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Unix/Linux/Eds
Chapter 1
Hardware Basic(ffif}-%Eati%niR)
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ﬁﬁ%%%o%T%%%T%Umm’%%ET@EE@#%%%%ﬁOiﬁﬁ?%ﬁm%@#
AT T

1975411 “Popular Electronics” Z¢&Hf i LEIH TAltair 80801 F, —¥¥mItia T .

Altair 8080, FEBEH-WI “Star Trek epsode” 44, HTFH%E$397, winl M N TZIFEH A
AR, A Intel  8080KLFEAS 2561 NAF, (HER A BEAREFIBESL . LAS R IGFRAER A
=, EAMMT . EMAkH#E, Ed Roberts, H#ilig T 414 “personal computer “Kiiy i) k&
B, {HIAE, PCIXAN44 A & H ka4 JLT- A fRal AAMKEE RS Bhat v BL B Sis 1Tl R 4
Blo HXAEN, H2—2-15r0m K1 AIpha AXP RS 2PC,

FUFHATE R TAItair 978 1, JHE eS8, HEmiil. XX ee B seieckiE, eR%
KEBEH: WA R EIRLSAT R PR EALR G Pl ok B f . AR LLEE B
CEERRHE AT ENL, XA B R AR R s Rl 0k B 5 b A I Al
P, FE—E R L& AR, M ERKNR T XL B S Al . A IR R 2, 1BM
FE19814FE KA TIBM  PCIf-T-19824F KA O, Mk X T HARPCHIFTY . &4 Intel  80884b
FEZS, GAKANAE (ALY 72 3256K) , PIANIRIKFT—AN80x25 1 R (4 I 1< (CGA),  FH 4R Ity bn ki
B, EIREAEMR, HEERENAE . 19834F, KA HELAIIBM  PC-XT, WG — 5tk
(RILOMEE A . AN A KAt A = wiCompag JT U4 IBM - PCII Sy, PCRIZE IR R T F Sz kv . iX
AN SE IRRAEAE RHEAE A2 W) A DAAE XA WS K sy bl 54, ik, ol LLaifilih
¥, R . BIACPCHRZE T HLIPCIIF 2 KGR RAFE . H 2L T HE i KK Intel  Pentium
Proff) K&t n] LLiz4T Intel 8086/ -hHAi . HLinus Torvalds 45T & fo K ELinux i, b
TEFE T Y B IR RS e & PRI & . — & Intel 80386 PC.

MPCIIANIE , B WA 2N UAE . B, BUbRFI o de . ZENLARIO AT — 2842, —
AN D s Y, AR ILEI R 2 AR GUiAAT > CD-ROMIT]. ONZh 4% . Wik
PR EARA ORI A, B2 AT A IR L. XL & R RSN

BEARCPUE BN R, (HEIFAEME IR RERLS . T RS RERIE:, BIanIDER il gs,
WA e R E MR RE. fEPCARE (1.1, R LIE S ER, WAECPUBIMALFgs. A
AN LEASARPC USSP IR AORE (2 . FLrh— U973, U0 IDERA A 7 1) &5 m] BE A AR ARS8 B
F.
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1. CPU

CPU, B UUMALPLS:, EHT AT HNRGNI L. PAC P a3 Bt ia i, 2R
TEIE A AF R B 2 IR AT IR, Bt . VU I, it
HES AP I RERPUE AT I3 OF RO B0 B BRIc . X4
i) “ AR RAE BT R . IUACHI T PE AR X S T REAR R AR TR AE — HIR R N
T i P I AR B e FEARS, AARICPUL TAL BE A5 AAL B AT H]

AL T P8 A RO s XL HIN0ZL . XL LFION) B B o6 [ R R
Ko BUIFA5 420 FAN10F240 0, 3RS T i — R FMR R 21 T B £ 7 4l il
XH, AR —NMCE R A SRR, 10 (R — 210, 10120k it
10x10, 10fA37KFE10x10x10, MKIb2eHE, —8EH0001 2 +8EHI1, —HEHI%700102
k2, T HERI0011 S ERI3, T kiEI0100 2 k4, A, FRLL, HiEdI422
T HEEI10101088 3 (2+8+325k2142342%) | R ENIFRERR TG bR SRR BT
A, H—FhER, 168EE], g R xRt R R R 161K R
B BTG K M0RN9, e+ Nk 102]15% I H A +FA, B, C, D, E,
FRor. B, o NubmIER+REHIr14, -t Skl 22kl 42 (24
16+10) » HCHEF MR RE CKB—HMHD , TNt EHmg: “ox” « +
N IEHI R 2AE H0x2A.
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Figure 1.1: A typical I'C motherboard.

PUAL B g5 ] IPAT SEASE S . SRR, th ] LA AR il . “Xe A5 KT
Y7 .

AR PAT B AMEB IR s il o IXANIBE, BVRGEINBh, 6 Ab PR 2 AR AR E () I
Fkt, FERE—ANI B B, ARBRSSHAT L TAE. B, AbPRES AT IAERE AN
Pk B PAT 55454 . PEAS IR H RGN B RIE SRR IA . —~100Mhz ¥ 4b
PRES READ P42 £1)100, 000, 000K Bkt FH IS P4 K F5 IR CPUIYI fiE 11 & —
PR, R AN ) PR A B 28R A — R P ik b AT B CAE AN . BAR Gk, iR
BT ) A TR1 45, bR () I i R e TR A B B (A i ) i . AL PRBSHAT IR 2 AR
faie, . AN EXI N BB A AEARY R “ o AAEAR AL H S 1Y N AT
it ), HSRAFAE SR T AT 8 . AT D4R AE T RE AT AL B35 5% 11 2 A B A T e ¢
PAT WA A T R 2 . IE R IR UM SR A E i, T IR b 2
LT EBRIIRE ), RS BATECA T B2 5o riR 42

PATHE LI AL RIS, 154 H B T BES T A I8, X225l
B IR R P A7 A i ZE I A OR A7 B A A h 25
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—NMRALEE A P A A BRI RN BRI A g e e T E IR AL, — N Intel
804864LFE#5 Fl1—/NAlpha  AXPARHLER M BF fras dlsc A . ok, Intel j&3217 5 1
Alpha AXPZ64fr v, (HAZ, —ekdE, Frafkec A as 8o — L@ M H i %
e /b G A7 28 . R EUEH BN DU R Reik & 10 L 1) 25 A7 4%«

Program Counter (PC) F&/&il%iss

%ﬁ%ﬁ%ﬂ%TT—%E%ﬁ%%@%ﬂmom%WﬁEﬁﬁmﬁémwﬁaﬁ
B

Stack Pointer (SP) HEkkis4t

Ak P58 ZSRE 0 A7 HOH] 31l I A i s (0 A (K AN B 5 BE LA A A7 CRAND
HERZ i TAESNE A A7 A BORMR S I I S 1R ik o a0y, AbBRAs eIt 1y
IR R A I AE HER T, JFAE LU Fa 22 UK. HERRAEAILIFO (JR st
O 755 B, WERAR A PIAMEXATY BIHER AR JE WHERG i iy — A
H, WArRRyHE.

— LG Lb SR HEAR 0] N AE IO K, T S — L n) N AE IR RIS K. 10— LB Ab 2%
PR A AT LS R, #ilan: ARM.

Processor Status (PS)

RATTRE =g e Fltn:  “XTAARMNBT TR TYTARMONE? “mIReE
BRI g B . PSETAT 2% Or B Xt 2k B DL R A B 28 M ain R A b B . 2 50b
BRDEPMEL: kernel (0D Fuser (FHPA) , PSEFAEAe 440 3 HEMb I
B AT AR LA .

2. Memory(WNA¥)

P ARG BAT 0 P N AF G FRE T AN TR 00 PR S AT A H AN [R] F1) PA A74Le

BRI AT e B AT A 2%, % E A TG s B — - T 22 A2 2
AN, XMAAIEE IR S 5, Rk 2 s s o R LN ERDER
MM, TR ZH R IR B AR AE RE TR L, — Lo b P F— R A7
W AF R IS B AF R 2 TV BUE, T 59— SSAb F 28 IR B A N AfE-— D TS, —A
FT%dk. Alpha AXPACHEZSA PHAS N B 1 AT Bl e A7 A7tk . — AN T8l (D-
Cache) , B—1MHT+4_4 (1-Cache) . ‘BI\HNIE G A2 (EB-Cache) #
P ETRAE

IJa PSR AL A TAM R i G2 A7 A7 il s 10 5 T ARH %, X FCPUN L
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I A7 A7 fifi a1 A A7 TR ELEAENE

R GAFAF AR N AF IR FERIE (80 o BA)IESL, R ENAAP A
FORAFAE R R BACAF AR AR I DI MLE, A RGO AURE Rl S A7 A7 ik 43 A1
TR AL IR G A7 il 4 R0 1 DA 2 B E S, o5&y
%%ﬁﬁﬁ%%%&%oN?ﬁ%-%%%%i%ﬁ%,@#ﬁﬁ#m%ﬁ%ﬁm

3. Buses (&%)

ARGV AAURER ) R B R IE R RS IEAE . RGN —=FhiE
IhRE: Mbbs g, Bl S ZIEl R L. il DA E T Bl AL ) A A AL E
sk, Bdls B2 brfr TSI EE . o B do20Um 1, B EVFCPUREEL, B 1t
VFCPUE . PR T 8RS S 2 M THAE R G AN AP RIS 5 . AVF2F
AR ZSERL,  ISANIPCEE 2t RS T b e 1 M 5o

4. Controllers and Peripherals (=528 R140 %)

HMBETRSEAE B, Wi AR GEAR AR Gt adi = _E B P hles B Brd bl ) e T - Bl
Ao IDEFE I A P IDEREATE, Mo SCSIHZ I Fr FEHISCS M i o IR LE47 i ds il i A
[ ) e S IEFL BICPUIF A HLERE . DUAEHIIE MK 2 HOR GUHR 2 HIPCIERISA R 2okt R 4t
(K B PERAE S . P A S B E B CPU—FEIGALBE S, EATTR] LA /ECPUI)
BHEBL T, CPUIIAT RGN fie P I o

PIAT IRl A A AN R, (B8 5 e 1A Bl eI & 47 45 . CPU_LIzAT (1
BAT R X e i w A s . DA A Ay Al RER S R A IR IR, Sy
A B T g, SRR R AN R IR g A
LA AR CPUST Ik, SXFE BT B 26 XN R P it ) AR 5 8 1) & A7 s R Mo #2710 1DE
HBE 0T, B TR AR 2 ERE— AN IREhaR MBE T I3l
JEPCLEEL, SCVFRE s (WEDER) #ar A7 H.

5. Address Spaces (-hEZ%[H])

EHECPURI L A A7 1A AR 0 1 28 A S HECPURIL R S RE A S B 1R B R 3 0 1 BB
BT [ A A7 IR R A 1/07 ] o 1/07 [RIA B uf LA —204l o), (R BT T
SEANTTE o CPURT LAY ) 2R G Py A7 2% [ R 1 /07 ], T4l 2 L Bl id CPUIR] 4y In) 3%
GENAE. BRI R, LBk ysiles, & RBeR BI'E M 2 4748 DT LE K]
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Hihk=a] CISA) , MAERGENAE. —ANCPUFIASFII 54 25 In) WAEFINL/0%5 8] . 15
wn, ARE AR AR N I/0HIEEOXSFORLEL — N F T RIXZAE a8 “ . IX 9 ZCPUIH
15 S ARG A AT 1 /0t 23 18] R 25 A7 28 I8 AR (1 7 7 AE bt 23 ]

Wi, MBS CAnIDEFEHIZS, B ATuR ), BURPE RIS A AT AT A EPCAMNK M £
i%@*a%mTﬁwou%ﬁ%%mmmmm%%ﬁm(mm>%ﬁ%%ﬁ%%
Hitil

A7 I 8 TR A2 A B A7, TR S KR 1 R s

S LAV PSR S S 2. (R T, A BRI COMA) il

By SIS HSRGRRSINE, 0, IS ECPU™ i
AT

6. Timer(I54H)
ARG TG L ANTE N ], DUAAPCRLFE— MNP RSN, ARSI I (RTC) o B4t T4
FEARVE: ] REM) H ARSI TR [RIR% . RTCHAH B G i, FrCARIMEPCH A N, efiftia

170 EWRNAAPCEIE “HITE” WA H AN R] o I [ ) B v I Fo VP44 28 GO il s 1 52
FEARTAES

Chapter 2

Software Basic(#ffH:mt)

R PR e AR S5 T LR 24l . B rTUTNESE =, — AR RGN o AL
SRS, Wl ME AL ORI Z0R =, WICHE S90S . HAERGUE MR,
VP R EIs T MR, FE RS AL B AR A . AR TR R P, OF
R R G H AL RE

2.1 Computer Languages(il-5iMLiE )

2.1 1. 9iES

CPUM YA FH LRI T (3R 20 T AR ICTR B . e e AR, Rt VR v 5L 2
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2. el oNdE I 50x89E5, & Intel 80486[HF5 4, 27 AF2SESPIF N 254 1 31| 27 ££ #SEBP
i BT ENL B R LR — RICRAET, B AN DB S YR S, R LA
FEALZSARAY o Vg TE = I A M AL B G 25 A7 2 AU B0 BB, T X R BV 5 T4 5 (R oAb R 2%
M 2R . Intel X867 AL BERS K1V 2w it 5 FIAIpha  AXPTIAL B &5 (I 9wt 5 58 AN . LA
TAlpha AXPIC4uARad i 7~ 1 R 7 nl ARAT IR /R SR

Ldr r16, (r15) ; ZH—AT
Ldr r17, 4(rl15) ; %47
Beq ri16,rl7,100; =47
Str r17, (r15); ZHPUAT

100: ; B hAT

P AT J520 (7 S5 N T 0 ) 28 IR B0 25 £ 3816 R 40— G A0 S

A7 IR B AR B A BT . A7 OB A A7 2R AGRI A AE AR 1T, WA, 4 SR
2100, A, AEEATEUAT, 59 RITIO BB AR . W AR ST R R
DRSO L GO T T 500, 25 e, Linux R B0 b1 —
MLt OS2 LA o U0 TR, SRR
S

2.1.2 The C Programming Language and Compiler (Ci& 5 RIgwiE#s)

1 I giE = S RKIRE 4 IR M, T RERNTTR], 2550 A HAE RS e A fe ik, Hfg
SRR E AL PR RS K . U AR B A RIS TR HITE T, BIanC. CRVFK A RS VL 4
LA PR B . W g AL Ccompiller) HIAFERFE PRI ANCREE, I e 4 il
Uit T, UEMT P AENLES A SR o U IO gR B A AR R S 45 2 vl LR Y ZmAE P B R 5 1)
TR R . KA Linux iz 02 FHCIE S 951K . LUR ICH i

if x 1=y

X =Y;

PAT T FHT R I A 8 A FE IR . WA EXI N ERR By N AN —FE, LRy
(PN 445 DL B fEx. CARRS RS Croutine) HHATHLG, B —MIFEHAT —IUTS . BIFERT
LI [FICPfr SR AT A2 B8 B its S8 1 . KRR L An L nuxk 0 90l R VF 22 IR CHE 5 A e 4]

G, BT B OB 5K . X BECTA I B IL R R e T Th RELL AN S R ¢
b FACAD .
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CFFZ MR, RN IREAE, NS5 M. EIRICH W+, xAl
yol T AR IO E . R AT B ASRAE WA P I RARGL B, RS (k) 16
AP o — LA S AN R R 0] A e A, 3 BN g S S de

e RS e IR WA (Rl (AR . RN X, AT N A7 HHE0Xx80010000, R
AIREAH —NMEE pX, $5R)X. Px ] BE A7 T-Hihl:0x80010030, Px[HIAE M| 2 A5 B x [y Hiu kil
0x80010000,

CAVFIRRIAT R A AL A A 4540 . i
Struct {

Int I;

Char b;

} my_struct;

A fmy_structi Bl S5, WA ITER: IR0 (326 PRSP (BALE)
bo

2.1.3 Linkers GE3EFET)

HEREFPRE LA™ B AR BEERRT SO IERAE i o N e R e . H AU I e
oG AL P LA S, B RARHLEAS A A OE R A E RS B el N H
PR R] GEAL IR RE P (K PAT Bl PEDIRE, o5y — > H AR E N 55 b B fiy AT S BN el . 3
BREPHAE H AR 18 (51 I OC AR, BRIV E —ANBEER P 51 1) B R AT B 7 53— e 1
B . LinuxA% /0o H1 20 A H AR DR F 1M s (1 307 (R KRR o

2.2 What is an Operating System (ft4 Z#fE£R%E? )

BATHA, WHENUE MR oot WERUUE P2 T SERLIR G, WA F st eI R
o BAERGE RVF BT NP H ARG IR RGah %, SO
P RS IR PP Z e AU L . R AFIE R T PR GRS . K2 HPCHl LUz
IR BAE ARG R DNMRE RGPS EHSRAAIR - Linux AN R DI RE R &8 2>
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MR, XECE A MR -SRI T Linuxd/E R 5. Linuxds: B 2 134 it EKernel 45, {H &0
HktrshellZlibraries—FE3A AL,

AT TP ARBAE RS, & AR AR B oy N A2 T A4

$Is

Mail c images perl
Docs tcl

$

X B SR G I shel Vg IR F R Ukl igbash) « FoRshe lIFESEEAR (HIFD HAfT 2
NS5 R BEL KA RE P UMM 1 745, A IR BIRE 4 U 1 745 A% 34 4 she |1 25 AR L
shel SE &R A A M T AT, B T/bin/ls, AR5 A O MRS B IsHAT R gk 21
PNAE I THIEAT o IsPHATIR I AT RO SO T R R GE T Ao . SRS
R B I A I SCAE AR G IR B0 I A v a6 SRS R e ARG, SRR E AR S, B vl fiE i i I
28 LA PR BN RE P (R R LA HA B M B A R ST BT U el (R R SCPF I PR AR (R L (U RG]
CIGHIENFSI 2% SCIF R GUIERE 228D o ANE SR B2 Wil 2010, IsECRAS B, i wor
WRANRE > A b 4 L

LB RE AR 2 R 0%, (ER U] 1 BT B o] B iy & R 3R RS A ThRER 2
ECFEPMEIEE R, RARPEA RER IR D) — Do IR G

2.2.1 Memory management (pPy£7%FE)

W RNE LR BEH, BN AE, B AEAE RGP LA HIR 2 TG REAE 2RI DT A
TERGN) DA R LD R P BE N A TARERI BT A 2 A IXFPR A R
IR A AR LA A, e I AT IR L AR B IR Z AT . RGN0 %%
GPRCERIA UL, A RGISATIN KX L GO e BIREAE Fo TN R IR ANENTE, DA A E R G
M1 53— iR itk

2.2.2 Processes (GFE)
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BERE ] AEAE— NMESAT IR, & — DR AL IEAEISAT B 58 R BT SR . B R
ME—NRIILInUXR S, R KA MRZ AR Bl ERNARS EAps W T U
R

$ ps

PID TTY STAT TIME COMMAND

158 pRe 1 0:00 -bash

174 pRe 1 0:00 sh /usr/X11R6/bin/startx

175 pRe 1 0:00 xinit Zusr/X11R6/1i1b/X11/xinit/xinitrc --

178 pRe 1 N 0:00 bowman

182 pRe 1 N 0:01 rxvt -geometry 120x35 -fg white -bg black

184 pRe 1 < 0:00 xclock -bg grey -geometry -1500-1500 -padding O

185 pRe 1 < 0:00 xload -bg grey -geometry -0-0 -label xload

187 pp6 1 9:26 /bin/bash

202 pRe 1 N 0:00 rxvt -geometry 120x35 -fg white -bg black

203 ppc 2 0:00 /bin/bash

1796 pRe 1 N 0:00 rxvt -geometry 120x35 -fg white -bg black

1797 v06 1 0:00 /bin/bash

3056 pp6 3 < 0:02 emacs intro/introduction.tex

3270 pp6 3 0:00 ps

$

W R RGEAT ZANCPUIB A BN FERE v B (R /DAERR Eantt) #/EARKICPU EigdT. AN
SEME, R, BB E RGOS, AR T AR Ia AT RN RERE . XA a] B
MHABCN TR) o BRI A ERE BRI, e 1 RN IERE, e Eme [ BkRe,
FEA L Z ()32 BIORYT, BT LLAUR — AN BERE A A RE AR, Aasgmi i ife . #F Rariind
2 RE AN RERE —NRSL I IR A (R OR SEBLOR Y, RERE IR REVS R B AR A ]

2.2.3 Device Drivers (% &IREIFET)
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WA RS FE L T Linux % Lo BB 0 o S EAE RGN AR > —FF, EATE— N mft e
PIIRES R TAE, Wi RARR, WRESTIRE R, W& MKSFE 6 T HAE R eyt
RITEAE & 45 2 TR IAS Hoo Ebln: SO R 40 0] I DERE 4% ‘5 H i He e A P ] B e 1 . SRS R
PRGN, JEACEERI ARSI A o A IRBIRE P A e SR AN (P AR G das il 2 5 R AH G, B
CL, WIRARI RS A — NCR8LOMISCSIF il #y , AR5 ZENCR810IM IR AL T

2.2.4 The Filesystems ({540

ZUnix—HFf, ZELinux ., RGXFIAT IS RGEAE RS hRnFERAEEL CEL o sh 2% 2w 5 5k
KNS A TRD) , TR — M I GER . LinUxTE 2R (S0 R G0N, 0 22 148 52 (1)
GAEH, l/mnt/cdrom, MG HRIXAN R — SO RS Lo Linux P —A S ERHIE &'
YRF LRI SO RS XA AR H R HA]T URI Al R 48 R I ILAE . Linuxds i FH 1)
ARG SEEXT2, K2 BLinux & A AR SZ £ o

S RGO AFIAE R G A L1 SCPEAT H S A ] AR 0 g — B Q3R g I, b ANl
S RGN R SR 2 Y B R E . LinuxiE W0 SCREZ Rl OSCPE RS (WIMS-DOSHI
EXT2) , REPTAT 2RI SRS RGeS G o AU SO R Ge. BrEk, P AN Rl
AN BRI RE B A8 B SCPEPAE IR SCPE R SRR AL, e 1.

SN FE R o T B AKX ) CATIDEFISCSE) o T30 R Gk iE, WHk &
AR TE A S o ARSI /N AT BEAT], WK — M /25127715, 1M IDEW £l
WAE1024F7F, RS, ST RGN, XX T . EXT230 REAE & Ak
%, BRI FET,

2.3 Kernet Data Structures (RZ.LoEdE&E#a)

BAERF UMLK T REYTPIREN T ZHEE. WRRGE R TS, X5 4t
A I AR DA B i R SE B Ot lan: B P G sk B R G s, 75 a0 — AN gk
Eofﬁﬂﬁmmﬂﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁw,ﬁﬂ%ﬁﬁﬁ$ﬁmﬁﬁ%ﬁﬁﬁwﬁ%
F—C o

A (Bt 4540 2 B B A AR, i R BE A DA E 0 7 R Ge V5 i) o ot 4540 A0 35 Bcdls A
fast CLAbEEE S s BI R AL « F—&, LinuxiZL P F S 850 REdRH L. I
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S92, B MNERAEATIC A 1Y, BT MER ST E AN I T RGP AL T B, (H2 s b
EAIEE S — U BN I 2R R 2

SRARL Ui O B T B [RS8 MO R O B S 45 M 9 S0 s M. A
;ggﬁﬁgggm%ﬁUmM%uaw&@—¢&®%gﬁmﬁ&,ﬁ@mﬁﬁﬂﬁmwﬁﬁ

2.3.1 Linked Lists (ZE#EE)

Linux{if ] — Bl CRESOARRS € B 4 IEaAE . 2RO e RS gi . W
AR SRR AR S R AR R S], ten A BERE AR 2 i

oo R BIRRES I PAT IS . AEBER Y, MR QIR MR S s ook, 4]
R EE DR EIRIPIR - DIus iR Boroos il b Matal efliong

NULL, RoRIXREPIRING R, fEX AR, S DIu s AMUEFESIR S F N IoR iR
Bt ERAESIR AT N ICE ISR . ARUR BER T L LEREER 5y (K5 512 v 8] 5 T s 53k oo
i,@%ﬁ%%ﬁ%%%ﬁﬁmoﬁ%ﬁ@%ﬁ%%%%%ﬁ%ﬁ:Wﬁﬁﬂﬁﬁ%@%ﬁ%@

2.3.2 Hash Tables

BRI g5, (R IR R MRCR T R E A | . BIRESF e es, o
REL AT FRSEHEN KA BB Linux A 7 —FHR: Hashing K IXFh R . Hash table
SEFRE A B Ul R . B0 B R AR R AE A PR IRAF TR 5o 3R] DA 14k
Ho BAHHRTIRVIN, REDEEA P mEEE. FHRE DLMEF, o] U4 R
PESRIAR T — A LW sEs A+,

Hash  tablest — Mg B Ak TS 08, &R TIRIE T B 450 h rfE B W R AR
AR AR IR RN D, URATDUH SRR R 5] EHRH - MRE I N,
PRu] LA R A 0 R S I AE N DA A, T SRR R WA PR S B gity . A
SEME, AR RERE NFEEHF], PrULBSR TR EHR 1 ) MR A,
NICHEHBFEE N o BMERRE, A IX RN BER IR L AT A7 1) Bt 45 A 2R

Hash tablen] M]3~ i FH K As 45 1 U5 1), fELinux L% flhash  tableXkSEigEnt. Z2of2
i SRS S, Rl A BN . Bl e poiE g2 m X IR AR L, [
ALV H T IR LG o AL G X ABAT R AT, DAL AU AR Ok b g B e 181 B
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ok WAREHE S F ] AR IR B GXmfiegeatant) , A UNMRSES . (EE R A0
RIAAEGEP X, IR A IR E BT ARG I B 2k, R R, Al i X

SEH (0 Bt 45 AL 2 22 b X R R BERE EIR A AN HIIZEAP A o Linuxeals 28R 58 IR 37— il
Giy, USAE TR FF I mT BEAELinux I —ANEEU7 il (1 5icdis 4544 o

2.3.3 Abstract Interfaces (% i)

LinuxiZ Loz B8 (8 i A0 . 1 0 LUKy € 7 s EAR KRB GRS 2k . Ltur: P
A7 1R W 28 95 UK S R P 06 Z B IR S IO I REDR AL B s (M Kl A P S i s CmT L
HI3E AR 2R AR 2 R AR SR A I R 55 (B o Blin g 22 TG, e iRz
B bt I [ 2 AR IR AR PR IS

T XS 2 AR B B R R B XN B0 I R 0 o B A B AN B A R ke sz
o Bldn, B ANELE RO S RGAERZ O B BB TEAC (i 0 AR R R, AE S
PR — AT I T AZ 0 830D« ] LA SCHE/proc/ Filesystems Kf A S e S R 4 i3k
1T T80 BC i FH IO 25 b 10 5 AL 48 o) pR B FRER o R AT 2 AR 45 IR 3T oA BT
HEo TR RGBT, B AU R GG E AL I 245 LinuxcAZ O IR 0 25 R # B0 4
—ANFEAR SO RGEA S BIRE R L, AE 22355 S0 R Gt b 20 o

Chapter 3

Memory Management ({755 FH)

WAFE BT RGUE A RNy o NI SEHUR ST, e TR R g b
RESIIAAE T 2. D TS IR FH BRI, JT A T VF 2 Fhsfems, b sl D s RS A A7 K2 HLL
A7 TR R AE 38 G RERE 2 13K = AR K5 U8 AR S8 S A9 LS B S 2 I A

REUAAEAABGE IR AN A F B E 2, WAE BT RISt

Large Address Spaces (ECKMHuHEZFA])D #/E RGN RS WAFIA LELBR KR NAT. M
AN AETT CLEE R GE b B o A7 RV 2 4%

Protection (fi4") RLEH A NREREAAT B IR AE S [A]) o SX L8 UL 1 ik 2 8] SE AT
H5gar g, Prilisdr— N R A W S AN EERE . S 8h, R R N AEAL
HACVERT A X B ORGP o 3K AT LB AR R o e (O R P i

Memory Mapping CPIAFIREES ) PYAF RN FORCRE R AGORT it S 21 ERE gt ik 2 1) o Y A A7k
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0, SCPFI N A EL R £ RIRERRE (¥ AUt ik 2 )

Fair Physics Memory Allocation (A FArEe#IEENAY) WAAEHFRAERFRFE T A2
AT QYRR 2 b L S R G P B A7

Shared Virtual Memory CILEEERINAE) BARBRINAE R VFEREIIG 280 GERD ibhk=s
6], IR T EIRE LA B, Rl iefs 2 N UREE T i 2 AR FE P bash.
AR ] CLAERE— N JERE 1Y M Pl bk 2 () 454 A — frbash it $5 DL, B4R 2 AW B N A7 b U
— ¥ 0L, FrEieirbashf it FE 2R . B ATER P & 2 N IR L PATAREE (19 55— DL
B I ANAA AT LU FRERLRIE R APCYALH], PN B AN HERE v DL ok I [F 4 1 A AA
Pf5 E o LinuX RGESCRE RAVIN AL Z N AFIPCHL ]

3.1 An Abstract Model of Virtual Memory CRE$MLPN1EIKIHI S AL

FE25 RELINUXSL IS REAU A AF IR 2T, el S5 18— MR AR A, USR oK 2 14 T 4L«

FEREREPATRE P IO, & NAE P BRI 2 IFIEA TR o MR RS 4 R VF /g B EE A7 ik A
FRFERLE NN A, RIFIHREHATIR IR 2R R 1) — 4454 REAVE IRk
AT A R EL S ) I AE

E—NREIAAERGE T, A WA AUl i AR Bk o A3l A R Ge R A7 1Y
— 45 SR FU I B 4 Py P

N T AR TR R, K R AU A B N AE A R IE ORI, IR (page) o TR

INFE. CHAROTUA—FE, (HERRXN—RRGEFHARILRINME) o LinuxfEAlpha  AXPRZ
AEHSKFETTI UL, MifEIntel  x86 R4 LA FHAKF TR UL . 45— JUARIR T —/NifE—2 5. page
frame number(PFN  Ti%%*5). {EIXM 3 JUBIALT, LR th g4 ARk R 40 005 R 0 P
B o MRUWNTUK/NEAK, W BRI AL A7 11 B0 3G T N WS e, AL12F1 DL B S e .
—IRACER LS E B ERI e A RE W EE R R g . AL BE RS DAZIUKE KR 40 UL G S e 46 2

WL T, IV R EL T IR mEE AL . ik, AbFEEME A T Uik (page tables) .

K3, L8 T AR R sl 2 i), REREXRIEERRY, & — DA A O R XLy
W B — AR I R A0 DTS 31 N A BT E o Bl SRR R AR X K 40 005 OB S S ) BE 55 1,
TTTREREY IR READL U2 5 LR B B 505 4. BE B iR s MR HBRU T ER:

ARbRE FORIUCRAS H 2SR
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AR 5% H R 1) B 5 5
Vil ERE R fRA DA SRR RIS ? S ST ?

VORI B IR SR A A oK Ui ) o JEAU IG 552 R P 61 u s (02H Ins)

POK R R bR S e B B L, ACFESS iy S0 R UL I TR S R T N A . A 2080 IR
GRS, w] DU AL R A7 ] B b AL FE . FE—IRE K31, (B UK/ A20x2000 (k]
8192) , FEFLY[RI BRI IE A 6] () bk FE0x2194,  Ab 3 285 230 il A R 00 7 2 5 LA 140 (i
B HE0x194.

Process X Process Y
VPFN T — VPN T
VEEN & Process X Process Y VPN 6

Page Tables Page Tables
- — .
VPFN & VPN 5
— - —
VPFN 4 PIN 4 VIFN 4
VIPFN 3 —4|> PEN 3 VIFN 3
VPEN 2 PIN 2 VPIN 2
VPFN | Lige- PN L | werna
VPFN O — PEFN VPFN U
-
VIRTUAL MEMORY PHYSICAL MEMORY VIRTUAL MEMORY

Figure 3.1: Abstract model of Virtual to Physical address mapping

Ak PRSP RSO U 5 O R G IEBERE (I DUR PR RIS I R A H o R4 HAT2, Ab#t
aMIZSE HBCH BN 009 5 o ERASGE H R, e ERET ) T 1R A A7 A I X
S {EXMIGOLT, ACBESS AR R L, AR IR R 4 A R GURAL B

Ak P 5 AR QT S A 2R GEREREAE V) 1) JCIR I K o i st ik, 3XAS Ty AR A AL AT

Ko AHIRIEXMER (page  fault) BT, BRAERGAREM, R, Dk
R PR B IA o
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R e MU RS H, MBI Y 505 IR LA GURVS, 1530 T A3 A A7 P oA B
Feafidhb . fen, ALBEES N BT E RS B K WAL

FEH BB, SEFEY BRI g0 LG 2 TP i gn 54 GEE4GT-0x8000 ,  4x  0x2000)
In_EmFs0x194, 431 T F &Y P HE0X8194.

M Xy K K AU Ak RS B B AL, RO A A R DU AT A 1R S K P B A A
Ho i, 3.1 v, R AEXI RE UL I G S AR B T B 0G5 Lt AU U S 7 R AR A AU
PIAF T LA 0 vy, AN 21 T3 9 5 0. X T RESU A A7 B — N R (R 17 i
JEAU A A GUAN AL R € U S 214 P P A7 o

3.1.1 Demand Paging

A BN A LB LN AF D13 2, B R G IR S C AR A B N A . TR N A7 1
PR PN TR IR B (R T . s AN R ] B I AR B B AT
— AN, EIXFEUL N, HEARTE MBI L AURE WA T TR A A i e
USRI AL A, A IR B I SR AR S A T A S XA T U Il B A
INE LI AR Y figdemand  paging.

2 —NHEREA B U 18] 24 R ANE AR R RS 0 b kb R e i A 3 28 0 v £k 315 | B4 R 0L DR I ) T
K& H. Blan: K3 1R EXW IR PEA R W H, Bl Rt REXE K B 2+
(R RE SR, AL PR S TGV bk 85 40 hy M BE ML . S IR A PR 250 A AE R 48 K Aipage

fault.

P SR H S (0 RSO B TE O AR ERE R T 1) e AN Uy ) 1) R U hE . VP2 RE e A,
e AR AR S o XML T, RAE RGO/ R G HAR R

PR H S (0 RS AT B P AE I A BT ANE AR, 3R R Gl SR A AR FHoRs A Y
I TOMZE A A7 o AR R P REAS A BURT BRI IN T, BT ARERE A 20 S5 A 1. 2112 DRI 3 P A7
o WA A R Gen] LlUaty, BAERGUGEFEIh—ANatr. BRI g s 21— 25
RIuCin, IR AR R T4 FOINRIBERE A DR o SRR IX A HEREHCE AT A A2 N A7 A R
HIHLT IPLaS TR o XA N AAAF DGEAT IR, AL PR SR RE U0 1 RSt F5 e R Wy B bk, P
CARERE S AGRBHEAT .

Linux{fHldemand  pagingBANG rIAT G IR BRI BN /A . DT, &
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FTERISCHEATIT, BN AW B IR BRI AF o XN IR T A SR IR TR N AT
WS (R B A e s B, i g A2 (memory  mapping) o {H2, S2Br BT R —
RO AR AE T B A7 o WUE LR IHAE G o Mg HATIN, &= Epage
fault, Linux il B R 1 P A7 G SR A 8 BAG P I—50 0 7d BE N 2R B N A2 R BT

3.1.2 Swapping (3¢#)

U B ZORE R AU DB R ) BN AR T e N Ce i S W B BRI, B R GU L AR S PR
ol 1 Sl 9B Rl RS =3 T A i w il 19

LR SR B A A 7 RS 1 DK B WA AR s R SO, o HBOA U T P AN R B A
filf, W DU R 31 o A REERE MR B2 00, &) AR B SO PP PRI 2 A A7

HE, WA CEPAs, BAE RGO C RN A DELUR AT Ui ] IR th iy fidirty
page, & MPIER AL R FEIN,  BAF 2 PSP E IR IR SO o DA D 1) A S
(RIS R ) AE PE S LS BE N A7 1T AT LEAR TS, SBRAE R Gr il 250 Wi g Bt o S S i -
ARG EA TR B AE A A DURE S IR Ao

U SRR E MRS U B R 7 o E A N AR AN iy, WIS A AR (thrashing) o X, GOA
Wit 4 UG b, Ssiinl, BRAE R GU TR A AT PR ) AT . B AR EI3. 1,
KPP L2 H TR, LA EERG EAZ BN o EREIEAE L] 1 th iy fi T AF 4R
(working set). A72KINAZH# s SN A% RAUE T AT RERE K AR EAE Y B A A7

Linuxff HLRU (Least Recently Usedfmiif/MEH) I IHFEIAK AP HIIE BT E N RS K
FTIH . X P T R R — TUERI T — /MR, X MNMERTE DU A7 U A8 . DL
R, AR, DU, FABCEERYRIH . R IH R T A A e Sk

3.1.3 Shared Vitual Memory (GLZ=BHIANTE)

AU AL 22 AN BERE AT LU L2 P AE . AT (I N A U RS Tl IOk, B AN ERE AR AT A
g%ﬁ%oﬁ?%¢%$—¢%@Wﬁﬁ%ﬁﬁ,ﬁ&%@ﬁ%%%ﬁﬁ%ﬁ%&ﬁﬁ%ﬁ%

B3, 18R ALY B S AR RS . X T REREX IR AU DS 24, ik T ERRY MR UL 0TS 6.
XARH] T A IO NER s  SEE  BE GUANIAAEAEIEE  TERE F) REAUL A A2 8] Y
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[A]— N5

3.1.4 Physical and Vitual Addressing Modes PRS- HERELL)

MTBAERGAG S, BTN PR AR o WA RGeS H L (1 5
®, Rt YR . K2 HCE IR AL P A A N SCRp P B A O R A A5 B
i%%ﬁX%%ﬁ%,%ﬁ%ﬁﬁﬁﬁﬁ?ﬁ%%ﬁﬁﬁﬁﬂm%ﬁoUmm%m@ﬁE%@ﬂ
HEAE

Alpha AXPALFE SR A BRI BE F-HEA LS. SR AR B A LA X, B A5 2 i 2
WS b X o AZ O ik 2 () Y AKSEGH HE #3836 MO FFFFFc0000000000 7] L 1 BT 47 4t
hbo B T HATERAEKSEGHIARHS (A% CRHS) B V5 o) 38 B B ds, AR DA% Oy A FAT
Alpha _ERLinuxAZ 0o 31 A i Ox FAFFFc0000310000H447 .

31 1514 131211109 8§ 7 65 4 3 2 1 0
UlK ulk G |alE|F|F|v
wlw R [R H |s|ololo
E |E E |E M E |WI|R

‘— ~ PAGE _DIRTY
t—————————__PAGE_ACCESSED
63 32
PEN

3.1.5 Access Control CiJjjaj4))

RS HABAIE U R PEHIE S e A R0 ] TR A% FURFHERE (1) R 0Lt 1k WS 240 2 0t ik ) )
1k, EARTEE Zy M Vs ) 2 A5 S R REREAS EE A se VR (0 5 SRt A T 07 1)

AR Z SRR A 2R BRI T A7 I s il . — 28947, Bl & AT A0S, A Fo Rk
R, HAE RGENARAE RS T HATAIY . Sodk, ARsEEEm T LS, H2 a5 E
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PATIXB A A DAZ R . K2 AAE B S AT R TR : OSSR & o IR H%
PATIZ S AR B A BUZ B 454, BRARAL B ERIe AT a2

Vi ) #5645 SRZEPTE (page  table  entry) b, i HRIEARALFEZSAHSC. 3.2 7% T Alpha
AXPIIPTE. AN T -

V G%, XAPTERZGA R

FOE “Fault on Execute” IXEHATATACYNT, AbPEZS &5 2Rk Hpage fault, JRREHIL
TR PRAE R G

FOW “Fault on Write” L, FEilESA KN "4page fault
FOR “fault on read” wil, 7EiXEIEEATIN ™ page fault
ASM HhEZ (UL . FH TR R GG BR R 22 i X b K843 4 H

KRE /Lo 25 AR ) ATSEAS T

URE FI 7 2 KA QRS ) ATAS 1

GUI TAIRE PR, I T4 — B B — Mg ph 5 H T AE 24
KWE #%Lo 25 ARG ) LS AR 11T

UWE FI 7 2 K04 QRS ) UE A

Page frame number X}FVAIAZLIIPTE, BHE T APTEMWEL Tdn"5; X TICRWPTE, WHA
JE0, GUFE T ARTURBRAEAZHSCANIE B .

DL A7 I LinuxsE X IFAE F
_PAGE_DIRTY WIRWE, AyiFHESEBAZ#HIA T,

_PAGE_ACCESSED Linux ffiH], Fr&i—mci&vinid

3.2 Caches (HHEZEAT)
WRARH LA E PSR AUR ST — AN R G, B BLTAE, HEANASRKESCE. BIERGMA S

MBI i R ERE S o B T AU SEPRAGALBESS . NAFSE, Sl (R o2 4y AT A4S
R 1) Rl G A7, XAl AR SR, Linux ] T — R BRI End S8 A7 AH DG I N A7 B R
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N

Buffer Cache: Buffer cache & T H TH& & IRENFE T I EPE 2 ph X o IXHELZ ph X K /)N il
B (BIAN512775) , ALFE BB 2% 15t B B B S B e A5 8l . Blo & gl i 1k
5 [ 58 KN E R B ) (g . BT R AL AR SR B A o B 86 P W A BR VT R B ) 1)

Bhgw 5 E A%y, ARt e frEdh ., Yok Haelatbuffer  cachefrHl. WAy
LIfEbuffer cached#k 2, ASHiA T Z MY ELH & WAt LueEl, Aty ) itk

Z: W fs/buffer.c

Page Cache HIMPRXTHLEL EMEANEIRIVI . " TEAFCIFIIEA S, k00, JF
SO SCAE A A K U5 TR o 2 Kl O RERE T B A A I, #2247 Flpage cacher s

Z lmm/filemap.c

Swap Cache MHAMWShER (Bilidirty) AR H SR . HE ST RIS H S 2 JaH
HEXBES, TRy TG e R Ik, AT LS 28k, A&
AT T, HEEFZIURTLL T . £ N THIERTENRS, X WETFZ AN
AR I G ARE

Z: lmm/swap_state.c mm/swapfile.c

VIRTUAL ADDRESS
Level 1 Level 2 Level 3 Byte within page
Level 1 Level 2 Level 3
Page Table Page Table Page Table Physical Page
PEN - PEN - PEN - -

PGD

el - -

Figure 3.3: Three Level Page Tables
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Hardware  Cache: i {/f: fmyidt G2 A7 1) o5 DL IR SEIN 7 VA AR AR BRAS HLAT:  PTEIY) sl A7« XA L
T, AFEESATE I RS IR, MR T R TR R A7 X . CPUML AT L 43R 28 e
X (TLB Translation Look-aside Buffers), & T R4 — A2 MR R4 H AT
UEZ A

G REAAERY, AR BEDCOIKIEAETLB A T k. WURIRE 17, B HA0R R U b ik e 0 214 P
fib,  BEMOEAEHRAT IER AR WERIANE], Sl E ARSI . S Sl AR

ARG, KAETTLB - missing. —MNAURGHICMIHLBEIREIXAN 575 5 2UBAE R GUAN Y. (1 AR K Ak
o BAERGONIX A MW B BOBTITLBSE H o 2 WG RRZ T, AL PR S AR 2l e iR
ik, XK A TLB R iz Ay T — MRS H .

