Al-Mustaqgbal University
College of Sciences
Cyber Security Department

R Il & -
AL MUSTAQBAL UNIVERSITY

sslall dls
sl o3l s

Lecture: (10)

Subject: Database
Level: Second
Lecturer: Asst. Lecturer Qusai AL-Durrah

Study Year: 2024-2025




Indexing and Hashing

6 Indexing and Hashing

Many queries reference only a small proportion of the records in a file. For example , the queries “
Find all accounts at the Tech branch” reference only a fraction of the account records. It is inefficient
for the system to have to read every record and to check the branch names. The system should be
able to locate these records directly. To allow that, we design additional structures with the files.

An index for a file in the system works like a catalog for a book in a library, if we are looking for a book
, the catalog of the name of the books tells us where to find the book.

To assist us searching the catalog, the names in the catalog listed in an alphabetic order.

There are two basic kinds of indices :
Ordered indices: such indices are based on a sorted ordering of the values.

Hash index : such indices are based on some values , these values calculated by a function called
hash function.

We often want to have more than one index for the file. Return to the example of the library, there
can be a catalog for the names of the books and another catalog for the others of the books and third
one for the subjects of the books.



Indexing and Hashing

6 Indexing and Hashing

Many queries reference only a small proportion of the records in a file. For example , the queries “
Find all accounts at the Tech branch” reference only a fraction of the account records. It is inefficient
for the system to have to read every record and to check the branch names. The system should be
able to locate these records directly. To allow that, we design additional structures with the files.

An index for a file in the system works like a catalog for a book in a library, if we are looking for a book
, the catalog of the name of the books tells us where to find the book.

To assist us searching the catalog, the names in the catalog listed in an alphabetic order.

There are two basic kinds of indices :
Ordered indices: such indices are based on a sorted ordering of the values.

Hash index : such indices are based on some values , these values calculated by a function called
hash function.

We often want to have more than one index for the file. Return to the example of the library, there
can be a catalog for the names of the books and another catalog for the others of the books and third
one for the subjects of the books.



Indexing and Hashing

6 Indexing and Hashing

Many queries reference only a small proportion of the records in a file. For example , the queries “
Find all accounts at the Tech branch” reference only a fraction of the account records. It is inefficient
for the system to have to read every record and to check the branch names. The system should be
able to locate these records directly. To allow that, we design additional structures with the files.

An index for a file in the system works like a catalog for a book in a library, if we are looking for a book
, the catalog of the name of the books tells us where to find the book.

To assist us searching the catalog, the names in the catalog listed in an alphabetic order.

There are two basic kinds of indices :
Ordered indices: such indices are based on a sorted ordering of the values.

Hash index : such indices are based on some values , these values calculated by a function called
hash function.

We often want to have more than one index for the file. Return to the example of the library, there
can be a catalog for the names of the books and another catalog for the others of the books and third
one for the subjects of the books.



Indexing and Hashing

6 Indexing and Hashing

Many queries reference only a small proportion of the records in a file. For example , the queries “
Find all accounts at the Tech branch” reference only a fraction of the account records. It is inefficient
for the system to have to read every record and to check the branch names. The system should be
able to locate these records directly. To allow that, we design additional structures with the files.

An index for a file in the system works like a catalog for a book in a library, if we are looking for a book
, the catalog of the name of the books tells us where to find the book.

To assist us searching the catalog, the names in the catalog listed in an alphabetic order.

There are two basic kinds of indices :
Ordered indices: such indices are based on a sorted ordering of the values.

Hash index : such indices are based on some values , these values calculated by a function called
hash function.

We often want to have more than one index for the file. Return to the example of the library, there
can be a catalog for the names of the books and another catalog for the others of the books and
third one for the subjects of the books.




Indexing and Hashing

6.1 Ordered Indices :

These are used to gain fast random access to records in a file. Each
index structure is associated with a particular search key. The index
stores the values of the search keys in sorted order.

