SE-315 - #BER % ( 2020%F )

M RFEH

PRER | BRI
EERBREFITE DN RSHRAT

https://ipads.se.sjtu.edu.cn



Rt F=HP

ARBRNE LEREXFHITESBARRHAREATE
FEREA LIS EEEERD ARERERTIFE AR

EREEFEEEEREED ARESHE EIEER

- RWNBEXRE . EBRBEBAFHITE A RERARA+IIRIEE
YFAETFIFEIHEEEME A FEHTIASE | BIKEAFREIEFRN
ARSI A HHEE Creative Commons Attribution 4.0 License

— SEFENAN : hitps://creativecommons.org/licenses/by/4.0/legalcode

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )


https://creativecommons.org/licenses/by/4.0/legalcode

Inode, X4, HR. 3%

) HFINODERISIIHZE %

BB REFITE D HNRFEHRET (IPADS@SITU )



) Ext2{F(E%E

RRRICR TENNERGHITTEE
BPMRAEPEGERR , BAEN
REFHARICK 7 RIEFS M EIERINEFIAN

B | e inode | inode o
BIRR ARZE | bitmap | bitmap | * 2EIR
51& tReg g ... R
\

Y
R _ FHEXI2 SR S

B RER TS REREGFHRFT (IPADS@SITU )



) XHRIZESITH A : inode

o ESEHALT I F T
o H3 EIJ) bﬁﬂ.u'—"l %HE %HEE&
~ STfE /
- ST AT
_ Ykl 3: block59 L — AR
B SZ#H;RBE 4: block78 \
- HERFIA =R
— B8] ( BUE. 1224, IBIERYE )

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )




Ext2B) s

o Ext2BYinodeHH

120 Effast
1N EHEISET

TP RIEEISE
TP =BT

=
S

S

=RIARZRS R

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

AT iR
i R
Uz
1 R oy
2 1 N
‘— [
HiE
7z / i g W e
13 [EEERG R 7
14 2 aaw
128 1 &
1
P > 1
1 =
128 e th
“RIEHERSIR ..
1
2
1
2 128
e [EEZRS R



) BRNHF

L s
° Al Q ﬁ \ ft
| ﬁjﬂ —H E §I* E/J"F—J'?%;Z{q: Ext2f B RIS
¢ Eilﬁ Sti?_23§x§iggif_entry /{* Inode § */
r n; /* BRIKE */
_ S+ RS inode = Tlel6 name.ten;  /+ YRBRE +/
char namel[ ]; /* X7 +/
- ERMEES :
- " ERRBER
Ext2HIBERERAENHEIN . BERINESFN
ino | rl | nl XiH& ino | rl | nl & ino | rl | nl ino | rl | nl pvai==
\ J
A 4
BRIKE
EBRBAFHITEDHRNRFHARA (IPADS@SITU ) !




) FFSHEHE (WEER)

. BN
-E&I#WA"M"WEH%@
- "IOS/EM/EIERE

— 25inode

B RER TS REREGFHRFT (IPADS@SITU ) 8



) TEHEE

« MUY
— BEBEREEEIN T — M8
INBinodefY BRI
- "IOS/IEHfE" 5
IBEAIREEIR
HE— D34

AR ;9 SRR A SRR R ?

FERBEBREHFITS,HEGSHARET (IPADS@SJTU ) 9



) EIRAIE 3B
. PERRESH

— FEIEFRIRFEAIMajorfIMinors
— Majorkigggas8l
— MinorERgERHEE
« FIFOX/%
- Bl EE , BT#HEEER
« SOCKX /&
— UNIXIgEREE , BT #HIEEER

B RER TS REREGFHRFT (IPADS@SITU )

11



) (ERXER ( Extent) Rk

AR : EEX2AVRITH |, REF— M GBRUISIN 4 | ARS8
JEIR ? FEZ/DITEUEREIPIXEEER ?