R GAT IR E CANVE BBt 5 2CHD AT Linuxedd S50 K R I TR 2 [ R 4R 1K 2 5y
HEEAFIX, WIRGX LY Rl S AF X, RG2S it

3.3 Linux Page Tables (LinuxUi)

LinuxfBOE T =& Ui RE— D ICRESE T RN g S . KI3.38 R T
bty 73 0 — R B BE AN FEBARME TAE NIRRT I WA . O TR R B hE
Yyeisit, ACPRERAOUAGRE T B AR, FeHONUIRIZ ORI B O (A, R ATk
BURN — R UUCRI IS S . R = H 25 R AU AL ) B IE IR 009 5 20 0 1k AR5 e
I B R AN B T AR R, RN A

LinuxiZ AT [ RE— AT & AR R (L4, A% O AR B JEFR I TR o XK, RO AN
W ULR A H W HAR G M el i 20 2.l iXmh oy 3, Linuxse Dt s A T AR ) 1) 0 3 Ab BR AR 7
FT-Alphafiiintel x864bPH#s, I Alphafii ]l =4t 513k, mMiintelffi f K ik,

% IWinclude/asm/pgtable.h

3.4 Page Allocation and Deallocation (W43 FcAEH)

ARG Y HE A KRN TR B, RGNS N A IR, 31 RS0 20
o AFEFP S5 AT IR 75 ZEREBOX L8, 34 T AU AR G IR s 454 L n ik B
i#m%§%%ﬁoﬁﬁ%?%%ﬁ@Wﬁ%ﬂ%ﬁﬁﬁ%%ﬁ?%%@ﬁ%ﬁ?%%%ﬁ%
VPR A
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ARG PTG HR AL mem_map it S5 R FA . 22— mem_map_tZiMIRIEER, /15
NI BEATAIIRAE . BE—mem_map_t CA L) IRIE N2 XS th gk Jypage 45D Siffiliid R
GEP KA BRI TR (ROX TR -

2 I include/linux/mm.h

count AT HH . WERATT AR, HEER KT L.
Age SHIBA TR . H T HEAR TR ] LUK S B et 25

Map_nr mem_map_tiiid (4B 114w 5

UG FCARRS AL FH Free_arealr] Sk & 0745 W (1 0. A2 i L7 S TSR S He . HEE
TR, Ak EEER AL T B BRI B G AL A n] ATE R

B free_area Lot HG BRI B Bdlh igss — A ocHiid 7900, b AR50/
B, R ASRATORNRER, DL, MRk R R 20015 R X AMER oA EBAA KT
3, AR Imem_map X2 b UK AR A R 2SR K DURAEIX BLHEBL . Mapig— N EREAX 4
KNI TR 3 E L N Pl o T SR pE B (R SENER 2 A, U7 P o ) SN A

k3.4 8 T free_areaZify. #Ic0H NN (50D , HIC2H2M4T IS NER, 25—
ARG TG54, 5 AT 0% 556,

3.4.1 Page Allocation (W17 fic)

Z llmm/page_alloc.c get_free pages()

Linuxfi H Buddy 55 Rt 43 FC R [ s Bl . 0 43 FEARHE A B 4 i — AN — AN sk 2 M 3 T 4]
IR . T B FH 20 R BN . IR RIS AT LA BCL U RN, 200K, 4T0R/ANEIER,
WIERHE, HEERGHWLTHEM LT INIL (nr_free_pages > min_free_pages) , 7Ac
At~ Free_arear 2 i 2 T3 2K/ —/N ik, Free_area ffE—/ Moo # A ik H

B RN TR & TR 28 AR DL I 5, B 2H A (1) S5 24 B e A iR 4 T K /N B 2%
PRI (5 ) 23 T I
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XANEVEE SE R ETE R NN AE i, iR ERfree_areaitdl &5 1 W List . oA S H 1 2 IR
GURIEER . W ARTE RO/ I N, R — N RS 5 Tl sRIR/N) o 4kgax
—FRE—H B T A I free_areasi B TSR v A0 SRER B GTHORC T SR I Tk,

MRZ R 23 TT RO A RN B . DRR A B BRAR S 2000 T R ) DU B A e, B DL AN 9331 (1) ik
f%th%§$’ PRATFENG Vo3t T BL T o 28 PR ER U TR 24 R BA A, 1 4 T 1R o B ) ]

25 o

free_area PHYSICAL MEMORY

5

Hify
——
3
meER_map_t - mem_map_t ’ nicipr W 6
-~ - I S
i -
2 mp //// 5
36 E— s

4

! //// 4
mem_map_t %
- map ;
- :

7

N

Fipure 3.4: The free_area dula siryciure

WILE R34, WRE SR i EdE e, ZB—ANATTEe GG T g 54) Baulior hiA2m
Yoo BIGT US4 A2 ok SR Pl 2, s 20tk GG T 1056) KaHE
fEfree_areaZitZlH M 5T 1 2 00 X PRBR T BA B H

3.4.2 Page Deallocation (TI[H[Ii)

J3 BE GUBR (R T RE AR KB BEBR 0 D /NI BB, RE 2l A7 S i I IR i) AR S 2 mT el
FE TR T e HSE TR AMR TS (2R, U RFEA BRAR A R DT oK )
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T

SN DUERE, ks 20 AR B I FRE /N O 5 22 . WSR2, it e
ACHORE IR BEER B Ll L ANB AR/ R TR s R IR A A7 TR £ ik BE
i%ﬁﬂﬁ,ﬁ@%ﬁ@%%ﬁ@%ﬁﬂé#&%%k%ﬂoﬁﬁ,%%%ﬁﬂ%%@ﬂ%\

B, fEE3.4, WRITSIRN, A eSS W 50—l & I i/Efree_areaff) #
JCLR AR 2 T HR A F

3.5 Memory Mapping (PN 77ME)

2 ARRATING, - SRAT AR P 75 6 J0UBCOE HERE (1) U k2 Te) b o O 3RA T RS S 211K
EEICEE, HOUBEFE. PATSCIFSEBR I BAT IR B A7, 1T 2 B 42 2 BERE (¥ R AU
WAF. XA, REGATREF I TR AGER 7Y, IX AR BRAGHNSHAT S B A b o X
T AR AT LR R AU I 11k 2 [ 0 3 4 U A P A R

Tp— MR RN —mn_struct &M ERR . XA Y ETPAT VR IE R (Bl
bash) F13&[H—%4lvm area struct&i#)45%F. & —vm_area_structff)%di 45 /s Hhk 7 W
LEDXIR L ah . BEREXH T PO A7 DX I U i) BB RIS T X BE A7 B . X Se e 2 — 4L B RE,
Linux M T3 BOX BB AN AT o 0 a0 o v — i 400 9 A7 3 VR st A2 2 g Rk P 7 1) 3 B KA P9 A7 T
R Giiitpage  fault) WAEANTEDER A7 BT b0 80AT I IERERAE, XM EAEY%  nopage
e Linuxii sRACPAT WG 0T g2 Py A7 (0 B FH 2linopage 1k -

AN PAT BRAGU 2UBERE (1 Rt Ik 2 (Wi, 2R vm_area_structBdlE ity . A
vm_area_struct&i & m AT B 1) — 85 PUATAUE . liatelidE () o ORI EO

SEAE . LinuxSCRE— RVIBRMER LA AF 8R4, 2vm_area_structil a5 QI , — 4R
JEAU A A7 R AT SN E AT DR IRAE e o

3.6 Demand Paging

HEPAT AW BIBERE (KRB A A7, BT UTHIGRIEAT . B AT AR (1R B UG (1 5
I TAE DB A b, AR Vs ) BE AT BHE B A A I B R A TR DX o S ERE D) 1) VAT AT

WO H P e e, b LS M Linuxdik Frpage  fault. Page faultfffiid T k& A:page
Fau Lt i FLHh RE R P A7 7 ) A

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4%:.Lrrf 3CF- it Page 25 of 207

Linux%Zii#k#lpage  fault  RAERIZSRIXFGT R Fvm_area_structZidi 5+ (HAdelson-
Velskii and Landis AVLA BY ZERIERAE D) o WERFRAN R A B 420 H 11k 65 Y. 1)
vm_area_structZiy, UiHBEREYT ) T AR R RIEE . LinuxBs iz dt i kG s, RiE—
SIGSEGV(E 5, WURBEMEAAHEXME T, BB,

Z I, handle_mm_fault() in mm/memory.c

Linux?R ek fipage  Faul SRAUNIZ RE S0 A A7 DX Bl SE VR U i) -2 o i SRERE T AR 1 Xy
W AAE, RS A R A X, e R AR 4 5

WAELinuxffigpage  fault@ &AM, ‘EEHT AR . Linuxi 20 X 73 75 AS 4 SO/ RN R A A4
IR, B R AEpage Faul tff) sl il (1 T8 4% H R e

Z ildo_no_page() in mm/memory.c

WARAZ IR TR % H AR RBINEARSS, BEUURAEASH L. X FAlpha  AXPUUR S HORIE, £7
T EA A ZPRNSR AR S o SRR OL PENSSAE T T IR AR A H A (LRI AN Ak o
MIALE . DAEASH A h iy Ab BEAE A 5 T e

FEAEFTA vm_area_struct#ils 45 b o — 3 B L N A7F B AE, i ELAB LSRR TR 1) P A7 B A 1)
WA e nopangt i E . B TEHLT, XTTnopagetfF, Linux<4rBc—ANH ) FE 5Lt
AR RS H . RIX—BUER N AR Fnopaget# A/, Linux< i X /MR AR RS

JHH FILinux  nopageff HI X AT 1 A A7, JFAli fHipage  cacheskiis K IR 15 U lin 2
FIMHEA A . BARAENTRIG IO Y B A AFh LU, BEREN DR B RDR,  (HoR thpd 22
DRSNS EERIX 8 5 H, R 2 W R AR PREREH] TTLB, [WE#Rpage fault#33) 1 AL PE,
B DAFIAE 34, BEREAE 51 R AU N A7 ) B R (1 i I L B ie A7

Z lmnm/Filemap.c ' filemap_nopage()
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Processes Virtual Memaory

Wirtual Arca

WIN_arean Shrucl

vin_end

wim_starl

win_llags

vin_inode

— Virual Memory
m_ops ] ™ Operations

VITL_IHeXE open [ II__
closel)
unmag: ()
protecti)
aync ()
advisall
nopage ()
wppage |
swapout |}
awapini)

Firure 3.5 Arcas of Virtual Metnoty
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page_hash_tahle

T _L LT _L
| inode . inode i
- P — 12
offset DxcB000 ollsel 0x2000
nexl_hash nexl_hash
prev_hash prev_hash

Tisure 3.06: The Linux Page Cache

3.7 The Linux Page Cache

Linux/’Jpage cache P4 7& Mgt TRa s SCAF T ) o PN AF ISR SCAFERE— IR — T, IX 2L 1T
WiAFifEpage cachet'. 3.6~ I'page cache, flFi—/MEIamem map tH 45+ 454t 1)
i: page_hash_table. Linux™ [{&— S —NVFS  inodeWAidl &5 fbrsr (FESREOT A
B, BEANVES N AEREME— R P e E— AN SO, TR IIRSIEUEVFS 1
AU A R

2l linux/pagemap . h

RBP4 4n 24 demand  pagi ng I SR R N AE R IR, I T
itpage  cachetistth. WURMLTIAEZ A, ik [El—/NE mimem_map_tE s 45449 (1) F5 % 43 page
fault [FAREIARAD. A, U0 AT I SO SO R Ge b ingk 2 N A7 . Linux 2y il 2
PIAEIE B SO P % 0. IR T BE,  Linuxs Ja st S R — Ui . 3P 2 ot iy B i
RO W R R SO AR P S 5 (1, — A S A A AR

MR IR AT IR N i page  cache AWK . WHERTURTETREE, B NZAE TR . todn
ANFERAEATIEREAE AR . Lanux {942 IR A, DB otal e AWk /b,  IX I Linuxn] LA

J%/\page cache.

3.8 Swapping out and Discarding Pages (Ag#H! 215 3 7))
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YN AR Z I, Linux A PR R G0 0 EURETBC) B 0T o IXAME 55 T AEAZ Do A itk
FE b (kswapd) o #%DACHSFIRERE R —FRFRSRALIGERE, — DMRLERE. DR 2 BT
REAUAAFIIHERE, DI D ZSs AT Y B 25 ) . RO ASHR ST ERE A, 7 — A 4, N
EAMUPOE R AP R GAZH A Lo ERES R RIER A AW SR I, A AAEE R
G RistT .

DA BT HERE (kswapd) 76380 A% O finit  HERE S, IFSA RO AT BT I g 5
Wo BRI AR B, AR S RE P TN IR SR AN AR &
free_pages_high#iifree_pages_lows i ¥ & Rl —28 i, R4 (10 N LR e A
free_pages_highz I, CHEFEA AERAMM . & BOBTIEAR B2 T 28 T — R B . 4 T
KPP AT, AP RE B BB EAE I A e S S I UL, Hnr_async_pagesKitE: Bk
GUHE R PA S h 85 457 5 B2 e SO IS, 5 5E IR kb« Free_page_lowil
free_page_high/& R H N A B 1, ARG B iU EOH G Wi R 12 F ne i
??%ﬁ?%jm@ﬁﬂﬁmgmijﬁﬁ,&&iﬁﬁﬁ%%ﬁiﬁﬁ%%ﬁ&%%ﬁ%
O EENE ¢

Z Jlmm/vmscan.c Hfkswapd()

Jik/bbuffer cache Flpage cachelt] K/
W REVIILZE N A TS e tH 2
AT AN R 53

R RGN T EUE T free_pages_low, %O #iEFE R IEIAE N —IRIZITRIBING6 L. &
MR R 30T, PA B —Fh oy vkl a2 BRI T 2 i, A il sk T'e b
—AE BB BT s . B UGBTI S B 1 S 2l b R I i T SR B A

BT T2 G, ACHHERE ) — R, B2 RIT a8 N —Uad e B O A8 e gk i
BRI R R S R G 28 N K s /D T-Free_pages low, ‘B8 HBEAR P IS ) — 2N TR . K23 N
TLHCK T free_pages_low, A2 #ifEFE il Pk 52 DA 1) sk ] (] B A T 4G £

3.8.1 Reducing the size of the Page and Buffer Caches

page Albuffer cache ) 2RI E|Free_areal] & U k$¢. Page Cache, & T WA7HL
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SO TL, ATREA A E S, & T REINAE. [AFE, Buffer Cache , s T MEE
WA LB M R 2 B s, TR RS T EHMZ M. MRG0 FY 3 ok BRI
5%, JRFIXRLEEAL X R TAAXS LU R ), BN EATFE WP ER &S NG T MNAERAE
B X)) o RFRETAS AL/ DHEFEMRIER, AU 0] 403 152 45 F1 P A7 B ST
M. BARWIIL, WA TR FIX LA X T, B IHERE 2 21 1R 58 M 5 2 T 45 1

BF— VAL O AT e HEFE LA /NI S 2 A7 X I, e R Armem_map UL 5 & H R ik, B2 E TP
VWA RS . WRRGET NI (LLESEREND) iZ OA H R A e e 5 2, 1K
B TUHR NS TR 28, ORI R NIATIE A A B — VR D> A7 WS IS — A
Tﬂmﬁ%ﬁ$1@%%mwﬁ%,ﬁ%@%ﬁ%oﬁﬁmuwﬁﬁiﬁﬁﬁﬁ,ﬁﬁ—%

i

2 Jlmm/Filemap.c shrink_map()

R A A — DU A W 2% (7 {Epage  cache Ei#buffer cache. VERILETUIE XN A%
i%%ﬁﬁéﬁﬁﬁﬁ4%ﬁ$om%@ﬁTTE%A%WEﬁlWmmﬁwﬁﬁE%%T—\
WL E o

Gfefebuffer  cache cohiflL (i LTS ISRV MELET ) (R BC 05 RORIRR IS 47
o AN AT WIS AR 3R RS T A B A A sk I I R pp X R R pp ORI T, T 35 2 v
%mﬁmwﬁmfom%ﬁﬁmﬁ%EuWw%wemme$,E%Mm%<mm3*m@#ﬁ
T8

Z . fs/buffer.c free buffer()

W RIX IR Z VBT T LG UL, A% DAt R s R S5 15 EL R N A SV e i . A Dy
FEI SRS AR A A (FURZEAFIT0) | DA S0 BRI 5O . LT
TN GRS, S BRI A Bt — 08 JE 35

3.8.2 Swapping Out System V Shared Memory Pages (AZ#tH!RGVIKILZENLETD)

RV N A S — PP RE RO PR, WA B AN R B N A e B . bR
[ AT S = N AAAE S5 TR iR . I R F i — ﬂ%%V:%Wﬁ%% A~shmid_dsF%
PEEE MR 2 T . E@%—¢%ﬁmamaﬂmﬂ%%ﬁﬁ LA REr, H T Ar
(PR —ANEERE . Vm_area_struct¥i s 5 A T L E WA — NP I E . XPNRRV
I A7 H IR —Svm_area_struct #)#5 Hvm_next_sharedflvm_prev_ sharedTa%fl_%§7‘—‘
o B -shmid_dsER L HEG —ANTIR S H IR, N5 B #H R —AN L5 1 i 0 0
AP BE LIRS N R
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W@@ﬁﬁﬁh%%%ﬁV¥Wﬁﬁ@ﬁ$£ﬁmmdm@%£ fp—RisfTEiex T L—Ix
R 2 T IR — BRI N AE I — 0. BN R Gk 0% %—¢%%md%ﬁﬁ ﬁﬁ%
PR G], B ARXPILE N X TR RG] . IXFE R DU A2 X A Le A
.

% JLipc/shm.c shm_swap()

DRl K — A48 52 1) 2R eV AL 5 A7 R R JUL 0 I R ) B 005, 5 AR A — AN L SR i e 400 P A7 3R
ITLR T, BT DAAZ O A $3E FE A 20UE 50 BT A PR (7] D0 R SRAR I UT E 8 ANAE N AT I AE A e 3L

e WP AN A 2R IE T, A HeHERE L 0k B AE R — AN LR I 2 R Y ) ks
T H Gl AR E—vm_area_structfiit) WIRAE— Aﬁ%ﬁ%$% L N7 4% H

HR, PR EANE AN TR, HHAMC AT, (R RPR I A B A
miﬁwﬁwiﬂﬁt@% AEshmid_dsZh 25 Fy 20 1 R 5 I RIfE L N AF X iR 4 B
R

IR I AAE BSOS, URIAE B 000, TN g nl US RIS HOCE . XA R
GEVIL 2 A AF X R shmi d_dsHicdls 5 F 45 i (1 00K P I DU 4% DRSS HRBACH R I TR 6 H . X HiR
A R A H IR A MR AT T AT HOCAF (KR 5 PRI SR I SO N IR AR e XA
H R R IR TR B A

3.3 Swapping Out and Discarding Pages

AZHBERERC YR B R e P (AR AN HEREE T ] DU FAC . 4 (e s vl LIS I K ERE (A7 —
ST IF AT UM A A A8 25 U 57 1) A s A 0. AT HA 5 SR8 ANM T 1 I 4
SAC TP Y AE AT e B R GEAT S

Z . mm/vmscan.c swap_out()

K B WG SCAF I PAT BRAR K CHR 23 2 AT LUNSCPE R E0Frie ok . — DR IAT 4R
AR H G SR, PrUAT G RIS, XS R ] R T R R IR
S, AT EUMAAT AR - O 8 2 A7

— H A KRR E PR, ACHERE M A m%ﬁ?UWﬁEW AR BAT I BUE 1
DA o - LEnuXANSATIE E BERE IR BT AT nl AAZH ) 25 (10 DO et 25, i o i D i, sk
TAENAEHBUE, WA BERAC R BK T o
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Z Jimm/vmscan.c ~ swap_out_vme() FREZHEREmm_struct A vm_area_structZh i) 4 i1
vm_next vm_nexigEl.

Linux(AS BT H T TR . BN 00 — AN s Giltiemem_map_tdls &5 449+

B URAZ OAZ PR BRI TS A L. AN, Vi N Ef. A2 #HIEfE N A m
To B, VORI R 3. B IRV, e ER NS, HF20. F—k
REAT W RS AT IS TR AR AR 2 . XA AT R nl AR 2, T LI (| O
HALAI AR B #-AE A swap_control Hidls 45 74/ o

WER VUK (Fikage = 0), ACHIARESRE DAL, JEGCATDIAZHH 25, Linux/EHiiR It ni K
PTEH HI— ANAMA R SR AR IR X R 0T (WE3.2) o (HJE, AR A R AR # 2 E

BUIASHSCAF o BF— A BERE K HEAU A A7 XIS LAY B CIAZ#RAE (livm_area_struct (1)

vm_opstRitiEas) , WIRIXFE, ARG MIZR . N, At e IAZH AT

A, JFE S B

W R4 H S — AR 4 B, (HIRARE T e A He e 4 B e T e SCA
W RS R FH A #0301t o ANEAT 2T A8 He,  JOR I3 T4k n] 21 Free_area R . T
W EOANIE) oo n DA R 57, iRl 2 free_area  # 4,

UERASH R ST T AL 1A ACHERE I UL, ACHRERE O TN . IR IR & 22 % 18 R 4L
KN AEERE. XA, AR AR AR BT, R R G HP A BT, X
TR AT e A R S AT

3.9 The Swap Cache (XXHiZE(7)

T T H BN A HSCATI, Linux 28 5 5 A ZS I 0. A7 I ) (AN BRI A7 AR T A HaC T
AV EE A o R AT DA A A7 AR A AR BEREZE U5 1) IN SRR A IR DL B o 2
WAFH I IO S, AZH SO 9% DULAR ST 3

Linuxfiswap cache KicskiX b i, AZHZEAr >R A H BiE KRB IR, — e
T DUEREH, HR A A B AT EAEACH SO P AL E . ERACH S A7 5 H RO, &
iéiﬁi#*%-ﬁ&ﬁﬁ&@om%%ﬁﬁﬁw&@T(WE>,E%%E%Miﬁ%ﬁ
IR

HLinuxily 2R AN BL T RIAS ISR AR, B AR A GAT, WARABLIAEH, ©
AN EAE I TS RS HSCA . A AE A R DO EIR B BRSSO 2 Jm e gtz i
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ATHRGEAT ) 2% H & B Sl tl B R H . EAIRIC AR, (H2EE T AVFLinuxk 2
IEACH SO RN A B S IR DR

3.10 Swapping Page In (AZ#idk)

PRAFAEAS S A I DR B X T s ) o e N FHRE PP 2 1) KBS A7 R B s, itk it
XF I IR ) B 0 AT 0 31 T A SO o U i) ATEVEE N AF I REPUA N A7 i 5 &page  fault. Page
faul 2 AL 48 18 A AE RS0 E AR B N AR R 3 2| B A7 0015 5 o R AS it 25 5 B 0L Y
A7 I T T 4% HbRIC A ToR . AL PRSIV AL B R U HE 3 BE M A B 5, 425
HBIEE RS, SIRE AR R IR R A R o XM B RS 2R A 28 L ] 3
PRI 0] B HAE R G S AL BEBSSS A SE ) . AT B8 page  Faule b B ACHE £ 451 5 o7 ik
AU A R b () R BL N A2 X [ vm_area. structI B 454 . e il it B 4k 1% 3k R )
vm_area_structZ#i iy, HEFRBEE T HAF ERMHE RS —A o K& X I TR) R A
AR, BT L—/NERE R Ivn_area_structHdh 45 k42 s e 177 sCHES, Al X b A 4648 2 )

LR D

Z . arch/i386/mm/fault.c do_page fault()

AT T BTG ANAE LS AR OC BN F 3R 2 T AR IR CRZE) IR U Ik (KA R0 iR UL N A7
page faultif A3 #e S A FH Y, JFaf Fl TLinuxBEBAT I AT AL BEZS . 8 Hl f¥jpage fault
AL PR 25 B DR S IE K TR A5 H o WA E R B BOR 4 HZACH 2210 00, Linuxh it
PR DA He I BN A7 o A2 25 1 BUIR TUR A H IR sURTAR B AT O, (B BIAT () A BE 45 AR
XL GUbR A JCRITAE A 2% H A JBCE T AEASH A A 58 (o7 DA B4 S . Linux il FH IR {7 BT
SR BT [ 2 A A7

% Jimm/memory.c do_no_page()

XN, LinuxZ08 T AR R4 R RE R T AT e 20k L 22 i iU 2 4% H o
Vm_area_struct#dl 45 f4 n] e s —AMIRE IR ER, 4TI B RE 400 P8 A7 HR R A e [ 3 4 2
WAE . X EswapinfpfE. X NAEP A swapinifE, Linuxefiiffle. sz, A %)
RGNV ILTE N AF 2 BT DA BRI (1) A 3 DR A A 3 1K) 2R ZeV IR 2 O A7 T PR R 7 368 <2 46t L )
AN R E A swapingEE, Linuxfi @ X & — Al i, ATGERRRIAAE ., & i —HS
(I U IR A 0 HH e ) TN AT SO A s bk o 0T AS e SCAmB B RIS —ANAS 3 S 2R )
M5 BE B I TR 4 H .

2 Jimm/page_alloc.c swap_in()
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ik5lidpage  faultivi AR SV R), TUB B AEAC I GAF BRI IUR S H AL AN
WS RIS, 7745 —Apage  fault, XIS, BbOUHbRE AT L, w4 BB
AZHRGAF P BR o WR L BUBAT B8 S0 ST B K, Linupaglh al LAE S 110 0 S 42 #3C
i, DA CAE AR T

UIE A AW e B R T o P i) P g R W AN 32 Z e b 115 P VN R R S E T
BRI GO

Chapter 4

Processes (i)

A FERR R AT A UL Linux @iy G5 . 8 BN R 3R 48 P (R 2ERE .

BEREPATIRAE RGP BT SS o PR AP IAE A L B FE — RV LA USSR R8s (1 ) AT
FImedR, DL, S shisiiik. BEREn] LAV AT b e PR . e sha 1 s
A, FEALBRAR AT OIS IR I AW ae . A PIRE e B4R A0 8, ERR B A FE R e - B s
ANABCPUIK) 75 A7 25 LL A g I Kt (BN BIRE S, IR [PBAEATGRAF IR B IO HERG . i
PATIORES?, B ULHERE, CUIEBACBEEE T IT AT I R0 1S 3. Linuxcg — D2 3ERE I ERAE R

g MR EIMES, ESBRBARINTTE. R - ADUREAD, EANMZIERG TS
AR B DNMMSL RIS ATAE B A ], BR T 2 A iR PR AL
T2 AR i A R ERE

FE AR A I E S M2 R0 EHRDMCPUIITEIRS, MRS
BALERAE M E R E IS . E TIPSO RGP NSO, & BB AR R S
PUBEBEE o Linuxes 2R R E AR B 07 A5 P 1R AR 8 8 Ul DA B O P B B R R AR 8 PP 11
FAbRERE . R AR T ARG Y B NAEFICPU, X T HABIERE w2 A 211

ARG IRE S TEHOECPU. W ARG AT 4. Linude D ZHRNRERS. S s
seibBERE — HAE RGN RE—NCPU_LIzAT, FErAICPU. WIREFER 2 TCPU (2 HEXFE)
HAR W BERE A 05 BICPUBRE B fiEISAT . 2 bR M AR — P abfe—Higtr, HE
CALIERE, WH R ARG, SR TR, e DAgkEIa AT, AR EERE
AREL, DS, CPUL (R FM B A A, IXFESEAF KN R st s iR B AE D2 HEREI R S
A INZIVF 2R E N AR 2 AR R R IN A E RGO CPUM X AN ERE S5, IFH
CALG Ty AN R . R R T
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PR EIEERE . Linux{EH] T — RN BT SR ORIE 2

LinuxSZ3FVF 2 AN R 1 ) AT PR o, ELFR 2 —, Javaje 7d— . LinuxasZiid B 2
REESCA, DU REREAE ARSI I %

4.1 Linux Processes (Linux[fIiEFe)

Linuxt, &— R —task_struct (ZELinuxtitaskfiprocess H ) ) %ds 451k %
N HREH ARG IERE . Task ) R AE TR M R4 & —/Mask_structdh 25 a4t 4L
Mo XEWRAE RS I K FEEZ task i =R AR, B8 /2512, S dERE At s, M
RE N BN task_struct, JFnEtaskimmRF . A THEAES AL, Hcurrent
FaErHfE ) YT T R .

2 I include/linux/sched.h

R TR, Linuxth SCRpSEIN ERE . X SERERE A 2000 TS S S CIAL ey Al s
70, PR EERR P I T P BERE D X Ay . B AR task_structidia 4k +ar Bk B2y,
(ESE G IR T LAy 2 LR (2 fE -

State HEFRPAT IS R DL IR A (state) o Linuxadb Fefdi F DL RS GBI T
SWAPPING, [AAFE K& HED

Running BEFEAEIZAT G2 RGN Y AT HERE) sl HE IS8T Rl 2B R 4 M—ACPU_L)
Waiting — MEFRLEZA AN AR . Linux DX 23 Py m 0 26 A e R . ] o BB RAS ) oo i
Cinterruptible and uninterruptible) . WK S RFBERE v LIRS A5 5 i W, inAS ) o B 1)
G UERE HAEAT RS, SRR AT AT I DL

Stopped HEFRFFIL T, MEEHEKE T —MES . IEAEIRM R ] DR IRIRES

Zombie ZILRMEERE, KOHEREN, Fetask  [a)E R EATIHA —Mtask_structds 4581 5
Ho mtARwrsk—4E, &N iyiif.

Scheduling Information ¥R T 20X AME B T A FHuE R b R — AN B NV ixis
T

Identifiers RGP DR DR AT . RS IRAT A task i) R P IR
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g, MREAEE. FNHEREBEAA A (user and  group) MIFRIRFF. FSkdzifilie
FEXT T R G0 SCAF B 45 1 V5 1] o

Inter-Process Communication Linux3Z RS IFUNIX-IPCHLE], BIfE S, EEME ST
(semaphores) , tHZHFERGVIIIPCHLHE], BPILZNAE. F 5 TANHEBS . KT LinuxsZRFHY
IPCHLHIAE S5 E R ik

Links YELinux®R2&H, %H DR M AR e TR RET S —AHFE, BTV

WRHIHEREZ A, #A — AN QERE . BT REA S ARG, Mdss UL, sl PN AT — AN HERE FE B )
(cloned) . f—AtFEFtask_structH &8 1510 e M ACHERE AN i sp it #E - (I AR IR) i At 2
%%E%M&E%?ﬁﬁ%%%ﬁathw%%*%ﬂu%mnwﬁéﬁﬁﬁﬁﬁﬁ%ﬁﬁ%

FHER R

init(1l)-+-crond(98)

| -emacs(387)

| -gpm(146)

|-1netd(110)

| -kerneld(18)

| -kflushd(2)

| -klogd(87)

| -kswapd(3)
|-1ogin(160)---bash(192)---emacs(225)
|-1pd(121)

|-mingetty(161)

|-mingetty(162)

|-mingetty(163)

|-mingetty(164)
|-10gin(403)---bash(404)---pstree(594)
| -sendmail1(134)

|-syslogd(78)
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“-update(166)

TN RGP A R RS R AE > task_struct ¥l 45 M i X s b, i initi
§%§¢%EUmMﬂuﬁﬁ%%¢%%ﬁ%ﬁﬁoE%%ﬁ¢%&%ﬁﬁ?mﬁ%ﬁ“%ﬁ%
D

Times and Timers f1F—/NFRERIAar IR, %08 T BRI 48 B CPUIN TRIAC 55 & 1 HiAth
Bffa). &—/ N0 (clock  tick) , #Z.LvEEFrjifFiesd YuTHEREAE RGN P2 Ae I [a)
ZiAr. Linuxth SEREIERE Y 2 OB TR TR BE ) o T # s o JEFE o DLAE ] RG0S r i 8%, ZETHI
PRI I R IEESE A . XTI 28] DU — Rk, Hn] 2 & Bk .

File system MEREW] DU 24T T sl S I SCA,  BERE I task_struct&5 #4771 &F— AT JT
ISR R R E IR I PIANVES 1505 Cinode) [FREF. F—AVFS 1737 finfE—Hffiid—A 3¢
TERGEP I — A EH o, g fit T TIRZ SO R GBI 1 o Linux R iy S RESCAE 2
GESEOR IR . BB — AN SRR MR CEIEHD , AR e R aEE Uipwd H
o PwdEL FUnixy4: ENH TAEH St XPAVFST S A G I 7B, b A s A
SIH GG . X A A RABEMN B — D EERE BN TAF H i H k.

Virtual memory ZEREHA —LBIALT GZOLREZ OSSP HRERAE) » LinuxddZ.Oon
IR I G R UL PN A7 A2 e B S 21 R e (W B A7 1

Processor Specific Context HEFERLAEAEE RG MAPIRAI SR HEIERIET, et
FAC PRSI A A7 4 MERRSESE . G — DR I, IXSEERE Y B30, MICPUAHORH R
i%?ﬁﬁﬁﬁﬁ%m%;nm%ﬁﬂh%ﬁﬁ%ﬁ%ﬁ@ﬁ4ﬁﬁ%ﬁﬁ,E%LTiﬁM
XK

4.2 ldentifiers (bxif)

Linux, ZHrEIIUnix, AR R FRRAF RS B0 T 2R 40 0 1 ST RGP U5 T BLRR
Linux & 8cH T 1K) SO ARG BT BURIVE AT, IXSEVEa] R T R G0 Tz 0o/ s H 06 14k
FIRR o FEAPIRR A 3E . GAPAT, IE0B TIAM ) HE . B TR EANHEMAS
FR A RS . AU P AR DA AN RIORR Bl —ANScf T b E R E 1S, e
ik, R A REARE A

LinuxAilf FHA1R 25— 4L 7 1 06 SCfRek s H SRR, A &5 R 40 1 54N F 7 B30 ERE I
TRR . Pen R DU —AN AR H A B a Al —A 4, e i e i 5 o H
IS . — DR AT LUE T LA (B4 2324y, X EBdH JlfE R — Db FE K task _struct4h
Frhfigroups i s . R EHERE AT & I — AN T AN S U B, AN R
NRFFIXAN S B 3E A AIBUR

—/NHEFE I task_struct A 45F BEFE R FRIAAT
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Uid,gid ixBEREia AT B H I ™ A Rs A AT R AR VAT

Effective uid and gid —2EfR)PEHUTHFEMuidMIgid S A EMTH AR (FEVFS 1T sk
T JE ) o IXERE I fsetuidfE . IXFh G, e a] BARR SIS T AR 4% 1 Vi
), Rl AR A N 7 OB AT, Bl g sE bR . AAuid - Flgid>k A setuidfs
Fr, miuidAigid J5IHEFOR . RO AEERUP IR & 2L uidAlgid.

File system uid and gid % FAZuidMgidss, WA T30 RSV AR . T8
RINFSZEE ST R G X P A INFSHR S5 28 5 B — AR R ERE —FE Uy W) S0 . A SO

ZGuidAigidee s GdEAuidfgid) o Xl T %= P RINFSI IR 45 F2 1 R IEKT S 5.

Ki LU —/ MR A Auidflgid ks 45 3R

Saved uid and gid XZPOSIXbrEMIER, HFE P r] LUB L R4 0 H SR B uidfigid. H
TAEECRMuidfgidiiR 2 Je A7 FL L uidflgid

4.3 Scheduling G

P BRI s AT S A, It TARGA . IR KR SRR SR & A [FH
S AT LN S ARG DR SR GES BRI TR Z . 5
RIEREPAT D RGRA], BRSNSV EI R ESI TR ST . I LA O HATIXAN 8
Feo Linux, HEREAE B SF SO e T R, N EE b IEAR AT I g BERE AR
PATH G B DR E IRy B R G IR 2 TECPU. B, — P RERE R REAS
NEERF A SR B AN AT . XA ERFRAEAE RS AR SR . BERRAEH] T R L
OISR, PR EOIAT RGEA TIPSO R N 1T o JXIN S S8 (R HERE 2 i
A, Iy A EIMMEA N HERER Sk P T . R T RG], P A i AR Ry . [
FERERE AT B AR A v BE s S AT ICPUSEAE, Bt DAL inux Al P46 Se N . AT
P&, B—MERAVFSITDE BN, 2002280, qIXAELE 2, ®En— e
17, JEORBERESEAT— BUN 18] .2 & X PrsAT o IXAN I E] B AN 18] o

TR E R PR B RGP T v LUSAT R P i (A R . — AN DL T kg 2 — 4 A
SERFCPURIHERE o Linuxfilf B &5 33 1 a7 5 1) 38 100 S 9 00 B3 S0k AE R 48 2w (W g R rh b AT 3k
Peo MU TUHERISATIOHEERE, Wi ORAF AT ERERIRES . R AD BRARAH OC 1) 25 A48 A1 oAt
T ELRAF 0 B SO BB ERE 1 task_structBdlE 5t . AR5 Tk B EHEAT BT I BERE (PR A
(A PEZRA IS, HERAEFSHIAZHIXANERE . A T A FHAE RS i nl LLsqT

émm%h)%ﬁﬁZ@%m@wﬂ%'ﬁﬁﬁ?ﬁﬁ—ﬁﬁﬁ%ﬁ%hﬂmﬂﬁm$ﬁﬁ7%

PIANR

Z I, kernel/sched.c schedule()

policy  HEREMIMBESRNG. Linuxa PIRRIKEERE: M IEAMISE . SEIBERELE P A T e R 1
o . WERAT DRI MREREHE AT, A RO SN BEREAT IR Sl 34

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4%:.Lrrf 3CF- it Page 38 of 207

i sedksEE (round robin and first in first out) . 7EFRARESENG T, fF— N SEhERE
WIRIBAT, TAESCHE SIS R, A 0] LUSAT I HERE 42 8 e AE T B A B A (P 184 T
IXANMG A2 AR

Priority  HERERREEDLES . W2 E RVHeAT I T LA () & (jiffies) o /RWA]LL
R R G H B renicefiy oK A8 — AN RERE A B4

Rt_priority LinuxZFFSEIFHERE . IXUBHERE AR g8 b AR ARSI (BRI S i e . X
%g@ﬁﬁﬁﬁ?ﬁ?ﬁ—$iﬁﬁﬁ—ﬁﬁﬁ%%%ﬁoiﬁﬁﬁ%%%ﬁﬂu%%%ﬁ%
KEE

Coutner IXIHEFEAI LUSATIIN ] (jifFies) . HEFELEENMNRSE T (priority)
e — YR o 3 0 o

PR ML 2 AN 71847« B n] AR S i BE R B AR A 2 518 4T, ] IE RS
WHZ G RN RS SRS ZGNIET. TEEITHERF NS AR RGBT
O RTHERE AT H 2 (counter) Bk T 0. & — AR i 4T e A R TAE:

2 I, kernel/sched.c schedule()

kernel work ifEFfEFiz Thottom half handlerdf:abFE RS AT 4 \F) o Ik b5 4 ¥ %
MR FRZE SE 11 VRGN HR

Current pocess FEEFE 7 —ANHEREZ AP AL EE A BEFE

D IR 2 AP U S SR S PR e I RIS AT BA S ) B

U ARAT 55 2l TR FL e B O B I I B — M S, S IRRES AR IRUNNING
R TR, S HPIRAS Y RUNNING

1 S 2R (RIR S A RUNN ING JU R4 IR 2

AN SERUNNINGES# INTERRUPT IBLEFJIEFE B Mz AT BAF bR o IR TR 24 BEFE e & S i (A4
BAT BRI A2 % R FE I ERE

Process Selection iR T AFIZITAYIF FIREFE, ERBMEAZITIORE. WA S
HERE CHA SRS , st b b e o B — 2, @ UERE ) 2 ifcounter, {HJE
X T SEN HERE N S counter 11000, IR WA ARG AFAE nISAT M SERT3ERE , B RS AEAT
Y3l P s AT R 2 BTIE AT . METIOEERE, RN T —2ER A R CERcounterddb T
Frblan B & g At [F SO0 e RS, S A TFARIALE : XS W LAt
FE SRR S, S is AT A AT B AR AN g ik A o M b AR B s RS AT DA F ) 5 T
WHR—APHE RS, A KEMFEARCHIERE, A RN PP T X g R . X IR
RURRE TR . AN, RN RERE T ZEAE AR 00U, SIS Ty il e &A1k
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Swap Processes WIRBAEAHZATIIRIREA R v difs, YurdtRE LA EEie, B mdiid.
M ANPEFREAT I & A H T CPURN R BL 1) P A7 2 AU B N A7 o AF— B W H B R A I8 o 25 A7
P E ERRAL IS S B PRAFBUE EL A B R R Pl hE 25 . D, 4 R R I AT IR ik e
EMATHERR R B R SC8AT . BT RE AR O, IR EIH R YR T . 24X
AR, ERITE NSRRGSR s (PO MFTE AL B 5 (7 %, W47 3
HEFE M task_structHls gitah . RIG, DAUNEFTERE T A NLARRES . XPHEAERET R

45, ANFEIMCPUAL SEAAH RSN, A& w # el — i fF (1 # B .

AZH Y LIERE I B R SCRAEAE R N iR m o BT D EEREAFRER B RS0, e X AR AR R
SR I IR AR G EE R SCR PRI ARIRIY, 2 Bop RERE K BRSO, 75 IH2 4R
ISP, AR HERE AR P o s N 2 A7 2 I A A

WG — AN RERE B B Y A RE R AT U N A7, WIRG W TR TFE S . A, XA
SIRRARIMIE, Alpha AXPALFEEE, {HFHTLT (Translation Look-aside Table) si#ZE{7l
TR H, BIAUERE T — MR IR L H .

4.3.1 Scheduling in Multiprocessor Systems (2 A4b¥H s 248 (KR

fELinuxt: S, ZCPURG LA D, (HE M T KEM LAEELinux s —4NSMP (X FR £ 4k
E;%%Wi%oﬁﬁ%,ﬂ&ﬁ%%$%ﬂiﬁ¥@ﬁﬁ%%ﬁoﬁﬁﬂ@&ﬁ%ﬁ%ﬁﬁ
THEELERT .

AN RHBERGT, AR IE: Ira eSS izt r it i, &P UEREAh
SEHBIEAT I FERE Y EL B 21 R ] S8 I Ta) B B A AR R DT SWPR G A — A
AT RN RGP A Re AL A Gidle) BERE. 75— MBS RS, AR BERE 2
task R P DMMES, £ DSMPRZEH, & ADCPUAHT 2 WINEERE, MR fig
AL AZEHCPU. b, B ANCPUAT AN HTERE, T LASMP RGP e g A BELAR 124
T A1 25 PR ERE o

E—/NSMPARGH, AR task_struct# Al & BEFE M aris T AL PE 28 4% 5 (processor)
M UGB TR T 249 5 (last_processor) o At dbfeds — IRk Fs 47 I AN BEAE A [F] 1)
CPU_LIZAT AT A TE B, fHZLinux™] LA FHprocessor maskiti#EFE PR il 4E — Nk 2 /NCPU
bo WIERANEAL, WHZHFE AT DOSIT e BEAEN o i BE R P B AT R R I fige, AN
2x% Feprocessor_maskAH N A7 AT VB 3R . SRR AR E—RAE 4 i AL FE 2 1B 4T 1)
HERE, DUOAHEIEREE R 20 7 — AN 2 S R LI T2,
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inode
s simact

- — -
T count
task_struct umask 00232
P
I's Ypwd
liles .
inode
-
files_struct
e | Ol
close_on_exec
open_[s
T[] file _ inode
1] = mode "
1_puss
f "-'-IE\
[ 255] f_count
1_owner
1_inode

{_op | e file operation
routines

1 version

Figure 1.1; A Procese’s Files

4.4 Files (30

4. 18R T Hiik RERE—ARERE T 0 TR RS RS BRI 458 . 25—
fs_structfudd T X NHEFEIVFS r%ﬁﬂ%%m%hUm%%%l#@iﬁﬁmﬂ%ﬁt T
W RGO .

2 Winclude/linux/sched.h

WA AR, Files_struct, ALFE T HERE M HIAE H BT A SCEFRIME S R M FRvE N2
G, mbsvER s, AR B BIPRAERS R . XS R DU SO, i A/ sl Al 1 15
%, (RN A B A TR B A S BE— AN SR E IR ST, Files_structfuff
i?ﬂﬂ%ﬁﬁmﬁﬁ%%,ﬁ—ﬁﬁﬁﬁﬁ%ﬁﬁiﬁoEm%ﬁ%ﬁTiﬁ@@%ﬁﬁ:R
By WEHE RS, Fpositxk | IR SEAEA ST AL E . F_inodeds [l il iZ SCAF 1
Tﬁffommﬁﬁ I FEHEE I FREN, BRSNS AR B SO e . S £
PR BR B, XA RIS D ARER SR, ALInux ] LSRR I So 28, ATl LAE B, fE
Linux pipeth /& FIXFRL I SE L -
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FF— AT I —A0E, wift i files _struct® ) — NN I Fi ledg 1R M X ASHT K File g5 14

LinuxZEFe 5 ) I 3 SO R £ 23T T IRl bn iR N« v AR RvERS 8, X HE
METEEE AT A BERE A 4k K ISR 1 o X T SCAF RV R A Sl e bR v R G, 7 AL s Bk
[ SCAFREIR ST o X EEHTRFF e MR Fd i =R A RS, FrCUbsER N FrdEd R AR g 15
(P SCAFREIR ST 4 A 3&0, LRI2. X S BT iy n) #0521 FH i Ne$idis 45 12 A 1 S-SR B RE AT
EHIVES 1715 i R SE B

4.5 Virtual Memory CREALHNTE)

TERE 1) RE AU, A 22 BIRYR ISR ATACRE AN Bt o 58— Pl e g Re e g, fltinlsan %o 3X
M, BPTHRSRATBME R, AT AR A R AR SO TR AR A T AU AT 5
(RIRE 7> Bt n B S RE R R AU N A7 P T g BT AT (R B e 28—, JERE ] DUIAE AR B R 73 i
CEAD) A7, LU A UG BN SOOI N 2 o OB 20 FIC 1 REAU A £ 280 B B IERE LA 1)
JEAUAAE R A R . S ="h, Linux@ERe (i FLE AR AR e, Bl sCPeAb B . b e
AL (9% WS R , Linux LR, JUAMRIIN 247 i BERE n] USR], X Eed e
R A ES AR B0 0 0 4 380 2 R D R 400 e 22 (R 0 G b e 202 P 10 2 1) R 400 e =2

E— MR IR, SRS B RN A RS T AR A E s . & T REELHE B R4

EOL T A IAUY, ) aa el e B R e . el e e T e AL — o

BIRE . W ST A X LA RS AN 2 B B N AE R T AME ] RS SR 9% . X PR A R A+ 11

HEFREC H AR, RGBT ARG, LinuxdCh i demand paging FiA, SEFE) LA FE
SUAESE R EE O A A EE A7 . BTRL, Linux ANIEARS ATEEE B 2 W A7,

SRR DU, IR L B 40 X S bR BN AF RS ANTE N A o SRR 7 r) i AR A

FHHE, RS A page fault, JEFEHMELIBLSLinuxiz 0 AcEE . AL, T aEfE bt
AR AN AN AE X3, Linux 52 5 21 AR SR AT il 40 e il B A7 A, XA 7] BLAR
Pixtpage fault.

Linuxi% 0o 75 B85 BT A I IR L8 S PN A7 X 3, — DN ERE BN A7 I N Al — /e 1
task_struct#g [n] ff)—~mm_struct mm_struc P4 Hiid . ZIEFE Fmm_struct i 45 # A
FEINZR AT WA 14 ERHERE TR IFR 5. B G T 48 1 —4lvm_area_struct®dh 45 54 145
B, B AN EE SRR K A L A X A

XANFERR AL BTN AT . K4 258 R T — AN SRgbRE 16 M F00 N A7 20 A A 3L A% 0
Bl gty DAL RN AR X IR AN R, Linuxi@idvm_area_structd i —41 jz 4ol i 77 a3
BifE Gaidvm_ops) M7 UHE TH . XFERERE T A ML N A7 #mT LU —Fh— 20 oy 20Uk
H, NERZEHXINAARS A, flan, SF—NMEHAGR, EdFRE ;A
AFAEMNAFIT A, X aiEpage fault [FJALEE.
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BLinux ky—ANHERE G BT G B0 P A7 DX SR A B 6T ANAE R Ge W EE A7 P R R S A7 1 5
i, RE5IHEREPIVv_area_structBd &5 5K . X EHE B AR IEMIvm_area_struct’{
P M AR I A0 T R P RE 170 2. 5 TV, Linuxtiftvm_area_struct#iif 44
Fyis s —AVL (Adelson-Velskii and Landis) Mo XXAB AT 2GR
vm_area_struct (E{I5 50 #A 6HAHARIvm_area structZE k) — A — AN TRE . ATRET
P& A B AG RE FHE T 55, A FRENFR N s G R R s A T 4R
IERIT AL, Linux AN AR IR 4G, BRANRE—/NT S ZE R FREr,  E BB EMH
vm_area_struct. 42K, FEIXANRE RS HOAN TR L[], W4 ACHTfvm_area_struct @ ZAi4h
A Ab P2 s [ o

Processes Viroal Memory

task_struct

IT_sruct VITI_area_sirugt _,—.
mm 1 count —™ | vm_end ]

vim_star

pad

Data

vm_Ilags

vim_inede

VIM_0ps

- 0x80558E8

rmap

vm_nexl
mimap_avl
mMmap_sem —

VIT_area_struct Code

W ym_end

vim_star L 0x804E8000

vim_flags

vim_inode

VIm_Ops

yim_next

0x0000000

Figure 1.2: A Process’s Virtual Aemory

Y AR LR AN A7 I, Linux A iZ B FE R B EE N A7 . el i — AN BT
vm_area_structZdf 45t KR IR X BB N A7, @RI R BN SR T . MRS
XASH LN AE X SR i, R4k Apage  Fault. AbFH2SR KRS IXAS fe il (B2
WA N ZNAAR RS H, EaBEE -4 —page  faulti %, ibLinuxizO4b2E . Linux
XA G| ) R AN AR B RE B e b Bl 25 R), RS2, Linux@)85& 2 IKPTEH: b i%
HERE YO RN A7 00 o VT B SCAE R G sl A e it whoma8orH B (AR B3 s, AR sk
FEM G| Eipage faultiyFs & EHISAT, BOWIRIIZNAFSEBRAFAE, Al LAgkek,

4.6 Creating a Process (@I —/ubf)
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ARG R T fER LA, XN, R HERE: WG iERE . Zpr7 AR —
FE, WIGREREAT A MEAL . A AP SRR IONLAIRGES . AR G0 I A 3RS B A2 AT 1Y
I ABX 2845 A AR UG HERE ) task_structBdls 25t o fE R IR LA R I IR AR, RTURHERE R
B LERE (NI RFPATERGER, A B A 8T 2w USRI, i
JERE PR sr ZANE W R . XA IR I task_structg e —— M AE SIS0 Bl S 7E A%
CER IR E X, T TAZETRE, Minit_task.

