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MODULE 5 (contd.)

Files and Their Organization

DATA HIERARCHY

EV"Y_ ﬁl? contains data which can be organized in a hierarchy to present a systematic
organization.

The data hierarchy includes data items such as fields, records, files, and database. These
terms are defined below.

® Data field: A data field is an clementary unit that stores a single fact. A data field is
usually characterized by its type and size.
Example: student’s name is a data field that stores the name of students.

® Record: A record is a collection of related data fields which is seen as a single unit
from the application point of view.
Example: The student’s record may contain data ficlds such as name, address, phone
number, roll number, marks obtained, and so on.

e File: A file is a collection of related records.
Example: A file of all the employees working in an organization

» Directory: A directory stores information of related files. A directory organizes

information so that users can find it casily.
Example: Below fig. shows how multiple related files are stored in a student directoy.

Student’s Student's Student's

Personal Info Academic Info Fees Info

File File File

Roll_no Roll_no Roll_no

Name Name Name

Address Course Fees

Phone No Marks Lab Dues
Grade in Sports Hostel Dues

Library Dues

Figure Student directory

T ———
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FILE ATTRIBUTES

File has a list of atte
oo slls;; of d'tlrlbutcs associated with it that gives the operating system and the
oftware information about the file and how it is intended to be used.

The attributes are explained below

Above figure shows

byte.

File na!nc: It is a string of characters that stores the name of a file. File naming
C(.mvenuons vary from one operating system to the other.

&m It is a pointer that points to the position at which the next read/write
operation will be performed.

File structure: It indicates whether the file is a text file or a binary file. In the text file,
the numbers are stored as a string of characters. A binary file stores numbers in the
same way as they are represented in the main memory.

File Access Method: It indicates whether the records in a file can be accessed
sequentially or randomly.

In_sequential access mode, records are read one by one. That is, if 60 records of
students are stored in the STUDENT file, then to read the record of 39t student, you

have to go through the record of the first 38 students.
In random access, records can be accessed in any order.

le can have six additional attributes attached to it. These
with each bit representing a specific
responding attribute

Attributes Flag: A fi
attributes are usually stored in a single byte,
attribute. If a particular bit is set to *1° then this means that the corl

is turned on.

Table Attribute flag
Attribute Byte

Attribute
" Read-only 00000001
Hidden 00000010
“systen 00000100

00001000
00010000
00100000

volume Label
pirectory
Archive

the list of attributes and their position in the attribute flag or attribute
e lis!
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lml: A file markeq gy read-only cannof fye
cither delete op modify u yeq
denied’ ig displayed on the sereen,
Hidden: A file marked ag hidde
* System: A file marked as a sygiem file
System and should nof be altered or rem,
* Yolume Label: Every disk volume is a
be assigned at the time of fo
DOS command LABEL,
Directory: In directory listing, the files ang sub-directorjes
differentiated by a direetory-bit, This me
turned on are actually sub-directories conf
® Archive: The archive bit is used as a commy
modify files and those that are used for backing
the user to do an incremental b

delotg O madified, | Xuimple; (f gy
l-only file, then o MERROES fioeoss
s not displayed i (e directory listing
Han
oved from (e digk.

ssigned a labol fo, ident
tmatting the digk of luter throug|

indicates (ha i POTant file used by e

Hication, The fyhe) [

I various tooly g Iy (he

50 the current dircctory ar
s that the filey (ha have the dire tory-hif
wining one or more filey

nication link between prog

ram that
up files, Moyt buckup

programy allow
ackup.

TEXT AND BINARY FIL
=A% AND BINARY FILES

Text Files

* A text file, also known as a flat file or an ASCII file, is structured a8 a sequence of
lines of alphabet, numerals, special characters,

The data in a text file, whether numeric or non-numeric, is stored using i
. C 5

sponding ASCII code. : et .
f:l"l)ln-e pd of agtex( file is denoted by placing a special character, called an end-of-fil;
e en
ine i text file.
marker, after the last line in the ; , )
Itis possible for humans to read text files which contain only AS(‘ :I IL|):I g
edi ey do not provide efficient storage
ipulated by any text editor, they
Text files can be manipulate

i e coded in binary form for computer storage
i i type of data encor
* A binary filc contains any
and processing purposes. - fimadw

