Welcome To BigBlueButton

BigBlueButton is an open source web conferencing system designed for online learning

CHAT

Send public and private
messages.

BREAKOUT ROOMS

Group users into
breakout rooms for team
collaboration.

WEBCAMS AUDIO
Hold visual meetings. Communicate using high

quality audio.

POLLING SCREEN SHARING
Poll your users anytime. Share your screen.

For more information visit bigbluebutton.org —

EMOJIS

Express yourself.

MULTI-USER WHITEBOARD

Draw together.



Rozptylovani (hashing)

* Rozptylovaci funkce

« Reseni kolizi
— Zretezene rozptylovani
— Otevrené rozptylovani

 Linear Probing
* Double hashing

DSA 1



r

Vyhledavani, zejmena rozpt Iov n|

. ResenltkollzD
— Zretezene rozptylovani
— Otevrené rozptylovani _
» Linear Probing / = T

 Double hashin

DSA 1



b) OCekavany pocet testu

Linear probing:

PInéni o 112 2/3 3/4 9/10
Search hit 1.5 2.0 ' 5.5
Search miss 25 50 85 505

Double hashing:

PIlnéni o 112 2/3 3/4 9/10
Search hit 1.4 1.6 1.8 .6
Search miss 20 30 4.0 10.0

Tabulka muze byt vice zaplnéna, nez zacne klesat vykonnost.
K dosazeni stejného vykonu staci mensi tabulka.

DSA



b) OCekavany pocet testu

Linear probing:

PInéni o M2 2/3 314 9110
Search hit 1.5 2.0 2.5 5.5
Search miss 25 50 85 505

Double hashing:

PInéni o 12 2/3 314 (9/10
Search hit 1.4 16 1.8 (26|
Search miss 20 3.0 40 10.0

Tabulka muze byt vice zaplnéna, nez zacne klesat vykonnost.
K dosazeni stejného vykonu staci mensi tabulka.

DSA



ALG 13b

Srustajici hashovani

Ukazky
LISCH (late insert standard coalesced hashing)
EISCH (early insert standard coalesced hashing)
LICH (late insert coalesced hashing)
EICH (early insert coalesced hashing)

VICH (variable insert coalesced hashing)

A4B33ALG 201513



Srustajici hashovani -- coalesced hashing

Jde o metodu reseni kolizi, nezalezi na konkrétni
podobé hashovaci funkce h(k).

Synonyma (po kolizi) se ukadaji do jednosmérného
spojového seznamu synonym. VSechny seznamy
jsou "propletené” ulozeny primo v tabulce.

Tabulka ke kazdému kli¢i obsahuje ukazatel

na dalsi kli¢ v seznamu.

Kazdy kli¢ je sou¢asti nékterého seznamu synonym.

Pri vyhledavani se postupuje stejné
jako pri vkladani, v podstateé jde
o linearni prohledavani spojového seznamu.

3| Ben — 6/Gene— 4|Irma —» 8|Edna

© 0O N O O A WO N = O

10

0| Ann (— 10 Cole — 9|Danaj— 5|Hugo|— 7

Fred
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Srustajici hashovani -- coalesced hashing

Jde o metodu reseni kolizi, nezalezi na konkrétni
podobé hashovaci funkce h(k).

Synonyma (po kolizi) se ukadaji do jednosmérného
spojového seznamu synonym. VSechny seznamy
jsou "propletené” ulozeny primo v tabulce.

Tabulka ke kazdému kli¢i obsahuje ukazatel

na dalsi kli¢ v seznamu.

Kazdy kli¢ je soucasti nékterého seznamu synonym.

Pri vyhledavani se postupuje stejné
jako pri vkladani, v podstaté jde
o linearni prohledavani spojového seznamu.

3| Ben — 6/Gene— 4|Irma —» 8|Edna

e

© 0O N O O A WO N = O
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LISCH (late insert standard coalesced hashing)

Name | Next

Hashovaci funkce h, data d.
Pozice p := h(d);

Prohledej seznam zacinajici na
pozici p a pokud nenajdes d,
pridej d do tabulky na prvni volné
misto od konce tabulky a pripoj ho
do seznamu synonym d

na posledni misto.

Ukazatel na prvni volné
misto od konce tabulky.
Po kazdém pridani prvku
se aktualizuje.

© 00 N O 0 A~ ON - O

data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 8 7
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LISCH (late insert standard coalesced hashing)

Name | Next

(Hashovaci funkce h] data d.
Pozice p := h(d);
Prohledej seznam zacinajici na
pozici p a pokud nenajdes d,
pridej d do tabulky na prvni volné
misto od konce tabulky a pripoj ho
do seznamu synonym d
na posledni misto.

Ukazatel na prvni volné
misto od konce tabulky.
Po kazdém pridani prvku
se aktualizuje.

0 N O 0 A WON - O

i

data

Ann

Ben

Cole

Dana

Gene

Hugo

Irma

h(data)

I ©

(™




LISCH (late insert standard coalesced hashing)

U

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0| Ann| 9

1 1 1

2 2| Ben| -- 2| Ben| --

3 3 3

4 4 4

S S S

6 6 6

7 7 7

8 8 D8

9 9 9| Cole| --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma
h(data) 0 2 0 3 2 9 0 8 7
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LISCH (late insert standard coalesced hashing)

h Ann TJ 0| Ann| -- 0| Ann
1 sl 1 1
2 E_“Ben - 2| Ben
3 3 3
4 4 4
S 5 S
6 6 6
7 7 7
8 8 D8

D9 9 9| Cole
data Ann Pen _Cole Dana| Edna| Fred| Gene | Hugo | Irma

h(data) | |0 LZJL_OQ] 3 2 9 0 8 7



LISCH (late insert standard coalesced hashing)

23 ¢

A4B33ALG 2015M13

0| Ann| 9 0| Ann| 9 0| Ann| 9|
1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3| Dana| -- 3| Dana| --

4 4 4

S S S

6 6 6

7 7 D)7

8 = 8| Edna| --

9 Cole| -- 9| Cole| -« 9 Cole| --[*
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 8 7




LISCH (late insert standard coalesced hashing)

23 ¢

A4B33ALG 2015M13

0| Ann| 9 0| Ann| 9 0| Ann| 9[

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3 - 3| Dana]| --

4 4 4

5 5 5

6 6 6

7 7 LE:>7

8 = 8| Edna| --

9| Cole| -- 9| Cole| - 9| Cole| --«
-

data Ann Ben | Cole Dan_a Edﬂi Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 9 0 8 7




LISCH (late insert standard coalesced hashing)

