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[Tpoceyyiotikoi AAyop1Buot

> A@opovv Kupimg og TpofAnpata PektioTomoinong: og Kabe
OTLYLLOTVTIO AVTIOTOLYOUV EQIKTEC (ATOJEKTEG / EyKLPES) ADGELC
(feasible solutions) mov 1 kGOe pa £xet P TP PEC® UG
OVTIKELLEVIKNG cuvapTnong (objective function) (cuvnBwg
ekepalel: k66T0G, PNKoc, Bapoc, K.Am.). Znteitor BEXTIOT Ao,
dnAadn epctn Aoon pe BEATIOTN TUN.

> [IpoPAiuata ehayiotomoinong (minimization) / TpoPAnpota
peyotomoinomng (maximization)

> Evdiapepouaote kupimg yio NP-optimization TpofAnpata.
K\don NPO: 1o avtictoyo apofAnue andpacng aviKel 6Tnyv
KAdon NP.



>vuPoricpoi

v

II: mpéPAnua BedtioTonoinong

v

I: otrypdtomno (ei6080¢) Tov TPOPAHLATOG

v

SOL 4 (11, I): m iR g AMbong mov emotpépet o ahydpBpog 4 yio
10 oTtyludtVTo / Tov TpoPAnuatog I1.

v

OPT(I1,I): n Ty g Bétiomg Abong yia to otrypdtono 7 tov
nwpoPAnuatog I1.

Enpeioon: 2oyva 11, 4 kot I ropoleirovra.



[Tpoceyylopotnra: TpoPAnuata eraylioTonoinomg

Evog aiyopiBpoc 4 ya éva mpopinpa ehoyiotonoinong II emruyydver
Adyo mpoacéyyiong (approximation ratio) p, Kot A&yeton
P-TPOGEYYIGTIKOG, av Yo Kabe £ykvpo otrypdtuno I

SOL4(I) _
orr() ="

> Abyoc mpocéyyiong akyopifuov: To eldyioto p (Tomikd
infimum) Tov KavomoLEl TNV TAPATAV® GYECT] Y10 KAOE
oTtypuotumo  Aéyeton Adyog (1 Tapdyovtag) TpocEyyIong ToV
aAyopiBuov 4.
> Adyoc mpocéyyiong mpofAnuatog: Av yia TpoPainua I vrdapyet
P-TPOGEYYIOTIKOG aAyOpOpoc, Aépe 6Tt to I mpooeyyileton pe
Aoyo (M Tapdyovta) p. Mag evolopépel To eMdyioto p peta&d
OL®V TV dVVATOV TPOCEYYIGTIKOV aAyopiBumv yiao to I1.
Tpoooyn: ZovABwg 0 6pOg TPOGEYYIGTIKOG OAYOPIOLOG OVAPEPETAL GE
akyopifpovg TolvwvokoD ¥pdvoy og Tpog To péyedog e1eddov |1|.



[Ipoceyyioipotnra: TpoPAnuata Hey1oTomoinong

> [IpofAqpata peyiotonoinong: o akyoppog 4 Aéyetan
p-mpoceyy1oTikog Yo to I av yio kéBe I:

SOL4(I)
OPT(I)

> p

(onradn p < 1 yio TpofAqpato peylotomoinong )
> Abyog mpocéyyiong akyopifuov: 1o pHéyteto p (TumiKa
supremum) 7oV IKAVOTOIEL TNV Topamdve oyéon (Yo kabe 7).
> AOY0C TPOGEYYIoNG TPOPAILOTOG: TO HEYISTO p HETAED OA®V
TOV 0AyopiBpmv Tov To EMAHOLV.



[Tpoceyylopotnra: evarlaktikoi opiopol

> EvaAloktikdg opiopds Tov AOYou mpocEyyiong, Kovog yia

TPOPANULATO EAAYLGTOTOINGONG KOl LEYIGTOTOIMONG:
Evog alyopiBpog 4 yia éva mpoPAnua
elayotomoinong/peyioronoinong I1 emttvyydver Adyo
Tpocéyylong (approximation ratio) p, Kot A&yetot
P-TPOGEYYIOTIKOG, av Yia, KABe Eykvpo otrypidtumo I

SOL,(I) OPT(])

maX{5PTU) * SOLs (D)

F<p

Me Bdon tov opiopd avtd woyvel Tdvtote p > 1. Akolovbeiton
o€ oplopéva Pipiia, gpeic Oa xpnoIUOTOGOLLLE TOVG
TPONYOVUEVOVG OPIGHOVC.

