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Typy indexu

= binarni stromy

m b-stromy

m r-stromy

m bitové mapy

m funkcni indexy

m hash indexy

s domeénove indexy
m Clenéné indexy

m klastrované indexy
m prostorove indexy
m IOT index only tables




A Binary Search Tree

= UZEL
= levy substrom obsahuje mensi hodnoty
= pravy substrom obsahuje vétsi hodnoty



A Binary Search Tree

nasledné

nasledné

= UZEL
= levy substrom obsahuje mensi hodnoty
= pravy substrom obsahuje vétsi hodnoty



A Binary Search Tree - hledani hodnoty
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= Mame hodnotu a hledame ji ve stromu

m Hoc
m Hod

s HoC

nota=Uze
nota<Uze
nota>Uze

--> nalezeno
--> jdi levym substromem [tam mensi]
--> jdi pravym substromem [tam vétsi]



A Binary Search Tree - hledani hodnoty 15
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= hledame 15

m 15 < 26 --> jdi levym substromem
m 15> 12 --> jdi pravym substromem
m 15 =15 --> nalezeno



A Binary Search Tree - hledani hodnoty 37

©
=)
OO0

= hledame 37

m 37 > 26 --> jdi pravym substromem
m 37 < 44 --> jdi levym  substromem
m 37 > 35 --> jdi pravym substromem
= zadny neni --> nenalezeno




Typy indexu

m binarni stromy

= b-stromy

m r-stromy

m bitové mapy

m funkcni indexy

m hash indexy

s domeénove indexy
m Clenéné indexy

m klastrované indexy
m prostorové indexy
m JOT index only tables




B stromy [B-tree] — tfi druhy uzlu

Koren |

Vétve

Listy




B stromy [B-tree] - pravidla

= vSechny listy stromu jsou na stejné urovni (hloubce)
2 B-strom je balancovany (vyvazeny)
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balancovany nebalancovany




B stromy [B-tree]

Koren

Vétve

I N N N e |

Listy

levy pointer oravy pointer|

-=> Na mens > na vétsi |

polozka uzlu




B stromy [B-tree] - pravidla

= strom je radu n
= uzel ma minimalné n kli
= uzel ma maximalneé n*2  Kklic
= uzel ma maximalné n*2+1 ukazatell stromu
= ma-li uzel p kli¢l, ma p+1 ukazatell stromu
= korenovy uzel mize mit méné klict

2 dosud nezaplnén
= vSechny listy stromu jsou na stejné urovni

= ukazatele stromu listd jsou nulové

\"4

Co Co
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B stromy [B-tree]

ukazatel stromu

klice Joe, 38, ...

= strom je radu n ®
= uzel ma minimalné n klict
= uzel ma maximainé n*2  KIicd
= uzel ma maximalné n*2+1 ukazatell stromu
= ma-li uzel p kli¢d, ma p+1 ukakzatell stromu
= min pocet klict v uzlu H
= max pocet kli¢t v uzlu N*2 |‘
= max pocCet ukazatell stromu | N*2+1
},@ E®E®©
klice< 9 pravy ukazatel 9 - ukazuje na véetsi > 9

9 <klice < 17

levy ukazatel 17 - ukazuje na mensi < 17
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B stromy [B-tree]

@ ukazatel stromu

& kli¢e Joe, 38, ...

= strom je radu n
= uzel ma minimalné n klict
= uzel ma maximalné n*2 k
= uzel ma maximalné n*2+1 ukazatell stromu
= ma-li uzel p kli¢d, ma p+1 ukakzatell stromu
= min pocet klic v uzlu H
= max pocet kli¢t v uzlu N*2 |‘
= max pocCet ukazatell stromu | N*2+1

}@ = ©E©

v
klice <9 klice > 17

9 <klice < 17
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B stromy [B-tree]

strom ke radu n

\"4

r e . sy v , @ ukazatel stromu
uzel ma minimalne n ki

Co Co

uzel ma maximalné n*2+1 ukazatell stromu
ma-li uzel p klicti, ma p+1 ukakzatell stromu

= min pocet klict v uzlu \ 2
= max pocet kli¢t v uzlu | 4

|
|
= uzel ma maximalné n*2  kli¢ klice Joe, 38, ..
|
|

= max pocet ukazatell stromu 5
}@ EQE©® @-
| \
klice <9 17 <klice < 26 klice > 39

9 <klice < 17 26 <klice < 39
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B stromy [B-tree]

strom ke radu n

@ ukazatel stromu

uzel ma minimalné n kli

kli¢e Joe, 38, ...

uzel ma maximalné n*2+1 ukazatell stromu
ma-li uzel p klicti, ma p+1 ukakzatell stromu

- in poet KIZE v w7l l

|
|
= Uzel ma maximalné n*2 kli¢
|
|

= max pocet kli¢t v uzlu

4 N N-1
5 N+1 N

= max pocet ukazatell stromu

(9] Ea @-
26

klice<9 17 <klice < klice > 39

9 <klice < 17 17 <klice < 26
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B stromy [B-tree]

15, 25, 41

=

/

2.3.

