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Fast File System

* Old Unix File System

— Ken Thompson (UNIX wizard)
— Super block - inode - data

S| Inodes Data

— Poor performance
s BN T raw i/o 2% ! ! !
* FRIOMAEREE S 7 FEDLYT MIRNAE, A N TR



Fast File System

* Old Unix File System
— PERERIFII S — 1R :  quite fragmented
* Free space EHT T
* [l —ANSCHFEEE L, IORMIESS)
* filan, ABCD 44 fF, BD MikRfG, 5 A E

C1 | C2

SEENA C1 | C2 =CHN =




Fast File System (FFS)

* FFS: Disk-aware

— Cylinder Group :
addressmg , &

f—1 cy"

|
|
|
cylinder ¢ |
C
|
platter

rotation

Sl

FFS 3T CHS
2 (FHAR) B N4 cylinder 7

— arm asse mbly




Fast File System

* FFS: Disk-aware
— Cylinder
group tn] LR —d4iES:H) Block/sector
* i, 84 block dk—4 group (RE)
* Vil[FEl—4> group H1 block Fbgetk, KoMk ahE»

Group 0 Group 1 Group 2




Data Locality of Reference

* FEvim I EERTE (locality) fBik:
— BPEh i LR oy 2 MR AP R,  IX M GR

JJV‘?X”%' A — B T A

i, .

* FS Y514 super block->bitmaps->inode-
>data blocks 175 PP ikt &

* Fl—AHr P2 SRR A B I ] A 5 )
* Rl “PEET BUER) data blocks & HESL I

m‘)

E2FH Cylinder Group K4 iktk
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Fast File System

* FFS: Disk-aware

- cylmder group:
* 54> group #iLHE super block, WPtk Vi)

* WHEEA PN inode bitmap, data bitmap, fllinode
table

* PR BB AR IR RIDIE, Vil = bRt

M Inodes Data




Fast File System

* BoDmiE: il E S k3] cylinder group ?

— “keep related stuff together, keep unrelated stuff

far

apart.”

* {H FS iR a2 e

- -

BEE

* BFH>RME—THRIERD. free inodes %11 cg

- 3t

plais

* [[A—A X inode fil data blocks JfER—4 group
* [ H>¢ XS HRBAER—4 group

System ALK A2 5

1) MR S OCHRE RS R )
2) & EEMNMHRE (workload ) o



Fast File System

* [ H= FRSAS HaBAER—4 group

— filan: Rk group 215 10 4> inode, 104
data block

_ E;:f‘kﬁ3/l\° /; /a; /b
- XH 41 /alc, /a/d, [a/e, /b/f
- FFS B AE

group inodes data
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Fast File System

° AFEE: ) AR CE R

group inodes data
0 /————————- [
1 a— a—————————
2 b-———————-— b————————-
3 Ccm———————= CC————————
4 d—————— dd——————-—
5 e——————-— ee————————
6 f-———————o ff———————o

WIRIREE &, Viklla—A PR, srl& 224

group ?



Fast File System

* Measuring File

Locality
— GRS H R S ST
* HaseEEI I /dir/f, /dir/g,
Y% ( path difference)

M1
- &iik: ZHUESSLAFYIRITHRIR
FERIAK, JRraktELr
* 40% [l A A H
FILF
* 25% RMKLHFUN
* BB, FFS MRl PEAs BT

Cumulative Frequency

FFS Locality

® Trace
X Random

0 2 4 6 8 10
Path Difference
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Fast File System

* The Large File Exception

- A#iff] large file exception
* Ja S T K data blocks , / FEA % ) SR GES5H L

nL.—>

group inodes data
0 Ja———————- /aaaaaaaaa aaaaaaaaaa aaaaaaaaaa a—————————
1 __________________________________________________

