Evétnra 9

=€&va ZUvoAa mou urooTtnpilouv Tn
AeiToupyia Tng ‘Evwong
(Union-Find)
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=éva ZUvoAa mou urooTnpiouv Tn
AeiToupyia Tng ‘Evwoncg

Eotw 6T Sy, ..., Sy gival {éva utooUvoAa evog ouvéiou U,
dnAadn 1oxvel O6TI S; N Sj =, yia kdOe i,j pe i = jkar S; U ...
U Sk = U

AeiToupyieg

O MakeSet(X): emioTpépel Eva véo oUVoAo TToU TTEPIEXEI HOVO
To oToixeio X

Q Union(S, T): emoTtpéyel To alvoho S U T, To omoio
avtikaGiotaTa S, T

O Find(X): emoTtpégel To alvoAo S 0To 0TT0I0 AVAKEI TO
oToixeio X
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=éva Z0voAa mou umooTnhpifouv Tn
AeiToupyia Tng ‘Evwong

Epappoyéc
Q To mpoPAnpa Tng diaxeipiocwe EEvwy peTall Toug
OUVOAWV elpavileTal 0 APKETEC EPAPHOYEC.
= YTtdpxouv aAyopiOpol eup€oew e OKEAETIKWY déVipwyY
(spanning trees) mou {ekivouv amd n aToixeiwdn
OKeAETIKA évdpa pe évav KOUPpo To kaBéva kai PApa
Tpo¢ PAKA ouvevwvouy Eéva peTall Toug oKeAETIKA
uttodévipa Héxp! va TpokUYel TeAikd éva 0évOpo Tou
amoTeAei To Tpog avalhTnon okeAeTIKG O£vOpo.
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Up-Tree
Q Eivai 8évdpo aTo omoio
KdOe koppog diatnpei Hovo

éva O&ikTh TTPOG TOV TTATPIKO (B)

Tou KOpPo (1ol 6Aol o1 BEiKTEL

deixvouv TIpo¢ Ta TAvw). Q
Q Evac koéupocg pmopei va

£xel oTmoI0dNTIOTE TTARBOC Sxia 9.5 (a): Lewis & Denenberg, Data Structures & Their

, Algorithms, Addison-Wesley, 1991
TaIdiwv.

O To aUvoAo U uhomoiciTal
w¢ éva ddoog amd Up-trees.

O KdBe TéTol0 déVEpo TeEPIEXEI TA OToIXEIA evOC amd Ta Eéva oUvoAa.
To agToixeio ThG pilac amoTeAgi To avayvwpiaTiKG ToU CUVOAOU.

YAowoinon Find(X), émou X civai évag dikTng oc éva Koppo
AKkoAoUBnoe Toug deikTeg amod Tov KOUPo mpog Th pila.

TToia eivar n moAurthokotnta tng Find(); O(Oyog 3évdpou)
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=éva ZUvoAa wou urooTnpilouv Th AciToupyia TnG

‘Evwonc 0
G

@ 0 o Q Exfia 9.5 (b) & (c): Lewis & Denenberg, Data Structures &
Their Algorithms, Addison-Wesley, 1991

‘EAeyxoc av éva oToixeio X avikel oTo ouvoAo S

EAéyxoupe av n Find(X) emotpéper S.

YAomoinon Union(S,T)
Kave tn pila Tou evog dévdpou va deixvel oTh pila Tou dAAou.

TToia eivar n moAuthokoTnTa Tng Union();  O(1)

®» Eivai emBupunté 1o Uyog Tou 8évpou va cival 600 To duvaTtd HIKPOTEPO
Q Xpeialetar mpoooxh aTnv emiAoyh Tou 8€vdpou Tou omoiou n pila

Ba d¢cifel oTn pila Tou dAAou!
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TTapadeiypa
‘Botw 611 £xoupe n oUvoAd pe éva aTtoixeio To kaBéva.

TTolo cival To Xe1poTEPO UYog BEVIPOU TTOU UTTOPEI va TTPOKUYE! KAl TTWG
mpémel va ekTeAeaTei n Union() yia va tpokUyer éva TéTolo 8£vOpo;

Sy S, S3 S Ss
ZTpartnylkn yia peiwon Uyoug dévdpou S,
«TTavra ouvevivoule To HIKPOTEPO 8£VEPO aTO O

HeyaAUTepo, dnAadn kdvoupe Tn pida Tou HIKPOTEPOU
dévdpou va deixvel atn pila Tou peyaAUtepou dévpou.

