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m Why build an index?

m Search key
m As opposed to superkey, candidate key, ...

m May need multiple search keys for a table

m Types of queries — point vs range
m ID = "10102"
m salary > 75000

m Maintaining an index
m Inserts, deletes

m Space
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Clustering index

‘/ “““g fiun Bl-s - N

m File is ordered with respect to 10101 | G~ 10101 [Srinivasan [ Comp Sci. | 65000 | 1,
index values 12121 | ——— 12121 [Wu Finance 90000 l

15151 | ———— 15151 |Mozart Music 40000 -g
e 22202 | +—/—>] 22222 |Einstein | Physics 95000 _

m Index sequential file SAo2343 | ——{ 32343 |ElSaid Hi:tory 60000 1

. . 33456 | +—— — 33456 |Gold Physics 87000 5%

m Dense index — every value is 45565 > 45565 |Katz Comp. Sci. | 75000 ﬁ;
; ; 58583 | +— | 58583 |Califieri | History 62000 ]

present in the index 76543 | +——\— 76543 |Singh Finance 80000 |

76766 | +————| 76766 |Crick Biology 72000 ~7

83821 | +— — | 83821 |Brandt Comp. Sci. | 92000 5

98345 | +—— —{ 98345 |Kim Elec. Eng. 80000 77
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Clustering index

m File is ordered with respect to Biology 76766 | Crick Biology 72000 [ 1
ind | Comp. Sci. 10101 | Srinivasan| Comp. Sci. | 65000 B
Inaex values Elec. Eng, 45565 | Katz Comp. Sci. | 75000 =

Finance \ 83821 | Brandt | Comp. Sci. | 92000 g

e History \ 98345 | Kim Elec Eng | 80000 | |
m Index sequential file Music 12121 | Wu Finance 90000 | 1«
Physics 76543 | Singh Finance 80000 1
m Dense index — every value is 3233 | EISaid | listory | 60000 | L’
. . 58583 | Califieri | History 62000 1
present in the index 15151 | Mozart | Music 40000 1
22222 | Einstein | Physics 95000 | |«
= Index value may match 33465 | Gold Physics 87000 | _ |~

multiple records
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Indexing — sparse indices
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Indexing — sparse indices

m Maintain indices for a 10101 10101 [Srinivasan| Comp. Sci.] 65000 | ]
subset of values 32343 12121 [Wu Finance 90000 _7
76766 15151 |Mozart | Music 40000 P
m Page headers in a 22222 |Einstein | Physics | 95000 1
dictionary 32343 |ElSaid [History | 60000 _;77

33456 |Gold Physics 87000 -
m Align to block 45565 |Katz Comp. Sci.| 75000 _g
boundaries 58583 |Califieri | History 62000 4>
76543 |Singh Finance 80000 >
m Records are still 76766 |Crick Biology 72000 >
sequential with 83821 |Brandt Comp. Sci.| 92000 &>

. 98345 |Kim Elec. Eng. | 80000 |

respect to index — 1

m Sparse index
identifies first record
in each block
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Indexing — secondary index

m Index for an attribute
that does not match %

. . 40000 10101 | Srinivasan | Comp. Sci. | 65000 B
sequence in which table 60000 12121 [Wu Finance | 90000 ~::;
Is stored 62000 15151 | Mozart Music 40000 -:>

65000 | 22222 |Einstein | Physics 95000 | —|
;2000 - 32343 |El Said History 60000 _P
M “ W 200013 33456 | Gold Physics | 87000 | <
T [ ‘:—r 45565 | Katz Comp. 5ci. | 75000 _g
90000 | 4 - N/ / 58583 |Califieri | History 62000 8-
92000 \ 76543 | Singh Finance 80000 =
95000 76766 | Crick Biology 72000 _7
\< 83821 |Brandt Comp. Sci. | 92000 _
98345 |Kim Elec. Eng, | 80000 _PL
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Indexing — secondary index

m Index for an attribute
that does not match

A\

. . 40000 10101 | Srinivasan | Comp. Sci. | 65000 ~:>
sequence in which table 60000 12121 |Wa Finance | 90000 |
is stored 62000 15151 |Mozart | Music 40000 | —|