Moiodtepog opiopds e€etalet 10 oyetiné opalua. Evog
alyoplOpoc 4 €xetl oyeTikd GOAALLO TPOGEYYIONG € av VI:

ISOL (1) — OPT(1)|

OPTiIi =&



[Tpoceyylouotnro: AALEG EVVOLEC

> O AOYOG TPOGEYYIONG OTNV YEVIKT TEPITTMOON Elvat aLvApTNoN
oV peyEBovg (UMKOVG) TS £10600V:

SOL, (1)

[:
v OPT(I)

<p(l) (= yamax)

> AcLUTTOTIKOG AOYOG TPOGEYYIoNG: 1| avicdtnta wyveL V|| > ng.
> APX: khdon mpofAnuatemv mov emadovtal e otabepd Aoyo
TPOGEYYIONG 0 TOAV®VLHIKO ¥pdvo. YmokAidon tng NPO.

» [TiBavotikoi TpoceyyiotiKol adydpiBol: o Adyog mpocEyyiong
EMTVYYAVETOL pe peyain mbovornta (TumKol opiopol apyotepa).



KA\doeig mpoceyyiopnotrog

> PTAS: kAdon mpoPfAinpdtmv Tov emADOVTL UE OTO00NTOTE
ot0fepd Adyo Tpocéyyons 1 + € (peyot/ong: 1 — €) og
TOAVOVOUIKO ¥pOVO ¢ Ttpog |I]. YmokAdon g APX.

> FPTAS: khdon mpofAnudtov Tov emADOVTL LE OTOI00NTOTE
ot0fepd Adyo mpocéyylong 1 + € (peyot/ong: 1 — €) oe
TOAV®VULIKO ¥pOVO m¢ Ttpog 1] kot % Ymoxhaon tng PTAS.

> log —APX: KAdon mpofAnudtov mov emAbovToL LE AOYOPLOUIKO
(g mpog |1]) Adyo mpociyyiong o€ TOAVOVVLIKS XPOVO.
Yneprhdon g APX.

> poly — APX: khdon tpofAnpdtov mov erivovtal e
TOAVOVOLIKO (G TPOg |1]) AOYO TPOGEYYIoNG GE TOAVMVULIKO
xpévo. Ymepxkraon g log —APX.

FP C FPTAS C PTAS C APX C log—APX C poly — APX C
NPO



To poPinua Vertex Cover (VC)

Aiverar: ypapog G(V, E)

Zyreitar: Kaloym kopueav (vertex cover) eEAdylotng TAndikotntog,
dnhadn erdyioto cuvoro kOuPov V' 1ot dote kKabe axun va £xet
ToLAAyITOV £vay 0md Toug kouPovg g oto V.

Weighted Vertex Cover (WVC): ot koppot £xovv kot Bapog Kot To
{nroduevo eivar to chivoro V' va givon eloyictov Bapovug.

Inueioon: Zvyva o opog Vertex Cover ypnoipomoieital yio, thv
weighted exdoyn tov mpofinuarogs. Tote yio to TpwTo TPOPANLUO,
xpnoyororovvral o1 opor “‘Unweighted” n “Cardinality”.



[Tpoceyylotikog alyopBuog yua to Vertex Cover

Bpeg maximal matching MM pe omoiladAmote
uébodo.

Eni{otpefye 1o oGvoro V' Twv x6uBwv mOU
IPOCIINITOUV OTLC aKuéc tou MM.

Behprnuo

O mopomava oAyopiBuog eivar 2-mpoceyyLotikog.

Amooeln.

1. To V' givon egikthy Avon (yati;)
2. |[MM| < OPT
3.S0L =2 -|MM| <2-OPT O



Avelaotikn) Avdivon (Tight Analysis)

H mapamdve avaivon sivar avelaotikn (tight), Snladn
OTOOEIKVOETAL OTL 0 OAYOPIOLOG deV PmOpEl VoL TETVYEL KAADTEPO AHYO.

H an6deién cvvifmg cuvictotol ot gdPEST) AVELIGTIKOD
mapadeiyparog (tight example): dnelpn otkoyévela GTIYHMOTOTOV Vi
To. omoio 0 aAyopBpog dev pmopel va meTvyel KAAHTEPO AOYO.

