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File System
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Block & Sector

* Sector:
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Directories Are Files
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https://linuxbyimraan.co.za/2020/01/22/inodes-on-linux-explained/

Types of file systems

* Window: FAT16, FAT32, NTFS
* Linux: Btrfs, EXT2, EXT3, EXT4, ReiserFS, XFS
* MacOS: HFS/HFS+, APFS

« X}O|&: inode0i| data block= X &dt= &4 (linked list vs indexing), inode|
KL 0 Q= HEHO|E, 7|Ef 7| & X[ & (journaling, extent) &

S TET
- AL

e https://en.wikipedia.org/wiki/Comparison of file systems



https://en.wikipedia.org/wiki/Comparison_of_file_systems

Linux file systems

EXT (Extended File System)
o LinuxO| A X| &St= Ih A[AHEL B2

Hi Z TS0l A2 Q)
EXT2 - 10t AH0f| 22| AHE
EXT3 - Journaling X| & (St% 22
EXT4 - Extents -> 91X} M| =&

XFS - Journaling, Large on memory cache (Good

performance) -> £ 420|| AFE

Direct
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Journaling
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Extents
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Partition
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* System partition & data partition
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Partition &%

Physical Drive

« =c|M™ ItE|M (physical partition) [primary]

_ Extended
- AX X E AY L+&= THEIA Partition
" Logical Partition 6
. BtLte| ClA 30 & Tf 47} -
Logical Partition 5
« 11 O|&2 Logical Partition 0| &
Logical Partition 4
« =2|& L}E[M (logical partition) [extended] Logical Partition 3
— — Logical Partition 2
* Extended partition: & LtE[ M1} CtE M 22 L}E|- b
M4 QICtT Qoo 10j52 THE| M S
* Logical partition: 2t ILtE[M OHOf| M/ dgt =+~ QU=
Primary

IpE[A. Partition




Types of partition table layouts

partition S E S E2}0| 20| X &= Al

Z} partition2| A|2f1F &, O = partitionO| booting 7} S| &

MBR (Master Boot Record)

ClA3 0| 7HE A ME{0f ?|X|2t 512B S 7H= boot sector2AE
7|0l 0SE ¢ 2t boot loader H O] E20|E 9] |ogical partition 2HE HE A&
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0|
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GPT (GUID Partition Table)
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ntE[d 278: fdisk
I A|AH 2 mkfs
&K 02 E/2 02 E: mount/unmount
Oh Y A AE HE /5 fsck
Sdf (-h): 2| 271 0|80t U= O A|AHEE| 70 A8 S, O E
EQEE & & UL

dip-172-3: 11:-$ df -h
Filesystem Used Avail Use% Mounted on
udev @ 468M 0% /dev
tmpfs 776K  98M 1% /run
/dev/xvdal 3.1G 4.7G 40% /
490M 0% /dev/shm
5.0M 0% /run/lock

490M 0% /sys/fs/cgroup
/dev/loopl @ 100% /snap/amazon-ssm-agent/1566
tmpfs 98M 0% /run/user/1000
/dev/1loop2 @ 100% /snap/core/9436
/dev/1loop3 @ 100% /snap/amazon-ssm-agent/2012
/dev/loop4 @ 100% /snap/core/9665




1. OfE|M A -

e Linux A|AHEIO| MX| LS /dev 0| =XI
7

o IDEYAIQ|SIELC|AA AZE /dev/hda, /dev/hdb, /dev/hdc, ..

- =
o SSATAYAMO|SIELCIAA AHA /dev/sda, /dev/sdb, /dev/sdc,, ..
« =C|™HQ C|AA7} /dev/had 2FH LIE|ME O 7 Bt B2
/dev/hdal, /dev/hda2, ..