InithiZ O RS RE A TEREAR AT L, B ARG DN EIEFEE. EPITRAE M —L91iGi
KBCE LT IF R EHle, WX RSG) , RIGPITREWFET . K TIRI R
%%, wlfgZ/ete/init, /bin/initel/sbin/initHrhy —. InithF {4 H/etc/inittabfE i
AR RGP R R . X EHERE B S T Re AU R . Bl getty b RE V] RESTEH
FHR S S G i —Moginf3ERE . RGBT HEFR AR S ini thZ O R 1 54

AR () 0 2 ) v B TH R, B U v B A A I RS S o — AN AT 45 i ik
RN (Forksliclone) , wlERAEEKZOMIZLES. RGNS, AN
PRERE, 2EFFIRERPIE R 1217 . WNARG BN A7 R IX A vl B ERE (M HERE CH P R
) AN I AN T ToE I task_struct BB giky . — AN ERFRRAPB SIS, R
G REAR AT AL e ME— 1. (R, W] RE s B YRR R B B D SRR I RERR R . BT
task_structidf A T task [ajERF, IHEY CYRETTYD 2R task_struct/f) P A# LRI T veBE)
task_struct.

2 ilkernel/fork.c do_fork()

o BEIERE IS, Linux RPN ERE L = R AN e A AN F 48 U, s RE I S, RS
ACEFN BN A7 . L Sm X B YR A I, B AT I count = BE AR N 3G 9%,  IXFELInUX AN S B
TG PR B P HEFE A LA o o an, e B R L S BRI A, B task_struct
?g%—ﬁﬁﬁﬁﬁﬁﬁWmﬂmﬁ%%ﬁ,m;nmw%wmﬁ%m,%ﬁﬁﬁﬁiﬁﬁﬁ
EEH

o B ANHERE I R A SR S I B R . A=A —4Hvm_area_structB s 45# . AN Y
mm_structEfis g A F e FERERR I U3, XI5 DUERE IR B A A7 o 31X 25 /2 A ERIFE N (14T
% R —8 53 AP A7 0] REAE Y BE N A7 Hm o — 382 n] e AE A H S . AR, Linux i
TUA “copy on write” [EIAR, BRI RAMASRE R — MK E S A DB AE. (T
AN NFIEINAE, E20EEN, o] IAENNIRE 2 ML= T amHa gk, HiEn
NAE, BIIPATARS, TR, O TS “copy on write” , AR TR S HARIA A
Wk, MR Ervm_area_structB s 45 eric  “copy on write” o 44— NUEFEHRAKEIE H$E
XA LN AL IR 277 Apage  Fault. IXINFLinuxi 23 BIVEIX S 77—y % UL 3 A 13
FEIF) GUR RSP A7 1 5P 4544
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7. Times and Timer CIsTE]FIL1#8)

A% 00 BRI FE (R CPURR R AN LAy — S8R 1) o B — AN PR T, A% 00 B3 24 iy BERE 1)
JifFies KL /RAE RGN 7 24N 46 2% 1 I TR) SR

i T IX LA IR AT BT 28, Linuxid SZErdEREFe e el BgvH T 2% Cinterval — timer) .
TEFE ] DU FH X e} ) 28 7R IX LE - Iy 28 B AR Ik 0628 B S5 5 . S =T (a) kg
THHT 2% -

2 llkernel/itimer.c

Real XIS S I SEHf Ty, S mt S 20, AiELAHEFE— 2 SIGALRMAE 5.

Virtual XA I 28 AR ARIB AT IR s N, BRI, IR 3EfE —
SIGVTALARM{E -,
Profile 7EHEREEAT MR R GACKBEREPAT IR AR S i o BURAMI I, Sk
1%SIGPROF(E 5,

Al LUSAT— N EE BT BRI BE IR 2%, LinuxE HEFE i task _structBdls 454 hid %
B I A5 B nf DU R G0 P X Sem) b i 2, B 3h. EibeA], 2E
MHTHEE . A profi lett I 28 (AT 7 AR Rl BF— kT eh B3], 4 Hr kL)
TP ERIo, AR, Bk HE MG S

Z ilkernel/sched.c do_it_virtual(), do_it_prof()

SR B I 2 RPN Rl Linux i FH I 28 ML SB 114k . B — N R E
H O ftimer VistEdEgsty, Gl A S h i 25 kg, i REeitimer®. 24
ERN IR, 13 i 220 A EE HE e CBA A i 53 S 1) B U1 i 2% A B
J¥o e reAESIGALRMAE 5 I 55 3 A TR B v 2%, 30 e nnl 2 R G vk i 28 BA 31

Z . kernel/iterm.c it_real fn()

8. Executing Programs (HUTFEF)
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ZELinux™, ZUnix—FF, FERIar 25 H o ar 2 R 2S PIT . A DR RE 7 2 A
HoAFERE—FER T P HERE, mfishell (AHZ— NI G, JEAZ O g v 1] A £ ) 35
4y, Tishel VLS, #efdt—AN:00) o LinuxtEir£shell, &% K 2Esh.,
bashflitcsh. [T —LEpy a2 4h, thhncdfipwd, 4 e nl #0470 —3EH S0
SFFHNEE A4, shel I LTSRS R A4 2 10 H 36 UG PATHIA B
) AL A T WERERE T S/, wngorizdr. Shel VA Lk fork Ll
ol A S, JFAE TR A BT WG SO 8 A IEAE AT 16 ko
% (shell) . il shel Ry 245K, oE U FFEE . fRmT Bl idi A
control-Zi%—/NSIGSTOPf 545 T-1kFE, TR LI AE &, ikshel lE ¥
1217 . ARn] LT H shel Iy 2 bgil:shel a1 3EFE & 5 SIGCONT i 5, 8T HERER 3 5
BIFFEPIEIT, EaRrgualr B2 g5 il 7 B L N s .

formals linux_bindmi I _binfmi linux_hintmt

—_— E— —_—
(RN | nexl XL

L gl el use_counl

*laxuel _himamy( ) ol _himary( ) *hiand _barryi

*leruel _shlihi } *luiel _shliby) *himnd _shlibe)

*eore_dumpiy *onre_dumpi ) ?'u'x'-r-_-.l'.l'|'||'-: ]

Figure 4.3: Registered Binary Iormats

PAT AT AR 2R N R T DR — N EA SO (seript File) o A S04 20
FH A 18 AR R R FE AR A T84T . Wlli/bin/shii#féshell  script. /[ $ATH H AR SC4E
ALFE T PATAIS A L 88 ) S5 B, IR EAE RS rT LT EA TN W A7

IR RAT . Linux s I B AR SCHERAYZELF, MR B, Linux 36 21 L PAALBE
JUF T 1 H bs SO

BAARSCATE R A, Linuxa] ASCRE A — 3R SR AR A Do 45 (R I ok T4 e ST A
R e e ] UGBS B . 0 0RAF T SCRei) iR L CLK4.3) (1%
R, EPAT A SO, B RS U, BRI DL AE, T
H, LINUXGZ R 7B HISCfF Ea. out BIELF. AT SCAFANTR B8 A NN A, T i
i fizdemand  loadingffIBiAR . BEREAE AT AR ) — FB 23 IR IR & A B AN A
15> RPN AF RS

Z l.fs/exec.c do_execve()
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ELF Executable Image
e_ident ‘Ef ‘L* FF°'
_eniry Ox80480580
¢_pholT 52
¢_phentsize iz
¢_phnum 2
p_ivpe PT_LOAD
ol Tset 0
Physical Header p_vaddr OxBO4B000
p_filess 68532
[r_menmse 8512
p_{lags PF_E, PF_X
p_ivpe PT_LOAD
ol Tser 8534
Physical Header p_vaddr OxBOS9ERH
p_filess 2200
p_memsy 4248
p_ilags PF_E, PF_W
Code
Data

Fivurc 1.1 ELF Exccurable File Format

1. ELF

ELF (Executable and Linkable Format w74 Hbretf,
UniXZR G2 = ¥t BAE s Linuxdse i B IR 2. BARATHA H Fr S0 2F 4%
A LLWIECOFFMa. outAH Ll A HERE MR MIT S0, ELFIE&GE B R % . ELFR]$AT
AFAE AT HATACHE CHI Y fitext) FIEHE (data) o $ATmE A A
TR Nz AT BRI RN A . ERASER U R IERER T (1)
B IE A O, RS P S T IS TS BT T B BT AR
@Eiﬁﬁfaﬁ%g@%%@%ﬁTiZ@%%EWﬁtP (P A7 Je RTEE AT 1H 26— A RIS 1
H A o

Kl4.4% & T i A S WELF ] BT BUG AT Ry IX AT B IRICEE Y, 4T ED
“hello  world” 2RJFIBH . SKCH-R T & —DELFIG, HW ARk
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(e_phnumi&2) , MBUGSCAFITTE L EBS2 21 h (e_phoff) o ZH— /M
SRR WG o P ATACD, 7 R 40l HiliE0x8048000, 4565532717, KA 'E S
AERN, e FERH “hello world” )i Fprintf O A AR
e WAL, BRI —4F8 2, AN TGRS E, mEREI
Hi4-0x8048090 (e_entry) o ARMEEAELESE —WHLF TG . XM EE kL
R TREP A, S g R MU A7 i 0x8059BB8 . i B Hi 4k v LA
5o PREE RSO BRI RN 2220027 (p_Filesz) T AE T R/
FEA248 7T o RN HT 2200 W B FE FUEHI MGt M £, T EE 12048 AL S
AT W] LR AL R E i

2z Iinclude/linux/elf.h

M Linux{EELF A AT WG A8 21 30 R (1) KB 00 il 2 TB) RO s, AN A2 SR R n
BWIG . EWEEP NSRS, IR vm_area_struct e ik . 4
FEFHAT Tpage  Faultiymffi, F/7 AR RS S B E N A7 . B
H R R A SR N AE . —HELF BRI i e e 4
1 RAZOR— AN ELF T HAT IS, e AR IR 4 i v AT U e 1)

PANAE R OB EN e BEAG Tfa EREER ), IH IR
FE SRR HATIORE PG (Bl ay 2 iR R pshell bash) o JEBRIH AT
ITWAG S R S IHF RN A e g5 0, BRI IR S ERERE M
HARAS S ACFERE R, RIS (ESS BRI R B, BEFEMEAIZ AT 5T 1K)
AT HATIAG . ANE AT AT G R =i ], 2ERE [fmm_structH #5224 B AH [H]

(A5 B o BLFEFR ) WG AR AT A A AR T FR o X S HU(E AELF A AT LS

I EE S e N, AT T IR IR0 20t e WS 380 T R 1 R DL 2 ) o Ik
AEAEIERE [ Ivm_area_structh 45 f4) i 3r A T RAS U 5 . mm_structis

iR P B FETRER, FRIMEE GRS BRI A & .

ELF Shared Libraries (ELF3t=z%E)

HIAER MW, RISk, ANEIEIT IR ITA AR RIS . Hodh— g
eI AR IBAT I E B BIAG . MIB 47 I Bh 28 A 2 2 WL A% b iR i)
i, ZHASEREFEFF (dynamic  linker) 34 FHELFILZFEERIE . Linux{fiH JL
ANENAERFER, 1d.so.1, libc.so.1Mlld-linux.so.1, #B{E/libH & .
XL PR HEE 9 ARDS,  LLaniE IR . WERE A EASIER:, A T
WA IR PR A DL, TR 2 A A M FUR RN A7« FEBh S NTE
LT, ELFBUZ R b dE 5| 0 PG FEBI R I 1E B X U8E BRI o &
£ 3 W] 52 S A9 it A R QA 3 4 3 R e 1 k= )

2. Scripts Files
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FHIAS SCAH 2 75 B R B A BRI AT I T AT 30 Linux N KBRS, Bliiwish. perlAldr
SRR b intesh. Linux i HIARAERIUNIXZY 2, FERIASSTAR 0 56— AT QR R RERE PP 1) 44 7
It LA~ S R A SCA ] fE TSk 2 -

#1/usr/bin/wish

BRIAS ST AT I 28 sk el et SO FH AR R o Bk RIS T T IIAS SCA 28— AT i 0 B T AT 3C

o WMEFTLATIF, B8 — M RIIZSCHFMVES 1 5 AREE, ARG AT & L AR A ST
fro A Z PR TS80 GBS0, T HABSEBER n LR s —fr (ki) 2
—ANBEN TR ASHEEE) o BRI Linuwd N B A P RATRE . Linuxd
RSP BB, BRI LUTAR . IR BAE B ARn] AR LR AR R P AN — 1k il 5X
HERGEEAR,  AkLinux ) — 32 R AR BEAR P SE N R o

Z lL.fs/binfmt_script.c do_load script()

Chapter 5

Interprocess Communication Mechanisms C3EF ] THALED

BEREZ 8] E AR IR AZ O, PR EANTIAT . LinuxsCfy— S8 HERE (Rl CIPC) (1AL
% ESEE R, LinudECRERZEY IPC (HE I Unix A 44D 1AL
o

5.1 Signals (f55)

{55 EUniXR GE AL K 5ty 22 I IERE (RN 52— T — e AR kL b 4
PRI . (55 T LU Zeui = 2F, sl — MR A, Lo ansdb AR B U il e 1
WA AFHALEAERIAL E . She l AL IS 5 17 & 1K1 ERE SO A LA i 5

H G5 G0, B —enl DU ARG A BRI b RE = A4 . R mT DA Ak H 6y 2
(kill - D AR RAENE 5%, ERMLinux Intel R4
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1) SIGHUP 2) SIGINT 3) SIGQUIT 4) SIGILL

5) SIGTRAP 6) SIGIOT 7) SIGBUS 8) SIGFPE

9) SIGKILL 10) SIGUSRL 11) SIGSEGV 12) SIGUSR2
13) SIGPIPE 14) SIGALRM 15) SIGTERM 17) SIGCHLD
18) SIGCONT 19) SIGSTOP 20) SIGTSTP 21) SIGTTIN
22) SIGTTOU 23) SIGURG 24) SIGXCPU 25) SIGXFSZ
26) SIGVTALRM 27) SIGPROF 28) SIGWINCH 29) SIGIO

30) SIGPWR

7EAlpha  AXP  Linux &% bga5 ANfA. HEFE T DUEREZBE = A0 K 2 5055, Ao
SIGSTOP (ibHEFE(E 1IEAT) FISIGKILL (LEFEFEIE ) An] L2, HARFERE n] PLE ST anfr
AEFE . HERERTDABHZE(S 5, W e ABHZE S 5, &l DUER A DAL aE 1hAZ O b B . 4
RAZOAEHE, B SPATEE T IT . B, SEREFRIEISIGFPE (7 =4 EA sl 1k
Zrethcore iR . A5 A WA ML, WR—ERRFRR =4 TWAMES, SIS UIE
BT AR R R IR AT R A B . S 4h, WA LT DAL g — R R 2 ANME 5. it
FETCVESNE & B T 165242 SIGCONTAE 5 &

Linux it FE ¥ task_struct /7 115 B R SEIAE AL . SZRFE 5 2 TR 10 71K .
2N TR AL FE B vl AAT 327 P {5 55, TI6ANLAIALEESS, LhanAlpha AXPH] LIS ZiA64F 5 5. X4
HIAF AL B i Esignal s, blocked sl s 22 FH ZE M5 5 HERS . % T SIGSTOPAISIGKILL, Jir
HHESE T CAREBHZE . W= T — PN S, B ER A EE, R0 W R
FE. Linuxt PRAFEE— AN EERE Q] A BEAE— PR T BERAR 5 MR &, X 26{5 EUCEE— sigaction
(K E s G kB b, B A EEFRE I task _struct#E Fa i ) B B4 o XN ARG ab PR
XAME S BRI HhE, sRE ARG, S VRLInuxiZEERE S 7 3 2 X AME 5 k%0
%%%ﬁﬁﬁﬁ%ﬁ%%ﬁﬁﬁﬁﬂ%%%%%@,ﬁ%ﬁ%&ﬁﬁ%%%%%ﬂ%ﬁmﬁmﬁ
A

AR R G b T R AR a] DA ) HoAth B — AR A M5 S, RO AREB Jal DL, S ik
AT DL A A Fui d A g i dal 2 e AR R HERRZH IO R R A5 5 . Tl 15 B task——struct /()
signal il AR P2 E G 5 o W RPEFEANBHLZE S 5, 1 HAEAEZERHEZ LRI CIRE R
Interruptible) , JE4 & HERAYECHRUNNINg AN B AEB AT IAF, 3tk i oy 240 g e

B . XA ERE PR RS N U B I 30 e U E— NI4T OFIE . a0 75 B 5 (R AL B,
Linuxa] DLRALAS SRR . 0t dn 455 SIGWINCH (X windows§ 48 £E s ) & 2B i A FH B4 1) 4k
MR, WA TR AT AT .
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T PR RHEAN S L 2 IAEBERE T, eI R BIHERE s T B RE N R Z R H
rhE HA PRI i S 25 I signal Fiblockedd®, WA AT &G RHIERIE S, Ml blk%E. X
BEKRIFGAEE AR, HERGE PN RGN, o 205 — N F4F
R fEr . SRR, HERE T DU S, EA R InterruptiblelRZs, HEG T A
fii'5. Linux(s 5 A FARAL K A sigaction sl i) R & — A 24 R AR BHZE 15 5

WA S A BRRE PP B B N B S, WAL AEFR'E . SIGSTOPARE 5 [ it 44 b PR 3 24 iy HEFE 1)
RS Stopped, AR EEATIMERT, EHE AR RIEIT. SIGFPEMS S MEtA sh1E 2 ik
METHERE = 4icore (core dump) , ib'EiBH . ARdEMh, HEFERTPASRE H OGS RRRR . X
MR, 245 A B R I HLsigactionZs A A FE X AN AL kb . Linuxes 25

HERE RO S A BRI, & F FARIMAT & A R AL BRES AT DG . (B2, JITAT IICPUAAZI AL BE 1K) /& 24 i
HEFE FIZATERZ O A, JF IEHER R B B A AZ O B R Ge R i S I HERE o AR AR IX A a) )

JT VR AL RE (I HEAR RN 25 A7 2% o BERERE PV 8088 W0 e 1015 5 A BERE e i skt BIRE S

%m%%%%mﬁﬁﬁﬁ%ﬁﬁﬁﬁo%ﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁ%%ﬁ@ﬁ?%ﬁﬁ%%

Linux;&POSIXFEA K, BT AERE n] LAFR 2 R € (45 5 AL BERE I3 IO Ik ZEFH 2E (5 9 0 IR
WA AE I PR B0 5 A TR RS P (R i AR b locked FE /D . {5 5 Ab FRFS Fe 45 SR K s, blocked
FERd AR R B e HTUR E . Rk,  LinuxZEWCRIME 5 10 ERE DO HEAR Ho 38 hn 7 61— AN B 4 72
P, fEblocked i fd ik & BIWIGE (. Linux BAEAL T XAt ot Wi S A I JLAME 5 Ab 2R A5 72
TR B, e e T ERE i, UGB N FR BRI st R R A, H R
Je A R FH A B R

5.2 Pipes (i)

B ILinux shel VAR R F B g i) o 49

$Is | pr| lpr

FEF H H SO 2 D s 4 I8 ek 5 18 2 B prag 2 AR R EREAT 20 0. d5efa, pram
Bty oAk B B lpr iy A TR |, ZEBREFTEINL AT e &5 L, 890 2 B i) () 7
UL, 4B AR (P AR R A S — N R AR N A . WA N R R R B X R
FREW, AVE VA LVE. JEshell@Sr TR Z M AIG 2. 7ELinux, A48 1 [ —
AMIEFVES 1 A (CRG RN I —DME 0D IR le Sl 45 H ok sl iE . [5.158
N TR FileBWlE 2 & T AR SR EBIRE R ) R I 4RE: — AN TS, B—1MN
EIET . XA TAE S 8 S RS R AR 245 R 1) B S R
FAPE LR T IR T, MR, A ML TR Linuxab 20 fH] 25
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X TEE VTR o W IERIEE TE S B — 2 BB S5 BASIRI(E S (locks, wait
queues and signals) .

2 Iinclude/linux/inode_fs.h

Frocess | Process 2
file file
I_mode I_mode
s I_pis
I_MNags I_fMags
[ count I count
[_owner I_owner
f_inode I_inode
[_op — f_op F—
- - ingwle - -
[ wersion [ wersion
-
Dara Page
EE—
Y Y
Pipe Pipe
Write Read

Operations

Operations

Fizure 3.1 Pipes

YBR[ E S I, e AR HE write ZE pR B IX B8 A R B 3 1) SCAE R R S HERE )
fileZE gl RG], B NN — NI, ZEXFGOL R, 24 FImEIE.
Linux 8¢ I8 A Al AR IX AN TE I Fi le B0l 45 M 5 ] write 2 . X writefI R H R R
EIIVFS 1 WA E R, REHEMIER. RE LSS Rieima s nas 88
o, N A IR SE, Linucoy BHERE BB, IR0 NEERE (P kb 23 6] 5 D1 21 3 =52
(I U o 0 SR 0 s R e el S (RIS, Y OERR AR, JFCE R 1 A AR A
b AR, BT AR e e AR, BTl e ARG S . M
HT A2 0 S5 s BUe by, SRR SRR, MRS5S G, BIEMIVFS
| N BUE R, BIE N SRR B R BT A e O R A A e i

2 W.fs/pipe.c pipe_write()
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METE BB A S H e AR AL BERE AR VPR AR ZE I3 (OB T E A 9T T S P el
WA, X, WCREA R e ETERBUE, IR R XK R 2
Haadr. sy MOrAGRAEEIE I SRS AR Ry, BRI RS WA TE 1 R
SER T HRAE, EE B UM . ) 3 i TR 5T

Z: Il fs/pipe.c pipe_read()

Linuxth r] DL Fra 8518, WIFIFO, KB IE TAEAE S AN SEH BRI R . B85 N TE AL
Pl s s . AR IE, FIFOAZIGK X %, e &S R I seik, nl LU

mkfiform 0. REGAERUT R BER, SRl DU FFIFO. FIFO KT 7 SR RS ik

ANE. —ANEE CEMPANFIleEdR g5, VS 1Y SRS s v e, i
FIFO/Z C&ArAE, v LI E I S AT TS . Linux b2 kb B4 S5 HEFEHT JFFIFOZ BT I

FIFOREMIIERE, UANAE SRR GEEE 2 st e . B T iX2E, FIFOJL- TR A B 5 42—

FE, 1 H A MEH —AE £ s 25 /e R

3. Sockets

R 5 MR NN %

1. System V IPC mechanisms (&4 IPCHLED

Linux3ZFr =Fh R BIAEUNTX  REEV (1983) [KIHEFE AR IIHLE]: 3 B RA
Y. A5 ST AILE N LE (message  queues, semaphores and  shared
memory) . RZV  IPCHLHIE sl AH rAuE 7. R Hpeilct KRR, %
B —AME— 5 PR IRRT 2ROk VT ) IR EE YT . X T RAEV  IPCXH R i)
(PR B A VT VR RTB, ARG TS R A . AT RGV IPCXH 41U
] AR b 0 S 0 ) g 2 Tl ek R B g o B — BRI X S 5 T AR IR
FHERNRIRRN RG] IAZEBENRG], f78 ek Ry,

ARG RIEARGN  IPCHFG I T Linux Bl 45 M # AL FE— AN ipe_permff) £k 44
b, BLEE T AVERERE T S A RRIRRE, AP RS g E. 4
AR FIPCX % ffkey. Key — HMEEM RSV IPCHZRI G AR IRFF T
e XFEWFIkey: AFFRIUHR . Wikkey A TFH, ARG FTATHERE,
HEE N TR, ST AR B N RSV IPCHZ 5 PR IR, RFV
IPCH S ANREAd Flkey S | F . 20U AT 51 AR TRAF o

% JLinclude/linux/ipc.h
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2. Message Queues (JH.ELBA%1)

HEBS RV AR ANEREEHEE, — DRGNS . LinuxgEd

T—R&AHEEAS Kimsgque 1 ER . HA AP IoERR ) —msqid_ds
(K HE 45k, e BERR XA BAF . S4B Z 0 BBAA IHE, RGN FEH
A3 —N B Imsqid_ds )8 45 1) 4\ 31 ) |k v

F— A msqid_dsEdh 45 H S — AN ipe_permiKIEdE 45 1 FTHE A GX AN A1 111
BIFRER . 74h, Linuxfr B BB elsh i), il an _E R AS S (R ) 45
Msqid_dsBAFIB TG AR BAS: — AN Tl B S, 55— AN Tk

% JLinclude/linux/msg.h

msgid_ds
ipc
Fmsg_last msg msg
W =1 1 3
msg_first = ¥mse next = ¥mse next
. msg_type msg_type
times : e : e
*msg_spot *msg_spot
. msg_stime msg_stime
Fywait —— ——
— msg_is msg_is
*rwait /P /P
msg_gnum
= msg_ls | Message msg_ts | message

=  msg_gnum _—

Figure 5.2: Svstem V IPC Moessage Queues

o MR ) AU WL, R0 R P AL BRSO 3 SR A B
(tyipc_permSiR A 1k Le e, fn SRR T BT ABASIE, 03 L 2 Wi
PRI 5 )5 Bmsg SR, WD BB RLG . 5—AHRAArt
FERVZ R, RO KA b, F, DAL inux bl T T LU i3
RUOBCRRIKIE, T AN A L. X, SR AR BT
AT, AR TR B RE T AR
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XA B BAA AR H 25 PR IR i 2 e

MBAF B AU RE . ERE AU B — gt &, — Mt B
TP AE IS AR BRI R R — 4531 B i PR RS R B
RBEAFEFAIREE, SR g 20 S ASI S AF AL, SRR 11Tl
JEREF . B HIN RS SIS, XA VRS, 4RE8HE1T.

3. Semaphores (f554])

5 54T T R e e W AF T — M, B B nT BA 22 AN R A 56 R 1
B KII RNV E ERAE, DX OGN R AR R U, SR AN ] TR b e
FIETE: HERIA e L. K50 B B E (1 85 525 5 4 M AT E A &
BRI, WTRLE IR . AR B BB E A R, — AR T Be a2
WEEAR B 215 5T (AR o — AR AT o A 5%0 n] DA T S B 2 X 45

(critical regions) , WiAFEZEMMMX, [F-—KZRGeh—NERIZEIT,

EAPRATVF 22 DR I BERE N — AN B[R 8l SCPF R S0 ¢ ARn] BEA B0 SCAT:
(K307 1) o 28 Mg S i i o AR LU —AME 50, A0aRMEL,  AESCPFHRAEINAN
b, AWM ST 8RAE, MR A T I ERN, 3B AR
BEINE e Uil SOOI S AN HERE B M 54T I EE, R s, RS0
WA RN 00 XA BEREBLAE i) LLARSHAT I Bt Sk (HA2, Wik —A
BEREFT BT IXANSCE, B B AE SAT I EE, B RGO 2 52
se-Lo RXAHERES BHE ELRIS DN IEREAC PSS Bl SO 22— RE R AL B
SERAE S, ES RIS ST B E N 1. BIESE R BERE 2 gl e, XK
M AT 12 2 B o
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EEEE—
array of
_ emanhores
semid_ds semaphones
ipc
Limes
"il..‘l'l'l_l'h'.l‘ﬂ.' .‘-{!11I_I,|I,ll!|l\,‘
sem_pending pm-| nexl
. sem_urndo o
sem_pending_last - prey
indo - prog_next ?ﬁI.LL]FlL]
e Nsems id next l.II.]Ll:l
semid pid
semad) - slatus
SITIEL
sups -
nsops

Fizure 5.3 Sysiom ¥ IPC Semaphores

R—NRAEV  NPCHESI X GEIER T — M5 55 54l, Linuxff Hsemid_ds%k
PEEMIRIEE . RGP Hsemid_dsEil 45 %8 Hsemarydg &1 1) B & 45 1) .
F—AMe I B # 45 sem_nsems, Bidsem basetd [ [t —A>semBds 4 4 5k
k. BT RUTFERAE DRV IPCIE S A5 1015 50 S gl i HERE S nT DL
HRGRHXENHEE. REWMH TR e 2 MEE, B -MEEZH =6
Ak F5 RG] BEEM &, HF50R51eESITHAnRG],
PRAVEE S BN 2 S /{5 S AT BUE I EUE . 158, Linuxid & BT e & A
R e R BAEEON EA5 50T 0 S B K T 08 A EAE RS 5 4T (1 2 i A
0, BAEA ST, WMRATRAE SRR, REEAER iE AR R
FICPHZE, Linux&SHEEIXAN RS, WURFFEEHEE, Linuxdb 20 PRA7- 2230 T 1
155 KT BAE PRSI0 Y Ay R B SR A S . el e AEHE A v — A
sem_queue B 45 F4) e R S B R . XN sem_queue$idin 45 44
B R T IXAME S AT G5 R S 45 e (ffF sem_pending il
sem_pending_lastigst) o YEyHEREINE] T X >sem_queuedlidh 45 74 (1) 55 fr
AFIH (sleeper) , WHIHERE, &17 00—t

2 ILinclude/linux/sem.h

W BT A A S AT B R RS, S ar bR s A T B il o Linux#k 221 |1y
T LE AR N FH 25 54T B 0 AE I 2 e AR L nux Db 2504 25 AT fr] HEE
MRS H b e AR, IR EIRAE nT RE v LASE it . LEnuxily 2 R R VE S5 1F
FA%1] (sem_pending) ¥ RE—ANR R, AL B IR S S 5 KT EAE &5 v LLEY
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o WA LLEsitIX>sem_queue Kty 4544 WNIRAE S R rpIER . JFIEIX Rl
(5 FATBRAE N I BE S AT H . E PR IEIR U BERE, 1EEAE N R R i AT
(KINA AT AR EEIE 4T, Linux WSk B R B 88 AF A1, ELRIANREDAT (S 5T 3%
PRI 5 2 [ ERE N 1

A SITEAE P — RS 268 (deadlock) o XK AAE— MRS TS
SATHMESE AN — D EEXE (critical  region) {HZ K4 ek ki 117
WA B TFIX AN B IR0 T o Linuxal i 4E57 (5 5 kT B4 (1) 32 36 Skt 47

XA DL WU W R S X e R, 5 S AT IR Al RE A S AT R E T
PPRES . IXLE B fEsem_undotidis 454, HifEsem_dsEdh &5 # I A 51,

[7) I L A FH I 2845 5k T I R () task_struct B 45 749 (K BA A o

T —NIST G 5 KT R T RE#0 T B — MR Linux® /D & —
HERE IO AE— M 50 B4l B8 4P — A sem_undo s 45k T SR Sk 1 BEFE 7%
H, BUET RN A B XA HT I sem_undo$i s 45 14 [F] i 72E BERE (1)
task_struct i 45 # A 54T BA S it semid_dsEcd 25 74 (I BA S HERL . X5
ST NS 5 T AT PATEAE B, RX AN AR (AR D 25X AN 2R
[t)sem_undo$its &5 44 (1R HEBAF X AME S AT B4 H bo PREL, R4 AE(E N
2, WAXANFACIXME ST R A H Bl -2,

YRR NS, LE B I, LinuxdiE e () sem_undoXiE 454, FEsk
ST AT B AL . SRR 54T, e sem_undoZi s &5 K47 IH {5 7
FEREFEf task_structBAS A, (ESEAH R A 5 0] Bl bR R bRid o3k . X
FGOUT, TEBRAE AT AOARAS R ] b R 370X 4 sem_undo%idis 25 44

4. Shared Memory (FLZERTE)

S A SRVE AN REREIE A (R IR AT DI e 40 ik 2 TR R A A7 TR TR AU P9 £
(KU AERE— IR I DOR R A TR A H S o AESRANT SR T AT ERE I R AU A7 A AT
MR SRR GY  IPCHZ—FE, X7 I0E A IR U5 Rl i key % i, IFaE4T U5
BRI B . WAAINEZ n, AR AR A X B N A e AT T 20 T Al A L),
LA AR GEVIKIAE 5 KT OR R 2850 A I U5 ] o

FF—ANHT AU ) P A7 DX AR — A shmid_ds i 45 i ok ik . XSS 45 /4 PR A7 /E shm_segsn]
HRF . Shmid_ds#dl ik TN ZNAEA 2 K. 2/ DA REEA e DU N A7
W] B B e AT R RE 2R 8] o FH S A IR B3 2 R 42 I I B P A7 18 77 ) A PR FNE T key A&
INTFECRAE o« WA 208 B PR &t ] AL = A8 e fE B N A7
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2 ILinclude/linux/sem.h

B RICEIX PN A R RE R A U R R ST TR (attach) BIBIINAE . XOWiZEREA]
T —ASE A X B = P AEvm_area_structFdls 45 iy . MR AT DUE B AR B I B
UL 22 [ (4 67 2 B L nuxade 86— U A8 1) (04 2% PR IX 4k

shmid_ds

ipc
shim_segsz
times

—p| [

pte
shm_npages
shm_pages pte VI area_struct VIm_area_siruct
attaches - e
vim_next_shared vim_next_shared

Figure 5.4: System V IPC Shared Memory

XANET v area_struct4h )M /E Fishmid_ds35[ f{jvm_area_struct#| 4. il
vm_next_sharedflvm_prev_sharedftl eI AR —#C . HEFUL N A7 LR BRI i HL S -0 1) 4t
T R AEAE 58— AN ERE R U7 ) e R Ak

7‘ ABEREEE — RV R L R R N AR Ho — O i, KA —4vpage  Fault. HLinuxAbFRiX
Apage  Faul i, B4R vm_area_structBil 45t . X B A5 T Iix SIS B A
AR PRI RE PR EE . L= N {7 Ipage faul tb FACRE A IX AN shmid_dsff) TR 4% H A& A
,, BREAAEXNICEEANAFILRISGE . WRAEE, EMaom— M, Jhe )

— RS H . ENFEAAMEIEAN Y FTHER R, WAFEX A shmid_ds. XEWEYS T4

PR VT RX S AR A3 38— page  Faultffyists, hes y7EaE S ab BEACHD th 25 X AN HEFE
X ASH O R, FrLL, 28— i) L A7 T AR A X — e g B, MBS

Uy 1) %) FC A BE R A 75 I Dt n 21 AT 14 e A0 k2 [
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YRR R EILE RN AN, EAINF 9 E (detach) k. B IHA AL
fF XN AR, X B RS Y i R RE . & ivm_area_structAshmid_ds%idls 45 44 il
i, IR, METEERER TR BT R, el BN A X R X N A
() g5 Ji — N ERE AR 23 B R s, SR A T AE B N A7 R 0 TR R, X BRI A
shmiid_dsEh 25 44 th R I8

U RICE I AU A A A BUEAE PENAE P I S N k. RO 1, JEE N AEI T
R BEAE ARG RRAL ] A I B B T RGN et I NAF IR AR T AN AL S N ) B
W AFAE SR 3 AT A

Chapter 6

PCI

Peripheral Component Interconnect (PCl) , UHE'E M4 FHRIRIE—A4E, AW mEL—
A G R FTn f 1) 5 SA0 R G b (R S B A A AL R ) — bRt ARHEIIPCL Local Bus#iiyy
%gT%?ﬁ#%ﬁﬁ%%ﬁ%ﬁﬁmﬁ%%ﬁ%o$E%HUmM%DWE@%%%%%m|
BN
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CPU
PCI Bus O
PCI-ISA PCI-PCI * Upstiream
Bridge Bridge
‘.,f."'ldt,u Drmw.\'n'rn'm
ISA Bus PCI Bus 1
Super /O Controller SCSI Ethernet

Figure 6.1: Example PCI Based System

6. 12— ANPCHERE RS K . PCUREFIPCI-PCIFF (bridge) & RGAIFERAE ik
KkE A 77 CUPFIVIdeo B 453 AE B FPCLE 2k, PCLRAZL0. — /MNMEFRIIPCI¥ %, PCI-PCIAFIT
T RERERRIRPCLE 2R, PCLREZ L. IZIEPCUIYE FIARTE, PCLE 2R 1 1l PCI-PCUF Y T Ui
MPCLRZRO/EMFI B . EFEAEIRPCLE 2 L /& RS ISCSUR LR M e £ B FAfr . IR
PCLRLZEFIIX P Pl 46 1] AFE R —ERPCIR Lo RS IFIPCI-ISART SZ 2 1 5t BE 1) ISATE 45
AE BN T —NEBRVOFEEILF, PR AR ATEIK .,

6.1 PCl Address Space (PClihil-=#%q])

CPUMIPCH X 75 if5 EE U5 Wl EAN TP AL 2 M N A IX 28 N AL e A KB R P42 X LEPC R 75 I AE AT
BT R e B (K P AF AR B R IR RIS A A7 4% ﬁih*ﬁ%ﬁﬁ?hfﬂu%ﬁ

DS RS iln: PCL SCSI#& YN AhAE > il AT HXSCS 1 e # PR A A4, FIKrE Je 75 ]
LAIRJSCSVHEAE ' —Hef Bl o B & ] LS Al e A7 il e %Iﬂﬁ’]u%ﬂﬂlnl_ﬁ

CPUIKI AL FH 1K) AR GE A i) AR IX R = A, (B AN ARXAE (1S, 45— IRPCIBE ) 1) A
CPUBKAFIAMEDT,  SEAFPCH A 5 Mo X T A I UT IR 8 H AT IR, ]I T — AR 4
A ACVFIT I XA RGEHEEPRAR. SRFRGERIIMR R AE DA U R A
FEAR D ER. BeARWak: SRR RESE R ARE
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ARV e AT B S AE A 8] . CPURT LAVS R e 28 8], {HJE 25 T R G N AT IO U ) 52 317
¥ 4], A 5EIIDMA (Direct Memory Access H %W AEAEEL) Wi . 1SAY & Al LA u) A
Hihb=S1a]: 1ISA 1/0 (g AN/ ) FIISANAE. PCIEI=r: PCl  1/0. PCIP £ AIPCIL & 7= 5]
(configuration space) . CPURJ LAy i) BT frdtht 25 [a] FEsPCE  1/OFIPC P A7 ik 2% 1] H %
24 UK SR P A T PCNAC B 23 18] Hh L nuxc Ry 77 (IPC LT S A A RS A &

Alpha  AXPAEFE 83T Tk T AR GEH Ik (] 2 A 10 ik = 8] (R R AR D I A, B A =2
Fp U P KT 1) GPC N B AV IR A Al Bk = e) o A TSRS ] AR AR T 56, WECK
(R 12 A0 1k 2 T o g H 7820 W 2PC Ltk 2 )

6.2 PCI Configuration Headers (PCIFil & %)

RGP IR —ANPCIAE A%, BLFEPCI-PCIFFER tH—ANECE Hl 4544, A7 T-PCIC B kb == [a)vh
PCIAC & Sk Fo1F R GRS B 45 o IXAN S A F-PC UL & My hik 2 8] (R Rf 1) A7 B A4 T 186 454
FIPCI o 1N, FEAEPCIM — NPCIEAL ) — NPCHE /R R & Sk AE— AL E, 1R e #
2 3 — NPCURE AL ) e (1 Sk & B IRAEPCIL B N AF 1 5 — ML E . (R AN X EEPC I 2% R
LEAT AL E, RG] LU B F e AT Sk b R SR 2 A7 g R e & e ]

WY, RGBT AR DPC AL [KIPC AL & Sk # A — RS e (AR AT AT S [ n S &
FITBA, 28k, AR 2 — AN AT FPC D & vl BEA T Im AL 0T 58 — M (I E A2 256 (BT
ISR —FERE, 25677 , MKIERHE. 38 LT RGN SRR EH LA AFPC L B AR AL ] DL 2%
AR A — AN B PCLREZL LI TS nl BERIPCIE & 3k, SR BCK A i —AMek Gl & Vendor
Identification ) f53|—Legfh i, MM A0 AL i % AFAE T R LL B2 A7 (E. PCl Local
BusHlJu iR T —FPal e p s B BB AN IPC LA ) Verdor Identificationfl
Device Indentifications i {& ik [A|OXFFFFFFFF .
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31 16 15 f]
Device Id Vendor Td 10h
Stalus Command Odh
Class Code {I5h

10h

Base Address Regisiers

24h

Ling FPin Ik

Figure §.2: The IPCI Configuration Header

416.2 .75 1256719 FIPCIAC B K AT R "B BLFR BL R e

% ILinclude/linux/pci .h

Vendor Identification MW7, MidIXAPCIE &AM # . DigitalJPCl  Vendor
Identification ;£0x10111f] Intel/Z0x8086.

Device Identification Hikixss B & MME—EF . FlWiDigital (1211413 LK M ¥ £ 1%
PR IRAT 720x0009.

Status BtikghkR T WA IPIRES, BRI IIE X HPCIE Local Buskiye#isE .

Command AR Gl if 5 IX MNP HIX AN Be o Blhn: SeVFBEE VT RIPCE 1/0A 7,
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Class Code #riR T iR&MRI, KT Mg &AMt HWoR. SCSIZESE, XFF-SCSI
g £0x0100,

Base Address Registers IX&&25 /748 F T Fl 20 fic e 2% v LAE A IIPCE  1/0FIPCI Y A7 12K
B RN

Interrupt Pin PCI-RIELE I (114 T mPCUR ZeAt st . AndfE R 4R e 1A% 1E AL B.
CHID. Interrupt  Pind#fid 1 IXANPCHS Al FHISANE I o 38 55 0T — AN 15 28 2R U ] Al vk
EM o BB VLR — IR RS A BN, XA [ — AN s . X 2 5 e e b ik
H 7 R G P S 25 1 TR kT

Interrupt  Line PCIFCE k¥ Interrupt  LineldtH T-7EPCIAIGAARRY . 14 KB A% 7 11
Linux(f) b AR B 28 48 2 [ A3 IR il o 5 A B 2070 1 B0 & BB RE e R U2 B0 R
(K], AEEE AT DALE A IR AR R e LA AT A P T APC i 6 A BIL i nuxd A AR Ge H IE A (1 ¥
e YRNFE IR T WAL BEACRS AL o Linuxinff db B P i 2 B 507 5

6.3 PCI 1/0 and PCI Memory Address (PCl 1/0FIPCIA A7)

T P b b k2 0] FH T 6 4% FICPU_EIZ A7 I LinuxaZ O R e AT T i 3 25 SR s A2 P i@ 1R . 1. DECchiip
21141 B LK 152 45 0 1R 30 25 A7 2 R 21 TPCL 1/073 (0] o AR5 B ML nuxise £ DK S 72 5 i
B IR e A A AR RS I & o W R IR ST 18 A R FIPC I P A7 28 )R U B A S

B FIPCH £ s g i Sk HAd F PCIAC B 3k o (FI Command sk 1 1 1 1 4% o) T3k &t 1 24 a) (1 35 1] g
1k, WA TGV M IX A3 0] o NAZTE R 2 R A PCHAL B A AL S S PCHAL & Mo kb, Linuxifik £
IREHFE H S PCL 1/0FIPCH N A7 Hudl:

6.4 PCI-1SA Bridges (PCI-I1SA#f)

IXFRAFAENTT-PCE 1/OFIPCH PN A7 Stk 2% [R] (14 U5 o) # 45 iO ISA - 1/OFTNSA A7 17 iH), R SCHFISA
W AR 2 A R G A HE J LA ISA R ZR A AT JLANPC LS 2R ikl . axX B v) 5 IR 2 1 7
BOAWID, Bokaf HAPCIN RS, a5 1 Intel  8080FELAIHPCH AR, R H I1SAR
ZHIISA  HinibZS A (/ORI AE) Wikkli g Fok. H%E—/S5000 Alpha AXPEEREHITHENL RS
I ISARR B IK Z 25 R ISA  1/OM 23 F1%E — & IBM PC—AF. PCIIRTEAREE TPCL 1/0FIPCI N AE
Hiuhik 7 PR H AR ) DX 3R P 25 R G0 R IR 1 SASR B I AT FH —ANPC L= I SAMFHE BT A %) T 1K 6 X 35k 1)
PCI N A7V ) 448tk 1 SAVT )
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31 Inmw &7 210

Device Select Func | Register {00

Figure 6.3; Type 0 PCI Configuration Cycle

31 24 23 16 15 1 87 210

Reserved Bus Device | Func | Register |0 1

Figure 6.1: Type 1 PCI Configuration Cyele

6.5 PCI-PCI Bridges (PCI-PCI#f)

PCI-PCIHF /2R IIPCI R 4%, FE RS IIPCLA A FIE—E . TR R A —PCLAEL,
I ERANPCLEL 2R A DS FFIPCH £ B AT FE AR o Ad FHPCI-PCIF1E in 8 £ [FIPCLE 26 7
ﬁ%ﬁqﬁ%ﬁzmmﬁ&%o A TR e RS 28 I LB, 248K, Linuxse 4 S HHE FPCI -
PCIMFIT .

