A file is a named collection of related information that is recorded on secondary storage such as
magnetic disks, magnetic tapes and optical disks. In general, a file is a sequence of bits, bytes,
lines or records.

File Structure

A File Structure should be according to a required format that the operating system can
understand.

A file has a certain defined structure according to its type.
A text file is a sequence of characters organized into lines.
A source file is a sequence of procedures and functions.

An object file is a sequence of bytes organized into blocks that are understandable by the
machine.

When operating system defines different file structures, it also contains the code to
support these file structure. Unix, MS-DOS support minimum number of file structure.

File Type

File type refers to the ability of the operating system to distinguish different types of file such as
text files source files and binary files etc. Many operating systems support many types of files.
Operating system like MS-DOS and UNIX have the following types of files —

Ordinary files

These are the files that contain user information.
These may have text, databases or executable program.

The user can apply various operations on such files like add, modify, delete or even
remove the entire file.

Directory files

These files contain list of file names and other information related to these files.

Special files

These files are also known as device files.

These files represent physical device like disks, terminals, printers, networks, tape drive
etc.



Attributes of a File

Following are some of the attributes of a file :

e Name . It is the only information which is in human-readable form.

o Identifier. The file is identified by a unique tag(number) within file system.

e Type. It is needed for systems that support different types of files.

o Location. Pointer to file location on device.

e Size. The current size of the file.

e Protection. This controls and assigns the power of reading, writing, executing.

o Time, date, and user identification. This is the data for protection, security, and usage

monitoring.

Operations on files
There are six basic file operations within an Operating system. These are:

Creating a file: There are two steps necessary for creating a file. First, space in the file system
must be found for the file. We discuss how to allocate space for the file. Second, an entry for
the new file must be made in the directory.

Writing a file: To write to a file, you make a system call specify about both the name of the
file along with the information to be written to the file.

Reading a file: To read from a file, you use a system call which specifies the name of the file
and where within memory the next block of the file should be placed.

Repositioning inside a file: The directory is then searched for the suitable entry, and the
‘current-file-position’ pointer is relocating to a given value. Relocating within a file need not
require any actual 1/0. This file operation is also termed as 'file seek.’

Deleting a file: For deleting a file, you have to search the directory for the specific file.
Deleting that file or directory release all file space so that other files can re-use that space.

Truncating a file: The user may wish for erasing the contents of a file but keep the attributes
same. Rather than deleting the file and then recreate it, this utility allows all attributes to remain
unchanged — except the file length — and let the user add or edit the file content.

File Access Method

When a file is used, information is read and accessed into computer memory and there are
several ways to access this information of the file. Some systems provide only one access
method for files. Other systems, such as those of IBM, support many access methods, and
choosing the right one for a particular application is a major design problem.

There are three ways to access a file into a computer system: Sequential-Access, Direct Access,
Index sequential Method.



1. Sequential Access —
It is the simplest access method. Information in the file is processed in order, one record after
the other. This mode of access is by far the most common;

For example, compiler usually access the file in sequential fashion.

Read and write make up the bulk of the operation on a file.

A read operation read next- read the next position of the file and automatically advance a file
pointer, which keeps track 1/0 location. Similarly, for the write operation write next append
to the end of the file and advance to the newly written material.

2. Direct Access —
Another method is direct access method also known as relative access method. A filed-length
logical record that allows the program to read and write record rapidly in no particular order.

For direct access, the file is viewed as a numbered sequence of block or record. Thus, we may
read block 14 then block 59 and then we can write block 17. There is no restriction on the
order of reading and writing for a direct access file.

A block number provided by the user to the operating system is normally a relative block
number, the first relative block of the file is 0 and then 1 and so on.

3. Index sequential method —
It is the other method of accessing a file which is built on the top of the sequential access
method. These methods construct an index for the file.

The index, like an index in the back of a book, contains the pointer to the various blocks. To
find a record in the file, we first search the index and then by the help of pointer we access
the file directly.

Directory Structure

A directory is a container that is used to contain folders and file. It organizes files and folders
into a hierarchical manner.
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There are several logical structures of a directory, these are given below.

