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[Tpoxwpnuevec AouEC AedoOPEVWV

1) Union-Find (Disjoint sets)
2) Hash tables
3) Tries
4) Aevtpa
Interval Trees
Binary Indexed Trees

Quad Trees
5) Suffix Arrays



Tries

e Eival yia 0evpIkn Ooun 0EOOUEVWY TTOU JOC
EMTPETTEI VA ATTOBNKEUOUE CUVOAQ
OUMPBOAOCEIPWY KAl VO EKTEAOUUE TTPACEIC O€
QuTa.

 MTTOpOUUE VO EKTEAOUME TTPALEIC oNn-line (Ogv
XPEIACETAI VA EXOUME OAa Ta OEOOUEVA ATTO
TTPIV).

e XPNOIUOTTOIOUVTAI CUXVA WC avaTttTapacTacn
AECIKWV.



Tries: [pacgeig

* [1poocONKkn cuuoAooelipacg
 AQaipeon cuuBoAoCEIpaC
* 'EAgyxoc yvia UtTTapen oupPoAoCEIPAC

o Avalntnon/katauéTpion oupBoAooEIipwy UE TO
i010 TTPOBeQ

o AAPQPBNTIKN TOgIVOUNON oUuBoAOCEIpWYV
 EUpeon K-00TNG AEENC



Tries: Kartaokeun

o APXIKA £XOUME WA “WYeUTIKN” pida TToU
QVTIOTOIXEI OTNV KEVI OUMPOAOCEIPA.

» KaBevag atrd Toug UTTOAOITTOUC KOM[30UC
QVTIOTOIXEI O€ KATTOIO YPAUUA TNS aApapBnTou.

e [10 va TTPOCOECOUME LI AEEN CEKIVAPE ATTO TNV
pia Kal akoAouBoUuE TO HOVOTTATI TTOU OEIXVOUV
TA YPAMMATA TNG, TIPOCOETOVTAC OOOUC KOU[0UC
OEV UTTAPXOUV.



Tries: [Napadelyua KATAOKEUNG

A

—» add “tree”




Tries: [Napadelyua KATAOKEUNG

. —» add “tree”




Tries: [Napadelyua KATAOKEUNG

—» add “tree”

\A




Tries: [Napadelyua KATAOKEUNG

—» add “tree”




Tries: [Napadelyua KATAOKEUNG

. add “.tr.ee”



Tries: [Napadelyua KATAOKEUNG

a

add
— » add “trie”




Tries: [Napadelyua KATAOKEUNG

add
— » add “trie”




Tries: [Napadelyua KATAOKEUNG

add
— » add “trie”



Tries: [Napadelyua KATAOKEUNG

add
‘ > add “trie”




Tries: [Napadelyua KATAOKEUNG

add
‘ > add “trie”




Tries: [Napadelyua KATAOKEUNG

Ao a
.
-~ » add “bye”




Tries: [Napadelyua KATAOKEUNG




Tries: [Napadelyua KATAOKEUNG

a
o
-~ » add “bye”
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Tries: [Napadelyua KATAOKEUNG
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Tries: [Napadelyua KATAOKEUNG

add “tree”

add “trie”

add “bye”
~» add “tr”



Tries: [Napadelyua KATAOKEUNG

add
e
add

. add “tr,”




Tries: YAotroinon (the 101 way)

#define N 50000
struct node {

int children[26];
char isWord;

3

struct node Trie[N];

int trieNodeCount;

int initialize(Q) {

trieNodeCount = 1; /* mpooBéTovpe TNV “WedTIKN” pia */




Tries: YAotroinon Tn¢ add

int add(char *word, int length) {
int i, nextNode, curNode = 1; /* TomoOeroLue TO BEAOG oTnVv pida */

for (i=0; i<length; 1i++) {
nextNode = Trie[curNode].children[ word[i] - 'a' ];

if ( nextNode == 0 ) { /* av égv vmApxel 0 KOUBOG OTO
trie, TOTE TOV SNnUIOLPYOLUE */

trieNodeCount++;
Trie[curNode].children[ word[i] - 'a’" ] = trieNodeCount;
curNode = trieNodeCount;
}
else {
curNode = nextNode;

}
}

Trie[curNode].isWord = 1;

}




Tries: [lapadciyparta
A

add “tree”
0 ° add “trie”
add “bye”

add “tr”

0 ~—» remove “trie”




Tries: [lapadciyparta
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0 ~—» remove “trie”




Tries: [lapadciyparta

add “tree”
0 ° add “trie”
add “bye”
\

add “tr”