A4B33ALG 2015M13

0/ Ann| 9 0| Ann| 9 O/ Ann| 9

1 1 1

2| Ben| 8 2| Ben| 8] 2| Ben| 8

3| Dana| -- 3| Dana| -- 3| Dana| --

4 4 4

5 5 D5

6 06 6| Gene| --
D)7 7| Fred| -- 7| Fred| 6

8| Edna| -- 8| Edna| -- 8| Edna| --

9| Cole| -- 9| Cole| 7 9| Cole| 7

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 3 2 9 0 8 7




LISCH (late insert standard coalesced hashing)
e

A4B33ALG 2015M13

0O/ Ann| 9 0| Ann 0O/ Ann| 9
1 1 1
2| Ben| 8 2| Ben 2| Ben| 8
3| Dana| -- 3| Dana 3| Dana| --
4 4 4
5 5 D5
6 06 76| Gene| --
D)7 7| Fred 7| Fred| 6
8| Edna| -- 8| Edna . 8| Edna| --
9| Cole| -- L~— 9| Cole| 7
data Ann Ben| Cole| Dana| Edna| Fred Gelf‘l’_q_\ Hugo | Irma
h(data) 0 2 0 3 2 & (o) 8 7




LISCH (late insert standard coalesced hashing)

A4B33ALG 2015M13

0| Ann| 9 0| Ann| 9 0| Ann| 9[
1 1 D> 1
2| Ben| 8 2| Ben| 8[| 2| Ben| 8[|
3| Dana| -- 3| Dana| -- 3| Dana| --
4 l:> 4 4| Irma| --
I:> 5 5| Hugo| -- 5| Hugo| --
6| Gene| -- 6| Gene| --[* 6| Gene| 5
7| Fred| 6 7| Fred| 6 7| Fred| 6
8| Edna| -- J 8| Edna| 5 8| Edna| 5
9| Cole| 7 9| Cole| 7= 9| Cole| 7=
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 8 7




LISCH (late insert standard coalesced hashing)

A4B33ALG 2015M13

0| Ann| 9 0| Ann| 9 0| Ann| 9[
1 1 D> 1
2| Ben| 8 2| Ben| 8[| 2| Ben| 8[|
3| Dana| -- 3| Dana| -- 3| Dana| --
4 & D 4 W Irma

D)5 C? Hugo | -- 5| Hugo
6| Gene| -- - 6| Gene| -~ 6| Gene
7| Fred| 6 7| Fred| 6 - 7| Fred

ly 8| Edna| -- J 8| Edna| 5 8| Edna

9| Cole| 7 9| Cole| 7= 9| Cole
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 (7
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EISCH (early insert standard coalesced hashing)

Name | Next

Hashovaci funkce h, data d.
Pozice p := h(d);

Prohledej seznam zacinajici na
pozici p a pokud nenajdes d,
pridej d do tabulky na prvni volné
misto od konce tabulky a pripoj ho
do seznamu synonym d

za prvni misto.

Ukazatel na prvni volné
misto od konce tabulky.
Po kazdém pridani prvku
se aktualizuje.

© 00 N O 0 A~ ON - O

data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6
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EISCH (eagl¥ insert standard coalesced hashing)

Name | Next

Hashovaci funkce h, data d.
Pozice p := h(d);

Prohledej seznam zacinajici na
pozici p a pokud nenajdes d,
pridej d do tabulky na prvni volné
misto od konce tabulky a pripoj ho
do seznamu synonym d -
za prvni misto.

Ukazatel na prvni volné
misto od konce tabulky.
Po kazdém pridani prvku
se aktualizuje.

© 00 N O 0 A~ ON - O

data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6




EISCH (early insert standard coalesced hashing)

U

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0| Ann| 9

1 1 1

2 2| Ben| -- 2| Ben| --

3 3 3

4 4 4

S S S

6 6 6

7 7 7

8 8 D8

9 9 9| Cole| --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma
h(data) 0 2 0 3 2 9 0 2 6




EISCH (early insert standard coalesced hashing)

23 ¢

A4B33ALG 2015M13

0| Ann| 9 0| Ann| 9 0| Ann| 9|
1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3| Dana| -- 3| Dana| --

4 4 4

S S S

6 6 6

7 7 D)7

8 = 8| Edna| --

9 Cole| -- 9| Cole| -« 9 Cole| --[*
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6




EISCH (early insert standard coalesced hashing)

23 ¢

A4B33ALG 2015M13

0| Ann| 9 0| Ann| 9 0| Ann| 9[
1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3| Dana| -- 3| Dana| --

4 4 4

5 5 5

6 6 6

7 7 D)7

8 = 8| Edna| --

9| Cole| -- 9| Cole| ¢ 9| Cole| --«
data Ann Ben | Cole Dana‘ Edna‘ Fred | Gene | Hugo | Irma
h(data) 0 2 0 @ @ 9 0 2 6




EISCH (early insert standard coalesced hashing)

A4B33ALG 2015M13

0| Ann| 9 Of Ann| 9 O Ann| 6

1 1 1

2| Ben| 8 2| Ben| 8] 2| Ben| 8

3| Dana| -- 3| Dana| -- 3| Dana| --

4 4 4

5 5 D5

6 06 6| Gene| 9
D)7 7| Fred| -- 7| Fred| --

8| Edna| -- 8| Edna| -- 8| Edna| --

9| Cole| -- 9| Cole| 7 9| Cole| 7

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 3 2 9 0 2 6

10



EISCH@y_iﬂseEstandard coalesced hashing)

A4B33ALG 2015M13

0O/ Ann| 9 0| Ann| 9 O/ Ann| 6

1 1 1

2| Ben| 8 2| Ben| 8 2| Ben| 8

3| Dana| -- 3| Dana| -- 3| Dana| --

4 4 4

5 5 D5

6 :}6 E\ Gene| 9
07 (7| Fred| -- 7| Fred| --

8| Edna| -- 8| Edna| -- 8| Edna| --

9| Cole| -- ~ 9| Cole| 7 9| Cole| 7

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

hdata) | 0 2 0 3 2 @ @) 2 6

10



EISCH (early insert standard coalesced hashing)

A4B33ALG 2015M13

O/ Ann| 6 O Ann| 6 Of Ann| 6
1 1 D> 1
2| Ben| 8 2| Ben| 5 2| Ben| 5™
3| Dana| -- 3| Dana| -- 3| Dana| --
4 D 4 4| Irmal 9

D)5 5| Hugo| 8 5| Hugo| 8 =2
6| Gene| 9 6| Gene| 9 < 6| Gene| 4 =
7| Fred| -- j;l 7| Fred| -- 7| Fred| --
8| Edna| -- 8| Edna| -- 8| Edna| -- |«
9| Cole| 7 9| Cole| 75— 9| Cole| 7
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6