* S lIsblk: list block devices

ubuntu@ip-172-31-44-41: /% 1sblk

NAME MAJ:MIN KM SIZE RO TYPE MOUNTPOINT

loopl X @ 18M 1 loop /snap/amazon-ssm-agent/1566
loop? f: B 96.5M 1 loop /snap/core/9426

loop3 X B 28.1M 1 loop /snap/amazon-ssm—-agent/2012

loopd {: %] 9/M 1 loop /snap/core/9665
¥xwvda 202 @ 8G @ disk
L—xvdal 262: %] 8G @ part /




1. OtE|M M A

fdisk A+t | I3HA = &0l sudo & 0fOF &

$ fdisk [C| A3 E K] => C|AA0f Cf o THE[M 282 St
command mode 2 & (ex) sudo fdisk /dev/sda
- izl QlEmo[A2 74
. P FEIM HlO|2 Z 2
«  n:IHE[E FT}
. g THEIM ALY
. W IHEIM 02 NEs 52

« qLE[IHOE MY HDL TR

. mEOEII-

o $ fdisk —I [C| AT R
. [ClA3o OE[M HO|ES ROl

« [Cl23 A E S=oIE TN TE[US E0E

$ fdisk —s [ZFE[ M & K[] => L}E[H 2| 37
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o W& O]: parted (= 278 0| B2 fdisk, 2TB O| &2 parted

s
~
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:-%$ sudo fdisk -1
Disk /dev/loopl 18 M1B 18857984 bytes, 36832 sectors
Units: sectors of 1 * 512 512 bytes
Sector size (logical/physical): 512 bytes / 512 bytes
I/0 size (minimum/optimal): 512 bytes / 512 bytes

Disk /dev/loop2: 96.5 MiB, 101191680 bytes, 197640 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I/0 size (minimum/optimal): 512 bytes / 512 bytes

Disk /dev/loop3: 28.1 MiB, 29454336 bytes, 57528 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes
I/0 size (minimum/optimal): 512 bytes / 512 bytes

Disk /dev/loop4: 97 MiB, 101695488 bytes, 198624 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes
I/0 size (minimum/optimal): 512 bytes / 512 bytes

Disk /dev/xvda: 8 GiB, 8589934592 bytes, 16777216 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I/0 size (minimum/optimal): 512 bytes / 512 bytes
Disklabel type: dos

Disk identifier: @xb93804ca

Device Boot Start End Sectors Size Id Type
/dev/xvdal * 2048 16777182 16775135 8G 83 Linux




2. L& A[AE &S

o It A|AEIONCE D2 9| mkfs HEO| =XY
* ex) EXT3: mkfs.ext3

« mkfs= X BN E 44 AT

o $ mkfs—t [LF& A|AEN [IHE[M ZFX]
* default: ext2
e mkfs —t ext3 [Tt E| M & K|]= mkfs.ext3 [IHE|M &KX 2 242

e $ mkfs —c [ItE| M &K

. BHEME HALES T

- O

-

o XTSI A mkfs [-c] [t file_system_type] <partition_device>



3. 8K OIRE /

« OF2E (mount): StLEC| I A

(directory) 0| 20|= A.

« ex) USB 214!

- Of2fl A0 M=, OF2E ZQIET} /dev/

File System 1

/

(o] [=

(=]

E

File System 2

/

root

=

File System 1

/

abc_l

usr

|—dev

File System 2

root

any




3. X[ OI=2E

Smount=>%X| OIRE EE =

« $mount | column—t o} 5 0f b

$ mount -t [T} & A| A8 [IHE[E &

L

=

7] F2
AN HEEE]]

« AO|M 2H= THE[F S| Ih A A|AES MOFRE?

$ mkfs —t [O} L AlA
$ mkfs.ext3 [OtE[M A * |

$ umount [C| 2 E 2] H(mount point) or 2 X| H]

S mount —a

« /Jetc/fstab O| A auto & HEA| =l T A|AHSZ O

Ho

CIOr=E

E

A=
| O



3. SX| OI2E /O E - At

L — | L=

Jetc/fstab

fstab (file systems table): It A|AH HE
e <device> <mount point> <file system type> <options> <backup operation> <file

system check order>
« A
H L—

 -auto (default): FESI| X}sCZ O E

o —LO| © o
mount 3H2 0| I} = A=



4. O A|AEH HAE /B

o Sfsck
 file system consistency check
* inconsistency 0| S|l & [l 28 [§ Xtz =2 A3 &

S fsck [t Y A|AE S 2 [OHE|M EHX|

e

o It A[AHIO] HAQIX| 205t 0 @ J 7t QUCHH S50,
* ex)S fsck—y /dev/sdb
e -y: A& 2 E error correction S|

e HFE Al unmount 8t 20| AIE

« mount& filesystemOf| AF-ES}H disk / data corruption €01 = U S

mkfs A & LY A|ABIOFCH fsck = XY
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Swap Space

» EX XNE FXl(disk)E O| &l RAME| F5=

« 719 EXI(RAM)Z] free M2 2|2 =Z0] O{TH 7|4k O|St= BO{X[A &[H,
=>& Y WO AtE5tz{n 2 I

. ¥7|°4 %S*XI of =5 Pi FOEZZNAS HATS AF YL E 4.

