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* Indexes as Access Paths:
o Asingle-level index is an auxiliary file that makes it more efficient to search for a
record in the data file.

o The index is usually specified on one field of the file (although it could be specified
on several fields)

o One form of an index is a file of entries <field value, pointer to record>, which is
ordered by field value

o The index is called an access path on the field.

o The index file usually occupies considerably less disk blocks than the data file
because its entries are much smaller

o Abinary search on the index yields a pointer to the file record
o Indexes can also be characterized as dense or sparse

= Adense index has an index entry for every search key value (and hence every
record) in the data file.

= Asparse (or nondense) index, on the other hand, has index entries for only
some of the search values
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* Indexes as Access Paths (cont.):

o Example: Given the following data file EAPLOYEE(NAME, SSN, ADDRESS, JOB,
SAL, ...)

o Suppose that:

e record size R=150 bytes block size B=512 bytes r=30000 records
o Then, we get:

e blocking factor Bfr= B div R= 512 div 150= 3 records/block

e number of file blocks b= (r/Bfr)= (30000/3)= 10000 blocks

o For an index on the SSN field, assume the field size Vssn=9 bytes, assume the record
pointer size Pr=7 bytes. Then:

« index entry size RI=(VSSN+ PR)=(9+7)=16 bytes
e index blocking factor Bfrl= B div RI= 512 div 16= 32 entries/block
» number of index blocks b= (r/ Bfrl)= (30000/32)= 938 blocks
e binary search needs log2bl= l0og2938= 10 block accesses
« This is compared to an average linear search cost of:
= (b/2)= 30000/2= 15000 block accesses
« If the file records are ordered, the binary search cost would be:

* logz:b= log230000= 15 block accesses
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* Types of Single-Level Indexes
4+ Primary Index
o Defined on an ordered data file

o The data file is ordered on a key field

o Includes one index entry for each block in the data file; the index entry has the key field
value for the first record in the block, which is called the block anchor
o A similar scheme can use the last record in a block.
o A primary index is a nondense (sparse) index, since it includes an entry for each disk
block of the data file and the keys of its anchor record rather than for every search value.

Single-Level Indexes glsil °
Primary Index csbad) (ugdll 4
Gledlainyl b axdine Jis ST 4 (key field) 0S5 ) Jsiall sale g 5l 138 pasiiey
ordered i (5 s s pa Sl e o
) key field s ¢S bl e i i o
block JS i record Js¥ s 055 5 tlibl) ale & block JSU xé: index J) o« (pointer) a5 Jaxk S o
block anchor w5
record Al paiiud Jglaadl jany ©
JSV G5 block JSI sy 585all W 5 6 Lgnan Gl 5 J sl ams () ey pd5al) 43) LlE sparse index J) < =i e 0
. sparse ¢ 5 i« Primary Index 13 block anchor s <) #Uia s ¢ Jia

Figure 18.1 (Primary

) . | d h Primary index on the ordering key field of key field)
n mary ndex 9“ the the file shown in Figure 17.7.4 4.5 g record Js¥ s | Name Ssn_|Birth_date | Job | Salary | Sex
Ordering Key Field blo¢k anchor ™ [ Aaron. Ed
Abbot, Diane
Acosta, Marc | | I | |
—— | Adams, John
Adams, Robin
Akers, Jan | | [ I I
Index file v or Ed
(<K(i), P(i)> entries) * | Alexander,
Alfred, Bob
Block anchor
primary key Block Allen, Sam | | [ | I
value pointer
Aaron, Ed —— | Allen, Troy
Adams, John Anders, Keith
Alexander, Ed H
Allen, Troy Anderson, Rob | | I | |
Anderson, Zach 0——\—>
Arnold, Mack Anderson, Zach
: Angel, Joe
h“’ pomter.' dS Archer, Sue | | | | |
Blockd »i3:
——— | Arnold, Mack
Arnold, Steven

Atkins, Tmothy | | [ |

— | Wong, James

Wood, Donald

Wong, James

Wright, Pam — Woods, Manny I I [ I I
—\—> Wright, Pam

Wyatt, Charles

Zimmer, Byron | | I | |
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* Types of Single-Level Indexes
4+ Clustering Index
o Defined on an ordered data file

ordering field of the data file have a distinct value for each record.
first data block that contains records with that field value.

o It is another example of hondense index where Insertion and Deletion is relatively
straightforward with a clustering index.

o The data file is ordered on a non-key field unlike primary index, which requires that the

o Includes one index entry for each distinct value of the field; the index entry points to the

