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Sizes
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Name Size

Byte 8 bits

Kilobyte 1024 bytes

Megabyte 1024 kilobytes

Gigabyte 1024 megabytes

Terabyte 1024 gigabytes

Petabyte 1024 terabytes

Exabyte 1024 petabytes

Zettabyte 1024 exabytes

Yottabyte 1024 zettabytes



Recap

Challenges



Recap
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Data Storage

STaaS

Data Processing

CPU Performance GPU Performance SuperComputers



Cloud Computing
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So, we have the cloud. But, how to store 
and retrieve data? How to process jobs?
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What is an operating system?

Yarn is now the Apache Hadoop Operating System

Apache Hadoop

Open source platform for reliable, scalable,  distributed processing of 
large data sets, built on clusters of commodity computers.

https://www.youtube.com/watch?v=RGa5WZR0j-I


Agenda

• File Systems
• Introduction

• File and Folders – How are they stored?

• Windows/Unix/Miscellaneous File Systems

• File Allocation Methods

• Free Space Management

• Compression

• Distributed File System
• Hadoop Distributed File System (HDFS)



File System
How to store and retrieve files?
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Disk Partitioning



Formatting
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File 
Allocation 

Table



Files and Folders

• An operating system interface to storage media.



File

• A Central Object of a File System 

• Made of Header and Content

93Source: Distributed Systems: Concepts and Design



Unix/Linux File System

• Everything is a file!
• CD/DVD, USB, …

• Hierarchical
• / (root) is the top level element

• Accessed through commands 
• cat, cd, cp, mkdir, ls, rmdir, …
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inodes (in linux) 

95

inode for \
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inode for \usr\file1
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Inodes

• Every file has an inode number
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Hardlinks

• Two filenames for the same file.

• Both the names are mapped to same inode
number.

97softlinks are just paths to file. 



File Permissions
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File Allocation Methods
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How would you like it if we 
contiguously write blocks to disk?

Data stored in blocks but need not be in contiguous blocks. 



File Allocation Methods
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Linked File Allocation

Each file is a linked list of disk blocks



File Allocation Methods
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Indexed Allocation

Each file has an index block that stores array of block addresses.

File Index Block Address

cmi.txt 2020: Index 

1

4

5

6

9



Free Space Management

• Bitmap approach

• Assume disk size = 1 Terabyte, block size = 4 KB. How 
much space will we need to store the free space 
bitmap?
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0 0

free blocks



Free Space Management

• Bitmap approach

• Assume disk size = 1 Terabyte, block size = 4 KB. How 
much space will we need to store the free space 
bitmap?
• 1 TB / 4 KB = 240/212 = 228 = 32 MB.
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0 0

free blocks



Free Space Management

• Free-list approach

104Source: OS Concepts – 9th Edition. Silberschatz, Galvin and Gagne



Windows File Systems

• CDFS
• CD ROM File System: ISO 9660-compliant standard.
• Directory/File names shorter than 32 characters, with max 

depth of 8 levels!

• UDF (Universal Data Format)
• created primarily for DVD
• ISO 13346-compliant 

• FAT (File Allocation Table) File System
• Used in DOS and Win 9x.
• Serious restrictions on file size, filename length, etc.

• NTFS (Native FS for Windows)
• Windows 10 uses NTFS!

105



106

Criteria NTFS5 NTFS exFAT FAT32 FAT16 FAT12

Max 
Volume 

Size

2 ^ 64 
clusters – 1 

cluster

2 ^ 32 clusters 
– 1 cluster

128PB 32GB 2GB 16MB

Max Files 
on 

Volume
2 ^ 32 -1 2 ^ 32 -1

Nearly 
Unlimited

4194304 65536

Max File 
Size

2 ^ 64 
bytes

2 ^ 44 bytes 16EB
4GB 

minus 2 
Bytes

2GB 16MB 

Max 
Clusters 
Number

2 ^ 64 
clusters – 1 

cluster

2 ^ 32 clusters 
– 1 cluster

42949672
95

4177918 65520 4080

Max File 
Name 
Length

Up to 255 Up to 255 Up to 255 Up to 255 8.3
Up to 
254

http://www.ntfs.com/ntfs_vs_fat.htm

http://www.ntfs.com/ntfs_vs_fat.htm


Compression

• Why compress while storage and retrieval?

107



Compression

• Why compress while storage and retrieval?
• To narrow the gap between computation and I/O

• Usually computation power is much higher, I/O speed is 
too low.
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The Complex World of File 
Systems
• Defragmentation

• Partitioning

• Compression

• Sharing and Permissions

• Naming Convention

• File Allocation and Free Space Management

• Multiple users and multiple storage media

• …
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The Complex World of File 
Systems
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High Seek 
TimeHigh Data 
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& data privacy
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Sharing

Space 
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Summary
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File systems are key to handling data.

Variety of FS 
exist

NTFS, FAT, DOS, 
CDFS, NFS, …