C = 2F3t

ru9
J?.'.
HLI
X
>
<
ID
|_o
N
=
oz

i
|
Memory ‘

Swap in: swap space -> |2l 02 2|
Swap out: O 2l 22| -> swap space



Swap Space &'& &H & 271X

* Swap Partition

 Swapping 2f= /ol At &= THE[M
- CIEIOIY 2 EXE = Qls

* contiguous disk blocks -> &&= ©

e Swap File
« Swapping = FI¢t Ot = O A[AE!L{O| BF=7]
(@]

- IFE|M Qtof| CHE It =1t 3 =X
« X}O|A: Swap Partition (4GB) vs 2l LFE[ M Of| Swap File (4GB)
 swapfile O| ZZC 2 M&E [ =2|C}.

« YHIH O 2 swap partition S AFESHH, JA|Z F71e U swap file AFE:



Swap Space 2]

1. HZ22|AEf=HO

1. free
2. A2 OpY/OpE[/A P

1. dd/fdisk

1. swapon/swapoff



07| FH 25 Al

1. EC20J| Al swap file Bt= 7|
2. EBSE Swap partition2F= 7|



free: A|AHEIO[ T 2| AFE SIS &3 (KB)

e total/used/free=0|S 1L =,

* shared: == tmpfs Of| 2|5 AIE E[= M2 2] (RIA| It ME 7]5)
. buffers: A} AFR £|= | 0| E{ 2| & E (metadata)2 M| 2 2| 0f 74
» cached: C|A3 9| Ij|O| X| & O 2 2|0 7i{¢| 3= A(file data)

« FHIR| =1: buffers + cached 77t X| free = F| A Al Atot A,

ubuntu@ip-172-31-44-41:/$% free
total used free shared buff/cache available

Mem: 1002304 283120 146856 776 572328 541444
Swap : ) (] )




2. Swap File / Partition Bt=7|

* Swap Partition
« QO A HY-2 fdisk 2 LHE|M 441

* Swap File
* $ddif=/dev/zero of=[ 2RI Y {|X]|] bs=[2F 3 7|] count=[L} & A 7[]
* if: input file / of: output file / bs: block size / count: data size(KB)
« /dev/zero = 00000, bs &= =& 1024(1KB)
« $ chmod 0600 [ &I} ]

o H AT HB(root userZt AU M E)

=

-

o [BF2]A[LHECH2S CHE|SH sync S B SLH MY E[X] 52

H 222 HO|H S C|A30| .



Swap File Bt=7|

ubuntu@ip-172-31-44-41:/§ free

total used ree shared buff/cache available
Mem: 1062364 282916 17 776 151216 572152
Swap : %] 5]
ubuntu@ip-172-31-44-41:/% sudo swapon —--show
ubuntu@ip-172-31-44-41:/§ 1s

initrd.img.old vmlinuz.old
initrd.img vmlinuz

ubuntu@ip-172-31-44-41:/$ sync
ubuntu@ip-172-31-44-41:/§

ubuntu@ip-172-31-44-41:/% sudo dd if=/dev/zero of=/swapfile bs=1024 count=1048576
1848576+8 records 1in

1848576+8 records out
1673741824 bytes (1.1 GB, 1.9 GiB) copied, 14.2437 s, 75.4 MB/s
ubuntu@ip-172-31-44-41:/% sudo chmod 680 /swapfile

* https://linuxize.com/post/how-to-add-swap-space-on-ubuntu-18-04/



https://linuxize.com/post/how-to-add-swap-space-on-ubuntu-18-04/

3. Swap Space Bt=7|

« mkswap: = &l partition O| L} file 2 swap space = Z B
* Smkswap —c [2EILIEH [2&FHA|]=>-c = HIE =5

