETABANTWV:

" Q
m H
m S

0

'k, t]: N(x) BpiokeTal oTnv KaTtaocraon q, TRV oTIyun t.
j, t]:  kepaAn BpiokeTal otn 6€on j TNV oTiyun t.

j, i, t]: Be€on j nepiexel oupPolo s, Tnv oTiyun t.
<t<pn)0<k<r,—pn) <j<pn)0<i<|I|

O Ta kwdikonoinon N(x), elcayoupe 7 opadec OpwV:

B G

H B BN
G GO O O

A W

.+ N(x) BpiokeTal o€ pia povo KatraocTaon KABe oTIypn.
,: KEQAAN o€ pia povo Beon kabe aTiypn.

. KGBe Beon Talviac nepIEXEl Eva POvo oUPPBOAO KABE oTIyun.
: N(x) &ekiva ano apxikn diapoppwon (g, X).

=: N(x) BpiokeTal o€ kaTtacTaon YES Tnv oTiypn p(n).
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SAT eival NP-TIAnpec

O Tla kwdikonoinon N(x), €l0ayouue 7 ONAOEC OPWV:
B G.: yia kabe t, ypovo 1o cupBoAo oTn Beon onou BpiokeTal
N KEpAAn pnopei va aAAa&el otnv enogevn oTiyun t+1.
B G.: vyia kaBe t, n dilapopPwon oTnv enopevn oTiyun t+1
NPOKUNTElI AnNO TNV TPeExouaa diauoppwan UE epappoyn
TNC oxeonc peTtaBaonc A.
O TeAika: YN,z = Gi ANGa AGs AGyg A Gs AGg A Gr
B @, , EXEl MNKOG Kal KaTaokeuaderal o xpovo O(p3(n)).
ano nepiypapn N kai €icodo X.
B @, ,E&ival ikavonoinaoiun avv N(x) = YES.
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Anodei&eic NP-MAnpoTnTac

O AnodeiEn ot npoBAnua (anogaonc) I eival NP-nAnpec:
B Anodcikvuoupe OTI [T € NP (eukoAo, aAAa anapaitnTo!).
B EniAeyoupe (kataAAnAo) yvwoTto NP-nAnpec npoBAnua ',
B Avayoupe noAuwvupika 1o M aro N (N’ <, N):

O Meprypa®oupe KaTaokeun oTiypioTunou R(x) Tou [
ano oTiyuhioTuno x Tou M.

O E&nyoupe o1i R(x) unoAoyileTal 0 NOAUWVUMPIKO XPOVO.
O AnodeikvUoupe 0TI X € 1" & R(x) e IM.
O Avaywyn HE YEVIKEUON.

B [1 anoTeAsi yevikeuon Tou ', kal npopavwg I eival
TOUAQXIOTOV TOOO dUOKOAO 0o TO [,
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AkoAouBia Avaywywv

Subgraph
Isomorphism
Set Cover
AxEPAIOC
I'poppicoc
/ [poypoappotiopnds
Min Vertex Cover ,
Kbxhog
Max Independent Set —3 . —p TSP
: Hamilton
Max Clique

MAX

2-SAT Bin Pacl<.1ng
Onoodt / Scheduling
MOWNTOTE  (~ 1

npofinue oty =—————3p SAT =P 3-SAT ——p 3DM
KAdon NP Knapsack
Subset Sum

Partition
3-YPOUOTIGUOC
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3-SAT eival NP-TAnpec

3-SAT: Aoyikn npotaon ¢ oe 3-CNF. Eival ¢ ikavonoinoiun;

3-SAT € NP (onwg kai SAT). ©do SAT <, 3-SAT.
B 'Eotw npotaon ¢ = ¢, A ... A C, 0€ CNF.
m  Kartaokeuacoupe ¢, o€ 3-CNF avTikaBioTwvTag kabe opo
c; =4, V...V, k>4, pe 600
C;' — (£j1 vV sz % Zjl) A (_'Zjl vV £j3 % zjz) A (_'ij vV €j4 % zjs) ASES
N2y Ve, V 2 o) AN (5243 VG, VL)