11



EISCH (early insert standard coalesced hashing)

A4B33ALG 2015M13

g ——
O/ Ann| 6 O Ann| 6 Of Ann| 6
1 1 D> 1
2 Ben| 8= 2| Ben| 5°¢ 2| Ben| 5™
3| Dana| -- 3| Dana| -- 3| Dana| --
4 D 4 4| Irmal 9
D)5 5| Hugo|| 8 5| Hugo| 8 =<
6| Gene| 9 6| Gene| 9 < 6| Gene| 4=
7| Fred| -- j;l 7| Fred| -- 7| Fred| --
8| Edna| -- 8| Edna| -- 8| Edna| -- |«
9| Cole| 7 9| Cole| 7 — 9( Cole| 7
data Ann Ben| Cole| Dana| Edna| Fred| Gene | Hugo ‘ Irma ‘
h(data) 0 2 0 3 2 9 0 (9‘ @j

11
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EISCH (early insert standard coalesced hashing)

Insert(Hugo)
0| Ann| 6™ 0| Ann ™ 0 Ann| 6 0l Ann M
1 6 GeneF 1 6 Geneﬁ
Z| Ben] d 9| Cole & €| Ben§D 9| Cole &
3| Dana| -- 3| Dana| --
7| Fred ¢ 7| Fred [¢
4 =
D)5 5| Hugo | 8
6| Gene| 9 6| Gene| 9 —
2| Ben 2| Ben
7| Fred| -- 7| Fred| --
8| Ednal -- 8 Edna 8| Ednal -- 5 HUQO—-.
9| Cole| 75— 9| Cole| 7 8|Ednal¢
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6

12
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EISCH (early insert standard coalesced hashing)

Insert(Hugo)
0| Ann| 6™ 0| Ann ™ 0 Ann| 6 0l Ann M
1 6 GeneF 1 6 Geneﬁ
Z| Ben] d 9| Cole & 3| Ben S 9| Cole &
3| Dana| -- 3| Dana| --
7| Fred ¢ 7| Fred [¢
4 =
D)5 5| Hugo | 8
et < )
6| Gene| 9 s o 6| Gene| 9 2E‘—
7| Fred| -- 7| Fred| --
8| Edna| -- fEd}_\ 8| Edna| -- 5/Hugo
9| Cole| 7/— 9| Cole| 7 8 Edna
— =
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6

12



EISCH (early insert standard coalesced hashing)

A4B33ALG 201513

Insert(lrma)
0| Ann| 6™ 0| Ann ™ 0 Ann| 6 0l Ann M
1 6 GeneF |::>1 6 Geneﬁ
2| Ben| 5 9| Cole & | Ben| S 4| Irma &
3| Dana| -- e 3| Dana| -- -
I:> 4 7| Fred 4| rmal 9 9 Cole
5| Hugo| 8 5| Hugo| 8 7|Fred ¢
6| Gene| 9 < 6| Gene| 4 —
2| Ben ~ 2| Ben
7| Fred| -- 7| Fred| --
5Hugo— 5/Hugo*
8| Ednal| -- ugo 8| Edna| -- |« Ugo—
9| Cole| 75— 8|Ednal* 9| Cole| 7 8|Ednal¢
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 3 2 9 0 2 6

13
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Srustajici hashovani s pomocnou paméti

Pro snizeni srustani a tedy zvyseni efektivity hashovani
se tabulka rozsSiruje o pomocnou pamet’ - tzv. sklep (cellar).

Sklep je misto na konci tabulky, které neni adresovatelné
hashovaci funkci, ma ale stejnou strukturu jako cela tabulka.

Algoritmy LICH a EICH jsou analogické varianty algoritmu

LISCH a EISCH s pridanim sklepa.
Po naplnéni sklepa pokracuje plnéni jako v LISCH a EISCH.

Algoritmus VICH (variable insert coalesced hashing)
pripojuje prvek za posledni prvek seznamu, ktery je jesté
ve sklepé. Pokud ve sklepé zadny neni, vklada jako EISCH,
tj. hned za kolidujici prvek v seznamu.

14
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Srustajici hashovani s pomocnou paméti

Pro snizeni srustani a tedy zvyseni efektivity hashovani
se tabulka rozsSiruje o pomocnou pamet’ - tzv. sklep (cellar).
/\...-d\_./\-"\..-—ﬁ__

Sklep je misto na konci tabulky, které neni adresovatelné
hashovaci funkci, ma ale stejnou strukturu jako cela tabulka.

Algoritmy LICH a EICH jsou analogické varianty algoritmu

LISCH a EISCH s pridanim sklepa.
Po naplnéni sklepa pokracuje plnéni jako v LISCH a EISCH.

Algoritmus VICH (variable insert coalesced hashing)
pripojuje prvek za posledni prvek seznamu, ktery je jesté
ve sklepé. Pokud ve sklepé zadny neni, vklada jako EISCH,
tj. hned za kolidujici prvek v seznamu.

14



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0| Ann |10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
S S S
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 5 8

15



LICH (Ia%coalesced hashing)

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
210 210 T 10[ cole| --
data Ann‘ Ben 92!& Dana Edna| Fred | Gene | Hugo Irni
ndata) | (@) (2 @ CD @ @:) @ Q Qa/

15
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LICH (late insert coalesced hashing)

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D)8 8 | Edna| --
I:>9 9 (Dana| -- 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 0 2 0 7 5 8

16



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben
3 3 3
4 4 4
5 5 D5
6 E:>6 6 | Gene | --
D)7 7 | Fred| -- 7 | Fred
8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --
9 |[Dana| -- 9 | Dana| 7 9 | Dana
10| Cole 99 10| Cole| 9 10| Cole
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 5 8

17



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann[10 0| Ann|10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D)7 7 | Fred| -- 7 | Fred

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 | Dana

10| Cole 99 10| Cole| 9 10| Cole

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

hdata) | 0 2 0 0 2| (@ 7 5 8

17



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann[10 0| Ann|10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D)7 7 | Fred| -- 7 | Fred

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 | Dana

10| Cole 99 10| Cole| 9 10| Cole

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

hdata) | 0 2 0 0 2| (@ 7 5 8

17



LICH (late insert coalesced hashing)

-

A4B33ALG 2015M13

0| Ann|10 0| Ann|(10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben| 8

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D7 7 | Fred| -- <) 7| Fred| 6