INa Tov wpornyoduevo adydpiBuo yio to VC éva tight example gival ot
AN pelg duepeis yphoot K, ,,.



AVEAIGTIKOTNTO TOV KAT® PPAYLOTOS G TPog T0 OPT

"Eva dtapopeTikd €idog averaotikotntog (tightness): apopd 6to Adyo
NG AVTIKEWEVIKNG TWUNG TNG PEATIOTNG ADGONG TPOS TO KAT® Py L,
OV YPNGIHOTOLoVUE Y10 TO OPT.

[Mopdderypa: yo to Vertex Cover, eEgtdlovtag mAnpelg ypaeovg K,
amodekvOETAL 0TL TO PEYEBog Tov maximal matching g KdT® Epayua
v 10 OPT dev pumopel va ddoel KaAvTtePo AOY0 Tpocéyyiong omd 2.

Evdektikd, dev umopet va vdpyet adydpiBpog mov va Bpicket, oe
Kk&Oe yphpo, vertex cover peyébovg < %\MM |.

Darvouevika wopcdolo: 0 2-TPOCEYYIOTIKOC OAYOPIOLOG EMITVYYAVEL
Bértiot (1] oxeddv PérTiot) Aoon yia kabe ypdpo K,. H
OVEAACTIKOTNTO CLTY] PO Sivel pia a&loAdynomn Tov KAT® OPAYHOTOC
KO Oyt KAmwo100 alyopifuov.



[Tpoceyyilovtac to Weighted Vertex Cover (WVC)

Opiopog

Degree-weighted aovaptnon w : V — Q (o€ ypdgpo G(V, E)):

dec > 0,Yv € V,w(v) = ¢ - deg(v), émov deg(v) eivar o fobudc tov
Koupoo v.

Afupo
Av n ovvdptnon Bapav w ae ypdpo G(V, E) eivou degree-weighted
tote: w(V) < 2- OPTwyc.

Inueioon: w(V) = > cpw(v).



Amdogiln.

Av U eivan vertex cover 101 deg(U) (= >, oy deg(u)) > |E|.
Onote deg(V)(= D, cpdeg(v)) = 2|E| < 2deg(U).
Enopévag, av w eivar degree-weighted: w( V) < 2w(U).
AvTo 1oyvel kot yuo vertex cover U* ehayiotov Bapovg. Apa:

W(V) S QW(U*) = QOPTWVC

Epadtnon: 1t supmepaivovpe amd 10 mopomive AL



[Tpoceyyiotikog aryopBuog yio to Weighted Vertex Cover

(WVCO)

Baoiletor o katdAAnin didoraon (decomposition) tng dobeiong
ocuvaptnong Papovg oe degree-weighted cuvaptioeig.
Enovéiape 6co undpyxouv kOUPol Ot10 YPAPO
apaipeoe xO6uPRoug undevikoU Paduol
Bpéc péyLoto ¢ 1.6. Vv e Ve-deg(v) < w(v)
(6émou w n 1péxouca ouvdpinon R&pouqg)
YweV 0éoe w(v) < w(v) —c-deg(v)
npbobece rOHUPouc Bdpoug 0 otnv KAAUUDN
kKol aeaipecé toug amd 10 YyP&QO.

BOedpnua

O mopomava olyopiBuog eivar 2-mpooeyyLoTiKog yio. 10 Tpofinuo.
WVC.



To mpoPinua Set Cover

Aivetai: ovvolo U ue n otoryeio kot oviioyn vwoovvolwy tov U,
S={S,...,8%}Vi,S$; CU

Znrettau: Mio eldynotng minbikdtnrac oviloyi S C S 1.0. kdbe
atoiyeio tov U va avijkel o T0vAdyiatov éva avvolo e S':

USES/S: U

Weighted Set Cover: ta vrocOvoia £xovv Bapog (KOGTOG) Kot TO
nroduevo sivau n S’ va eivan ehayiotov Papovc.

Ynueioon: Zvyva o opog Set Cover ypnoiuonoieital yio. v weighted
gxooxn tov wpofAnuarog. Tote yio 1o mpwro Tpofinuo.
xpnoyorolovvral o1 opor “‘Unweighted” nn “Cardinality”.



