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Today
Anna's favorite thing: file systems
Liana's favorite thing: ethics
Final projects !!



File systems





What about the 
HARD DRIVE?



Why file systems are 
the coolest thing you’ll 

ever see
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The hard drive is not byte-addressable

0     1          2           3          4           5          6          7           8          9         2048   2049   2050

... ...

Each sector is 
512 bytes*

* The size of a sector depends on the hardware, but here we’ll assume a sector represents 512 bytes

Ways we can interact 
with the hard drive:

readSector(sectorNum, buf);
writeSector(sectorNum, buf);

 char buf[512];



So how do we store files 
in these sectors?
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What if our file size isn’t a 
perfect multiple of 512?



printf.c
size: 1024
file type: regular
permissions: …

sectors: 
2049, 2052

inode
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... ...

inode table

Each sector 
holds 16 inodes

Inode numbering:
Sector 2 has inodes 
1-16, Sector 3 has 
inodes 17-32, etc.



1 2

0     1          2           3          4           5          6                   2048   2049    2050   2051   2052

... ...

inode table

Inode for 
printf.c Block 1 of 

printf.c data
Block 2 of 

printf.c data



Directories!



printf.c
size: 1024
file type: regular
permissions: …

sectors: 
2049, 2052

regular file

/
size: 64
file type: directory
permissions: …

sectors: 
2048

directory

An inode can represent a...
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File name*

*A file can mean a regular file or a directory!

The inode 
number for 

the file

. is the current 
directory, .. is 

the parent 
directory
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0     1          2           3          4           5          6                   2048   2049    2050   2051   2052

... ...

Let’s walk through!!

The inode representing the root folder 
/ is always stored in Inode #1 

(sector 2, offset 0)

Root inode
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/
size: 64
file type: directory
permissions: …

sectors: 
2048
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If we want to 
get to printf.c, 

we need to 
check Inode #4
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printf.c
size: 1024
file type: regular
permissions: …

sectors: 
2049, 2052



1 1 2

0     1          2           3          4           5          6                   2048   2049    2050   2051   2052

... ...

Let’s walk through!!

printf.c inode

printf.c
size: 1024
file type: regular
permissions: …

sectors: 
2049, 2052

printf.c data
(can be read like a 

normal file!)



So you start at Inode #1 
(root folder) and you 

can get anywhere from 
there!



TAKE A DEEP BREATH because 
that’s how file systems work



printf.c
size: 1024
file type: regular
permissions: …

sectors: 
2049, 2052

inode

There is not 
space to store a 

ton of sector 
numbers here!



printf.c
size: 4098
file type: regular
permissions: …

sectors: 
2049, 2052, 2057, 
4923, 2938, 2293, 
2939, 2999, ????

inode

What if we have 
more than 8 

sectors we want 
to store??

This is 512*8 + 2 
(so we need 9 

blocks)



Here is where things 
get CRAZY



printf.c
size: 4098
file type: regular
permissions: …

sectors: 
3013

This one sector tells us 
where we’re storing our 

sector list!

Sector 3013:

2049 2052 2057 4923 2938

2293 2939 2999 8392 ...



printf.c
size: a lot of bytes
file type: regular
sectors: 
3013, 3016, 2059

Sector 3013:

2049 2052 2057 4923 2938

2293 2939 2999 8392 2343

2392 3994 3959 3969 5939

3969 5924 5924 3492 4969

2303 2084 2302 2920 4392

2308 2383 2832 3023 2302

2300 2380 3200 2830 2332

3830 3828 2830 2838 2090

7392 7373 9273 2999 3020

2099 2929 3992 7777 7372

7889 7483 7322 3272 2939

8580 9588 6858 2929 3922

3211 4811 4812 8811 9111

9991 4818 4817 2741 3757

3729 3702 4821 4831 3819

3829 2839 2938 2829 3829

Sector 3016:

2131 3281 4811 4812 4381

3821 3829 3813 3391 3911

313 ...

Sector 2059:

We can represent really big 
files like this!



printf.c
size: a lot of bytes
file type: regular
sectors: 
3013

Sector 3013:

2049 2052 2057 4923 2938

2293 2939 2999 8392 2343

2392 3994 3959 3969 5939

3969 5924 5924 3492 4969

2303 2084 2302 2920 4392

2308 2383 2832 3023 2302

2300 2380 3200 2830 2332

3830 3828 2830 2838 2090

7392 7373 9273 2999 3020

2099 2929 3992 7777 7372

7889 7483 7322 3272 2939

8580 9588 6858 2929 3922

3211 4811 4812 8811 9111

9991 4818 4817 2741 3757

3729 3702 4821 4831 3819

3829 2839 2938 2829 3829

Sector 2049:

2131 3281 4811 4812 4381

3821 3829 3813 3391 3911

313 ...

Sector 2052:

If a file is REALLY big, each 
sector can represent a list of 

sector lists



think this stuff is cool?

(In CS 111, there are 5 lectures on file systems, so if it 
felt a bit too fast-paced here, don’t worry!!)



classes:

1

2

?