Single-Level Indexes glsi *
Clustering Index +
ordered i oS bl e o
e Jiall 138 ()5S of callay 3 eY1 < Primary Index oSe key fieldd! s dia o (58 bl dile a5 o
record J<U s jues dad aly bl Cale b
Dady el dIndex e Jany s Jai saal 5 dad Leia 2k <)) S5 Lgod Livie e JS ¢l _S3 052 il US (o dlistinct e ©
[blockd) il (p dise i a s AT DIOCK (s 5253 30 34 AT 4aif Jeani (Sae (S ] data block i 4ad J5Y
sl Lyl oo Index JI s aeisa s Jisd) Glily s 331 L 4Y « nondense index(sparse) L 4e i iy ©
Clustering Index 2 L Javs o 55 ) 2Y1 5
(Clustering Data file
A Clustering Index field) ‘
Ex ampl e Dept_number | Name | Ssn |Job |Birth_date | Salary
. 1
— 1
1
2
Index file —— 2
(<K(i), P(i)> entries) 3
3
Clustering Block 8
field value pointer
1 . 3
2 3
3 4
4 s 4
5 o
6 e —\—> 5
8 . 5
5
5
L . 6
6
6
6
- 6
8
Figure 18.2
A clustering index on the Dept_number ordering 8
nonkey field of an EMPLOYEE file. 8
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Another Clustering Index
Example

Gabeddl JBELI Ge g Al
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Figure 18.3 . Data file
L . (Clustering
Clustering index with a field)
separate block cluster for Dept_number | Name | Ssn | Job |Birth_date
each group of records 71\
that share the same value v 1]
for the clustering field. 1)
/ il
Block pointer
NULL pointer
— = 2 =
2
Block pointer 1
_L_NULL pointer|
. 3 =
3
3
Index file s -
(<K(i), P(i)> entries) Block pointer |
el ] |
Clustering Block Block pointer
field value pointer NULL pointer
1 - — 4 =
2 he 4
3 o
- Block pointer
4
—_ 5 ._ﬁ_» l_ NULL pointer
6 5 )
8 5
5
5
Block pointer o~
_L_NULL pointer,
5 =
6
6
6
Block pointer ~ e———
|
e ] |
Block pointer 0——1
_L_NULL pointer,
= 8 =
8
8
Block pointer ~—

_L_NULL pointer
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* Types of Single-Level Indexes
+ Secondary Index

access already exists.

every record, or a non-key with duplicate values.
o The index is an ordered file with two fields.

that is an indexing field.
o The second field is either a block pointer or a record pointer.

file.

o Includes one entry for each record in the data file; hence, it is a dense index

o Asecondary index provides a secondary means of accessing a file for which some primary

o The secondary index may be on a field which is a candidate key and has a unique value in

o The first field is of the same data type as some non-ordering field of the data file

o There can be many secondary indexes (and hence, indexing fields) for the same

Jaai Laial 1) Saes Primary Index Jxill 48 2 5 o3 e () Jsa 5l 45565 AL s Secondary Index J) s
‘ . Primary Indexd Wil &l 8 4,4 5Y) (sl «Secondary osS: 1) 25 Index
s record J s 8 4ad A1 candidate key oS Jis e darly (Saa ¢ gl Linvie (Sl Secondary J) &
. 2% 4ad s non-key
Osfis 405 e 05 Index J) oS ¢ 4 e e 05S5 Jsiall
il g 5 i e i) Cile 3 e e i s (indlex field)sY) diall o
recordd i 5l blockd ,és Ll s SO Jiall o
aldl L 4 Secondary Index o« S Laie (& ol (S 0
(dense index) i jise sed ¢ Jully el cale & record J a5 Jask ey

Single-Level Indexes g!si
Secondary Index 45l G lgdll 4

O

O

O

[Figure 18.4
A dense secondary index (with block pointers) on a nonordering key field of a file.
Example of a Dense bata file
Index file
Secondary Index (<K(i), P(i)> entries) Indexing field
(secondary
| Ll key field)
Laiy 48 | § &l Index Block —_—
- K JA IndeXJ d“ ‘55 £_| - © field value pointer > °
ub\,gl\ula&@fﬁcgﬁ r 153
record Y & Index i S o 2 s
dense 4ci 13 3 \
4
5 [ S
1 15
6
3
7 ] 17
8
I
| 21
9 : 11
10 16
11 T 2
12 —n
13 — 24
14 | 10
15 20
16 T 1
[
17 : 4
18 P 23
19 * 18
20 14
21
22 '—-I 12
23 | > 7
24 19
22
6 g%/ 7., TI7T7 0 U777 70
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Example of a Secondary

Index

b ISE e IS 13 g silla aadi
s a4l W Jad i)
&) & Block pointer JS i
Blocks of) el 5 Block