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 Dana| 7

10| Cole 99 10| Cole| 9 10| Cole

data Ann Ben| Cole| Dana| Edna| Fred Gene| Hugo | Irma

hdata) | 0 2 0 0 2| (@ @ 5 8

17
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LICH (late insert coalesced hashing)

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 8
3 3 D3
4 l:>4 4| Irma| --
I:>5 5 ([Hugo | -- 5 |[Hugo | --
6 |Gene| -- |- 6 | Gene| -- 6 | Gene| --
7 | Fred| 6 - 7| Fred| 6 7 | Fred
8 |Edna| --[“T 8 |Edna| -- 8 | Edna
9 |Dana| 7 5 9 |Dana| 7 j 9 | Dana
10| Cole| 9 10| Cole| 9 10| Cole
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 5 8

18
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LICH (late insert coalesced hashing)
S AANA——

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 8
3 3 D3
4 l:>4 4| Irma| --
I:>5 5 ([Hugo | -- 5 |[Hugo | --
6 |Gene| - |14~ 6 | Gene| -- 6 | Gene| --
7 | Fred| 6 - 7| Fred| 6 7 | Fred
8 |Edna| --[“T 8 |Edna| -- 8 | Edna
9 |Dana| 7 5 9 |Dana| 7 j 9 | Dana
10{ Cole| 9 10| Cole| 9 10| Cole
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 @ 8

18



EICH (early insert coalesced hashing)
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0| Ann| -- 0| Ann| -- 0| Ann |10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
S S S
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma
h(data) 0 2 0 0 2 0 7 0 8

19
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EICH (early insert coalesced hashing)

e it
0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8

19



EICH (early insert coalesced hashing)

A4B33ALG 2015M13

0| Ann[10— 0| Ann| 9 0| Ann

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben

3 3 3

4 4 4

5 5 5

6 6 6

7 7 D)7

8 D)8 8 | Edna| --
0>9 9 [ Dana |10 9 | Dana |10

10| Cole| - 10| Cole | -- 10| Cole :l

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma

h(data) 0 2 0 0 2 0 7 0 8

20



EICH (early insert coalesced hashing)

-

A4B33ALG 201513

0| Ann| 9 0| Ann| 7 0| Ann
1 1 1
2| Ben| 8™ 2| Ben| 8 2| Ben
3 3 3
4 4 4
5 5 D5
6 E>6 6 | Gene
07 7| Fred| 9 7 | Fred
8 |Edna| --[*T 8 |Edna| -- 8 |Edna| --[*
9 |Dana (10 < 9 |Dana (10 9 (Dana (10
10| Cole | -- |« 10| Cole| -- j 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8
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EICH (early insert coalesced hashing)

-

A4B33ALG 201513

0| Ann| 7 O Ann| 5 0| Ann
1 1 1
2| Ben| 8™ 2| Ben| 8 2| Ben
3 3 >3
4 l:>4 4| Irma| --

I:>5 5 |Hugo| 7 5 |Hugo
6 |Gene| 9 6 (Gene| 9 6 | Gene E
7| Fred| 6 = 7| Fred| 6 7 | Fred
8 |Edna| --[— 8 |Edna| -- 8 | Edna| 4 —
9 |Dana|10 .5 9 | Dana|10 9 |Dana|10 .5
10| Cole --:I 10| Cole --j 10| Cole --:l
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8

22
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EICH (early insert coalesced hashing)

0| Ann| 7 0| Ann 0| Ann| 5
1 1
2| Ben| 8™ 2| Ben 2| Ben| 8
3 3 >3
4 l:>4 4| Irma| --

5 |Hugo 5 |Hugo | 7
6 |Gene| 9 ;——:ﬁj 6 | Gene 6 |Gene| 9 E
7| Fred| 6 7 | Fred 7| Fred| 6
8 |Edna| --[— 8 | Edna 8 | Edna| 4 —
9 |Dana|10 .5 9 | Dana 9 |Dana|10 .5
10{ Cole| -- :I 10| Cole 10| Cole | -- :l
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) | 0 2 0 0 2 0 7 @) 8

22



VICH (variable insert coalesced hashing)

A4B33ALG 201513

0| Ann| -- 0| Ann| -- 0| Ann |10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
S S S
6 6 6
7 7 7
8 8 8
9 9 D9
>10 D>10 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6

23



VICH (vwn coalesced hashing)

A4B33ALG 201513

0| Ann| -- 0| Ann| -- 0| Ann |10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
S S S
6 6 6
7 7 7
8 8 8
9 9 D9
>10 D>10 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6

23
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EICH (early insert coalesced hashing)

0| Ann| 7 0| Ann 0| Ann| 5
1 1
2| Ben| 8™ 2| Ben 2| Ben| 8
3 3 >3
4 l:>4 4| Irma| --

5 |Hugo 5 |Hugo | 7
6 |Gene| 9 ;——:ﬁj 6 | Gene 6 |Gene| 9 E
7| Fred| 6 7 | Fred 7| Fred| 6
8 |Edna| --[— 8 | Edna 8 | Edna| 4 —
9 |Dana|10 .5 9 | Dana 9 |Dana|10 .5
10{ Cole| -- :I 10| Cole 10| Cole | -- :l
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) | 0 2 0 0 2 0 7 @) 8

22
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EICH (early insert coalesced hashing)

0| Ann| 7 0| Ann 0| Ann| 5
1 1
2| Ben| 8™ 2| Ben 2| Ben| 8
3 3 >3
4 l:>4 4| Irma| --

5 |Hugo 5 |Hugo | 7
6 |Gene| 9 ;——:ﬁj 6 | Gene 6 |Gene| 9 E
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8 |Edna| --[— 8 | Edna 8 | Edna| 4 —
9 |Dana|10 .5 9 | Dana 9 |Dana|10 .5
10{ Cole| -- :I 10| Cole 10| Cole | -- :l
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) | 0 2 0 0 2 0 7 @) 8

22



EICH (early insert coalesced hashing)

-

A4B33ALG 201513

0| Ann| 9 0| Ann| 7 0| Ann
1 1 1
2| Ben| 8™ 2| Ben| 8 2| Ben
3 3 3
4 4 4
5 5 D5
6 E>6 6 | Gene
07 7| Fred| 9 7 | Fred
8 |Edna| --[*T 8 |Edna| -- 8 |Edna| --[*
9 |Dana (10 < 9 |Dana (10 9 (Dana (10
10| Cole | -- |« 10| Cole| -- j 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8

21



EICH (early insert coalesced hashing)

