MpoypappaTtiopoc I1
(ECE116)

#7 | nivakec katakepuartiopou (hash tables)
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Aopec avalNTnong ... HEXPI OTIYUNC

MoAunAokoTnTa
avainTnong
Table O(N)
Sorted Table O(log, N)
List O(N)
Sorted List O(N)
Balanced Tree* O(log, N)

*0a yivel apyoTepa, av npoAdpoups
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Ynapxel KaTtl KAAUTEPO;
e 'Eva 106aviko eupetnpio 6a unootnpile TNV AsIToupyia

avalntnonc (16avika kal npoobnknc / anouakpuvonc)
LUE oTABEPO KOOTOC

e AveEapTnTa ano 1o NANBOC TWV OTOIXEIWV MOoU
NEPIEXEI TO EUPETNPIO
e Mia TeTOIa 1010TNTA PaiveTal aduvaTn

e Mg kaTtaAAnAa «uayika», €ival EQIKTh

e Mivakeg katakepuaTiopou (hash tables)
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Aopec avalnTnonc

MoAunAokoTnTa
avainTnong
Table O(N)
Sorted Table O(log, N)
List O(N)
Sorted List O(N)
Balanced Tree O(log, N)
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[Mivakac KaTakeEPUATIONOU

o Ei0IkOC duvapikog nivakac ano doyxeia (buckets) nou

NEPIEXOUV TIC eyypapeC (douec e dedopeva)
e nivakac N Boswv: N doxeia

e H avTioToixION TWV £yypapwv oTa OOXEId TOU Mivaka
YIVETQAI XPNOINOMNOIWVTAC WC «KAEIDI» TNV TIMN ano
£va N NEPICOOTEPA NeEdia TNC EyypPAPNC

e To kA€I®i peETAOYNUATIZETAI HECA ANO HIa
guvapTnon karakeppaTiopou (hash function)

e H ouvaptnon enmiotpegel TNV TIUN (hash value) nou
unodsikvuel Tnv B£on (To doxeio) onou BpioKeTal
(N npenel va €loaxBei) n eyypaen

e N TINN nEpIopileTal oTo peyeboc Tou nivaka (pe modulo)
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hash

buckets
table
hash_function(key) -> index . )
XWPOG . J
TIHOV
KA€I10I0U N J

n.x., integers, strings

e
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hash_function:

str[0] % 4 0
1
2
3
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hash_function:

str[0] % 4 0
1
add (Vana)
2
3
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hash_function:

str[0] % 4 0
1
add (Vana)
86 % 4 = 2 Z | Vana ]
3
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hash_function:

str[0] % 4 0
. 1
add (Giorgos) )
2 Vana }
3
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hash_function:

str[0] % 4 0

. 1
add (Giorgos) g N
71% 4 =3 2 | Vana |
3 Giorgos
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hash_function:

str[0] % 4 0
1
add (Anna)

e N

2 Vana
\ /
e S

3 G10orgos
N Y,
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hash_function:

str[0] % 4 0
add (Anna) 1 |anna
Van
65 % 4 = 1 2 e
3 G10orgos
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hash_function:

str[0] % 4 0
e N
add (Lena) 1 Anna
> X
2 Vana
\ /
e S
3 G10orgos
N Y,
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hash_function:

str[0] % 4 0 Lena
add (Lena) 1 \Anna )
Vana
76% 4=0 2 . J
3 G10orgos
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> UYKPOUOEIC — Aoxela

H cuvapTtnon KaTakEPUATIOUOU UMOPEI va ENIOTPEYEI
TNV id1a TIKN VIa S1aPOPETIKEG TIMEC KAEIOIWV

AuTO ovoualetal ouykpouon (collision)

O1 eyypagec pe idia hash values avrtioTorxiovral
oT0 1010 OOXEIO

Mpenel va unooTtnpixBei npoobnkn, avalnTnon Kai
anopdakpuvon yypapwy PJeoa ora doyeia
e g Bacon TNV TIUN Tou KA€IBI0U (apou To hash value €ival To id10)

Ta doxeia uhonolouvTal Pe dopeC avalNTnong
Auvapikoc nivakac, Aiota, devtpo nj aAlo eva hash table!
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0 bucket
—_—T>
N ’ ‘ 1 J
)L
2 —
3 —
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1 Ay
O //_J H A
1 —_— — >
2 e —_—
3 e
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hash_function:

e N
Str [ 0 ] $ 4 0 Lena
\ /
e A
add (Manos) 1 Anna
> <
2 Vana
\ /
e S
3 G10orgos
N Y,
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hash_function:

str[0] % 4 0 Lena ]
add (Manos) 1 LAnna Manos ]
V
77 % 4 =1 2 | Vema
3 G10orgos
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hash_function:

str[0] % 4 0 Lena ]
add (Katia) 1 \»Anna Manos J
2 Vana
3 G10orgos
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hash_function:

str[0] % 4 0 Lena ]
add (Katia) 1 \»Anna Manos J
Vana
75 % 4 = 3 2 ! ]
3 Giorgos Katia ]
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hash_function:

str[0] % 4 0 Lena ]
add (Babis) 1 \Anna Manos J
2 Vana ]
3 Giorgos Katia }
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hash_function:

str[0] % 4 0
add (Babis)
66 % 4 =2
MpoypappaTiopog I1 25
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Lena
\
( N\
Anna Manos
L /
4 N
Vana Rabis
S _
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hash_function:

str[0] % 4 0 Lena ]
add (Babis) 1 | Anna_—Lanos
2 Rabis Vana
3 Giorgos Katia
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hash_function:
str[0] % 4