0 ~—» remove “trie”




Tries: [lapadciyparta

add “tree”
0 ° add “trie”
add “bye”

add “tr”

0 ~—» remove “trie”

BN




Tries: [lapadciyparta

add “tree”
‘ Q add “trie”
add “bye”

add “tr”
‘ 0 —» remove “trie”

\A °




Tries: YAoTtroinon TnG remove

int remove(char word, int length) { /* akoAovBovLpe TO povomdAT pEXPl TOV
KOHMBO TOUL TeAELTAIOL YPAUUATOG KAl OTN

guvéxela alaloovue To isWord oe @ */
int i, curNode = 1; /* TomoBeTrovue TO BEAOG oTnv pila ToL trie */
for (i=0; i<length; i++) {

curNode = Trie[curNode].children[ word[i] - 'a' ];

assert(curNode != @); /* vmoBéTovpe OTI N A(EN mMov BeAouvpe va
dlaypdayouvpe vmapxel mavra */

}

Trie[curNode].isWord = 0;




Tries: [lapaodeiyuata
o

add “tree”

‘ 0 add “trie”

add “bye”

add “tr”

remove “trie”

‘ 0 — » check “tr”




Tries: [lapadciyparta

A add “tree”
‘ 0 add “trie”
add “bye”

add “tr”

remove “trie”
-~ » check “tr”




Tries: [lapadciyparta

add “tree”
0 ° add “trie”
add “bye”
\

add “tr”

remove “trie”
— » check “tr” true

OTACANE OTO KOUPBO TOU TEAEUTAIOU YPANHUATOC, EAEYXOUME
av To isWord autou Tou kKOuBou sivar 1



Tries: [lapaodeiyuata
o

add “tree”

‘ ° add “trie”

add “bye”

add “tr”
remove “trie”

‘ Q check “tr” true

-~ » check “by”




Tries: [lapadciyparta

4 add “tree”
‘ 0 add “trie”
add “bye”
add “tr”
remove “trie”
‘ Q check “tr” true
-~ » check “by”




Tries: [lapadciyparta

add “tree”

add “trie”

add “bye”

add “tr”

e remove “trie”
check “tr” true

-~ » check “by” false

OTACANE OTO KOUPBO TOU TEAEUTAIOU YPANHUATOC, EAEYXOUME
av 10 isWord autouU Tou KOMBou €ival 1



Tries: [lapadciyparta
e
add “tree”

‘ ° add “tric”
add “bye”

add “tr”

remove “trie”
0 check “tr” true

check “by” false

~ » check “ten”




Tries: [lapadciyparta

A add “tree”
0 ° add “trie”
add “bye”

add “tr”

remove “trie”
0 check “tr” true

check “by” false

~ » check “ten”




Tries: [lapadciyparta

add “tree”

add “trie”

add “bye”

add “tr”

remove “trie”

check “tr” true

check “by” false
-~ » check “ten”




Tries: [lapadciyparta

add “tree”

add “trie”

add “bye”

add “tr”

remove “trie”

check “tr” true

check “by” false
— » check “ten” false

\\ 7/

Agv unapyel KOPUPBoOC Npoc To ypauua “e”. Auto onuaivel
OTI 0gv unapxel Ae€n nou va apyxilel ano “te”, apa dgv
UnAapxel kal N oudpoAooslipa nou waxvoupe. NMpenel va
AAQBoOUME UNOWIV HAC KAl AUTN TNV NEPINTWON.



Tries: YAotroinon 1n¢ check

bool check(char word, int length) {
int i, curNode = 1; /* TomoBeTrovue TO BEAOG oTnv pila ToL trie */
for (1=0; i<length; 1++) {

curNode = Trie[curNode].children[ word[i] - 'a' ];

if ( curNode == 0 ) { /* av éev vmdpxel 0 KOUBog OTO trie
TOTE &ev LTAPXE KAl N AéEN mMOL WAXVOLUE */

return false;

}

return (Trie[curNode].isWord == 1 ? true : false);




Tries: [Napadeiyua EmTekTraonc (1)

o AuvaroTnTta TTPOOBNKNC TNG idIAC AECNC TTEPIOTOTEPEC
QTTO IO POPEC KAl

o aAAayn TNG check wWOTE va ETTIOTPEPEI TTOOEC POPEC
utTapxel N Aégn oTo trie (0 av dev UTTAPXEL).



