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Fixed length records

m Blocks and block boundaries

record 0 10101 Srinivasan Comp. Sci. 65000

record 1 12121 Wu Finance 90000
ld\u,(, S\ze 'ﬂ— wmws N record2 | 15151 | Mozart Music 40000

secard 3 o ko Ko Ko Ko N IR =PIV TR Phyvsics 9500
record 4 32343 El Said History 60000
E(,,d,_ s|2¢ B record 5 | 33456 | Gold Physics 87000
record 6 45565 Katz Comp. Sci. 75000
e‘w s‘% K record 7 58583 Califieri History 62000
record 8 76543 Singh Finance 80000
record 9 76766 Crick Biology 72000

B record 10 | 83821 Brandt Comp. Sci 92000

ﬁ. WS fw Lto& record 11 98345 Kim Elec. Eng. ‘ 80000
N =)
/ C B/g) S = blocle,
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Deleting a record

m Remove Einstein

m Compress

huft
3

record 0
record 1
record 2
record 4
record 5
record 6
record 7
record 8
record 9
record 10
record 11

10101 Srinivasan Comp. Sci. 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
32343 El Said History 60000
33456 Gold Physics 87000
45565 Katz Comp. Sci. 75000
58583 Califieri History 62000
76543 Singh Finance 80000
76766 Crick Biology 72000
83821 Brandt Comp. Sci. 92000
98345 Kim Elec. Eng. 80000

l'\. Mw - “-(rge_,"

Madhavan Mukund

RDBMS and SQL

RDBMS-SQL, Lecture 9, 30 Oct 2025

4/20



Deleting a record

m Remove Einstein
m Compress

m Move last record

Madhavan Mukund

record 0
record 1
record 2
record 11
record 4
record 5
record 6
record 7
record 8
record 9
record 10

S ——
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10101 Srinivasan Comp. Sci. 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
98345 Kim Elec. Eng. 80000
32343 El Said History 60000
33456 Gold Physics 87000
45565 Katz Comp. Sci. 75000
58583 Califieri History 62000
76543 Singh Finance 80000
76766 Crick Biology 72000
83821 Brandt Comp. Sci. 92000
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Deleting a record

m Remove Einstein

' M% header

L
m Com press record 0 | 10101 | Srinivasan | Comp. Sci. | 65000
L_ﬂ record 1 4
m Move last record record 2 | 15151 | Mozart Music 40000
record 3 22222 | Einstein Physics 95000
m Maintain free list of empty slots reeard 4
record 5 33456 | Gold Physics 87000
record 6 P
record 7 | 58583 | Califieri History 62000 | -
record 8 76543 | Singh Finance 80000
record 9 76766 | Crick Biology 72000
record 10 | 83821 | Brandt Comp. Sci. 92000
record 11 | 98345 | Kim Elec. Eng. 80000
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Variable length records

m Single record structure

Null bitmap (stored in 1 byte)

0000
21,5 | 26, 10 36, 10 | (65000 10101 | Srinivasan |Comp. Sci.
Bytef 0 4 SV g QE) 26 36— (45
\ 1}/ lo
Row | Infe

ihvf‘-‘wlw
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Variable length records

m Single record structure
0o\l
bitmap (stored in 1 byte)
0000

| 21,5] 26,10 36,10 65960 10101 | Srinivasan |CompeSci. |

[ 4
Bytes 0 4 3 12N 421 26 N ow
Z —Z|| ~

3
NM‘L VA'AAA ‘M" W'c Aﬂ"‘\
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Variable length records

m Single record structure

Null bitmap (stored in 1 byte)

0000
| 21,5] 26,10] 36, 10| 65000 10101 | Srinivasan |Comp. Sci.
Bytes 0 4 8 12 2021 26 36 45
m Slotted page block structure
Block Header Records
azgq/ N Wby D2 D2 Dok )
Size # Entries _ Free Space