1. Single-level directory —

Single level directory is simplest directory structure. In it all files are contained in same

directory which make it easy to support and understand.

A single level directory has a significant limitation, however, when the number of files
increases or when the system has more than one user. Since all the files are in the same

directory, they must have the unique name .
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e Since it is a single directory, so its implementation is very easy.
o Ifthe files are smaller in size, searching will become faster.
e The operations like file creation, searching, deletion, updating are very easy in such a

directory structure.
Disadvantages:

e There may chance of name collision because two files can not have the same name.
e Searching will become time taking if the directory is large.

e Inthis can not group the same type of files together.




2. Two-level directory —
As we have seen, a single level directory often leads to confusion of files names among
different users. the solution to this problem is to create a separate directory for each user.
In the two-level directory structure, each user has there own user files directory (UFD). The
UFDs has similar structures, but each lists only the files of a single user. system’s master
file directory (MFD) is searches whenever a new user id=s logged in. The MFD is indexed
by username or account number, and each entry points to the UFD for that user.
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Advantages:

e We can give full path like /User-name/directory-name/.

o Different users can have same directory as well as file name.

o Searching of files become more easy due to path name and user-grouping.

Disadvantages:

e A user is not allowed to share files with other users.

« Still it not very scalable, two files of the same type cannot be grouped together in the
same user.

3. Tree-structured directory —
Once we have seen a two-level directory as a tree of height 2, the natural generalization is
to extend the directory structure to a tree of arbitrary height.
This generalization allows the user to create there own subdirectories and to organize on
their files accordingly.
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A tree structure is the most common directory structure. The tree has a root directory, and
every file in the system have a unique path.

Advantages:
e Very generalize, since full path name can be given.

e Very scalable, the probability of name collision is less.

e Searching becomes very easy, we can use both absolute path as well as relative.

Disadvantages:

o Every file does not fit into the hierarchical model, files may be saved into multiple
directories.

e We can not share files.

o ltis inefficient, because accessing a file may go under multiple directories.

File Allocation Methods
The allocation methods define how the files are stored in the disk blocks. There are three main

disk space or file allocation methods.

o Contiguous Allocation

o Linked Allocation

e Indexed Allocation

The main idea behind these methods is to provide:



» Efficient disk space utilization.
o Fast access to the file blocks.
All the three methods have their own advantages and disadvantages as discussed below:

1. Contiguous Allocation

In this scheme, each file occupies a contiguous set of blocks on the disk. For example, if a file
requires n blocks and is given a block b as the starting location, then the blocks assigned to the
file will be: b, b+1, b+2,......b+n-1. This means that given the starting block address and the
length of the file (in terms of blocks required), we can determine the blocks occupied by the
file.

The directory entry for a file with contiguous allocation contains

e Address of starting block

e Length of the allocated portion.

The file ‘mail’ in the following figure starts from the block 19 with length = 6 blocks.
Therefore, it occupies 19, 20, 21, 22, 23, 24 blocks.

Directory
file start length
count 0 2
tr 14 3
mail 19 6
list 28 4
f 6 2

Advantages:

e Both the Sequential and Direct Accesses are supported by this. For direct access, the
address of the kth block of the file which starts at block b can easily be obtained as (b+Kk).

e This is extremely fast since the number of seeks are minimal because of contiguous
allocation of file blocks.

Disadvantages:

e This method suffers from both internal and external fragmentation. This makes it inefficient
in terms of memory utilization.

e Increasing file size is difficult because it depends on the availability of contiguous memory
at a particular instance.


https://media.geeksforgeeks.org/wp-content/uploads/Contiguous-Allocation.jpg

2. Linked List Allocation

In this scheme, each file is a linked list of disk blocks which need not be contiguous. The disk

blocks can be scattered anywhere on the disk.

The directory entry contains a pointer to the starting and the ending file block. Each block

contains a pointer to the next block occupied by the file.