INERXLEHERYIIE FiEs: | REE(RFRIGHRbIIFKERAT |
XEZ ( Extent ) 2R _EiELEEaIZS M EURIRZB R

— M XERRESIRETLUEELSR) | ITHRiRAKBEERIE]
AT LUR TeEERIEE

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

12



) Ext4X{47FfiE — XEaft ( Extent )

BT
HE Va R
Fim
BifR e
Fiom
R
Fiom

ECIRE)E

LB AFEHT

xtent
se | zoE | soE | som | 2oe ﬁﬁl
e _’)(” g | | ow | ow | m | ow
]
KE e | soE | s | 2uE
Riz= h h th h
KE
HFPe
wiE | foE | foE | &= | %02
eE /’ 3 e e e 1
]
KE
EE
IAtE
KE
siE | &oE | %02
N
HF

54 \?ET?%EH&EW? (IPADS@SJTU )

13



ChCoreHRY IR 5t

e ChCoredrsLil T — 1 HREXG R S
— BUEFERFEY |, BRAMFIFEREZC

ChCoreFgdinode

struct inode {

int nlinks; /* PEEEEL +/
u64 type; /* SHZEBY +/
size t size; /* SAFKRIN */
union {
struct htable dentries; /* BHENXHHNBERER */
struct radix data; /* BRSERIEEMY +/

}i
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struct string {
char *str; /*
size t len; Je
u64 hash; /*
}i

struct dentry {
struct string name;
struct inode *inode;
struct dentry *next;

}i

Hash(3Z{443) % 512
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) Bk "/OS/Eh/EXSEiC”

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname);
inode = lookup(inode, name); /glf

if (is_symlink(inode)) {
inode = resolve symlink(inode);

}
}

return inode;
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) B "/OS/HftEEEIL"
pathname: OS/EH/EAZEIC | /

name; inode

char *pathname = “/0s/Efth/&E;XEIC”

(O]

inode = get root inode();

while (has_next component(pathiame)) {

name = get next component (pathnamedy

inode = lookup(inode, name); ,,/§I£"
if (is_symlink(inode)) {

inode = resolve symlink(inode); }‘A¢EE§9:F§3
}

}

return inode;
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) Bk "/OS/Ht/EESEIS”
pathname: Eftt/&AZEC | /

name: OS inode

char *pathname = “/0s/Efth/&E;XEIC”

(O]

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname);

inode = lookup(inode, name); ,,/§I£"
if (is_symlink(inode)) { —

inode = resolve symlink(inode); 57(3&1:_?&3114:%
}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname: Eftt/&AZEC
name: OS inode \

char *pathname = “/0s/Efth/&E;XEIC”

(O]

inode = get root inode();

while (has_next component(pathname)) {

name = get next component (pathname):

inode = lookup(inode, name);
iéo(is_symlink(inode)) { ‘\\\\\\\\\ N
FEBRPERG

inode = resolve symlink(inode);

}

nglfu

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname: Eftt/&AZEC
name: OS inode \

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode(); OS
while (has_next component(pathname)) {
name = get next component(pathname); . .
inode = lookup(inode, name); /glf
if (is_symlink(inode)) { -
- AZAS/A 3 s
inode = resolve symlink(inode); |« *uﬁ'ﬁ?%ﬁ}iz‘
}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname: Efth/& L%
name: inode \

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode(); OS
while (has_next component(pathname)) {
name = get next component(pathname); . .
inode = lookup(inode, name); /glf
if (is_symlink(inode)) {
— A /
inode = resolve symlink(inode); *ﬂﬁ%ﬂ%ﬂ%{é

}
}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname: Ei£%E10

name: Efth inode ~

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode(); OS
while (has_next component(pathname)) {
|name = get next component (pathname); . .
inode = lookup(inode, name); /glf
if (is_symlink(inode)) { —
inode = resolve symlink(inode); 57(3&1:_?&3114:%

}
}

return inode;
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=51 “/OS/Hfth/H;iESEic”

pathname: Ei£%E10

name: Efts inode \

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component (pathname);

inode = lookup(inode, name); ,,/§I£"
iéo(is_symlink(inode)) { .

inode = resolve symlink(inode); EEE*E?&:Y#F
}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname: Ei£%E10

name: EAfth inode

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname);
inode = lookup(inode, name);

u/;%:; "

}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname: Ei£%E10
name: inode

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname);

inode = lookup(inode, name); "/glfu
if (is_symlink(inode)) {

inode = resolve symlink(inode); *ﬂﬁ%ﬂ/@\ﬂ%{é
}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname:
name: EiAZEIC inode

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

|name = get next component (pathname);

inode = lookup(inode, name); "/glfu
if (is_symlink(inode)) { —

inode = resolve symlink(inode); 57(@1:_2&?:14:%
}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname:

name: BH,A%EIC inode \

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component (pathname);

inode = lookup(inode, name); "/glfu
iéo(is_symlink(inode)) { .

inode = resolve symlink(inode); EEE*E?&:Y#F
}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname:

name: BH,A%EIC inode \

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname);
inode = lookup(inode, name);