Listy
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BTree - http://slady.net/java/bt/view.php

£ slady: Java B-Tree applet animation - Mozilla Firefox - |I:I|5|

File Edit iew History  Bookmarks  Tools  Help

ij* C X « _E v |5f| kb fslady, netfava i I"l'flf:_,'r.'

J e slady: lava B-Tree applet ani... £ | ‘45 B-Tree animation - slady ] | -

LI

B-Tree animation applet:

B-tree order: m CE humber I searchl insertl deletel

-
1| | r
|Dn:|ne v

pokud obrazek usetri tisic slov
pak animace usetri tisic obrazku
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BTree - animace

¥%) slady: Java B-Tree applet animation - Mozilla Firefox =] 3] £ slady: Java B-Tree applet animation - Mozilla Firefox =] 3] %) slady: Java B-Tree applet animation - Mozilla Firefox =10l x|
File Edit Wew History Bookmarks Tools Help Fle Edit ‘View History Bookmarks Tools  Help File Edt \Wiew History Bookmarks Tools Help
- G G | e LB - G [ hepsledy netiovat 7 - [#-] e C X [ - [ ey netfiava 7 - | M-[c S
J i slady: Java B-Tree applet ani... & | ‘41 B-Tree animation - slady [3) | ol | - J 4 slady: Java B-Tree applet ani... [ | “a E-Tree animation - slady (3 | = |- J ‘iw slady: Java B-Tree applet ani... &3 | ‘ai B-Tree animation - slady 5] | - | v
= =] =

B-Tree animation applet:

B-tree arder: m = numhber I Search | InSB!’Tl delete |

4| »

‘ Dane

B-Tree animation applet:

Brree nrder: gvl = number I search |nsen| deletel
|

|

| Done

B-tree order :

B-Tree animation applet:

B-tree arder lﬁ = number search | insert| delete
|

4

| Dang

&~

B-tree order :

%) slady: Java B-Tree applet animation - Mozilla Firefox

File Edit ‘“iew History Bookmarks Tools  Help

6 - C X @ A -
J %4 slady: Java B-Tree applet ani... [E | ‘4 B-Tree animation - slady 13 | =5 | -

1=
B-Tree animation applet:
B-tree order: I'\ ~| I=numbet m

Ll |
|Dune v

= nejprve budeme B-strom vytvaret
= budeme do ného Cisla vkladat

72 napiseme cislo

72 klineme na INSERT
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Blree

= vlozime Cislo 10

%) slady: Java B-Tree applet animation - Mozilla Firefox 1Ol x|
File Edit ‘“iew History Bookmarks Tools  Help
BY- C X o [ - [ui[nepussisdynetsavap 77 - [9F<[c 0

J %4 slady: Java B-Tree applet ani... &3 | ‘4@ B-Tree animation - slady

B-Tree animation applet:

B-tree order: |1 vl = number |1D Searchl |nser1| deletel

| |

| Done

¥%) slady: Java B-Tree applet animation - Mozilla Firefox

File Edit Wiew Hiskory EBookmarks Tools  Help

"Cms.j..

.:;'3-;':_-; - I'ﬁﬁ|http:,|',l'slady.net,|'java,|'b bR I

J %4 slady: Java B-Tree applet ani... &3 | ‘4 B-Tree animation - slady

B-Tree animation applet:

B-tree arder: m “= humber |15 searchl insenl deletel
4| |

| Done

5

10 | {20 |30 |[25 ||35

19

28

31 18

24 |

13 |

22 |

15

= a jina nova pridat

= zkousejte nalézt Cisla, ktera v indexu jsou i nejsou
= zkouSejte néktera Cisla z indexu zrusit
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Blree
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http://upload.wikimedia.org/wikipedia/commons/3/33/B_tree_insertion_example.png

B stromy - animace

http://slady.net/java/bt/ small order=2
ins 20 .20.
ins 40 .20.40.
ins 30 .20.30.40.
ins 10 .10.20.30.40.
ins 22 22
/ ¥
.10.20. .30.40.
ins 17 J/ZZ.
¥
.10.17.20 .30.40.
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B stromy - animace

Ins

ins

ins

ins

17 J/22. S
¥
10.17.20 . .| |.30.40.
36 J,zz. L
¥
10.17.20 . . | [.30.36.40.
13 J,zz. L
¥
10.13.17.20 . | |.30.36.40.
15 15.22. .
A S
10.13. . 17.20. 30.36.40.
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B stromy - animace

ins

15

15,22
v

1822, .