6.5.1 PCI-PCI Bridges: PClI 1/0 and PCI Memory Windows

PCI-PCI#t H ) FEAL 0 T-PCl I/OFIPCI A A7 RS (1) — A~ F4E. BlnfEre. 14, HA R
5 (i 8 T-SCS N LLK P 4 4% (R I {BEPC 1 -PC I A 23152 5 1 H ik MPC I i 2R 04% 328 3] f 4;

1, HAME 20, XF L JERL I TA LB b Bl R4 . N TEFIXAHK, PCI-
PCIAF A 20 g FE TR B e AT T 200 A T I 28 1) Y S 23 it (1 PC 1/0FIPCH A A7 ik = Iﬂ%llﬂﬁ’]ﬁ%ﬁt}
(base) FIFRHI. —H RZGH IPCI-PCIF R B 4T, /\Eunuxu%%ﬁdﬁf}?/\m T IX e E M
FHPCI  L/OFIPCI N 4723 10), PCI-PCIMFEANT] WLIKT o X AN T (1R ﬁEHLlnuxE’JPCIu%
KA EE T H UL T . B2 e HEikELinux R FIPCI- Pcwﬁf SEREE F TR I R

", BAIAAMESER.

6.5.2 PCI-PCI Bridges: PCI Configuration Cycles and PCI Bus Numbering (PCI-PCI#f:
PCIHC E cyclefIPC 2645 )
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BESRCPUIIPC I Ga AL AR RS v DLE AL ANEE FPCUR 2R LW 2%, W20 —FhALHIAE AR n) DA 2
AL Eeycle W B I B LR BB D . —Aeycleil /2 & SR 7EPCLEZE ifHull. PCI
KV T P FPCI M hE T B A 2. SRABORISEAYL, e 6. 3FNE6. 4 Bor. RAIORIPCITL
Eeycle NMuF RS, BOXAPCLE L L BT IPCHBE &R ] TPCIMBhE L & . i Beyclelf
£i732: 1VEERBAER I, Wil RN — Db — Mk —IAFE R & XFhE
BT L] BEIEPEREALOMMIPCIR 4%, AL 120 FEAEALLIMIPCIRE 4%, MKUERHE, 7 —Fpor ik etix
RSN S HEEE B3L: 11 . — N RGAEHWE— R ML T R A IPCI A Al 45

FKILPCIE Eeycle®W i —APCLEZ 5, IXFHECE TG R T PCI-PCIMr Z AN T A PCIX 4%
2. T ES T RRPCIE & cycleIPCI-PCIFFHR n] LTI B84 & i e AT 11 R iifEik. —
ANPCI-PCI /2 15 2B PCIHEE B IR B ) & W R AL, MO T X M 2w ic & . &—1
PCI-PCIMF A — A F BB OS5 A — MRS S, R B CPUSI i K s 2 11 5
BECPURIZE ] B —APCI-PCIF A — B B e dw o, RS AR O 2 Ahn] LIFF
P RHIPCLR R E H o s Ui, [ E B e 5 JEPCI-PCIIF F il B RIFPCLE 2k w5 . 24
PCI-PCIF A& 2| — /N RAYLKPCITL & cyclef i, el

URR A E (R R e G 5 ANAEMF IR U I e 5 MUk 2 (1 B Jogi G 5 22 [ gl 8
URRAE E (0 5 e Gt 5 AT () U0 I e 2 5 195 45 LT AR Rk SR PO 1 P i 2

gfﬁ%ﬁj‘ﬁ:ﬁ‘],‘é‘éﬁéﬁ%ﬁ?ﬁx%ﬁ%%%ﬁﬁd\?ﬁ%?ﬁﬁ%)E'\éﬂ‘zéﬁ%', NS G L LSRN C S
ez b

JTLL, i RFRA A B 1k 16 L 9K b T 23 IR e 1, FAT T A CPUAE Jl— AN R A LI P
e WP AL 2 B k1, Wr2 28 e EE 3l e et — M RO L & ar %, JFHEE
FOBFIRES, B 1N E

B DISTERVE RGN TTAEPCIHL B B Bl B 5, (B ANE WS —Fh s 7 %, 4T
RGP IPCI-PCIMr, LR BRIAER A0 A1) -

P LT —ANPCI-PCUAT i THI FRIPC LU £ 1) 2 i #S o ZBUAE R I et 5 AT RS Jegy (R e 5 2 ) (A

)

W RE T 7RSI, TIPCI-PCIRR o 1E il AL i3 AN AL B S R L [KIPCI L B cycle, RE TGk
IR BT GEAE RGP IIPCH & o A T 58 gmIS 7 %, Linuxd& AR 2 103 fic i Se ey
4. 27656.6. 2715 T-Linux PCHTFFN S 2 gt J5 SR i) s LA K — AN m] BL T AE 61 .
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pei_us

pei_root

—_ e
parcnt

children
next

sell

devices
bus =11

poi_idev

I

-

poi_dev
s bs
sibling sibling
nexl next
PCIISA Bridee Video
poi_sy
—
parent
children
next
sell
devices
hus =1
pei_dev
bus
sibling
next
SCs

poi_dev

bus
sihling
nexl

PCLPCT Bridge

pei_dev

bus
sibling
nexl

Ethernet

Fizure 6.5: Linux Kernel PCIL Dala Struciures

6.6 Linux PCI Initialization (Linux PCI¥JEAAL L)

Linux ' PCIAJ LGRS 45 Ky = AN 55545«

Page 65 of 207

PCI Device Driver X/MABAAIKENFEF MO IREHPCI RS, BN RS HTra HIPCHK &
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%ﬁoﬁﬁi—%%%ﬁﬁ SIS, HR RGN, ok, EIRA RGP g

Z: ldrivers/pci/pci.c and include/linux/pci.h

PCI BIOS XAMKAEZHEAE TPCI BIOS ROMFLYE FR A ARSS . Bl{EiAlpha AXP¥ABIOSHRSS
FELinuxiZ Oyt $E 4 7 A0 R Zh A8 A A AR

% Warch/*/kernel/bios32.c
PCI Fixup RGEAITCIIHEFACHS, SR R GEAH < AEPC I AR AL B¢ i 1) P AZ R A TR A5 400

% Warch/*/kernel/bios32.c

6.6.1 Linux Kernel PCI Data Structures (LinuxtZ:C»fIPCIEHE 4544)

HLinuxA% D HTAEHPCH AR ZE I I & i 37 S AR GE L SEIIPC R P 4 i (1 Bt 2 #1916 557
THARE LRI, EHRAIE T &6 1l IPCLR 4t

FF—ANPCLE £ CELAEPCI-PCIEE) #H—Apei_devifBE gt fiiiR . £F—APCURZF—4
pci_buslE s h b FiIA . &5 Fad—/NPCLEZR P R g 1), —/\'f'éﬂziﬁ*ﬁ[iﬁ% Jﬂﬂ?PClu
%o BI— /\Pcm@zﬂﬁmum PCIHri& 2 (BfTachm@z m2k0) , RE—pci_bus#ifl
FE—/ e ELE T MPCHA & FRER (XANPCI-PCIFT) EAPCIW%EE/I\PCIE'\%EI‘J/\E'\%EI"J
T

K659 %A Won b — MR RSP T E KPCI £ 1K48%r: peci_devices. REEHFTA I
EglW&L%Epci_dev%i&ﬁ%*@%ﬁﬁﬁﬁ’l‘lﬁ\ﬁﬂEPo LinuxAz Ol X AN BAF ERTE Ay $k R G0 h Tl
JPCI A% o

6.6.2 The PCI Device Driver (PCl ¥4 UKaNFEE)

PCI% & KA R se A e — DN HAE MW & WEIFE Y, HE RA VI I e R H M —
A EREL PCI%ﬂﬁﬁmwwvﬂa#”%éﬁEPF»T%TEI’JPMﬁ-éﬂz B RGP HTE MPCIE % (HLFEPCI-
PCIF#E 4 &) - 'EAEHPCE  BIOSARAL R A& A & M ar H IPCLR 2k _E IR — AN mT BEIOAE AT & 15
B . W BIXANPCHEAR 5, Bt — MR XA A Mpei_devEdi 450y, JEHE e R
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FlEAPCHE %52 (ipei_deivicesfi)) .

% IWldrivers/pci/pci.c Scan_bus()

PCIHIUEALARAS INPCLR ZR0TF La 46 . ek Bl ise tH Af— AN vl BEFIPC B AL s — /N AT BEIPC X %
f\]Vendor IdentificationfiDevice Identificationd. 4'& 42 T & H kA & i sy —A
pci_devEAid 45 R fid & . PCIWIUGLARAL BT 2 57 1K BT W pei_devEdi 454 (45 BT IIPCI -
PCIFF) #REERER|—ANBER:ER: pci_devices.

W H BN 252 —NPCI-PCITE, WL —/Npei_busi$din 4544, FH8E48:2pci_rootds H i

Hipci_busHlipci_devEds 4 k4l s o PCIHKIHTEEACHS ] LLAIKTPC I 3 4% A 75 PCI-PC I,
N Kgmis (class  code) #£0x060400. #X & LinuxiZ Cafic & & MIKI4E 2] IPCI-PCIAFF 1K1 o)
— Ui PCLR . CRE) o MR ILFIE L IPCI-PCITE, "EATHS—FE A & . XA LR A v

(depthwize) 5ik: R EILR AT ERERIT. HEI6.1, Linuxa B /el EPCIEZL
FE LUK M AFISCSI¥ £, ARG RCEPCHRZ0 L1 B /R b 7% o

FELinux i) B il £k PC LS Y IR & 6 20U B A A FRIPCE-PC AR R LA B Jogs e e ' KLY
7 R II6.6. 27 TEH IR -

Configuring PCI-PCI Bridges - Assigning PCl Bus Numbers (fic &PCI-PCIHF-2rHPClE 2k
%i'5)

W TARIZE L EATHEATIIPCE  1/0. PCINAFEE PCIAD & Mo bk 25 1A] fR 325, PCI-PCIA 20 H 3|
PLF:

Primary Bus Number WI#f{-PCI-PCIHF Lyl s &5
Secondary Bus Number WI#7EPCI-PCUAF RV () S 26 5
Subordinate Bus Number MIXAMF[r) T mJ LUk 21 1 B A e b i 1S 26 5 o

PCI 1/0 and PCI Memory Windows MIXANPCI-PCUAT [ F (KA (B AL IPCT 1 /0MbAE 2% ) F1
PCl 4775 10 ¥ 5 [ [FlbaseMlisize.
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CPU
DI D2
Bus 0
Bridee Primary Bus =0
D1 N2 = Secomdary Bus = 1
I Subardinate=0xFF
‘ ‘ Bus I
Bridge Bridge
DI -
3 2
‘ ‘ Bus ? | Bux ?
Bridge
nee DI D2
4

| ‘ ‘ Buy ?

Figure 6.6: Configuring a PCI System: Dait 1

1) A R A B A T 48 5 IRIPC N -PC I ) IS R HEAS AT TE X AN M 0 B B R e B H o ARAN SN
JE T PR HABPCI-PCIMF . B ANIE, (RUAIECIIE S BAT AT . BFREMH—
AEE A5 (depthwise  recursive algorithm) . 764 — R4 F3BTMPCI-PCIFF K
AR EAT S . X TP —NPCI-PCIFE, B HIIRBL g S, A e
C I T ) S DB 2 25 OXFF, 414 1 R Ui A IRIPC I -PC I A0 liL G 5« IX B L RAT S &
A%, AEUE TR T 2 g 7 Be AR X AN FE T A

PCI-PCl  Bridge Numbering: Step 1 ZHE6.69 1, FHHFRBIM A &ML
(Bridgel) . MFL1 FUFIPCLRZe4m 5 AL, MFLBl— MRS LRI — AN IR I R B i 5 2k s
OXFF. IXEARA Fi7 E PCLEN 28 18k B = 19 o FH IR 8 A L PCC B Mo k25 28 AR LBIAPCL i S 1. Ll
MR R T 21, B R R BI0MI R Eeycle, 5 MINHTHA K S 2t 5t A4E . Xt
IEAELinuX PCIATEAAARAL 75 BRI, XFEA REVT M) I HIFEPCLE 2L,
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chu
DI D2

Bus il

Bridee Primary Bus = ()
1B 132 = Secondary Bus = 1
1 Subardinate=0xFF

‘ ‘ Bus [

Bridge Bridge Primary Bus = 1
b . 5 Secondary Buy = 2
B = Subordinare=2

| Ruy ? | Bus 2

Bridge
4
| .

121 12

Figure 6.7: Conliguring a PCI Syslom: Dot 2

PCI-PCI Bridge Numbering: Step 2 LinuxffHRESE L, BTLAWIMGEALACIS TR A FIHEPCL R 26
1. XREEHRF TPCI-PCING2, Mr2Z ANEA HABKIPCI-PCIAT, JTLAL'E M8 M2k dm 5 il 2,
MR —F . E6.7E/R T B2 FPCI-PCIFIX I 2 Wi Zmfid (1 .

PCI-PCI Bridge Numbering: Step 3 PCIHJ4iALARHS[RIRIAHEPCIEZEL, 2] T 53 —APCI-PCI
MF3o I R e IR 1 e R R e 23, BN 8 B 2k 5 E0XFF. K16.8E R T &
SRR R AT RCE . A RS 51. 283HIZRMLLIPCINE E cyc le ILLE n] LA IEfff b A% 16 21| 1%
MIFIPCLE LR .
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CPU
DI D2
Bus 0
- Primary Bus =0
Bridge -
DI D2 = Secondary Bus = 2
1 Suhordinate=0cFF
| ‘ Bus |
Bridee | Frimary Buy =1 Bridee | Primary Bus =1
DI . | Secondary Bus = 3 , T | Secondary Bus = 2
- Subordinate=0xFF - Subordinare=2
‘ Bus 3 ‘ Bux 2
Bridge
DI D2
4
| ‘ ‘ Bus 7
Figure 6.8: Configuring a PCI System: Pare 3
CPU
DI D2
Bus 0
Bridge Fjrinmr\' Bus =0
DI D2 Secondary Bus = |
I Subordinare=4
| ‘ Bus [
Bridee |frimary Bus =1 Bridee |PHimary Bus =1
DI 5 | Secondary Bus = 3 q = | Secondary Bus = 2
3 Subordinate=4 - Subardinare=2
‘ ‘ Bus 3 ‘ Bus 2
Bridge F"rimmj.' Bus =3
Secondary Bus =4 DI D2
4 Subordinate=4

| | ‘ Bus 4

Figure 6.9: Configuring a PCI System: Part 4
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31 43210

Base Address 0
| 1]

prefetc huhleJ Type
Base Address for PCI Memory Space

31 210

Base Address I
I

Reserved

Base Address for PCI 1/O Space

Figure 6.10: PCI Conliguravion Meader: Base Address Roglsters

6.6.3 PCI BIOS Functions (PCI BIOSE&Z%L)

PCI  BIOSKR XU 15V B 1) RAUBMMEBIRE . B, ENTX T Intel MAlpha AXPRZUH(Z
ﬁ—ﬁﬁé?ﬁ EAT SR VECPUSE I PCHHAE 2= [ (K 15 1) o LA Linux Lo R 46 KBl R e 1 224
el

Z: JLarch/*/kernel/bios32.c

6.6.4 PCI Fixup

Alpha  AXPRZ: LIPCHEFACIS L Intel CGEAANMBATATFE) EMMHEZ M TAE, X TIntel R
48, RAEHEIZIT I RZBIOS, CAEAME TPCIARS. Linux ANT5 B 2 il ity , WU m
SIPCIIECE . T T Ak Intel R 40, T B4 2 HidE -

Z: Larch/kernel/bios32.c
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SF T4 — N ECPCL 1/OFIPCH N A7 25 H]
ST R S8 KA ANPCI-PCIHF A ZI T & PCL 1/OFIPCH N A7 bl % 1

KT E Interrupt Linefd, IXSSysihilse 4 1) b W Ak 21

N AR IR LA RS Gy A

Finding Out How Much PCI 1/0 and PCI Memory Space a Device Needs

(FRH DS TTEZ /DPCL 1/0FIPCI A3 R])

R A —APCI &, e FFE £ /DPCI /ORI fE k25 ] . Ryitk, 04—/ Base
Address  Register#lE 1R G oK. WARSEAOIIHIAIRFIL, HRGhFEE T 7 2EM
bz (18 s wl 118

FHPA A LR L 27 /7 2% (Base Address Register) , 25— R R4 1271725 LA )2 PCI
I/0FIPCl  AFZE A A ZRAE MR — AN bk 25 (0] o IXI L A7 S II0A £ 7R . 1K16.10%2 75 TPCI A7
FIPCH 1/0fFEmti bl 25 A7 25 1) P A T 2K o

T R ARG I Ak A7 A7 4% 7 22 D kS [R), 7 22 1) B AT 1) 5 A7 A 5 JF 32 K
BRSO LA R0, XFEAT RO Y] T f 2k 2S [8) . XAl v iE 7 1A Y
PITAT (Vi 23 (R G2 200 Fi 4, A B2 x5 1

Blhn, fEVRVIMEILDECChip 21142 PCHPLE LUK M B 45 %, & 45 URIRZEPCE  1/0EEPCI P 47 4%
[B) B 77 220X 100717 btk o WILAAAREE e e 2 0] . BB AR G, 211428 HIFLIR
AFALE T DIAE X S bt I3

Allocating PClI 1/0 and PCI Memory to PCI-PCI Bridges and Devices

(HPCI-PCIMF AT £ 70 BicPCL 1/0FIPCI N A7)

G IIAALEHE, PCI 1/OFIPCHAAF 22 (B2 AT FRIF, Ferp A28 Ko, X AR Intel R4t
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FIPCHEHARAY (FlIntel REEIIBIOSACHS) WAZiA b Ay B — N & T e T BN A . 7

Bzh — N & IIPCE  1/ORIPCH P A7 1) 3 BC A% 20 H AR AT 55 o Bilan,  an iR — e 21 KPCI  1/0hik
0xBO, A4 7 He bbb it s & OXBOI A5 5. S ab, e AT M IPCL  L/OFNPCI N A7 L 11
FERB DA I3 T T AKFAMPIIA S o R U5 25 25 5 B R bk 2 [a] A 2047 T B A 1 B3¢ (FIPC 1 -PCI
MR A R R o T AR 0 0 e bl 25 [ A s PR K 14D il it

Li nux 5 FH 1R 59258 T FHPC 1 8 28 BIR BN RE F3 4 37 (1) A e/ e 46 R T IR I B — N 6, B4R
PCI /O A7 B384 IR 73 e bk 2 i) o SR A 3 A 8809, 3t [T PC LT i A AL Jfr 4 37 (1)
pci_busHlpci_devEidl 45 . BIOSHEEELARAL MPCLE L IHE (pei_rootfrf) FF4f:

A3 A0 HT 4 JRPCL L/OFN P9 A7 IR St 43 53 6 S5 AE 4K R ARy ads A

X AR B GRIRFTEAIPCE 1/0NAENRHES )

-y e HIPCE 1 /OFI/5EPCI N 17

-2 RIIIPCL /ORI A4 YRRk 12 IR 5 3 ) FE AR 3

- FRVFBREAAE 25 52 IFPCL 1/OFIPCI N A7

IR TS MR B e e e], TR IR A RIIPCE L/OFT A A7 fi o

BRI AT JRPCE L/ORT A7 B FEA 6 S AEAKFNAMI) i 5, [RIB 48 2417 (IPCL-PC AR T 75
BEIPCL L/OFIPC A7) 2 1 R St AN K/

T A AT 2k B IPCI-PCIAT, ¥ & & [JPCI-PCI 1/OFIPCIH P A7 Hbhk A1 FR o

FTFFPCI-PCIMr EAFELPCL  1/ORIPCIN AT TS M I ZhRE » X KA W RAT A ZEAF 1 EPCLR 2k R
FIMIPCE  1/0FIPCH A7l 57 T IPCE  1/0FIPCH P A7 bl 55 11 IR G sk S 9 AR 31 & ik
ML,

LLIEI6 . 1IPC R GEAE D PCIE FEACHS 1) 5]
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Align the PCI base (#J#Af)) PCI 1/0/0x4000, PCIAA74£0x100000. iXFE fRVFPCI-1SAHF
TR T I st R % e 31 | SA M 1L

The Video Device 1i>K0x200000/JPCHN AT, [XIA 2044 BB SR P RN 55, BT PAFRATTAPCEN
170x200000 - 453 i,  PCHNA7FEAili bt #% 21 7 0x400000, TPCI 1/0#shk4)51H /£0x4000.

The PCI-PCI Bridges F&ATJILAEZ IIPCI-PCIHF, EAHL MM NAT o VR RN FRATIAS 77 X 3L
il LR A BT S IEM 55 T .

The Ethernet Device ‘& fEPCI 1/0FIPCINA7ZS R #R TG KOXBOTF- 1Yo "B # /i fEPCE  1/0Hh )
0x4000, PCIH17-0x400000. PCIW 17 HFEALES 21 T 0x4000B0, PCI 1/01F)3&At: % A 0x40B0.

The SCSI Device ‘EiE3K0x10000IPCINAE, FTLAEAEXT 552 J5 43 Be7E0x401000, 1fjPCI  1/0K]
FEhtih k4 £0x40B0, PCIAAFHIELAFS 31 T 0x402000.

The PCI-PCI Bridge’ s PCI 1/0 and Memory Windows FAITHLAEIR[HIZIME, & HIPCI 1/0%
11 B B 4 0x4000410x40B0-2 [H], “& [FIPCI A A7 1 £E0x400000410x4020002 1] . XA PCI-
PCIr &= BT T W R B [PCH N AE Vs il i SR LUK I Bl SCS 1AL £ 1) U 1) 5t ) AR I

Chapter 7 Interrupts and Interrupt Handling (WA= Ik Ab )

AT LANUXIZ D T AR BE AR R BB AR A O 340 B A W AR P BILARU AT 1, K20 T Ak
PR AN I S AR 2R EE R R 1 o

Linuxfidi F KB A A A E R 58 VF ZANF A5 o SR WA RSN W7 2%, IDE #5 UK B i A 25
o R CARDP HUOR AN IR e 15 45, AR o] UK —AME SR BT — S84 (it —HeN S
BIWEELD AREEArERESE R, XM, BARW DL AR, (HZdEWEERE, BIERGM %
Rl — MR SE U I S Te P R I 0] “A T2 AM”  (busy doing nothing) . —4>
U, AR E R T g KRR G BAELATE A I, AR5 15 2% 58 B 3K 1 I
WP . EXFTET, RGP IE-—IZ0 0] GG VF 2 B4 105 SKAE R e R 2B

1ER A& HIFTCPU Y I [ LA M0 — e 0 S R . K28, WERARFTA IS, WA H ik
PREstbanAlpha  AXPERAE FHAHALI J7 7k . CPUJR)— gy A A IR) F i I B2 5 AR Wi . (451 G AA+BV
F-5V) mioibCPUME IR IEAEAMT TAE, JFARHAT AL EE h W R AR AR . P I ALERARAS . I eedsy
Mz —nlReidE s — N WNEREY, BE—AN10004r 2 —Fhat e e — N b, A R B R S
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(KA AS,  ELanSCS I 2% .

RO A R BB A 1 T A e, AR S H R BICPUI [ o
WFET . T DLATCPURIT IR L, B4R B RATHK T LI HE. IRl 38 A A %
{538, 1 PRSI, RIS BT VR0, KA (e 55
S 0

BB RGER TR T BE A IR IR, A5 T S I ) A S IR T B I A LI B A7 R s
FIE M. (B, Ty LU NERAT A ) fE HIAERE E 1 ISACE PCURS ALl AT APl R kg . Hl
i, RIS IS4 BT BEANPCIAEAZOATE, WIRERE KA —DLURM -, iRkl g
—HSCSHER R . BN RGHATE A SRR RN SRR GBI RIEA REALE

R ZHEACHIE T H AL BE2s P AR A K5 AR F R Wy o R A A R T I A, CPUSSE 11" IR AE
BATIIIR 2, BERIA AR M B IEAT, X 0 A BEACAY B 2 e 21 i Ak AR
HIFE %o XFPACHAE 3 AECPURRF AR~ AR FhrAeat, Jl%, XA I W AN e
o IXHEABATHISN: —LECPURG R TR > 0], B e SO I P W] LUR A o XRS5 4
T A BERE Py A AR /Do R T AR BREE Pl 1 A H RO HERE,  FIORAFTCPUIIRA TR
(CPUPTA B A5 A2 A1 _E R 30O JFALBEARIRT . —2ECPUAY 2 UFE AR WA R A2 AE 1 3 A7
vy T AL BEACHD ] DA X B 25 A7 8 R A7t e T BEORAF IR AR 23 R S R
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Real Time Clock
-t
- ]
CPU | - Kevboard
. 2
P
I 4 - Serial
(IJ 5 -t somnd
O -t floppy
7
]
P o
: i - SCS!
C
2
—t ide)
— ide !

Figure 7.1: A Logical Diagram of Intcrrupt Routing

AR SER W, CPUMPIRASIRE, hIWrgi . CPUS kel e Wik A= 2 il s . T2
F AP WAL BERE P AU ] BEMAT R S HERAE R GANRELE ) B AN [ BEL2E I

7.1 Programmable Interrupt Controllers (n]ZmfE K42l a%)

RG] DA R AT FARAT A S A R WAk R 454, {H21BM PCHB A A Intel 82C59A-2 CMOS
AT AR W 28 BCE e IRT AR . X PRI AR AEPCE W] IR M A FH T o & nT ok 25 A7 25
T, XUEEAT A7 28 A0 NSAIEZS 18] (R A0 BT R A A B e EE AR IAR K8 A0 4 #BAE I SAN A2 I AH
E%%ﬁ%;iﬁ%%ﬁﬁmﬂﬂmﬂﬁgﬁ,%mmmaAWI%X%ﬁ%%%@%,ﬁﬁﬁ%
~[F] o A A

B7. 18578 TP SRR s dilas: & A DA ARk s /748, PICL
APIC2, HEfith £ o e T3 HEOX21RIOXAL,  IMARZS A7 A7 2512 T-0x2010XA0.  EHERY =T £7 A5 1K)
NEFRALH LRV Frp i, Hon AR IR, PrRLRAI3 S 1 e vF b3, HontEiE. AN
st (BRI , WA R e 8y LT LUS, ARG R BT S I{E. X R Linuxis
SR EBCE RS (mask) ZFAF@ R B — O ASHUHE Do e P IR SO VEANAE LB B R 8 X 28
RAF VRS, B A EHE NI S B A A7 48
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M E S, WA ERE B A TP IR A T A S (ISR) o e 302011 ISRE 1E164L 1T
H KT B A A 28, OXAOHH T ISRAEVE 1847 FITLA, R A= AEOXAQIT I SRITT 25 LA 1 HH W 4 1 2
M9, PCILEEE2MANH L [RA B FAE R BEPIC21 T b, AP IC21 rh W2 f P ICLIK) 25 24
B AT

7.2 Initializing the Interrupt Handling Data Structures (HJ4A4k b Ak 3% 45 44)

0 # NN RE Py SR A% T AR G T (10 I S S A0 [ v T A PR RR 454 . Dk, R IR Bl AR
FeAE ] — R FILinuxtZ 0 s, AIKIESK — Al RVFEMEEEE . X u & KA FE - X
Sei RS L e WAL BT RE (Kbt

Z llarch/*/kernel/irqg.c request_irg() enable irq() and disable _irq()

PCURR G T J7 30— LW [ oK, Bt DLSKERE Py AE AT Aa A 1) I Ak I 2 ] B i SR e
Ko ARG MBI RE P 2 XA BT R PTG, EE Bl RE— 1A UGB AL P AN K1TE
BT A . X TPCIS A& BRI RE PR A R, DA AT FHIE EATTH Wi i 5
ASEFERS T ISAB AR AT A A TR B IR B EAN T h W5, Linux SEVFBe & IXaEh R P X &
AT A IR PRIZA 7]

BoE, BAURERT AL B AR DI, SRR RS T BT A RO RIS AOVE T R A
265 4 TR o BT A2 R W B . Linun B E T B 5 77 17 R A 1 Y
FIRPVEYE AT, F0 L RA AR AP R T — B A IRB P I S R
. LB LA I, URISAS GRS B MBS TERIRQ'S, it LA

PR A

Z llarch/*/kernel/irq.c irg_probe *()

PCIF S L ASAZR SIS . NSABL A& Fi I 3 PRV 4 ¥ 4 L IOk B, X T B4 Rl R
FARIRE . R, PCI % (s h T R AE R 40 R I 5 FPCI BIOSEY#PCI T REL{EPCII L
PLRRH SRR . f5—NPCIBE A 1T LA AR TR 2 —: AL B. CoRD. IR & hlith
MM, K SO A T A A, 45— NPCLRMRLIOPCI 24k Cinterrupte

line) A. B. CRIDHSEEFIHINAHIAS . 7 UMy EE AT AERE 5] T Fi Wbl B8 65000, 4
RrAfy BT AL ) 1 I RS R IT, R
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frqunetion

W ndler  ——ee  IRE err upt
handl ing

Mags

[HEIY

next

irgereTient frgratin

3
EEE— ]
~ handler heameller
Mags Mags
1 —

[HEY TEAI

0 next I=xe

Figure 7.2: Linux Interrupt Handling Dana Stiuctures

PCI W anfr 4l #% & (i throute) 584 RG], DA —LEPRARIXFRPC I BT % 441 4
PR EAS . Eintel  PCE, 3XJ2 )53 HIHR 1 RGBIOSAAL 58 BT« HIEXT T3 A BI0SIT) &
4 (flinAlpha AXPRZE) , LinuxiZH TIXFhE o PCHE B AR 4T rp 2 il 25 1K) 5 B o 5 5 381) 4
— A TIPCIECE Sk o B & A& IPC I BT 2% A #h Hh F 152 25 IPCUAE AT DL & e 1E RS FH 1)
PCIHRITE B R pe g HR BT IR (B UEIRQ) ST o A1 I wh IR B A i 22 1 SR i B PC AL
B AN, EERAME BB R T (Ginterrupte  line) 3 GXE NI HMMEEKD o 4
WA RS FIBAT I, B ROXAME B, AT S M LinuxA% 01 SR B i s il .

% W.arch/alpha/kernel/bios32.c

RG] el FHVFZPCUR T3 Y. B, 448 FHPCI-PCUMR I ik, R IR IE A H ] BEiB Rt
RG] gmAE Wi gs 1 ECH o XPME LU, PCHe e v DAL=l il ihilgs L —
ANEEERCR A 2 T—AMPCIE AT . Linuxik 2 —ANgsk —ANh W 58 (declare) ‘&
AT DAL, AR SR I sl gh R irg_action &R A& H AT LR
[ JLANirqactionfI A &5 # . k4B T — AL R g, Linux2s T FHIX AN A 1)
R BERE Y o BT AT DUIE S B R 5 2 KB R CARNAZAEPCHBE 25 X B FE P ) A2 Tl o4 F ¥
A7 PR AR 4% 1R S A O

7.3 Interrupt Handling CHHITALEL)

LinuxH WAL 7 REEK A EEAE S RIT P WX S] Croute) 1EMAIH WAL BEACRS BL. X R
AR B Z0 T fif AR GEM R Wk $b o UL, n SR AR T s b W ) 2 1) G A A rh I, e e 20t
A AU R W ok R, T B R B AR IR a6 SX S R (4 T AR BERE AR . Linux i ]
TR TR, WS TABE ARG W BIRE AL . X LEHIRL R T ARG B IK B

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4%:.Lrrf 3CF- it Page 79 of 207

FIRBNFET, BB IRBIFE P 26 0047 57 (R IR BN R PTG A0 IR ] i 1 SR e AR I v . (K172
WwoR T irg_action/e —/Mg [ irqaction® s 4589 (1) F 5T () I R . BF— AN irqactionZidl 4514
HALFE T RXA W AR 145 S, IS B A B RE (bl . AR AR 6 P R R e A
HUEAFIM, W, ARRGZN, Linuxd Wb BEARRD S IR REE AL . IXERE

i rg_action | & 72 [ /M T rh Wi i 5 H i AN ]

R A TS, Linux 20 S0 1 52 EN R G ) ] g R BT 2 IR A B A S A e B SR
PWo AREHOIXA KPR K irg_action[m] m R P WAL . a0, MIERIRFE SIS A ) B il 2%
B G I P o i Sy o W A B R ) e P I SE T AN R R . T SR A A IR R R A S IV PR R Ak B
FERE, LinuxZDasit st B — MR, 50, S 2R W BT 1 i rqaction B8 454
HR R HR T A B R

L nuxAZ R FH 06 SR 3 10 I A B R R Ik, e DA 20 R Wi g A e b, 3k
APWAN o A T HH A T R DA, B OB RE e S BRI W e A (RR A w5 A7 e o et vl B[R -

KT —AERECE SE T IR AR . B BRIz ) 2 ] REAR 35 8 C TR KB Sk
SERLE] TRRELIERAN B X o — ELffE T PTG SR D, B UKEh AR P n] BEIE 5 2SO 2 11 A

UARSERXHRE, Linuxd% DAT AL SR VFIEIR XA EAERI R EEA T o 1Xn] LU S iECPUZE H TS5 R 7
WRZ I VEAHE S WS R P (8%

Chapter 8

Device Drivers (& 45WXEHFEF)

BAE ARG AN H IR ) HE s RGBS IR . i, BIUSCIF RGBT %
BRG], AR B R ok . AT RELInuxAZ Lo ) & B AR
G5 B BE 11 6

CPUAE R ME— R el 7%, MR &HE e B OB ey . B, RAsF T
1 FSuper 108 Fr#54,  IDERGA: tH IDEFE 2545, SCSURAAL FHSCSIFEHae b, 4%, &—4>
e B 240 b 1 AR FIR SR 2% (CSR) , AR & 2 E AN . —Adaptec
2940 SCSIFEHil#5 FICSRAINCR 810 SCSIEiil#sse eAE . CSRAH T s A bk &, Wbk
SRS We (P ), 4 B I R A2 1) 2 AR AL AN S JRCAE B — AN R P BLIA, 1T A2 CEELinux
Rty o IX LA P B BRAT 428 I 25 (P AR A BRSO £ KB FE 7 o LinuxZ Lo (1915 £ SR B FE 7 A I
RN BE B P AE AR R A B R A S S . ELinux P & DK B R P AE AL BE e AT
TR & IE R
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UN*XFR — AN AR R B T R AR EE . T HOE e A B8 5 SO — R Ry eI
DA F R A SCAEAR TR BRHE RGO R FATHT F . KRS . R R — M &6
FH— R RSO R . B RGP o — AN IDERE 4% F /dev/had £ . 6 T-H () T4
B, XU R SO Fmknod s 281, IR (major) FIVK (minor) %7545 Kk
W o MEE 5t W Rk SO RIS, (EIR ST i LinuxyE $R B 3F 014610 R G rb it 0 4 s il
PIE G . [R]—/N e IRBIRE P (P T A ¥ & AR i — N L Rl fmajor i % g s o IR %95
FHFAEAN R B A e AT T i il 2 2 TR EA T IX 4 o 91N, =5 IDEREAE AN IA] 43 X T o — AN AN [ )
RBEAYRT . FTLL, /dev/hda2, FIDEREELIIZE2N 43 X I BB 583, MR &5 22,
Linuxfff F e85 R — e Rk (1IN & chrdevs) 30 RS H H A% I8 1 e 4 R Rk
A CHnfE— e g B — ARG B 21X AN & R & IRBIRE R o

% . fs/devices.c

LinuxsZRE =BT 4 707 BRRIMES . PR & BHIEEs, WHZMX, HliRE 0 E
173 11 /dev/cuaOfii/dev/cual . Bk 4 HREFLZ I — ML (— 25127 17 838 1024515 A5 4L
T, Higgilctbuffer  cacheijin), nfCABENIAFEG B2 UL, ATATERER T LA S AN &4
XS EAE B A ATy o Bk & nl DU L e A T W s Rk SO U e, B R LA S
PERGEIATUIH . HA AR DR — NS RS, M4l IBSD  socket#:
CYill, MG TREEME R (F105E) fiik.

E?wﬁﬁ%Xﬁ%&%%@ﬁ%(ﬁm%umm%ﬁiz—)@%EW%E%-%-&%E

Kernel code ¥#SXaNFE/FHIRZLrP K HLAACADAH L, Jkenel K —87), AR A A IR, Wi
PHEBE RS AN EHN KSR R R RS, ATRENIA S R S, B EE

Kenel interfaces & URSNFE P00 M LinuxtZ Lo E E T (E I F R G He it — M hrvE 3z 1
B, L IR FL T [ Linux A% O 3HE T — AN SCEEL/082 1, 1 SCSI & UR BN FE 7 171 SCSI T R 4¢
PRALTSCSI &2 10, B2, A% O R T XA 1/0FIbuffer cacheff) 211,

Kernel mechanisms and services W& RslFEAE FHARAE AL O AR SS B U0 WAE B b &
FIAEARFBA SR 58 1 TAE

Loadable  Linux K2 ZW 44 IR BN FE T nf DALE 75 B2 0 BV E A% OB N2, AEAN P75 ZE (P )
REIZR . XA 00T R GRS AR BAT 18 N R

Configurable  Linuxix# JXahRE 7 il LU AERZ L WSR2 S N7 SR Co A AZ 0 G 1 11 I
A LABC B .

Dynamic  fERZUAZN, B DB A SRR I e SR e T BB et . AR A
B IRARE P P I i AP R R . RN WIS P RE 2RI, AR
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MIARGNAE, A

8.1 Poling and Interrupts C(EeiHA1 1K)

IR i o I, Bl “JEERESAS B SR A2 X, B Nl RE P i) UL HE
UrAr PS4 AT AT SR o B0 N R Y R LR 8 4% s A

ity ac i %%%Tﬁ&WEMhﬁﬁﬁ% H R IPRS B R e B e T K.

DAk e 6 SR B R P Je A% /0 14 » WERINENRE Y — EAER W, R OAE R SEORR AT AN RE
BAT HABAEAT A< 0Y, %b%%ﬁm PR IR B RE P — S R Gtk i 48, iER S
FE WL IS A I B KB RE > P 0 — NMOIRE . XA E IS B R A FRAS, Linux 84
%gﬁ%ﬁ%ﬁﬁiﬁﬁoﬁ%ﬁﬁﬁﬁﬁ?@m Pt I PR3, 0 S AT 28 5 V2 A

HH TR A% UK R A P T AR R85 7 B 55 IO IR A e A bl — SR E R e . — SRR
995 DX R - S AR A AE P45 BRSO A IOK RIS IR b 7o L nux A% 0 7 2247 fE
JE R BT AE A 1 6 e A 8 M P B0 A5 XS R P o KT B 45 U R P 1) A L0 0 BT A P 1
WA SEEL o e AT Hh I A BEURE 1 R g s i R A BT (R R Wi o

2 /proc/interrupts i) LA BI04 ON A 1 MR8 b WA &g — SR ALK R I ] 1 2 20K

0: 727432 timer

1: 20534 keyboard
2: 0 cascade

3: 79691 + serial
4: 28258 + serial
5: 1 sound blaster
11: 20868 + ailc7xxx
13: 1 math error
14: 247 + 1de0

15: 170 + 1del
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o T W YR ) SR R LEAE SRS AR R AT AR AL I 1) o RGP A — S b R R [ 2 A, X IBM PC
R B o 9 a3 IR R B 4 2 i A A 6 . LAt W, 0 anPCH iz 45 (1 I, B3

ARSI AR L o IX I 2 IR B RE 7P A 20 1 S 3R B TS il e & K W, ARG A B K

PEXA W RARFEAD o SFTPCIWT, LinuxsZirkrdEffJPCl  BI0S|Hif (callback) ki
ERFETRENER, SRENIMIRQ.

AN TRIRT AR B S A A R BCPUMCH TR R 45 M« (HRAE RZ RN AA R L, Ikl ] — MR Ik i
f Ak, s ik ARG R E AR R W B OB RE AR S I Ak B R v W 2 AU ] g 2D
(K1 LA, AL EnuxAZ 0 n] UGS S W3R 0] 20 e b W 2 fi gy o W i o BN R A
@ﬁ%%@ﬁ%ﬂ&ﬁ%@&%mnmImﬁhmﬂwﬁ%ﬁ%Mﬂ%MﬁﬁEEﬁ,M@Eu
ERaE

8.2 Direct Memory Access (DMA)

B B L 1) A i FH A T BIR ) 1) 15 2% IX SRR P 1) 15 A% B 3k 1 A4 AL A b A b A Y
Uf. Hltn, —960034F Z (Kimodemf: —2Z > (1/100080) KA W] DAL — N F5F. W rh e
B, S MR &t FR BT 21 5 i FH 152 2% X s R e w1 R DT AL B R e BT A P TR Bl A 2>
(Lban2=fr) , WA AL5T RGO WAL AR /N . 96003 4 X ffimodem# 4% H H &
(7 0. 0020%¥JCPUAL BRI 1] o AELE X T sl 1 £, Phin b s ) 2 s LUK M 15 7%, Bl A&
TCRM Y 5. —ANSCSIR A& BEFD AT UL 3 =ik 40M 715 145 & o

BEEWNAAAFI, B UIDMA, e &K B SRR P AN A . —/NDMAFS il 2% 1R £ AN T ZE AL P
P TR I A R G AL AR B . PCIIISA  DMATS 2% H8/NDMATE I, o7/ u] T & K5
FE . B DMAIF E BB — AN 1647 R M bk 25 A7 28 Fl— N 1647 IR vH B 2 A7 2% (count
register) . b THIUGAL— IR B AL, & KB RE 7 75 B 2 S DMATHL I8 (1) kAN v 203 A7 48
I b B AL T ), BRERE . MRS ORI, WA HWIPC, AR, AR R AE R, CPU
Al DR At 4

{4 FHDMAIP) S i3 ¥ £ KB FE S Db 20Nl o 1558, T [FIDMARS I B3 #A T i B AN A7, & L BETI
I REH BN AE . BRI, 5 ZE 3 TDMAE R 1) AT S AU W EE N A7 P S B, X TR IR
ANBEXT TN HERE ) R A b 23 ] 36 A TDMATT 0] o (B2 AR 0] DALESHA T DMAERAE (1) IS g3 R 75 (K )
HBUE R NAE . 3. DMARESHI#S JCVE Vs ) A3 () BE N A7 . DMAETE 1Y i ik 25 47 2% ¢ 7R DMA
ﬂ%ﬁi?ﬁ,ﬁ%%Mi%ﬁ?xﬁﬁ%(m% register) . IXEIAAE DMATE 3K PR HhI7E JE 55 1
1M A7 5
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DMATH & A2 /D I B8R, HAATAS, NAREEE R & IR 2 ML=, Sl —FE, W& IKshfe
- M RE ) R T DA F R —NDMATETE . W —FF, — S & [ e FDMATEIE . Ebin
RORVE %, SUETIDMATEIE2. A, B4 (KDMATE & i LU Bk ¥ B . — L6 DK I ¥ 8 F X Rh 4
Ko ST RIHHE A LS URE GREATHICSR) A FIWE— N DMATEE, X, &4 9Ksh L
J n] DA ] 5 b 4 S — 4 v fr DMAGH &

Linuxfli Fidma_chanZidis 4 k) 17 B (RE—ANDMARIE —>) EREZDMAGEIE 48 . Dma_chan¥iii
CERIRAMWAN T —DNERIEE, HORXADMATRIE 18 &, — ek Borix > DMATE i & 75 4
Sriit. MfRcat /proc/dmalr) i fig W 7s (¥ g & dma_chan(a) i3

8.3 Memory (AF)

WA RN L P AN W AE . I BT ZLInuZ O 584y, EAIARER BN 7. &
IR INENRE IS AT I I, T RE e R T W e E I T Sbuttom hal £ handler=ifE:
FAH, TR B . A SRS RE P AN TN IEAEBAT IR RS . A%

AR R, B KA A T e 45 A R R S PR A B o ISR S My mT LAAE B K

R ARSI i A 0BG, RS OA D EEHIE KTIR 9% . 2 B0 KB R 20 i

R AT T A A TCEAT T B Bl o

LinuxAZ LB it 1420 [ A0 BCRTRE IR RS, B8 ONEhRE P IE 2 A H] T IR S8 BiIRE . %0 N AFH%
MM B AT O . B 12880512777, RIAE W& NS RE P i RINME A X A% . W
WA SR A 5 W B I — DN . XA D I A BDBCE R S, A BN
5 PR PRI LU & R KB

T SR AZ O W AF B I L nuxids 5 ZEA8CE 2 iGN TAE . 4 2R =S I A AF I R BOR D, PR G 2R
FEoE G R HB . W, Linux  SEEEIERE, CXAERRE ], HEAT T
G VPV EE AT . AT B IEIRE (B SERRE Linux R DARRS ) 7y B8 AR SR (1 =R
185, A% A AE 2 FCBIRE ] AT SR ATRANGE ST 270 S A B R IUC. Qn RBE 45 UK A 4 82 09 DMA T
W BE N AE, e BT EE HX P A2 T LLEATOMARY o DR R 5 ik LinuxiZ 0o W] R S ik
FEIESEI) ] LABEATOMAIRI A, TT0 AN Lh s 48 DN R P TR E

8.4 Interfacing Device Drivers with the Kernel (X&UKENFETAIAZ LoD

LinuxiZ Lo SRE s FH R 107 SR EAIE I o B SRINBER KSR 745 BURTm S, Aife
AT 38 R OO O A 5 ZE SR AT AR SS (I s H o 3K 283 H 32 1 R A% 0l BASE
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A R 5 30 2 AR A R I B A E AT B OK SRR o i un,  SCSIAMTIDEREEL (K47 A%
ANTA], AR LEnuxAZ Lot e A A AT [R] 3% 1

LinuxdE RS, 5 RLinuxiL L 30, Sl MBI 7 (090 46 W T B
UREIFLF . Linux SeVEARAERE O S [0 T IE L A 2 R 4 SREN R o 24 20 e it
B UKL HIAA L, N T REBER B ] DAl 0 FE T PE. H AR AL P L 7 BE
PP Ay et AR . A T bR SN T (SR S OO I, A Bl R A A
PCHIN R 1B I Linux il U B 0 Vi MR RT 04, MRV B T4 X
51 A TR R E TR SRR 88 6 0% 1135

8.4.1 Character Devices (FE{F¥+%)

TR, Linuxa @ B %, SCtE—FEv ). N HFR A FHARAE R G T IF. el 5
FKM, eGSO 4. RERE—/NLInuX RS L M [1PPPSF Ik FE
i H imodem, W IEIXFER . MR WILEAL IR, & 15 2% IX BN FE P In Linux A% Lo B,

fEchrdevsn) & X N—Ndevice_structB s it 4 H o XM T BB AR IR (Bl T
tty & ed) , HEZXNMERPRT . —DNERENER SR IRFEEE M. Chrdevsm =&+
PIRE—45H, —Adevice structdligity, BIENNITTHE: — AL A IKBNRE T AR
(PIFREFFN— A5 ) — 2 SCAF AR IO 4R T o X ER SO ERAE A G AL T IX AN & 10 57 A IR s R
o, A NERAC R S SO ERE LR T IF L 2. B RIOCH] . /proc/devices T4 N 2%
>k B chrdevs|[n) %

2 ILinclude/linux/major.h

chrdevs

fame
fops - file operations

lseek

read
write
readdir
selact
iaalt

mmag

opan
relaase
favn
fasync
check_media_change
revalidate

Fizure 8.1; Chatacter Dovices

AL AT (Billn/dev/cuald) [ FATRFIRSCIEAT I, Rl Uit — 285, iy 2 4
FIERA B P45 B 2 PRSI B ST BRI RS o AR SR H o — 4, B — D BER R ST AR
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FHVES 175 SRk . AR SCAEIIVES  inode (CSEBR b IR 2 Rk S0 B E 4R 15 4%
[FImajor fiminor bR iRfF. IXANVFS 15 IR SO RS (FIWEXT2) , fEE IR A RF
SCAE PR MR S o 1) SC A R B 1)

Z l.fs/ext2/inode.c ext2_read_inode()

BEANVES I AR ALSCPRERAE, MO8 T 11 s T ARR I S R G BAN A AN R . AN
AR TR SCAFIVES 1T R AR B, & K SO SR AR AR A Bl 3 A i 5 [ 4
fEo IXRAT—FOCAFRAE: opentiefte AN FREF ST TFXAS FAFRF IR SCAF (1IN, T8 HT (14
open LA ERAEAS B2 ¥ 2 i & b IRAFVE b chrdevs ) R A R 51, BUHIXMREIR 1045 1R S
BEde, IR XA PR SO Fi e Bl 8548, Lh B IR SO B A 1) B & KB A 7
HERA o SR IR PP BITAT (K SO0 2R G A AT AR S 380 3 A 8 245 (K SCAF R A

Z l.fs/devices.c chrdev_open() def chr_fops

8.4.2 Block Devices (Hi% %)

BRBEF M SCFF R ST AT I o IXFON ST IF I HURF RSO S I IE 8 1) SO A AL A LA AN 7
B I+ ML LinuxHiblkdevs i) R 4i4 B AL R BE % ST "EFichrdevs|a sk —
B AR BB S RG] B4 H W Edevice_struct¥dli 451 . 1545 e A,
BB T 02K, SCSIEAL 38, ITIDEE S 3K K[ Linuxt% LBl Az DR LR
o — PhHB AR e A IS RE 7 [ X P SRS RIS R INH5 o 1401, SCSIX 7 YR B FE 4
AU SCSI T ARG PEIL 11, AESCSI T ARG AN A% D4R I T v 46 (1) S A A

% . fs/devices.c
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bilk_dev

hlk_dev_siruet . . .
Lk_dev_ curreni_reguest N

Sem S baffer_hend
il bl ——j-—
- | bt Ox 0301
tai Lk b_blocknr L
next nexlt I stale

b_comnt
b_size 1024

b_next
b_pirey

Figure 82: Buffer Cachie Block Deviee Requests

T — AN A IRBI AR b 2 P A 00 1) SR VR B ORI Tbuffer  cache#: M. &F— ik
RIREN R P 7 b Ik _devii) & e fFblk_dev structB 4t . XA R IR 51 & W& 1
TS5, XAbIk_dev_struct¥idh &5 5 — AN R BIFE bR — AN 84, FR1—A
requestdi 45 /K422, B — M ERFRiEbuffer cache i) ¥ &S — e i) — /MK .