The file jeep’ in following image shows how the blocks are randomly distributed. The last

block (25) contains -1 indicating a null pointer and does not point to any other block.
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Advantages:

e This is very flexible in terms of file size. File size can be increased easily since the system
does not have to look for a contiguous chunk of memory.

e This method does not suffer from external fragmentation. This makes it relatively better in
terms of memory utilization.

Disadvantages:

o Because the file blocks are distributed randomly on the disk, a large number of seeks are
needed to access every block individually. This makes linked allocation slower.

e It does not support random or direct access. We can not directly access the blocks of a file.
A block k of a file can be accessed by traversing k blocks sequentially (sequential access )
from the starting block of the file via block pointers.

o Pointers required in the linked allocation incur some extra overhead.

3. Indexed Allocation

In this scheme, a special block known as the Index block contains the pointers to all the blocks

occupied by a file. Each file has its own index block. The ith entry in the index block contains

the disk address of the ith file block. The directory entry contains the address of the index
block as shown in the image:
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Advantages:

e This supports direct access to the blocks occupied by the file and therefore provides fast
access to the file blocks.

e It overcomes the problem of external fragmentation.

Disadvantages:

e The pointer overhead for indexed allocation is greater than linked allocation.

o For very small files, say files that expand only 2-3 blocks, the indexed allocation would
keep one entire block (index block) for the pointers which is inefficient in terms of memory
utilization. However, in linked allocation we lose the space of only 1 pointer per block.

Free space management in Operating System

The system keeps tracks of the free disk blocks for allocating space to files when they are
created. Also, to reuse the space released from deleting the files, free space management
becomes crucial. The system maintains a free space list which keeps track of the disk blocks
that are not allocated to some file or directory. The free space list can be implemented mainly

as:

1. Bitmap or Bit vector —
A Bitmap or Bit Vector is series or collection of bits where each bit corresponds to a disk

block. The bit can take two values: 0 and 1: 0 indicates that the block is allocated and 1
indicates a free block.

The given instance of disk blocks on the disk in Figure 1 (where green blocks are allocated)
can be represented by a bitmap of 16 bits as: 0000111000000110.
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Advantages —

e Simple to understand.

o Finding the first free block is efficient. It requires scanning the words (a group of 8 hits)
in a bitmap for a non-zero word. (A 0-valued word has all bits 0). The first free block is
then found by scanning for the first 1 bit in the non-zero word.

The block number can be calculated as:
(number of bits per word) *(number of 0-values words) + offset of bit first bit 1 in the non-
zero word .

For the Figure-1, we scan the bitmap sequentially for the first non-zero word.

The first group of 8 bits (00001110) constitute a non-zero word since all bits are not 0. After
the non-0 word is found, we look for the first 1 bit. This is the 5th bit of the non-zero word. So,
offset = 5.

Therefore, the first free block number = 8*0+5 = 5.

2. Linked List —

In this approach, the free disk blocks are linked together i.e. a free block contains a pointer to
the next free block. The block number of the very first disk block is stored at a separate
location on disk and is also cached in memory.
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In Figure-2, the free space list head points to Block 5 which points to Block 6, the next free
block and so on. The last free block would contain a null pointer indicating the end of free
list.

A drawback of this method is the 1/0 required for free space list traversal.

3. Grouping —

This approach stores the address of the free blocks in the first free block. The first free block
stores the address of some, say n free blocks. Out of these n blocks, the first n-1 blocks are
actually free and the last block contains the address of next free n blocks.

An advantage of this approach is that the addresses of a group of free disk blocks can be found
easily.

4. Counting —
This approach stores the address of the first free disk block and a number n of free contiguous
disk blocks that follow the first block.
Every entry in the list would contain:
e Address of first free disk block
e Anumbern

Disk Management-Disk Structure
Secondary storage devices are those devices whose memory is non volatile, meaning, the
stored data will be intact even if the system is turned off.

e Secondary storage is also called auxiliary storage.
e Secondary storage is less expensive when compared to primary memory like RAMSs.
e The speed of the secondary storage is also lesser than that of primary storage.



e Hence, the data which is less frequently accessed is kept in the secondary storage.
e A few examples are magnetic disks, magnetic tapes, removable drives.