Je—1

I fff

B IKQVOMOINGIJoG avv C'; IKaVOnoInaipog.
1 avi<p-—1

Av ¢, mpodrto aknB€g literal c;, O€tovpe z;, = 0 ovi>p—1

B Apa @, IKQVOMOINGIUN avV Y IKavonoinaiyn.
m  Kai BeBaia, KaTaokeun @, 0€ NOAUWVUHIKO XpOVO.
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3-SAT(3) eival NP-TMAnNpec

O 3-SAT(3): ornv @ kabe petaBAnTtn eppavideral < 3 POpPEeC:
B Eite < 1 ywpic apvnon kail < 2 Je apvnon,
€iTE < 2 XwpIc apvnon kai < 1 ye apvnon.
0 ©O00 3-SAT <, 3-SAT(3).
B 'Eotw npotaon ¢ = ¢, A ... A C,, 0 3-CNF.
BV peTaBAnTn x nou epgavileral k > 3 @opec, avTikabioTouue
KAOe gupavion x Pe S1IaQOPETIKN METABANTN Xy, X, wovf X
B [IpooBeTOUPE OPOUG MOU IKAVOMOIOUVTAl AVV Ol Xy, X5, ..., X
gxouv id1a Tiun aAnBeiac (epgavioelc idiac PET/TNC X):
(mz1 Vo) A(mzeVE3) A--- A(mxp_1 Vo)) A (D) V 27)
B 'Etol kaTtaokeualoupe 3-SAT(3) oTiypioTuno y':
O '’ i1kavonoinoign avv W IKavonoinaoiun.
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MAX 2-SAT sival NP-TTARpeC

O MAX 2-SAT: (un ikavonoinaipyn) ¢ og 2-CNF kal K < #opwv.
Ynapxel avaBeon TIHwV aAnBegiac nou ikavonolei > K opouc;
O MAX 2-SAT € NP. 000 3-SAT <, MAX 2-SAT.
B EOoTwC =XvYyvVvz W UET/TA, (z), (v), (2), (w;)
kai opada C’; 10 2-CNF opwv: (—z V —y), (-y V —2), (=2 V =)
(x V —w;), (y V ~w;), (2 V —w;)
B AvaBeon IKavonolei ¢;: ENIAEYOUNE w,, IkavonolouvTal 7 opoi C'..
B AvaBeon dev Ikavonolei ¢;: IkavonoiouvTal povo 6 opoi C'.

B 'Etoiano @ = ¢, A ... A C,, 0 3-CNF, kaTaokeualoupe
@, =C'y A ... A C' o€ 2-CNF g€ NOAUWVUMIKO XpOVO.

B (¢ IKaVvOoMoINCIJN avv unapxel avadeon TIHWV aAnbeiac
nou IKavomnoIgi > 7m 0poug TG @, .
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MIS eival NP-nAnpec

O Max Independent Set (MIS): Npapnua G(V, E) ka1 kK < |V].
'Exel G ave€apTnTo OUVOAO HE > K KOPUPEC;
0 MIS € NP. ©d0 3-SAT <, MIS.
B Eotw @ = ¢y A ... A C,, 0 3-CNF. Kataokeualoupe G, .
B ‘'Eva «Tpivwvo» t; yia kaBe opo ¢; = £ V £, V L,
B Mia akpn (x;, —=x;) yia kafe Ceuyapl CUPNNANPWHATIKWV
eMPavicewv PETABANTAG X..

¢ = (_'331 V Ty V ﬁms) X> —X> X> —X?

Az V —xo V x3)
Az V x2 V 23) )
A=z V —x3)
—X] —X3 \ X3 X1
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MIS eivai NP-nAnpec

0 3-SAT <, MIS (ouvexeia).

B Eotw @ = ¢y A ... A C, 0 3-CNF. Kataokeualoupe G, .