Z: lldrivers/block/11_rw_blk.c include/linux/blkdev.h

f—kbuffer cachedy B iE —HeEdh 21 8\ — AN G0 ¥ & IR I & St 72 & bk _dev_struc
HREIN—requestHdl 458y . K18 218 R T B requestiiA —MEEH R — AN EEZ A
buffer_head%i#i 454, &F— e —/MES —HHHR K. XA buffer_head % ds 45 #4 4 B
& (buffer cache) , WHESH —MHBEAEEFIXANEZ X FIHIERFETE K. FF—requestsh
AN —NEEAR, all_request®&H0ACAT . WX requesti ing]—%% (K requests)
%, wiE ISR I request sk U FRIX P requestBAS . A5, BRENFE S H 2 7 2 b Ak 3
requestBAF [ 5E— AN K

— H A WENFRF5E R T —MEK, & aidt s —buffer_head4h #) Mrequest 4 #4 H il B,
FRACEATAEGE, RGBT . X T buffer head I fif 4 £ i B AT AT 1 7 545 1% A BH 28 45 58 ik
(IHERE o IXAEHIB) T L RE SCEEARAT (I . AR FFEXT2 S0 R G MR IX AN A R B B
2% LS HCEEE B AEXT2 H %4 H 8k B, XSRS S 7EE AL HE H 3% 4% H (buff_head P\
ﬂiﬁ%,Eﬁﬁ%%@ﬁ?%ﬁ%m@ﬁmwﬂﬁﬁ%@%ﬁﬁﬂ%%%,ﬂuﬁ%—ﬁﬂ
15 2K o
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8.5 Hard Disks (M%)

M SR A7 A e s A b, 3R T — AN BR ALHB B 17 e O TE NS, /M
ﬁ%%@ﬁ%ﬁ%—¢ﬁ$%ﬁ@%o@ﬁ@%ﬂ&%%%ﬁ%ﬁﬁ%?ﬁ@%,Mﬁﬂuﬁ

—MUEELIK B A AN B AR AL R, N ER A 2 G T B B Bl B RS R, R
— IEFEAN G B A . HERRECAE — ANl b, R IR e W e B . e sl AR g 1Y
“FANFE A3000E]1000RPM  CHL/ B0 51 o RETEMI B/ SHK ST 583, ’— WA —XF,
T B/ B HEIFNRERER T I A WL B, T2 — MBS (H e —
%E%égﬁﬁoﬁgﬂ%ﬁﬁ—¢%@%ﬁﬂﬁﬁﬁﬁﬁo%ﬁ%@%%%ﬁ—ﬁy—EE
T fi %50,

BE—ANWLRSE PR TR 5 B 2 M ERAE I IR0 IA, WYARETE (track) o WETEOE S AR HLE, B
g T (PG e e VR G TE . — MR Ceylinder) SEAHIA S5 fEIEM 4L A . BT LARE
— AN P AR — TR ) T A 1Y) S8 SHETE 2 BRSAE TR o DR A TR ECRI W& B 1R, By AR i RS
AR o B AMEEIE 5> B X o — AN bR X AT DL R B 5 () e N G, et 2
@ﬁ%ﬂk¢oﬁﬁ58k¢%mz?%,%Bk¢ﬁﬁ%ﬁ%ﬁ@ﬁ%ﬁﬁﬁﬁ%ﬁ%%ﬁﬁ
VRE ] o

WEELE e RS (geometry) k. FmE. #ELERN X E . B, j83hFRHELinuxix
R T (1) | DERIG %L -

hdb: Conner Peripherals 540MB - CFS540A, 516MB w/64kB Cache, CHS=1050/16/63

XEE T 10504 1 (RiiE) , 165k (8HIME) FI634 i X /HiiE o X T-5125 7 ) i DX Bl b
KN, A ¥ 58 /2 529200K 7 1 o SXAHAA 745 W IS LOMIRI A7 it BE I AT £, AR — 28 ff DX AR
AAAERERE B X A B . —SSi A nT DL H B4 IR s X, 6o gk T R 51 .

BRI DATT 20 A 40 X o — AN O A e F T4 H I — R4 X o S o X R vriist T
JIINMRERGE R Z AN HIY . KEBEANAILINUXRZEZ 3N X . — MU DOS R4,
P A EEXT2E R GE, 55 =N B H o X o B2 X H 20 X e ik, —AN5 H Gk .

St DX AT T 5 A 4 DX e A B . X T Fd sk AL IKIDOSHESE, W LAEAN FREE A K. A
X RATA AN 5 H LU 2. FdiskSCRF = FRRB 0 X . B0 K. § XA HE
Xo DX ARIIERSX, Enf IEFERESH KR ES X . KPP R XA X2
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AT FRBEAN E I X BRI i M52 T2 00 DXV A (1 Fd sk ) i i -

Disk /dev/sda: 64 heads, 32 sectors, 510 cylinders
Units = cylinders of 2048 * 512 bytes

Device Boot Begin Start End Blocks Id System
/dev/sdal 1 1 478 489456 83 Linux native

/dev/sda2 479 479 510 32768 82 Linux swap

Expert command (m for help): p

Disk /dev/sda: 64 heads, 32 sectors, 510 cylinders
Nr AF Hd Sec Cyl Hd Sec Cyl Start Size ID
100110 6332477 32 978912 83

2 00 0 1 478 63 32 509 978944 65536 82
3000000000000

4000000000000

ERR TSN DO TAE I B0, MECKINE XL, HRIAEMAT7, X321, k63,
A ANHEIE 11324 e X645 S, XA X IOAT I A 58 e B 1K) - Fdi sk 48 73 XX
FAAEAL IS . & MNEAMI AL R (0) JTARIA A, I Ofh, 3 478 M. 252070
X, AZHIIX, FHART R AN (478) JE4 i BIREHE 5 Bk R AT T
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sendisk_head gendisk gendisk
™ | major ™| major 3
major_name major_name "ide()"
minor_shift minor_shift
max_p max_p
max_nr max_nr
init( ) init( ) hd_struct[]
pI:n'l plm'l = srart_sect T
sizes sizes iz secls
nr_real nr_real _
real_devices real_devices .
next next i max_p

stari_secl
nr_sects

FERTLAAL I I L i nux B S R G H RE B I dh 4 254 . e 4R KRG b 2 /b /Nl DL AR 128
B, Linuxi® 3 — MG W 43 X . IXEEERIE fHgendisk_head& %t 4112 Fi5 ] (11— 4 gendisk
Bl B R RIS T8 MR RS, BIUWIDE, WG HE L iligend i skE i 45 1)
FoREEBIMA . AR E G0 e 1 S HEE R ZED K _devE s &5 M R e 4k H k4
FEIR] W] AF—NgendiskEh 5 M #0 i —ANME— T BB ec 5, FIBERR & & AT R . 4,
SCSIH T ARG 20— Mo gendisksc H ( “sd” ), FR& 528 (I SCSUHEEAL 4%
FIEBRAT) « K8.3W/ T A gendisks H, HF—ANESCSHWELEL T- R4, 5 2 IDERLELHE
Hlgs, IXH Zide0, EIDEFHILS.

Figure 8.3: Linked list of digls

HARBEAE T RGAE W MEA I I 2 ST A N figendisk4c H - Linux HJ& 7E3EAT 20 X AR 25 e IRk

AHEBN B MR T RGP B B g5, e A AT RIS I &S AR

T WU B B R 0 X e ANEA AR S, ANEEilidbuffer  cachesi s AT
PR, AOEHER S PR R & St (il tn/dev/sda2) Fr 4R R 3 A 5 R 4 SRR
SE T B A IE R el DRGSR BT RGO R &5 WL B B E P % L

8.5.1 IDE Disks CIDEML#L)

A RLiNuX 2 48 B T GG 4 92 IDERE 4% (Integrated Disk Electronic) . IDEFISCSI—FE &
AR A E N0 2. BF— AN IDEFE 28 ] DL R 2 2N, — A s&master, )
—A~JEslave. Masterfislaveii i HfGf FIBkEk % & . R0 H 1 5H — AN IDEF il 25 I 45 3= 1DE
P, NI B RS EEAE . IDER] LN/ R B3 HEA T3 AM/FD AR By, IDERE A ) e KR
SPIEB38MF 1T o 4 IDEERE I DEA i K MG AL R MG N 211866717, A HinAL Mk % =ik 16 . 6M/F) .
IDEMIE IDEM 4% LU SCSH#ALAT B, K2 HIMACPCHRA — ANl 5 22 1 =4l b 1) IDEFE I 2%
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L i nuxd2e JECES A 10042 1) 2% [0 7 i 42 I DERE A . - sl 2% b 19 = il gt /& /dev/had, slaveld i
J&/dev/hdb. /dev/hdc e vk IDEH 2% I (Fimasterfé . IDET- 245 M Linux &g IDEHS i 281 A
SERERL . FEIDEFE IS IO EAR AT L3, IRIDEFE IS AR AT /222, XEWEWR N RGH W
AN IDEFE i, B4 {Eblk_devAiblkdevs ] R HER S I3F22 5 HIDEF RGNS H -« IDERESE
(PRI R SO S i T 3% Mg 5. Tkt /dev/hadfil/dev/Zhdb, #B3&ERELE FIDERS IS F, FH&KS
ABIE3e A OMEH EBEAAARRFFE AN RG], X T IX LBk 2k SCA I IDEF R GL AT 1 BT 1 S0
o &buffer  cachefEVEH ML & M RIAI N K IDE T RS H{PAT—AMERII%, IDETF R MTT
AW IXANIE KB HE—ANIDERESL . AUk, IDET R Gl FH W &Rk St IR %, X ak
i B AR e 3008 R 2 1) 31 (A R B IEAf IR 43 X . /dev/hdb, - IDEFE 2% L islave  IDEf
R EPRRFFE (3, 64) o R —NX (/dev/hdbl) & &R IRAT & (3, 65) .

8.5.2 Initializing the IDE Subsystem (¥J#A{LIDET HR%5)

IBM  PCIRI 0 s S AT IDEREAE o« IX I IRIR EE R4 9% 1 2 T 44k IX AR IDE T R SE 4]
AT R S — I L I SE N &R 2%

Linux ] PASZRFIBORIDERS Tl 2520 H 24, F— il — /N ide_hwifsm &R H 11—
ide_hwif tHda gt R, &—Aide_hwif tEHE LSS A ide_drive tHdl 454, 20%
TR e Hi (fImaster fislave IDEUKZ) 2% . (EIDEF RGVIUAL R, Linux T CEBEREN
CMOS N A7 H il S MG M5 I o X A HE MRS 5 1) N AP AEPCOCHL I I AN 2 25 R e TR 2%
IX/NCMOS P A7 S b _E7E RGeS I Bh ik 25 BLIHT,  ANERIPCITF B ¢, & #AEIE T, CMOSHY
IS ARG IBIOSH &, A I & URLinux R Gt R 21 T AT 4 IDEFE I 8 A KB 2% . Linux A\
BIOSH REU AR B A 1K R ~F (geometry) , JHIXS8(E B E XN IRSh 2% ide_hwif i Eds
SER) . RZHINACPCAE FIPCIE: 41t Intel (182430 VX 4, GG T —/PCl  EIDESE I
#%. IDET-RAEHPCI BIOSIH (callback) ENLRZGHIFPCI  (BE) IDEfEHIAS . A5 X
URT 2 A v ) 4 R

— HRBL—ANIDER D s a8, Mk & e nide_hwif tR e WX ANl ge Al i i past .
YR i i ADEZR BN 5 15 /0P A7 2% IR IDE iy & 5 47 B8 5 i 4o 2 ADEZ I8 H 2 U RLR A5 2 47
P 11 /0H Il OXIFO-0X1F7 . 33 &6 il 2 FL 409 (17 1BM PCZI5E F KM . IDEUKSNFL P If)
LinuxfJbuffer cache fIVFSE idfi—AMEHilas, 2l e m#|blk_devAiblkdevsia fH . 1DE
IR RE P AR SRS M R W, AR, XU 2052, FEIDERS AR /214, IRIDEFE 8%
FE15. (HE, ZPTHIIDEAN 1T —FF, XL NT DL AL O ar ST IE AR« IDESRBN AR T AE A
BRI itk A — N3k 31 I IDEF i 2 7E gend i sk & B i — AN gendisk4c H o XAMIRR G H
?ﬁﬁf Sl B FTE IR R 43 X 2R o o XA A AR D B (3 45— AN IDEE il 2% m LA ) A
IDEHEEE: -

8.5.3 SCSI Disks (SCSH##E)
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SCSI (Small Computer System Interface/NUTHENLRGL 1) BEE— P2 UM R AL
PRk, MANBLF 2R8NS, AT s EZA . A0
—MIFRIRAF, ARG E Bk s . i v AR R BRI RN R R D B D

Fitgr, v DA 32407 58 B Ay, T mT g IR 40M/FD o SCSIRA 2k m] LAYE 15 46 2 1A A A4 A

IRBMEE, KiE#H Cinitiator) FIHAR (target) Z IS0 M 28N AN B . IR

A UL SCS LR 26 ISR HE 5 W7 M mT IR B, IX 8B B -

BUS FREE ¥&H WA BRI HIR, MuikH RAEATTHS%.

ARBITRATION (Fhg) —ANSCSIE AR KIS BISCS LR e IR, B Hhk 2 i 1 7= 0
(assert) ‘CMISCSIARIRST. frmidnm 5 ISCSIARIRAG T o
SELECTION  — /MY kA s D Hi AR 21 7 SCS A 26 [F3hiIAL,  BILAE & A0 [a) & B2 R 1 i 2 1)

SCSIH bR AIEfE T o "EAEHBREET I = 0 H FRIFSCSIARTRET

RESELECTION SCSI R AEAN B SR Mt RErp n REWT 2R, HAnS SRk H oL ® . JHEEam
SCSIR A& P SLFFIX—F B o

COMMAND 6. 108# 1275 a2 i) LM R # K I% 2 H .
DATA IN, DATA OUTHEIX—FBt, Zudisre At a FlH br 2 AL

%gﬁ ESER T A2, HEANIX— B RVFHR R KRS KIE—AREFLN, RoRk)
BRI,

MESSAGE IN, MESSAGE OUTYE A& Al H Fr 2 a5 38 R B hnfe B

Linux SCSI¥RZGHMANIEA TR N, B MR S5 KR

Host —/NSCSI hostie—/MBLIKIEA:, —NSCSIEHi 2% . NCR810 PCI SCSI¥% 2% & —4~SCSl
hostif . WIHR—MLinuxRGEH 2 T — M RIZEBISCSIHEHIEs,  RE— AN ER 5 F — A
SCSI  hostR/n. IXEMA —ASCSIK & KB FET nl Reda il 2 T — il #5249 . SCS1 host
T S JESCSIa A M ke Cinitiator) o

Device  SCSI £l MR, (HIESCSIFRAESZ R Z R Thaly . CO-ROMAIIE A (generic)
SCSIE# o SCSI £l HBESCSI A 211 H bR o IXLE 2 45 NI R MBS o 91 v B Bl A I
CD-ROMER 45, Linuxdi BRI FUE A o AR RIRER R AR Bk &9 S, R

Li nuxA B i #5175 3K ) 2 A 3G U SCS IR Y
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Initializing the SCSI Subsystem (#J#:4LSCSIT-ZR40)

WILHEALSCSI T RGA M %, W SCS TR 2 FI & 44 (M Bh A& IR SE 5. Linux#E 3 ) I Iy a4k
SCSI T &%:: Bk RGP HISCSIEHIAS (SCSI host) , FE#RMNAF—ANSCSIigk, Ak —A
W o RIGVIANIX L £, LhLinuxAZ o) 4 5843 v] DL i 358 (1) SC A Fibuffer  cachediix
VIR EATT. XA WG FE A DUAN BT B -
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) Sesi_Host_Template
ses1_hosis

| nexl
—-_

name "Buslogic”

Device
Driver
Eoutines

) ) Scsi_Host
scsi_hostlist

| next
-

this_id
max_id

hiostt

Scsi_Device Scsi_Device
nexl = next

scsi_devices

i id
lype Lype

hiost hiost

Figure 8,4: SCSI Data Structures

TG, Linux R iz 0 I A5 i 7 2RO B —ANSCSI hos il BT 7% Bl il #5 A nT AR (1)
fifift, AW EKISCSI  hostfEbuildin_scsi_hosts|i & 1 #54 —Scsi_Host Templateff
% H. XA-Scsi_Host_TemplateZi#is 45 14 G IR 45, X LLFIRE AT DIFATFISCSI  hostAH ok
(ISR BRI A~SCST host AL T A1 ASCSI 4% IX SSfIFEAESCS I 2R S e & 391 1 okt 1
H, 2 FrX FrhostR AR SCS 1A A& IR B R () — 3B 43 o BF— D2 2FSCSI= Ay (A H 5L
SCSIE A HLFT) , 'EMScsi_Host_Template£iil 45 /&8 % scsi_hostsl &, FRAM
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SCSI  host. &F— MM 2] hostZE A ¥ R —> SE45 # H scsi_hostlist¥l| & H i) —~Scsi_Host
B AR Fln—A RS P NCR810 PCI SCSIE il A%, {EXANFIR P SH WA
Scsi_Host4cH, /Ml —4. & —Scsi_Hostds [ [{Scsi_Host_Template &/t %
B IKBNFRT

MAESRE—A~SCSI host#B4k 2 T, SCSIT- RGN IHL 2R Nhost 2k L T A 1SCS1% % o
SCSIBE %5 MORIT7, DA 5 58 SCSIFR AT & TG T (K SCS 1A £ b 1 M — 11
SCSIFR AT H H 325 LIABkek BB . SCSIWIARA ARG ik 1) 4 — N1 £ KX TEST_UNIT_READY
fir R A —ASCSLR 2 L5 —ANSCSHk %o 24— AR, 108 &% —ENQUIRY AT 4
KSECE ] X I Linuxgy HiVendor ¥ 44 FR R 2% (1 AL S5 FE 1T 5 . SCSIar & — 4
Scsi_Cmnd%idis 45 f ok R, XLy Al X NSCSI hostffjScsi_Host_Template$idk 45 1)
R A IR SRR P I FEAR IR 45 e A IR BN FE P o BE— AN 4R B ISCS I % F —~Scsi_Device$idi 45
RN, B ANERER e ALScsi_Host. B IrScsi_DeviceZdh 45 #)#L in%scsi_devices?l)
T, K8 4R R T B A &5 M A LA B 5 R P G R

HVURNSCSI 45 . [k, REvT. CORUEM (generic) o H&E—FPSCSIZEALER 43 1) [ 1% 00 8
i, AAFRMTEREARM, (HE, SN AEE AL MSCSIR A& I 1k 24 FR 2 1)
MHEAEIC A o BF—ANSCSIZRAY, FIUnSCSIHEA:, 4Ed e B OB R. B HIXERITZ L
FIeElE (SCfskbuffer cache) & v 2 IEAf 11 £ IR SR P aSCSI host. H—/NSCSIZRAYH]
H—A~Scsi_Type_Templatei#li 587, BT FIRISCSIE 4 15 B AT Z P T %
(PG RE R ik o SCS-F 2R Ge A FH X LA il FH Ak — P SCS 1 4 R AU SCS IR AU 7 o e f) ik
Ui, WIRSCSI¥ R A BRI —NSCSM#A W &, "B FHSCS MEABEIS A PR o o SR 2]
TR — A2 ASCSI¥ %, ' fIScsi_Type Templates ) &5 4w n 3 1
scsi_devicelist¥|FE .

SCSI- T R G WIUEA 1 B i B B & R T — N B2 /ISesi_Device Templateft) s k%, xf T
SCSMiEHLISRLL BT A 1 SCS WAL e sl R H i sk AR R ~F o e BB R 7R T SCS TG 1Y)
gend i skEh 25 #18 J RE A A R B R b, k8.3,

Delivering Block Device Requests (f&ifibleik#5ii3K)

— HLinux#1454k TSCSI T &%, whnl LM FISCSIE 4 T o BN 2L IFISCSI 15 45 S U HRLE K% 0
HFEICE S BrRALinuxn] DUAE R 24 15 K e W 2 e AP HL . IXEeE sk T GE 2l it b Ik _deviT)
buffer  cacheif=kal & il itblkdevs) SCHERAE . E— N — N EZANEXT23CM RS X 1
%m%%%@%%%,%E%HW%B?%L%N%@&%%WB%*%mﬁﬁﬁﬁﬁﬁm
SCSIEHL e ?
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TN a1/ AN SCSVRERL 73 X 132/ 5 — Hidlss () v SR # 2 FEb Lk _dev [r] 5 36 HH IX AN SCS M A 1)
current_request#l & H I A —NEiirequestddi 454 . a1 B iX AN requestdl| F IEAEAL TR, B4
buffer cache N4 . 75 ME AA1ESCSIREAE T R G AL H S K KA . RGE T (K5—
ANSCS AL —/NScsi_DiskEin itk . ‘e IRfrfErscsi_disksi s, HSCSIAL 7
X IR S I E &S, B, /dev/sdblE &4 58, Rk&S17, EHFLLEL.
—/NScsi_DiskIF A 45 My A — A5 1 R OR XA % % [1Scsi_Devi ce 5 45 14 I HRE
Scsi_Device X351 — “#HE” HScsi_Host¥iili 4t . BuFfer cache ffrequest¥iiis 454
A A A T B R 3% B SCS IR £ 1P SCS Iy 2 [F1Scesi_Cmd % 25k, FFAER RN A1)
Scsi_Host#dis g # HHEBA . — HIE M 8/ 5 2 J5, 4 4 B IISCS ik 244 RS2 Ak
H,

8.6 Network Devices (%% 4%)

MR, HESCRBILInuXIMLE T R, st AIEMHRBCEE RN Se k. w24
PPER e, Blan—ALURR . (H2& — S8 28 i s e 2L, 6 anloopbacki %, I T
A O E . BB N device Bl SRR . M Z8 i ISR P AEAZ L A 51 M
LR AL B B ) LEnux 10 e 4 I 1 B % o Device B 45 1 (0 Ff XA 1 45 145 B AN AP K s
57 FRY DR 288 TR EALATE FH 3K A58 1 R 55 1) R KSR il o X 86 R 50 22 BIORTIATE FH XA ) 5% 1 o5 AT S Kt
IR et A HIARUE R 28 SCREHLAR, 17038 4 A B BSUR AR S B i ictle o A S AR i) e A3 14
2% Kt (fpackets) #RHIsk_buffidis ity e, X0 RIG IR 45, SevFRZE kIR
B oy AT ER o X2 P SO A A P I 286 80 25, AT T AT A P sk _buFRSdts 454 e [m] 4 3 4
ﬁ,?E%%(%m%)ﬁ#%%%ﬁo$E%$E®Wmﬁﬁ%wuﬁﬂ%ﬁ%mﬁﬁﬁﬂ
AL o

Z: JLinclude/linux/netdevice.h

devi ce B s 45 K AL FE P 25 B4 1R £ L -

Name —~ AZIRFFERFES, CNIB SRRSO Hmknod dy 2B, 48 &R SCHHE RGN
W9 28 % 5% R FFWILE AL I B AR L. EAITR A P i, NP ER T ER R &
KA, [FIRREIZ MO FAR IR S . I BLR P45 4 S
Jy/dev/eth0. /dev/ethl. /dev/eth2Z5%% ., — oy ILIRI Y28 ¥ £ o

/dev/ethN LUK M ¥ %%
/dev/sIN SLIP# 4%

/dev/pppN PPP¥ %
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/dev/lo loopback %%

Bus Information X WA RN R P i & T S B . Irqid & I . Base
address i & 33 I FLRZS 25 A7 25 AE /O N AZFP R Mkl o DMASHLTE F2 1% A 9 2% 15 4% 1 FH (1) DMATE
B, A X BAE 0 B & WG A 1 I 1

Interface Flags IXLEHGA T X AN 45 15 & IR FfE
IFF_UP $%up , IEEIEAT

IFF_BROADCAST & #%[1)) #& Hu ik 2L

IFF_DEBUG %% [fJdebugik 1 F] T

IFF_LOOPBACK iX /& —>loopback i %
IFF_POINTTOPOINT IX /& fiXt i %8 (SLIP and PPP)
IFF_NOTRAILERS No network trailers

IFF_RUNNING 73t T 55

IFF_NOARP 37 #FARPHMY

IF_PROMISC WAAEIRA (promiscuous) W, WA, ANEEIIbhL &
Y.

IFF_ALLMULTI 20T 11P Multicasti

IFF_MULTICAST ] LAE2CIP multicasti

Protocal Information ff— N5z ac ERAHIA & ] LA Y 25 0 iU an ey 4 F -

Mtu  ANEOFE TSI BRI J2 (10 SIS 9 2% BEMS A 4 1) e K RO g IR SRR T lUZ
BlanIp, RKikde - DEER R NETRIE.

Family Family B R T84 0] LUSCRFIO SO . T Linux P 4% 8 4% 482 5 i Fami by /&AF_INET,
Internetibli-family.

Type  AEFFH%E R RIR T XA M 25 i AL A e Linux 28 SR 2 M iR Y . 045
Ethernet. X.25, Token Ring. Slip. PPPHIApple Localtalk.

Addresses device 4 RAF— LR AN M8 e AT DS AL, B35 IPHbAE
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Packet Queue iXj&—/Nsk_bufFIALAF, Zfd 48 15 £ 3T 4L

Support Functions &N &ASTRAE T —4IbsUEMIGIRE, EWRBUZ R, VB A% Tk & B
JEB G35 o ARG B E AL BIRE, DU InARHEWTSL FIREE SETIH5 BB R . X at
et Bl LU ifenfigh 2

8.6.1 Initializing Network Devices (WJEAALIIZEIEE)

P4 254 15 44 SR BN FE T S LA L inux & & IX SR 7 —FE,  ml DL BILinuxz O AN rTRERT MY
25V £ 45 H dev_based1| R F5EFi ] 1) I 25 e & A1 3R (1 — N device B 85 R n . i R4k
BT HIIRNE, WL T 2 & 45 RS HIRE OfttedeviceSdi gty Hpig—A. (HE,
WIGHR I, A deviice i 45 0 FU U T WIaA AL BE BRI AL (1) sl

28 DX SIRE 7> A B R P Tl L B G, AN BITAT S L AE Linuxi% O 1) W0 46 80 5 DKl A P A 2 A7
PERIRBEE s SR, R RILUR M e s o2 f/dev/eth0. /dev/ethl15:5%, 1 ANE R
BRI AT A “ R “ BB IR S . AR BRI 282 A dnte )
FERIIAG, EIR B ARG, BB R E AR T e P HIas KNS WERIKENFE
BAHRAEATREE, ©hidev_basedit il ffidevice s 3 1 1) 4 H il MR o A R AKAN S Fy il LAk
BB, EW XA B B4R ST R0 48 350 45 DN R e HH 1R SR R B b ik e dev i ce 2
2 AR FRILEIP

AN, U sh AR E LUK M e g B HEK/dev/ethNBC &R R SCE B, FSEDAE )y 5K
fi#yk. DeviceF| KT ABNMRMENIZ H: eth0. ethlFleth7. JTH 4 HMHIALGIFEH—F. &
M AN AE AL D BN LUK M e R sh R, RSBt MINsh R Pk 2 E 1)
LUK B4, et e & ILAEH A e thNifidevi ce $idls &5 44 X I I 2% SR ) 75 3t 20T a1 b e
PERI P EEAEE, It e T IRQ. DMARE RS o IXZNRE > 1l 6 £ 21 & 12 1 1) 9 2% B % 1R LA
S, FERXFMEDLT, Eatd F LA /dev/ethNifidevice i 454 . — BT R84 btk
[f1/dev/ethNH#E 3 C T, AIEAN 2 PRI BE 22 1 LUK I B0 46 o

Chapter 9
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The File System (%%

A FERGRLInux WAl e SCFR I SCAF RG0S #iIE T BRI RS (Virtual File
System VFS) FHi#RE T LinuxtZ O BLSL I SCAE R 48 el 9t 3

Linux i) — M BB f2 —A0E T USCHR P2 AR SO R SE . Xk e R R0%, A EURITF
Z A EAE RGIAF . EBAEARZINAR, Linuxn]—ESZRRISM U RS0 ext. ext2. xia.
minix. umsdos. msdos. vfat. proc. smb. ncp. is09660. sysv. hpfs. affsfiufs, 1M HA
REBE, BRI, SIMAEZ RS RS

FELinuxH, BUnix—#F, ARG8T DU AN R (K SO0 R Ge A2 T B b IRRE (B 9K sh 25
TEBA AT Ui, RN Ei R, AN KRS SER R R SR R
Hio LinuxfESCAFRGE 2RI AT e N BIX A B SR G B PHATINSCIER G, AEAT
AR, FLBAE A H K, RS RGN SO T IXA H R BURAAAE A A XA H
i%ﬁﬂ%ﬁ%ﬁﬁ%ﬁo%ﬁﬁi#%%ﬁﬁ%ﬁﬁ,ﬁ%ﬁ%ﬁaﬁiﬁﬂﬂuﬁﬂﬁ

MGG R L fdisk) , AN X G BRI o3 i — B o X . B
AR AL R S, Bl NEXT2S R S, U R G AR FE v 4 e il H
Sy BT U SRR B R B SE R . n] LS S E R R A RS . REP IS
— AN IDEREEL IR SN 28 1 23— AN 43 X, IDEWEAL 43 X /dev/hdal, J&— PR3 . Linux XX RS04
XL 2% R B R BRI A A, AN RITE AN 25 500 R 2 I BRGSO %
(R4 S (A ER PR T2 ) U SR S 216 -3 8 R IR TE . AN ERORAFAE R, O ETE < hpt X RITAE:
[, XS P TS . — A RENE CRAAAEA A% L, #N %A A
FERI T CAE, A RFERIME . H46, A HLInux SRR SE, 753X SN [8] i1 S04 R GE AN 7]
(PIREEAF 5 Il 2 B 2 ) AN R R B T B A TR B ) (R FRGH P A - X
P RGEETHEAEAM RS L, B el P IERE R 235K, RN s 1, —4
Linux & 4t AR SCPF R Gefe—ANSCS gL .

A E boot etc lib opt tmp usr
C F cdrom fd proc root var sbin

D bin dev home mnt lost+found

AN AR IX L SO P I S R AR AN 5 BN TE /C5 B LR A RS 58— M IDERE S i —A>
GREPIVFAT SCAF R G ABIT CEBRRFRE T HILInuX RS , JERKIDEREHI2S L ifimaster

IDEfiZE . 55— IDEFS I 28 EPCIEE I 2%, 25 AN ISAES 2%, W45 IDE  CDROM, X ity
AT R EE . BT LU — - modemFIPPP I &8 W S #k 5 Bk TAE I 4%, IX I, 3R] DLz e 224
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FLI¥AIpha AXP Linux R R4 E/mnt/remote.

VARG RIS S TR RS WEATRAI SO Z —DASCHEC:,
filesystems.tex. — M RGEANRAEEOIERICAF RS, WRA SRS .. EiR
A7 T Linux ] PORIEBERES B PT A ROAE B, BInsoffy Hak. BOERE . SCIFRIME BA55%. )
Gb, BRI LYE R, BAERGIEAN SR E S E RS, BT ARTLL
] — AMREHLZ R BRSO ERAE R G (ARITER ST, BRI 2 A AT EEL i nuxI T
REGZ NEERGNTHIL .

MinixGELINUXIPBE— NSO RS, AMHAIRIR, PERELLRZE . EM XA A K T 1474
CGXAEREE8 3 ELF) , B KISCEE /NN . S —IRGE 2, 6T IR B K,
(L B R S (R A 7 BT RSO RN e B AN N Linux BT SCE R G, 3RS R S
BUEXT (Extend File System) , {E19924F4 5|, f#u TVFZ2 i, (HZ5RE&E0PE GG,
FrLL, 19934F, &N TP R SCERSH R, BEXT2. XM U RGUAEAR TR G PRGN IR .

SMEXTSCAE RGN BILinux R IR EAT TN E R I A . HSEMSCERGEE M 2
BAERGM ARG D ok, XA DM AUR S R GEEVFS . VS SEVFLINUXCC FFF %

CRE AR SRS, BB RVFSERIL— N8 H A2 . LinuxSCHE RS T
A AL AT AT He e, P AT I SCPE R G0 T LinuxiZ D LR B0 R ge histr iR
BAF A Linux (KRS SO 2R G0 2 SC VIR IR I 32 B3 22383/ 20 AN TR K SCAF R 4

Block Block Block

Giroup () Crroup N-1 Ciroup N
Super Grroup BRlock I Inode Data
Block Descrplors Bitmap Bitmap Tahle Blocks

Fileure 9.1 Pliysical Layoul of the EXT2 File syslem

Linux i FUL S 2 48 (10 S LA A0 T & IR SCAF IR 1R) R mT R PRI 2. 8 A Z PRI S F A
SR I E R HAF TR XIS ESRAN B A REAT-45 . Linux  VFSTE 2R NI HIRE— A S RS
IS HRAE A7 R R G AFAS R AESCORAN H S B L 5 RN B3R F P T 48 v s 2 A ) B A
gy, AR /N0 A BEIEMH B SO R G WERARRER SIS AT (M A% i IR SCAF R S8 1 Bt &5
1, PRBLAENSTE B SCIF AR ST Btk H3A IEAE DT 1) (1) SCPFART H Sk (10 Bcdfs 454 Sx e B i Al
W, RN B KSR PP s A i, SRIBUM IR it o X8 ey A7 v B 2L () JE Bufer
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Cache, 7E3CHFRAGLVT I 'EAR)E B & I 25 A 3k . 2Bl Uy in) 1 I3 & A TR0 )
Buffer Cache, RHEEMIHPRSBAEANIFE KBNS . Buffer Cache NMUZZAEEHRZZM X, B
T Bh A PR 2% XA R P 1) b e

9.1 The Second Extended File System (EXT2)

EXT24% & B (Remy Card) fEJLinux—Na[4 @A KU RSG . &2/ FELinuxtt X 25
WIS RS, RTE AR ILinux & AT IR il . EXT2 SRS, BT 2580024 —

FE, @ STAE SO B AR e B e PP (RT3 N o XSSP AGE M A K, BARASRI[EXT2
M RGEIHAE ] IAFE], AHEX T —MREE EXT2 X RS, o MK B 1 2 1 Bk 5t
g T (i Hmke2fs) o B — NSRRI BE AR B ORE . 2R EOR /N 210247715, —4M1025
TR S AN 10247 H . B EIX — BIWE P IREE—AN SCHRR R 2N, 18
WV PR S RS SR ASHeCPURT T N AZ I, X PO, LinuxR K2 HURIER S —
FE, 4 TEDCPURI M ER, Al A SCR I RERL A F R RS i . AN R RGP T B AR
THAE, LY TRCE A S RS S B . EXT2H > inodei s &5 i i A R 4:
(FIERF— DAl B X T REGMIRINEER .. — A inodedfiid 7 —AN SO 8 & FH T WL L Kz
SCAFII T TRIACBR . SCEF G BN TR R SRR 283 . EXT230E R G v IR — N SC 48— inode
ik, TMRE—ANinode# B H —M— I bR IR . U RS inode R E—IE, fEinodedk
EoHmmﬁiﬁﬁﬁmﬁ%iﬁ(Emmﬁ%mwﬁﬁi>,@%EWE%%E%MM%@E

B9 LR T AEXT2SCAF ARG T MRERII B L R A, RERBISCIE RS, B
BT UEAE — BRIV G . SRR GAT ZE00 H 5 ZSAEY P e — > ke
b, XRBAWEIEFI LA 29— ARGl BN S B BRBE A LU B S i
106, BRSNS B SCHE K B A INE R PP DR R B H (B EXT2SCAE R TS 5 H 1325 7 X &l
R4l (Block  Group) o B ANHER T 44RA5 BB BORAFBOL SIS AT H e 2 5h, ik
SSRGS R CE B B KRR B IAE B TR AKAE, SCF RS B E
(RIS TN BRI A A AT T VRN 138

9.1.1 The EXT2 Inode (EXT2 1951
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ext2_inole

M e
Crwner info
Size ™= Jala

Thata

Timestamps

Drirect Blocks

1ata

| Data

EE—
. Idata
Indirect blocks
ouhle Indirect L I I
Dhata
Triple Indirect
Data
-
—— | [hulu

Fivure .20 LXT2 Inode

FEEXT2XCMHE RS, VW AW ARG E—A SO H 48— B —
inodefiif. & —PHAKEXT2(K inode#l I EinodeXf, &7 —MiK, ik RGEREE AR
SECHIN A K925 8 T —ANEXT2 inodefiag =X, EAbfs B, e —sbhg.

2 ILinclude/linux/ext2_fs_i.h

mode BIEMAMGEE: XANinodefiid TAARHH X T EMAFR . XFFEXT2, —-~inoden] LA
A=A B3, fF98Ed. ks, PR aiFIFO,

Owner Information iX/N3CARERH SR AEHE R P FAIFRIRST . X e SO R 40 IR b i AT S
5 1) B PR 25 1

Size SCHFRIR/AN CFHD

Timestamps X~ inodef! 7 [ I [RIF1 e b B AE LR IR ]

Datablocks & []IX A~ inodefffiid (AL (I ER FIHEEr o BRI I 124N & 45 ) 3X /> inode difiids i g 1)
Yy, R 3N RN T 2 A s . a0, PR AR AR R 4 AR AL

ﬁﬂ%ﬂ%ﬁ%ﬂ%ﬁo%ﬁ%%%¢?ﬁ%?ﬂﬁﬁﬂﬁ¢%iﬁwﬁﬁ%iﬁﬁﬁME
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PRIV A% REXT2 inode i] DA IRKE IR BE 45 SO o IXSEAN R EE R SCE, B AT DU T 9] 15
%o Jdev FPTH B SCHER N T SRR Ui M Linux R e 2% o 1 dimountFe e H & 75 B2 2%
()L 24 SCHAE S48

9.1.2 The EXT2 Superblock (EXT2iHZE)

BRI S R GEFEA NP RTEAR IR . € BLI A S SRV SO R G0 B T4
POCNERGE . MH SRS AT PHOH (B R I, (H2 5 DA A S — A
S UL T RSB, B T AR LEE, e

% Jlinclude/linux/ext2_fs_sh.h

Magic Number fOVF 23S EARS A7 X & 75 A — DEXT2 A R MBI . T AT A IFEXT2 42
OXEF53.

Revision Level majorfiminorf&iT 4l it e AR XA S R G 15 SCHRE A 1EIX R S
RGN EBT FAA IR X RRF AR, 5 B 2B AR ff i W L8 IR e ik v] DL 22 4
A A IX AN SO RS L

Mount Count and Maximum Mount Count IX¥&—ijld fRVF RS E XA A RS 75 B8 4k
B B RS 3HEmount  countd N, 4'e %5 Tmaximum mount countffJIfiE, <
oniEE(5 B “maximal mount count reached, running e2fsck is recommended” .

Block Group Number f7UX AL He#E DL 205 .

Block Size XANICAFRGEMIPIFATRA, HilH11024575

Blocks per Group A HIHEH . SER/AN—FF, X2 XA RGO I e 1

Free Blocks RGN EIIEH

Free Inodes &% H ¥ inode

First Inode XERZGTE —AinodelMgiS. —PEXT2H X/ RGE K5 — 4 inodeE /7 H
KM HFLH
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([l 15 55
il | 155 |flile 12 (4014 [ very_long_name
F ) F
inode table
— -
-

Fizure 9.3: EXT2 Dirccrory

9.1.3 The EXT2 Group Descriptor (EXT2ZH#HiR%T)

B NIRRT D ER AL . SO, Py U A RR TR AT R
Hilo BE—ANHAEFF RS LL R

Z Jlinclude/linux/ext2_fs.h ext2_group_desc

Blocks Bitmap iX/MERZH (1o BoAr B B 5, FAE SR 43 Be AR [ st 7
Inode Bitmap X4 [F)inodefs Bl g5 . H7E inodef 3 Bl A [l i #

Inode Table X/H4{ffJinode tablel itk Ithdgw 5 . & EXT2 inode % ds 45 ML/~ 1T
inodeft ik

Free blocks count, Free Inodes count, Used directory count
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R T IREES, e — 4% T AT E£ (group descriptor table) . f—ANHedify
FEYUH R AT R TN B 5 48 DL, RS — M DL (FERA10) SEBRREXT2 S0 R Gi i
Mo HABEE UL, BRI HALEE 1—FF, HA7E L8 BRI R A

9.1.4 EXT2 Directories (EXT2H =)

FEEXT2SCAF R G, HSRoR RSO, HER BRI O+ SCPF R G 1 SCPF I Vs ) A2 1]
9-3@1%%TV?¥?§EP—4\E%%EE‘J%E“ —ANHIE, A HEREHRSIER, BN HRSE
H AR LU M E B

Z Jlinclude/linux/ext2_fs.h ext2_dir_entry

inode XA H 4 H P inode, X EANAEHA fFinode &  (Flinode 2t 41 (& 5. [K]9.3n ik
file) 0 H %4 H 51 H inode & il.

Name length X/NH 4k HIFF KA

Name X/NH 34 HR4 7

B H R AT 2% H R GERRER) <7 R« R AR R CRXH ST .