The record in the indexed file may themselves be sorted in some way.
The file may have several indices of different search key.

Primary index : if the file containing the record is sequentially
ordered , the index whose search key specifies the sequential order
of the file, this index is a primary index for that file.

Secondary index : is the index of the file whose search key specifies
an order different from the order of the file.
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6.1.1 : Ordered Primary Index

Figure 6.1 shows an ordered file for account records.

AR

Brighton B-217 750
Crowntown A-101 S00
Downtown A-110 6040
Mianus A-215 F0a
Ferryridge A-10Z 400
Ferryridge A-201 o000
Ferryridge A-218 700
Redwood A-2FF 700
FRound Hill A-305 350
Figure [ 6.1) Sequential file for account records

The file of figure 6.1 is sorted on a search key order, with

the search key.
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6.1.1.1 : Indices Types : There are two types of ordered indices : Dense and Sparse
indices.

Dense index : an index entry appears for every search key value in the file. The
index record contains the search key wvalue and a pointer to the first
data record with that search key value, as shown in figure (6.2) for the
account file.

Index Account File
Brighton - Brighton A-Z17 750 p—
Crovwntown - Drovwntown A-101 500 ,::;
Mianus Dronarntonan A-110 600 .
Perryridge \HH?———* Pianus A-215 700
Redwood Perryridge | &-102 400 _-;::
Round Hill Perryridge | &-201 Q00
Perryridge A-Z18 700 -
Redwood A-222 700 .:;:
Round Hill A-305 350
Figure (6.2)
Dense Index _for account file
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data record with that search key value, as shown in figure (6.2) for the
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Brighton - Brighton A-Z17 750 p—
Crovwntown - Drovwntown A-101 500 ,::;
Mianus —-_._________‘_______‘_-_. Drovwntown A-110 00 .
Perryridge ‘——\__\_\‘_* Pianus A-Z15 700
Redwood Perryridge | &-102 400 _-;::
Round Hill Perryridge | &-201 Q00
Perryridge A-Z18 700 -
“ e Redwood A-222 700 <

1SS ey p—
4 . S A Round Hill A-305 350
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gl Figure (6.2)
Densze Index_ for account file
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Table

Doctor name Age Specialism
David 32 Tooth
David 30 Tooth
Jlohn 34 Bone
John 29 Stomach
Mary 37 Stomach
Zain 25 Bone
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Ordered Dense Primary index

Index Table
Doctor name Age Specialism

David 1

ik | David 32 Tooth
David 30 Tooth
Jlohn 34 Bone
Jlohn 29 Stomach
Mary 37 Stomach
Zain 25 Bone
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Ordered Dense Primary index

Doctor name Age Specialism
E"f’}d ; [ David 32 Tooth
vy 15 \ David 30 Tooth
7o c \‘ John 34 Bone
John 29 Stomach
\ Mary 37 Stomach
Zain 25 Bone
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Ordered Dense Primary index

Doctor name Age Specialism
E:"r']d ; [ David 32 Tooth
Mary 15 \ David 30 Tooth
7 c \‘ John 34 Bone
John 29 Stomach
\ Mary 37 Stomach
Zain 25 Bone

John
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6.1.1.1 : Indices Types : There are two types of ordered indices : Dense and Sparse
indices.

Dense index : an index entry appears for ewvery search key walue in the file. The
index record contains the search key walue and a pointer to the first
data record with that search key value, as shown in figure (6.2) for the
account file.