65000 | 1 22222 |Einstein | Physics 95000 | |«

K X bl k 72000 | — 32343 | El Said History 60000 _P

m Key points to bloc 75000 | 4 33456 | Gold Physics | 87000 | <

. . 80000 | . —

that contains poi nters 87000 45565 |Katz Comp. Sci. | 75000 B 5

. 90000 | 4 58583 | Califieri History 62000 =

to matching records 92000 76543 | Singh Finance | 80000 | <

B 95000 76766 | Crick Biology 72000 _P

m Can have multiple 83821 [Brandt | Comp. 5 | 92000 | |«
records for same 98345 |Kim Elec. Eng. | 80000 _PL

search key
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Storage

m Typically, index will not fit in
RAM
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Storage
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m Typically, index will not fit in index data
—N\block 0 block 0 ‘
RAM T 09
m Store index as a sequential file
) . index —h data
m Build a sparse index for the block 1 block 1 (
index file outer index
u Multi—level, till sparse index inner index

fits in one block ‘W ey
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Storage

m Typically, index will not fit in index data
—N\block 0 block 0
RAM .
m Store index as a sequential file :
) . index —h data
m Build a sparse index for the block 1 block 1
index file outer index )
m Multi-level, till sparse index inner index :

fits in one block

m Binary search to find required
key
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Storage

m Typically, index will not fit in index data
—N\block 0 block 0
RAM .
m Store index as a sequential file : B
) . index — data
m Build a sparse index for the block 1 block 1
index file outer index )
. . . M -
m Multi-level, till sparse index inner in¢ex :

fits in one block

m Binary search to find required
key

m |ldea leads to a more efficient QALM\’ wrt
structure wr i. l .
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Search trees
m Binary search trees l g

m Binary search on dynamic data / '\\\\
m Balanced tree has logarithmic height S
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m Binary search trees 3

m Binary search on dynamic data )

 ——
L . V- |ndh ] M~
m Balanced tree has logarithmic height <\J >\f |

m Block-based access
m Binary tree node has one search key value, two pointers

m Block can hold much more

I‘/ Vi \ V7—|j
/[~ U N\
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m Binary search trees L', ?‘
m Binary search on dynamic data / N\ KN /
m Balanced tree has logarithmic height Z é c
/N '\ /
m Block-based access ( 3 S
m Binary tree node has one search key value, two pointers r
m Block can hold much more /‘
m Generalize to multiple key values, multiple pointers 9
Pl Kl P2 cee Pf’l"l Kn_l P]’l
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B+ trees

m Leaf nodes form a dense index — linked list of leaves, each one block @(ﬂ '>{U’]

leaf node
[[Brandt [][ Califieri [ [ Crick [}———— Pointer to next leaf node

NG =D E > 9
10101 | Srinivasan | Comp. Sci. | 65000
12121 [ Wu Finance 90000
15151 [ Mozart Music 40000
22222 | Einstein Physics 95000

vf32343 El Said History 80000
./’ 33456 | Gold Physics 87000
“/45565 Katz Comp. Sci. | 75000
58583 | Califiedi History 60000
76543 | Singh Finance 80000
76766 | Errek= Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 [ Kim Elec. Eng. 80000

instructor file
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B+ trees

m Leaf nodes form a dense index — linked list of leaves

m Non-Leaf nodes form a sparse index

Root node

[[Mozar [T T[]

Internal nodes

[TEmen] [ [T T[]

Leaf nodes -

] Brandt ] [ Califieri [ [Crick [{>] [ Einstein ] [El said] [,] Gold ] Katz [] Kim [4>] [Mozart] ] Sineh [] [P{ [ srinivasan [T Wu T]
10101 Srinivasan [ Comp. Sci. 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
22222 | Einstein Physics 95000
32343 | ElSaid History 80000
33456 | Gold Physics 87000
45565 Katz Comp. Sci. 75000
58583 Califieri History 60000
76543 [ Singh Finance 80000
76766 | Crick Biology 72000
83821 Brandt Comp. Sci. 92000
98345 Kim Elec. Eng. 80000
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m Leaf nodes form a dense index — linked list of leaves N-_ ' ll ﬂit,

m Non-leaf nodes form a sparse index

m Constraints — assume n keys and pointers can fit in a block

m Each leaf has at least [(n — 1)/2] key values [k( V‘ . kﬁ!ﬂ't l(h

m Each non-leaf has at least [n/2] pointers

m Height of the tree is proportional to Iogn/2(“) fM_ Lo/ l II ”