A}

ubuntu@ip-172-31-44-41:/% sudo dd if=/dev/zero of=/swapfile bs=1024 count=1048576
1848576+8 records 1in

1848576+8 records out

1673741824 bytes (1.1 GB, 1.9 GiB) copied, 14.2437 s, 75.4 MB/s
ubuntu@ip-172-31-44-41:/% sudo chmod 680 /swapfile

ubuntu@ip-172-31-44-41:/% sudo mkswap -c /swapfile

mkswap: warning: checking bad blocks from swap file 1s not supported: /swapfile
Setting up swapspace version 1, size = 1024 MiB (1073737728 bytes)

no label, UUID=d4806751-cBea-4124-ad43-e5c6f55bb5506




$ swapon [ZHE[M & X[ /A 2o ]
$ swapoff [IFE[44 & K| /A 2 )]
S swapon —a
o =>/etc/fstabLt LA|ARHO| SO0 Msw Mt S X =S5 R E2Ho (R EA

S swapon —s
APOE|MO| HElE B &Lt

ubuntu@ip-172-31-44-41: /%
1048576+8 records in

1948576+0 records out

1073741824 bytes (1.1 GB,
ubuntu@ip-172-31-44-41:/§
ubuntu@ip-172-31-44-41: /%
mkswap: warning: checking
Setting up swapspace wvers

sudo dd if=/dev/zero of=/swapfile bs=1024 count=1048576

1.9 GiB) copied, 14.2437 s, 75.4 MB/s

sudo chmod 608 /swapfile

sudo mkswap -c /swapfile

bad blocks from swap file is not supported:
ion 1, size = 1024 MiB (1073737728 bytes)

no label, UUID=d4806751-cBea-4124-ad42-e5c6f55bb550

ubuntu@ip-172-31-44-41:/}

ubuntu@ip-172-31-44-41:/§

Filename

/smapfile

ubuntu@ip-172-31-44-41: /%
total

Mem: 1002364

Swap : 1048572

ubuntu@ip-172-31-44-41:/}

sudo swapon Aswapfile
swapon -s

Type Size Used
file 1048572 @

free
used free har buff/cache
282432 85796 7 634076
4] 1048572

Jsmapfile

Priority
-2

available
559692




M=ot7] ?loiM &3l Ak

e swap fileg BF= 22| $ sudo swapon /swapfile
ANE AFEl AFC 2 XN|I=

» Ol Al)

ubuntu@ip-172-31-44-41:/} sudo swapon /swapfile

ubuntu@ip-172-21-44-41:/% swapon -s

Filename Type ' . Priority
fswapfile file . - -2

ubuntu@ip-172-31-44-41:/} free

total used free shared buff/cache avallable
Mem : 1062304 8 85796 776 634076 559692
Swap : 1048572 5] 1048572




Swap file X| 7|

* S sudo swapoff -v /swapfile

* S sudo rm /swapfile

e $ free (K| 5

ubuntu@ip-172-31-44-41.:
ubuntu@ip-172-31-44-41.

Filename

fswapfile

ubuntu@ip-172-31-44-41.:
total

Mem : 1002204

Swap : 1848572

ubuntu@ip-172-31-44-41.:

swapoff /swapfile

ubuntu@ip-172-31-44-41.
ubuntu@ip-172-31-44-41.:

ubuntu@ip-172-31-44-41.:
total

Mem : 162304

sSwap: @

ubuntu@ip-17/2-31-44-41.

NPARIRUE=Y

$ sudo swapon /swapfile
§ swapon -s

Type
file
§ free
used free shared
282432 85796 776
%) 1048572

$ sudo swapoff -v /swapfile

$ sudo rm /swapfile
$ swapon -s

§ free
used free shared
282476 589684 7B
%] %]
$

Si1ze Used
1048572 @

buff/cache
634076

buff/cache
120144

Priority
-2

avallable
550692

avallable
583144



S5 EBSE EC2 instance2| swap partition 2F=7|

aws & > ECQE =0{7}H7|
2| Z 0| 5 Of| A Elastic Block Store -> Volumes 41 Et

Create Volume

1. General purpose
2. 2GiB
3. Availability zone: EC2 instance 2t IS A Z2 zone2L 2 11

D=

Volume Type = General Purpose SSD (gp2) v €

Size (GIB) 2 (Min: 1 GIB, Max: 16384 GiB) (i}
® e of 3 IOPS per GIB
m of 100 IOP: o
OPS)
Availability Zone* = ap-northeast-2c - O