‘Eva 3évdpo cival yeyaAUTepo amod éva dAAo S,
av éxel TePIooOTEPOUG KOUPOUG.
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KaBe koupoc sival éva struct pye media kdmoia TAnpowopia yia To
gToixeio, To deikTn parent aTo yoviké KOpPo, kai éva peTpnTA count,
TIOU XPNOIHOTIOIEITAI HOVO av 0 KOUPOG gival n pia Kal TrepIéXEl TO
TARBOG Twv KOpPwv aTo up-tree.

pointer UpTreeFind(pointer P) {

// return the root of the tree containing P

if (P == NULL) error;

q=F:

while (g->parent |= NULL) do
q = q->parent

returnq;
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pointer UpTreeUnion(pointer S,T) {

// S and T are roots of up-trees */
// returns result of merging smaller into larger

if (S == NULL OR P == NULL) return;
if (S->count >= T->count) {
S->count = S->count + T->count;

T->parent = S;
return S;
else {
T->count = T->count + S->count;
S->parent = T,
return T;

}
}
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Ahppa

‘Eotw omi T eival éva up-tree mou avamapioTd éva aUvoAo peyéBoug n,
TO 0Toio NHIOUPYRONKE e Th duvévwan N ouvOAwy peyéBoug 1
xphotpomoivrag tnv UPTreeUnion(). ToTe, To Uyog Tou T civai

TO TOAU log n.

AnodeiEn: AmodeikvUoupe 0TI yia kdBe h, av To T eivai up-tree Uyoug
h Tou dnuioupyABNKe amd Th ouvévwaon n ouvéAwv peyéBoug 1
(exTeAvTAg emavaAnmTikd Thv UpTreeUnion()), ToTe To T éxel
TouAdxioTov 2h koppoug, dnAadh | T| = 2h. Me emraywyh oTo h.

Baon Eraywyic (h=0): Téte To T amoTeAcital amd évav poévo Koupo =
|T| =1= 29

Enaywyikn YnoOeon: YmoBéToupe wg yia KAOe up-tree S, av To UYog
h' Tou S civail < h, TéTe |S| = 2.

©
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Eraywyiké BApa: ZuppoAiloupe pe T < Veaaw
To mpwTo d£vApo TTou dnpioupyeiTal pe <h

Uyoc h+1 (epappdlovrag Tov het T
Tapandavw aiyopibuo). ¥
ToTe, To T dnpioupyeital He Tn l l
ouvévwon evég up-tree T, oe éva up- \

tree Tl YI(I'TCI omoia |gxuouv Ta e€ne: 56500 e MY8TEOUC
1o T, éxe1 Uyog h, evs To T éxel K6UPOUC
ULVO’C To "OAU h kai , | Tl | = | TZ | * Zxhua 9.6: Lewis & Denenberg, Data Structures & Their
A-n-o Enavwv”(n Unoeeo’nl ITZI > 2h, Algorithms, Addison-Wesley, 1991
Emopévwg,
[Tl = [Tyl + [T, 2 2*|T,|
> 2*2h = 21,
2 UUTTEPAiVOUPE ETTOMEVWCE OTI:
n=|Tlz2"=hs<logn-1
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TToia cival n moAumthokéTnTa TnG Find(X);

H Find(X) epmepiéxer pia LookUp().
TTwg Ba vhomroingoupe auth Th LookUp;

TMepimTioeig

1. O xwpo¢ Twv KAEIBIWV gival HIKPOC Kal Ta
KA€181d €xouv HIkpéG TIEG. ToTe, gival
£PIKTO va amoOnkeuToUV auTtd oe évav
mivaka 100 B£ocwv Tou omoiou N Béon i
mepiéxel deikTh mpo¢ To KAe1di i (A NULL av
To KA€18i i dev avhkel aTo U), omdTe n
LookUp() uhomorcital oe aTaBepd xpodvo.