( record pointer

Properties of Index Types

O

O

Data file

Name | Ssn | Job |Birth_date

Salary

Figure 18.5
A secondary index (With (Indexing field)
record pointers) on a non- Dent number
key field implemented A
using one level of indirec- Blocks of 3
tion so that index entries record ™ 5
are of fixed length and ; R 1
pointers
have unique field values. _,_--> 6
[Tl
! > 2
| -
> . > 4
Index file —IJ—I > 8
(<K(i), P()> entries) i
Field  Block o 3T - o
value pointer o 3
1 ] e o
3
|
N
5 — : > 6
6 [ =
—L T >
8 — ‘ > 2
[
K
> 5
e - 1
l = &
>[11s] - 3
I L
> 6
L 3
> 8
— 3

Table 18.2 Properties of Index Types

Type of Index

Primary
Clustering
Secondary (key)

Secondary (nonkey)

Number of (First“-ylgxel)

Index Entries ~ .-

Number of blocks in
data file "2 5
Number of distinct . .. s

index field values ..o

Number of records in
3550, sus (g gl
data ﬁle ”iumwji_,_a

Number of records® or
number of distinct index
field values® =~ 75

Dense or Nondense
(Sparse)

Nondense
Nondense

Dense

Dense or Nondense

Block Anchoring
on the Data File

Yes

Yes/no?

No

No
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* Multi-Level Indexes
o Because a single-level index is an ordered file, we can create a primary index to the index
itself;
o In this case, the original index file is called the first-level index and the index to
the index is called the second-level index.

o We can repeat the process, creating a third, fourth, ..., top level until all entries of the
top level fit in one disk block

o A multi-level index can be created for any type of first-level index (primary, secondary,
clustering) as long as the first-level index consists of more than one disk block

Multi-Level Indexes °
A e gdll Primary IndexsLi) LiSe « i e cile s single-level index oY o
the second-level index ws il (s ¢ a5 single-level index La¥) il Cile oy Allall ol & O
Adlaal) (i g5 Ui cJadd aal s Blockd) 2ac 4 level el ¢S a o el s Gl L) 5 dileall ) S5 WSy ©
Ll (primary, secondary, clustering)c! sl Js¥) (s siwall (o jgd (3 & 58 @1 il ssall daxie (e el (S ©
a5 Block (e SS) (e 0585 J5Y) (5 siaall G gd ()

A Two-Level Primary Index Figure 18.6
A two-level primary index resembling ISAM (Indexed Sequential
Access Method) organization.

Two-level index Data file
First (base) Primary
level key field
— 2 o~— 2

8 L

5

15 o

24 —

15
21

24

o]

Second (top) 29
level
2 _,—> 35 ~— 35
35 -~ 39 -~ 36
55 44
85 51 — 39

41

44
46

51
52

55
58

63 -
71
80 -~

63
66

71
78

80
82

=]

85
89
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*  Multi-Level Indexes
o Such a multi-level index is a form of search tree

o However, insertion and deletion of new index entries is a severe problem because
every level of the index is an ordered file.

) Multi-Level Indexes °
. search tree J' J&3l (w &5 0 multi-level index J' o
e e IS5 (Level oe S8 e doanill oy Eun) Ugad o8 A0 soadl (e pedll YR Gl gz 3 celld aay 0
.ordered —ale s (s il

A Node in a Search Tree with
Pointers to Subtrees Below It

Figure 18.8

A node in a search
tree with pointers to P,
subtrees below it.

oP K[ [ K [yP | K oo | K] Py |

P=pointer
K=value
X=value for

Subtree
X<K, K <X<K, K <X

Figure 18.9 EI Tree node pointer

A search tree of _
order p=3. |:| Null tree pointer

S
W
EXINE] Tefs]
IERINE] T7 =T Dl T

9 By: MARA 074989




IT344 - DATABASE MANAGEMENT
CHAPTER: 18|
WEEK:

* Dynamic Multilevel Indexes Using B-Trees and B+-Trees
o Most multi-level indexes use B-tree or B+-tree data structures because of the insertion
and deletion problem

o This leaves space in each tree node (disk block) to allow for new index entries

o These data structures are variations of search trees that allow efficient insertion and
deletion of new search values.

o In B-Tree and B+-Tree data structures, each node corresponds to a disk block
o Each node is kept between half-full and completely full

o Aninsertion into a node that is not full is quite efficient
o If a node is full the insertion causes a split into two nodes
o Splitting may propagate to other tree levels
o Adeletion is quite efficient if a node does not become less than half full

o If a deletion causes a node to become less than half full, it must be merged with
neighboring nodes

Dynamic Multilevel Indexes Using B-Trees and B+-Trees °

adall g 7l aY) ASSe vy B-tree data sl B-tree ¢ 55 oo bl JSha aadind Gl siveall 3asiall G ldll alane
treed 22> node 4ibx) DA (1« new index entries 48bslb meui  ©