B 'Eva «Tpiywvo» t yia kGBe 6po ¢; = &5, V £, V £,

B Mia akpun (x;, —x;) yia kabe {euyapl CUPNANPWHATIKWV
EM@AvioewV PETABANTAG X..

B Av y IKavonoinaoiyun, ano kabe «Tpiywvo» t; ENIAEyOUpE pia
KOpU®r Nou avTioToIXEl o€ (kanoio) aAnbeg literal opou c;.

B 'Oyl oupnAnpwpaTika literals = aveEapTnTo oUV. M KOPUPWV.

B Av G, £x&l aveEapTnNTo OUV. M KOPUPWV, AUTO EXEI UIA KOPUPN
ano Kabe «Tpiywvo>» t; Kal 01 «GUUNANPWHATIKEG» KOPUPEG.

B OcToupe avTtioToixa literals aAn®n: w ikavonoinaoiun.

B ikavonoinaipn avv G, exel avegapTnTo guv. > M KOPUPWV.
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MIS(4) eival NP-nAnpec

O [Mpotacn w oTiydioTuno 3-SAT(3):
B KaBe yer/Tn sugavileral < 3 Qopec.
B Eite < 1 ywpic apvnon kKai < 2 Je apvnon,
€ITE < 2 XwpIC apvnon kai < 1 ye apvnon.

O >71o ypagnua G, peyioTog BaBuog kopupng = 4.

O MIS napapevel NP-nANpec yvia ypapnuarta
LUE PEYIOTO Babuo 4!

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019)
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Vertex Cover,
Independent Set, kai Clique

0 Min Vertex Cover =, Max Independent Set =, Max Clique.
B \ertex cover C oe ypapnua G(V, E) avv
independent set V \ C oe ypapnpa G avvy
cliqgue V \ C og ocupnAnpwuaTiko ypapnua G'.
0 'EoTtw pn kaTteubuvopevo ypapnua G(V, E), |V]| = n.
Ta napakdTw €ival iIcoduvaua:
B To G €xel vertex cover < k.
B To G exel independent set > n - k.
B To oupnAnpwpatiko G €xel clique > n - k.

[0 Min Vertex Cover - Z .
veVvy v

' : , min
anoTeAel (anAn) €10IKN st. Ty+z,>1 Ve={v,u} €E

nepinTwon Akepaiou z, € {0,1} Vo € V
Fpappikou Mpoyp. (ILP): = ’
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Set Cover

O KaAuppa ZuvoAou (Set Cover):

B >uvolo S, unoouvoAa X, ..., X, Tou S, QuOoIkoG k, 1 < k < m.
B Yndapyouv < k unoouUvoAa nou n €vwon Toug €ival To S.
O «KaAuwn» Tou S pe < k unoouvoAa (ano CUYKEKpPIYEVA).

OO0 [Mapadeiyua:
. S={1I213I4I5I617I8}
H Xl = {11 2/ 3}
X, = {2, 3, 4, 8}
X; = {3, 4, 5}
X4 = {41 5/ 6}
X5 = {21 3/ 5/ 6/ 7}
X ={1,4,7, 8
B BeAmiotn Auon: Xs, Xg

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019)
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Set Cover

O KaAuppa ZuvoAou (Set Cover):
B 2UvoAO S, unoouvoAa Xy, ..., X, Tou S, Quaikog k, 1 < k < m.
B Yndapyouv < k unoouUvoAa nou n €vwon Toug €ival To S.
O «KaAuwn» Tou S pe < k unoouvoAa (ano CUYKEKpPIYEVA).
[0 Set Cover anoteAei yevikeuon Tou Vertex Cover:

B Vertex Cover npokunNTel OTAV KABe OTOIXEIO € € S
avnkel og (akpiBws) duo unocuvoAa X; kat X;.
OO0 S: akpeC ypapnuaToc JHE M KOPUPEC / UNOCUVOAQ.
O Akpn e e S ouvdeel KOPUPEG / UNOCUVOAa X; Kai X;.
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Subgraph Isomorphism