Tries: YAotroinon pe wordCount

#define N 50000

struct node { AMAayr) Tou isWord og wordCount

e children [26£/ (atro char yivetan int).

int wordCount;
¥
struct node Trie[N];

int trieNodeCount;

int initialize(Q) {

trieNodeCount = 1; /* mpooOtTtovue TNV “WwedTIKN” pila */




Tries: YAotroinon Tn¢ add

int add(char *word, int length) {
int i, nextNode, curNode = 1; /* TomoOeroLue TO BEAOG oTnVv pida */

for (i=0; i<length; 1i++) {
nextNode = Trie[curNode].children[ word[i] - 'a' ];

if ( nextNode == 0 ) { /* av égv vmApxel 0 KOUBOG OTO
trie, TOTE TOV SNnUIOLPYOLUE */

trieNodeCount++;
Trie[curNode].children[ word[i] - 'a’" ] = trieNodeCount;
curNode = trieNodeCount;

}
else {

curNode = nextNode; Augdvoupe To TTARBOC TwV
} OUPBOAOCEIPWV TTOU KOTAARYOUV O€
} / QUTOV TOV KOBO KOTd 1.
Trie[curNode] .wordCount++;

}




Tries: YAoTtroinon TnG remove

int remove(char word, int length) { /* akoAovBovLpe TO povomdAT pEXPl TOV
KOHMBO TOUL TeAELTAIOL YPAUUATOG KAl OTN

guvéxela alaloovue To isWord oe @ */
int i, curNode = 1; /* TomoBeTrovue TO BEAOG oTnv pila ToL trie */
for (i=0; i<length; i++) {

curNode = Trie[curNode].children[ word[i] - 'a' ];

assert(curNode != @); /* vmoBéTovpe OTI N A(EN mMov BeAouvpe va
dlaypdayouvpe vmapxel mavra */

}

Trie[curNode] .wordCount--;

Meiwvoupe To TTARBOG Twv
ouuBoAOCEIpWY TTOU KATAAYOUV O€
QUTOV TOV KOPBO KaTtda 1.




Tries: YAotroinon 1n¢ check

H ouvdapTtnon moTpEéPel
TTAEOV QpPIBUO.

int check(char word, int length) {

int i, curNode = 1; /* TomoBeTrovue TO BEAOG oTnv pila ToL trie */

for (i=0; i<length; i++) {

curNode = Trie[curNode].children[ word[i] - 'a' ];

if ( curNode == 0 ) { /* av éev vmdpxel 0 KOUBog OTO trie
TOTE &ev LTAPXE KAl N AéEN mMOL WAXVOLUE */

return 0; <—— Agv utrdpyel povoTia, apa 0 AEEgig
}

}

return Trie[curNode].wordCount; e EmoTpépoupe To TTARBOC
TWV AECEWV




Tries: [Napadeiyua ETEkTaonc (2)

AuvartoTnTa ATTAVTNONG O€ EPWTAMATA “TTOOEC AECEIC
apyilouv atio ....;"

Anuioupyia cuvaptnong prefixCount yia autd Tov
OKOTTO.

YAoTtroinon:

2.€ KOBE KOUBO TOU OEVTPOU Ba atToBnKeUoOUPE Evav
EMMITTAEOV APIOUO: TO TTANBOC TWV AECEWV OTIC OTTOIEC
"aVvNKEI’.

Oa TTPETTEI VO OUVTNPOUPE auTd Ta aBpoiocuata o€
KGO TTpdén add kai delete.



Tries: [Napadelyua KATAOKEUNG

. add “.tr.ee”




Tries: [Napadelyua KATAOKEUNG

a

o

add
— » add “trie”




Tries: [Napadelyua KATAOKEUNG

add
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Tries: [Napadelyua KATAOKEUNG
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Tries: [Napadelyua KATAOKEUNG

add
— » add “trie”




Tries: [Napadelyua KATAOKEUNG

add
— » add “trie”




Tries: [Napadelyua KATAOKEUNG




Tries: [Napadelyua KATAOKEUNG

add
add
add
~ » pcount “tr”




Tries: [Napadelyua KATAOKEUNG

add
add
add
~ » pcount “tr”




Tries: [Napadelyua KATAOKEUNG

add “tree”

add “trie”

add “bye”
~» pcount “tr” 2




Tries: [Napadelyua KATAOKEUNG

o

a

add “tree”
add “trie”
add “bye”
pcount “tr” 2
> remove “trie”
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Tries: [Napadelyua KATAOKEUNG
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Tries: [Napadelyua KATAOKEUNG

add “tree”
add “trie”
add “bye”
pcount “tr” 2
> remove “trie”