O aminotog aryopBuog yio to Set Cover

Aly6p1Bpog SC-Greedy
C:=10
Enovéhape dco C# U:

> Bpég S pe péyioto mAnbog otolxelwv
> C:=CUS;

Osopnuo

O aminarog alyopiBuog SC-Greedy yia to Set Cover givai
©(log n)-mpoaceyyiotikog.

Am6oeién: o€ k6Oe k = OPT emovoAyelg KOADTTOVTOL TOLAXIGTOV
Ta puoed (axdAvrta) otoryeio tov U.



Tight example ywa tov Greedy alyopiBuo

v to TpOPANnua Set Cover

U:{alv"')am}U{all""7a;n}’ m =
2k 1

S; = {agi-1, .. .a2i,1}U{a{2i—17'"a/21'7]}7
i=1,... k

Sk+1 = {al, .. .am}

(@®]
(0000

(00000000 ]

[ 00000000 00000000 |

Sevs = {dh. . d))

SOL =k ~logn, OPT=2




O amhinotog ailyopBuog yo to
wpoPAnua Weighted Set Cover

AlyopiBpog Weighted SC-Greedy

C:=10

Enovéiape dco C# U:

> Bpég S; pe eléxioto a; = cost(S;)/|Si\ C|
> Ve € S;\ C 0¢ce price(e) « o

> C:=CUS;

Enueioon: price(ey) etvaur 1 Ty wov “mAnpdooaue” yio vo kalopOei
70 OTOLYELO €.

Tovolkd kootog kdhoyng: SOL = ) price(ey).



Avéivon tov Weighted SC-Greedy

Osopnua

O alyopiBuog Weighted SC-Greedy eivor H,-rpoceyyiotixog, 0mov
Hy=1+%+.. . <hnn+1

Amddeiln.
Yrobétovpe 6t1 T0 oToLKEin Tov U aplfuovvtal [ Tn GEPE OV
KaAvTTOoVTaL 0o ToV adyoptpo. Tlapatnpovpe OtL:

> Y& omoladNmoTE EMAVAAYT TOV aAyopiBLov PrTopovE vo
KOAOWOLLE OAC TOL EVOTOUEIVOVTO GTOLYEIN [LE KOGTOG TO TOAD
OPT (ywti;).

> Emopévmg vmdpyel Tavta GOVOAO [LE KOOTOG/VED GToLyElD TO
oA OPT/|U — C| (C: 1 tpéyovca KGAvyn).

> [Ipw kaAv@Oeil To cToLyEio e; Yo TpDOTH POPd 1GYVEL

’ o OPT
|U—C| > n—k+ 1. Apa price(ey) < ;977

noo s N7 OPT __
Zuvohiko kO66T0G TO TOAD: 27| =1 T = H, - OPT O




Tight example

U={ay,...,an}
vie{1,...,n},S; = {a;},cost(S;) =
Sn+1 = U, cost(Sp+1) = 1 + ¢, yio otabepd e > 0

SOL = H,, OPT =1+ ¢, gnopévag p(n) = Q(H(n)) = Q(logn).

Inueimon: Arodeikvietar 0ti 0 aAyop1Buog Eyel To 1010 KOTW PPOYUO.
Aoyov mpocéyyiong kar yra o (Cardinality) Set Cover xau yra to Vertex
Cover!/



[epdpymon IpofAnuatmv

Weighted Set Cover

/

Set Cover

Weighted Vertex Cover

/

Vertex Cover




[TpoPAnua peyrotoroinong: Maximum Coverage

Atvetor: ovvoro U pe n otoryeio, ovAhoyn S = {S1,..., S/}
VTOGLVOA®VY ToV U, Kot aképatog 4.

Znteiton: Mio ovddoyfy S’ C S amotelovpevn omd k chvora T.0. TO
AN00¢ TV cTotyeiny mov kalvrteln S’ va eivar péyioto.

Bedhpnua

O drAnaorog (greedy) odyopiBuog wov kabe popa emiAéyel To
UEYOADTEPO, WS TTPOS TANBOS VEWY aTolyeiwV, abvolo emTvyyaver (ue k
ETOVOANYELS) AOYO TPOCEYYIONG

1-(1-f)fF>1-1
yia 1o mpoPinua Maximum Coverage.

Inueioon: To mpofinua avirer oty kidon APX, wap ot 1o Set
Cover dev avikel.