”/'Elfu

if (is_symlink(inode)) { -
— A Af B B 4s
inode = resolve symlink(inode); «— *uﬁﬁ'?%ﬁiz‘

}

}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname:

name: inode \

char *pathname = “/0s/Hfth/EXZEiC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname); . .
inode = lookup(inode, name); /glf
if (is_symlink(inode)) {
— A /
inode = resolve symlink(inode); *ﬂﬁ%ﬂ%ﬂ%{é
}
}

return inode;
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) Bk "/OS/Eh/EXSEiC”

pathname:

name: inode \

char *pathname = “/0s/Efth/&E;XEIC”

inode = get root inode();

while (has_next component(pathname)) {

name = get next component(pathname);
inode = lookup(inode, name);

nglfu

1f . (is_symlink(inode)) { Ej:t'_‘_' Eb

inode = resolve symlink(inode);

}
}

return inode;
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) Bl “/OS/ER"”

leaf: inode

char *pathname = *“/0S/%&i"

(O]

inode = search parent dir(pathname, &leaf);

create file(inode, leaf);
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) Bl “/OS/ER"”

leaf: iz inode ~

char *pathname = “/0S/Z&id” Hﬁi’,

e OS A 7 N

inode = search parent dir(pathname, &leaf)

create file(inode, leaf); !
~./
u/;%-;_; "

FEHRER
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) Bl “/OS/ER"”

leaf: iz inode ~

char *pathname = *“/0S/%&i"

(O]

inode = search parent dir(pathname, &leaf);

create file(inode, leaf);

nglfu

create file(parent, leaf):

J:.I.IC.)de = allocate_inode(); ?_ E %EP@—ILE*TSZ#F

init_inode(inode);

add_dentry to dir(parent, left, inode);
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) Bl “/OS/ER"”

leaf: 1z, parent ~

inode
char *pathname = “/0S/%&"
(ON}
inode = search parent dir(pathname, &leaf);
create file(inode, leaf);
u/;%:; "
create file(parent, leaf):
“oe VAN 'mH
inode = allocate inode(); |« D@aande

init_inode(inode);

add_dentry to dir(parent, left, inode);
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) Bl “/OS/ER"”

leaf: i parent ~—
inode
char *pathname = “/0S/&ix"”
OS
inode = search_parent_dir(pathname, &leaf);

create file(inode, leaf);

u/;%:; "

create file(parent, leaf):

inode = allocate_ inode();

init_inode(inode);

/ #iaftinodeNE

add_dentry to dir(parent,

5

left, inode);
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) Bl “/OS/ER"”

leaf: i parent —_

inode

char *pathname = *“/0S/%&i"

inode = search parent dir(pathname, &leaf);

create file(inode, leaf);

u/;%:; "

create file(parent, leaf):
J:.I.IC.)de = allocate_inode(); Qgiq:bn)\gilﬁ

init_inode(inode);

add_dentry to dir(parent, left, inode);
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FIFESXHE

o ¥IFNHE
— B Btrinode , D ECEFAYAESII(RIFinode |, IR[EIfIS

- EBENH
— BUAMNAEEFIERIUEFTIASES | 5 NERNXHER
— OB IseckiARAEITICRANESIE = typedef struct fd {

off t pos;
struct inode *inode;

int fd = open(“/0S/#ix”, O_CREAT | O_RDWR);
write(fd, buf, 5000);

write(fd, buf, 5000);

lseek(fd, 0, SEEK_SET);

read(fd, buf, 5000);

write(fd, buf, 5000);

} 1éc‘l}—:

struct task {

éé;t fd table[MAX FD];

b
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) XIHAEFIRGT : FAmmap()EihE3

mmap R 1E 34 RETE RN F= 8]

o > 0~

B RFTRRET AR IIRI TR

fd = open(“/0S/#ii”, O RDWR);

addr = mmap(NULL, length, PROT WRITE,
MAP SHARED, fd, 0);

memset(addr, 0, length);

vm_area

ierAmE Ot
SHIEHR

S4B
(X35

/k}#

X

mmapBJ S ECREELE | FRCIECEREEIEIE 51234 Alinode 5 E
ialEImmapiR BIRYREHAEIERT |, b BRI T
FRIAAPMTRCIERREY | BT REBIE | #ENZ S ERTYinode
M E R inode PRI N AIEIRIERIRF T

inode
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FAT. NTFS

) BEFTABLERIXHRS
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) FAT32FETS