Tries: YAotroinon yia HETpNoNn
TTPOBEPATWYV

#define N 50000
struct node { MeTaBANTA TTOU ATTOBNKEUEI TO
TTANBOC TWV TTPOBEUATWY TTOU
int children [263/ QVTIOTOIXOUV O€ auTOV TOoV KOUBOo
int prefixes;
};
struct node Trie[N];

int trieNodeCount;

int initialize(Q) {

trieNodeCount = 1; /* mpooOtTtovue TNV “WwedTIKN” pila */




Tries: YAotroinon Tn¢ add

int add(char *word, int length) {
int i, nextNode, curNode = 1; /* TomoOeroLue TO BEAOG oTnVv pida */

for (i=0; i<length; 1i++) {
nextNode = Trie[curNode].children[ word[i] - 'a' ];

if ( nextNode == 0 ) { /* av égv vmApxel 0 KOUBOG OTO
trie, TOTE TOV SNnUIOLPYOLUE */
trieNodeCount++;
Trie[curNode].children[ word[i] — 'a' ] = trieNodeCount;
curNode = trieNodeCount;

}
else {

curNode = nextNode;

} Aucavoupe 1o prefixes yia Kabe
Trie[curNode].prefixes++; <«— *oupo gTo povorar.




Tries: YAoTtroinon TnG remove

int remove(char word, int length) { /* akoAovBOoLue TO pOvVOTATI PEXOI TOV
KOMBO TOUL TeAELTAIOL YPAUUATOG KAl OTN
guvéxela alaloovue To isWord oe @ */

int i, curNode = 1; /* TomoBerovue TO BEAOG oTnv pila ToL trie */
for (i=0; i<length; i++) {

curNode = Trie[curNode].children[ word[i] - 'a' ];

assert(curNode != @); /* vmobirovue OTI N AEEN mOL BEAoLWE va
dlaypdyouvpe vmapxel mavra */

Trie[curNode] .prefixes--;

\ AvTioTOIXO £BU) PEILVOUNE TO

TTANBOC TwV TTPOBEUATWYV YIa KAOE
KOMBO TOU hovoTTaTIOoU.




Tries: YAotroinon tn¢ prefixCount

int prefixCount(char word, int length) {
int i, curNode = 1; /* TomoBeTrovue TO BEAOG oTnv pila ToL trie */
for (1=0; i<length; 1++) {

curNode = Trie[curNode].children[ word[i] - 'a' ];

if ( curNode == 0 ) { /* av &ev vmApxel © KOUBOg oTO trie
TOTE Oiyovpa 8ev LTIAPXOLY AEEEIC PE TO prefix mMOL Waxvouue */

return 0;

}

return Trie[curNode].prefixes;




Tries: [lapaAAayec

e Av OEV ETTAPKEI N UVAMN YIA VO aTT0ONKEUOOUUE
evav Trivaka children ynkoucg |2| o€ kaBe koupo,
TOTE UTTOPOUME VA EXOUME VAV OUVAMIKO TTiVOKO
TTOU VA TTEPIEXEI JOVO TA TTAIOIA TTOU TTPAYHATI
UTTAPYXOUV.

 MTTopoupe va armoOnkKeUouphe yeyaAuTepa
KOMMATIO CUMBoAoCEIpwyY O€ KOBE KOO (avTi
VIO Eva JOVO YPAUHQ).



Binary Indexed Trees

NMpoBAnua:
‘Exoupue N kouTtia apilBunueva atmo 1o 1 w¢ 1o N.
O@EAoUE va PTIAEOUME Eva TTPOYPAUUA TTOU va
uttooTnpPilel TIC TTPACEIC:

. : MNp6oBeoe X oTTipTal OTO KOUTI S.

. . Bpec o0 aBpoiopa Twv oTTipTWYV TTOU
BpiokovTal aT1T0 TO KOUTI X €W¢ TO KOUTI Y. (X <=Y)



Binary Indexed Trees

NMpopavng Auon:

‘Exoupe evav mivaka N akepaiwy. 2TnV I-o0Tn
O£on Tou TTivaKa €ival atroBnNKeUPEVO TO TTANB0C
TWV OTTIPTWYV TTOU BpiocKovTal OTO i-O0TO KOUTI.

. : ATTAQ TTpOOBETOUHE TOV APIBUO X OTNV
B€on S Tou TTivaka. AUTO QUOIKA aTTaITEI OTABEPO
XPOVO.