Amodeln (1)

‘Eoto §* o Bértiom Adom pe mAinbog otoyeiov nopr. A@ol to
mA00¢ v cuvOAwY TG S* givar k Ba mpémel va VITdPYEL GVVOLO
omv S pe minbikdémra > "7, Emopévag, 0 AmAncTtog oadyoplopog
o1o lo Prpa Ba Ppel kot Ba emAéEel GHVOAO TOVAIOTOV TOCWOV
GTOLYELOV.

Me dAha Aoyia, oto 1o Prpa, kaivrtetor TAR00¢ GTotKEi®V TOL
OVTITPOCOTEHOVY TOVAGYIGTOV TO % TOV nopr N, LIGOSVLVALLO, LEVEL
aKOAVTTO TO TOAD éva puépog 1 — % TV otoyeinv g fEATIOTG
Aong (Evoon tov cuvormv g S*).

Ynueioon: Kabe popd mov o arxinorog alyopiuog kaldrrer atoryeio
OV OEV aVIIKOVY ath PEATIOTH ADGH UTOPODUE, VIO TIS AVAYKES THS
amodeilng kai povo, va “ofnvovue” 106p1fuo tinbog ororyeiwv oo
™ PéAniotn Adon, Bewpvrog 0t To ovtioToryo uéPog Exel kaloplel.



Amooeln (i)

Me avaroyo entyelpNUOTO LTOPOVLE VO, dEIEOVLE OTL GTO i-00TO
Brpe, To akdALTTO PHEPOG TNG PEATIOTNG ADONG LELDVETAL
TOVAJYIOTOV KOTA % (a@ov ta k chvora e S* apkovy Yo Vo 10
KOAOWYOUV TANP®G) Kol ETOUEVOS OTOUEVEL OKAAVTTTO TO TOAD £Vl
uépog (1 — 1)’ mg Pértiog Aong.

Tehkd, og k rpato £xet kaAvedei tovAdyotov to 1 — (1 — %)k g
Bértiong Aong. Eropévac:

1., 1
SOL > (1 — (1 — %)A)n()pr > (1 — *)I’IOPT
e



I'evikeboelg

> To amotélecio IGYVEL KAl GTNV TEPITTOOT] TOL TO, GTOLKEID £YOVV
Bapog kot {nreitor Avom mov KaAOTTEL LLEYIGTO BApog oTotKEl®V.

» To amotédeopa 1oyOEL AKOUN KOl GE TEPITTAOCELS OOV deV
dtvovtat ta chvora g S avoivTikd (pumopel va givarn Ko
exBeTiKd TOAAG), 0AAG pmopolpe va Ppickovpe To “kaAvTEPO™
GUVOAO GE TOAVMOVULLKO YPOVO.

» Edv pmopovue va Bpickovpe to “kaAdTeEPO” GOVOAO GE
TOAVOVLLUKO YPpOVOo e Tpocéyyion p (L 1) tdte 0 dminotog
OAyOPLOLOC ETITVYYAVEL AOYO TPOGEYYIONG

1-(1-2f>1-2

v 10 TpOPANHa Maximum Coverage.



To IpopAnua tov ITAavooiov ITowAnt

Traveling Salesman Problem (TSP)

Opiopdg Tov TpoPAnpotog

Atvetow: whijpnc ypapoc G(V, E) pe un apvytikd kéotn (fopn) otig
OKUES TOV.

nteiton: koKAog elayioTon KOoTOVS TOV VO EMoKEnTETOL KAOE KOUPO
oKxpfag uia popd, (Hamilton Cycle).



Mn-npooceyyioipuodtnta tov TSP

To mpdfinua TSP dev umopet va. mpooeyylotel ue mopayovia o(n),
6mov n = |V, yia omoradnmote moAv@VVUIKG VTOLOYIOT GLVGPTHON
a: N — R exroc eav P = NP.