9.1.5 Finding a File in a EXT2 File System ({E—EXT23ERG A Ark—30fF)

Linux ) SCA 2 FUETE UnixCCEE 2 ks X —FE. e —RIIEX%, H “/17 436, ULScE+
iR, — NSRRI T & home/rusling/ .cshre, H:di/homefl/rusling & H%44, 44
fE.cshrec. ZHBEUNIXARG—FE, Linux AR OD UL ARG erf DUEEKE, dnlleE
FRAR . N THEEXT2 A R G R B ERIX A A inode, RS0 ZE M EAT H s+ 1 Sk
24 H B3 XA A

BATFERE — A inode S XA RS IR A inode. Tl T3l ok S0 R 40 B g e 3 e 1 9
Fo N T EEL—NEXT2 inode AT DAZIAE I 2 (K e 4l Hh ) inode e R & dk . 25841, G ARAR )
inodefi 5242, HSATAITHFELA 05 (Tinodedk H (¥ 4241~ inode. Root  inode/&—EXT2H
X, #ajiGviroot inodefBiHiR e & — AN H, EMEIEIAFEEXT2H X4 H .
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Home & X 48 x4 HZ —, XANHFA&A HS T AR L /home H 3% [ inodedl 5 . FRATTL 01T
XANH S CHSEIERIUE M inode, AR5 LI AN inodedfifiid B PLsz i H %4 H Y . &4k
ruslings H, % HiiiR/home/rusling H sk inodedw 5 . fn, FeAlliszEdt ik /home/rusling
E%%ggﬂﬁ@%ﬁ%%ﬁ,&ﬁﬁ%miﬁﬁmmmﬁ%,ﬁﬁ,ﬁmﬁﬂT@%Y#E%

9.1.6 Changing the size of a File in an EXT2 File System ({EEXT23C/FRGHiAs—A
LA R AN

AR RGN H LR EUE EE TR WS AR BT E A SO R G, Bk
HGP RF SCPE RO R AU i) BBAT 2408 o EXT2SCAF AR SR B e X P o, e e
—ANSCAEIR TR B AN 1 2 s SRl s 2 DR R S B s P A N e B . R
AR R T EA B e Hed h s e

TR I — NSRBI % — A SO E ANE R, Linux S R G0 B B0 2 15 258t S5 s 20 i
gk, WIE, eI IS B Y. ERIXAN D ECTE R, %R
1217, EWINER S R G BOH A BRI S s BN, ARG A Redksl. EXT2H0 AL
PR BT B 25— N ZEAs R BUE XA SO R G EXT2RB e . 3 e AR i b 75 25 e A0 78 2 e o
(3R, Linux 3 RGEARE R r 2 T — AN BERE A — I ) 3R T AR o SR S — N HERE 75 B0 o
ZIEEL, R, HPIXANUERL . AP MR R, ANREistT, HPE
IR A E 10 2 HTH PRI 0B R IR U 1] (AR A TN 58 SR S8 Ak 2% I kAl
(first come first serve) , —H—ANHREHA TS, & — H4ERHIREIE 5
o BB f5, HRERA SRS SR EB TN, REE LSRR, 2R
B2 PSR RN, EREAS XA SO RSB e i3 R

WR RGP A LB N, RS, WERIXAEXT2 M R G D& T i
SR Y, FRATH AT DU o« B BB b B IEAAELE, e AT U A BB A B A R AR
B, VFS inodeH PHANEXT2HE A 13k 7n B A 13 B 40 e B i B () SC 4. prealloc block and
prealloc_count, 43525 BoEe A 58 —He i) g 5 AN TR Be R 0 H o an R 3 Tils Bo e sl
T BCHEE L, EXT23C/ R AL — N Fr s . EXT2 XM RS e &G X g — A4
ez s PR RSN . B L, XS A EC I RCR e mr R, A AT AR v ) B
Pro WERIXANPOA RN, dksdrdk, 7EBEGE 64t b R BAR SR L . XA, BARAS B
PEAR, (HJE /DRI E e YA L, AE N R

Z l.fs/ext2/balloc.c ext2_new _block()

WX LE AR A W 1), MR TG A A L P 2 SR B R e, Py B ACAs
FEIXLe ] Hr A R8N N B B % . I R ICHE— IR IR BI8AS, "B ARG ER . WA AT
WS, JEARVE, e N E Brpreal loc_blockAlprealloc_count.
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AVEAEMR LB T A I Bl b, Doy Bo AR 2 SO AL I BRI, I Mbuffer  cache /3 fic
ARG IX o IXAN R SR DA S SO AR e I A AR U AT 0 BC B () D2t 5 R e b
Wo G IX P EIEHEBE N0, ZerhXhridh “dirty” LoRE RN ECKRA S 2 RAL L.
i, EPEPAG BN “dirty” , BonEBHT 7, RIRE BRI R 2R AR
AP, IBABNS P AR VST, AR E TR, e SR
fEo BEREMECE S 208 10 Bt b, W R B PGy, AR R AT, Foic e Kk

9.2 The Virtual File System (IR ZIVFS)

9. 4275 T Linuxt% Do R KRS RGNS (RS ISP R L B OGR o REAUSCAF R GE 20
BRI (8] 22 (M BT AN RSP R S8 DI E A B IR AN SO R G0 GRAD A4
SN 2RI S RGN B A

HUAIRELI L, VRSB FARTEHE Z BT inode R Atiid R SCE, FIEXT23C1F 3R G FH (i 2%
Heflinodelr) 77 X AEM AHL. S EXT2fFinode, VFS[Finodedtiik R4 fSc - f H 3. RIS/
RGN ARG . NIRLETFUR, A TSIy, e HVFS inode FIVFSHA g He LLAH []
EXT2[P] inode fIHE 2 e [X 43 15K

Z: WL fs/*

YN RGEVMA IR, B A S MVFSEIL . X KRETE RS A shiffE R acwliatt B 510
IR o FLSEHSCIE R G0 B S LA WAL B @A A T IR . SO R GERTERAT R Gt it 2
W ing, Frbl, WURVRAT SO RGEHIAZ OB 7 B, A B VA AE—NVRATSCAE &R
BB IIHRA I 24— N RGN ik, (B Hiroot X RS , VFSUWAAEL
BUERER . B30 R GBI 8 e 1) B U R 0 Z0 K XA ST R GE I R 0 4544
TR IR LA SR 31— ANVESTE P B Zi 4 [0 VRSTRAF RS 228 1 SCAF R GE I 91 e
MIVESEB YK . B DMVFSEBIALHE T 3CIF R S8 IS B 58 R 7€ D RE IR (3R T
B, o — A BEEXT23C T R 48 1) R FE — DNEXT2AH 5K 1) inode ) B2 U R IR £ X
ANEXT2  inodeitHUBIRE, P IFSCAT RGEAH K inode Bt UG FE —A4F, HAVFS  inodeff)
1o B AVFSHBPIARE CERZETH—AVFS  inodeff$5%F. X Troot &S, XERR
3;; ”1 Hxk i inode, IXME BRI TEXT2SCAF RS M m 8,  AEZ T HoAth ST R GEARXT 3L
2R ;C o
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e Inode
VIS i} fin- Cache
MIMNILX EXT2
Drirectory
Cache
Buller
Cache
sk

Drivers

Figure %.4: A Logical Diagram of the Virtual Tile Sysrem

YRS RERLYT ) H RSO, T RS BIRE, U5 RGP HIVFS  inode. B —AH
TN IsE E cat— N SCA,  ARVESE AR XA A R IVFS - inode. W R H I RE—A
SCAAT H S —ANVES inodeft%, JFLL—%Linode R Vil . XLinodefrf7 1 inode
cache, XilXFEMIMUs R B, WH—inodeASfEinode cacher, ARA DAZIIHH— RIS
RGP RE R BUE 24 ff inode.  BEEUX AN inodelfIEh/E1E e /%% 1 inode cache, LAJ5 %t
XA~ inode i a2y ik e PR B fEcache . /DA FHIMIVES inode 25 NIXAS =i G2 A7 HH M %

Z: Il fs/inode.c

AT BILEnux SO R S — AN LRl fbuffer  cache k2217 2 ¥ & R 2P X, X FE 1] LA
I FAF O RGBT ), MNP SCH R S5 i) . X Nbuffer  cacheilt
ST RS, RAELInUXAZ O EE S R B HHRE S X AL o AkLinux LA R G T
JEJZ A TR SZ A2 (1) ¥ & IR TP B R R U b o BT IR EE MY I 132 4% I LinuxAZ 0 81l JFR
WA —ANGE—11), DAHORSERL, H &SP . EER AR L Pk & L anSCS 1k &t
JEIXFE . ISR SO R G RZ Y B R R REEAE 1), 5 B 4 IR SRR e e AT T4 I 1)
B DB PR, AFIXA RS R AERL T buffer  cache. 43CF RS E T ety it fis,
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EAIHAFIE T P SO R A Linux A% O 3L 1) 4 R ifbuffer  cachet . JLH(#jbuffer (2%
WX H e g 5 R e e 45 1 — N ME— AR TR R AR IC . BTLL, i SEAH Rl f B 485
WL, e Mbuffer  cachedizHY, TMANEMBEEL LI (SAEHRTEZHR]) o —LeR % Rl
Ak (read ahead) , HPseSTistil, L& LLE AT BEMIEE,

Z: W fs/buffer.c

VFSWARATE T — A H R EHRINGEAE, Frl—AY% H I H % inode n] LI E] . 1E A —MR
51, WEN TIRBITBE TR H XY R 5B IRIRVIRII 5, RESER G D, Y
28 IRPRFIZR B, g5 RSBk H SRR ALt H sk L inode, X &inode
cachefi 5t 111, H A7 FeA 76k H 300 H &R A e 11 inodedi 5

Z: . fs/dcache.c

9.2.1 The VFS Superblock (VFSE#EZHL)

TN A R HIVFSHE R R IR . B T HEFE, VFSEFETE:

Z: JLinclude/linux/fs.h

N

Device XA S R G B £ KV bR . i, /dev/hdal, ZRGH(K)E—/NIDERY
B, WA MRS 0x301

Inode pointers I rif¥jmounted inodefiitdi M RGN —4 inode. Covered inode#s
B8 1) SO R G822 31K H S inode. X Troot XA R4, 'E IMVFSHEEZ R+ ¥ 4 coveredik
o

Blocksize I RGEHH) TR/, HI411024775 .

Superblock operations #5[—4IA AT RGHERIBIFE TS B T LA 2 41, VESAE
X LU R S inode FITEE 2 B

File System type RIIIXA 2L RG HIFile_system typeXidis 454 11— AN 84T

File System Specific 511X RG TG L ME S — AN RE

9.2.2 The VFS Inode
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FEXT2 MRS, VFSHRE—A30ff. H R EEHH—H A H—AVFS  inodefti&. &—4VFS
inode (115 BEH SO R G AR IBIRE N JE I SCE R G 3k, VS inode HAEAZ LN AT
RAELE, RESNRSGAH, mB—HMRfE(EVFS inode cache™d. [T H&fZE, VFS inodefuss
—%iﬂﬁ:

2 Winclude/linux/fs.h

device fAHGXAN A (BEXAVES inodefUH S S48 1R & IR A FRIRET .

Inode nunber XA~inodel %, FEIX/NCHFRGHME—, Device Flinode number)4l&7E %
RIS RGP R ME— T

Mode ZEXT2—Ff, IXAMHFIRIXANVFS inodeft2 1 4 PH RIS (197 i) AL B o
User ids J& EFriRFAF

Times G & SUNIS (IR [A]

Block size XAICAFRIERAG AR/, B4n102475-7y

Inode operations 45 —ZHBIFEHB AL FIFRER . XELHIFERTSCE RGN OE, $AT X TIX 4N inode
(KEAE, Flintruncateix 4> inodef U3 (1) T 1

Count HR G 4T HXAVFS inodelI%H . Count OEMEEIXinodese SN, 1 LLEE F Bk
HEH.

Lock X AN T4l 8 X NVFS inode. 141> ST 5 G LU e (R B
Dirty BI/RiXANVFS inodet S E, WIRIXKE, JEZEKISCIE RS EE R .

File system specific information

9.2.3 Registering the File Systems C&id /&%)

. [ili_system_tvpe file_swstem_type [ile_system_type
lili_sysiems

— = | “pead_super )

sl _super( ) i _super )

T "axts"

regjuires iy

name "proc’ Teame 'isofBE0”

redguires_cev regpuiresdiey

nexl nexl [ESh

Figure 9.5 Registered Tile Syarems
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AR LinuxEZ ORI iz, VRS BEE ) & A5 75 28— D SCRF I SO R GE . Ui O EE T I i,

I#%%@%%ﬁﬂ@%ﬂ?%ﬁWL%I#%%%@%%%&%ﬁ% Linux 0 R Gt n] LA
AT, XAME LR, e AT R] DALE R SR s g el T AT A insmod gk . M AE—

MM RGP EE, & B S RS, MESRAE, CEEs. BN RGN

GRAAIRRER ) B RS RGN B &, FEFH—A File_system_type#i#is 45 ﬁﬁ% X LR S

ARG AT, ﬂFJ%J]EW%E%&%&W%&%%%‘ENSmTﬁMSWmmWwﬁ

P i *ﬁﬂiﬁiiﬂj’ﬁﬂflle - systems$EEH R M ) — AR, B File system type$di 4+ 1y
FHLUUTE B

Z l.fs/filesystems.c sys_setup()

Z . include/linux/fs_.h file_system_type

Superblock read routine {EiXANICME RS — AL g A%,  HVFSTRE XAl FE
File Systme name SUPFRSEMIAFR, llext2

Device needed ZHXANIAFRGTHTE ABASFF? IARA IS RGT 2D kA7
8. Bltn/procCERSE, AT E— R

R LA 22 /proc/Filesystems R A & 2 ic 7ML SCPE R SE, il
ext2
nodev proc

1509660

9.2.4 Mounting a File System (23R40

B AR 23— A SO R G IR, LinuxdZ o 20 i G5 iE R0 L 2 5. |
SRmount ] ARAT S8 EEA KRG A, (H 2 B A A X MOy T S8 v DU FR I S0 R Gl 21
1255 e B AFE . B EELL T mount 1y 4:

$ mount -t 1s09660 -0 ro /dev/cdrom /mnt/cdrom

KA mount iy @ ALLL L = E R SERGEM AR BFXA RGP BB B %A
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XASBT I SCAE R GEEE LA IUAE (S R ST A S R v (R s

JEAUSCAE RGN S AF S S R BRSSP R G, & H oA Tile_systemsik [ [ 51K
(K1hE—AFile_system_typeldli4itly, AH PO N IFRS. WREHE] T ADILET
PR, B RO SRR S R G R,
NI RGNS MR EARERE] D ILECHISCIE R FR, IR W T ] DLSCRi%
BB N (S IER12%) , sl DLgkEE.,
PIRERE N GG 2 () S R G

2 il fs/super.c do_mount()

% N.fs/super.c get fs type()

vismnilist
—_—

vEsmonnt

mni_dev 00301
mni_devname fdevihdat
mni_dirname /
mnt_flags

mni_sh

nexi

L.

Figure 9.6: A Mounted File Svsiem

file_system_type

Fread_superd )

name

VIS

super_hlock
s dev 00301
5_blocksize 1024
s_type
s_flags
s_covered
s mounted

500, W mount L IR K BR A £ 1B VAT 200,
SEIPVFS inode. IXANFS inoder] figfEinode cacheml i W% M Sz I AN 222 i I S0k R 4 I Bk

Beee L. — H KR TiXAinode, Hif e
MH . [F—NHXAGEHEZ TN RGN % .

iy

requires_dev

next

VIS
inode

"ext2"

i_dev Ox0301

1_ino 42
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FHAFE T SR GANSCHBIRE 3L, B0

RPRTOL T, FEGREEZ AT, A%t sRAZ O

AR 2 RIVHS J8 A B IR SCAE AR 1 2258 s ¥ H

—ANHER i B AR SO R G R

X, IXANVFSZEREARAG DA 2053 e LA —ANVFSHE e A i 2 3545 B2 XA U R Ge 1K 2 b st
WUIRE . ARG (RIVESAR 2 He #5471 super_block 53t 45 /4 41 i fr super_blocks|i] &,
WAIRUAIX IR 2 A e — A G5 o B e S B9 A2 DA ZBUHR i e A B2 46 S B A VL 7R VRSB 2%
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Pertdl, XFEXT2SCAF R M S, XAE B IWE sl Al Y 5 Ty, & N T E i EXT21 48

FHIEIHBIVESTE B . 0T HAth SCHE RS, HIUMS  DOSSCAF RS, FHA X AR TS . A
BT ARG, YHFEVFSHB LR R A A2 SCRE S BB 46 S IUR R 1 Z S0 R G 1S .

W HR A BRI E A B IR PRI SO R G, mountdin 22 R M.

R A0 ARG — A vEsmountEdis 5 i iR, 2 ILE9.6. Bl IFEvEsmntlistig|n) 1) —
MIVERPHN . 7 —ANRE, vismnttai LR M AIR P &5 — N4 H, Mimru_vFsmntdeEr 45 ) 5
AT SRS B> vEsmount &t M) B A7 O A U R A B & 10k % dn s, XMER

G B 1) H s A — A8 WA SO R G 2280 BT oy B IRVRSHE 2 e (1 Fe 5. VRSHEZHL 4R ) 1X —

R R G File_system_type £l 45 XA U RS Iroot  inode. X/ inodefEix A
ARG NG R — H B AEVFS inode cache .

% I.fs/super.c add_vfsmnt()

9.2.5 Finding a File in the Virtual File System (#fmEfl kRGP AH—A M)

J T BN A ERSCE RGP FIVFS  inode, VFSAZAUKIRLHK, —k— N H, HEH
] (R4 — N H S IVES  inode. & H A $R#B 2 A RGO I B FR AL bbbk
TEARFR AL H 3K IPIVFS inode ) o DRUAYE U RGIFIVFSHB e b B e U R G root
inode, JE/EEH B HIREM RN, FTRUEEA R RE AT DAk S:, B IR E RS RS
inodeffy ik, HREAG A XA H R M H R A7 IR H RGBT RAIXANKH, HE X RGE
2N RS0 22 48 %24 M inode cache 3R 73VFS inode.

9.2.6 Creating a File in the Virtual File System (ffm#lSCiE RGP aIE— 3t

9.2.7 Unmounting a File System CHI# — 3550

T CAE T A 3 B I R O PR EN ) Sk R, (B TSSO R G AN R . R RS

HRGEMH ST RGN A, IBARA SO RGO AN RE R EN 2. B, a3 — AN ubRErE

1 F/mnt/cdrom H sk ek 1K1 H sk, RN REEI R /mnt/cdrom. 40 SR AT 2 VE 8 A FH S5 31 2% 1 S

248, B4 EMVFS inode<s{EVFS inode cached. FI#fCIL) A ¥4 inoded| %, AIJET
AN ARG & inode, WX AN 222350 SO/ RA VRS B Zdirty, Se e
BEGL T, WAE LI E P B LR SRS . — BB TR, IXANVFSHEZE i KW
ﬁﬁﬁ%@ﬁ@ﬁ%%%%ﬁ%$o%5,ﬁ&ﬂ%%mwwmﬁﬁ%%&Mﬁwmﬁﬂ$%

R IFRE I

2 il fs/super.c do_umount()
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Z l.fs/super.c remove vfsmnt()

8. The VFS Inode Cache

7 T 2 SO R G IR, EATTIIVES inode N EEL, RS
No RS RS YE—Ninode  cache, FH T-hnint 1B s 00 R 48
HIim . &—Minode cacheiti—VFS inode, ZRGiuln] LA 25t T4 #E
WAV A

Z: I fs/inode.c

VFS inode cachef#%% (hash table) [77=Vsiil, 4% H Ei8%l, I5mbE
£ [A¥Ehash valueffJVFS inode %1Z&. —“NinodelfJhash value M Ef#jinode
U5 AR XA S R G2 ) FE R I 4 g 5 b S R o ANl s
P R TFEY W — N inode, ‘EHEEEAFVFS  inode  cache. b T{E
inode hash tabletfh#&r#—Ninode, ZRZHE il Ehash value, X5 H
‘EAFEMinode hash tablef)&R5|. XHSR] T HAMIAhash valueftJinodef)
IR IFEEE . ARG S — BT A ) inode B 31 'E 6 3RS 24k ) inode B A AH
7] [¥) inodeZk 5 FHAH [F] (1) 5 & R A (R inode A 11

R n] LLi7Ecache #.2iX 4~ inode, ‘B fjcountiitéhn, XxeEH T 5 —NH
FU, SR RGNV R ARk AT . BN B AN IIVFS  inodeil SCE &R
ZiilinodeE A BN A7 . W #3 3] — A= N I inode, VFSH —RFIES. Wik
R LI ZMVFS  inode, ‘ERLXFEM: & FCRL O LI EAT 14 R
(1. 25 W inode, i Elinoded) ., RS T IFIVFS inodef® 1 7t inode
hash  table 2 #hthfE—HFirst_inodefs 5% . WRRLECLIA T
ERVFA A M inode, ‘B3| —Anf LLE H M inode. 7 1L Wk Le
& (count) JEOMJinode: XFR/R ARG Yurd A M. HIEEERVFS
inode, U1 &% iroot inode, C&H T /N KT OMfEHE, Frbliiz
ANSEMEH . — B —AN\EHMEE, CMpaEkk. XAVFS  inoden]
BESEIEIR, XN RGNS S R AR 5 A e gk s . 78 FH Z WX MVFS

i node 1) 326 A Z5A 15 4k

BAREE] T —ASBVES  inode, AU —DMAISCIE R GEARSCHIBIRE, T
MR JZE I FE SO R SE s U5 B3 78X 1N inode. B IR INR, 1X
ANBrIFIVES  inode IR, JFEBUE, B EAFEEIN TAT RIS B2 1Tk
TeER A e HERE ] LAY ) .

J TSRS SRR T ZMIVFS  inode, SCHFRSE T RETS 25 n H e —%inode, 1X
RALEVREEI N H Mk WA 54 H s inode & 75 211, {HJE ) H
S inodeth A4 EL . {VFS  inode  cachefd FH ik FRFF3E N, B /ME FH 1)
inode s # R 35, B2 AE A inode s {3 B AE ik S A7 o
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9. The Directory Cache ( H¢ZE17)

T IR H R Vi, VRSYEY T H & H I — AN mid e r. MEIE XRG4k H
SKIIIHAG, XU H SR pie N2 7 HR A . IR & FE—AH X, #lans)
LTI BLIA e, sl DU H SR p 3], HAE MM HRAH (RZISTFHR) WA,
AR AR, OB H A S B Blan: XIS % )8 3 i

fize, fusr/X11R6/binE s S E b4k 1 ]

Z: . fs/dcache.c

Hak A 7B &— hash table, &—A4&HERN—AHAMIFIMhash  valuelt) H 28174
H %1% . Hash PR E AT A7 TBOX AN SCAE R G 13 45 115 45 9 5 AT E S 44 Bk K15 fEhash
table (i fmfs mal RG] . B ARFPGERBI G H XL H . R —ANEAAAE BRI AL 9 i
R, BURAIR AR, KPS

H T RFRIX Eecached e H, VFSTRAF T — M di /DAl (LRUD HRGAF&A HINYIER . 4
—/NHXEHE —IRBORE T A7, SRS e IR R IR, SRR T —LRUSIFK
MG . YT 7Eiiificache, X&8 LLRUSIRFTHIAFAERIZ H o 4IXA H x4 H FF— R85 10
I, R T 2 —/NLRU cached R E G . [FIFE, X—R'e# XT38 —LRU cache’
AT —RBAT H 35 H o XN —ZRLRUFIR R Je H ok & H AR ST . X4k
H 2 Bt AAEF R R T 2 A e s A vrin) o W5, eSS ENERN G ¢
:ééélfg%ﬁﬁﬂ?%lﬂ%%ﬁ LEAE—HLRUZEAF AR 4% H N 2e 4x . R IX S H AU A 4k
mHS&LELSH.

hash_table bhuffer_head butfer_head
—_———— -

b dey 0x0301 b_dev D080

h_hlocknr 42 h_hlocknr 17

b stawe b_state

h_count b_count

h_sire 1024 b i 2048

bh_nexi b_next

h_prew b_prev

h_dlaa b dara

buffer_bread

1 ey 0x0301

h_bliscknr a9

h_stale

h_coumnt

b siee 1024

h_mext

T prev

br_diata

Figure 9.7: The Buffer Cache
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2. The Buffer Cache

AL 2B SO E R ST, e I B o A K 1 B S s B3 K . P
A A HREE 525 11 SRAS AR AE A2 I RE I, Llbuffer_head Eiodls 4544 (1) 125X
b 2 WA KB RE Sy IXSHR Sk 2 ) T RO XA RE P E T A B b
RFME BRI T BEek, B 5 U T RBIRE PR BB, BrAT IR B 4G AR
FER/NIBR I 2R MR & o A T o0 T BRI 2 U7 ), Linuxged T — AN Bz
XINZEAr . ARG PITAT MR pR X B IR A7 AEIX A buffer cache, L&A FHATLLH
(K. R G X o XA XA Y BB BE G S AT I RS A7 X
A Z RGP X, WLLE AR — DR G, W% BAAAFREPIRES . a1RAE
buffer  cacherP TN E M, IXHin] LI RG00 FBBG 1V . AR T
M T He v a6 B 5N IR e i X AR 1E X A buffer cache. BT Inf [] ¥4k
%, ERRENZAGA X IER, Dy e R RN AR S E]), SeE iR s
WA, HUTRE - HE AR A X

XA X B ZZ pp X XA G 1 X T J 1R 38 % b IR SF R B G 5 ME —BR i . IXAS
buffer cache /N IhRETR T dlaki. ZH—B 2 T WM X B . F— N EFE
KA MX. (RETTLASCERRD) —ANIEK . RGN IHZE ph X 2 58—k
oYW R S I I AR IR L B R HERA o 2RI SZRFIZE ph X K /N 8512, 1024
2048, 40961819217 * _ADIReHl e gfr X (cache) AL, X/&— hash
table, 22— /MREFIMESR, HTHEAAMAhash index/Jbuffer. Hash index
B BT 6 s AR IR AT I B s 5 = AL ok . 197878 T X hash  tablefil—£&
%H. REMXEAERNYIRL —, BAfEbuffer cache®'. *4'¢f17Ebuffer
cachelfJ I, EATHEAELRUSI R R HEBL . &AM IX I —/NLRUAIER, REAEH
X SE AL — PR 22 ph X AT EAE . Blan, 06 B 2% v X 5 IG5
o SR FEA S TS PIRAS, Linux 24 [T 3247 DL 287

clean ARAHH, #Higzrx (buffer)
locked BiEMZZPIX, SRS A

ﬁﬂy JERI e X o AR AT U A, RS BIRGE, (Eo2 HRIBLEIEBAT I
R

shared JLEZEpPIX

unshared & LR pPIX, (HEMAKE L

ANBART B SCA 22 80 75 B N RS 2 R B 8 45 B — N2 b DX PR B A, B A IR
buffer cached 152 —/ e, W EAGEMbuffer cache £33 —ANZEMIX, il
MIE RN S R BRI — AT IR X, XASHTIZEh X 238 Elbuffer
cached'. IR EFEMEMNX O & /rbuffer cachet, B4 B nfE &M fEA & &
o WHEAREN, BT NHIREMX, U RG W 0E K & IR B FE
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7 MG e OE 24 ) Ei e
G R EAE—FE, buffer cachehZi4Edr, XFEE A GeAMMIE,T, I
1% Fibuffer cacheJHL ik & 2 (Bl A PR PC e A7 4 H o Linuxqd %0 P4 3R

EfwmﬁﬁﬁﬁﬁBL%ﬁﬁiﬁﬁﬁiﬁ,ﬁﬁ%—%%ﬁﬁ%%ﬁ&%ﬁﬁ$
ZNIEATI

9.3.1 The bdflush Kernel Daemon (#%.0»5F3iEFEbdflsuh)

o0 srdr dEFEbdFlush & — AN R AZ O PR 3R, N THEVF 2R X (RS0
IR RIS 5 BRGSO B R X)) I RG AL TSR . BAE R G336 i
YERN—MZ DR R ), MM EZRE, EMA O, “kflushd” , 10X 278 Hps i
TRARGP R HEAR S BRI Z T XA IR Z B RIEREIR, 565 R4
R A2 X B B B RR E R 2428 v X A Be FURE JBCR I, sl A 2 R 45 i
Mg X A H, SR )EmeEEbdFlush. S48 1) BB Z60%, H2& W RSk 5 7 E 8
X, bdflushth &4, 1XAME nT L updage i &K 2 f A

#update -d

bdflush version 1.4

0: 60 Max fraction of LRU list to examine for dirty blocks

1: 500 Max number of dirty blocks to write each time bdflush activated

2: 64 Num of clean buffers to be loaded onto free list by refill_freelist
3: 256 Dirty block threshold for activating bdflush in refill_freelist

4: 15 Percentage of cache to scan for free clusters

5: 3000 Time for data buffers to age before flushing

6: 500 Time Tor non-data (dir, bitmap, etc) buffers to age before
flushing

7: 1884 Time buffer cache load average constant

8: 2 LAV ratio (used to determine threshold for buffer fratricide).

AEH AR EN T HdE, B TIERZErt X, BT M RS2 b DX BE R AR
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BUF_DIRTY  LRU%ZE ™, bdflushss 23030 AH#E H ot X G 2 e IR T . IX
ANECH WA L updatesy S K A R RCE , B4 £500 CIHL BB .

9.3.2 The update Process (update HEFE)

update AT AMPUE TS, EWEE DR JUEHHN S S (RG]
AL TBATIINAR, e e WHEPTAT IH IS o X5 2GS E o el i il R 5
SAIRERATIXLEAT 55, o2 sl D MibdFlushif RS AH IR o 2B BT —ANIESZ i X IR N
fo, #brid LE Nz S 2 B DA LR RGN . BE—Rkupdateiz 1T (I
15, CHERREPIANNERZENX, ARAAENER RIS X, &
REI 2 b X A S5 B REAE b

2 L fs/buffer.c sys_bdflush()

3. The /proc File System

/proc A ARG ESLHARTL T Linux B RUSCAE R G RE ST & LR EIFAAAAE (X
FLinux B N80 , /procKl e (1 H sk VAR (R SO AT AE o AHE AT
2 4Rv]Llcat /proc/devices? /procXXFR%, F—ANHIEM KRG —F, W
RS RGEIL B O, RS E SRR H ST, VESHAT IR I SR e 11
inodeffJ IR, /procSCih R GEAFI FIAZ Lo b ()45 BB X Se e AT H sk o Biln,  #%
L[/ proc/devices AT i WA OV IR B 115 £ IR 808 &5 4 Hh = A2 R 11

/proc AP RGENEE T — AT AT E 1, BEARZ O N ER TAEZR | . —28Linux
TRG, Bl 125 R I Linux iz ORI, #7E/proc M R geh Al 4 H .

4. Device Special Files

Linux, ZPTARUARKUNIX FE, SUEIRIPF SRR R R SO, B, /dev/nul e i
%o WA SAATE ARG 5 AT s 23 0], & F e B IRBIRE P (1) — N7 IH) . EXT23C
11 R GEFLINUX K VFSHERIE 1 £ ST M R 2K (K inode. A5 P RR A (W& S F: PP Ay
BRSCAT o FEAZ N IBA L, WA IRSIRE P A SE I SO BE AR A . IR AT I RIS, F
PR & SRVTF AR /084, ik &Sk a 1 1/0 ikbuffer  cache. X% T— /i
SAEPAT— N VOGRS, E R B R G hIE A & ISR . 8% XA E— N EIER®
FWEFEY, e MNHTFRAEMD R &SI FET (pseudo-device  driver) fIUnSCSIBE#%
IKENFE P2 . A SO e85 dn s CBR iR &R MBSk ITH (H A IR¥I0, 5%
TR G o B, X T RGPS AN IDEEH 9% EAIDERIAE, T &% 5 23, IDER
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B — AN DX IR & g5 N iZose 1, Fibh, Is -1 /dev/hdal%iiit
$ brw-rw---- 1 root disk 3, 1 Nov 24 15:09 /dev/hdal

% W./include/inux/major.h/ B Linux i) 3% 5 9 5

FEAZ L, B34 — N kdev_tE R AIME—Hiid . XANRUAERANAK, F- Dk
WERMRK SIS, FH oM EREMRS . FIf R IDEBR & A% O h R A7 A 0x0301, fALE—
Heoli & PR A IEXT2  inodedf 5 4% 1Y E AR 45 5 U B 1 58 — /N LR BB EM AR L . 24k
VESTZHU I, AR EMIVFS inode it &5 /4 11 _rdevasi gl e B 1 E A I % £ R TR AT

2 ILinclude/linux/kdev_t.h

Chapter 10

Networks (M%&)

LinuxF1 2% LT 52 7] XA . SZFR_ELinux & InternetskWWIK 724 . & 1T & 32 1 P 44 Fweb
s B AL, AR ILinux B 5 W5 T30 — S UM 753K o A HEIA T Linuxdna]
THEGERR I TCP/ AP 28 WS .

TCP/ NP v FH oK S R 1% B AEARPANET L [PV S H L2 TR [P IE TR . ARPANET 2 5 [ U 8 98 11—

AN LEE TN ZS . ARPANET & — L8 I 28 ME X 1) 58 0K, Bl andi SCAS e g st o )2, ik — R il R
AR S . ARPANETT-19884F 1B, (HIZ2'E M4k (NSF  NETHIInternet) A&
RIEEE . BUAEFT&nffWorld Wide Web & 7EARPANETH R FERT, “BA G & tHTCP/ 1P S #F
K)o UniXZEARPANET LKA, 28— AN KA M 4% A AUN i XS&4.3BSD . Linux () [ 2% S8 2 Fit

T-4.3BSDIIFAY, ‘&3 HFBSD  socket CFI—L&y fig) Fl4=RFIMTCP/IPM LS INRE . EFIX Tl
FEE: e R E AT AR, 1 H T LA B R P AELinux FI L EUnix V- & 2 (RIS AH

10.1 An Overview of TCP/IP Networking (TCP/IPR4£&HE )

AT NTCP/IPIIZR () E R BHAR T — DI . XA — DR AHIE . Z PRI A
R I0ARSHEH (KD o
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NP, 5 APLESER I — AN IPHdE, X — 3207 R8s, ME—Friix — &ML
Mo WWiE— AN ER B R, AWK IPIES, AN ERE LIPSt 7 —Mi—JE
PPk, IPHuHEF A BRI DUAN S 7R, B, 16.42.0.9. IPHuhESERR B2 AP/ N B4
W2 Mt AT ML hE . XS HbHE RN RSP alREANH A JL2RIPHBAE) , DL16.42.0.9%
B, Megihl216.42, THIHNEZ0.9. EHHLHEAT LARE— R4 o 7™M (subnetwork) Al
FHHNE . FFREI16.42.0.9 44, F bl PIE16.42.0, FHLHHE416.42.0.9. X T IPHL
HEREATE— 22 R4 RSN e B M E . B, k16,42 5EACMETHEHLA H] 1)
Zehihl, 16.42.007 L2 70, 16.42.10] L2 1M1, IXEL1- W m] AR/ S i R, Wil
o L 2 a s E Rl e & B . 1P R B A A0, A P X 40 R % 4 BRAT
KW — AN FINE . AP EE ] DL H A BeAt AT B O A B 1Pk

HIE, T IPHIREAE T2, M4 TFEARSICIL. Linux.acme.comtt16.42.0. 95 i, A 454#
FH—FPHL I N 25 22 P o IPHBRE . IX 8842 7 0] DL AR A7 AE /ete/hosts SO H 8% ik Linux
WA — A A i 4 IR % 2% (Distributed Name Server DNS) SKf#MT 4. XAMEHM T, AcHh
AL GNTE — A a2 NDNSHR 45 25 [ IPHBSE, 7 /etc/resolv.confHigiE.

ANEA A BHGEARIER S S — S LA I, LB web  page, #REALE € IPHHEFIE
APl B . XM EEE AR IPHR ST (packet) WY, B ANMRICHAT Pk CRLFGEA
HARHLAS K IPHLAE, — IR AR S AT HY A5 2o ISR AN PR ST ¥ A Hh 45 2 11,
A LALE NP SC IS8 P AR S R IPIR SO S8R (T figst IS IRR I HLIRZ) o WY
FRE AT 0 B0 vl REAR o0 AR 1S 7 oy AR BRI B /N (R S0 PRI R SC AR R /MR 32 42 [ A Tt
M4 UK SCE B K TPPPIR L. A AR EALL A P BeiX L Bdla i 50, SRJE A REAS 4 1%
WREFP o WERARIE I —ANAT S 18 (1 33 AR ) M K= R R (Kweb 1T, it n] LA 1]
T 5 X A (K i A 2

FEREAE RN PRI ML ] DL BN e R AR WP SC, 17 8 1 NP S 00 i — MR Bk 1
ML () Rik. WG (B HA) EREZ T AT L, EfaE—A7 M LRI 1P
LHEBRILER S DT M. i, T M16.42.1.0F116.42.0 0 — N CiERE, AT
HMNFMOKIE BT LIRSS RIE R OE, XA BERE Ko A LS — N
X, e DR R IPHCCRIE B IEMIALES . X TR—"MPHR, FEEhRPAHE
% H, HUFLInuxZEE)IE H bR T 2B IPIR SO R IE R — 6 THl. XU bR EAR, mHY
IS FH R A FH 9 2% R0 19X 265 1 23 A TR R A DT 15028

IPERBSURAL S Z M, AU, 5y e i1 sds . AL 4mPEh sl (TCP) J&—ANmTFEfY
Uit S (IR, A P IPALRE RIS IR S0 B IPHRSCH B Ak —#E, TCPA B Ak,

TCP& — /NI ) L B, PAAS W 4% N T AR el i — AN KBS I e — ik, EL & eI
ARES AL T M. WOCHIEK A . TCPLEM /NI HFR P 2 [A] n] SE AL 15 A i st IF HARAIE
AN ERMEL B . HTCPE I IPALIE AR ST, 8 PR SC AL 5 ) $icdis il /2 TCP
W 5. 8 EHL PR SRR PR SC . 7 Bk i (UDP) A IP
JEALIEE RS, (HEAARZRTCP, UDPASE — AN FEMITM, & Rt 5. Hethilitd
A DU B NP R S BRI B IPHR S, RIS TP 2 A ZIU S T XA PR S A A 5 I B As 45 W0 —
A EE A, BEANIPHIRSCISREA — N, A MR IRRF . MTCPIE R IPZ (%
B UPFR SIS A I PR SC 1P Sk st U6 BH & L5 — N TCPHR 3L BMIPE, Al HIX AN BURR IRAT
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KL B R B ) EAR AW — AN, EIXFEOL T, ETCPJE. N e it
TCP/IPIE RN, "EATAME A ZTE & HAs 1Pk, 245 @ Hbs N R 5 1 (port)
Hohl o — o I HEME— bR IR — AN AR, BRI 0 255 5 R R P A P AR v 16 v 11 ks 5] 4
web Ik 45 4445 B i 1180, i V28 3 1 Mkl ] LL#E Zete/servicesH 21 3],

RSy SRS FEAETCPL UDPFIIP,  IPHIMSUAS B i FH /1 22 AN [H] IR W B A RN L 1P M LAL fin
IPHRSC. XEEA R H Al gERE AT H itk . ﬁ#%%?ﬁuﬁﬂF PPPFISLIP, —
UKW SR 2 ENLIA N IE AR — DN BE R SE b o B AMEIE I DRI AT LA T A 7E e 0 &
HLER], FrAE—NPLRM B A — NMh— T — Mﬂm RE—AMERE B AN Hs bk (1) LUK 4 ot
SIS Huk (1) ML, TR e R RIX AN 44 1 H e Em%%% XA —JE kY
AN DA IR 8 2% 34 R s PN AR U 4 LI, JE R AR AEAE LUK R IR SROMAR o LUK 647
WK, Fln, wEE/£08-00-2b-00-49-4A, —YLDURMIHHEOREE T2 05 8%, M H btk
RIL T LA R i 2 2 X 8% L (1) T 1R SR ML e . R A UK it v BB 2T 2 AN R IR Bl (FF
HEHE) , FIIPHCC—FE, BNk AL & — NSRRI o IR LUK I JZ A] DL IE A iRzl
IPHR SCIF AT A AL S 2 1P )2

ETHERNET FRAML:

Diestination Sourge
ethernet ethermnet Protocol Dhata Checksum
adidress address

/ IP PACKET \

Source Destination
Length Protocol Checksam 1ana
. 1P address IP address .

TCP PACKET

Source TCP | Destination

SE y R
address TCP address SEQ | ACK Prata

Figure 10.1; TCT/IP Prolocol Layers

g T aE st 2 P, B s UK M RAL T IPR S, 1P 22420 4K H X AN IP ML LAK 4 by
Hbo IXAERCY IPHHE H g — AT eSS, LUK & B oA B i Eihht . 1Pkl AT DL
4 2% 55 34 DA AR 5 T 24 PO R P2, g P A A D) S 1 LA U BE L 1R DO I, 5%
TR Z 050 bl (T LSS S0 o Linuxfif HHE@ENT M (ARP) 1EALZS4E
1P 2 380 ol 0 S fP R b 5 G DAOK I bk o K T 43 30— AN IPHHE BT I 2R (R A ¢ bk, —
TS RIE—DARPIE RAL, A& B A SR IPHINE, KR —ADZ ) ik, kMg Fr
H R AT DRl HAXAIPHIEE R H AR EAUH —AARPIHI N SR N2, IXHH A HE T & £
Tl . APRANAY BRI E LR ¥ 4%, et ] DU Ho e B A ﬁmwﬂm {51 41FDDI $
REHEITARPIF S X hnic, XFELInuXiiAS 77 2R X e Mﬁﬁmp1@ﬁ‘Am&mw%,
mekﬁmw,%%@ﬂm%ﬁﬁwﬂmoﬁ%?mﬁ (R 1 X6} -4 2% 32 it PP 4% 14 1 PRB AL P
ARPi#E 3K .
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10.2 The Linux TCP/IP Networking Layers (Linux TCP/IPM %4y )2)

LR —FE, K10.28 7R T Linuxxt Tinternet Pl bl i SeOl s 15— R 5B i
7. BSD socketrh HLAIBSD  socketAH 11 F [F)socket B BRI K S Hr o S HFIX L1 /2 INET
socket)Z, ‘& B LLIP A FEA ) B i TCPFIUDP F a8 vt 45 o UDPJ& — NGB, 1M TCP2
— AN T]RE B P o MALIEUDPHR ST %, Linux ANEIE A Ef e 7 e 238 H
(P, TCPHSCHEAT T 45, TCPEER I AE—uifs & B CRAL 126 IR 20 IE A bl 2 . IPJERRFE T
MR CInternet  Protocol) (AR SEIN . X AR ZEAL 2 M E ks nr i inipsk, iy H.&niE an
AT SR B IPHR SC#L 124 B TCPEE UDP)Z « FEIPJZZ T, SZRELINUXIER M 1) /& 25 % 4%, 451 LPPP
FILUK M . M5 AR RS R B P % 4% . Horh— S8 LA loopback i3 #% H A& 4l0RE (1K) 4 11 1
%o ANHGFRUEMILInuXiE 25 Hmknod iy 2 6%, ML &4 R E R 2 843k 20 ¢ BT AT
ZIEA W PRAA RN S I UK B & IR B RE P A% 0 Z JE R A RE TR 21 %
CAF/dev/eth0. ARPHMSUAT T~ IPJEFISZ FRARPHI TR ML 1]
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Network
Applications

* User

l Kernel

BSD
Sockets

Socket 3
Interface

INET
Sockets

Protocol

I B

P

\ARP
3 3 )

Netwoirk PPP SLIP Ethernet
Devices

Figure 10.2: Linux Networking Layers

10.3 The BSD Socket Interface (BSD socket #:11)

KR —ANEHME D, AMUSCERFZ BN, e — PPt R R H . — ) socket
BT IER -, AR R MRS A socket, A EAT] 2 &R H O
. Socketn] LIAHZ B — PR B A, (HEREEA, socket T nl LA 44 I 2k
XA BRE. LinuxsZREJLR2EA fFsocket, XEe2knyfifaddress families (GHihbig) . X&H
HRE—REA A DEIHG 720 LinuxsZRFLL Tsocket address familieszidomain:

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4%:.Lrrf 3CF- it Page 123 of 207

UNIX Unix domain sockets,

INET The Internet address family supports communications via
TCP/1P protocols

AX25 Amateur radio X25

IPX Novell IPX

APPLETALK Appletalk DDP

X25 X25

5 JLPsocketZ Y, Af—FpAACER TR LIRSS 2R . FHAERT A address  families
H S BT A 2K IR S« Linux BSD socket 7Ll Fsocket2#l,

Stream iXPPsocketyfit T nJEEM L XU W AR, PR AR e A S k. BIRER
A, Stream socketfEINET address family ' {HiTCPHMS 7

Datagram iXFhsockett &t T X 5t 4, (H 2 HMstream socket A, ‘&ARIEHES
FiE. HRERIE T WAL AT 28 8% A H= 2 sl . XM ¥ socket
Internet address family ' HUDPHM Y 2 £F .

RAW X ARVFHEREEE: (FrBAnY “raw” ) T5JEJZ0IEM B, ] Bl —ANDOK M 32441 —
“Nraw socket, W &iraw I1PEHE .

Reliable Delivered Messages iXR % EudaHi (H 2 H ks AR v DL 2k
Sequenced Packets %istream socketfH & ¥R S0 A /N2 [ 5E 1)

Packet IXANEFRUERIBSD socketZE#, T ZLinuxdE Y e, AUFHERE E B R &2 U5 R
p'e

fifi Fsocke B TR HERE F — A% P IR S8 B . RS wed (it iR ss, & X RS . —
AXFERIH T —Web RS- %%, #iftweb pagefl—Pweb %0/7 (ELNIMWEHS) , FRHGX LT,
i Fsocket(f IR %48, T 5eflidt—socket, RJ5 R 'Ebind— P45, XANL 1k A
socketffjaddress  familyf K, ‘&R AIIAMMNE, Socket ) 42 sl Huhil F sockaddr 4
ZERIEE . —NINET  socket£x4hsE — NP bk . V30K 11 4 5 7] LLAEZete/services
EH: W, webR4 #8100 14280, frsocket 4FE — Mk 5, RS 25k Nistenidt K % T
R MR HE S EAE K. R AR E, &, Gl socket, JFE LHBAT —ANIERE
K, FBE RS S B bR k. ST —ANINET  socket, RS we (ry il 2 e (1 NPl R e (1 o 1 b
HEo X EEHE R R AUE KR PZ, KBS, SRS LRSS 2 i W vy 1 55
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Fro —HRS s T RERIEK, BBl (accept) EiEfidgie. iR 2R
R, RS 2R AE) N B socket R #5252 . — H—A>socket CL& H T~ W Wr 33k R ) 51
K, CMAREFH TR ANEE., @A 2 G, WanEls el LL A R IS AR .

E,%—¢ﬁ%$ﬁﬁgmﬁﬁ,Eﬂuﬁ%ﬁo%ﬁ¢®,ﬁﬁﬁ%ﬂ%ﬁﬁﬁ%ﬁ%ﬁﬁ
k3o

—/MBSD  socket L [FIEEAVE A D) R U T I 2 IR HbbE i . st 7 —ANTCP/IPIE RNt v —
AR TCLR X 25 A IR KIIANR . GBS RS — A, LinuxdERTMT (1 b AR G i ik
Fr S HFIBSD  socket/Z#il1% TBSD  socketHIpN FIFE 2 Al flIsocketd L o 4% CoWIaa Ak K s
i, FSTAEAZ O I M i 5k 17 BSD socket# 1L A Lo MG, 4N HHFRE 0 g At HBSD
socket i %, 7EBSD  socketFl'e; (2 #EMbE R 2 TR N —ANECR o IXFIIEC R 2Tl AT %L
P S8 R LSRRI RE R S . B, 4N AR A8 — AN it socket (R %, BSD
socket# I gt FH il % AH ¢ [ socke t B 2 51 72

YBCE LD, — 2 bR AR A 7 2] T protocolsial R . AN ERH R A B
(il “INET” O FE PG BRI bR AR . MBS IH%, sockety HIMhM, RE—
IR RS FR L R T . A T-socketduhib e, "EATTHLIA 80 — BRIV SGERIE . XH
LR, R ANERAT — AN R R AR OC R R ERAE . Bl IR B BUR AR PR A7 {Epops ] 3%
W, XA R DRAT 4R W proto_opsE i S5t FREr . Proto_opsEds 45 i L FE B UGS A —
FERVER 52 Huhik AT 2% Y socke tEE VE B RE (K45 4T« Pops [ & 3 FH Mk e AR IRFH 1 &R 51, fltn
Internet address family[IFriRAF (AF_INETHE2) .