OO0 Subgraph Isomorphism:
B [paopnuata G,(V,, E,) ka1 G,(V,, E,), V4| > |V,].
B Ynapyel unoypagnua Tou G, 1I00HopPIKO PE TO G, ;
O AnA. eival To G, unoypagnua Tou Gy;

[0 Subgraph Isomorphism anoTteAei yevikeuon MIS (Clique):
B MIS npokunTtel yia G, ave€apTnTo CUVOAO K KOpUPWV.
B Clique npokunTel yia G, NANpPeG ypaenua k Kopupwv.
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AkoAouBia Avaywywv

Subgraph
Isomorphism
Set Cover
AxEPAIOC
I'poppicoc
/ [poypoappotiopnds
Min Vertex Cover ,
Kbxhog
Max Independent Set —3 . —p TSP
: Hamilton
Max Clique

MAX

2-SAT Bin Pacl<.1ng
Onoodt / Scheduling
MOWNTOTE  (~ 1

npofinuo oty =3 SAT =P 3-SAT ——p 3DM
KAdon NP Knapsack
Subset Sum

Partition
3-YPOUOTIGUOC
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3-COL €ival NP-nAnpec

Ll

=
L
L
B
B
L

3-xpwpuaTtiouoc (3-COL): Mpapnua G(V, E). X(G) = 3;
3-COL € NP. ©00 3-SAT £, 3-COL.

EoTw @ = ¢; A ... A ¢, 0€ 3-CNF. Kataokeualoupe G, .
Kopupn b kar eva «Tpiywvo» [b, x,, —x;] yia kabe PeT/TH X, .
'Eva gadget g; yia kG6e opo ¢; = £;, V £, V £,

Akun peta&u kabe literal g; kal TnG avTigToixng Ui
Kopupnc os b-Tpiywvo.

Kopugn a kai «tpiywvo» [b, a, C;] pe kabe g;.
Sl S52

lio @ @l
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3-COL €ival NP-nAnpec

O 3-SAT <, 3-COL.
B [lapadeiypa KaTaokeunc:
Y= (x1 Va3V —x3)
A(—x1 V —xo V T3)

o

/ a

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019) X
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3-COL €ival NP-nAnpec

O O©do y ikavonoinaiyn avv x(G,) = 3.
B XBTy, unoBetoupe oTI Xp(b) = 2, Xp(a) = 1.
Etol x(G,) = 3 avv xp(C;) = 0 yia kabe gadget g; (opo ¢; ).
B Av y ikavonoinoiun, Xp(x,) = 1 kai xp(—x;) = 0 av x. aAnbng,
kKar xp(x,) = 0 kai xp(—x;) = 1 av x, yeudng (BA. b-Tpiywva).
B Av 0pogG G IKavonolgiTal: XxpwpaTitoupe g; wote Xp(C;) = 0.




3-COL €ival NP-nAnpec

O O©do y ikavonoinaiyn avv x(G,) = 3.
B XBTy, unoBetoupe oTI Xp(b) = 2, Xp(a) = 1.
Etol x(G,) = 3 avv xp(C;) = 0 yia kabe gadget g; (opo ¢; ).
B Av xp(C;) = 0 yia kGbe gadget g; npenel TOUuA. pia ano 3
«€I0000UG» g; EXEl XpwHa 1 (avTioToIxEl 0 aAnBeg literal).
B OecToupE X, aAnBeg av xp(x;) = 1 kal xp(—x;) = 0 Kkal
X, WeUDEG av Xp(x;) = 0 kal xp(—x;) = 1.
B 'ETOl W IKAVOMoIEiTAl, apou UNApPXElI TOUA. £va
aAnBeg literal o kabe opo ;.
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3DM eival NP-nAnpec

O TpiodiaoTaTo Taipiacua (3-Dimensional Matching, 3DM).

B =cva peTa&u Touc ouvoAa B, G, H, |B] = |G| = |H| = n,

Kal guvoAo Tpiadwv M c B x G x H.

B Ynapxel M' c M, |M’| = n, onou kaBe oTtoixeio Twv B, G, H
eu@avileral pia eopa (dnA. M’ kaAunTel OAa Ta oToixEia).