. . [Npétrel va TpooBcooupe OAEC TIC BETEIC
a1TO TNV X €WC KAl TNV Y. 2TNV XEIPOTEPN TTEPITITWON
Oa TrpeTTel va ekteAcooupe N TTpooBEoEIC.
EtTopévwe n ToAuttAokOTNTA TG SUM €givar O(N).



Binary Indexed Trees

AUonNn pe pEPIKA aBpoiouaTa:

‘Exoupe €vav trivaka 1 attdo N akepaiouc. 21NV
I-00TN B£0N TOU TTivaKa €ival ATTOONKEUPEVO TO
aOpoioua TwWvV OTTIPTWV TTOU BpioKOoVTal aTTO TO
10 HEXPI KAl TO I-OOTO KOUTI.

. . @Qa TTpETTEl va TTPoCBEc0oUpE TO X O€ OAEC
TIC BE0EIC ATTO TV S £WC Kal TNV N.



Binary Indexed Trees

AUonNn pe pEPIKA aBpoiouaTa:

. . To oToixeio Tn¢ B€onc Y (dnAadn 1o M1[Y])
TTEPIEXEI TO ABpoIouAQ:
KOUTI[1] + KouTi[2] + kouTI[3] + KOoUTI[X-1] + KOUTI[X] + ... + KOUTI[Y]
ATTO auTO BEAOUUE VA APAIPECOUME TA:
KOUTI[1] + KouTi[2] + kouTI[3] + KouTI[X-1]

[Tou avTioToIXoUv oTO oToIXEio [1[X-1]

2 3 e XA X | X+1 | .. Y-1 Y N

1
N — _

" X /
N o




Binary Indexed Trees

AUonNn pe pEPIKA aBpoiouaTa:
e o TTpoxwpPNUEVN 1I0€A, aAAQ:
 ADD: O(N)

« SUM: O(1)
* Agv KepPOIOAUE TITTOTA



Binary Indexed Trees

Auon pe buckets:

o Xwpilouue Tov trivaka o€ O(N) buckets.
« ADD: O(1)

e SUM: O( sqrt(N) )



Binary Indexed Trees

AUoe€ig:

Mepika ABpoiocuara O(N) O(1)

Binary Indexed Trees O(logN) O(logN)



Binary Indexed Trees

* Eival yia dopn 0ed0OUEVWY TTOU JOC MOGC
ETITPETTEI VA OIAXEIPICOUAOTE MEPIKA
aBpoiopaTa. Zuykekpiuéva uttooTnpPilel TIC
TTPACEIC:

e [1p00Beon evOC apIOUOU O€ IO CUYKEKPIUEVN BEON.
« ABpolioua Twv apiBuwyv TTou BpiokovTal o€ Eva
OUYKEKPIYEVO DIAOTNMA.



Binary Indexed Trees

 OuolaoTIKA gival Evag TTiVOKAC apIBuwyY. 2.€
KGBe BE€on Tou TTivaka aTroBnkeveTal TO
GBpoioua Twv OTTIPTWYV TTOU BPiCKOVTAl OTO
KOUTI aUuTNG TNC B€0N¢ KABwC Kal o€ KATTOIEC
QTTO TIC AMECWC TTPONYOUMEVEC.

TT.X.
e 21NV 12n 6€0N TOU TTiVOKQ ATTOBNKEUOVTAI TA OTTIPTA
TToU BpiokovTal a1ro 10 90 £wg Kal To 120 KOUTI.

e AvTioToixa otnv 14n B€on Tou TTivaka atToBnkeveTal
TO TTANBOC TWV OTTiPTWV TTOU BpiokovTal aTtro 1o 130
€wC¢ Kal To 140 KOUTi.



Binary Indexed Trees

e [Tw¢ ammopaaciouhe TA OTTIPTA TTOCWV KOUTIWV
O0a ammobnkevoupue o€ KABE BEonN;

o ECapTaTal ATTOKAEIOTIKA ATTO TOV QPIOUO TNG
0conc.

 MeTaTpotri oTo OUABIKO oUCTNUA.

o KaBe B€on atroBnkevel TOOO KOUTIA O0A OEiXVEl
0 MIKPOTEPOC A0C0C OTNV OUAOIKN
avaTTapacTaon.



Binary Indexed Trees

. 1210 = 1100, . Av kpaTriooupe JOvo Ta Yneia
QTTO TOV TEAEUTAIO ACCO KAl OECIA, TOTE EXOUME
100, =4  .Apaotnv 0con 12 amroBnkevuoupe
TO KOUTIA TWV 4 TEAeUTAiWY BECEWV.