Index Account File
Brighton - Brighton B-217 750 —
Crowwmown - Crowentown A-101 SO0 ,:,
Mianus Crovwwrmtowwn A-110 &00
Perryridge 2 Mignus A-215 700 .
Redwood Perryridge A-10Z 400 _-;:.:
Round Hill Perryridge A-201 =Takn]
Perryridge A-218 700 -
Redwood B-22F FO0 .::}:
Round Hill A-305 250
Figure (6.2)
Dense Index for account file

Perryridge
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New York
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Spars index : An index record is created for only some of the wvalues. To locate a
record we find the index entry with the largest search key value that is
less than or equal to the search key value for which we are locking . We
start at the record pointed to by that index entry, and follow the
pointer in the file until we find the desired record. As shown in figure

(5.3) for the account file,

Index Account File
Brighton . Brighton B-217 750 —
Mianus Crovwwrtowwn A-101 S00
Redwood \ Droventown A-110 00 -
Mianus A-Z215 F00 F
Perryridge A-10Z 400 —
Perryridge A-201 =Tak]
Perryridge B-Z218 ek ?:
Redwood B-22F FO0 —
Round Hill A-305 250
Figure_(6.3)
Spars Index for account file
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Hollywood
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Spars index : An index record is created for only some of the wvalues. To locate a
record we find the index entry with the largest search key wvalue that is
less than or equal to the search key value for which we are locking . We
start at the record pointed to by that index entry, and follow the
pointer in the file until we find the desired record. A= shown in figure

(5.3) for the account file,

Index Account File

Brighton - Brighton B-217F 750 —

) Fianus Crovwrntonam A-101 500
Redwood \ Crowrmtonswn A-110 600 ::
Mianus A-215 700 _F
Perryridge A-10Z 400 —

Perryridge A-201 Q00
Perryridge A-21E FOooO ?:
Redwood B-FF Foo —

Round Hill A-3205 250
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Ordered index Hash index

Primary index Secondary index
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Index Account File
Brighton Brighton A-217 750 —
Downtown Downtown | A-101 500 —
Mianus Downtown | A-110 600
Perryridge Qt Mianus A-215 700 —
Redwood Perryridge | A-102 400 g
Round Hill Perryridge | A-201 900
Perryridge | A-218 700 —
Redwood A-222 700 _:—‘.:;
Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Index Account. File
Brighton » | Brighton A-217 750
Downtown — Downtown | A-101 500

Mianus Downtown | A-110 600

Perryridge Qt Mianus A-215 700
-—Redwood Perryridge | A-102 400
Round Hill Perryridge | A-201 900
Perryridge | A-218 700
ou 222 700

Round Hill | A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Index Account, File
Brighton —p | Brighton A-217 750
Downtown — Downtown | A-101 200

Mianus _'_'_'_"‘—'——-—-_._.___* Downtown | A-110 600
Perryridge ‘—_hh“““-«___* Mianus A-215 700
Round Hill A-102 400

Perryridge
Perryridge | A-201 900
ERE] Perryridge | A-218 700
& S (d TS 4 0 Cida Round Hill | A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Index Account File
Brighton » | Brighton A-217 750
Downtown — Downtown | A-101 500
Mianus q-emqﬁ—ﬂ: 566

Perryridge x‘ Mianus A-215 700
Redwood Perryridge | A-102 400
Round Hill Perryridge | A-201 900
Perryridge | A-218 700

Redwood A-222 700
Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Brighton —u | Brighton A-217 750
Downtown —p | Downtown | A-101 500
Mianus p | Mianus A-215 700
Perryridge —p| Perryridge | A-102 400
Redwood Perryridge | A-201 200
ol | Round Hill Perryridge | A-218 700 o

Redwood | A-222 700

40l Al Round Hill | A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Index Account. File
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Perryridge | A-201 900
Perryridge | A-218 700
Redwood A-222 700
Round Hill A-305 350

Redwood
Round Hill

A0 AL
258 (835 ge AalS 48 28 Cads
A1 gl e piigall 5 (5 A

dida gl adll e

WUWYVY




Indexing and Hashing

6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

Index Account File
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Mianus Downtown | A-110 600
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Deletion In dense indices

L] ||
Index Account File

Brighton — | Brighton A-217 750
Downtown — Downtown | A-110 &00
Mianus » | Mianus A-215 700
Perryridge | Perryridge | A-102 400
Redwood Perryridege | A-201 900
gl | Round Hill Perryridge | A-218 700
\ Redwood | A-222 700
Round Hill | A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In SPArse indices