O 3DM e NP. 000 3-SAT(3) <, 3DM.
B ‘Fotw @ =c, A ... C,, 0 3-CNF(3).
Kataokeualoupe B, G, H,, ka1 M.

B [1a kabe Per/Tn X, 2 «ayopia»,
2 «KopiTola», 4 «oniTia»,
Kal 4 TPIAadeG. heo

B Tpiadeg pe hqy, h,, yia x (x aAnbng).
B Tpiadeg pe (h,, h.3) yia =x (x yeudng).

hxl
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3DM eival NP-nAnpec

O 3-SAT(3) <, 3DM.

B ¢ =¢C A...ACy,0€ 3-CNF(3). Kataok. B, G, H, kai M,,.

B [1a kaBe 0po, N.X. € = X v =y v Z, «(euydapr» 0pou C
(«ayopi» b kal «kopiToi» g.), Kal 3 TpIAdeG:
O (b, g, hy) (7 HE h3): emAoyn av x aAnBec.
O (b, 9. hy) (0 pE h,,): eniAoyn av y Yeudeg. I
O (b, g, h,;) (N HE h,3): emAoyn av z aAnBec.

B [lepiopioCPOC OTOV #EPPAVIOEWV:

«OniTIa» ENAPKOUV YIa TPIAOEG OPWV, bxo

B 4n «oniTia» kKal 2n+m «{euyapia».
O 2n - m «adntnTa onitig»! B
B 2n - m «gukoAa (euyapia» nou

ouvOEoVvVTdAl JE OAQ Ta «OMiTIA».
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3DM eival NP-nAnpec

OO0 3-SAT(3) <, 3DM. Yp=(xVyV-z)

B Akoun 4 «eukoAa Ceuyapia» nou A=z V =y V 2)
ouvOeovTal JUE OAQ Ta «ONITIa»,




3DM eival NP-nAnpec

O Odo y ikavonoinaiun avv unapxel 3bDM M’ c M, [M’| = 4n.
0 Av  IKavonoinoiun:
B VYV aAnBdn PeT/TN X, ENIAEYOUNE 2 X-TpIladec.
BV Wpeudn PET/TN X, ENIAEYOUNE 2 —x-Tpladec (2n).
B Toul. eva aAnBec literal og kaBe opo TnNC Y:
TOUA. eva «eAeuBepo oniTi» yia
«Ceuyapr» kabe opou (m).

B «AlnTnTa OoniTia» KaAunTovTal ano
2n — m «gukoAa Ceuyapia».
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3DM eival NP-nAnpec

O Odo y ikavonoinaiun avv unapxel 3bDM M’ c M, [M’| = 4n.
O Avunapxet 3DM M c M, [M| = 4n:
B FEomialoupe o€ 2n+m «duokoAa (euyapia».
B EniAeyovtal 2n «leuyapia» peTaBAnTwv:
O V PeT/TN X, €iTE 2 X-TPIAdEC, oNOTE X aAnBngc,
€iTe 2 —X-TpIAdEC, onoTe X WPeudnc.
B EniAeyovral m «leuydapia» opwv:
O «EAeubepo oniTi» yia kabeg opo.
O Avabeon Tipwv aAnbeiac
dNMIOUPYEI TOUAGXIOTOV €va
aAnbec literal og kaBe oOpo. N0

[0 Bipartite Matching (2DM) < P.
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Subset Sum kail Knapsack

0 Subset Sum:
B >uvoAo Quaikwv A = {w,, .., w r kai W, 0 < W < w(A).
B Ynapxel A'c Ape w(A) =0 w; = W,

0 Knapsack anoTeAei yevikeuon Subset Sum.

B Subset sum npokunTel OTAV YIa KAOE AVTIKEIPEVO i,
ueyeboc(i) = a&ia(i) (Bewpoupe peyeboc oakidiou = W).
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Subset Sum kai Partition

0 Partition:

SUVOAO QUOIK®V A = {Wy, ..., W_} pe apTio w(A) = > ;car Wis
Ynapxel A’ < A pye w(A") = w(A \ AY);

0 Subset Sum <, Partition.

'EoTw guvoAo A = {w,, ..., w_F kat W, 0 < W < w(A).
XB1y, Bewpoupe oTI W > w(A)/2.