MpoypappaTiopog I1
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eyt gy



Anodoon / kooToc avalnTnonc

KaAn anodoon

e O nivakac exel apkeTa Peyalo peyeboc

e XpNnOIUOMOIEITAl KAAN CuvVAPTNON KATAKEPUATIOUOU
e UMNAPXEl OHOIOHOPMPN KATAVOUN TWV Eyypapwyv ota Ooxeia

e KdaOe doyeio £xel NOAU AIYEG eyypageC

=> kooTo¢ avalntnong: O(1)

Kakn anodoon

e O nivakac xel HIKPO PEYEOBOC
e VOUOTEAEIOKA OAa Ta doxeia Ba £xouv MOAAEC EYYPAPEC

e XPNOIUOMOIEITAl KAKN OUVAPTNON KATAKEPUATIOHOU
e Kanola doxeia £Xouv NOAAEC eyypaPeC evw AAAA NOAU AiyEC

=> KOOoTOC avalnrnong: avalntnon peoa ota doxeia
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KATAVOWN)

OXETIKA HIKPO
LEyeOOC nivaka
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KCAKI KaTavoun

OXETIKA
LEyeOOC nivaka

MpoypappaTioyoc 11
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KaAr KaTavoun

OXETIKA HEYAAO
LEyeOOC nivaka

MpoypappaTioyoc 11
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B

kaAr KaTavoun

O OO0

KaAo peyedoc
nivaka

) Q@U
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METPIKEC

e MeyeBoc Tou nivaka (N)
e ApiBuoc eicaywywv (E)
e Meyeboc doxeiwv (B)

e Load factor (LF): E/N

« << 1 => 0 nivakag €ival uno-PopPTWHEVOC
« >1 => 0 nivakag €ival unep-PopPTWHEVOC

e Max/mean/average B
« >>1 => OXETIKA apyn avalntnon pEoa oTta doxeia
e avaAoywc pe Tnv OoWn nou XpnoIUONOIEITAl EOWTEPIKA
« ~1 => ypnyopn avalntnon peoa ota doxeia
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TakTIKEC BeATIWONC anodoonc

e Auvapikn av&énon Tou peyeBouC Tou nivaka
e OTav LF>1
e VIa va €NITEUXOEI PEIWON Tou peyEBouC doxeiwv

e AuvapiKn MEIWON TOU JEYEBOUC TOU MNivaka
e OTaVv LF<<1
e VyId va anopeuxBei onataAn Pvnung

e AAN\@yn TNG ouvapTNONG KATAKEPUATIOUOU
e OTAV min/max B>>1kal LF < 1
e Vyia va enITeUxXBei KAAUTEPN KaTavoun avaueoa ota doxeia
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AvakatakepuaTtiopoc (rehashing)

e 'Otav aAAa&el To peyeboc Tou nivaka n/kai n
ouvapTNOoN KATAKEPUATIOUOU, NMPENE! va YiVel
avadiara&n Twv eyypapwyv

e AuTO ovopaleTal avakaTakepHaTiopoc (rehashing)

AnAn uAonoinon

e Anuioupyia vEOU Nivaka KAaTakeEPUATiopou Pe adeia
doxeia

e A@aipeon kabe piac eyypapnc ano Tov NaAio nivaka
Kal El0aywyn TnG OTOV VEO Nivakda
e LEXPI Va adsidoouv OAa Ta doxeia Tou naAiou nivaka

e KaTtaoTpo®n Tou NaAiou nivaka
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hash_function:
str[0] % 4

MpoypappaTiopog I1
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Babis Vana

Giorgos Katia
eyt gy



hash_function:
str[0] % 4

add (Olga)

MpoypappaTiopog I1
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N

Lena
Anna Manos
Rabis Vana
<
Giorgos Katia
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hash_function:
str[0] % 4 0

Lena }

Anna Manos

add (Olga)

79 % 4 = 3 Babis Vana

— A J

3 —————{Giorgos Katia

Olga
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hash_function:
str[0] % 4 0

Lena }

add (Olga) Anna Manos

N

Babis Vana

3 —————{Giorgos Katia

N
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rehash entries

[

L.ena

LS _ 1 Anna Manos
hash_function:

str[0] % 8 2

A )