Index Account File
Brighton —pu | Brighton A-217 750
Mianus Downtown | A-101 500

Redwood Xﬁ Downtown | A-110 600

Mianus A-215 700
Perryridge | A-102 400
Perryridge | A-201 200
Perryridge | A-218 700
Redwood A-222 700

Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In sparse indices

Index Account File
Brighton —pu | Brighton A-217 750
Mianus Downtown | A-101 500

Redwood Mﬁmtnwn A-110 600

TTos F.= T i B W ¥
Perryridge | A-102 400
Perryridge | A-201 200
Perryridge | A-218 700
Redwood A-222 700

Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In sparse indices
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TTos F.= T i B W ¥

‘\> Perryridge | A-102 400

Perryridge | A-201 200

A ;:éj\%;'éaj.;}d\" K1l hbe: Perryridge | A-218 700

.- . Redwood A-222 700
483 O gllaqll Al
' Al rRound Hill | A-305 350

AT




Indexing and Hashing

6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In sparse indices

Index Account File
Brighton —pu | Brighton A-217 750
Mianus - Downtown | A4-101 200
—
Redwood

\ Downtown | A-110 600
\'-ﬁﬂﬂnus F.= T i B W ¥

Perryridge | A-102 400
Perryridge | A-201 200
Perryridge | A-218 700
Redwood A-222 700

Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In sparse indices

Index Account. File
Brighton —p | Brighton A-217 750
Perryridge Cowntown | A-101 500

Redwood \ Downtown | A-110 600

= Perryridge | A-102 400
Perryridge | A-201 200
Perryridge | A-218 700

Redwood A-222 700
{ Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In sparse indices

Index Account. File
Brighton —p | Brighton A-217 750
Perryridge Cowntown | A-101 500

Redwood \ Downtown | A-110 600
Round Hill = Perryridge | A-102 400

Perryridge | A-201 200

Perryridge | A-218 700
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or deleted
from the file

Deletion In sparse indices

Index Account. File
Brighton —p | Brighton A-217 750
Perryridge Cowntown | A-101 500

1 Redwesd \ Downtown | A-110 500

Round Hill N Perryridge | A-102 | 400
Perryridge | A-201 200
Perryridge | A-218 700
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Round Hill | A-305 350

UUVAVVIATAY

S Al S0 48 Caial
ool (8 25 sa 4y




Indexing and Hashing

6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or

deleted from the file

Insertion In dense indices

Index

Brighton

Downtown

Round Hill

liae AalS 4id 28 AL
83 52 90

Mianus \—‘
Perryridge

Redwood x‘

WUWYY

Account. File
Brighton A-217 750
Downtown | A-101 500
Downtown | A-110 600
Mianus A-215 700
Perryridge | A-102 400
Perryridge | A-201 900
Perryridge | A-218 700
Redwood A-222 700
Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Insertion In dense indices

Index Account. File

Brighton >| Brighton A-217 750
Downtown >| Downtown | A-101 500
Mianus _— Downtown | A-110 600
Perryridge ‘ >| Mianus A-215 700
Redwood \ Mianus A-215 460
Round Hill ' Perryridge | A-102 400

Perryridge | A-201 900
Perryridge | A-218 700
Redwood A-222 700
Round Hill A-305 350
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6.1.1.2 Index Update

Every index must be updated whenever a record is inserted into the file or
deleted from the file

Insertion In dense indices

Index Account File

Brighton A-217 750
Downtown | A-101 500
Downtown | A-110 600
Mianus A-215 700

>
>
‘ —
Neﬁ_s \_

Brighton

Downtown

Mianus

Perryridge
Redwood Perrvridge A-102 400
Round Hill Perryridge | A-201 900

Perryridge | A-218 700
Redwood A-222 700
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