Throughput (MB/s) Not applicable 0

Encryption [J Encrypt this volume



4. Attach EBS to EC2 instance
MEZE Bt= gBs 2 2!S} 11 Actions -> Attach Volume

L EC2 instance 1EH

es v Resource Groups v
1-04bdced... 2 GiB ap2 100 July 20, 2020 at 4:2.... ortheast-2¢ @ available  None Y | |

Acti -

Modify Volume
Volume (j vol-04b4ccd5900a9245d in ap-northeast-2¢

Q Filter by tags 3

Create Snapshot
Instance (j i-02ab1044ca98047be in ap-northeast-2¢

Delete Volume Volume Type ~ IOPS ~ Snapst

Name
Attach Volume Device (i /dev/sdf
[ ] ap2 100 Linux Devices: /dev/sdf through /dev/sdp
t v ap2 100 snap-0€
" Note: Newer Linux kernels may rename your devices to /dev/xvdf through /dev/xvdp internally, even when the device name entered here (and shown in the details) is /dev/sdf through /dev/sdp.
Change Auto-Enable IO Setting Y 4 9 P & ¢ ) 9 p

Add/Edit Tags

Q|2



ubuntu@ip-172 4-41:/% sudo fdisk
Disk /dev/loop 18 MiB, 18857984 bytes, 36832 sectors
Units: sectors of 1 * 512 = 512 b)fce
S r size (logi lﬁph) 1cnl\
ize (minimum/

ubuntu@ip-172-31-44-41:/% 1sblk

NAME MA, | RM  SIZE RO TYPE MOUNTPOINT

loopl 18M loop /snap/amazon-ssm-agent/1566
loop2 96.5M 1 loop . ﬂp/core/04>b

loop3 28.1M 1 loop /snap/amazon-ssm-agent/2012
loop4 97M loop /snap/core/ Disk /dev/loop3: 28.1 MiB, 29454336 bytes, 57528 sectors
xvda 8G @ disk i ectors of 1 * 51.

p ~ ; [ n o ;
rdal 8G 0 part / et crogicat/pny =
- . / sS1ze minimum/so ima

xvdf 2G disk b

—

Disk /dev/loopZ 96.5 MiB, 181191688 bytes 197640 sectors
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Disk /dev/100p4: 97 MiB

Units 14

Sector

I/0 size 'mlnlmum pflmnllz 512 b;te“ /

Disk /dev/xvda: 8 GlB 8589934592 bytes, 16777216 sectors

/ 512 bytes

Device Boot Start Size Id Type
‘ 182 167751 8G 83 Linux

Disk /dev/xvdf: 2 GiB, 2147483648 bytes, 4194304 sectors
5 tors of 1 * 512 bytes
g ysical): 512 by
{minimu timal): 512 byte




6. M 2 BF= disk 2HOJ| Al partition O 7

ubuntu@ip-172-31-44-41:/$ sudo fdisk

1. stapOff_a Welcome fdisk 1til-1inuz L1
Changes will remain in memo only, until you decide to write them.

1. I-l 0'” Xlx-| El E._ swap J_-I.jl Be careful before using the write command.
A @) Device does contain a recognized partition table.
2. SSUdO fdisk -l : dISk gl- l Created a new DOS disklabel with disk identifier ©xa289dafo.

3. SSUdO fdsk /d ev/xvdf E:Z:n;ge‘v[;xf:;f:h;lz:p p214?483648 bytes, 4194304 sectors
1' /deV/XVdfg LH Elﬁﬂ ZISiE EH I-” / (minimum
2. OIA| fdisk2 ZI¢ setobe e

Disk identifier:

e e

. O:I H El A QI'OI Command (m f

4' p * |—X _ﬂ — = Partition t
: orimary orimary, @ tended, 4 free)
5 n: AH El Aﬂ I:I | S % {container for logical partitions)
: Select (default p):
1. ET defaUItE T—_ll— Olil E-I X| E EIZII Using default response p.
Partition number (1-4, default 1):

. AH A Im S Fi : :
6. p - AHE Ctl gEn_l _LL|'E|A|_ %I- I Lact sect . - +size{K,M,G,T,P} (2048-4194303, default 4194303):

Created a new partition 1 of type 'Linux' and of size 2 GiB.