FAT1

FAT2 (#5170 )

#EX (HMER)
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) FAT : X453

5% FATA FAT2 (&7 ) H$EX (MXMHHER)

| HuERR HiE | %= iE | %E | %gE

' FAT 0000 | 0000 | 0007 | 0005 | 0000 | 0006 | FFFF | FFFF

FAT HE N EUEFRIEIN T — Mnextigst | 1LFERTLASBREBE—IE
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FAT : X5 HiR

FI3RI0 | OSHW.TXT | 0003 OSHW.TXT A ASSRIRIFIERRS. 5.
== 0 1 2 31 4 5 §) 7
HERE HiE | BUE HiE | BUE | BUE
H —
FAT 0000 | 0000 | 0007 | 0005 | 0000 | 0006 | FFFF | FFFF

FAT RSN EURFEIEIN T — MnextiSt |, 1LFEnT LAREXE—iE

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

45



FAT32ARRJ BRIk

EABRTR2ANTT | (EN B SR R ST

POFH E SRIN
AXHZERI. KEZERM. ErERI.

RS2 JB% =S (B)

SF " BRI

SR/

EBRBEBREARI TS EFHRET (IPADS@SJTU

=S (A7)

)

46



) BERNEO

* ST AFATASZIFAGLAERYSLS ?

« exFATA{ald )

=FAT | fEEBESTIFAGLA LRSS ?

o NHAUE—RLHFAT ?
o FHAFATASZ Nk ?
o IAFATRURENEEEBCSHGIEEE ?

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

47



) NTFSTFiETRB

#HIEX

MFT

#HIEX

MFT (=& )

#IEX
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) NTFSEI{EHFEMFT
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) II#F%!%E%’I{*F

= 15368
o SMFT F R
1 SMFTMirr FHFRER
2 $LogFile HESH
3 $Volume R4 s
4 $AttrDef BIHEENFIZE
5 $Root RER
6 $Bitmap (S
7 $Boot 55314
8 $BadClus NGRS
9 $Secure ZEXHE
10 $UpCase KE*
11 $Extend T RBcEIEER
12 $Extend\$Reparse BRI
13 $Extend\$Usndrl  TEHENHE
14 $Extend\$Quota o E TS
15 $Extend\$Obijld XIZRIDIUSF
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) EHFRICR

MFT

ek

MFT (%5 )

BEs4

B

MHER

B

BHRICH

MAHCR
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B

MAHCRER

FHEMEERE
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) NTFSEURFRIFIEHHRIR

. JEREEH (ASTHER )
— FIEXAIB+IFOIXER
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- RAWREMFTHERE (EEERREM )
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BERIE

S+ AEverything B SFIX AR ?

p parent:c:\windows\system32 *.exe - Everything
File Edit View Search Bookmarks Tools Help
parent:c: \windows\system32 *.exe

Name Path

[ control.exe C\Windows\System32
[ winver.exe C:\Windows\System32
[#5] SlideToShutDown.exe C:\Windows\System32
[#5] LanguageComponentsinstallerComH... C:\Windows\System32
Fondue.exe C:\Windows\System32
|#| OpenWith.exe C:\Windows\System32

C:\Windows\System32

I ANTFSERUNHRERT ?

https://www.voidtools.com/support/

everything/using_everything/

Size
115KB
57KB
20KB
43 KB
98 KB
83KB
210KB

Date Modified

10/07/2015 9:00 PM
10/07/2015 9:00 PM
10/07/2015 9:00 PM
10/07/2015 9:00 PM
10/07/2015 9:00 PM
10/07/2015 9:00 PM
10/07/2015 9:00 PM
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&7, SHEST. FUSE

) EIISUEESE (VFS)
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) MAE— N EZAPERHZIISIERSR ?

- ITENHPRRNRAEXERS
— Linux#WindowsXSz , Mo XEZENNERE %
— MacFBAPFS , UZ—GFFAT/exFAT , F2ahiEfZFHANTFS

- WA ARPREBMHRFAISRNE ?