2 ILinclude/linux/net.h

10.4 The INET Socket Layer

INET socket)z i 5 TCP/IPHM XK internet address family. % FIHHER, XEEHLE
AR, BN LS PRI IR S« Linux[FITCP/ I PARRE FIELHE 454 S e 13X Fh 43 2 o

‘EIFIBSD  socket)Z ¥4z 0 & il ik Y 5 W1 AR Ak IR i m1BSD - socket)Z & i [fJinternet address
family socket¥EAEHEAT 1K), XL & &0 bk i /e pops = % . BSD socket/Zil
L P AE B0 i proto_opsEidfs 45 44 o (1 INET)Z ) socke t ST B AR 52 e IO T . ldn, — Mt
hEJ5 R INETIIBSD  socketfil) s i >k £ H )2 Y INET  socket Gl R %, & — kX #:1FBSD socket
JEHBIARKBSD  socketPsocket ik 45 )AL 1 45 INET)Z . INET socket/Z4# & B St 2544
socket, %#:FIBSD socketZ gy, WA ZFHTCP/IPAHCI(E EHBSD socketdmiil, iXFhiE
2 WLIKI10.3. ‘i HIBSD socket [fidatafs il flsockHdl 45 # FIBSD  socket it 4 f it #i i
Ko IXFERAJGELMIINET  socketifif H v LAR 2% 7y Mgk X N sock Bl 4544 . 7RG (I
SockEL s £ A (P DB EFR T B B ar, ISR AR T SR P a1 K TCP, sock#%k
P G5 R FI PRI R AR FR T 2 3R ) TCPIE 4L T ity 21— R AN TCPEIM LI A .

Z: ILinclude/net/sock.h
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10.4.1 Creating a BSD Socket (fi##—1BSD Socket)

B —ANHT K socket ) R G A F 75 B AL i3 e IR bk iR KRR IR ST . socket RSN . 4G,
FHE SR bk 54 pops [ &3 A $8—ANTCHEC A Mol iR o 8 nT BE S — M AZ OO B S0 (4
PRI R, i FIXAE, kerneldiZ Lo HERE M IUINZRIX AL, AT IA BELR S, ARG 0 HC— AT
[F)socketHh: 45 1ok R/ iX MBSD  socket. sEfr X/ socket%h 45 #4) T JEVFS  inode%id
gEMI 5By, rle— A socketSE R LAk A& BE—ANVFS  inode. iXEEKLLEAT R, FRAEIRE
F&il-socketn] A RIS 10 SCA—FE 5 KB THAE . S SCHFESHIVES  inode  $idis 4 f KoK
—FkE, T ECERE, BSD sockettl i —ANVFS inodeXidh i EK R .

XANFAEIBSD  socket i 45 F A FE —ANHEET 4 ) A L ZEAH OC i socket il FE,  IXANFEETHE
T & 2 Mpops ) £ & HHHUH [FIproto_ops#ids 45ik4 . & (S BIA 1 E R SR [ socket S AL :
SOCK_STREAM. SOCK_DGRAMZEZEIr 2z —, 4R J5 Fproto_opsHdf &5 A4 m OrA7 e Hiu kil 3 I A st
ARG B e R o

SR JE I 24 R HERE ) Fd ) 5 2R P e — AN 2SN B SCEFRER TF, B TR 1) 1 Fi le Bl 45 i a9 46
o XHEEE SO ERETS SR, F81BSD  socketdZ 157 HE¥BSD  socket SCAFHEEAEWIRE . BT
RN E S0 v B socketd 1, K YT 1L 1 FH SZEE R b1l i 14 B A 49 R A 3 210 AH Y. 1 kil
i
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count
close_on_exec
open_{s
fd[0] file
fd[1] ™ mode
f_pos
[ Mags
fd[255] f_count
_owner BSD Socket
f_op B pile Operations
f_inode lseek
- read
[_version write
) select
inode icctl
-
- close
- fasyne
socket
type SOCK_STREAM
ops g Address Family
socket operations
data
sock
=\ ype SO[K_STREAM
protocol
socket

Figure 10.3: Linux BSD Socket Data Structures

10.4.2 Binding an Address to an INET BSD Socket (Ch—AMINET BSD socket4§iE —{Mith
HED

H T W HER I M PriE RS Sk, B ARSS S G AN INET BSD  socket 4 A i hik45
EFE . BIndfIERVE RKEB2> HHINET  socket JZALRE, L83 2 (K TCPAIUDP MM Z Y
W H. Bl T ANk socket A BE T EIE . IX R IX N socket [PRR AR L AR

TCP_CLOSE. {&i%i#5bind#/F Kisockaddr o534 5 (I IPHRE AN — AN 15 (alik) o 3%, 45
SE B HE 25 02 43 e 4 SCHRF INETHURE T 1 9 4% v £ R sk 2 A i —AS, Ty HLz e 2002 1 15 1R 3
R Al . /RmT LA ifeconfigir & RS ME— AN 45482 L 2 RS WG 10 IPHhEtn] DULZEIP
JUREHE (43R 1ER0) o XERRE CRIESRE NN R AE . i R IXALEE A
3% PH ) proxy sl By kB, XA IPHhE ] DL & AT 1P . AN U B PR AU
HERE AT DGR AT R IPHB L o IX AR 2 1 I PHB LY A7 7E sock Bk 25 M) i recv_addr fllsaddrig .

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4%:.Lrrf 3CF- it Page 127 of 207

e A Thash & sk AMUAE IPHLAE . 3 5@ rTak i, WEREABEE, S SO ZER
AN SRR, /N T10241 5 1S AN BEREAEE U T R AU ERE AR . A R R 1
2% 3 lic s 15, e B Rl N1 1024 )5

R 1) WA 48 B A AR ST IR I, 3K S54RI Z5U I 4 21 1A 1 INETANIBSD socket 4 HEH Ak

. ik, UDPRITCP4E#hash table, HTAFIERMIPAE ERHUHE, EEATT4E 2 E T
socket/sockX . TCP/Z& AN [ IEFZ UM, T AALBETCPHR 3¢ bb Ab BRUDPHR SC FT QU 45 11945 B 2
ER

UDP4E—/> CL 4 23 fit FUDPY L filhash — table, udp table. iXfuffisock®iiis 45 fE%r, H—
AN S 15 (I hash sk £/ &5 1. [K25UDP  hash  tablelt fo ik 15 22 /M¥ 2 (udp_hash
44128, UDP_HTABLE_SIZE) KM —LE5% H 45 W —>socki¥s gh #1552, FBE—1socklt)
next fREMEFAE .

TCPH M 2%, K A'E4id )L hast  table . {HJE, {E4PEHAET, TCPSZr_bFH AL 2 )
sockE s £/ N2 e fhash  tabled, ‘& FEK A i R I S ar S 9 . Elisten#ifk
rhsock i 45 #4743 TCPhash tableH .

10.4.3 Making a Connection to an INET BSD Socket

—H A T socket, WIRBATH] T MW BRSO, et vl U T 37 [ A1 (1 4
Ko M TICHERLMPIL, HLAIUDP, X socketi A AN EAMIF 2, (BSR4 1 P il
TCP, &) S AE AN F RS Py 2 TA) N — A RE UL LI

— AN A RERE HBEE— N IEFPIRAS I INET BSD socket FidhdT: st ity f @i, mH
BT T W e (s . X RAIXANBSD  socket#di 45 #2425 71 SS_UNCONNECTEDR % . UDP
PRATERA N FR T 2 R B ROER:, B AL B S s, & H 7 B rl Re 22
WATREHE BIE B H I, (HE, EW 5 EBSD socketfficonnectiffE. 76—/ NUDP INET BSD
socket I [ — AR FR @ N R e gkt SR IPHuERIE 1P 1 5. S 4h,
EHEE MR HRLHNEAX, X, EiX/BSD  socket b & I% [FIUDPEL P i AN s B ARG
g R RAEXA BN LR « ENEAAARB G SBINET  sockHdis 45/ 1 1)
ip_route_cachefg445In . WRKAL HHIEE, XBSD  socketKiX [ Bt H 2l X
AL (AT IPHEIEAS B . UDPHEsock IR A 25028 Bl TCP_ESTABLISHED.

XFTFAE—TCP BSD socket b HEATIFIERARAE, TCPZIEE N — MUFRIERAS BIITCPIH R, I
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RILBE P H bR . XATCPIH BAFERNIGEE: — T IR G BT s . Kk
FEAUA] LU BRI BB R RS R 1 i /NS4S . ZETCPH, BT I3l B8R 2w T
S, WIEWT g S FIVESE — N S o Linuxa 56— B BE M LS DLBE 6% 2 10 sl st o
T—ANTCPIER M — i 1%, B 55— BRI E T B, AR E Rt Bk, T Hsf
PR . WAEMARE B SRR RGN 1N ST SIS S « SR8k
ity P IR 485 1 B ST RF I B Tl BRST EREE N, AN B 2 A AN R Te) /N — A o BT 1) AR
(FITCPIE BI85 K (1) B FH AR 3 DLAE Db 20 455 H AR RSP (M Y, S e 52 i s 8 41X N IEBEE K
b TR R T I TCP sock, B4 N T tep_listening_hash, XFEFESRAITCPHY S AT LLE
Fﬁ%ﬁg%ﬁﬁ%wom%ﬁWMﬁ%,ﬁﬁﬂ%ﬁﬁ@%ﬁ?ﬁ?%*ﬁ%&,ﬁ%%ﬁ
i SR &I

10.4.4 Listening on an INET BSD Socket

— H-—/socket#l5 T — /N ghE fihhl, &t vl CLR W8 € X A0 e Huhk itk g ik =k .
— AN 2% N R P o] AR YR e ik H B e — A socket BT, XAHEHL T, INET  socket)Z$k#
—ANARH RGOS G FREMnT) , B3t e e 21X socket . X4 ~socket[]
%ﬂg?ﬁ%w%ﬂﬁ&ﬁﬂUﬂmmﬁﬁ,#H%ﬁ%%%ﬂ%%ﬁ%ﬁiﬁ,—ﬁﬁﬁﬁ
R

X}FUDP socket, ti”FsocketH RS EME, (HIETCP O HEE & ILIE it socket 1 sock £ i
ZERINEE Wi hash  table, iXJEtep_bound_hashAlitcp listening_hash #. XPiAEHS
WL — AT 1Py 5 [ hash R 0T R 51

ANV AR I BRI B — AN T30S 1 i Wrsocket IR ESR I TCPIEBE1E 3K,  TCPAREE & 37—/ B I sock
RS MIR N E o X sockBU 25 MTE & B Z 2 WO IX N TCPi& B2 fjbuttom half. &
0 v B T SR IR 13E R 11 sk_bufFH-4t e HEAE IR W ) sock 2l 45 #4 I rece ive_queuepA %71
W, XA TORE sk _buFFELiE—ANFRER, FRIRIX AN AIE Y sock B s 4514

10.4.5 Accepting Connection Requests

UDPAN SR IME S, FE5ZINET - socket 4 sk A N H T-TCPPRN,  7E—NMaWrfsock I ik
17452 (accept) FRAESy I JEK (I WT i) socket b [ H— ST il socket Bl 457y « ARG A
acceptEEALIB LS LM UZE, ERXFEHL T, & INET LA IR EFTE K. WK
I, HEAIUDPASSZ BRE 2, INETHMUZ faccepti fEa . 50, ERNIE Rk SAL 8 5]
EIEMEML, fEXE, ETCP, XA acceptEfEn] fe LfH%E, HnlRELIEPHZEM . ZEAEBHZEMIT
BT, R T Eaccept R %R, XA ~acceptiEE 4 M, 1B B i socke t £ 4 45
ISR T . ZEFHZEMITE DL, M dTaccepte fEI N4 N R &8 n 21— N ER A1), AR5
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L, HBEEE—ANTCPHER S K. — BRI —/MERIE R, BEIXAMERIsk_buffs
W, X sockHdE 45 H iRk BRI INET - socket)Z2, 7rix HL & ol i 382 51 2% 5 1) 2t (1938 ) socket
BRG] . XA FIsocket I SCLEREARSE (Fd) Bz [M1 25 W28 N AR, N RS 3 5k vl DA 3
AN SRS S X AN 2 [ INET BSD socketith{TsocketdfE .

10.5 The IP Layer CIP)Z)

10.5.1 Socket Buffers

2 )Z, & R RRSS, KRR P — AN EUE, B— DE
SAEALIR (I AE Bt BRI EBSCRAN R, 1T0E A TR A [ I 7 2B o X AR P2
AR B S pP XA 2 A, DS B — SR SR B IR I P B AT R AEMR L . — Mk
JNERAEEE—JZAPE W X, (BRI SRA R, BN, LinuxfiH]socket 22X ol
Visock_buFFs7E M SUZ 2% B4 NN RE 7> 2 AL S Eds . Sk_buffst it et AR,  feiF
B IR AL HIARE ) o B sl VA RN F R 7 Kl o
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Figure 10.4: The Socket Buffer [sk-buff)

%110.4 587 T sk_buFFEHE 454 : & sk_buff#li A e e Bem— e . Sk_buffa DU EdETE
B, F T Y 5 M socke t 22 ph X [ 5

Z: L include/linux/skbuff.h

head i n] Y A7 IR B DX SRR 4 o 7E Sk _buFRA e A G 1 B30 Rl 4 Tk 1 Bl A i 2 11

%w T5 ) P BCECHE 1) 24 A 46 1o IXAMEEHBERE AT X sk _buff  ERUZE AN M AL

Tail fi5 PRI AT E 2. [FIAE, XAMEEHRBEIA I SUZ AN RN AR AL .
End #5 i) A7 R B XK 45 2 o X IR AEIX A sk_buf) e i) I 5 1

AWM S B lenfiltruesize, 73l 2wt i SC i B AR 22 ph X i s K
Sk_bufFAbFEACH S AL T ARUERI AL 175 N AR £ 38 A B o sCR R R . X PR 2
S HiEEg T sk_buffi[fdata. tailfllen7Ek.
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%ﬁifﬁﬂa%ﬁﬁﬁﬁ&ﬁ%ﬁ%@@@#@ﬂm?&o%?E%ﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁ
B

Z Jlinclude/ linux/skbuff.h skb_push()

Eﬁ;;?mm%ﬁMﬁﬁBﬁﬁ%W%%@@,#M&mﬁﬂ;%?M%W%ﬁﬁ*%%ﬁﬁ
ik

Z JlLinclude/ linux/skbuff.h skb_pull()

?%ﬂEm“%ﬁﬁﬁﬁ&ﬁ%%@%@#ﬁMMﬁﬁQ)%?E%ﬁ%ﬁﬁ%%ﬁMﬁﬁﬁw&

Z: Jlinclude/linux/skbuff.h skb_put()

Fﬂm e tai MR EF 7 20 DK T 8 3 Nen 7B o FH - A28 00 50 o ) s 250 sl b it
=

Z JlLinclude/linux/skbuff.h skb_trim()

sk_bufFdis &5 Mt 45— LS fREl, Ml HIXSLFREr, (EALPR R A X AN B 4540 v LIAEAGAE
sk_buffI X PR AR TR . A FH sk bufFBIRE, 7FIX 88513 1L A 84 sk _buffs A1
sk _buff.

10.5.2 Receiving IP Packets

58 AR T LinuxiT M 4% 15 45 SR BN AR T QnAe] 37 B A% O LRI GR A . XA T — &R Blldevice
B ghit, frdev_based| R HEEEAE L. fF—AdeviceZdh itk T e Mk &IF gt 7 —

IRlABIRE, T B LS IR S RE 3 AR B I &8 WSO T LA o 32 pR BOK 2 BORUL S gk

P DA R 28 0 g IR HE A5G o 29— NP2 15 2% AN B 1R X 285 22U B Bt i ST Tk, & b 2

FRC B E e e e 2 sk_buFFE 250 o IX eI ) sk _bufFeE $ 50 iR I 4t I 8% 9K 2l R e 1 o

Flbacklogb\ %1, 4nbacklogb\FEK PR K, At sk _bufFidi k7. WA TAEEH
1T, EAMLZFbutton hal Fhric it & ia1T .

% linet/core/dev.c netif_rx()

2 fbottom  hal FAbBEFE P4k 8 FE AR R B I fige, e 1 S A B AT S5 A A 126 1) I 45 4R S
SR JG A A FEsk_buffiiibacklog backloBA\A1, e BB R S 75 BALIE B ME . 24
Linux P2 2RI e iz, S—MhSCEREd 3 O, 7Eptype_al 15K 8i# ptype base  hash
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table 4 1—packet_typellI B 454 . X packet type$idls 45/ L FE sy, — A%k
IKEN & AR EL,  — MR s BB AL BRI AR (G FR 5 F— /N RER,  $5 XA F1IK B # hash

table F—“ packet_type%i#is 27, Ptype al V& T (snoop) MAT = MIZ& ¥ £ izl
ST BRI S, W AE . Ptype _base hash tablefdi MM ARIRSFhash, F-T-1ffi & W
— TSN AZ B R I 28RS %% [fibottom  hal FEHER K sk_buffK MBI NI T — %
I — AN Z N packet_typesk HEATUEHL . W AT RESUCHL— A EREZ AN H, Bl a0 45 T
(P 2630 TN, IX IR, XA sk_bufFas il va b . X A>sk_buffal %35 21 U0 ) 1301 Ak 2 451

.
2 linet/core/dev.c net_bh()

Z: lnet/ipv4/ip_input.c ip_recv()

10.5.3 Sending IP Packets

S PR ASOSR RR A 0%, SR Al TR T SCH ORI Bl T L%
B €L P S . AR 207 SR, AR — M AT HR [sk_bufF, S
LI B2 I I 2 3.

XA sk_buffas EAL 6 BB TAL I 48 5 2% o (EE G, s, BlamIP, 75 2y il Ml —A
P28 5 o XARHH T X MRS B o 6T ik modemiZE 422 81— AN MR T HEHL,  Ehini@nk
PPPIM, XM ik LA 2 5 o RSOV % B4 JH 1 loopback ik g AL A A M EHL, B Aafki%
FIPPP  modemiZ 1 o — Ui (KM G X T IR R UKW VAL &, XMk LL iR A E, R4
W2 LR T2 TS L.

X TAGIE I RE—ANIPHROC,  IPAE i B R A NT H AR IPHUIE 2% o X T RE—/NMIPHARE R 3R
FEHTIOA R, IS IR Bl AN R EAE R B 1 rtable 2 g5 0 . BLFE A H YR 1P

ik, M 4gdeviceXi P gttt A RIS S — ANPGRSk o X AR ST 265 1
ARG, BLEUEFNH F ol A S R AR O B AR 4% % e LR %, il
SLAYERL0. 1 B, R YRR H bl 2 2 W BE DOR Ikt o A Sk R % b 28 A AE—

&, UNFEAN S AL IE IR — N IPHR ARG BB INIX AN Sk, i X AN Sk 75 B (] o Ak
AJ Re AL B AL FHARPEMSUA REMR AT I B . XN, R RS2 s, 1 B H R R AT R
e — BAEEHRERG AT, R TAAESk, XA SR Ay, XRELLA i XA O
IPH St AN 75 ZE 1 TARP.

2 ILinclude/net/route.h

10.5.4 Data Fragmentation
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B AN AT NI IR SO, ERIRAE BT KBS, IPEML R VRX
P, A 0 0 B 28045 ) AR B R R SO/ EE /N BT IPTRSCR & — A2 31
FBG AL MR B A%

BN IPHRSC I, IPAYFR I SR A i IPHR ST 1) I 28 e 4 o Ik 1P pH 3R SR A X AN 1
Fro BEANREHA DT BENRE R AT (PN, X Entu Bl WER A mtu
LEAEA AR B IPHR S AR ST RSN, B A XA IPHRSC 204 oy B BB/ (meu K)o
—AMER sk bufFUR: ERIIPSRARIC T e, BLAGZ A IPHRSCAE Bt i) i A%
e MR SCARIC N B Ja — NP P o WERAE 0 BB v R R TR, IPTGVE e — 1
sk_buff, XIXAEILHRIL

PRWCNPHAE P B AR SEME, DN A IPRAE By ml E LIE WU i i, i L e A 16 20U T A 2 i 4 4%
Wl o B IR IPIRSCHARURI IR, AR R A 72— IPRE A o BN SR — A
PR, IPEEEL —ASBr I ipa Bl 454, JFERRBISEAF AL I IPRE T [ ipqueues| K. %
(KT UPRE P B R FRI IR A%, 502 2 TE A (1) § pg 3edis &5 F I 37— ) i pFrag A1 45 R R i iR X A
W e B A ipg#idls AR AR —FiR T — A O BRI IPEROWE, A 15 AGUERT H A 1P,
SRV IRATAIZA IPWIIFR AT o 3R BT IORE R IR, AT IR AR E il el —
AN —Tfsk_buff, FHALEE] R —MPZ L. B AipgE— MR, Bk
AN REIRE T IR R e W ARX A R, XA ipg Kt 45 AT E 1) ipFrag it i
bR, IHBBORANE BRI R R B R T o R m 2 P ST R AR R AN R

Z: lnet/ipv4/ip_input.c ip_rcv()

10.6 The Address Resolution Protocol (ARP)

HOHERRAT OIS RIAT S5 2 R A1 IP I 2 ) BRAEAF s B Ry e, 90 LIOK I ik IPAE &S E e ds
(M sk_buffif eI ALIE 2 e a8 PR R PP AT AL IR M I A 7 B Rp e . kAT L84
&, BRADWAEE T IR, RS, XA IRSCI AT SRS A R R E . LinuxZe (il
PESR A S st o W SRR S 7 B, el AR A AR IR Sk e RS . AT
G B A AR R (R Sk R IR, SRR A ARPHR 5548 H AR (1 1P bk 3% e 21 4 B ik

Z Jlnet/ipv4/ip output.c ip_build xmit()

Z lnet/ethernet/eth.c rebuild_header()

ARPHIMMA B AR i o, AL A AP R . ARPIE SR FIARPI 25, ARPIR SR AL 75 BLAL 1] 1P
HE, WS (F5H) IR IPHLEFOAE - bk . ARPI SR ) 3% 2034 422 21 X 28 (1) T A 1 2 0L
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JITLL, ST AN LUK Fr A7 3 AR LUK R RHL 3 & ] DA BIXNARPIE K o AT X ANE K h A4
FIIPHLIEFIHL 82 [Pl ROXNARPTE K, HIEL &8 A S Bk A ARP I

Linux = [FARPEMSLUZ [l 26 —Narp_tablefidis g /R it vr . BN IA — AN IPFI) B ki
[PIXE I o XSG H AE IPHHE 75 B3 (P I G 2, B I TR) HERS AR A3 R TH ) I A i I B o 55—
ANarp_tableZids g ft& LLU R .

Last used IXMARPASH b — AL B I 1]

Last update iX/MARPZ% H _b— V5 BT e [1]

Flags $iliidiX N4 HIPPIRAS: BR AT 78 eE4%

IP address X4 H ik (1) 1PHi ik

Hardware address 4t CEHiE) [AEF; ML

Hardware header #5 [ — M2 A IR SL S5

Timer X & —/timer_list4c H, F T3 [N [ ARPIE Kk 1)
Retries iX/MARPiE sk Fik [ Ve

Sk_buff queue ZERFEMTIX AN IPHLNEKsk_buffsk H I11515%

ARPERAL L —ANE4EN (arp_tablesii =K ) (3£, farp_tableff) 4k HaEHAE— K. XU H B
A7, DA eI vim . AN H A e B IPHBIE (B Ja AN T 5 R I R 5 [ 3 T A 4K,
SRIGIREFXAN S B, BERFRBNERS H . Linuxth 2247 Marp_tablesk H Ti2t i 7 s 1)
3k, Fhh_cache%ids 45 44 1 JE AT 2247

ik — AN IPHUHE LR I, A 6N [Rarp_tabledc H, ARPAI KR4 —NARPIE R B &
ERPAIE N Karp_tables H, FFIET B HHEEE B (0045 T M 48R S sk_buFF s )X A
B4 H sk _buffiA g, &kt —NARPIE K I iARPIE I TH I 251217 WA MY, ARPZ
TR LR WAV IHEAT RN, ARPLHIRIXANarp tabless H o ATATHERAZE£F X AN IPHBHEHEAT
At sk_buFFEE S5/ S g E AN, A e AT L2 U5 STAL BLX R AR M . UDPAN S 2R
PRI, (HARATCPAAE— AN INTCPE R AR B At . Wi AN IPHbAE 1) )& 32 H e I R
bl 2, IXarp_tabless HARic b e i, AT HER iIsk_buFFE i MOt BR A ifER,, 4k &:4%
%o R R S B4R sk_bufF AR Sk
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ARPHIMSJZ A D520 0] N 58 B e B IPHBHE FOARPIE >R o B 80 e I PR A (ETH_P_ARP) , jrlfE—
~packet_typeHidhi 45K . XA 4% & FICRI I BT A IARPH U S AL 45 E . S ARPIW 25—
¥, XA FRARPIGE K . Al PR 25 (R devi ce B 45 #) o i A4 Hb ik 7= A ARP Y 255

W4 28 $ G5 R AR W AR AL, IPHBAE AT e BT 0 T RIAS [ PO e ik . B, — S8R5 RS e
BTN ER N IPHESE . O T iEARPR th A FE SRR IS H, ARPIZ AT — & B 1INt
w0, KT arp_tablesc H, BEW—NEN T . EIEE /DL, ABRAEAE P HE N
AERIEAE S H o BRI Ee4c H LLERfERS, R A s s i e . —Larp_tablesk H
SEARAMY, FERERRE, FrLAVEAIAS RN, ARPE A REM K (kK. &F— arp_table4s H#B
P AE SR DN BEMTRE AL/ 4 HIMARPR 2IE T8 M K INi%, st &k
RIHMA& HIFMEREAT, MBI N,

10.7 1P Routing

1P D BB 8 K n) —ANF a8 I IPHHE ¥ IPFR SC I i ml WF L R0 o HARIR IPHOC I I i, &
W2k, HME B PARIE? G e L, NAZAEHME— AN Mk &Rk RI%? A EE AL
— ANV T AR BIE H iR, AN 2 WP b Bk PR AE Y (145 8] DA IR 2RI 1 i
B, HHRANEEEE, REENEE RS B P (Forwarding Information Database) . XA
B PR CANP HARAI e B R B tH PR ISR . 7 — AN —48, s, oAy
(route  cache) H TP AFRIPHARIS . SITE AL, B0 B RG B U 1) 10 4%
B, B2 NI A BB Ak 1

% B IEBSD  socket 2 111 NOCTL IR K IE H AT bR o XX 7k SR 4l A s 21 AR P 2 b B INET
PRUZ R AV LA R P R RS N AT R NP rh o X i a] DU [ 5 1, B A2 )
A, AW . ZHRGAAHE S, RAEFCIIAS 2. BEBSESTHEiL,
AW HOAS A P AP H AR n] R o AN 2B AR I RGN 5 248 (end  system) .
%ﬁ@%m%ﬁﬁﬁm%ﬁ%im,wmwmmiﬂMMﬂ%w socket32 1 [’ 10CTL ke 18 firi i1
IR g i

10.7.1 The Route Cache

ANVE AR I 2 F— N WP I, 0 B SEE % PR A7 P A AT VU % FH o W R AR A7 ik
HULE S d, A A ks B8P E . R X B WIERAR S h, IPIRSCRIES W, JFE s
N HFERE. W e e 3 B As DB PR ANAE B 2B A7, 5N 7= 2 — N B 45 H I
WmBS T . BB R (ip_rt_hash_table) , 3535 1] rtableXid 45 1 Bk 1)
feht. BRG] EE T IPHbEE /NN hash BB, XA H P A IR KA
i, ikhash  valuen| UAf sy 5. & —rtables H ORGSR HEEE: HAIPHIE, F)ikix
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AN IPHUHE A FH I 25 ¥ %% (deviiceghie)) » n] DM B KIS B RSFESE. Etda —A45]

M s (refrence count) , —/MERTHEES (usage  count) B RAEFHIIITAIER (£
Jiffiesd) o B AE AN HH P IS X AN 5 VB g n, 7R XA 2 ER ) 1Y 6% 3
FEEH, A PR A58 LA AN 5 R ) I mlios D o A P B i — R A R e ) I e gt 0

hn, HRiLIXANhash4s H iR rtablesc AR % . % 22 A7 BT 4 H 185 i (0 I el T

E IR AT IX AN rtable 2 K8 . WA AT BA M, BN R R 5. WS B

TRAFAEBE I AF T, EADRHE, ki 0045 H fEhashBE AT . X RS 4 A Hk % HH 1)

0% £ 213X 48 255 Pl 2 TR

Z lnet/ipv4/route.c check expire()

10.7.2 The Forwarding Information Database

fib_zones

fib_node
— M= [ih_ncxl

fib_dst
fih_use
Fib_somme fih_info
™| [ next fih_metric fib_prev
- fih_1os fib_gateway
fib_dev
fib_refent
fib_window
fib_flags
fib_miu

fib_infio

¥

fib_next

fz_hash_table
fe lisl

bz _ment

fz_logmask

misk

— fib_irtt

fib_node
= [ih_ncxi
fih_dst
fih_use
fib_info

fib_mf

Y

fib_next

fib_metric fib_prey

fih_ios fib_sateway
fib_dev
fib_refcent
fih_windiow

fib_flags
fih_mitu
tih_irtt

Fizgure 103 The Torwarding Information Database

FRAG B E (E10.5875) A8 T U P AE R R G nl B . et IR 5 441
Hadity, BRCCRIT T EEAMN%H, HEEXN 2% 5L DI Hd

JPE o R Sl U RASE AR A (K N PR SCARAE IX A M i Bk AR AR H1g . X AT A BT
Ay N O 28 R foe H i IR IPIR LI AR 0L o i A NI R BBl e 21, &
T EREHNEAH.
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FF— MNP —/Fib_zonefi#i &5 KR . A IXELEiHifib_zones  hashi&ig[. HashZ& 5|
HCE NPT MRS o BT I ) [R)— 7~ P (140 3% F 48 H HELE R — AN Fib_zone £ s 45 /) 1 Fz_ListhA 51
1310 ot ¥ Fib_node M Fib_inFofdis &5 Mok iiid o i IX A1 1 i th 2 H AR TSR K, ml ARk
—“ hash table, il-fib_nodeXdi 45 M &4k HA L) .

XPE—ANMPTM, wlfefAAEZ Dl KR 2 NMRZ . IPEHZA VT
AR — DRSS AT AT 2 ANl B i, WA MAa 2w,
W BRUEEE— N A FIANFE I 5C AN QIR 2 e I E (metric) , X
HERAGEIXA Rt Ak — DR, A L, EEAERIE HAR T M2 B2k (11
MECH o XA R, B,

Chapter 11

Kernel Mechanisms (FZ.0y#HLiED

ARFEAGIE T LinuxtZ Oty TR ALK — 28— SRS AL, LAz R 70 w] LU R T A%

11.1 Bottom Half Handling

T AEAZ O R A IXRE R g . ARANA AT TAE . — AN e AL BRI L F P . 245
KTl ALBEEESE IR IEAERATIN AR, e RS WL i 208 Y 1 R S IR BT . 1A%
IRENFR AN AZAE 9 K 2 I SR AR BE A T, UM AEIX B 1], R () At AR R #S A REIE AT
T — 28 TAE ] IAERS 5 BB 3E4T o Linux & B T boffom  hal FACBRFR Y, XAER & UIRSFE P
AL nuxAZ L B 3L &5 53 v DA AT DAR IS A 09 TAREFEBA . ¥111. 157 T [Abottom half AbFEAHSC
(IR ODBAR G . 28324 A H fbottom  hal FAL3FE5: bh basest —/MNMEEFHI &R, 45
i R0 A — A bottom  hal FALEEBIRE, bh_activeRibh_maskié B 25 RIS T WkLL bR 5 1%
BEATHIAL . % bh_maskfA7N &, Nibh_base I ZENASJC Z 205 —Nbottom  hal £ FL
Mtk 0 5bh_activeffJZENMI R, B4 —HIHERF IS, sta i SENAT bottom

hal FAL AL . IXEe R0 E¥AE X[: timer bottom half AbPREALEZeEm (%510) ,
console bottom halfAbFRFEFALSE k2 Cindex 1) 2545, i@ bottom half AbFRMWIFE<s
B RBEAES 52 . fl x4 immediate buttom half handler i fu 2 5527 BT (K4
2 inmediatefT45 b\ %1 (tq_immediate) K T.1E.

Z: Jlinclude/linux/interrupt.h
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bh_aciive

31 ik bh_hase

0 L e Bottom half handler
(timers)

bh_mask

Figure 11.1: Bottom Half Handling Data Struetures

task quens ty_struct L struct
E—— I . =

nexl [

SYTIE VI

“rouline ) Froatinel )

il *¢latn

Figure 11.2: A Task Queue

KD —LEbottom hal FALFRFRE P I 2 ¢, (H e i 2 o — % 11

%WR XA FFE P AE R — IR R S8 8 I I b I im0 B TS, P SR IR Bl A% Lo IR B B BA Z1 B L
|

CONSOLE XA~ A B > FH SR A B 1l 65 71 UL

TQUEUE X /MALBEFR P HISRALBETTYH B

NET 3 Ak PHURE > FH A A FHLIER Y £ 4 245 Ak 34

INMMEDIATE S JTJ AL BEAR Y, — 283 % X B A P SRR AR Jo 84T 1 Ak

WA RBFE P B % D 3 0, T M R e b AT IR AR I, B iAEIE 2411 R G5
R IIX A TAE, Fans i s, AR RIE S 5 2iZ% 0, —2bottom hal FLBEF £t T, &
1L 1% B bh_activeH (& IE A KRR 5. an R IRENFE - AE immediate A SIHES T — L K75
JfiAy#Himmediate bottom half ACERFEIT S IEAT IFACEE e IR e B 28401, FF— IR ARSI H
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(K d S AR HIRGR (B R 2 1T #R Arbh_active AT HERD . 0 S AT i B, AN )
WG bottom  half  ACEEGIREA A . HER A0, AR/E1HBIf731. AR —-bottom
half &@%ﬁﬁ%%ﬁﬁ%@MMaﬂwﬂﬁmﬁﬂLmaUWE%QW ‘B IE
ﬁ?%@ﬁ s X, BB, B T EAE R TAE R e AN AN [ bottom  half 4b
HRE

Kernel/softirqg.c do_bottom_half()

11.2 Task Queues (fF25BA%1)

AT58 BB S A% O B SR8 TAEHEIR B UG I 53 Linux i —AN@E FHINLE], 38 TAEHES7E B\ A1
FEAERS JG R A BEAT AL B . T4 BAAIIE 3 fbottom  hal FACFRFR ) —fdi . 4timer bottom
hal f ALFEFR P IEAT I I AL BRI 28T 25 BA A . AT BASE — AN SR A din 4, 2 L]
11.2, B —to_structHdi 5 Reik, B— RSN FRE A fR m — Lo 5 dm i ¥a %t .

Z: Winclude/linux/tqueue.h 43X AMES5 BAA IR B0 A% A 3 I Ik T FH X AR, G IR et
SR E .

RO AR ARV, Bl s KR Re, #n] LLEEAE AR5 BAA, (H2 A =/ MES5 A S 2 i
R Lo BRI 2L 1)

timer  XAIIH THEIE TN RGN 2 5 R ATREIZATH TAE. SN, #50&
XA, BRGAELAH, WA, wEBASbottom  half &.ﬂﬂi{ﬁ?ﬂ%*rmajjé&ﬁﬁ 2R B
15— RIBAT IR, giAbBRIX AP EA Silbottom half AbFEFERSLL Az HEbottom half  AbFEFE
o ANEFIXABAIIFI R G TH I 28, A2 — N = 2R HLE

immediate  X/PNRASSELE R A FE 0T (K bottom  hal FALBRFR 0 INF gl b PR . X AN
immediate bottom half AbPEFEF#Atimer PBA%bottom half ALPRFRFALICSm, Frllixis
£ 554 IR B 51847 .

Scheduler XM IS B FR 7 BAEAREE . B T3CRe KRG T ILEAT S MG, X P& L
N, EIEITHAES RN BE S A (Bt R AR

%%@E%Mﬂ%ﬁﬁ,%ﬁMﬂ$%—4$ﬁ%%ﬁMMﬂ$W%,%—4mﬂﬁﬁﬁ§o
SEfr b, IXPPER S — N ASBERR BT IR AR RS R BAB R R AR AN SR I e Ak
HEIRE Mﬂ*mﬁmL%mﬁkAmmﬁﬁ {EEEA — A LR R 572 FE I N A7

255 BB AL R RE R ] B b RS B SR P I T — AN T, ARIE IE A i B AT AT 23 Fic 1A% 0 N AE
FATE ARG 1) TAE.
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11.3 Timers

— A RGBT A RE 13— ANNE S B BRI — AN TR, X T BB LA LR v s ) L

JE£ B AT HERR (R I 8] 508 4T o AR A 3SR — N ERAE RGO B3 AR 75— AN m G 2 1) B i

o, EWITP R AL RS . XA E W R RS R ] (system clock tick) , EEEZ A
AR, BRGNS, Linux A RS TS 7 SUE RN & MR GE A Bl 0 I T 4 F I
FAAD RS 8] o AT RGN ) HR I T IX R, U fig iffers, M4 R R R4 .

Linuxf IR RGE VI 25, B PRI BIRE, 7ERF M RGN A, (RE st =X
FENMTERMAR . E11.38 R TWMALE . M, IHETFRESHUE, H A
H, A324- R Mtimer_struct s 45/ 1 FREFFI— NS R #h#ERS, timer_active. TIRY
PAE XA I 2R P AT AL B S 2 X (Flbottom  half  AbEEFE /A [bh_base A
[ o 4k BAERGHIG BB M BX AR P . 28 ZFLHE], A — M timer_listEdi 4544
PRz, F IR T ) K Bk HEA

2 WL include/linux/timer.h

B —Fh i EAE L j i FFiesth (A VR Gk AR E],  IXAE— AN SIS A5 R T i 28 5 — Nl
CLH SR R SFP (1) J i FFies BT Il L 2 5 RS [a) 75 21 I 2l B 19 R Ge it im) (LLjiffies iy f
A1) o FF—IRZRGNEH W, timer bottom halFAbMFLFH AR T T, BTl N — i e
JEASAT IR, 2 AP 28 BA%1) . Timer bottom hal F4bFE L p 2 kb FE4 3 PR A () 2R 4e it
2%, T IHR RS 2%, K artimer activefi#ig d & TAIM . 1 S —ANSOHE vk 28
W GIANTE NS R g gitfies) , ARSI 2SBIRE, HEBREBEEAL . X185
MRS #S, RrAtimer _listEds s s H . BN v iy 28 XA g1
HRIBR IR B S BRS8N 2 AU 0 S AR T mT L v I 2 REAL 3 S 40

Z lkernel/sched.c timer_bh() run_old_timers() run_timer_list()

11. 4 Wait Queues (Z:£5BA%1))

VFZ Mg — N R R — DN R GG Blhn, — NHEFE ] e 75 iR A R g p — N H %
(IVFS inode, {H/ZiXA~inoden] e ANfEbuffer cachef, XM, ZFGEA054HX A inode M fU 2
I RGP B R, ARG A BEgR 2L,

LinuxiZ Ol — i i Bl it — SRR (LKE11.4) , W& MR REERE M
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task_struct/J4RE A — MR SER S N — A ou s fdEE

Z: JLinclude/linux/wait.h

timer_table timer_struct
i ™= | cxpires
*n()
e st
fin- —
L'I['I'IH.!".
*ni)
N e _active
il L]
31
timer_head timer_list timer_list
nexl I I el WY
prey - prev - prev
eXpITes expires Capres
data data dala
Hunction() Flunctiond ) Function

Figure 11,3 Svslem Timers
WAL LC L

*lLask
hext

Figure 114 Wall Queue

MR IR T NSRBI IS IR, e AT BER AT rh el AN AT R R . m] A
(PR AR S Ay A S S AR )t R vhom] DU =R vp B, 9 sk A v e 8 Bl A6 Sk A5 5 45

P SRR RS S e ok, BT LA INTERRUPTIBLEER Z UNINTERRUPTIBLE . [Al A ix At
MAEANGEARSIZAT, W MRISAT R R, ek T — AR IS T s, XA SRR
AL B SR BABN I, S BA A I A — AN BERE IR IR S 00 2 B 7 RUNNING . TSR ERE N IEAT

BAFI R ER T, ERtgoi i 2a 4T S, - s T BRI IR, AESE Ry BAS (KBRS BLAE
HURCAIBATHIGIE, DU ENIA R 7o 20— DR NS R BEREAR L R, B 58 2R
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L NSRRI T R RS, Linad A
FEAT

11.5 Buzz Locks

HH M Mspin  locks, X2 RY R 45 AR B — N stds k. e IRA VA
BEREAL T A B RS DX Linux e AT IR BRI et 4544 mh Kk i s 1), &M H]— A
BT BUAE B B A B NI O HERE I EHE B A5 04 A 1. 2R 1 i i
1, SEREEOH K, £ DREEIEA TR (spin) o X ORAZANIUR N AL E D5 1]
DAEATIR T, SRS E. A ER0RFI eSO, XS AR AT R T
Wro 2 XCPUZS I I Rr IR 1 2 A PRI S RE, (2 AR B vl A R G A7 (¥ 32 A A7 S LK ol

buzz lock.

2 & EHERE BT IXAS AU IR I, BN IXANbuzz - lock, 1EE IR [FI2I0, AFAT
FERXA BB EREDAE 23200, 26— MU R AT BRI 2 LT HE XA L EE Xk

11.6 Semaphores ({5541

F oo TR B AR X S B A5 A o DA, R O S R ) G R — A H SR VS
inode 1) 4&F— X Vs inl #B & 8 I A% O BERERAT IR o A0 SR SOVF— AN ERR 03 5y — AR FH )
(KA A R AR W AE R K o SN iR 2 2R s ) I S 2 AU e B —Sbuzz  lock,
BRI B ] ST B A S KA R GIERE . Linux il FAE 500 S8 8l — O e e — A ik Ae
 r) BB AR AN Rl X e PITAT e Ay BT 1A BEUR N R 2 Bl A5 A L RS S AT 25
FRFRERERRE, RGP I E BRI FEIEH 21T .

—ALinuxfE Sk s AR UM E R

2 IW.include/asm/semaphore.h

count XANFBUCK T Ay A BRI SRS IEREE R R IXA B . SU(EE0R 7S
AREREAESE Ay o RIS A — I e — A H R AR ] DU IS BE . b RE Ay A0
JHIZAS BEY A IR S AT 19N X A count, X485 RO IXAS BRI AL A I, EAT T8 x> count

waking SEAFIXASTEURAGRERERL, It S5 AR 24 B U 2 PR (10 I 0% e G R 1) 1E RE S
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Wait queue 4IEFEAFAFIXAS UL U I EA TR B AN 47 A A1

Lock *41ijjlalwakingds it H ffJbuzz lock

BBE S R GMERAL 5D EPRMIEFE A Flcounti2 IER, JEEWADL, b0, XA
FEBLAE “HUAT” XA B 54T ORY IR S ACRE A BOBE U o 24 R 1 3 B 8 X3l [ {5
EHIE T I counts BB ARIK S DU BAT L ERERE S8 XA KSR P AT AL LinuxSEBL
(RIR 2 AR B B WIS 0 AR (AR 3

WG — AN PR BEHE XA BB X, 1Y e — MR, e S iX S count.,
HIXAcountIAE &-1, XAPFEARESE NIX /N BRI, & NSy B B I RRIR ok .
Li nuxci b 25455 A B FE IR ARG L 2404 B BEARIR HIX S B Xt e e il . 25 AFRERR RS B S n 3
AT ISR NS, FRRIAS Arwaking 7 BEOAE, o H R R B $wakingEO.

XN E X JE E N S AT count, Wi e /N T EREET0, AR HFELENEIR, 255X
AP BT, F5 4 Mcount S iR B B A A (EL, IXAEAN TR B4 THE. BTl
BT HERE RS Inwak i ng vH 08 I Me BEAE (5 5 4T S A S AP BRI B R o M55 A5 1t RE B e i 2
J5, waking il B s BLAE &L, B ANE E BAE Al AHE N IX AN B X, g bwakingTH sy, e
?ﬂ%#%ﬁo%ﬁﬁ?ﬁ&%%ﬂ%mmw?&%%ﬁ%%%%ﬂ%mwﬁ&mu lock kA%
o

Chapter 12

Modules

A FEA IR Linuxi% Lo ] R AE R R I A S IR 2, Bl seff R 4.