AnAaodn atrd 10 90 £we 10 120 KOUTI.



Binary Indexed Trees

. 4010 = 101000, . Av kpaTtooupe YJovo Ta Yneia
QTTO TOV TEAEUTAIO ACCO KAl OECIA, TOTE EXOUME
1000, =8, .ApaoTnv 0€on 40 amroBnkevuoupe
TO KOUTIA TwV 8 TEAeuTaiwY BECEWV.

AnAaodn atro 1o 330 £wc 10 400 KOUTI.



Binary Indexed Trees

. 4110 = 101001, . Av KpaTtooupe YJovo Ta Yneia
QTTO TOV TEAEUTAIO ACCO KAl OECIA, TOTE EXOUME

1, =1, .Apaotnv 0€on 40 atroBnkevuoupe 10
KOUTI MOVO TNG TEAeUTaiag BEonc.

AnAaodn uovo 10 410 KouTi.



Binary Indexed Trees

— |

9

10

11

12

1 10 1 100 101 110 1M1

1000 1001 1010 1011 1100




Binary Indexed Trees

2 1...2




Binary Indexed Trees

e [TWC ATTAVTAPE OTA EPWTAMATA
 Baua 1
[TpooBETOUUE TNV TIWA TNGS BEoNC Y.
 BApa 2

AQaIpOUUE TOV UIKPOTEPO (OECIOTEPO) ACOO

ATTO TNV OUAOIKN AvVATTAPACTAON TOU Y. (..
1010 — 1000)

 BApa 3
EtTravaAauavoupe yexpl 1o Y va yivel 0.



Binary Indexed Trees

©Qon: 4 2 3 4 5 6 7 8 9 10 M1

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2

BIT: 7 7 3 12 0 0 0 16 6 9 2

‘EoTtw OT1 BEAOUPE va uTTOAOYiOOUPE TO ABpoIoua:
2[1]+ 2[2] + 2[3] + .... + 2[11]

@&éNouue, dNAadr, va atTavT)OOUUE OTO
epwTNUA:



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2 8

BIT: 7 7 3 12 0 0 0 16 6 9 2 10

T

Apxiloupe atro Tnv B€on 11 kai TrpoocBeToupe 10 BIT[11] = 2
OTO GOpoIouaQ.

SUM = 2



Binary Indexed Trees

©Qon: 4 2 3 4 5 6 7 8 9 10 M1

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2

BIT: 7 7 3 12 0 0 0 16 6 9 2

T

H duadikn avarrapdacTtacon tou 11 givai 1011. Apaipoupe Tov

TTPWTO ACCO, EVW TA UTTOAOITTA Wn@ia TTApAPEVOUY idIa
1011
- 0001

1010 = 10

10

SUM = 2



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2 8

BIT: 7 7 3 12 0 0 0 16 6 9 2 10

T

[TA€ov BplokopaoTe otnv Béon 10, oTTOTE TTPOCBETOUNE TNV
Tiun Tou BIT[10] oTto GBpoiopua.

SUM=2+9 =11



Binary Indexed Trees

©Qon: 4 2 3 4 5 6 7 8 9 10 M1

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2

BIT: 7 7 3 12 0 0 0 16 6 9 2

T

H duadikn avarrapdaoTtaon tou 10 gival 1010. Agaipouue Tov

TTPWTO ACCO, EVW TA UTTOAOITTA Wn@ia TTApAPEVOUY idIa
1010
- 0010

SUM = 11



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2 8

BIT: 7 7 3 12 0 0 0 16 6 9 2 10

T

Twpa eipyaate otTnVv B€on 8, OTTOTE TTPOCOETOUNE TNV TIUN
Tou BIT[8] oTO GBpoIcua.

SUM =11 + 16 = 27



Binary Indexed Trees

©Qon: 4 2 3 4 5 6 7 8 9 10 M1

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2

BIT: 7 7 3 12 0 0 0 16 6 9 2

T

H duadikn avarrapdaoTtaon Tou 8 gival 1000. Apaipoupe Tov

TTPWTO ACCO, EVW TA UTTOAOITTA Wn@ia TTApAPEVOUY idIa
1000
- 1000

0000 = 0
Apa n TEAIKN atTavTnon €ivai

10



Binary Indexed Trees

« Epwtnon: MNarti eivalr O(logN);

e —EKIVWVTOC OTTO TO Y, B0 KAVOUNE TOOEC
TTPOC0BETEIC OOOI €ival ol AGoool Tou Y (agou
o€ KGBg Pripa Ba kavoupe Pia TTpocBeon Kal
O0a ofnvoupe Evav Aooo atro TNV OUADIKI)
QVaTTOPACTACH TOU).