2. O xwpo¢ Twv KAeIBiwy cival peydhog. ToTe,
anaiteitar gia pondnTikA doph (T.X., Hia amd

TIG 6£V6p|Ké§ aouég TToU UAOTTO10UV AE&IKG’) ZxAua 9.7: Lewis & Denenberg, Data Structures &

oV n TTAnpO(DOpiG KdeE KéHﬁOU EiVGI 6€iKTn§ Their Algorithms, Addison-Wesley, 1991

o€ éva amo Ta KAe1d1d Tou up-tree.
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To 2-3 dévdpo Tepiéxel 6Aa Ta
KAE1d1d Tou up-tree ekToG amod
To HeyaAUTepo.

m KdBe kAe1di Tou 2-3 3évdpou
EXel OUOXETIOOE e évav deikTn
Tpo¢ Kdmolo koHpo Tou up-tree.

m [a Ta kA€1d1d Tou civai
amoOnkeupéva oe KOUPOUG
@UAAG, o dgikTnG auTog eivai
o deikTNnG Tou PpiokeTal aTa
aploTepd Toug.

m [1a Ta kA€1d1d TTou eivai
amoOnKeupéva o EOWTEPIKOUG
KOuPoug, o deikTnG auToC cival o dEiKTNG
oTa de1d Tou TponyoUHevoU Toug oThy evdodiateypévn didTagn.

m O dciktng ota de€id Tou H deixvel oTov KOUPO HE To HEYAAUTEPO
KA€1di aTo up-tree.
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, , e ;ﬁglgolrﬁhms, Addison-Wesley,
ZTpaTnyikn Zupmwiceong A

Movorariov

«Kard Tn di1dpkeia ®
ekTéAeong pag Find(X), To A A
parent medio kdBe ko6pPoU ® A A

OTO HOVOTIATI TTOU
akoAouBciTal amo Tov
koupo pe kAeidi X atn pila,
aAdlel woTe va deixvel aTh
pila». ©

AmoTéAeopa Find(D) dtav xphoigotoicital h
OTPAThYIKA OUUTTiEoNg HovoTaTioU.
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AeiToupyia Tnc ‘Evwonc ®
Ti aAMayéc emipépel n oTPATNYIKA A A Q

OoUUTTiEONG HovoTtaTioU aThv

amodoon? ©

O1 MakeEmptySet() kai Union() A A O
e€akoAouBoUv va xpeialovral .

oTaBepd Xpovo. @ A A

H Find() apxikd ekTeAciTal atov Y
id10 akpIPWE XPOVO 6TTIWG XWpPIc va A ég'
epappoleTal n aTparthyikn, aAAd A
HETA TNV ekTéAEon apkeTwy Find(),

n TMOAUTTAOKOTNTA TN YiveTal ®

<<OXS56V oTaespr'\». AmoTéAeopa Find(D) 6Tav xpnoipotoieitar h
oTPATNYIKA CUUTTiEONG povoTtaTioU.
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Ma kdBe j, éotw F(j) n avadpopikn ouvdptnon mou opileTal wg e§AG:
F(0) = 1 ka1 F(j+1) = 2F®, j = 0.

O1 mipég Tng F(j) au€dvouv mdpa oAU yprivopa kaBuwg aufdverar To j,
T.X., vid j = B, () = 265936 ~ 1019728, O apiBué6¢ autdg eival oAU
peydAocg (n didpeTpoc Tou oupTavTtog eival ~ 1040 kai To TTARBOC Hopiwv
oe 0AdKAnpo To olumav gival piIkpdTEpo amd 10120),
OpiCoupe Tnv log*n wg e€ng:
log*n = To gAdxioTo i T.w. F(i) = n

= 7o eAdx10T0 i T.W. log log log ... log WS 1

l

T,
i popéc
Or Tipég T™ng log*n aufdvovrar mdpa moAU apyd kaBwg aufdver To n,
T.X., log*n €ivai < 5 yia omoiadAmoTe «XpAGIUN»> TIUA ToOU N,
Av n Find() ekteAcitar oe xpoévo O(log*n) eivar emopévwe oav va eivai
0oTaBepNG TTOAUTTAOKOTNTAG.
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To UAIKO TNG evOTNTAG AUTAHC TTEPIEXETAI OTO
akoAouBo PipAio:

m Harry Lewis and Larry Denenberg, Data
Structures and Their Algorithms,
Harper Collins Publishers, Inc., New
York, 1991

Section 9.2: Disjoint Sets with Union
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