A4B33ALG 2015M13

0| Ann[10— 0| Ann| 9 0| Ann

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben

3 3 3

4 4 4

5 5 5

6 6 6

7 7 D)7

8 D)8 8 | Edna| --
0>9 9 [ Dana |10 9 | Dana |10

10| Cole| - 10| Cole | -- 10| Cole :l

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma

h(data) 0 2 0 0 2 0 7 0 8

20
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EICH (early insert coalesced hashing)

e it
0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8

19
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EICH (early insert coalesced hashing)

e it
0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8

19
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LICH (late insert coalesced hashing)
S AANA——

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 8
3 3 D3
4 l:>4 4| Irma| --
I:>5 5 ([Hugo | -- 5 |[Hugo | --
6 |Gene| - |14~ 6 | Gene| -- 6 | Gene| --
7 | Fred| 6 - 7| Fred| 6 7 | Fred
8 |Edna| --[“T 8 |Edna| -- 8 | Edna
9 |Dana| 7 5 9 |Dana| 7 j 9 | Dana
10{ Cole| 9 10| Cole| 9 10| Cole
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 @ 8

18
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LICH (late insert coalesced hashing)
S AANA——

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 8
3 3 D3
4 l:>4 4| Irma| --
I:>5 5 ([Hugo | -- 5 |[Hugo | --
6 |Gene| - |14~ 6 | Gene| -- 6 | Gene| --
7 | Fred| 6 - 7| Fred| 6 7 | Fred
8 |Edna| --[“T 8 |Edna| -- 8 | Edna
9 |Dana| 7 5 9 |Dana| 7 j 9 | Dana
10{ Cole| 9 10| Cole| 9 10| Cole
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 @ 8

18



LICH (late insert coalesced hashing)

-

A4B33ALG 2015M13

0| Ann|10 0| Ann|(10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben| 8

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D7 7 | Fred| -- <) 7| Fred| 6

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 Dana| 7

10| Cole 99 10| Cole| 9 10| Cole

data Ann Ben| Cole| Dana| Edna| Fred Gene| Hugo | Irma

hdata) | 0 2 0 0 2| (@ @ 5 8

17



LICH (late insert coalesced hashing)

-

A4B33ALG 2015M13

0| Ann|10 0| Ann|(10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben| 8

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D7 7 | Fred| -- <) 7| Fred| 6

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 Dana| 7

10| Cole 99 10| Cole| 9 10| Cole

data Ann Ben| Cole| Dana| Edna| Fred Gene| Hugo | Irma

hdata) | 0 2 0 0 2| (@ @ 5 8

17



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (Ia%coalesced hashing)

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
210 210 T 10[ cole| --
data Ann‘ Ben 92!& Dana Edna| Fred | Gene | Hugo Irni
ndata) | (@) (2 @ CD @ @:) @ Q Qa/

15



LICH (Ia%coalesced hashing)

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
210 210 T 10[ cole| --
data Ann‘ Ben 92!& Dana Edna| Fred | Gene | Hugo Irni
ndata) | (@) (2 @ CD @ @:) @ Q Qa/

15



A4B33ALG 201513

Srustajici hashovani s pomocnou paméti

Pro snizeni srustani a tedy zvyseni efektivity hashovani
se tabulka rozsSiruje o pomocnou pamet’ - tzv. sklep (cellar).
/\...-d\_./\-"\..-—ﬁ__

Sklep je misto na konci tabulky, které neni adresovatelné
hashovaci funkci, ma ale stejnou strukturu jako cela tabulka.

Algoritmy LICH a EICH jsou analogické varianty algoritmu

LISCH a EISCH s pridanim sklepa.
Po naplnéni sklepa pokracuje plnéni jako v LISCH a EISCH.

Algoritmus VICH (variable insert coalesced hashing)
pripojuje prvek za posledni prvek seznamu, ktery je jesté
ve sklepé. Pokud ve sklepé zadny neni, vklada jako EISCH,
tj. hned za kolidujici prvek v seznamu.

14



A4B33ALG 201513

Srustajici hashovani s pomocnou paméti

Pro snizeni srustani a tedy zvyseni efektivity hashovani

se tabulka rozsSiruje o pomocnou pamet’ - tzv. sklep (cellar).
SANSA—

Sklep je misto na konci tabulky, které neni adresovatelné

hashovaci funkci, ma ale stejnou strukturu jako cela tabulka.

Algoritmy LICH a EICH jsou analogické varianty algoritmu
LISCH a EISCH s pridanim sklepa.
Po naplnéni sklepa pokracuje plnéni jako v LISCH a EISCH.

Igoritmus VICH (variable insert coalesced hashing)
ripojuje prvek za posledni prvek seznamu, ktery je jesté
e_sLI_epg_L Pokud ve sklepé zadny neni, vklada jako_Eﬁc_I;l
. hned za kolidujici prvek v seznamu.

14



LICH (Ia%coalesced hashing)

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
210 210 T 10[ cole| --
data Ann‘ Ben 92!& Dana Edna| Fred | Gene | Hugo Irni
ndata) | (@) (2 @ CD @ @:) @ Q Qa/

15



LICH (Ia%coalesced hashing)

A4B33ALG 2015M13

0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
210 210 T 10[ cole| --
data Ann‘ Ben 92!& Dana Edna| Fred | Gene | Hugo Irni
ndata) | (@) (2 @ CD @ @:) @ Q Qa/

15



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (late insert coalesced hashing)

A4B33ALG 2015M13

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- Cz Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D8 || /"8 |Edna| --
I:>9 "9—]Dana e 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 @ 2 0 7 5 8

16



LICH (late insert coalesced hashing)

-

A4B33ALG 2015M13

0| Ann|10 0| Ann|(10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben| 8

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D7 7 | Fred| -- <) 7| Fred| 6

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 Dana| 7

10| Cole 99 10| Cole| 9 10| Cole

data Ann Ben| Cole| Dana| Edna| Fred Gene| Hugo | Irma

hdata) | 0 2 0 0 2| (@ @ 5 8

17



LICH (late insert coalesced hashing)

-

A4B33ALG 2015M13

0| Ann|10 0| Ann|(10 0| Ann|10

1 1 1

2| Ben| 8 - 2| Ben| 8 2| Ben| 8

3 3 3

4 4 4

5 5 D5

6 E:>6 6 | Gene | --
D7 7 | Fred| -- <) 7| Fred| 6

8 |Edna| --[*T 8 |Edna| -- 8 | Edna| --

9 |[Dana| -- 9 | Dana| 7 9 Dana| 7

10| Cole 99 10| Cole| 9 10| Cole

data Ann Ben| Cole| Dana| Edna| Fred Gene| Hugo | Irma

hdata) | 0 2 0 0 2| (@ @ 5 8

17



A4B33ALG 201513

LICH (late insert coalesced hashing)
S AANA——

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 8
3 3 D3
4 l:>4 4| Irma| --
I:>5 5 ([Hugo | -- 5 |[Hugo | --
6 |Gene| - |14~ 6 | Gene| -- 6 | Gene| --
7 | Fred| 6 - 7| Fred| 6 7 | Fred
8 |Edna| --[“T 8 |Edna| -- 8 | Edna
9 |Dana| 7 5 9 |Dana| 7 j 9 | Dana
10{ Cole| 9 10| Cole| 9 10| Cole
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 @ 8
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LICH (late insert coalesced hashing)
S AANA——

