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File Organization

Data stored as files.
Files are managed by the
underlying OS.



Files

AAfile is a sequence dflocks

ABlocksare fixedlength units of both storage
allocation and data transfer.

file

Block 1
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Records

AA block may contain severakcords.
AEachrecordis entirely contained in a singtdock.

Blocki

Record 1

Record 2
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Record n
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File Organization

no record is larger than a block

Block Block Block u
ecor ecor

Record Record Record <
Record Record Record ‘
Record Record Record

7 DB is stored as

Record I Record Record % a Set Of flles w
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type instructor = record
ID varchar (5);

record 0
record 1
record 2
record 3
record 4
record 5
record 6
record 7
record 8
record 9
record 10
record 11

name varchar(20);

dept_name varchar (20);
salary numeric (8,2);

end
10101 Srinivasan | Comp. 5ci. | 65000
12121 Wu Finance 90000
15151 Mozart Music 40000
22222 Einstein Physics 95000
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

Approchl: Fixedlength Records
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Quiz

AAssume each char takes 1 byte and numeric(8,2)
type take 8 bytes of physical storage. Say, block size
In our file system is 1 KB. If there are 20 records In
our relation, how many block accesses will we need
to retrieve all of them?

record 0 10101 Srinivasan | Comp. Sci. | 65000

record 1 12121 Wu Finance 90000

. record 2 15151 Mozart Music 40000
type instructor = record record3 | 22222 | Einstein | Physics 95000
ID varchar ( 5';; record 4 | 32343 | ElSaid History 60000

) record 5 33456 Gold Physics 87000

HOME V i‘ll‘i]‘lﬂﬂ:zﬂ'}; record 6 | 45565 | Katz Comp. Sci. | 75000

. . record 7 58583 Califieri History 62000

ﬂrflﬂ Lname vare h ar {2[] }’ record 8 76543 | Singh Finance 80000

sala ry n umeric (8,2); record9 | 76766 | Crick Biology 72000

record 10| 83821 Brandt Comp. Sci. | 92000

end record 11| 98345 | Kim Elec. Eng. | 80000
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Quiz

AAssume each char takes 1 byte and numeric(8,2)
type take 8 bytes of physical storage. Say, block size
In our file system is 1 KB. If there are 20 records In
our relation, how many block accesses will we need
to retrieve all of them?

ARecord length = 53 bytes

ATotal no. of records = 20

ASpace required = 53 * 20 = 1060 bytes

ABlock size = 1024 bytes.

AWe need two block accesses to retrieve all records.
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Issues

ADeletion
ACauses gaps inside blocks.
ASpace optimization

Ablock size may not be a multiple of record length
A space wasted in blocks.
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Space Usage

File

File Header

Pointer to first deleted record

Block Block Block
Record Record Record
Record Record
X X
Record Record
55t SGSR
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Free List

header
record 0
record 1
record 2
record 3
record 4
record 5
record 6
record 7
record &
record 9
record 10
record 11

[P

10101 | Srinivasan | Comp. Sci. 65000

p
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
33456 | Gold Physics 87000

=
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000

Free list

1A 4A 6
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Variable Length Record

Metadata about the variable length data

IS stored (in fixed length part)
MNull bitmap (stored in 1 byte)

\ $ood

D/

21, 5| 26, 10( 36, 10 | &5000 10101 | Srinivasan | Comp. 5d.
Bytes 0 4 8 12 2021 26 36 45

\/

Read 10 bytes from 36oyte for this field
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Storage Organization of Records

AHeap file organization
APlace any record anywhere in the file.
A Single file for each relation.

ASequential file organization
ARecords are stored in sequential order (of key).

AHashing file organization
AHash (some attribute of) records to blocks.
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Indexing
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Motivation

AWe usually access only a small part of the DB.

Find the instructors in the
physics department

Need additional structures to access data

efficiently



Basic Concepts

Aldncéexmg mechanisms used to speed up access to desired
ata

A E.g., author catalog in library

AfSIearch Key Set of attributes used to look up records in a
e

A%An Index file consists of records (calleddex entrieg of the
orm

search-key | pointer

AlIndex files are typically much smaller than the original file

ATwo basic kinds of indices:
A Ordered indices:search keys are stored in sorted order

A Hash indices:search ke gs are dlstrlbuted uniformly across
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Ordered Indices

AlIn anordered index index entries are storedortedon
the search key value. E.g., author catalog in library.

APrimary index in a sequentially ordered file, the index
whose search key specifies the sequential order of the
file.

A The search key of a primary index is usually but not
necessarily the primary key.

ASecondary indexan index whose search key specifies
an order different from the sequential order of the file.

Alndexsequential file ordered sequential file with a
primary index.



Dense Index Files

A Dense index Index record appears for every seadiady value in the

file.

A E.g. index oD attribute of instructorrelation

10101

12121

Y

15151

Y

22222

32343

Y

33456

Y

45565

58583

Y

76543

Y

76766

Y

83821

98345

Y

Y

10101 |Srinivasan | Comp. Sci. | 65000
12121 |[Wu Finance 90000
15151 |Mozart Music 40000
22222 | Einstein Physics 95000
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
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Dense Index Files (Cont.)

A Dense index odept_name with instructorfile sorted ondept_name

Biology

Comp. Sci.

Elec. Eng.

Finance

History

Music

Physics

A VaY;

a/a

76766 | Crick Biology 72000
10101 | Srinivasan| Comp. Sci. | 65000
45565 | Katz Comp. Sci. | 75000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. 80000
12121 | Wu Finance 90000
76543 | Singh Finance 80000
32343 | El Said History 60000
58583 | Califieri | History 62000
15151 | Mozart Music 40000
22222 | Einstein | Physics 95000
33465 | Gold Physics 87000
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Sparse Index Files

A Sparse Index contains index records for only some seakely values.
A Applicable when records are sequentially ordered on se&ssh

A To locate a record with seardtey valueKwe:
A Find index record with largest searkly value K
A Search file sequentially starting at the record to which the index record

points

10101 10101 |Srinivasan| Comp. Sci.| 65000 =

32343 12121 [Wu Finance | 90000

76766 15151 |Mozart | Music 40000 .~
22222 |Einstein | Physics 95000 L~
32343 |El Said History 60000 L
33456 |Gold Physics 87000 .
45565 |Katz Comp. Sci.| 75000 o
58583 |Califieri | History 62000 .
76543 |Singh Finance 80000 L~
76766 | Crick Biology 72000 .~
83821 |Brandt Comp. Sci.| 92000 o
98345 |Kim Elec. Eng. | 80000 _7
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Secondary Indices Example

A Index record points to a bucket that contains pointers to all the actual

records with that particular searekey value.

A Secondary indices have to be dense

40000

60000

62000

65000
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Secondary index on salary field of instructor

10101 | Srinivasan | Comp. Sci. | 65000

12121 |Wu Finance 90000 —
15151 | Mozart Music 40000 =
22222 | Einstein | Physics 95000 —
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 |
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Multilevel Index

Alf primary index does
not fit In memory,
access becomes
expensive.