— VFS : Virtual File System
— hEE , X HRHPOSIX APl , 3 RXHEARRIRI 4R FIREN
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LinuxFREYEEHI S R FVFS

LinuxfYVFSTEN 7T —LZR5#E O
BRI S R S sr X ez VES

AN7EISEEN—Ninode BS54
e  VFSHERiZinode B4R S
- BHREBZSUERRANERGEO

WindowsHIZELIA4]

Installable File System
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IR SGE VFS

BAERGRIRERZ N RS
IR GHRMGE—RIETE | N BEFRHES—IIIERMHSR

B : BN RFREHBEECHIRT R, B SE—iE ?
MRS MG RSE2
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0/ &% R bin /" hdme NQoot
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Is ﬁ INET INVINBB @

AN

© 0 @B
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bin
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VFSHEP—ME— ISR G
B ER AP ST 2 R — MRSERS: s )
Bt RGAIERE I RsRNERE O ©

N\
I\ /|\BH @

LSRN

HES . “/homel//N\eT”

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

60



) EISHEZR S VFS 3Z1¢§éﬁ21’ﬁﬂ9¢§i#j@f§

VFSHERRTERIEE (SR §Q \@
- ERXMHENE S, RELNESEENERA |- wﬂ ot

- A, WERSIEBRI G R Gt Tn(a) ) © / @

NHESE1

HES . “/homel//N\eT”

EI\J “/home//_l\gI/OS/OS%iE1 " 'Ijj_lsl:—l_]

HEREAEFITESHRERESHATET (IPADS@SITU ) 61



) EHISTHES VES — HRRsRRs e

ERARE FBEESRIRERIEN

-« TRBAHRG2HHT “/homel/NT" s A

LSRN

HES . “/homel//N\eT”

LEERBAFEHITERHIARGHARET (IPADS@SITU )



) EHISTHES VES — HRRsRRs e

bin home oot
HEBTEBIE B R ERIE \©
T BB EGE2HRT “Thomel/NT" s ﬂe /J\zgmﬂ
FER T SR TE RS S AT LA 1] ® O & |G
M E S

BB AFHITERHRRFHARET (IPADS@SITU )

63



) LinuxFRIEHINERRAVFS

LinuxBIVFSTE M B9—Linode_EAYEREREO

struct inode operations ({
struct dentry * (*lookup) (struct inode *,struct dentry *, unsigned int);
int (*create) (struct inode *,struct dentry *, umode t, bool);
int (*link) (struct dentry *,struct inode *,struct dentry *);
int (*unlink) (struct inode *,struct dentry *);
int (*symlink) (struct inode *,struct dentry *,const char *);
int (*mkdir) (struct inode *,struct dentry *,umode t);
int (*rmdir) (struct inode *,struct dentry *);

}i

Ext23 31X £z RIS

const struct inode operations ext2 dir_ inode_operations = {

.create = ext2 create,
.lookup = ext2_lookup,
.link = ext2_ link,
.unlink = ext2_unlink,
.symlink = ext2 symlink,
.mkdir = ext2_mkdir,
.rmdir = ext2_rmdir,
}i
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- FAT;ZHinode , UY{aEEZFIVFS ?
— VFSEXY HIZHtAvEO , 81 EEBE—inode
— FATHYinode \EBEESE ?

- FATHIIREZIZEIR{Hinode
— B EROFATHESHinode : FEREZ _FRIEERSE
- NEFEFHIVFSEEinode : RERGFPRIEIELSM
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) AESEES

dcache

SR
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inode

radix

BER sgee [ 1] inode
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) REF

Send 2,000 bytes over
commodity network: 44ns

[ ] Main memory reference:
100ns
EEEEEEEEEE 1,000ns = 1ps u [

SSD random read:
16,000ns = 16us

C EEHEEEEN

EEEEEEEEEE Compress 1KB wth Zippy:
2,000ns = 2us

- XFpREEREEEE =i
- —EARHREIRR AR EANENE S

LBRBRFFITEDHURFEMARFT (IPADS@SITU )
https://colin-scott.github.io/personal_website/research/interactive_latency.htmi

Read 1,000,000 bytes

sequentially from memory:

3,000ns = 3pus

Round trip in same
datacenter: 500,000ns =
500us

1,000,000ns = 1ms = W
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- BEIEFRA XGRS
- A EEAREFHORIESRE | FRZRIEMAE
- SREIRETERENGF | FORRIbEE A LB R AR
- EMURIERE  HAIRSHEERS
- BREIEEIBENTT | RN TSRS o E SRR T
- EHIEERPERE SRS AR E
BREEH IR EE FIEEY S

B BEARIAEE , SRS ? @ @

BT , ZS[ERE HERSREIRE
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) REFZI

FEPHBNEIREEN , EREFPIIBEIINAYIZE
FHERVEEER | TUEFFPRIRER
ZfEHinode : icachedfdinode
FEFHIERIN : dcachePHYERIN
FHEPATERIR | AEPRIERIREN
FEPHNSEE : REPHSEES

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

70



) EFIERTRXHEK

BTAFEANRS , AFPEFINSEREEP IR &E
SEFIRVEIRANERFTI , SAFEEFIERFEIERFEMAIRTR
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RS ?