Location /. HRK=
' |
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Storing tables — heap file organization

m Use first available free slot
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Storing tables — heap file organization

m Use first available free slot HXCA h‘s‘h\, /VMQ _-—Pru QP‘Q

m Maintain free space map

4]2]1T4l7]3]6]S[T]2]0]1]1]0]5]6]
7 |\
L('Wd‘ﬂlhml:{ Y
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Storing tables — heap file organization

m Use first available free slot

m Maintain free space map

4127174773 6J}20T056!
m Second level free space map \ /

[4]7]2T6

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 9, 30 Oct 2025



Storing tables — sequential file organization

10101 |Srinivasan | Comp. Sci. | 65000

12121 |Wu Finance 90000 —7
15151 |Mozart Music 40000 -7
22222 |Einstein Physics 95000 -7
32343 |El Said History 60000 _7
33456 |Gold Physics 87000 —7
45565 |Katz Comp. Sci. | 75000 _7
58583 | Califieri History 62000 _7
76543 |Singh Finance 80000 _7
76766 | Crick Biology 72000 —P
83821 |Brandt Comp. Sci. | 92000 _7
98345 |Kim Elec. Eng. | 80000 _7
L
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Storing tables — sequential file organization

W

m Overflow block

10101 | Srinivasar{{| Comp.Sci) | 65000 >
12121 | Wu mhance 90000 —7
s: l l Ln gb 15151 | Mozart Music 40000 >

22222 | Einstein | Physics 95000 |y A
32343 | El Said History 60000 |9 =
33456 | Gold Physics_ 87000 >
45565 | Katz ( Comp. Sci. )| 75000 >
58583 | Califieri | Mistory=" | 62000 >
76543 | Singh Finance 80000 —7
76766 | Crick Biolo 72000 >
83821 | Brandt omp. Sci, 92000 -7
98345 | Kim —FTig. | 80000 |
=

V32222 ) Verdi | Music | 48000 |
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Indexing

m Why build an index?
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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
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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
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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 wéu #" l&r‘j

m Space
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Clustering index

m File is ordered with respect to
index values

m Index sequential file

m Dense index — every value is
present in the index

10101 1 _.[10101 [Srinivasan Comp. Sci. | 65000 B
12121 | 4—><7> 12121 |[Wu Finance 90000 ]
15151 = 15151 |Mozart Music 40000 =
22222 22222 | Einstein Physics 95000 -
32343 32343 |El Said History 60000 »
33456 33456 |Gold Physics 87000 R
45565 ~| 45565 |Katz Comp. Sci. | 75000 4
58583 58583 | Califieri History 62000 =
76543 76543 |Singh Finance 80000 ~
76766 76766 | Crick Biology 72000 -
83821 83821 |Brandt Comp. Sci. | 92000 E
98345 98345 |Kim Elec. Eng. 80000 ]
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Clustering index

m File is ordered with respect to Biology | J———] 76766 | Crick Biology 72000 |4
ind | Comp. Sci. | +————( 10101 | Srinivasan| Comp. Sci. | 65000 b
Indaex values Elec. Eng, | 45565 | Katz Comp. Sci. | 75000 i

Finance \l 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 prg
22222 | Einstein | Physics 95000 | 1«
= Index value may match 33465 | Gold Physics 87000 _Z_\_

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 i
subset of values ; 32343 12121 [Wu Finance 90000 =

_ 76766 15151 |Mozart | Music 40000 ]
m Page headers in a 22222 |Einstein | Physics 95000 1
dictionary 32343 |El Said History 60000 _;77

33456 | Gold Physics 87000 .
= Align to block | 45565) |Katz Comp. Sci.| 75000 _g
b dari 5¢585 |Califieri | History 62000 =
oundaries 76543 |Singh Finance | 80000 |
m Records are still 76766 |Crick Biology 72000 >
sequential with 83821 |Brandt Comp. Sci.| 92000 4

q ) 98345 |Kim Elec. Eng. | 80000 | |
respect to index -

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

S—
m Index for an attribute
that does not match

sequence in which table
is stored

Madhavan Mukund

Soked wrt i

40000

60000

62000

65000

\

72000

75000

80000

87000

90000 | 4

92000

95000

=
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wine

10101 | Srinivasan | Comp. Sci. | 65000 *P
12121 |Wu Finance 90000 ~:>
15151 | Mozart Music 40000 —
22222 |Einstein | Physics 95000 _:>
32343 | El Said History 60000 _P
33456 | Gold Physics 87000 _P
45565 | Katz Comp. 5ci. | 75000 | 1<
58583 | Califieri | History 62000 _P
76543 | Singh Finance 80000 _.:>
76766 | Crick Biology 72000 —P
83821 |Brandt Comp. Sci. | 92000 _7
98345 |Kim Elec. Eng, | 80000 _%
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Indexing — secondary index