'p file can contain text that is not broken up into | (,. Y
- ey in a format that is similar to the format in wl
A binary file st(?rcs data in Therefore, a binary file is not readable b){ hummm: i
e maln'm:mor}:;ing information that only certain applications or proce:
Binary files contain forma ‘

e oltwire
e an appropriate software or processor 5o that the
i be run on ; -

Sy ﬁles i form the data in order to make it readuble e
v l:’t' ient storage of data, but they can be reuc
Binary files provide efficie:
appropriate program.
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BASIC FILE OPERATIONS

The basic operations that can be performed on a file are given in below figure

File Operations

Retrieval Maintenance

og| [Reoroenization

generalion

Figure File operations
Creating a File
A file is created by specifying its name and mode. Then the file is opened for writing records
that are read from an input device. Once all the records have
is closed. The file is now available for future read/write o)
been designed to use it in some way or the other.

been written into the file, the file
perations by any program that has

Updating a File
Updating a file means changing the contents of the file to reflect a current picture of reality,
A file can be updated in the following ways:

 Inserting a new record in the file. For example, if

need to add his record to the STUDENT file.
Deleting an existing record. For example, if a student quits a course in the middle of
the session, his record has to be deleted from the STU JDENT file.
Modifying an existing record. For example, if the
incorrectly, then correcting the name

a new student joins the course, we

name of a student was spelt
will be a modification of the existing record,
Retrieving from a File

It means extracting useful data from a given file. Information can be retrieved from a fije
cither for an inquiry or for report generation. An inquiry for some data retrieves low volume
of data, while report gencration may retrieve a large volume of data from the file,

Maintaining a File

It involves restructuring or re
that access this file.
Restructuring a file keeps the file organization unchanged and changes only the structura]
aspects of the file. ; ; .

Example: changing the field width or adding/deleting fields.

-organizing the file to improve the performance of the programs

Eﬂwiﬁlmayinvolve hanging the entire ization of the fije

|
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FILE ORGANIZATION
Organization of records

: means the logical
physical layout of the file

arrangement of records in the file and not the
as stored on a storage media.

The following considerations should be kept in mind before sclecting an appropriate file
organization method:

* Rapid access 1o one or more records
.

Ease of inserling/updaling/dclcling one or more records without disrupting the speed
of accessing record

Efficient storage of records
Using redundancy to ensure data integrity

1. Sequential Organization I
A sequentially organized file stores the records in the order in which they u{crc cn{um A
Sequential files can be read only sequentially, starting with the first record in the file.

5 2 1 ve oollect ecords in
Sequential file organization is the most basic way to organize a large collection of record
afile

Beginning____eccorae
of file

Record 1

Record i

Record i+1

Record n-2
End of file —>| Record n-1

Figure Sequential file organization

tures ?
= Records are written in the order in which they are entered
5 <
e Records are read and written sequentially
Deletion or updation of one or more records calls for replacing the original file with a
5 .
new file that contains the desired changes
« Records have the same size and the same field format
« Records are sorted on a key value
« Generally used for report generation or sequential reading
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Advantages
= Simple and easy to Handle
* No extra overheads involved
« Sequential files can be stored on magnetic disks as well as magnetic tapes
=  Well suited for batch— oriented applications

Disadvantages
« Records can be read only sequentially. If i record has to be read, then all the i-1
records must be read
« Does not support update operation. A new file has to be created and the original file
has to be replaced with the new file that contains the desired changes
e Cannot be used for interactive applications

2. Relative File Organization
Figure shows a schematic representation of a relative file which has been allocated space to

store 100 records

Relative record | Records stored

number in memory
0 Record 0
1 Record 1
[ 2 FREE
! 3 FREE
| 4 ecord 4

Record 99

{ Figure Relative file organization

If the records are of fixed length and we know the base address of the file and the length of
the record. then any record i can be accessed using the following formula:

Address of i record = base_address + (i-1) * record_length

the base address of a file is 1000 and each record occupies 20 bytes, then the

] Consider 2

| the 5th record can be given as:

' addross of 1000 + (5-1) * 20
=1000 + 80
=1080

A R bl S At S
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Features

*  Provigeg an eff,

Cetive way to ace
The record gy,
file

mber reprege

% €85 individua) records

45 the location of the record relative to the beginning of the

Records ip arelative file
Relative files can be use;

Every location in the ta

are of fixed Jength
d for both random, as well as sequential access
ble cither stores 4 record or is marked as FREE
Advantages