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 8
3 3 D3
4 l:>4 4| Irma| --
I:>5 5 ([Hugo | -- 5 |[Hugo | --
6 |Gene| - |14~ 6 | Gene| -- 6 | Gene| --
7 | Fred| 6 - 7| Fred| 6 7 | Fred
8 |Edna| --[“T 8 |Edna| -- 8 | Edna
9 |Dana| 7 5 9 |Dana| 7 j 9 | Dana
10{ Cole| 9 10| Cole| 9 10| Cole
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 @ 8

18
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EICH (early insert coalesced hashing)

e it
0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8
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EICH (early insert coalesced hashing)

e it
0| Ann| -- 0| Ann| -- 0 Ann (10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 D9
>10 >0 10| Cole | --
data Ann Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8

19



EICH (early insert coalesced hashing)
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0| Ann[10— 0| Ann| 9 0| Ann

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben

3 3 3

4 4 4

5 5 5

6 6 6

7 7 D)7

8 D)8 8 | Edna| --
0>9 9 [ Dana |10 9 | Dana |10

10| Cole| - 10| Cole | -- 10| Cole :l

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma

h(data) 0 2 0 0 2 0 7 0 8
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EICH (early insert coalesced hashing)

-
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0| Ann| 9 0| Ann| 7 0| Ann
1 1 1
2| Ben| 8™ 2| Ben| 8 2| Ben
3 3 3
4 4 4
5 5 D5
6 E>6 6 | Gene
07 7| Fred| 9 7 | Fred
8 |Edna| --[*T 8 |Edna| -- 8 |Edna| --[*
9 |Dana (10 < 9 |Dana (10 9 (Dana (10
10| Cole | -- |« 10| Cole| -- j 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 7 0 8
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EICH (early insert coalesced hashing)

0| Ann| 7 0| Ann 0| Ann| 5
1 1
2| Ben| 8™ 2| Ben 2| Ben| 8
3 3 >3
4 l:>4 4| Irma| --

5 |Hugo 5 |Hugo | 7
6 |Gene| 9 ;——:ﬁj 6 | Gene 6 |Gene| 9 E
7| Fred| 6 7 | Fred 7| Fred| 6
8 |Edna| --[— 8 | Edna 8 | Edna| 4 —
9 |Dana|10 .5 9 | Dana 9 |Dana|10 .5
10{ Cole| -- :I 10| Cole 10| Cole | -- :l
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) | 0 2 0 0 2 0 7 @) 8
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EICH (early insert coalesced hashing)

0| Ann| 7 0| Ann 0| Ann| 5
1 1
2| Ben| 8™ 2| Ben 2| Ben| 8
3 3 >3
4 l:>4 4| Irma| --

5 |Hugo 5 |Hugo | 7
6 |Gene| 9 ;——:ﬁj 6 | Gene 6 |Gene| 9 E
7| Fred| 6 7 | Fred 7| Fred| 6
8 |Edna| --[— 8 | Edna 8 | Edna| 4 —
9 |Dana|10 .5 9 | Dana 9 |Dana|10 .5
10{ Cole| -- :I 10| Cole 10| Cole | -- :l
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) | 0 2 0 0 2 0 7 @) 8
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VICH (vwn coalesced hashing)
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0| Ann| -- 0| Ann| -- 0| Ann |10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
S S S
6 6 6
7 7 7
8 8 8
9 9 D9
>10 D>10 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6
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VICH (vwn coalesced hashing)
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0| Ann| -- 0| Ann| -- 0| Ann |10
1 1 1
2 2| Ben| -- 2| Ben| --
3 3 3
4 4 4
S S S
6 6 6
7 7 7
8 8 8
9 9 D9
>10 D>10 10| Cole | --
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6

23
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VICH (variable insert coalesced hashing)

0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D)8 8 | Edna| --
I:>9 9 (Dana| -- 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo| Irma

h(data) 0 2 0 0 2 0 2 0 6
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VICH (variable insert coalesced hashing)
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0| Ann |10 0| Ann |10 0| Ann|10

1 1 1

2| Ben| -- 2| Ben| -- 2| Ben| 8

3 3 3

4 4 4

S S S

6 6 6

7 7 D)7

8 D)8 8 | Edna| --
I:>9 9 (Dana| -- 9 (Dana| --

10| Cole| | 10| Cole| 9 10| Cole| 9

data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma

h(data) 0 2 0 d @:L 0 2 0 6
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VICH (variable insert coalesced hashing)

A4B33ALG 201513

0| Ann[10 0| Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben
3 3 3
4 4 4
5 5 D5
6 I::>6 6 | Gene
07 7| Fred| -- 7 | Fred| --
8 |Edna| --[*T 8 | Edna| -- 8 | Edna| --
9 |[Dana| -- 9 | Dana| 7 9 | Dana
10| Cole 99 10| Cole| 9 10| Cole
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6
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VICH (variable insert coalesced hashing)

-

A4B33ALG 201513

0| Ann|10 0O Ann|10 0| Ann|10
1 1 1
2| Ben| 8 - 2| Ben| 8 2| Ben| 6
3 3 3
4 4 4
5 5 D5
6 06 6 |Gene| 8
07 7 | Fred | - 7 | Fred| --
8 |Edna| --[*T 8 | Edna| -- 8 | Edna| --
9 |[Dana| -- 9 | Dana| 7 9 Dana| 7
10| Cole QED’ 10| Cole| 9 10| Cole| 9
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 @) 2 0 6

25



VICH (variable insert coalesced hashing)

-

A4B33ALG 201513

0| Ann|10 0 Ann|10 0| Ann|10
1 1 1
2| Ben| 6 - 2| Ben| 6 2| Ben
3 3 D3
4 l:>4 4 | Irma
I:>5 5 |Hugo| 7 5 |Hugo
6 | Gene| 8 = 6 |Gene| 8 6 | Gene
7 | Fred| -- 7| Fred| -- 7| Fred| --
8 |Edna| --[“T 8 | Edna| -- 8 | Edna| --
9 Dana| 7 9 Dana| 5 9 | Dana
10| Cole| 9 10| Cole| 9 10| Cole
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6
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VICH (variable insert coalesced hashing)