Command {(m for help): p
Disk /dev/xvdf 2 GIB 2147483648 bytes 4194304 sectors

bytes / 512 bytes
/ 512 bytes

Device Boot Start End Sectors Size Id Type
/dev/xvdfl 2048 4194303 4192256 2G 83 Linux




6. M| 2 BF= {isk ©F

1.  Er¥idE 83 (linux)Xl Al 82 (linux
swap)2 = HiH{ 57|
1. t: &3 0hE otelM
2. 82:LtE[M9] EH’:.% 822 HY
3. LRETEMEJAS 2] B A: |

2. pridHHE A =0

3.  w: B partition table= X &

4. S sudo partprobe /dev/xvdf

1. 71'2 0| partition table= CA| 2
E'%HE%

10l HEZ

FOf| A partition ©F7

Command {m for help): p
Disk /dev/xvdf: 2 GiB, 2147483648 bytes, 4194304 sectors
12 512 bytes
{logical/phy
inimum/optimal
1 type:
k identifier:

Device
Jdev/xvdfl

Boot Start End Sectors Size Id Type
2048 4194303 4192256 2G 83 Linux

Command {m for help): t
Selected partition 1

2y code pe L to list all ¢
Changed tj of partition 'Linux

Command {m for help): p
Disk /dev/xvdf: 2 GiB, 214?483648 bytes, 4194304 sectors
Hn1 rs of 1 * 5 s
: {logical/p
ze \mlnlmum/mptlmal)
abel type: d
Disk identifier:

Device
Jdev/xvdfl

Boot Start End Sectors Size Id Type
2048 4194363 4192256 2G 82 Linux swap /

Command {m for help): w

The partition table has been altered.
Calling ioctl{) to re-read partition table.
Syncing disks.

wap / Solaris'.

Solaris




Swap Space = formato}”

S freeE O:I XH swap space é!- |

* S sudo mkswap —c /dev/xvdfl
« -c: bad block Z At
e S sudo swapon /dev/xvdfl
+ swap space &
e $Sfree2 EEFE swap space 20!

ubuntu@ip-172-31-44-41:/% free
total used ed buff/cache available
Mem: 1062304 _03008 1232 84 324984 559948
Swap: 0 -
ubuntu@ip-172-31-44-41:
mkswap: cannot open /dewv/x\ dfl Permi on denied
ubuntu@ip-172-31-44-41:/§ sudo mkswap /dev/xvdfl
Setting up swapspace wversion 1, size = 2 GiB (2146430976 bytes)
no label, UUID=2652e5b7 c-46ad-b275-4bfc337207fd
ubuntu@ip-172-31-44-41:/} swapon /Zdev/xvdfl
swapon: cannot open /dev/xvdfl: Permission denied
ubuntu@ip-172-31-44-41:/% sudo swapon /devw/xvdfl
ubuntu@ip-172-31-44-41:/% free
total used free shared buff/cache awallable
Mem: 1002304 393128 734 325040 4
Swap : 2096124 % 2096124




NE: A=

ubuntu@i
ubuntue
Filename
/ pfile
ubuntu@ip-172-31-44-41:

Mem:
Swap:

1-44-41:

uhumu 1p—]
ubuntu@ip-17
ubuntu@ip-17

Mem :

* EBS swap partition%
MNoZ HE

Mem:
Swap:
ubuntu@ip

M

=

-

FZI

AN

 swap filee BF= 22| $ sudo swapon /swapfile Z

b sudo swapon /swapfile

swapon -s

$ sudo

Size Used
1048572 @

buff/cache
634076

swapoff -v Zswapfile

o rm /swapfile

shared buff/cache
776 130144

ze Used
96124 9

Priority
-2

available
55

available
583144

Priority

available
559676

2|
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