Suaall Sl 4l Cads 5 Jladll 21 0Y) ~eus (B-tree)search trees <l Jsta

.block ! & node JS «<B+-Tree s B-Tree 2

A2 ad Cialg oo i a8 (s ¢ Lalad ¢ lies ¢l Cual 0 5SS node JS

o

O O O O O

sl Jam ol le 43 claa Jlad ysiag 4l e pode o /oY)

.2 noded pbsiV) I ) 0¥ (a5 Alies node <ilS 13 o

‘ ‘ tree o< s a1 Level L a5 ol ) Ubal

138 5 0 stas NOE a0 ged 2 (sS ly Jif il 1Y) A Ains Comi (g0 JB nOde J) granai ol 13] faa Jlad 0 5$ Giall o
RO U PREE

35l node ae Lo ol o ing s Ciai 0 Jil node JI el o 8 adall s 13 o

o

* Difference between B-tree and B+-tree
o In a B-tree, pointers to data records exist at all levels of the tree

o In a B+-tree, all pointers to data records exists at the leaf-level nodes

o AB+-tree can have less levels (or higher capacity of search values) than the corresponding
B-tree

B+-tree s B-tree o= AV °
recordsJ | 5 pointers & s~ level S B-tree ¢ ©
leaf-level . 225> 5« pointersd! JS B+-tree ¢ o
B-tree o (el adll e il 3,08 Nl ) S level il siwe 2o B4-tree & ©
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B-tree Structures

(a) ' P Pr| B K., | Priy Ny K |.Pri Kor [ Prot| Py g
Tree Tree
Y Y pointer \j \j pointer
Trge Data Data Data Data
pointer pointer pointer pointer pointer
Tree
pointer
X<K, K. <X<LK; Ky <X
®) * | 5 |0| ! | 8 |0| . El Tree node pointer
El Data pointer
|:| Null tree pointer
Lt [e]| |[8]°] L6 fo]| [[7]°] L9 [of| |[12]e]
Figure 18.10
B-tree structures. (a) A node in a B-tree with g — 1 search values. (b) A B-tree
of order p = 3.The values were inserted in the order 8,5, 1, 7,3, 12,9, 6.
Ihe Fi 18.11
igure 18.
Nodes of The nodes of a B*-tree. (a) Internal node of a B*-tree with g — 1 search values.
(b) Leaf node of a B*-tree with g — 1 search values and g — 1 data pointers.
@ |,P1 | Ki I ---|K,-_,‘,P,- | Ki |"“K-1| qu‘
Tree Tree Tree
pointer pointer pointer
X< K, K1 <X<K; Ke1 <X
(b) B 5 B B p Pointer to
LK LPrn]  [KalgPra] o [K[PO] - [ Ke [Pt Pron oo ot ot
node in
\ \ \J \ tree
Data Data Data Data
pointer pointer pointer pointer
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Example of an Insertion in

a B+-tree

12

Insertion sequence: 8,5,1,7,3,12,9,6

I !
[1]o] [5]o] et | [8]0]

~a—|nsert 7

[iTe] [s[o] |-~
I

.

(]

Insert 3: overflow
(split) *—,7

-
-

:

[1To] [a[o] |+

> [7o] [e]o]

-
-

1E[

~a— |nsert 1: overflow (new level)

Insert 12: overflow (split, propagates,
new level)

B Tree node pointer
Iﬂ Data pointer

D Null tree pointer

5]
8]
5]
i 1; Insert 9
Y V v \j
e > [7]o] ke
B
Y Y
1181 1
i
v v v \
[1o] [s[o] | > [s]c] > [7]o] [8]o] | +f»|[oo] [12]o]
° IEI 1 Insert 6: overflow (split, propagates)
Y \J
L @ ’ » T
[
Y Y v y Y
. [6]o] [7[o] |+t»|[e]0]

Figure 18.12

An example of insertion in a B*-tree with p =3 and p,,,; = 2.
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Example of a Deletion in a

B+-tree

Deletion sequence: 5,12, 9

'
T 6
v

.| 7

,
Y
:

- |-
Delete 5 o 7 |e ¢
17—0 1 T 6 T 9 |e l
- | [7]o] - -
Delete 12: underflow
¢ 7 * (redistribute)
17* 1 T 6 T 8 |e i
- > [7]o] - -

i

Delete 9: underflow

J

H‘——o«
]

—

‘ (merge with left, redistribute)

Figure 18.13
An example of deletion from a B*-tree.

Y

:

\J

*  Summary

o Types of Single-level Ordered Indexes
o Primary Indexes
o Clustering Indexes

o S
o Multilev

o Dynamic Multilevel Indexes Using B-Trees and B+-Trees

o Indexes

econdary Indexes
el Indexes

on Multiple Keys

13
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