(w mwmrl', m=4

Na s v ~m gl
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B+ trees — insertion

m Insert Adams

[[ Mozart [] [T [ Root node

A”/

HEinstein I I Gold |,| e Internal nodes

‘flf(

Leaf nodes

Y
|I|Bran( K:II[C: liﬁeri|I|CrickH->|=|EinsteinlllEl Said| | H"|.| Gold [,| Katz |.| Kim H-»uMozanlll Singh [] H»hlSrinivasanl!l wu [] [l

Maws
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B+ trees — insertion

m Insert Adams

[[¥iorar]]

[ [T 1]

/

| IAdams | lBrandtI | Callﬁenl |Cnck| I H->| |Emstem| |E1 Saldl | H->| |Gold| |Ka(z| |Klm|-|->| |Mozan| |Singh| | H->| |Srinivasan | IWu| | | |
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B+ trees — insertion

m Insert Adams

Mozart

Il Einstein ”Eold

<

[ [T 1]

[[Adams [T Brandt [ | [ [ Catifieri | [ Criek [ | [[ [Einstein [ [E1said] [ [ [Gold] [ Katz] ||c;|-|->| [Mozart [ [singh [ [}>{ [ Srinivasan [Twu[ ] T]

m Insert Lamport
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B+ trees — insertion

m Insert Adams

m Insert Lamport

[on [ un [T

[[] catiferi [ [ Einstein [T T] N <ﬁn \
| |l\dams| |andl| | |-H lcmﬁcril lCrickl | |-H | Einstein | |El Saidl | |.H |Go]d| IKalzI | |.H IK.Iml | L\mponl | H.| |Mozzr| | |s. h | | | H | Srinivasan |Wu|| | |
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B+ trees — insertion

m Insert Adams
m Insert Lamport

m Recursively insert from leaf level upwards

m Split nodes when needed and adjust search keys and pointers
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B+ trees — deletion

m Delete Srinivasn

Root node

HEinstein I I Gold |,| e Internal nodes

Leaf nodes

Y s w4
|I|Brandt |=|Caliﬁeri|!|CrickH->|=|EinsteinlllEl Said] | H"|.| Gold [,| Katz |.| Kim H-»uMozanlll Singh [ | H |Srini_4s_ay:|]
_
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B+ trees — deletion

m Delete Srinivasn

(Lo [T [T TI

||| Califieri ||| Einstein ||| | | ||| Mozart ||| | | | |

————

[ [Einstein [ [E1said] | Ty [ Gota [ [ Katz [ [Kim [4>] [ Mozart [ [ singh | [ wu[]

| I Adams | | Brandt | |

[} [califieri | [ crick [ |
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B+ trees — deletion

m Delete Srinivasn

[[ oot lil L1

||| Califieri ||| Einstein | | | Mozart ||| | | | |
+

[TAdams [[Branat [T [ [califieri [ [crick [[  [{>] [ Einstein [ [Etsaia] | [}| [ Gold [ [ Katz | |Ki

m Delete Singh and Wu
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B+ trees — deletion

m Delete Srinivasn

m Delete Singh and Wu

Ll GoﬂT 1]

| |Ca11ﬁen| |Emstem | ! | Kim | I
I l Adams | | Brandt I | H->| |Ca|iﬁeri | |Crick| | -|-> Emsteml IE] Saldl | H-l | Go]dl | Kalzl | H->| | Kim | I Mozart I I I |
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B+ trees — deletion

m Delete Srinivasn
m Delete Singh and Wu

m Recursively delete from leaf level upwards

m Merge or redistribute with neighbour
B“ +ru am. brnSwen Lﬁk
Fbt‘nx’ 1\&1”\% & 'm}L 1""’“‘“
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Indices on multiple keys

select /D
from instructor
where: dept name € Finance' and salary € 30000;

Qtrauh e,  Sid- o bbe  Lkersed-
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Indices on multiple keys

select ID
from instructor
where dept_name = 'Finance' and salary = 80000;

Bitmaps for gender Bitmaps for
record income_level
number | ID gender | income_level m 10010

m—g LI 10100
0 76766 | m L1 f n'
\ 4
1 22222 f L2 L2 01000
2 12121 f -~
L L3 Qoo I
3
ki W ke L4 00010
4 58583 | f L3
L5 00000
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Creating an index in SQL

m Not part of SQL standard
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Creating an index in SQL

m Not part of SQL standard

m create index I on T(A,B,C)
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Creating an index in SQL

m Not part of SQL standard
m create index I on T(A,B,C)

m drop index I
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Creating an index in SQL

m Not part of SQL standard
m create index I on T(A,B,C)
m drop index I

m DBMS may create and maintain index on its own for efficient processing
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