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Disk File Systems

© Volume

• a partition that contains a file system
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Disk File Systems cont.

© Boot Block

• contains information needed to boot an OS

located on the volume (should one exist)

© Superblock

• balance sheet for the file system meta-data

© Free Space Map

• a bit-map where each bit is used to indicate

whether a particular ”object” is free or in-use

© I-Node Table

• data structure with entries that hold meta-data

for a particular file

© Data Blocks

• hold file and directory data
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I-Nodes

© I-Node Table

• array of fixed length I-Nodes

© I-Node Number

• index into the I-Node Table
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I-Node Pointer Structure

© https://en.wikipedia.org/wiki/Inode_pointer_structure
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Data Blocks

An I-Node can reference three types of data blocks.

© Data Block Types

• Plain Data

• Directory Data

• Symbolic Link Data
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Plain Data Blocks
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Directory Data Blocks
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Access /home/peter/HelloWorld

• the kernel knows the I-Node number of the root
directory and the current directory (pwd)

• the kernel fetches from I-Node 2, the pointer(s)
to the Data Block(s) for the root directory

• the kernel searches the Data Block(s)
for home and extracts its I-Node number n

• the kernel fetches from I-Node n, the pointer(s)
to the Data Block(s) for the /home directory

• the kernel searches the Data Block(s)
for peter and extracts its I-Node number m

• the kernel fetches from I-Node m, the pointer(s)
to the Data Block(s) for the /home/peter directory

• the kernel searches the Data Block(s)
for HelloWorld and extracts its I-Node number o

• the kernel fetches from I-Node o, the pointer(s)
to the Data Block(s) for the file /home/peter/HelloWorld



✬

✫

✩

✪
10: Computer Science CSCI 251 — Lecture 9

Access /home/peter/HelloWorld

© Root I-Node
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Access /home/peter/HelloWorld cont.

© /home I-Node
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Access /home/peter/HelloWorld cont.

© /home/peter I-Node
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Access /home/peter/HelloWorld cont.

© /home/peter/HelloWorld I-Node
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Debug File System

© Enter Debug Shell (debugfs /dev/sda5)

• debugfs: stat /
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Debug File System cont.

• debugfs: stat /home

−ΡΣΗΙ�������������8]ΤΙ��ΗΜςΙΓΞΣς]����1ΣΗΙ����������∗ΠΕΚΩ���∴�����
+ΙΡΙςΕΞΜΣΡ����������������:ΙςΩΜΣΡ���∴�����������������
9ΩΙς����������+ςΣΨΤ����������4ςΣΝΙΓΞ����������7Μ⊥Ι������
∗ΜΠΙ�%∋0���
0ΜΡΟΩ������&ΠΣΓΟΓΣΨΡΞ���
∗ςΕΚΘΙΡΞ���%ΗΗςΙΩΩ�������2ΨΘΦΙς�������7Μ⊥Ι���
�ΓΞΜΘΙ���∴�ΙΗΙϑ��Ε��Γ�Φ�Ι������1ΣΡ�.ΨΡ�����������������
�ΕΞΜΘΙ���∴������Γ��ΦΕΙ��Ε�Γ����;ΙΗ�∗ΙΦ�����������������
�ΘΞΜΘΙ���∴�ΙΗΙϑ��Ε��Γ�Φ�Ι������1ΣΡ�.ΨΡ�����������������
ΓςΞΜΘΙ���∴�ΙΗΙϑ�Η����Ε���������1ΣΡ�.ΨΡ�����������������
7Μ⊥Ι�Σϑ�Ι∴ΞςΕ�ΜΡΣΗΙ�∅ΙΠΗΩ����
−ΡΣΗΙ�ΓΛΙΓΟΩΨΘ���∴�����ϑΕ�
)<8)287�
��
����������



✬

✫

✩

✪
16: Computer Science CSCI 251 — Lecture 9

Debug File System cont.

• debugfs: stat /home/peter
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Debug File System cont.

• debugfs: stat /home/peter/HelloWorld
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File Contents
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Hard File Links

• two files that share the same I-Node

# Assume ext4 file system on /dev/sda5

# (Root File System)

peter@cobra:~$ echo "Peter Again" > f1

peter@cobra:~$ ln f1 f2

• modifications to f1 are reflected in f2

and vice versa

• remove f1, f2 can still access the data

• files must be in the same file system
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Access /home/peter/f1 And f2

© /home/peter I-Node
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Access /home/peter/f1 And f2 cont.

© /home/peter/f1 and f2 I-Node
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Debug File System

© Enter Debug Shell (debugfs /dev/sda5)

• debugfs: stat /home/peter/f1

−ΡΣΗΙ�������������8]ΤΙ��ςΙΚΨΠΕς����1ΣΗΙ����������∗ΠΕΚΩ���∴�����
+ΙΡΙςΕΞΜΣΡ���������������:ΙςΩΜΣΡ���∴�����������������
9ΩΙς����������+ςΣΨΤ����������4ςΣΝΙΓΞ����������7Μ⊥Ι����
∗ΜΠΙ�%∋0���
0ΜΡΟΩ������&ΠΣΓΟΓΣΨΡΞ���
∗ςΕΚΘΙΡΞ���%ΗΗςΙΩΩ�������2ΨΘΦΙς�������7Μ⊥Ι���
�ΓΞΜΘΙ���∴�������Γ�Ι���Ε�������8ΛΨ�∗ΙΦ�����������������
�ΕΞΜΘΙ���∴��������������Ι������8ΛΨ�∗ΙΦ�����������������
�ΘΞΜΘΙ���∴��������������Ι������8ΛΨ�∗ΙΦ�����������������
ΓςΞΜΘΙ���∴��������������Ι������8ΛΨ�∗ΙΦ�����������������
7Μ⊥Ι�Σϑ�Ι∴ΞςΕ�ΜΡΣΗΙ�∅ΙΠΗΩ����
−ΡΣΗΙ�ΓΛΙΓΟΩΨΘ���∴Ι�������
)<8)287�
��
����������



✬

✫

✩

✪
23: Computer Science CSCI 251 — Lecture 9

Debug File System cont.

• debugfs: stat /home/peter/f2
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File Contents
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Symbolic (Soft) File Links

• a file that contains a pointer to another file

# Assume ext4 file system on /dev/sda5 (Root File System)

# Assume ext3 file system on /dev/sdb2 (Thumb Drive)

peter@cobra:~$ echo "Peter Again Again" > g1

root@cobra:/media/peter/ed06746b-..# ln -s /home/peter/g1 g2

• modifications to g1 are reflected in g2

and vice versa

• remove g1, g2 can NOT access the data

• files may be on different file systems
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Debug File System

© Enter Debug Shell (debugfs /dev/sdb2)

• debugfs: stat g2
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Debug File System cont.

• debugfs: inode_dump <14>
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