- ﬁ%ﬂ%ﬂ]‘&} : RSN data blocks 7EEIZ A A

group inodes data

0 /Ja———————-— /aaaaa-———— —————————— e
1 - aaaaa————— —--——----— S o
A e
3 ———— daaaa———— —————————— —————————— ——————————
4 —————————- aaaaa————— —--——----— S o
5 —m————— aaaaa————— —————————— —————————— ——————————
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Fast File System

* The Large File
Except ion The Challenges of Amortization

- B RO, PERERRE o
- @Y G E chunk kK ¢ [ T
A, S CRRBEF C“RItERE 5 T e
* 50% i %: 409.6KB <
* 90% i %: 3.6MB 5 92K
iEte: ¢ 99% M %: 39.6MB g
% disk sequencial read bandwidth=40MB/s K |
Hl 40.96KB/ms, disk positioning time=10ms, 0%  25% 50% 75% 100%
iy : Percent Bandwidth (Desired)

target_ratio=(10ms * 40.96KB/ms) /
chunk size

target_ratio=ljmﬁlﬁﬁ\kgsgg—sstﬁmortization ) ! 14



IrEhzE

Another Example of Cost Amortization

* HDFS (Hadoop Distributed File
System)

SR (1 100GB ) 7502 A EdER
( block)

— blocks /A ETEARPLES |
— client 33T H —4 block FTHE—E I ]
— WiER: block Kb, ARIE E— K SRR

»>
A
_I_A .




Fast File System

* PXAFRE (<2KB)
— internal fragmentation
- Ii%E7e 5 M 4KB 1) data block, ZERI{R T}
— f#k: sub-block (512B)

* J&BL sub-block JHifi st a3 ]
* YHBHARE KR 2KB, MR —15¢#1) block |
* FMmIG: BAMYEHEEE N
— Aot 3% libc, ZRhEEYE, HRCE] 4KB L
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Irechszs

Reading the next block

* FFS: H[F{E data blocks, XA TREE

¥ UL

=+ "1

 HIFHRIR)TE: read-ahead
— uJ P disk, block 1/0 layer, m# FS 52hk




Ir-EheEs

Reading the next cylinder

\ TN E iese

W4 (arm) MAME cylinder A1 cylinder #23f, 2/DFEA settle
time, @ 2ms, N T arm BahEIAE cylinder Ik (head) WI4F
EENE—1 sector, NEFE— sector FEE 5 —L



Ir-Erhess

Seek time in a FS backed by HDD

* i (HDD) fE FS EXRE—1—4i Block I

* FS Pl seek Ll M block &) —4
position %5 —1 position

* FS $11Y) seek time ififif&?

aEM S data block ZEFR—1, R spin time
O&F 7200rpm #é%:, 0-8.33ms)

QnER M~ data block #HEE 2-4 /> cylinder, seek

time=spin time+settle time

QR data block AHEEFHIZZ— 5 ?

QIR data block MEEEIRIZ?

2k |, seek time 5 seek distance

RGPS



IrEhzE

How to place data in a file?

* Use a file system that supports extent
(e.g., Ext4, XFS)
— Extent ensures a large byte range in the
file is store sequencially in the disk
* Put frequently co-accessed data
chunks closer in a file
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FSCK and Journaling

© HEERRIINE:

wEIER. ek (e.g., RAM)
— WA 20 1 BEE. i AR5

‘ Crash-con5|stency problem

° 5 ? ﬁllﬂ@

- &5 A—1" inconsistent k&

— fRITIA

ERIKF) AR B,

* FSCK: file system checker
* Journaling: write-ahead log

i

1) &2 crash
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FSCK and Journaling

* —HIlT

- — MR L, BERE—AEER
* inode i1

Inode
Bmap

Data
Bmap

Inodes

owner
permissions
size
pointer
pointer
pointer
polinter

: remzi

: read—-write
: 1

: 4

: null

: null

: null

Data Blocks

V1]

Da
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FSCK and Journaling

© AT

— Ja XX GEME A—1 block Db
— inode {5318

Inode
Bmap

Data
Bmap

Inodes

owner
permissions
size
pointer
polnter
pointer
pointer

: remzi

: read-write
: 2

: 4

: 5

: null

: null

Data Blocks

V2]