Amooeln.
Avayoyn aro to Hamilton Cycle: copumAnpovovpe tov apytko ypaeo
G pe aKpéc MOTE VoL KOTAGKELAGOVUE TANPT YPapo G'. Tig apyicé
akpés divovpe Bapog 1, otig vdroureg divovpe Bapog a(n) - n. Ioydet
ot
» Av o G givar Hamilton t6te vdipyet kokAog TSP k6cTOULG 12 GTOV
G, evd
» Av o G dev givar Hamilton tote o Béltiotog kokhog TSP otov G’
éxel kootog > «(n) - n.

m
I



Avayoyés Etcaymyng Xdaopatog (1)

(Gap Introducing Reductions)

Mo avaymyf 2 and to TpoPAnua andeacng 11 oto mpdPAnua
ehayotomoinong I’ (mov anewkovilel kabe otrypotvno I tov 11 og
Kamoto otrypodtumo I' = h(1) tov IT') Aéyetar avaywyi eioaywyig
xaoaTog 6TAV VIAPYOVY GUVOPTNCELS f, ¢ DOTE:

» Av 1o I givan ‘yes’-instance tov II tote OPTr (1) < f(I'), evd

» Av 1o [ givon ‘no’-instance tov II tote OPTyy (I') > «o(|I']) - AT).

Osopnpoa

Av 1o mpofinua 11 eivar NP-complete ka1 vmopyel avoywyn e16oywyns
ybouazog pe mapouétpovs f, o ard to 11 ato mpdfinue 11 téte o I
oev mpoaeyyiletor pe mopdyovia a(n), ep '6cov P % NP (6mov n to
UnfKog e avamapdotaons e sieédov tov IT').



Avayoyés Etoaymyng Xacpatog (ii)

(Gap Introducing Reductions)

Mo avaymyn 2 and to TpoPAnua andeacng 1 oto mpdPAnua
ueytotonoinong I’ (mov anewcovilel kabe otrypdtvmo I tov I oe
Kamoto otryodtumo I' = h(1) tov IT') Aéyetan avaywyij eioaywyric
XGOoLOTOS OTAV VILAPYOVY GUVAPTACELC f, (v DOTE:

» Av 1o [ givon ‘yes’-instance tov I tote OPTy (I') > fII'), evéd
» Av 7o [ givon ‘no’-instance tov II tote OPT (I') < o(|I']) - AIT).



To npoPinua Metric TSP

EmimAéov vd0eon: ta d06<vta Pépn tKavomotohy Ty TPLy®VIK)
ovieoTNTO.
To npéPAnpa tapapéver NP-complete (yoti;)

2-TPOGEYYIOTIKOG aAyop1Ouoc yia to Metric TSP

> Bpeg gdAdxloto ouvdetTLlkd dévipo T otov ypdoo
G.

> AlmAocioaoce tLg akpéc tou I.

> Bpeg kUkAO Euler C oto dimAaoctiacuévo T.

> AQ©oce ocoav €000 TOV KUKAO TIOU E€IILOKENMTETOL
Toug KOuPBoUC ue 1n ogLlpd guedviong toug otov C
(short-cutting) .

O moapamdve odyopBLog eivol 2-TpoceyyIoTIKOC:
cost(C) < cost(Cr) < 2cost(T) < 20PT



bl

KoaAvtepn mpocéyyion yia to Metric TSP (Christofides
algorithm)

%—npocayytcm(ég aAyopiBuog yio to Metric TSP

Bacileton otnv gvpeon “pmvotepov” kbkiov Euler.

> Bpec Eulerian completion tov dévtpov 7, péc® minimum cost
perfect matching M méve ctovg kKopPBovg tepittod Pabpod Tov 7.
> Yuvéyioe Onmc 6tov ALlyopiOo Xpiotoeion.

O moapamdve olkyopiBuog sivat %—npocswtcrmég:

cost(M) < %OPT : ue short-cutting otov BéXTioT0 KOKLO, TAPVOLLLE
KOKAO 6TOVG KOWPoLG TEPtTToD Pabod Tov T.

3
cost(C) < cost(Cr ) = cost(T) + cost(M) < §OPT



To mpoPAnpa Metric TSP s 1 pasm

Op1opdc tov TPoPANHOTOC

Atvovtat: ypagog ue fopn (omwg yra to Metric TSP) kou emimAéov 2
Koufor s, t.
Znteiton: Hamilton path elayiotov K0oToVS OO S € t.

Alyop1Bpog: amotereiton omd 2 aveEdptnrovg alyopibuovg, o
KaBévog ek T@V omoimv dnpovpyel Ypago e povordtt Euler pe
dtopopetikd Tpémo (PA. emduevn dwapdvela). H emioyn g
KOADTEPTG OO TIG 2 AVoELS divet %—npocsyywrmé aAyopdpo:

. 5
min{SOL,,SOLy} < §OPTSJ



To mp6PAnpa Metric TSP s ) _pam (GUV.)