* H duadikr avarrapdaoTaon KaBe apiOuou N
atroteAeital ato log N + 1 wneoia.

« Oa ekTeEAEOTOUV TO TTOAU logosN + 1 = O(logN)
TTPOCBOECEIC.



Binary Indexed Trees

e [lWC ATTAVTAPE OTO EPWTNHA

To omraue o€ dUo:




Binary Indexed Trees

e [TWC ATTAVTAPE OTA EPWTAMATA ;

o [1pETTEI VO AAAACOUUE TNV TIUN OAWV TWV
OE£0EWYV TTOU TTEPIEXOUV TNV S.

* AvtioTpopn Aladikaaoia



Binary Indexed Trees

mX.S=5

| \ | | | \ | \
2 3 4 5 6 7 9 10 11 12
10 1 100 101 110 111 1000 1001 1010 1011 1100




Binary Indexed Trees

mX.S=5

— |

14

8

9

10

11

12

11

111 1000 1001 1010 1011 1100




Binary Indexed Trees

mX. S=12
\ \/ | | | \/ | | \/ |
1 2 3 4 ) 6 7 9 10 11 12

1 10 1 100 101 110 1M1

1000 1001 1010 1011 1100




Binary Indexed Trees

mX. S=12

| \ | | | \ | \
1 2 3 4 5 6 7 8 9 10 11 12
1 10 1 100 101 110 111 1000 1001 1010 1011 1100




Binary Indexed Trees

 Bhua 1
[TpocBETOUPE TOV APIBUO X oTNV B€0n S.
 BApa 2

[TpoocOETOUPE TOV HIKPOTEPO (OECIOTEPO) ACTO
oTnVv TNV OUAdIKN avaTTapAocTaOON TOU S.

(1r.x. 1010 — 1100)

Bapa 3

EtravaAauBavoupe PEXPI TO S va CeTTEPATEI TO
LUEYEBOC TOU TTiVAKA.



Binary Indexed Trees

+3

©on: ¢4 2 3 4. 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 0 0 0 4 6 3 2 8

BIT: 7 7 3 12 0 0 0 16 6 9 2 10

‘EoTw OT1 BEAOUNE va TTpoocBEcoupe 3 oTTipTa OTNV B£0N
S:

@&Noupe, ONAAON, va EKTEAECOUUE TNV TTPALN:



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 3 0 0 4 6 3 2 8

BIT: 7 7 3 12 3 0 0 16 6 9 2 10

T

ApXIKQ TTpoocBETOUPE TO 3 OTNV BE€0N 5 TOU TTiVAKO
BIT.



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 3 0 0 4 6 3 2 8

BIT: 7 7 3 12 3 0 0 16 6 9 2 10

T

H duadikn avarrapdaoTtaon Tou S gival 101. NpooBeToupE,
NOITTOV, TTPWTO ACCO:
101



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 3 0 0 4 6 3 2 8

BIT: 7 7 3 12 3 3 0 16 6 9 2 10

T

Apa n etréuevn B€on Tou TTivaka BIT otnv otToia TTpETTEl
va TTpooTeBEi To 3 €ival n B€on 6.



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 3 0 0 4 6 3 2 8

BIT: 7 7 3 12 3 3 0 16 6 9 2 10

T

H duadikn avarrapdaoTtaon Tou 6 ival 110. [NpoocBeToupe,
cava TTPWTO ACOO:
110



@éon:

(ZtipTa) 2

BIT:

Binary Indexed Trees

10

11

12

12

19

10

T

‘ET01 TO TTpO0BETOUNE TO 3 OTO BIT[8] KaI yiveTal:

BIT[8] =16 +3 =19




Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 3 0 0 4 6 3 2 8

BIT: 7 7 3 12 3 3 0 19 6 9 2 10

T

H duadikn avatrapacTacn tou 8 gival 1000. NpooBETovTag
TOV TTPWTO (KAl JovadikO) A0CO0 TTAiIPVOUE:

1000
+ 1000

10000 = 10

10



Binary Indexed Trees

©on: ¢ 2 3 4 5 6 7 8 9 10 1 12

(ZmmipTa) 7 0 3 2 3 0 0 4 6 3 2 8

BIT: 7 7 3 12 3 3 0 19 6 9 2 10

T

To 16 OpwC gival yeyaAuTepo atro 10 PEyEBOC Tou TTivaka BIT,
dpa n dladikagia TepUATICEl €OW.