Da Db
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FSCK and Journaling

* =AHAARE PRI
— Bitmap
— Inode
— Data block (Db)

* &5 A\ page cache, EiRG AR
- HEHE2hHENL crash, GZfm]fE:

A LR inconsistent HYRJRE?
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FSCK and Journaling

°* #1. Just the data block (Db) is written
to disk
- X EER e R |
— {H2 inode % Aidx, bitmap tLi%f
— A2l
* H3T Db BEEA, ARGIAAL—BHY) 8
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FSCK and Journaling

* #2. Just the updated inode (I[v2]) is
written to disk
- W8 1 : % inode 58, &M data block 5 {ii
S0 VEAVRY Y2 €
— [l 2 : file-system inconsistency

* Inode %iFFk1] data block 5 15k
- Bitmap %71l data block 5 %&£ £

27

B



FSCK and Journaling

* #3. Just the updated bitmap (B[v2]) is
written to disk
— &2 bitmap fll inode ~—#
— Space leak
* Data block # 5, HERASHFIH
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FSCK and Journaling

°* #4. inode (I[v2]) and bitmap (B[v2])
written, but not data (Db)
— U5, HRBEADIR A
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FSCK and Journaling

* #5. inode (1[v2]) and data block (Db)
written, but not the bitmap (BIv2])

— BRBULEM, HEBEAHESTE &




FSCK and Journaling

°* #6. bitmap (BIv2]) and data block
(Db) written, but not the inode (l[Vv2])

— JLEIEA 2
— A db




FSCK and Journaling

Crash Fn[ i

© —EPEEA IR
—SER— NN E#E, TTFEZIR device 5HAE
—iXLt device 5H#EMN iz HA R 11
* BRI, BRI
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FSCK and Journaling

* Solution #1: The File System Checker
— Fsck - UNIX tool
- HWA R block, REKRFZIBE XRS5
— Hbn: ibcBds MBEETRE —5
- fE R Gi M mount Z R A
* i fsck RN, fs (BB CEdE
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FSCK and Journaling

* Solution #1: The File System Checker
— Fsck fi&ft27?
* Superblock:
— Ki#5 superblock B RIEH
»YWURAIEE, NWHEN S ITRE
»REA 1 ELT?

||
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FSCK and Jou

rnaling

* Solution #1

: The File System Checker

— Fsck fe&5f14.7?
* Free blocks:

- Ki#s inode, indirect blocks, double
indirect blocks, BEIEEREL LA 7714 ;

—RJaH

FixeefE B 234l IE bitmaps fil inodes

Z A — 3 a)
» PURA—, WIPL inodes Myt (FElE? )
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FSCK and Journaling

* Solution #1: The File System Checker
— Fsck R&Ef47?
* Inode state:
GE ) inode BERZESGIER;

—!Iﬂ%’f*ﬁ%ﬂIET T, BEMIBRi% inode , [RIY
W inode bitmap
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hard link file soft link

WA
FSCK and Journaling 1 Te

data block data block

* Solution #1: The File System Checker
— Fsck R 47
* Inode links:
—inode i link count E1idx v 652V H
S HEMIZR name-inode mapping

— A HFW, BHHE link count, 4]k
inode il %11 link count ;

— iR —/ inode ] link count ;£ 0, M H
i3 lost+found Hx R
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FSCK and Journaling

* Solution #1: The File System Checker
— Fsck fi&ft27?
* Deduplicated pointers:

uS
- KA

FAEZ A A Inode 51 —A4

data/pointer block ;

» QISR H

3

N

I

1 HA Inode A S AR, WK

A
.18

» WF RN inode, il block
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FSCK and Journaling

* Solution #1: The File System Checker
— Fsck R&Ef47?
* Bad block pointers:
— k7 inode fll pointer block H1t) block

pointers E& A WG, HlAFsH— 18
block

» M\ inode 3¢ pointer block HiifFrix4k
bad pointers
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FSCK and Journaling

* Solution #1: The File System Checker

— Fsck fe&5f14.7?