Babis Vana

N

Giorgos Katia

w
Ny

add (Olga) ;7
4
5
6
7
MpoypappaTioeg It 40 Snipog AGAnG
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0
) 1 Anna
hash_function: . J
str[0] % 8 2 Babis
Katia
add (Olga) 3 . J
4 Lena
5 Manos
0 Vana
] Giorgos
MpoypappaTiopog I1 41 >nUpog AGANG

THMMY, MavenioTipio O@ecoaliag lalis@uth.gr



0
) 1 Anna
hash_function: . J
str[0] % 8 2 Babis
Katia
add (Olga) 3 . . J
79%8 =7 4 Lena
5 Manos
0 Vana
7 Giorgos Olga
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0
) 1 Anna
hash_function: . J
str[0] % 8 2 Babis
Katia
add (Pavlos) 3 , atl )
4 Lena
5 Manos
o Vana
7 Giorgos 0Olga
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0 r Pavlos 1
hash_function: ! . Anna 2
str[0] % 8 2 Babis
add (Pavlos) 3 >Katia )
80 % 8 = 0 4 | Lena
5 (»Manos ]
6 (Vana ]
7 (»Giorgos Olga
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0 Pavlos
) 1 Anna
hash_function: . J
str[0] % 8 2 Babis
add (Nikos) 3 | Ratia
4 Lena
5 Manos
o Vana
7 Giorgos 0Olga
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0 Pavlos
) 1 Anna
hash_function: . J
str[0] % 8 2 Babis
add (Nikos) 3 | Ratia
78% 8 =6 4 | Lena
5 Manos
o Vana Nikos
7 Giorgos 0Olga
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hash_function:
str[0] % 8 2
add (Nikos)
MpoypappaTiopog I1 47
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Pavlos

> <
Anna

> <
Rabis

> <
Katia

g /

( N
L.ena

g /

\
Manos J_

> \
Nikos Vana

Y

Giorgos 0Olga

A
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0 Pavlos
1 (»Anna ]
hash_function: . J
str[0] % 8 2 Babis )
3 ( Katia ]
Z ( Lena ]
5 (»Manos ]
6 (Nikos Vana
7 (»Giorgos Olga
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0 Pavlos
) 1 Anna
hash_function: . 2
str[0] % 8 2 Babis
rmv (0lga) 3 | Ratia
4 Lena
5 Manos
o Nikos Vana }
7 Giorgos Eiaﬁzl }
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0 ! Pavlos ]
1 (»Anna ]
hash_function: . J
str[0] % 8 2 Babis )
3 ( Katia ]
Z ( Lena ]
5 (»Manos ]
6 (Nikos Vana
] ( Giorgos}
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0 Pavlos
) 1 Anna
hash_function: . J
str[0] % 8 2 %
rmv (Basis) 3 \ Katia )
4 Lena
5 Manos
o Nikos Vana
] Giorgos}
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0 ! Pavlos J
. 1 ! Anna }
hash_function: N
str[0] % 8 2
3 ( Katia ]
Z ( Lena ]
5 (»Manos ]
6 (Nikos Vana
] ( Giorgos}
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0 Pavlos J
) 1 Anna }
hash_function: N
str[0] % 8 2
rmv (Katia) 3 \E;Hﬁgi )
4 Lena
5 Manos
o Nikos Vana
] Giorgos}
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0 ! Pavlos J
. 1 ! Anna }
hash_function: N
str[0] % 8 2
3
Z ( Lena ]
5 (»Manos ]
6 (Nikos Vana
] ( Giorgos}
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O
Y )
o
X
0
- A

) 1 Anna
hash_function: N
str[0] % 8 2
rmv (Pavlos) 3
4 Lena
5 Manos
o Nikos Vana
] Giorgos}
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) 1 —————{Anna }
hash_function:

str[0] % 8 2
3
4 N\
4 Lena
e <
5 Manos
\ J/
S
o Nikos Vana
>
] Giorgos}
g
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) 1 —————{Anna }
hash_function:

str[0] % 8 2
rmv (Manos) 3
4 N\
4 Lena
e <
5 M
\ J/
S
o Nikos Vana
>
] Giorgos}
g
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) 1 —%[ Anna }
hash_function:

str[0] % 8 2
3
4 —————{Lena }
5
6 (Nikos Vana
] i Giorgos}
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) 1 —————{Anna }
hash_function:

str[0] % 8 2

rmv (Nikos)

] Giorgos}

.
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) 1 —%[ Anna }
hash_function:

str[0] % 8 2
3
4 —H[ Lena }
5
0 ( Vana }
] i Giorgos}
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_ 1

hash_function:
str[0] % 8 2
3
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new
hash_function:
str[0] % 4

MpoypappaTiopog I1
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Anna

G

L.ena

Vana

'

Giorgos

1
|

J
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0
new 1
hash_function:
str[0] % 4 2
3
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<
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<
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L.ena

AN

) Anna
hash_function:
str[0] % 4 2 Vana

3 —————{Giorgos

N

N
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L.ena

AN

) Anna
hash_function:
str[0] % 4 2 Vana

3 —————{Giorgos

N

N
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