A4B33ALG 201513

0| Ann|10 0 Ann|10 0| Ann|10
1 1 1
2| Ben| 6 2| Ben| 6 2| Ben
3 3 D3
4 l:>4 4 | Irma
I:>5 5 |Hugo| 7 5 |Hugo
6 |Gene| 8 6 | Gene| 8 6 | Gene
7 | Fred| -- 7| Fred| -- 7| Fred| --
8 |Edna| -- 8 |[Edna| -- 8 | Edna| --
9 Dana| 7 9 Dana| 5 9 | Dana
10| Cole| 9 10| Cole| 9 10| Cole
data Ann| Ben| Cole| Dana| Edna| Fred | Gene | Hugo | Irma
h(data) 0 2 0 0 2 0 2 0 6

26
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] m@hovéni (coalesced hashing)

Znam predem pocet prvkd (odhad)

Z dtvod( efektivity nechci ukazatele (mezi prvky). Na jednu pozici
tabulky pripadne prave jeden ukazatel.

=> kolizni prvky (synonyma) se museji ,n&jak™ ukladat primo do
hashovaci tabulky. Ukazatele v tabulce umoznuji prochazet pouze
prvky jedné skupiny. Nedochazi zde k tak velkému propojovani do
clustertl jako v pripadé otevieného hashovani. Dochazi zde pouze k
tzv. srlstani.

. standardni srustajici hashovani

LISCH (late insert standard coalesced hashing)

EISCH (early insert standard coalesced hashing)
| srustajici hashovani s pomocnou paméti

LICH (late insert coalesced hashing)
EICH (early insert coalesced hashing)
VICH (variable insert coalesced hashing)

Algoritmizace



] m@hovéni (coalesced hashing)

Znam predem pocet prvkd (odhad)

Z dtvod( efektivity nechci ukazatele (mezi prvky). Na jednu pozici
tabulky pripadne prave jeden ukazatel.

=> kolizni prvky (synonyma) se museji ,n&jak™ ukladat primo do
hashovaci tabulky. Ukazatele v tabulce umoznuji prochazet pouze
prvky jedné skupiny. Nedochazi zde k tak velkému propojovani do
clustertl jako v pripadé otevieného hashovani. Dochazi zde pouze k
tzv. srlstani.

| rdni srustajici hashovani
LISCH (late insert standard coalesced hashing)
EISCH (early insert standard coalesced hashing)

| srustajici hashovani s pomocnou paméti

LICH (late insert coalesced hashing)
EICH (early insert coalesced hashing)
VICH (variable insert coalesced hashing)

Algoritmizace



ajici hashovani - LISCH

« h(k)=kmod5
~ posloupnost: 1,5, 21,10, 15

5 J

1 —

L)y

Y ukazatele
klice

Algoritmizace




hashovani - LISCH

« h(k)=kmod5
« posloupnost: 1,5, 21,10, 15

0| 5 ]
1| 1 o |32
2
&> 3
4 | 21 —

L)

Y ukazatele
klice

Algoritmizace




> 2

10
4 | 21

I ukazatele

klice

Algoritmizace




« h(k)=kmod5
~ posloupnost: 1,5, 21,10, 15

9

1 -
15

10
21

> OO N = O

'> Tabulka je zaplnéna.

Algoritmizace
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P hashovani - EISCH

« h(k)=kmod5
~ posloupnost: 1,5,21,10, 15

5 J

1 —

> OO N = O

>

L)

Y ukazatele
klice
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« h(k)=kmod5
~ posloupnost: 1,5, 21,10, 15

0| 5 ]
1| 1 PR PR 7
2
> 3
4 | 21 —

L)

Y ukazatele
klice

Algoritmizace




tajici hashovani - EISCH

> 2

10
4 | 21

I ukazatele

klice

Algoritmizace




« h(k)=kmod5
« posloupnost: 1,5, 21,10, 15

1
15
10
21

> OO N = O

'> Tabulka je zaplnéna.

Algoritmizace



" =Sandardnt srustajici hashovani - LISCH, EISCH

(a) LISCH (b) EISCH
1 | FRANCIS 1 | FRANCIS Jl -
2 | ! 2 |
3 DON 3 DON
1
4 JEFF ﬂ 4 i JEFF
5 | ll 5
- L J....—j.
8 [ 6
7 | WEN 7 WEN
8 | GARY D’J 8 | GARY
9 DAN | 9 DAN
0! LEO | 10| LEO
Lkt —"
Keys: FRANCIS DON LEO JEFF DAN GARY WEN

Hash Addresses: (a)(b) 1 3 1 4 3 10 |

Algoritmizace



. ] r r w r
mshovam S pomocnou pameti

Pro snizeni sristani a tedy zvyseni efektivity hashovani se
tabulka rozsSiruje o pomocnou pamét’ - tzv. sklep (cellar).

Sklep je misto na konci tabulky, které neni adresovatelné
hashovaci funkci (ma ale stejnou strukturu jako cela
hashovaci tabulka).

Algoritmy LICH a EICH jsou analogické varianty algoritmu
LISCH a EISCH s pridanim sklepa.

Algoritmus VICH (variable insert coalesced hashing)
pripojuje prvek na konec retézce, pokud retézec konci ve
sklep€, jinak na misto, kde retézec opustil sklep.

Algoritmizace



S s ~f1
. movam S pomochou pameti

(a) LICH (b) BICH (c) VICH
address gize = 9 address gsize = 9 address size = b
1 FRANCIS 1 FRANCIS 1 FRANCIS
2 2 2
3 DON — 3 DON 3 DON
4 \ 4 4
|
b | 5 ! _ o
6 | SHARON | | e | SHARON 6 | SHARON
7 YEN ) 7 WEN 7 WEN
8 GARY ’ 8 GARY 8 GARY
e] DAN 9 |=DAN 9 [ DQ_H
(10) | JEFF 2_) (10) | JEFF (10) | JEFF
(11) LEQ (11) LEQ (11) LEO
Keys: FRANCIS DON LEQ JEFF DAN GARY WEN SHARON
Hash Addresses: 1 - i 1 3 1 8 i

Algoritmizace



L - r I 4 -4 N4
. movam S pomocnhou pameti

1.00 ¢

0.95

| I B L]

it 1 1 1

4 1T 1T 1

0.90

SUCCESSFUL

| | | I | - |

0.85

Optimum address factor, fopy

0.80

UNSUCCESSFUL

\

N

UL

111 1

0.75

1.1 1 1

L1 11

L1 1 1

0 0.2

Algoritmizace

0.4

0.8

load Factor «

0.8 1

a — faktor naplnéni (load factor)
a=N/M

B - faktor adresovani (address factor)
= M/M’

K =M’ - M = velikost sklepa

N - pocet vlozenych prvki
M’ - poCet mist v hashovaci tabulce

M - pocCet mist adresovatelnych hashovaci
funkci

Krivky predstavuji optimalni volbu 3
v zavislosti na daném a pri operaci FIND.