Binary Indexed Trees: YAoTtroinon
TNC sum

int sumCint Y) {
int answer = 0; /* petaBANT MOL KPATAEI TO {NTOLMEVO ABpPoIcua */
while (Y > 0) {
answer += BIT[Y];
Y -= (Y & -Y);
}

return answer;




Binary Indexed Trees: YAoTtroinon
TNC sum

int sumCint Y) {
int answer = 0; /* petaBANT MOL KPATAEI TO {NTOLMEVO ABpPoIcua */
while (Y > 0) {

answer += BIT[Y];
Y -= (Y & -Y);

return answer; \




Binary Indexed Trees: YAoTtroinon
NG add

void add(int pos, int num) {

while (pos <= N) {

BIT[pos] += num;
pos += (pos & -pos);
}




Hashing

2Uvoho otTou > Uvoho 6tTou
n oUykpion > n oUykpion gival
TTQipVEl TIOAU Hashing yPriyopn Kai E0KoAN

XPOVO




“hello”

“tree”

«22A73Q”

Hashing

Hashing

3991

80



Hash function

e MeTATPETTEI EVA OTOIXEIO TOU TTPWTOU GUVOAOU
O€ £VA OTOIXEIO TOU OEUTEPOU.

o AEITOUPYEI TTAVTA PE TOV iDI0 TPOTTO (00EC POPEC
KAl vO OWOOUME EVA OTOIXEIO TOU TTPWTOU
OuUVvOAOU Oa Pag TTIOTPEPEI TO iOIO OTOIXEIO TOU

OEUTEPOU)

¢ TT.X.

H( ) =33
H( ) = 87
H( )

11



Collisions

AUO OTOIXEIO TOU TTPWTOU TUVOAOU OEiXVOuV OTO
I010 OEUTEPO CUVOAQ!

TT.X.

* HC )
. H( ) =

O@EAOUE VO EXOUPE OO0 TO OUVATOV AlyoTEPQ
collisions. Av gival duvaTtov, va Punv €XOUUE
KOVEVA.

lpETTEl VO ETTIAECOUPE £va KOAO hash function.



Perfect Hashing

 KaBe oToIixeio Tou OEUTEPOU OUVOAOU QVTIOTOIXEI
0€ JOVOAOIKO OTOIXEIO TOU TTPWTOU CUVOAOU.

* Eivar 1-1.
* 'Exel xpovo ekteAeonc O(1).



[Mapadelyua

e Xad6 hash function tTou pyetaTtpetTel pia
oupPoAooelpd o€ Evav apiOuo:

int hash(char *word, int length) {

int i, H = 0;

for (1 =0; 1 < length; i++) {
H += word[i];

}

return H;

* ‘Exel TToAAG collisions:
+ hash(“AB”) = 65 + 66

* hash( ) = 66 + 65

131

131



MNapadeiypa (linear hashing)

e [ pauuikd hash function: Bswpei pia
OUpPBoAoCEIPG WC aPIBPO EKPPATHEVO OTO

|Z|[-IKO ocUOTNUA KOl TOV JETATPETTEI OTO OEKAODIKO

int hash(char *word, int length) {
int i, H = @, base = 1;
for (1 =0; i < H; i++) {
H = H[1i] + s[i]*base;
base *= 256;

} To TTARB0C TwV dIAPOPETIKWV
return H; CUMBOAWY




MNapadeiypa (linear hashing)

e [IAgOVEKTNMUA:
Agv £xel KaBOAou collisions

 MeiovekTRUATA:

MTTopei va Owael TTOAU PEYAAQ QTTOTEAECUATO
TTOU OEV XwpPave ouTe ot akepaiou¢ 64bit. ‘ETol
TTPETTEL  va  XPNOIYOTIOINCOUPE  apIBuNTIKN
UTTOAOITTWY  YIO  vO  TTEPIOPIOOUME  TO
arrotéAeopa. Auto odnyei OE€:

* Mepika collisions
* AUCNON TOU XPOVOU EKTEAEONC



Double hashing

e [10 vO JEIWOOUPE OKOPA TTEPIOCOTEPO TA
collisions uTTopouuE va ouvouaooupe OUO
uEBOOOUC hashing:

h,( ) = 32
h,( ) = 991

H( ) =< h/( D, h( ) > = <32, 991>
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