EREIAFEET
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) ERZ(Linux) RIS

RiF RIFERER
=1 Z=4 BIEZIMN GRS |, IRMHE—HR.
RESFES icache, dcache. ﬁ%ﬁ%
Ext4 XFS F2FS BRRISE RS ECT , E1EFE LAY
MR FHECFNEUE
%
HRifSR IR ESTEDIMS:
/ORI E BIOBEKEITEFFEE
IREFIXE] RESREFHITER
R | WS | | ESEERR
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ChCoreFRRIN IS TFELSTS

THEEEREE. icache,

EEEE RS doache. THRGEREE
BB, SUEEROO.
BRIRS MHER | |pc  nstms. BE. K
o IPC 1
\Y . -
RIFRfEFy % - Q}E>{ IR
FSETHES R R
= IPC 2 IPC
MMIO
ChCore %
|
FEEE
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) =

MACHIAPFSE B EHBAIHRHARE (11)

ygags .. 18-5-20 14:53 #1
g‘f;is‘ iR MACHIAPFSH ) & BIEBAX 42t 4 RE

WTTF, EF—MOSCHEMNXHE, FE-DMAINT, BiMITENES, h2—&, BEME, O, \TERES, EEZBAIR..
WBEEAERANBHEESERMMUR, EERIBI— TR AHAPFSRIMNMER BN, E2—H, MIRRERELXBA
R, AERETHERTAIHAZREALAR, REFHIW, , , EFORE, Emac osy BRETHEXTHMIZMAR,

LBRBRFFITED LR FMARFT (IPADS@SITU ) 75
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) =

MACHIAPFSE B EHBAIHRHARE (11) 4 [

Nty ... 18-5-2014:53 #1
RIBFN MACHIAPFSH 2 70 8 I8 A X1 B 14 I8

581

WTTF, EF—MOSCHEMNXHE, FE-DMAINT, BiMITENES, h2—&, BEME, O, \TERES, EEZBAIR..
WBEEAERANBHEESERMMUR, EERIBI— TR AHAPFSRIMNMER BN, E2—H, MIRRERELXBA
R, AERETHERTAIHAZREALAR, REFHIW, , , EFORE, Emac osy BRETHEXTHMIZMAR,

read/write mmap
S cp AB S cp AB
1. FIFFXMA 1. FIFXMA
2. BUEAIFFXMB 2. FRENARIK/IN/9X
3. MarpiEtiggERlbut fer 3. BIEHFTIFB
4. BbufferFHEEIESAB 4. HEZBRIA/INAX (fallocate/ftruncate)
5. B3, 4BEIHaiEse 5. }afBS BlmmapZIRFESIA
6. memcpy
http://www.audiobar.cn/forum.php? BB ARSI S NERSHTRAT (IPADS@SJTU ) 76

mod=viewthread&tid=523830



) =

MACKIAPFSHB W EHIBAIHRHARE (1) o [USCRRT]
... 18-5-20 14:53 #1

BRI MACHIAPFSHA S 8 SIB A B 4B

WTTF, EF—MOSCHEMNXHE, FE-DMAINT, BiMITENES, h2—&, BEME, O, \TERES, EEZBAIR..
WBEEAERANBHEESERMMUR, EERIBI— TR AHAPFSRIMNMER BN, E2—H, MIRRERELXBA
R, AERETHERTAIHAZREALAR, REFHIW, , , EFORE, Emac osy BRETHEXTHMIZMAR,

read/write mmap
S cp AB S cp AB
1. FTFZ(4A 1. FIFZM4A
2. BIEFITHN 4B 2. FRENARIAR/NIX
3. MafiEtiEiERlouf fer 3. GUEFFTF4B
4. BbufferFHEEIESAB 4. HEZBRIA/INAX (fallocate/ftruncate)
5. 83, 4B RIS 5. BatB5BlmmapE|AFZSE]
6. memcpy
=] g P yAY
SIS |, FERTEIS | A{aEEIRDEH 2
http://www.audiobar.cn/forum.php? BB ARSI S NERSHTRAT (IPADS@SJTU ) 77
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» [ARHEACOW