Magnetic Disk Structure

In modern computers, most of the secondary storage is in the form of magnetic disks. Hence,
knowing the structure of a magnetic disk is necessary to understand how the data in the disk is
accessed by the computer.
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Structure of a magnetic disk

A magnetic disk contains several platters. Each platter is divided into circular shaped tracks.
The length of the tracks near the centre is less than the length of the tracks farther from the
centre. Each track is further divided into sectors, as shown in the figure.

Tracks of the same distance from centre form a cylinder. A read-write head is used to read data
from a sector of the magnetic disk.

Some of the terms related to disk management are:

Transfer rate: This is the rate at which the data moves from disk to the computer.
Random access time: It is the sum of the seek time and rotational latency.

Seek time is the time taken by the arm to move to the required track.

Rotational latency is defined as the time taken by the arm to reach the required sector in the
track.



Transfer Time is the time taken to transfer the data.

Disk Access Time is given as,

Disk Access Time = Rotational Latency + Seek Time + Transfer Time

Disk Response Time is the average of time spent by each request waiting for the 1/0
operation.

The main purpose of disk scheduling algorithm is to select a disk request from the queue of 1/0
requests and decide the schedule when this request will be processed.

The list of various disks scheduling algorithms are:
o FCFS scheduling algorithm
o SSTF (shortest seek time first) algorithm
o SCAN scheduling
o C-SCAN scheduling
o LOOK Scheduling
o C-LOOK scheduling

FCFS scheduling algorithm

FCFS is the simplest of all the Disk Scheduling Algorithms. In FCFS, the requests are
addressed in the order they arrive in the disk queue.

1. Consider a disk queue with requests for 1/0 to blocks on cylinders 98, 183, 41, 122, 14, 124,
65, 67. The head is initially at cylinder number 53. The cylinders are numbered from 0 to 199.
What is the total head movement incurred while servicing these requests.



Total head movements incurred while servicing these requests

= (98 — 53) + (183 — 98) + (183 — 41) + (122 — 41) + (122 — 14) + (124 — 14) + (124 — 65) + (67
~ 65)

=45+85+142+81 +108 + 110 +59 + 2
=632

2.Suppose the order of request is- (82,170,43,140,24,16,190)
And current position of Read/Write head is : 50
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So, total seek time:
=(82-50)+(170-82)+(170-43)+(140-43)+(140-24)+(24-16)+(190-16)
=642

3. Consider the following disk request sequence for a disk with 100 tracks 45, 21, 67, 90, 4, 50,
89, 52, 61, 87, 25.Head pointer starting at 50.

4. Consider the following disk request sequence for a disk with 200 tracks 23, 89, 132, 42, 187.
The disk head starts at 100.

total time is estimated by total arm motion
1100 —23 |+ 23— 80| |80 - 132 |+ | 23— 132 | + | 132 — 42| 4 |42 187 |= 77 + 66 +434 90-

5. A disk system has 100 cylinders, numbered 0 to 99. Assume that the read / write head is at
cylinder 50. 40, 12, 22, 66, 67, 33, 80, 75, 85, 65, 8

Advantages:

e Every request gets a fair chance
e No indefinite postponement
Disadvantages:

e Does not try to optimize seek time
e May not provide the best possible service

SSTF (Shortest Seek Time First)

In SSTF (Shortest Seek Time First), requests having shortest seek time are executed first. So,
the seek time of every request is calculated in advance in the queue and then they are
scheduled according to their calculated seek time. As a result, the request near the disk arm
will get executed first. SSTF is certainly an improvement over FCFS as it decreases the
average response time and increases the throughput of system.

Consider a disk queue with requests for 1/0 to blocks on cylinders 98, 183, 41, 122, 14, 124,
65, 67. The SSTF scheduling algorithm is used. The head is initially at cylinder number 53



Total head movements incurred while servicing these requests

= (65 — 53) + (67 — 65) + (67 — 41) + (41 — 14) + (98 — 14) + (122 — 98) + (124 — 122) + (183 —
124)

=12+2+26+27+84+24+2+59
=236

SCAN Algorithm:

In SCAN algorithm the disk arm moves into a particular direction and services the requests
coming in its path and after reaching the end of disk, it reverses its direction and again services
the request arriving in its path. So, this algorithm works as an elevator and hence also known as
elevator algorithm.