* Directory Check:
—directory i HCE /) data block, HPI%EL

JaGite 2

P

FS HdE NI,

A

lﬂﬁjldlﬁ fsck
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FSCK and Journaling

* Solution #1: The File System Checker
— FSCK [[n] & :
* Hii RGP 2T blocks, K12 1!
* A—EA-BELEBE
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FSCK and Journaling

* Solution #2: Journaling (Write-Ahead
Logging)
— WAL kH T database il
- H il journaling I X &%i2 Cedar(1987)

— PES M4 : Linux ext3, ext4, reiserfs,
IBM’s JFS, SGI's XFS, Windows NTFS

| -
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H"ERAS

HL g HETE
* Revolution OS ( ERSHim )
— 2001 ¢ Wzl st A g
- &3 7 GNU ., Linux. HHZHFEB), HiED e
i [{IpES T
— (Igchard Stallman. Linus Torvalds ZHEA\F

https://www.bilibili.com/video/
BV1gx411Q79H/



GNU=

Gnu’s Not Unix

It stands for "GNU's Not Unix".
AL #“GNU's Not Unix”




¢

Known as Berkeley"UniX, or BSD,
4% ¥ ~yBerkeley Unix,ak # 1{BSD.




ii
ST

\_ P
Well, Unix consisted ef a large number of -

separate programs
W, Unix AR 20 B4k




! T — ‘J

'you need 10 have a ker(n“el, which'is the program/
RATHE PN,
allocates resources to all the othefprograms,
R AR 3 BC/E HE 9T U
= you need a compiler which translatéSa program
(RGN ik as, KICFER
that programmers can understand into numbers,
MR FY O3 Al A URACHS, 4 R 2 e ) 27
you need a debugger
ﬁ Ilifj. ‘Jj:- | E“j 1\ A
you need a text editor.

lll!

f:j:’n'llf ‘J;: ) /1\ ( '1 hH'L iy




inder Richard Stallman

created a great tool called "bison".
R T —/MEHER TR, " bison".




To prevent that, we use a technique called "Copyleft".
N7 PRI, RATH 7 — MR, 1Y "copyleft"




The term for it'is "monolithic",

Linux/& 8. — N & 1 481E R4St
the OS itSelfis one entity, indivisible.
i AR AE RGEA B R — DA 4 (1A
uh, while in the microkernel,
EAMEBANZ RGHFE
the, the operatlng system kernel is actually
N R G052 Pr g — AR5,
uh, just a collection of servers that
EAHEAS [R5 TAE,
do differentthings and then they have a common protocol
i e ad i — A~ 3 =] 5 P ORI R
for doing communication between themselves.
K e AT BN E.




1992:
-~ Version 096 of Linux has

40,000 lines of code and 1,000 users

Source: Forbes Mogozine

— - W, F




The killer app of Linux was undoubtedly
the Apache web server.
Linux B 243 A\ 5 A 8 %E 5 /& Apache




1995:

Version 1.2 of Linux has

250,000 lines of code ond 500 000 users

hE 1994 45 HIEABEKM, 1995 4 9 HE—4
ISP



commitmentsSto do one ports from Oracleand
A3 2 K Oraclef) ¥ tH 7K i

and Sybase and the other key database vendors.:
LA I Sybase F1 3L fth O 8t 1) 5 FE A= 7 i i R UK

1995 4 MySQL %k1ii, 1996 4F PostgreSQL %1



" 1998: ad
Version 2110 of Linux has 1.5 million

lines of code and 7.5 million users
. W ot mopiate W

~

- e
and new people porting, new users
l‘) .)

1999 4Fhijfa, RS —HEE= B E 2 al e RO,
Wl ARER, RPUSF
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