10.13. .

17.20.

.30.36.40.

SIc

SIc

SIrc

SIrc

SIrc

SIc

SIc

SIrc

13

36

20

22

18

35

99
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B stromy - animace

ins

del

del

del

15 15.22. . .
10.13. . 17.20. :30.36.40.
36 15.22. . .
=2 |
10.13. . 17.20. :30.40.
20 2 . ..
/ ¥
10.13.15.17. | |.30.40.
30 }17. L
¥
110.13.15. 22.40.
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B stromy - animace

del

30

del

J/17.. o

10.13.15. . .22.40.

22

del

}15... .

10.13. . . .17.40.

17

del

10

10.13.15.22.

13.15.22. .
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B stromy [B-tree]

Koren

Vétve

I N N N e |

Listy

levy pointer oravy pointer|

-=> Na mens > na vétsi |

polozka uzlu




B stromy [B-tree]

1 1

@ ukazatel stromu

kli¢e Joe, 38, ...

@ Rowld indexované fadky

O Indexy v listech

nejsou ve vétvich

1 L]

}@\@n ool oI @ @ |
\

klice<9 / 17 <klice < 26

9 <klice < 17

klice > 39

!

17 <klice < 26
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B stromy [B-tree]

©) | ukazatel dat (@ | ukazatel stromu klice Joe, 38, ...
rowid
comeomeome  |®
4
o= @\@gﬂ@\@g @pom®| |©om=
coElePuEl® | ©bEne®DEl®
~
Listy @O @ o=l @
atd ig




B stromy [B-tree]

= Rudolf Bayer a Ed McCreight, 1972

= nikdy nevysvétlili, co znaci B

= Balanced (vyvazeny) ?

= Bayerlyv ?

= Boening (oba pracovali u této firmy)

= pridanim ¢i vymazem klice se méni pocet klict v uzlu
= pro dodrzeni pravidel se v pripade potreby

= uzly rozdéluji Ci spojuiji

= pridavanim kli¢l se hloubka stromu zvétsuje
= rusenim kli¢t se hloubka stromu zménsuje
= strom je stale vyvazeny
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B+ strom

1

= vychazi z B-stromu AT AP
ROZdﬂy | | | | O | O |
= klice ve vétvich nemaji data (rowid)
= vSechny klice jsou v listech i s daty (rowid)
%nlisty jsou vzajemne (sekvencne) propojony
N\
@@n @ @ ©E@ @
eomE|eomm| @ o=Z|onc=@
\ 1 I
>E @ Oomm|® L omm|o=l©®
Bstrom B+strom
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Bstrom a B+strom

Koren

_I\
&_I
Veétve
[ N NN I NN I N
7 71 7 I\ \iJ\\
|

Bstrom Listy

__©f_©p_Op_©p_Op ©Op ©Op_ On O ©Of
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Porovnani B-strom vs. B+Strom

 —|
= zadné duplicity indext = kazdy index ve vétvich

= ma duplicitu v listech

= snadnéjsi udrzba indexd = horsi drzba indexd
pristupy pristupy

= primy dle indexu = primy dle indexu

= rychly pro indexy vétvi = pomalejsi pro indexy véetvi

= [pro Rowld musi do listl]
= NE s sekvenéni indexové
= NE s sekvenéni - iterval (Od,Do)

index - range

Bstrom B+strom




Porovnani B-strom vs. B+Strom - klastrovany

 —
| I— /] /3

| it (R i N i I e [ e A —

= zadné duplicity indexd

= snadnéjsi udrzba indexd

pristupy
= primy dle indexu

= rychly pro indexy vétvi

Bstrom

= kazdy index ve vétvich
= ma duplicitu v listech

= horsi udrzba indexd

pristupy

= primy dle indexu
= pomalejsi pro indexy vetvi

= [pro RowId musi do list{]

8 [ Full Scan Table [sekvenéni]

® | Range Scan Table  [sekvenni]

index - range

B+strom
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a zase néco jiného