¢ Ease of processing
If the relative record number of
record can be accessed instantan

i the record that has to be accessed is knows, then the
eously

Random access of records makes access to relative files fast

Allows deletions and updations in the same file

Provides random as well as sequential access of records with low overhead

New records can be easily added in the frec locations based on the relative record
number of the record to be inserted

*  Well suited for interactive applications

Disadvantages ‘
» Usc of relative files is restricted to disk devices
® Records can be of fixed length only 4
¢ For random access of records, the relative record number must be known in advance

tial File Organization
. Indexed Sequen Org; ol ;
ih?;ndcx sequential file organization can be visualized as shown in figure

Record | Address of

rumber | the Rocord

1 765

2
BT

_‘_;—_ NULL \m
e | Nk
W N
b e R Y
NULL

Figure Indexed sequential file organization
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Secondary Index
An index whos
0se search key specifies 2
L es an orde) erent fi e Ay s i 7
called as the secondary index er different from the sequential order of the file is
Example: If th X g
indexpgccond:r rc‘uijr'd of a student is searched by his name, then the name is a secondary
keys ary indices are used to improve the performance of queries on non-primary

2. Dense and Sparse Indices

Dense index
« Inadense index, the index table stores the address of every record in the file.
o Dense index would be more efficient to use than a sparse index if it fits in the memory
« By looking at the dense index, it can be concluded directly whether the record exists in
the file or not.

Sparse index
e Ina sparse index, the index table stores the address of only some of the records in the

file.

e Sparse indices are casy 10 fit in the main memory,

o In a sparse index, to locate a record, first find an entry in the index table with the
Jargest search key valuc that is either less than or equal to the search key value of the
desired record. Then, start at that record pointed to by that entry in the index table and
then proceed searching the record using the sequential pointers in the file, until the

desired record is obtained.

Example: If we need to access record number 40, then record number 30 is the largest key
value that is less than 40. So jump to the record pointed by record number 30 and move along
the sequential pointer to reach record number 40.

Below figure shows a dense index and a sparse index for an indexed sequential file.

Pointer to |  [Record -
Regord nexlnr;w number P‘r’mw Record "OW
T e | next record
1> Record 10 —> 10 s I e
[ Record20 — L = Record 20
t—{ Record 30 ~ 60 | R i 50
—>{ Record 40 IS
| Record 50 — | Record 40 |
4 | Record 50 |
1> Record 60 e
(a) Dense index —_—
(b) Sparse index

Figure Dense index and sparse index
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3. Cvlinder Surface Indexing

Cylinder surface indexing is a very simple technique use!
sequentially ordered file.
The index file will contain two fields—cy!

Th?re are multiple cylinders, and each cylinder has multiple sur’
cylinders for storage then the cylinder index will contain m entries.

d only for the primary key index ofa

ral surface indices.

linder index and seve
faces. If the file needs m

Multiple

cylinder

and logical organization of disk

Figure Physical

o be searched, then the following steps are

When a record with a particular key value has t

performed:
o First the cylinder index of the file is read into me
d to determin

Second, the cylinder in
record. For this, either the binary search technique can
he starting of individual ke

can be made to store an array of pointers 10 l
either case the search will take 0 (log m) time.
ylinder is determined.

« After the cylinder index is searched, appropriate C.
« Depending on the cylinder, the surface index corresponding to the ¢

retrieved from the disk.

Since the number of surfaces on a
determine surface index of the record.
Once the cylinder and the surface are determined, the corresponding track is read and
searched for the record with the desired key-

mory.
¢ which cylinder hol
be used or the cylinder index
y values. In

ds the desired

. dex is searche:

ylinder is then

disk is very small, linear search can be used to

of disk accesses is three—first, for accessing the cylinder index,
hird for getting the track address.

the total number
urface index, and t

Hence,
g the §

second for accessin,

:
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i © peferences to docur

A Mkt oy o) Indligy

Comalidey VOrY lnrge filey
ndexing OIS Wiy
Below figure

UETH

I the fgiire, (e iy fide
fables are parse Index bl

that gy VORI i
Altiee
Ahowa loval

Mions oF vooords, For such Mos, o simple
sl SHBAtON, W wse mulii-level indioes
Wil Indexing, Thiee lovel tndexing and 5o, can also be

Ntable stopey PO (0 (hiee iner index @bles, The nner index
SAE T e store DOIters o the yecords

Reoord | Pojntar o

number oo
» 10 B
20
60
Racond | Pointer ko Reoord | Polnter to
| Bumbar racord umbar Taond
ST | w260 . Redoida