Suppose the requests to be addressed are-82,170,43,140,24,16,190. And the Read/Write arm is
at 50 and it is also given that the disk arm should move “towards the larger value”..
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Suppose the requests to be addressed are 98, 137, 122, 183, 14, 133, 65, 78
Head pointer starting at 54 and moving in left direction.

scheduling.
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Number of Cylinders =40 + 14 + 65 + 13+ 20 + 24 + 11 + 4 + 46 = 237

4. CSCAN: In SCAN algorithm, the disk arm again scans the path that has been scanned, after
reversing its direction. So, it may be possible that too many requests are waiting at the other
end or there may be zero or few requests pending at the scanned area.

These situations are avoided in CSCAN algorithm in which the disk arm instead of reversing its
direction goes to the other end of the disk and starts servicing the requests from there. So, the
disk arm moves in a circular fashion and this algorithm is also similar to SCAN algorithm and
hence it is known as C-SCAN (Circular SCAN).

Consider the following disk request sequence for a disk with 100 tracks

98, 137, 122, 183, 14, 133, 65, 78

Head pointer starting at 54 and moving in left direction. Find the number of head movements in
cylinders using C-SCAN scheduling.
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No. of cylinders crossed =40 + 14 + 199 + 16 + 46 + 4 + 11 + 24 + 20 + 13 = 387



Example:

Suppose the requests to be addressed are-82,170,43,140,24,16,190. And the Read/Write arm is
at 50, and it is also given that the disk arm should move “towards the larger value”.

0 16 24 43 50 82 100
-

A

Seek time is calculated as:

=(199-50)+(199-0)+(43-0)
=391

142150 170 190 199

o

LOOK: It is similar to the SCAN disk scheduling algorithm except for the difference that the
disk arm in spite of going to the end of the disk goes only to the last request to be serviced in
front of the head and then reverses its direction from there only. Thus it prevents the extra delay
which occurred due to unnecessary traversal to the end of the disk.



Example:
Suppose the requests to be addressed are-82,170,43,140,24,16,190. And the Read/Write arm is
at 50, and it is also given that the disk arm should move “towards the larger value”.

0 16 24 43 50 82 100 142150 170 190 199
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So, the seek time is calculated as:

=(190-50)+(190-16)
=314

Consider the following disk request sequence for a disk with 100 tracks
98, 137, 122, 183, 14, 133, 65, 78

Head pointer starting at 54 and moving in left direction. Find the number of head movements in
cylinders using LOOK scheduling.
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0 14 54 65 78 98 122 133 137 183 199

Number of cylinders crossed = 40 + 51 + 13+ +20 + 24 + 11 + 4 + 46 = 209

e« Work Queue: 23, 89, 132, 42, 187
o there are 200 cylinders numbered from 0 - 199
o the diskhead stars at number 100

CLOOK: As LOOK is similar to SCAN algorithm, in similar way, CLOOK is similar to
CSCAN disk scheduling algorithm. In CLOOK, the disk arm in spite of going to the end goes
only to the last request to be serviced in front of the head and then from there goes to the other
end’s last request. Thus, it also prevents the extra delay which occurred due to unnecessary
traversal to the end of the disk.



Example:
Suppose the requests to be addressed are-82,170,43,140,24,16,190. And the Read/Write arm is
at 50, and it is also given that the disk arm should move “towards the larger value”

0 16 24 43 50 82 100 142150 170 190 199
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So, the seek time is calculated as:

=(190-50)+(190-16)+(43-16)
=341

Consider the following disk request sequence for a disk with 100 tracks
98, 137, 122, 183, 14, 133, 65, 78

Head pointer starting at 54 and moving in left direction. Find the number of head movements in
cylinders using C LOOK scheduling.
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0 14 54 65 78 98 122 133 137 183 199

Number of cylinders crossed =11 +13+20+ 24+ 11 + 4 + 46 + 169 =298
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