- XFETFinodeRAIHERES
— inodeZRIEN—HEHIRIBIRE
- TNCEMEIEX3CoW

© TGRS FRS
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FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

80



) TRERST

» —ANHKEBZEFE/I0 , MU
— MRS

- FRIRS{HF

KERI0EEE | HEIHFEZ(E

B RER TS REREGFHRFT (IPADS@SITU )

81



) TRERST

 EZE5|HEIFC

- MIFRE0R

wATT
R

PR

2

s

IRIZE

w el

IRIZE

TR

(%0

~

IRIZE

Rl

F5|TR

Extent
{ A \
wiE | &0E | 2=
R /’ | & | w
]
KE #iE
e Y
gLl
KE
u-|_¥_-l|-j|_l (RN Y
HiE | %
R _/’ |
Eiathe
KE
e
AtRS
KE
wiE | &0E | 202
th h h
HFPa
82

HIT50 MmN ESFHARFT (IPADS@SITU )



) TRERST

 EZE5|HEIFC

- MIFRE0R

BT

e /{)ﬁfz%
FHR

IR e
FoR

IRIZE

Rl

\ =

F5|TR

R | BUE
gkl
IR S
KE
miE=
FEIRRS
K
HUE | BUE | EdE
3’ H® 3’
HF

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

83




—EH{thZHRINEE

- 0% - IX4RAID

- 48 « ZIRFEE

- RE « 5

o FUEFIICEIEIRIE . %% ( Transaction )

ECENETE ( QoS)
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GIT : RESHUNHFRE S

. XE_LEGITE—RAFRHIE 4
« (B[R LEGITE—HNBIURINERS !
- Bz 1 aFE
— B : IDA\GITEIEEE
— & BT HIENSE 40N SHA-1REEF]
— BI2NERHERFERE | B8 NEHHEAX
— FFEUSEIRIEIE. git/objects BRT ( IHRBLHIESS )

« NHRGZ LRINHERS
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) GITHREHRESR

- BLOBXISR : XM SHERFEHHIN

first file with more words

befb5f
o IR WNNERSEFHERE GASES
040000 tree fOb50bef52478d42d68£f£f21914c430d8148f23cd dir
100644 blob eead65ab73dfb5cd24379efd61da949b3b5138ea first.txt SeCOFKjIXt d"
100644 blob 09511ef0b04£b20dd32£3cb090£9c6ded9cd2627 second.txt first tut ~.
' fOb50b
09511e
—— -
¢ ]:IEEQXTJ% [ a new second file ] *std%

tree befb5£375306393e542026391d95104579da48ce eeadb5
parent b2bleda3c44d0a2cbl0ad7f522ae78f9ded7e95e s S W e el
author IPADS <ipads@ipads.se.sjtu.edu.cn> 1587414317 +0800

committer IPADS <ipads@ipads.se.sjtu.edu.cn> 1587414317 +0800

] second.txt

third commit da2068

second file

FERBEBREHFITS,HEGSHARET (IPADS@SJTU ) 87



) GITRYIR3Z

09511e
) .
second.txt a new second file

108103 befb5f
third commit IPSES first.txt ] eeadb5
first file with more words
fOb50b
second.txt =
b2b1ed 9eabf4 >[ RS
second commit SIPSER
first.txt
Tfbf76
first file
first.txt
373534 9a7c4a
[ first commit I I IPSES ]<8600nd.txt
T da2068
second file
/NEER : 74T git checkout b2b1ed -- first.ixt BERARLE T A ?
EEREAEHITED R SFHATET (IPADS@SITU ) 88



) SQLite : X REFN=RE

Home About Documentation Download

» Table Of Contents

1. Summary

Small. Fast. Reliable.
Choose any three.

License Support Purchase Search

35% Faster Than The Filesystem

(s

files on disk using fread() or fwrite().

QLite reads and writes small blobs (for example, thumbnail images) 35% faster! than the same blobs can be read from or written to individual \

Furthermore, a single SQLite database holding 10-kilobyte blobs uses about 20% less disk space than storing the blobs in individual files.