260 176
9 5 200

 Ragord | Pointer to
umber recond
ATH mf
) L

» 600 SISy LT

Flgure Multi-lval indioas

o

o Inverted files are used fn document retrieval .\'y.\‘l(‘ln\?‘ for large I(‘Mll:.ll databases. ;
o An inverted file reorganizes the slruc(um.nf an existing data |'““. inorder (o provide
fst necess (o all records having one field falling within |I\.c sc(llunus.
When a term or keyword specified in the inverted file is identified, the record number
A st of records corresponding to the search eriteria are ereated,
geiecs 1, an inverted file containg an inverted list that stores a list of pointers
e Joreach lwywo‘l\-‘ £ (hat term in the main text, Therefore, given a keyword, the
to all oceurrences O uments containing that keyword ean easily be located.

addresses of' all the doc

jants of inverted indices;
1 Iev.ol ;E%ggjlcd indox (inverted file index or inverted file) stores a list of
A records

references {o documents for ach word

o documents for eac

el i ( verted index or inverted list) in additi Ste
o A word-leve inverted dex (Ml in )

ments for each word also contains the positions of each word within

a document.
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It is impractical o maintain the entire database in the memory, henee B-trees are used (o
index the data in order (o provide fast access.
B-trees are used for its data retrieval speed, case of maintenance,

and simplicity.

«(A-1)
(3= R)-
G-z 1 :
(A-06) Lo ey )
G M-0)
(CED3 PRy,
S| [[Gooi "] [dames | [Verey | [Parut | [“8imi |
Emiy | | Honoy | [kim | [Narosh | | Quinn | | Tod :’"' "u’z‘"
Rusty Umesh s Zublr

Frod Indor | [Lerleen

~[» Dorsy-addroas - —»'] -
e Emily-addross ~(-= ~ o
> Frod-addross >J rocords

Flgure D-troo Indox

It forms a tree structure with the root at the top. The index consists of a B-tree
ructure based on the values of the indexed column,

and the B-tree is created using all the

.
(balanced tree) st
In this example, the indexed column is name
existing names that are the values of the indexed column.

The upper blocks of the tree contain index data pointing to the next lower block, thus
erarchical structure. The lowest level blocks, also known as leaf’ blocks,

forming a hi
contain pointers to the data rows stored in the table.

ce structure has the following advantay
Since the leaf nodes of a B-tree are at the same depth, retrieval of any record from
anywhere in the index takes approximately the same time.

B-trees improve the performance of a wide range of queries that either searches a
value having an exact match or for a value within specified range,

B-trees provide fast and efficient algorithms to insert, update, and delete records tha
maintain the key order. s that
B-trees perform well for small as well as large tables. Their performance doy

degrade as the size of a table grows. €s not
B-trees optimize costly disk access.
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2. Hashed Indices

Hashing is used to co,
value.

mpute the z > "
pute the address of 4 record by using a hash function on the search key

The hashed valye.
values map to the same addr g

these collisions are then collision occurs and schemes 10 FE5

applied to generate a new address

Choosing a
00d hash function is critj i
g n is critical (o the success of this tee ¢, By a good hash
B ton o rcan s e {0 the success of this technique, By 4 g
1. Fir sh function, i i i
- st, a good hash function, irrespective of the number of search keys, gives an
T erage-case lookup that is a small constant.
3 e}::ond, the fun?uon distributes records uniformly and randomly among the buckets,
where a bucket is defined as a unit of one or more records

The worst hash function is one that maps all the keys to the same buckel

The drawback of using hashed indices includes:
o Though the number of buckets is fixed, the number 0!
o If the number of buckets is oo large, storage space is wasted.
o Ifthe number of buckets is too small, there may be too many collisions.

f files may grow with time.

The following operations are performed in a hashed file organization.

1. Insertion
To insert a record that ha

address of the bucket for that record.
If the bucket is free, store the record else use chaining to store the record.

s k; as its search value, use the hash function h(k;) to compute the

2. Search
To search a record having the key value ki, use h(ki) to compute the address of the bucket

where the record is stored.
The bucket may contain one or several records, so check for every record in the bucket to

retrieve the desired record with the given key value.

3. Deletion
To delete a record with key value ki, use h(ki) to compute the address of the bucket where the
record is stored. The bucket may contain one or several records so check for every record in
then delete the record.

the bucket, and
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