%-npocayywrmég alyopBpog yio to Metric TSP (s parn

ExtéAlece aveldprtnta (1) xal (2) kol eniorpeve
TNV KaAUTepn AUOn:
1. Bpeg e€Ab&xlLoTo ouvdetlkd dévipo T otov ypdeo
G. Anioaciace TLg akuéc tou I. Apaipeos
eN&xLo0TO (s,¢)-path oamd 10 dLmhocLacpévo 5Evdpo.
Bpeg (s,f)-Euler path Pg;, exktéirece short-cutting
yio va Bpeic (s,f)-Hamilton path xdéotoug:

SOL1 < 20PT; — c5y
2. Me plxkpn Teomomolinon tTou aAyoplBuou Tou
XpLotopidn (Eulerian completion &ote vo
npoxkUnte Ll (s,f)-Euler path pe short-cutting),
RBpec (s,f)-Hamilton path pe xdotOCQ

SOLy < (30PTy; + ¢5,)/2



To IlpoPfAnua Steiner Tree

Op1opo6g TOV TPOPANLOTOG

Aivetow: ypapos G(V, E) e un opvyrixa fopn otic akuég tov ot
Koppor tov omoiov ywpilovral o 000 cOVoia. OTOPAITNTOL Ko Steiner.
Zntettan: 0évipo eAayiorov KOOTODS TOD VO TEPIEYEL OAOVS TOVG
oTapPaiTHTONS KouUpPovg.



To IIpoPAnua Metric Steiner Tree

Emumdéov vdbeon: o ypdoog givar TAnpng Kot ta Sobévta Papn
KOVOTTOLOVV TNV TPLY®VIKT avicOTNTO.



[oodvvapia tpoceyyioiuotrog Steiner Tree kot Metric

Steiner Tree

Bedpnuo

AoBévrog p-mpooeyyiotikot alyopiBuov yia to Metric Steiner Tree
UTCOPODUE VO, KATATKEDAGOVUE P-TPOTEYYIOTIKO OAYOPIOUO YLaL TO
Steiner Tree.

Amodeln: e avaymyn SloTPNoNG TOL TAPAYOVTO TPOGEYYIONG A0
to Steiner Tree oto Metric Steiner Tree.



Steiner Tree <qpx pres. Metric Steiner Tree

SoumApmwon Tov apyikod ypdeov G og TApN Ypheo G'. Ot axpéc
00 G’ §y0vV 10 BApo¢ TV GLVTOUOTEPOV HOVOTATIOV 6Tov G (metric
closure). Ov aroapaitntot kopPot eivar idtot.

OPT(I') < OPT(I) (ywri;)

Kabe Aoon tov I’ pe kdotog SOL(I') diver Moo tov I pe KO6T0G
SOL(I) < SOL(I'): avtikotdotaon kGfe akpig tg Aoong pe to
avtictoyo povondtt. Enopévac:

SOL(I) < SOL(I') < pOPT(I') < pOPT(I)

Inueioon: Ioyver emmiéov éu OPT(I) = OPT(I'), alid dev to
xpeolopaote.



Avayoyés Avatnpnong [Hapdyovrta [pocéyyiong

(Approximation Factor Preserving Reductions)

Mo avaywyn datipnons Topayovia Tpoceyyions amd 1o TPOPANULL
ehayotomoinong IT oto mpdPinua ehoyiotomoinong I eivan éva
{evyog GUVOPTHGE®MY TOAVOVLKOD ¥pOVOUL /1, g, 6mov N /i angkovilet
K@Oe otrypudrumo I tov Il ot koo otrypdtuno I = A(I) tov I ko
N g anewovilel Moeig tov I’ o Moeig Tov I, dhote:

> OPT(I') < OPT(I)
> yio kGBe Aoon S’ tov I’ pue k6otog SOL(I',S') n S = g(§') givan
LMoo tov 1 pe kdotog SOL(1,S) < SOL(I', S').

BOedpnua

Mo avaywyn o1atipnons Tapayovia TpoceEyyions amo o npofinua 11
oto mpofinua I uali ue évav p-rpoceyyiotikd alydpibuo yio o I’
ovooy évay p-rpooeyyiotikd alyopiBuo yia to 11.