Pripady:
SUCCESSFUL - Klic je v tabulce
UNSUCCESSFUL - kli¢ neni v tabulce



" r 7 - L
- movam S pomocnhou pameti

1.00 1 T T7T11 i1 | 2 L | L
0.95
B % \ EICH
< o.90H .
E - =
E - =
= .
o | ﬂ
0.85
T L A \{ 1
g - UNSUCCESSFUL \\(j
& 0.80 \
0_7— it el vy i b i T N8
2 0.4 0.8 1
T 1oad Factora —— =7

Algoritmizace

a — faktor naplnéni (load factor)
a=N/M

B - faktor adresovani (address factor)
= M/M’
'C.’./__JJ

K=M’- M = velikost sklepa

N - pocet vlozenych prvki
M’ - poCet mist v hashovaci tabulce

M - pocCet mist adresovatelnych hashovaci
funkci

zavislosti na daném a pri operaci FIND.

-7

\Iff’ivky predstavuji optimalni volbu 3

Pripady:
SUCCESSFUL - Klic je v tabulce
UNSUCCESSFUL - kli¢ neni v tabulce



nani srustajiciho hashovani

T rryrryrrypnryrrTy T rrTorrTd
a'z TrrryprrrvyvryrrryprirrirTjypuyvniroTd

| | I B |
11 1 1

-0 -1 3

20

LR B L

1.8

1.8

L L

14

N\
AN

Average no. probes per unsuccessful search
¥ 11

=

Average no. probes per successful search

1.2

1'0 L1 11 1 & 1 1 L 1 1 1 LLLLI 1L 111 " 1..0 | S | L L1 1 Ll I 1l L1111 ] & 1 1
06 08 o 0.8 0.8 1 0.6 0.6 0.7 0.8 09 1
Load Factor a Load Factor «

S pouzitim sklepa vychazi nejlépe VICH. Doporucena velikost B je 0,86.
Bez sklepa vychazi nejlépe EISCH.

Algoritmizace



a 0.2 0.4 0.6 0.8 0.9 0.95 0.99
method
EISCH 1.1065 1.2277 1.3684 1.5290 1.6182 1.6653 1.7033
LISCH 1.1063 1.2316 1.3789 1.5657 1.6737 1.7337 1.7827
BEISCH 1.1055 1.2286 1.3721 1.5336 1.6236 1.6728 1.7107
BLISCH 1.1055 1.2341] 1.3836 1.5703 1.6818 1.7423 1.7898
REISCH 1.1063 1.2322 1.3693 1.5257 1.6124 1.6614 1.7014
RLISCH 1.1085 1.2384 1.3876 1.5653 1.6723 1.7296 1.7790
EICH 1.1116 1.2256 1.3408 1.4942 1.5867 1.6347 1.6762
LICH 1.1116 1.2256 1.3406 1.4888 1.5801 1.6281 1.6695

Source: Hsiao, Yeong-Shiou, and Alan L. Tharp, "Analysis of Other New Variants of Coalesced Hashing,” Technical
Report TR-87-2, Computer Science Department, North Carolina State University, 1987.

Prdmérny pocet navstivenych kli¢d pri operaci FIND. Vzdy se
predpoklada rovhomeérné rozlozeni klicl po celém oboru hodnot
hashovaci funkce. Nemusi nutné odpovidat realne situaci.

Algoritmizace



nani srustajiciho hashovani

T rryrryrrypnryrrTy T rrTorrTd
a'z TrrryprrrvyvryrrryprirrirTjypuyvniroTd

| | I B |
11 1 1

-0 -1 3

20

LR B L

1.8

1.8

L L

14

N\
AN

Average no. probes per unsuccessful search
¥ 11

=

Average no. probes per successful search

1.2

1'0 L1 11 1 & 1 1 L 1 1 1 LLLLI 1L 111 " 1..0 | S | L L1 1 Ll I 1l L1111 ] & 1 1
06 08 o 0.8 0.8 1 0.6 0.6 0.7 0.8 09 1
Load Factor a Load Factor «

S pouzitim sklepa vychazi nejlépe VICH. Doporucena velikost B je 0,86.
Bez sklepa vychazi nejlépe EISCH.
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mant srﬁétaj iciho hashovani

240 [ L LI F 1 1Ty vraTa

= — —
=

=

arch”

20

LR B L 1T

—
(=]

robes per unsuccessful se
(=)
T 10§ LA T T 1

Average no. probes per successful search

s
N
A

X

1.0 R ELd ) O bk llll- 1.0 Ll L ] - Lt | L L L | Lot
06 08 07 08 08— 1 06 06 07 08 08 1
Load Factor a Load Factor a

S pouzitim sklepa vychazi nejlépe VICH. Doporucena velikost B je 0,86.
Bez sklepa vychazi nejlépe EISCH.
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a 0.2 0.4 0.6 0.8 0.9 0.95 0.99
method
EISCH 1.1065 1.2277 1.3684 1.5290 1.6182 1.6653 1.7033
LISCH 1.1063 1.2316 1.3789 1.5657 1.6737 1.7337 1.7827
BEISCH 1.1055 1.2286 1.3721 1.5336 1.6236 1.6728 1.7107
BLISCH 1.1055 1.2341] 1.3836 1.5703 1.6818 1.7423 1.7898
REISCH 1.1063 1.2322 1.3693 1.5257 1.6124 1.6614 1.7014
RLISCH 1.1085 1.2384 1.3876 1.5653 1.6723 1.7296 1.7790
EICH 1.1116 1.2256 1.3408 1.4942 1.5867 1.6347 1.6762
LICH 1.1116 1.2256 1.3406 1.4888 1.5801 1.6281 1.6695

Source: Hsiao, Yeong-Shiou, and Alan L. Tharp, "Analysis of Other New Variants of Coalesced Hashing,” Technical
Report TR-87-2, Computer Science Department, North Carolina State University, 1987.

Prdmérny pocet navstivenych kli¢d pri operaci FIND. Vzdy se
predpoklada rovhomeérné rozlozeni klicl po celém oboru hodnot
hashovaci funkce. Nemusi nutné odpovidat realne situaci.
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