>uvoAo B = {w,, ..., w_, 2W - w(A)} pe w(B) = 2W.
Ynapxel A’ < A pye w(A’) = W avv

unapxel B’ = B ye w(B") = w(B \ BY) = W.

O 'Eva ano Tta B, B \ B’ €ival unoouvoAo Tou A.

O 'Opwc 1o Subset Sum anoTeAei yevikeuon Partition.

TeAika Subset Sum =, Partition.
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AkoAouBia Avaywywv

Subgraph
Isomorphism
Set Cover
AxEPAIOC
I'poppicoc
/ [poypoappotiopnds
Min Vertex Cover ,
Kbxhog
Max Independent Set —3 . —p TSP
: Hamilton
Max Clique

MAX

2-SAT Bin Pacl<.1ng
Onoodt / Scheduling
MOWNTOTE  (~ 1

npofinue oty =3 SAT =P 3-SAT —P 3DM
KAdon NP Knapsack
Subset Sum

Partition
3-YPOUOTIGUOC

AAyOp1Bpuol & MoAunAokoTnTa (Xeipwvag 2019) NP-MAnpéTNTG 42




Subset Sum €ivail NP-IMARpec

O Subset Sum € NP. ©00o 3DM <, Subset Sum.

m EorwB=<{b,.,b}G={g,..,9,,H=<%h, ., h},
kKalMc B xGxH, |[M| =m.

B Tpiada t e M — duadikn cupB/pa b, unkoug 3n Pe 3 «aACOOUG».
O 1906 «aococ» o€ Beon 1 wc n ONAWVEI TO «ayopi».
O 206 «aoooc» o€ Beon n+1 wc 2n ONAWVElI TO «KKOPITOI»,
O 309 «agooc» g Beon 2n+1 wc 3n dNAwVEl TO «ONiTI».
O M.x. n = 4. (b,, g, h,): 0001 0100 0010

B Ynapxel 3DM M’ c M, |[M’| =n, avv unapxel B’ = {b;,,...,b; }
nou ol «aggol» Twv b;, € B’ kaAunTouv OAgg TIG 3n BETEIC.
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Subset Sum €ivail NP-IMARpec

O 3DM <, Subset Sum.

B Yndpxel 3DM M’ c M, |[M’| = n, avv unapxel B' = {b;;,...,b; }
nou ol «aagoi» Twv b;, € B’ kaAunTouv OAgG TiG 3n BETEIC.

B ...avww oOvoro A = {W;, ., W} HEw; = > 50, b;(5)27]
EXEI UNOOUVOADO A’ c A pe w(A) = 23n -1 ().
O Mnopei kair oxi(!): n.x. A={0011, 0101, 0111 }
O <«EnimAokn» Aoyw kpaTtoupevou duadiknc npocBeonc.
O Auon: epunveUoUpE apibuouc o€ Baon m+1 woTe

npooBeon M «AoowWvV>» va PNV egPavifel KpAToOUUEVO.

B ...avv oOvoho A = {w;, .., W} pE w; = > 2% bi(j)(m + 1)1
£XE€l unoouvoAo A’ c A pe w(A) = ((m+1)3n - 1)/m.
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AkoAouBia Avaywywv

Subgraph
Isomorphism
Set Cover
AxEPAIOC
I'poppicoc
/ [poypoappotiopnds
Min Vertex Cover ,
Kbxhog
Max Independent Set —3 . —p TSP
: Hamilton
Max Clique

MAX

2-SAT Bin Pack.mg
Onoodt / Scheduling
MOWNTOTE  (~ 1

npofinue oty =3 SAT =P 3-SAT —P 3DM
KAdon NP Knapsack
Subset Sum

Partition
3-YPOUOTIGUOC
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