m Index for an attribute
that does not match
sequence in which table
is stored

m Key points to block
that contains pointers
to matching records

m Can have multiple

records for same
search key

Madhavan Mukund

Sperse Ce,uml.auj

40000

60000

62000

65000

72000

\

75000

80000 | Fie
37660 | N

90000

92000

95000

RDBMS and SQL

10101 | Srinivasan | Comp. Sci. | 65000 ~:>
12121 |Wu Finance 90000 ~:>
15151 | Mozart Music 40000 —
22222 |Einstein | Physics 95000 _:>
32343 | El Said History 60000 _P
33456 | Gold Physics 87000 _P
45565 | Katz Comp. 5ci. | 75000 | 1<
58583 | Califieri | History 62000 _P
76543 | Singh Finance 80000 _.;>
76766 | Crick Biology 72000 —P
> 83821 |Brandt Comp. Sci. | 92000 _7
98345 |Kim Elec. Eng, | 80000 _%
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Storage

m Typically, index will not fit in
RAM
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Storage

B W
e, data

m Typically, index will not fit in e gl

RAM | )N

m Store index as a sequential file

index —h\datd
logk 1

m Build a sparse index for the blockf 1

index file outer ind67 )
inner index

m Multi-level, till sparse index
fits in one block —

| blode it inder
LA lovel 1-Aa
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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

VA VA
[l e —

Madhavan Mukund RDBMS and SQL RDBMS-SQL, Lecture 9, 30 Oct 2025 13 /20




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 :
) . 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

m Idea leads to a more efficient
structure
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m Binary search trees
m Binary search on dynamic data

m Balanced tree has logarithmic height

Ler {3 T[]l dd)
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m Binary search trees

m Binary search on dynamic data Vo
fe—l

m Balanced tree has logarithmic height { Vo I Vo

Binay VAN
Aree

<V, 2V, <vy V'L
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m Binary search trees E; i/

m Binary search on dynamic data

m Balanced tree has logarithmic height 25
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hbalonced
m Binary search trees 0

m Binary search on dynamic data [(.“2_
m Balanced tree has logarithmic height 7/ '\

] 2z =
/\ 7 "\

¢/:v\o/\’ Uf/ \/C
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Search trees

m Binary search trees

Blocte.

m Binary search on dynamic data . S
m Balanced tree has logarithmic height Zl g
m Block-based access z

m Binary tree node has one search key value, two pointers

m Block can hold much more
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Search trees

m Binary search trees —_

m Binary search on dynamic data VOI 'V' VLl |V
) ]
m Balanced tree has logarithmic height [
2
m Block-based access £ \0/ %
m Binary tree node has one search key value, two pointers >'v ‘V >V ‘ﬂ-ﬁ‘
Iy %
m Block can hold much more / ) N
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m Binary search trees
m Binary search on dynamic data

m Balanced tree has logarithmic height

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

m Block can hold much more

m Generalize to multiple key values, multiple pointers

GG O
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B+ trees

m Leaf nodes form a dense index — linked list of leaves, each one block

leafnede
\ Califieri l@—» Pointer to next leaf node

)

10101 | Srinivasan | Comp. Sci. | 65000

12121 [ Wu Finance 90000

15151 [ Mozart Music 40000

22222 | Einstein Physics 95000

32343 | El Said History 80000

33456 | Gold Physics 87000

NO“' 45565 [ Katz Comp. Sci. | 75000
58583 | Califieri History 60000

n 76543 | Singh Finance 80000
- 76766 | Crick Biology 72000
& 83821 | Brandt Comp. Sci. | 92000
L '] 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

=N @ 11 [ [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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B+ trees

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

m Non-Leaf nodes form a sparse index '1 ( )
A L | d = Lcﬁll— N

[TEmen] [ [T T[]

Internal nodes

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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