The performance difference arises (we believe) because when working from an SQLite database, the open() and close() system calls are invoked
\onlv once. whereas open() and close() are invoked once for each blob when usina blobs stored in individual files. It abpears that the overhead of

J

https://www.sqlite.org/fasterthanfs.html
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) SQLite : X REFN=RE

« EME ESQLiteE—NE

I'—I'UE

-

» (B3R ESQLitetB A LAE—1NEERSE |

» HORE— 1 EUERE

— [ERFBEUEERIRT | ICR 42 FIBLOBSRE N (H-241E
- BYEHRER | SRERIN UG E0E
- FERE/NH

« NIHFESE

AT HE

RIS AR GEE

RIS
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) SQLite3|BAIBED

« XWFINUE , AE—IRSUFRFAUSQLIte3 RS ?
© NHRGEUMAIT RTINS HATHOH 7
 RBEWRETTII/ NIRRT = ?
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FUSE : ARSI RFRIELS
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FUSER RSN IR RIESR

N ALZRPSXHRS ?
PRI U R FEHTIRLT

REF=HEALUER

T3,
FEOIBRZIEER
SCILFTIORE

FUSE S{4&%
NFFER
BFE FUSERE
I [}
; [
sk Az S ES
Hita
} ‘ ‘ FUSE Xz
Ext4 XFS F2FS
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FUSEERRIE

1. FUSEN /4R FMFUSEIRTERT (33 )
2. NAERARXIEEK

. FUSE STES
3. IRIEEH A , VFSEEIEKEE AEFUSEIXE) RIFEFER
P& FUSERE
4. FUSEIRZN@ITRHr. HENEESRIES - L)
KALAFUSEXHZA vtz BT RS —L ]
5. FUSE{RFMIRIER ¥ ¥ ! FUSE 352
Ext4 XFS F2FS

6. FUSES4 R FEAFUSEIRENE KSR

7. FUSEIRZNEIDVFSIRE)4E BRLA R R
IR . NXNRFER R LAB HFUSER{TAIGJRE ?
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FUSE API

- [EKEAPI
- BES5RA%RRE
— FEEAEEinodefIEHEIR(E
- RENBRNZEAEFER
- BEAPI
- MEFTREAPIZ L
— LIBRBRSE
— FEXiTinode, KRIFZFIEH
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FUSE/EEAPI

static void hello 11 lookup(fuse_req_t req, fuse_ino_t parent, const char *name)
{
struct fuse entry param e; e.ino = 2;
hello _stat(e.ino, &e.attr);
fuse reply entry(req, &e);
} // lookup : {RIERBRinofIX{HE , IREIEKER
static void hello 11 read(fuse_req_t req, fuse_ino_t ino, size_t size,
off t off, struct fuse_file_info *fi)
{
assert(ino == 2);
reply buf limited(req, hello_str, strlen(hello str), off, size);
} // read: {RiEino , IRELER

static const struct fuse lowlevel ops hello 11 oper = {
.lookup = hello_1ll_ lookup,
.getattr = hello 11 getattr,
.readdir = hello_11 readdir,
.open = hello 11 open,
.read = hello_1l1l read,

Yi // RRERETEEHEA RS

int main() {

se = fuse session new(&args, &hello 11 oper, sizeof(hello 11 oper), NULL); // B3 iE#E
fuse session _mount(se, opts.mountpoint); // ¥EFk
ret = fuse session_loop(se); // EEFHERFEIE

http://libfuse.github.io/doxygen B EREAEH TS S REFGHRAT (IPADS@SJTU )

/lexample_2hello__Il_8c.html
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) FUSESEAPI

static int hello read(const char *path, char *buf, size t size, off_t offset,
struct fuse_file_ info *fi)
{
const char *content = “Hello World!\n”;
memcpy (buf, content + offset, MIN(size, strlen(content) — offset));
return size;

} // read : {R#Epath , EbufFIEANEIRE , IREBSAFT

static const struct fuse operations hello oper = {
.init = hello init,
.getattr = hello getattr,
.readdir = hello_readdir,
.open = hello open,
.read = hello_read,

Yi /7 RREREIEEHEACEEL

int main() {

ret = fuse main(args.argc, args.argv, &hello oper, NULL); // ¥H#H. iFMHEEHERIOIE

http://libfuse.github.io/d ooy sese — . .
fexample. 2hallo, Sobtmt — EEREAEHTSHRRRATRAT (IPADS@SITU )



IRscHR , FUSERERRIMATA ?

e HlLab!
« SSHFS ( Hsshiz#imin BREIA )
e NTFS-3G

*  GMailFs ( LAS8HzOWUREBE )

-  WikipediaFS ( FHX{4AEEFI4miEWikipedia )
- NEREZ

o PG ES ( Lustre, GlusterFSZE )

» Everything is a file; can everything be done with a filesystem?
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