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FILE SYSTEM STRUCTURE

File System provide efficient access to the disk by allowing data to be stored, located
and retrieved in a convenient way. A file System must be able to store the file, locate
the file and retrieve the file.

Most of the Operating Systems use layering approach for every task including file
systems. Every layer of the file system is responsible for some activities.

The image shown below, elaborates how the file system is divided in different layers,
and also the functionality of each layer.
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o When an application program asks for a file, the first request is directed to the
logical file system. The logical file system contains the Meta data of the file
and directory structure. If the application program doesn't have the required
permissions of the file then this layer will throw an error. Logical file systems
also verify the path to the file.

o Generally, files are divided into various logical blocks. Files are to be stored in
the hard disk and to be retrieved from the hard disk. Hard disk is divided into
various tracks and sectors. Therefore, in order to store and retrieve the files,
the logical blocks need to be mapped to physical blocks. This mapping is
done by File organization module. It is also responsible for free space
management.

o Once File organization module decided which physical block the application
program needs, it passes this information to basic file system. The basic file
system is responsible for issuing the commands to I/0 control in order to
fetch those blocks.

o 1/0 controls contain the codes by using which it can access hard disk. These
codes are known as device drivers. I/0 controls are also responsible for
handling interrupts.

MASTER BOOT RECORD (MBR)

Master boot record is the information present in the first sector of any hard disk. It
contains the information regarding how and where the Operating system is located
in the hard disk so that it can be booted in the RAM.

MBR is sometimes called master partition table because it includes a partition table
which locates every partition in the hard disk.

Master boot record (MBR) also includes a program which reads the boot sector
record of the partition that contains operating system.
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Due to the fact that the main memory is volatile, when we turn on our computer, CPU
cannot access the main memory directly. However, there is a special program called
as BIOS stored in ROM is accessed for the first time by the CPU.

BIOS contains the code, by executing which, the CPU access the very first partition of
hard disk that is MBR. It contains a partition table for all the partitions of the hard
disk.

Since, MBR contains the information about where the operating system is being
stored and it also contains a program which can read the boot sector record of the
partition, hence the CPU fetches all this information and load the operating system
into the main memory.

ON DISK DATA STRUCTURES

There are various on disk data structures that are used to implement a file system.
This structure may vary depending upon the operating system.

1. Boot Control Block

N Boot Control Block contains all the information which is needed to boot an
operating system from that volume. It is called boot block in UNIX file system.
In NTFS, it is called the partition boot sector.

2. Volume Control Block

Volume control block all the information regarding that volume such as
number of blocks, size of each block, partition table, pointers to free blocks
and free FCB blocks. In UNIX file system, it is known as super block. In NTFS,
this information is stored inside master file table.
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3. Directory Structure (per file system)

A directory structure (per file system) contains file names and pointers to
corresponding FCBs. In UNIX, it includes inode numbers associated to file

names.

4. File Control Block

File Control block contains all the details about the file such as ownership
details, permission details, file size,etc. In UFS, this detail is stored in inode. In
NTFS, this information is stored inside master file table as a relational
database structure. A typical file control block is shown in the image below.

File Permissions

File Dates (Create,
Access, Write )

File Owner, Group,
ACL

File Size

File Data Blocks

File Control Block

In Memory Data Structure

Till now, we have discussed the data structures that are required to be present on
the hard disk in order to implement file systems. Here, we will discuss the data
structures required to be present in memory in order to implement the file system.

The in-memory data structures are used for file system management as well as

performance improvement via caching. This information is loaded on the mount time
and discarded on ejection.
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1. In-memory Mount Table
In-memory mount table contains the list of all the devices which are being

mounted to the system. Whenever the connection is maintained to a device,
its entry will be done in the mount table.

2. In-memory Directory structure cache
This is the list of directory which is recently accessed by the CPU. The

directories present in the list can also be accessed in the near future so it will
be better to store them temporally in cache.

3. System-wide open file table

This is the list of all the open files in the system at a particular time. Whenever
the user open any file for reading or writing, the entry will be made in this open
file table.

4. Per process Open file table

It is the list of open files subjected to every process. Since there is already a
list which is there for every open file in the system thereforelt only contains
Pointers to the appropriate entry in the system wide table.
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