2-TPOGEYYIOTIKOG aAYOPOLOG YO TO

Metric Steiner Tree (ko to Steiner Tree)

AAyop1BpoG: Ppeg Kot emioTpeye eAAYIOTO GUVIETIKO dEVOPO GTOV
mapoyopevo (node-induced) VTOYPAPO TOV ATAITOVUEVOV KOUP®V
(R).

H an6deién Pacileton 610 OTL £va TET010 dEVIPO lvat EPIKTH ADGN Yid
10 Metric Steiner Tree Kot xpnoIULOTOLEL TOPOUOLO TEXVIKT LLE TOV
olyopBpo yia to TSP: and o omoladnmote Adon yia to Metric
Steiner Tree pmopovLLE VO KOTOOKEVAGOVIE GUVOETIKO SEVTPO GTOVG
KOUPBOLE TOv R poOVO, dSUTAAG1I0V TO TOAD KOGTOLG (short-cutting otov
avtiotolyo kvkio Euler). Emopévmg kan otn BéLTioTn Abon
avTIoTOLYEL Vo GUVIETIKO dévTpo T, e KOGTOC TO TOAD 2 - OPT.
Apo:

cost(MSTg) < cost(Tz) <2 - OPT



Multiway Cut / Minimum A-Cut

Eivat yevikevoelg Tov mpofAnpatog min-cut (Bvundeite to Bempnua
max-flow / min-cut):

10 mpoPAnue Multiway Cut divetor ypapog G kat k képpot
(terminals). Znteiton 1 eAdylotn Topn téToe MoTE kébe terminal va
Bpioketal o€ S1POPETIKY CLVEKTIKT| GLUVIcT®GO (connected
component). NP-hard, akoun kon yo fixed &£ > 3. o k = 2;

210 mpdPAnpe Minimum k-Cut divetar ypaeoc G kot {nteiton n
EMIY1OTN TOUN TETOLN MOTE O YPAPOS VO SLCTATOL OE k GUVEKTIKEG
ocuvioT®oec. [loAvavopkd emtivoipo yo fixed &£, NP-hard yio &£ wov
glvat HEPOC g €16000v.



AAlyop1Buog yio to Multiway Cut

Bpec isolating cut C; yvia x&Be terminal s;.
AGoce cov AUon tnv évweon O6A®V aUTOV Twv cuts,
ex16C and tnv Ropltepn.

Op0BotTa KoL Adyog Tpocéyyiong.

‘Ecto 4 n Bértiotn Ao, xopilovtag Tov YpAQpo GE GUVIGTMOGCESG
Vi,..., Vi. Av A; elvan 1 Topn-vmosuvoio g 4 mov yopilet to V;
omo T VITOAOIMEG GLVIGTAOOES, TOTE givar isolating cut yio 1o s;.
’p(l, W(Cl) < W(A,').

Ka0e edge g 4, nepihapPdveror 6e 600 topéc A;, A;, omdte

k
Zw (4) = 20PT
Enopévog:
k k
w(C) < (1-1/k) > w(Ci) < (1—1/k) Y w(d;) = 2(1—1/k)OPT
i=1

i=1



AAyopBpog yro to Minimum k-Cut

1. Compute Gomory-Hu tree T.
2. Output the union of cuts corresponding to
lightest k—1 edges of T.
Koataokevn 6évopov Gomory-Hu (onpoavtiké d1dtnreg: Kabe akun
TOVL OVTIGTOUXEL OE piot EAAYLTT TOUR GTOV YPAQO, Kot Yio Kabe
Levyog (u, v) vdpyet por akp Tov 86v3pov mov avticToEl o€ o
ehdyot (u, v)-cut)
1. construct tree 7 with unique node the set Sy = V
2. while there is S; s.t. [S;| > 2 do
choose two vertices in S;, say x, y
compute minimum x — y cut in G’/
/* G' = G with subtrees of S; in T collapsed */
split S; accordingly to S7, S¢, with an edge between them
with weight equal to that of the cut
stick each subtree of S; in 7'to S¥ or S} according to the cut
Me am6oelén mapopoto (KATwe o SVGKOAN) avTig yio To multiway
cut armodeucvoetat 0t ) Aon eivon < 2(1 — 1/k)OPT.