Linux/g— 53 mizly, et e MR —IMERNREF, ZOMIhagdlaEnl LLysin &
BT 0 N SR B i A L SRR o o —Fh 5 v A — AN AZ I 458, A% O B D S R 4 43 k
SEMER TG,  HAHZ R AR (P M L o ICRE I o E 1R 1) A% Ca 28 I8 R 2L A A48 %2 /D

Bl LLAMRA BB I—/MNCR 810 SCSIKHISCSIMRBNFE T, RA TR IERE RO . B AR
AN E IR, — NI DA B FHIXANCR 810, YEN—FPA8il, Linux RUFERTFEELH
Iz 30 A8 b 0 28RN 2R IR AE R G4 Linux R & 0] LAYE R 4588 3 2 S AR AT s 2 A 4%
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FRZ IS B . EA ] DAFE AR T 2 I AAZ ORI 18 . K22 L inuxiz DR B e
WENREST, Oh B £ IR B RE e b G ) 4 BR BN R P BRSO R 5

PR a] LA insmod A rmmod iy 4> B A 2 N 28RN D L i nux k% CoRi Bl B8 7E T B I e R B ) sk
HAZ O 3 OB SRAZ O SRR (kerneld) INZR RN IR IX LU 5 75 2 10 I ik ) 25 s 0 2840
B Sy, A E R O] DR RN T HAZ O AES RGBS 1T 1) Inte AZ Ok 4l P AR
Yo, & HA406K K/ Pl s Hid VAT R e, T AR LR IFLinuxiZ O, 93wk —A
VFAT 3 DX KT EH s INZVFAT U R4 . M IRENEVFAT U RGN %, KGR B IR AT 75
PIVFAT SO R G, 08 MARGEHMER . Aty m] LA R 238087 A% CoA -5 1 AN 75 LA KD
B G A% 0o HE, BHX AL, AT ORI bl 50 0 P BT N A7 T
o AR INEAE IS T 2 (PR, IR PR RS B s g 2 2 T
1Fo SUHMEL R TS AR O B PR LB (1) R AR TSR

—HLinuxz 0N, Bt AL A RO %L B9y EAMEATRZ AT AT R
gﬂﬂﬂX%:ﬁ@ﬁ%,umm@ﬁﬁﬂﬁ%ﬁ%&&ﬁ@ﬁ&%%@ﬁﬁ—ﬁﬂ%tﬁﬁﬁ

EOE AR A R 5 S ) Bk ml DUBE PR OV R U5, e T A RE RS 3R B e e . B — AN 75 4
Hkmalloc(), #ZOWAFFEEHBIRE. S fE (build) , BIEHAENIE A A7 Hkmal loc Q75 WP
B, BT DA I s, R EERS TAEZ 0T, A% 0 b2 F AR 6T kmmal loc O 11
A5 e OO 5 R PR T ITE L BIR I 52, BT LB in 28 4 i i g v A
FEATREER A X IR S o Linux R VPBCERMERE (HERTD) , w2 ) — A Btk
PIRSS . BIUVFAT S RGBT LEFAT - SUF RGBS, OAVFAT S R ek 2 5l &
FATSCHE RS LAY e o — MBEHeRE ) — AR I B 45 B0 U5 TR 15 0 R — /M BB 7 A% 0 3 O
(PR A5 Rt P 04 DLAE B AL, ROARRLIX G SR RS AE 5 —, ST S nisithiph.
R BRI IR, #ZOMESCE RS3ROSR P B A 4 i 2t I sl 5
IERZ OSSR . XEWE, 4 F A mE g, e n] LA R S8 N A B i

%o

I P SE AR AR (I, A% EEREIX RN, B T 2 28 PRI A e e
EN R . HEX A VA e n] LUAE & MAZ OB 2 BRI b T AR A IR AR SE e, il
AR W AR I, RO EIR A B AT S & BT AT S IR

B TS RN Al BRI AT BERA R RGeS, I T ANER . IR LEAR

R AT A% /O B BOR (A% O T (AR 2 R AR AT A7 A RAXABEERPAT — A% Lo R i 2

i;iﬁ%ﬁﬁﬁ%%@ﬂ@o&&ﬂ&ﬁ%%mﬁﬁ%ﬁ,%ﬁﬂMﬁ%ﬁﬁﬁﬁ?%%%
W,

12.1 Loading a Module Chn#k—/MEibe)

PP VR A DOIng Mz, 55— Bl i insmod iy & T LIE EMA SR 55 R, B
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R B (1) 7 9 8 A6 5 B I I g I A8 3 A XA T N2k (demand  loading) . 4#%0h & B
B A s, B 2 A IANEEARZ D I S R I, A a T SR O s
HEFE (kerneld) K IN#&iE R,

Kerneldflinsmod, IsmodlL 2z rmmod#BZEmodulesfe/Ffl

By AP R R AR PR AR PR . A s E G EER
GRS, EATH AN A RO I IPCIIE . A% Ol F X AN M kerne Hd 3%
B R EPIT KEMES . Kerneld! == D) g & N2 A E B O, (g et n] PIHUT I
EATS, LR N AT LA IPPPIER:, AT EIIHMEE . Kerneld A & AN
PATIX AT S, BisfT B EFEF L ininsmod K 5E i TAE. Kerneld F @00 f—AMREE, 1%
B TAE.

2 WL include/linux/kerneld.h

insmod i 2 WA 20 R B EHE N AR R SR A% OB o 32480 N 28 R oA Rl
7E/Vib/mmodules/kernel-version H 3% Hill. A% CBEHRN 2R Ze b (1 H B e — FE SR BRI 11
AR, AR AT IS B ] DA e A WG . R A I B B e bk 25 AT g . &
1A Ll JEa. outsie MERS X 19 H AR S Insmodd& i) — MEFAUN R AR, R H RS04 H AT
Fo EMILAFF S ZHAE (Bane il R A7 . A% B H A 5 3R AZ O
(R A 2 55— module Bl 454, Mimodule Nistigstdain . HA7E 4% 00 g PRI 32 1 1)
R E A5 A I BIX AR, AR O — AR5 85 e s B
“request_irq” & NRGHIFE, 4 ANIKSIFET A IS B AR 1 2R G0 T IR A 2 200
e . fERAFTIRZO b, B {E £0x0010cd30. 4k a] LUK A S /proc/ksyms e A FH ksyms T
LT B A A O FF SRS A . Ksyms T a) LA R o B i e A% O 75 5 Bl
SUR TR I BB i IR 55 o Insmod 4T BB Sz 1 e (W B N A7, A A% O 3t 43750k
FEPX A TAZ M FEFN BRI ARARAT I 5 T o XA Bt R F ) A7 P IR A 4 T
AT 07 AT, insmod P EE A FFS K HuhE S BB 1) A& A7

2z llkernel/module.c kernel_syms() include/linux/module.h
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module_list module module
—_
nexl ol I TS
. —— - .
red red
symitah symiah
naAme gt name o fat
slFe sl7e
addr addr
state shate
*cleanupl) *eleanup()
symbol_tahle symbol_table
[ i ] i
n_symbols n_symbols
n_rels n_rels
symbols symibols
relerences relerences

Figure 12,1 The Ligl of Kernel Modules

M insmod & H 5E T BEH T4 A% OS5 S 2 5, A )R Lo 1 SRR 8% 1) 2 [R) TS B A%
Ly SOEEEFBU RG] o 1023 L — AN 87 modu e $5 ik 25 F4) R B8 11 8% 0 N A7 R AT TUX
AR, IR0 B O B O AR A R W R G« XA B B bR i WUNINI TIALIZED. &
12 157N T RGO A L 6] Ja T P R . FATRIVFATH INZ& 3] 7 A7 . IR Bosia pl&
58— ML X JE— My, HTRCE RO RTS8 URn] LU iy 4 Lsmod 1)t BT g
INZR AL ORI AT 2 TR KO 2R o Lsmod S 1] B 1 M AZ Comodu | e Bl 45 #4) 41| 3¢ Fh HiL Y
[1)/proc/modules = 2 HE T #& o 1% 0o g BEEL S T 0] P A7 5 21 insmod 1B () ik =% 1], iy A
BRI LAY . InsmodiT A E 42 D12 4r e 28], FEAOE T, XFEEE T LU BE 1 4%
D HHEIEAT o AT EEEAT, TR — AN BE SRR 5 PR B 28 21 AR [R] ) bkl 55 AE AN
;gﬁﬂpw%%LKMﬁﬁmﬁ%ﬂmoﬁ—ﬁ,E%ﬁﬂ%%ﬁ%@ﬁ%%ﬂﬂ%ﬁﬂ%%
TN T .

Z lkernel/module.c create module()

Brifpbed Az LR AT 5, Insmod A7 — M AR L . B MO HL AL S AT 4G
WRBLHSE BRI PIRE, IXLERF S AU T FH IR A2 5 (1, (H 2 insmod s 28 RHTE E A1 1 (14 1
ik, REAEEA UGBS L0 T IZSAF 2 5, InsmodBLAEER HIAR AL IZ AR, S AT —
FrBU RG], SEIR AR A AR ANS BR B RE R i A% i 25 A% 0
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Z lkernel/module.c sys_init_module()

AN A I BAZ O R I, e A0S T A O [P AR5 3R I SR BT A AR A b . I
ERHARK A P BEE ZE AT R G ded— A5 PR, e i1 imodul e s 45 /4 45
). K12 15878 TVFAT UM R G REHARH T-FAT SO/ R Gk . BT AFATEEH AU & — > B VFAT A
5 s XA G HAEVFATESE INZE i I s n . A0 A - ER ATt RS, s plxh, &
TFUR 2 X AR . RS (A3 BRI R I M B R A7 AE & Fimodule S da 45 4, 29I AMBEEL N2 1)
gz O L. Ba, BERFPIRE S % E HRUNNING

12.2 Unloading a Module

R AT DU FH rmmod iy 2 MBS, (H Akerne hdm] LAE AT A AN FH 1 22 28 (R Rl DA 2R 46 PR M4
R—WE NI 28 2%, kerneldBAT R, 15K N RGMEBR BT A A 75 21 4%
FME B, XA 2 AR LE S Bhkerne L I & 5 . FRfkerneld&E 1800 Ha 25 —
Wo WHRPRZEE T —/1Nis09660 CD ROMIM /R 15096601 R 48 & — AN nl ki, A4, {ECD
ROMEIZR A A, 15096608 H 2 MAZ o NI

WAz O IS RO T — AR, ERA RIS . Bl an AR 228 T — A 2 1)
gmiﬁf%,WﬁX%ﬁﬁWMﬁﬂom%%ﬁﬁhﬁﬁ,W%ﬁﬁﬁ—¢ﬁﬂ%%—¢ﬁ
s . B,

Module: #pages: Used by:
msdos 5 1
vfat 4 1 (autoclean)

fat 6 [vfat msdos] 2 (autoclean)

XA S (count) e IX B A O SEAR B H « B B, viatRImsdos#B KT
fathidl, PrLlfatiibefit5ess 22, ViatHImsdosBib (R IEHER 21, I EATHA — AN e
(KA R GE . RN S Ah—AVFATSCIE R GE, IR avFatBib (i Baes A8 2. — MEERK)
T e E R IS — KA (longword)
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IRl B B B AUTOCLEANFIVISITED bR &5, T DAIXAN - BT — S a3 IXSebn o T34
TN, IX LRI bR iC A AUTOCLEAN, IXFE R 40 n] LIRS WL & ] LL 5 8 #14k. VISITED
bR T m XA AR RG] . RS ANHE S ik B X A& B
kerne ldif sk 2 Gefh B AN F A0 42 75 N a A B (R i i, "B B F R AR AT A E, #3148
sk . & HAEFRIC HAUTOCLEANTT HURAS /ERUNNING IR H . 1 B3 /M igeak (1 VIS ITED bR T 4%
ﬁ%,%ZEﬁw%ﬁﬁﬁ&,EME%%%E&W&WW%L%ﬁﬁ&%%$%?—ﬁﬁ

BT LU I, AL ERE RIS (cleanup) , E"EREICE B 7 BC A% B U o
XA module el £ AR L UDELTED, MAZAMBEER AR A IER o AEATT 1K & I MRS (1 R 1
SIHRBEE, XA EMIAFIEE S MRS . XA Z 0 BT (A% A A7 OB T

Z ilkernel/module.c delete module()

Chapter 13

The Linux Kernel Sources (Linuxf%/.CyJEFER)

ARFERE T VRDAZAELTnux% O IR RE 7 (142 105 T 0 B R 1A% D Zh fig .

ARAARI C T AR EE SR AR LinuxZ DS RE e 4 REFELinuxAZ Lo i) AR . 1y
Ui R AEZODBEREFRE R TLINUXERIE RS MR . AL AL OURE (AR
Y AT, ARBAZ MR TG A R E AU .

Where to Get The Linux Kernel Sources CMMEH.3EILinuxiZ LaysFeE)T)

A I E 2 fLinux/r & (Craftworks, Debian, Slackware, RedHat #54%5) thia#iG #% Lo Fe
o TR LZBAEARAILINUX R 28 _E LT nuxcAZ /Co 0 i IR SSYETRE e (SIS B RO SSYRE
FHAELER I, B DAR AT B A 515 21 B S CHE 21 iweb it 55743 2 BB YR FE Y o EATTIHE
ftp://ftp.cs.helsinki . FiFH & FTH 1% Hwebsl £ . Helsinki [fwebyl fifolr, (H2H Y
vl S AR GMI TFISunsiteth A2 KI5 5
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UERARTCVE Vs I web, 384T VF 2 COROM) S HI AR & BEL AN 9 H R I T 5 Sdwebh sl (1 gk, — 2
FRRUPOITARSS, 1%ZsT AT EFr . ARIAHKILinux 7 22— N URRE A A ORI

Linui CUTRIFA A IE3 W55 R SE. (EBRIRD (B1112.0.30) #R& MRoER)
BATIL, THERAEIGL (BI2.1.42) HE—ATFRBIEL . A BT RGE n
2.0.30UH{L . JTRATI KL FAT AT (BRSSO RIF A BB B8 (03 R, R AT R
B, ATARARARTE M, HRELinuce PTIBR 0 R AL 2 . SR T BLLEREASE A 4
HEAFIR. i, EPREBRIRAE A R, R 2 (MR R 4.

XA OVERE P I e B VR Aypateh SO 43 & . L Hepatch ] BURT-— R FVUE SO ] — R A&
e B, AnERARA2.0. 2000 IR A, T AR A B A% $02.0.30, fRATEAE2.0. 30 patch 3L
P, FHHCIXSpateh (G N BIWEFE P L

$ cd Zusr/src/linux

$ patch -pl < patch-2.0.30

IXFE ] DA DVAEANIERE A, R 2 i) AT . — Mo T GERXAFEIER
(1) [R5 2 http - //www.. 1inuxhg.com

How The Kernel Sources Are Arranged (#%.0oJFERsiifa4i4l)

FEVRE PR IR d B SRR 2 28 H ok

arch arch H BT FE RGO IIZ RS R HBENTHX, §—MUR—HM
THEIR R S5 K, #ilani386F1alphas.

Include include ¥ H 4% 1A% O 0 i £ 00 R rinclude XF. EWAERIFH%, &
— NSRRI RS A . Include/asm g iX A4 2 45 1) BT 7 22 ) B S inc lude H S 118K B
$, fltninclude/asm-i386. A T MURRRL M, IR EniiZ O fimakefile, HFHIZ{TLinux
(K% Ol & T

Init XA H SO RIEAACRY, X INAF TR O fa] AR — AN AR5 1 R A
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Mm A F SRR AT (0 AP R BLARAS . PR £ MO 1 9 77 5 BEAR RS A Tarch/*/mm/, {511
arch/i1386/mm/fault.c

Drivers FREGHTA K& AN FAERX A H oo BATHRI 2 i s Rl 2K, il dnblock.
Ipc XA H %A 5 %0 AR ()58 TRIF AR )

Modulles X & — M HISRAF U SLAF IR H 5%

Fs FTH KIS RGN Bl r i Hax, B SCRSCERSGE A, #illnvfatHlext2
Kernel EZEMZ U, FFE, FARACHIZ OIS EHEarch/*/kernel

Net Rz /Lo 2% A hH

Lib XA HRBCE O AR . Rk R S5 R OC I FEAR S {Earch// Tib/

Scripts X/MNHXBE A (Bl anawk kA , H T A EZ O

Where to Start Looking (M\MFHEIF4AE)

ARLInUXIZ DX A B KRB IR S WA SR — D ERLER, B AMH& . Fo
(KB ARSI 2 5| I A A e LRI S, ARt Se ks THa. R
—NRIR, RTAE RN L, BRI AT

System Startup and Initialization (R%EEFIEA)

E—Nntel R4 L, Hloadlin.exesiLILOFEAZ Cy INZR 2 P A7 HAEF2 BIBAS 45 B I, A0
a5, x—#4rFHarch/i386/kernel/head.S. head. SHHAT— L8R4k £ 45 M AH DGR B TAE
HEeF init/main.cH mainQ FlFL .

Memory Management (1745 HE)

FRAG K 2 AEmmAH 2 AR 2R 25 A AH G A S fEarch/*/mm. - Page faul tAb FRACHS £Emm/memory . ¢
o, AR R T 22 AR fEmm/ Filemap.c H1. Buffer cache femm/buffer.ciiscl, #5#2%
fr{Emm/swap_state.cHlimm/swapfile.cH.
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Kernel

R4 AR I AR fEkernel,  FIA R g5 MAH SIS fEarch/*/kernel . i EEFE T HE
kernel/sched.c, forkftiZ{rkernel/fork.c. bottom half AL FRAC L AF
include/linux/interrupt.h. task struct#dhi&ha ] LA7E include/ linux/sched. hH 4K 3

PCI

PCIth IR B2 #Edrivers/pci/pci.c, R4 e XAEinclude/linux/pei.h. B —Fik R 45
P AT — SRR IPCI BIOSAUAY, Alpha AXPHI{7 Tarch/alpha/kernel/bios32.c

Interprocess Communication

SEfEipcH. T 24V IPCH R #tudhipe_perm¥digity, nJ LA7Einclude/linux/ipc.h
2. RV EEipe/msg.cHh I, N Eipe/shm.cH, {55 {Eipc/sem.c. EIELE
ipc/pipe.csEzH,

Interrupt Handling

RO R BT AR BRARHD J LT #2E Fp AL B2 GEFEWRINE S ) MHOC. Intel F KT AR BARALAE
arch/i386/kernel/irq.c’e e X fEincude/asm-i386/irg.h.

Device Drivers (& £5WXEHFEF)

LinuxA% O AR (1) R AR AT ZE & I A SRR I o Linux AT A 1R 4 % UK Bl R Py YA R #1
fEdriversH, {HEEANIE—D52K:
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/block W& FE b inide Cide.c)  WRRAHEAF A v et & X RE R & e
A I, RS kl%%drivers/block/genhd chidevice _setup(). EAMNHIGEAER:, W]
G Zs, DA IR Ben s SCAF RGN T2 M 4% o Bk 24 A 46 55 T IDERISCS 1 7%

/char IXH AT USRI T ARMR &L antty, #4705,

/cdrom Linux 75 [FJCOROMAR AL o 7EIX HL W] A4E 21 E ik I COROM e 2% (L inSoundblaster
CDROM) . L& ide CDIR R &drivers/block [fjide-cd.c, TfSCSI COUR B L 1
drivers/scsi/scsi.c

/pci PCHAIRBNARIT o 3K — M UMEEPCI 1 R 48 Wl 4 WS Fw) a4k i ir i 7 . Alpha AXP - PCI
AR AC Yt 5 #Farch/alpha/kernel /bios32.cHH & &

/scsi AEX L AME AT DL BT I Linux S R ses i s RS A2 7, At m] LR3I T 1 SCSIAR
fith

/net 7EIX HLU RS DLk 3 9 2% 1 £ B 5 A 5 EE WIDEC Chip 21040 PCI LUK M SR Eh AL i tulip.c

/sound T 17 R IRSRL T 147 &

File Systems (I 1F&R4)

EXT2 L1 RS VE R - B8 fr Fs/ext2/ 1 H =%, Bl S50 1) & XA
include/linux/ext2_fs.h,ext2 fs_i.hfllext2 fs sb_h. RIS RSB 451
include/linux/fs. hﬁPﬁazt R Fs/*, Buffer cachefllupdate WO R AR A H
fs/buffer.cLHL i

Network (%)

W AR R AEnet 7 H 3%, K#4r It include X4 include/net. BSD socket/LiLLF
net/socket.c, Ipv4d INET socket fUfd{Enet/ipva/af inet.c. # ML SZHRACHD (R4
sk_buffabFEFIFE) ZEnet/corer, TCP/IPKIZACIEIEnet/ipva. W48 ¥ 45 IXBh R £
drivers/net
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Modules (Hi)

K OB AR 3 A AEAZ O, S (Emodulesturf . A% 0S4 fEkernel /modules.c, % 4h &
Rtz Oy st fEkerne ld P S 43 51 ZE include/ Hinux/module .hFTinclude/linux/kerneld.h
i, fRA]EEt A AR include/ Linux/Ze L F.hih & F —ANELF H bR ST 45 7

Appendix A C(FffEAD

Linux Data Structures (Linux3i#Esity)

1@%?&T$%¢%ﬁWUmmE%%£%%ﬁﬁ%wo%TEﬁEL%@T,Em%ﬁT&
ST

Block dev_struct

block_dev_struct##h 4 T8 v H I E i 2%, ikbuffer cacheft . EA1{EbIK _dev]
mER.

Z: ILinclude/linux/blkdev.h

struct blk dev_struct {

void (*request_fn)(void);

struct request * current_request;
struct request plug;

struct tg_struct plug_tq;

};
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buffer_head

buffer_head%tf: 45 #77 ifbuffer cached —NERGEp X ()45 .

Z: iLinclude/linux/fs.h

/* bh state bits */

#define BH_Uptodate 0 /* 1 i1f the buffer contains valid data */
#define BH Dirty 1 /* 1 1f the buffer is dirty */

#define BH_Lock 2 /* 1 if the buffer is locked */

#define BH_Req 3 /7* 0 1f the buffer has been invalidated */
#define BH Touched 4 /* 1 if the buffer has been touched (aging) */
#define BH Has aged 5 /* 1 i1f the buffer has been aged (aging) */
#define BH_Protected 6 /* 1 if the buffer i1s protected */

#define BH_FreeOnl0O 7 /* 1 to discard the buffer_head after 10 */
struct buffer_head {

/* First cache line: */

unsigned long b_blocknr; /* block number */

kdev_t b _dev; /* device (B _FREE = free) */

kdev_t b_rdev; /* Real device */

unsigned long b_rsector; /* Real buffer location on disk */

struct buffer_head *b_next; /* Hash queue list */

struct buffer_head *b_this page; /* circular list of buffers in one

page */
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/* Second cache line: */

unsigned long b_state; /* buffer state bitmap (above) */
struct buffer_head *b_next free;

unsigned int b_count; /* users using this block */

unsigned long b_size; /* block size */

/* Non-performance-critical data follows. */

char *b_data; /* pointer to data block */

unsigned int b_list; /* List that this buffer appears */
unsigned long b_flushtime; /* Time when this (dirty) buffer
* should be written */

unsigned long b_lru_time; /* Time when this buffer was

* last used. */

struct wait_queue *b _wait;

struct buffer_head *b_prev; /* doubly linked hash list */
struct buffer_head *b_prev _free; /* doubly linked list of buffers */

struct buffer_head *b_regnext; /* request queue */

};

device

ARG IR ML B H A device Bt £t R

Z: JLinclude/linux/netdevice.h

struct device
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{

/*

* This is the first field of the "visible" part of this structure
* (1.e. as seen by users in the "Space.c" file). It is the name
* the interface.

*/

char *name;

/* 1/0 specific fields */

unsigned long rmem_end; /* shmem "recv" end */

unsigned long rmem_start; /* shmem "recv" start */

unsigned long mem end; /* shared mem end */

unsigned long mem_start; /* shared mem start */

unsigned long base_addr; /* device 1/0 address */

unsigned char irq; /* device IRQ number */

/* Low-level status flags. */

volatile unsigned char start, /* start an operation */
interrupt; /* interrupt arrived */

unsigned long tbusy; /* transmitter busy */

struct device *next;

/* The device initialization function. Called only once. */

int (*init)(struct device *dev);

/* Some hardware also needs these fields, but they are not part of
the usual set specified in Space.c. */

unsigned char i1f_port; /* Selectable AUl,TP, */
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unsigned char dma; /* DMA channel */

struct enet_statistics* (*get stats)(struct device *dev);

/*

* This marks the end of the "visible™ part of the structure. All
* fields hereafter are internal to the system, and may change at
* will (read: may be cleaned up at will).

*/

/* These may be needed for future network-power-down code. */
unsigned long trans_start; /* Time (Jiffies) of

last transmit */

unsigned long last _rx; /* Time of last Rx */

unsigned short flags; /* interface flags (BSD)*/

unsigned short family; /* address family ID */

unsigned short metric; /* routing metric */

unsigned short mtu; /* MTU value */

unsigned short type; /* hardware type */

unsigned short hard_header _len; /* hardware hdr len */

void *priv; /* private data */

/* Interface address info. */

unsigned char broadcast[MAX_ADDR_LEN];

unsigned char pad;

unsigned char dev_addr[MAX_ADDR_LEN];

unsigned char addr_len; /* hardware addr len */

unsigned long pa_addr; /* protocol address */
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unsigned long pa_brdaddr; /* protocol broadcast addr*/
unsigned long pa_dstaddr; /* protocol P-P other addr*/
unsigned long pa_mask; /* protocol netmask */

unsigned short pa_alen; /* protocol address len */
struct dev_mc_list *mc_list; /* M"cast mac addrs */
int mc_count; /* No installed mcasts */

struct ip_mc_list *ip_mc_list; /* IP m"cast filter chain */
__u32 tx_queue_len; /* Max frames per queue */

/* For load balancing driver pair support */

unsigned long pkt _queue; /* Packets queued */

struct device *slave; /* Slave device */

struct net_alias_info *alias_info; /* main dev alias info */
struct net_alias *my alias; /* alias devs */

/* Pointer to the interface buffers. */

struct sk _buff_head buffs[DEV_NUMBUFFS];

/* Pointers to interface service routines. */

int (*open)(struct device *dev);

int (*stop)(struct device *dev);

int (*hard_start_xmit) (struct sk_buff *skb,

struct device *dev);

int (*hard_header) (struct sk _buff *skb,

struct device *dev,

unsigned short type,

void *daddr,
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void *saddr,

unsigned len);

int (*rebuild_header)(void *eth,

struct device *dev,

unsigned long raddr,

struct sk _buff *skb);

void (*set_multicast_list)(struct device *dev);
int (*set_mac_address)(struct device *dev,

void *addr);

int (*do_ioctl)(struct device *dev,

struct ifreq *ifr,

int cmd);

int (*set_config)(struct device *dev,

struct ifmap *map);

void (*header_cache _bind)(struct hh_cache **hhp,
struct device *dev,

unsigned short htype,

__u32 daddr);

void (*header_cache _update)(struct hh_cache *hh,
struct device *dev,

unsigned char * haddr);

int (*change_mtu)(struct device *dev,

Int new_mtu);

struct iw_statistics* (*get wireless_stats)(struct device *dev);

file://C:\Documents and Settings\Ffi\Desktop\linux %K f#\linuxkernel...

Page 159 of 207

10/10/2008



Linux Kernel#%.LxH SCF- it Page 160 of 207

};

device_struct

device_struct¥dis 45t T80 FAF A 28 (A7 80X AN £ IR A4 R A AT BE b4 T 1) SO 44
Y£) o Chrdevs#iiblkdevs r) 3 H ({5 — AN R R AR 73 mARER — DA AT e i &

% . fs/devices.c

struct device_struct {
const char * name;

struct file operations * fops;

};

file

F— MRS socketZE 58—/ Fi le Bl &5 A0 &

g

Z: iLinclude/linux/fs.h

struct file {

mode_t T _mode;

loff t f pos;

unsigned short f_flags;

unsigned short f_count;

unsigned long f reada, f ramax, f raend, f ralen, T rawin;
struct file *f_next, *f prev;

int T owner; /* pid or -pgrp where SIGIO should be sent */
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struct inode * f_inode;
struct file operations * T _op;
unsigned long f_version;

void *private_data; /* needed for tty driver, and maybe others */

};

file_struct
file_struct¥dl ity ik 7 —ASERAT IR SC A
Z:JLinclude/linux/sched.h

struct files_struct {

int count;

fd_set close _on_exec;

fd_set open_fds;

struct file * fd[NR_OPEN];

};

fs_struct

% Jlinclude/linux/sched.h
struct fs_struct {

int count;

unsigned short umask;

struct inode * root, * pwd;

};
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gendisk

gendi skl 45 M A7 UL A5 B o IAERTAR AT RE s R BIRAEE, SR 23 X (R Ik

Z: IWinclude/linux/genhd.h

struct hd_struct {

long start _sect;

long nr_sects;

}:

struct gendisk {

int major; /* major number of driver */

const char *major_name; /* name of major driver */
int minor_shift; /* number of times minor is shifted to
get real minor */

int max_p; /* maximum partitions per device */

int max_nr; /* maximum number of real devices */
void (*init)(struct gendisk *);

/* Initialization called before we

do our thing */

struct hd_struct *part; /* partition table */

int *sizes; /* device size in blocks, copied to
blk_size[] */

int nr_real; /* number of real devices */

void *real_devices; /* internal use */
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struct gendisk *next;

};

inode

VFS inode$iH 45 14 A7 TSt At b i — A SCPF s H s A R

Z: iLinclude/linux/fs.h

struct inode {
kdev_t i_dev;
unsigned long 1_ino;
umode_t 1_mode;
nlink_t 1_nlink;
uld_t 1_uid;
gid_t 1_gid;
kdev_t 1_rdev;
off_t 1_size;
time_t 1_atime;
time_t 1_mtime;
time_t 1_ctime;
unsigned long 1_blksize;
unsigned long 1_blocks;
unsigned long 1_version;
unsigned long 1_nrpages;

struct semaphore 1_sem;
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struct inode_operations *i_op;

struct super_block *i_sb;

struct wait_queue *i_wait;

struct file_lock *i_flock;

struct vm_area_struct *i_mmap;

struct page *i_pages;

struct dquot *i_dquot[MAXQUOTAS];

struct inode *i_next, *i_prev;

struct inode *i1_hash_next, *i_hash_prev;

struct inode *i_bound to, *i_bound by;

struct inode *i_mount;

unsigned short i_count;

unsigned short i1_flags;

unsigned char 1_lock;

unsigned char 1_dirt;

unsigned char 1_pipe;

unsigned char 1_sock;

unsigned char 1_seek;

unsigned char 1_update;

unsigned short 1_writecount;

union {
struct pipe_inode_info pipe i;
struct minix_inode_info minix_1i;

struct ext_inode_info ext_i;
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struct ext2_inode_info ext2_i;
struct hpfs_inode_info hpfs_i;
struct msdos_inode_info msdos_1i;
struct umsdos_inode_info umsdos_1;
struct iso_inode_info isofs_i;
struct nfs_inode_info nfs_i;
struct xiafs_inode_info xiafs_1i;
struct sysv_inode_info sysv_i;
struct affs_inode_info affs_i;
struct ufs_inode_info ufs_i;
struct socket socket i;

void *generic_ip;

ipc_perm
ipc_permiuls 45 H ik — MRV IPCH G 115 i) AL PR

% ILinclude/linux/ipc.h

struct ipc_perm

{
key t key;
ushort uid; /* owner euid and egid */

ushort gid;
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ushort cuid; /* creator euid and egid */
ushort cgid;
ushort mode; /* access modes see mode flags below */

ushort seq; /* sequence number */

};

irgaction
i rqaction#idfs 45 1 R IR R G011 T BT AL PR R 7

Z:JLinclude/linux/interrupt.h

struct irgaction {

void (*handler)(int, void *, struct pt_regs *);
unsigned long flags;

unsigned long mask;

const char *name;

void *dev_id;

struct irgaction *next;

}s
linux_binfmt
L i nuxBR A 14— A Z8E i SRR 2UERH — AN Ninux_binfmt £ 45 1 KR

Z: JLinclude/linux/binfmt._h

struct linux_binfmt {
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struct linux_binfmt * next;

long *use_count;

int (*load binary)(struct linux_binprm *, struct pt_regs * regs);
int (*load_shlib)(int fd);

int (*core_dump)(long signr, struct pt regs * regs);

};

mem_map_t
mem_map_tA s ity (Ll fitpage) A7 — A3 N A7 U 1I4E S

Z: iLinclude/linux/mm_h

typedef struct page {

/* these must be first (free area handling) */
struct page *next;

struct page *prev;

struct inode *inode;

unsigned long offset;

struct page *next_hash;

atomic_t count;

unsigned flags; /* atomic flags, some possibly
updated asynchronously */

unsigned dirty:16,

age:8;

struct wait_queue *wait;
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struct page *prev_hash;

struct buffer_head *buffers;

unsigned long swap_unlock entry;

unsigned long map_nr; /* page->map_nr == page - mem map */

} mem_map_t;

mm struct
mm_structHdls 45 k4 FH 1408 — NI 55 s RR 1 R 40N A7
Z:JLinclude/linux/sched.h

struct mm_struct {

int count;

pgd_t * pgd;

unsigned long context;

unsigned long start code, end code, start data, end data;
unsigned long start brk, brk, start stack, start mmap;
unsigned long arg_start, arg_end, env_start, env_end;
unsigned long rss, total vm, locked vm;

unsigned long def flags;

struct vm_area_struct * mmap;

struct vm_area_struct * mmap_avl;

struct semaphore mmap_sem;

};

pci_bus
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RGP AR PCLEZ ] — 1 pei_busHits 4ty % o

% ILinclude/linux/pci .h

struct pci_bus {

struct pci_bus *parent; /* parent bus this bridge is on */
struct pci_bus *children; /* chain of P2P bridges on this bus */
struct pci_bus *next; /* chain of all PCl buses */

struct pci_dev *self; /* bridge device as seen by parent */
struct pci_dev *devices; /* devices behind this bridge */
void *sysdata; /* hook for sys-specific extension */
unsigned char number; /* bus number */

unsigned char primary; /* number of primary bridge */
unsigned char secondary; /* number of secondary bridge */

unsigned char subordinate; /* max number of subordinate buses */

};

pci_dev

R AE—NPCLEE %, ALFEPCI-PCLRIPCI - ISARR 15 #% #1H — A ~pei_devidis 45 i1t 3%
% ILinclude/linux/pci .h

/*

* There is one pci_dev structure for each slot-number/function-number

* combination:

*/

struct pci_dev {

struct pci_bus *bus; /* bus this device is on */
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struct pci_dev *sibling; /* next device on this bus */
struct pci_dev *next; /* chain of all devices */

void *sysdata; /* hook for sys-specific extension */

unsigned int devfn; /* encoded device & function index */
unsigned short vendor;

unsigned short device;

unsigned int class; /* 3 bytes: (base,sub,prog-if) */
unsigned int master : 1; /* set if device is master capable */
/*

* In theory, the irq level can be read from configuration

* space and all would be fine. However, old PCI chips don"t
* support these registers and return O instead. For example,
* the Vision864-P rev 0 chip can uses INTA, but returns 0 in
* the interrupt line and pin registers. pci_init()

* initializes this field with the value at PCI_INTERRUPT_LINE
* and 1t 1s the job of pcibios_fixup() to change it if

* necessary. The field must not be 0 unless the device

* cannot generate interrupts at all.

*/

unsigned char irq; /* irq generated by this device */

};

request

request/f] T-1a R4 I £ K K . 1l SKAR /2 MW/ 1albuffer cacheiz/ 5 £ids b
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Z: JLinclude/linux/blkdev.h

struct request {

volatile int rg_status;

#define RQ_INACTIVE (-1)

#define RQ_ACTIVE 1

#define RQ_SCSI_BUSY Oxffff
#define RQ_SCSI_DONE Oxfffe
#define RQ_SCSI_DISCONNECTING Oxffe0
kdev_t rg_dev;

int cmd; /* READ or WRITE */

int errors;

unsigned long sector;

unsigned long nr_sectors;
unsigned long current nr_sectors;
char * buffer;

struct semaphore * sem;

struct buffer_head * bh;

struct buffer_head * bhtail;

struct request * next;

};

rtable

fF—rtable Bl 45 A A A7 TR — AN IPENL AR SCI I 05 Bl . Rtablefidis £5 /I 7E 1P
routeZZ /7 H .
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Z: iLinclude/net/route.h

struct rtable

{

struct rtable *rt_next;
_u32 rt_dst;

_u32 rt_src;

__u32 rt_gateway;
atomic_t rt_refcnt;
atomic_t rt_use;
unsigned long rt_window;
atomic_t rt_lastuse;
struct hh_cache *rt_hh;
struct device *rt_dev;
unsigned short rt_flags;
unsigned short rt_mtu;
unsigned short rt_irtt;

unsigned char rt_tos;

};

semaphore

o 2T T DR B 2 R AN A (X 3

% il include/asm/semaphore.h
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struct semaphore {

int count;

int waking;

int lock ; /7* to make waking testing atomic */

struct wait_queue *wait;

};

sk_buff
sk_buFFEs 45 14 22 W 28 5 A8 Bz 2 TR B 1) 3 R A i i 199 24 25040

Z:JLinclude/linux/sk_buff.h

struct sk_buff

{

struct sk_buff *next; /* Next buffer in list */

struct sk _buff *prev; /* Previous buffer in list */

struct sk buff _head *list; /* List we are on */

int magic_debug_cookie;

struct sk _buff *1ink3; /* Link for IP protocol level buffer chains */
struct sock *sk; /* Socket we are owned by */

unsigned long when; /* used to compute rtt"s */

struct timeval stamp; /* Time we arrived */

struct device *dev; /* Device we arrived on/are leaving by */

union

{

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4Z%.Crh 32 Tt Page 174 of 207

struct tcphdr *th;

struct ethhdr *eth;

struct iphdr *iph;

struct udphdr *uh;

unsigned char *raw;

/* for passing file handles in a unix domain socket */
void *filp;

}h;

union

/* As yet incomplete physical layer views */
unsigned char *raw;
struct ethhdr *ethernet;
} mac;
struct iphdr *ip_hdr; /* For IPPROTO_RAW */
unsigned long len; /* Length of actual data */
unsigned long csum; /* Checksum */
__u32 saddr; /* IP source address */
__u32 daddr; /* IP target address */
__u32 raddr; /* IP next hop address */
__u32 seq; /* TCP sequence number */
__u32 end_seq; /* seq [+ fin] [+ syn] + datalen */
_u32 ack_seq; /* TCP ack sequence number */

unsigned char proto priv[16];
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volatile char acked, /* Are we acked ? */
used, /* Are we in use ? */
free, /* How to free this buffer */
arp; /* Has IP/ARP resolution finished */
unsigned char tries, /* Times tried */
lock, /* Are we locked ? */
localroute, /* Local routing asserted for this frame */
pkt type, /* Packet class */
pkt _bridged, /* Tracker for bridging */
ip_summed; /* Driver fed us an IP checksum */
#define PACKET HOST 0 /* To us */
#define PACKET_BROADCAST 1 /* To all */
#define PACKET_MULTICAST 2 /* To group */
#define PACKET_OTHERHOST 3 /* To someone else */
unsigned short users; /* User count - see datagram.c,tcp.c */
unsigned short protocol; /* Packet protocol from driver. */
unsigned int truesize; /* Buffer size */
atomic_t count; /* reference count */
struct sk _buff *data_skb; /* Link to the actual data skb */
unsigned char *head; /* Head of buffer */
unsigned char *data; /* Data head pointer */
unsigned char *tail; /* Tail pointer */
unsigned char *end; /* End pointer */

void (*destructor)(struct sk _buff *); /* Destruct function */
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__ul6 redirport; /* Redirect port */

};

sock

TF—~sock s &5 44 # A7 1 —1~BSD socket H AT SAH MG B o B, XFF—INET
socket, XN g5 S AF UV I TCP/ IPAIUDP/ 1 PAH AR &

Z: JLinclude/linux/net.h

struct sock

{

/* This must be first. */

struct sock *sklist _next;

struct sock *sklist_prev;

struct options *opt;

atomic_t wmem_alloc;

atomic_t rmem_alloc;

unsigned long allocation; /* Allocation mode */
_u32 write_seq;

_u32 sent_seq;

__u32 acked_seq;

__u32 copied_seq;

__u32 rcv_ack_seq;

unsigned short rcv_ack cnt; /* count of same ack */
__u32 window_seq;

_u32 fin_seq;
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__u32 urg_seq;
__Uu32 urg_data;
__u32 syn_seq;
int users; /* user count */
/*
* Not all are volatile, but some are, so we
* might as well say they all are.
*/
volatile char dead,
urginline,

intr,

blog,

done,

reuse,

keepopen,

linger,

delay_acks,

destroy,

ack_timed,

no_check,

zapped,

broadcast,

nonagle,

bsdism;
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unsigned long lingertime;

int proc;

struct sock *next;

struct sock **pprev;

struct sock *bind_next;

struct sock **bind_pprev;

struct sock *pair;

int hashent;

struct sock *prev;

struct sk _buff *volatile send_head;
struct sk _buff *volatile send_next;
struct sk _buff *volatile send_tail;
struct sk _buff _head back log;
struct sk _buff *partial;

struct timer_list partial_timer;
long retransmits;

struct sk _buff _head write_gqueue,
receive_queue;

struct proto *prot;

struct wait_queue **sleep;

__u32 daddr;

_u32 saddr; /* Sending source */
__u32 rcv_saddr; /* Bound address */

unsigned short max_unacked;
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unsigned short window;
__u32 lastwin_seq; /* sequence number when we last

updated the window we offer */
__u32 high_seq; /* sequence number when we did

current fast retransmit */
volatile unsigned long ato; /* ack timeout */
volatile unsigned long lIrcvtime; /* jiffies at last data rcv */
volatile unsigned long idletime; /* jiffies at last rcv */
unsigned int bytes rcv;
/*
* mss 1s min(mtu, max_window)
*/
unsigned short mtu; /* mss negotiated in the syn®s */
volatile unsigned short mss; /* current eff. mss - can change */
volatile unsigned short user_mss; /* mss requested by user in ioctl */
volatile unsigned short max_window;
unsigned long window_clamp;
unsigned int ssthresh;
unsigned short num;
volatile unsigned short cong_window;
volatile unsigned short cong_count;
volatile unsigned short packets out;
volatile unsigned short shutdown;

volatile unsigned long rtt;
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volatile unsigned long mdev;

volatile unsigned long rto;

volatile unsigned short backoff;

int err, err_soft; /* Soft holds errors that don"t
cause failure but are the cause

of a persistent failure not

just "timed out® */

unsigned char protocol;

volatile unsigned char state;

unsigned char ack backlog;

unsigned char max_ack backlog;

unsigned char priority;

unsigned char debug;

int rcvbuf;

int sndbuf;

unsigned short type;

unsigned char localroute; /* Route locally only */
/*

* This is where all the private (optional) areas that don*t
* overlap will eventually live.

*/

union

{

struct unix_opt af_unix;
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#if defined(CONFIG_ATALK) || defined(CONFIG_ATALK_MODULE)
struct atalk sock af at;

#endif

#if defined(CONFIG_IPX) || defined(CONFIG_IPX_MODULE)
struct ipx_opt af_ipx;

#endif

#ifdef CONFIG_INET

struct inet_packet opt af packet;

#i1fdef CONFIG_NUTCP

struct tcp_opt af_tcp;

#endif

#endif

} protinfo;

/*

* IP "private area"

*/

int ip_ttl; /* TTL setting */

int ip_tos; /* TOS */

struct tcphdr dummy_th;

struct timer_list keepalive _timer; /* TCP keepalive hack */
struct timer_list retransmit_timer; /* TCP retransmit timer */
struct timer_list delack timer; /* TCP delayed ack timer */
int ip_xmit_timeout; /* Why the timeout is running */

struct rtable *ip_route_cache; /* Cached output route */
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unsigned char ip_hdrincl; /* Include headers ? */
#ifdef CONFIG_IP_MULTICAST

int ip_mc_ttl; /* Multicasting TTL */

int ip_mc_loop; /* Loopback */

char 1p_mc_name[MAX_ADDR_LEN]; /* Multicast device name */
struct ip_mc_socklist *ip _mc_list; /* Group array */
#endif

/*

* This part is used for the timeout functions (timer.c).
*/

int timeout; /* What are we waiting for? */

struct timer_list timer; /* This is the TIME_WAIT/receive
* timer when we are doing IP

*/

struct timeval stamp;

/*

* ldentd

*/

struct socket *socket;

/*

* Callbacks

*/

void (*state change)(struct sock *sk);

void (*data_ready)(struct sock *sk,int bytes);
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void (*write_space)(struct sock *sk);

void (*error_report)(struct sock *sk);

};

socket

B —/>socket# i 45 I #RAF T —MBSD  socketfIfi Ehe EASIALAFAE, PR EJEVFS  inodeXy
EEA ALV

Z: JLinclude/linux/net.h

struct socket {

short type; /* SOCK_STREAM, ... */

socket_state state;

long flags;

struct proto_ops *ops; /* protocols do most everything */
void *data; /* protocol data */

struct socket *conn; /* server socket connected to */
struct socket *iconn; /* incomplete client conn.s */
struct socket *next;

struct wait_queue **wait; /* ptr to place to wait on */
struct inode *inode;

struct fasync_struct *fasync_list; /* Asynchronous wake up list */

struct file *file; /* File back pointer for gc */

};
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task struct
fF— task_structiffiid R4 4 11— AT 55 sk FE

Z: JLinclude/linux/sched.h

)

struct task_struct {

/* these are hardcoded - don"t touch */

volatile long state; /* -1 unrunnable, 0 runnable, >0 stopped */
long counter;

long priority;

unsigned long signal;

unsigned long blocked; /* bitmap of masked signals */
unsigned long flags; /* per process flags, defined below */
int errno;

long debugreg[8]; /* Hardware debugging registers */

struct exec_domain *exec_domain;

/* various fields */

struct linux_binfmt *binfmt;

struct task_struct *next_task, *prev_task;

struct task_struct *next_run, *prev_run;

unsigned long saved kernel stack;

unsigned long kernel stack page;

int exit_code, exit_signal;

/* 27?2 */

unsigned long personality;

int dumpable:1;

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel#%.LxH SCF- it Page 185 of 207

int did_exec:1;

Iint pid;

Int pgrp;

int tty old pgrp;

Int session;

/* boolean value for session group leader */

int leader;

int groups[NGROUPS];

/*

* pointers to (original) parent process, youngest child, younger sibling,
* older sibling, respectively. (p->father can be replaced with
* p->p_pptr->pid)

*/

struct task struct *p_opptr, *p_pptr, *p_cptr,

*p_ysptr, *p_osptr;

struct wait_queue *wait_chldexit;

unsigned short uid,euid,suid,fsuid;

unsigned short gid,egid,sgid,fsgid;

unsigned long timeout, policy, rt priority;

unsigned long i1t _real value, it prof value, 1t virt value;
unsigned long 1t _real _incr, i1t _prof _incr, 1t virt incr;
struct timer_list real_timer;

long utime, stime, cutime, cstime, start_time;

/* mm fault and swap info: this can arguably be seen as either
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mm-specific or thread-specific */

unsigned long min_flt, maj flt, nswap, cmin_flt, cmaj flt, cnswap;
int swappable:1;

unsigned long swap_address;

unsigned long old_maj flt; /* old value of maj flt */

unsigned long dec_flt; /* page fault count of the last time */
unsigned long swap_cnt; /* number of pages to swap on next pass */
/* limits */

struct rlimit rlim[RLIM_NLIMITS];

unsigned short used math;

char comm[16];

/* file system info */

int link _count;

struct tty_struct *tty; /* NULL if no tty */

/* ipc stuff */

struct sem _undo *semundo;

struct sem_queue *semsleeping;

/* 1dt for this task - used by Wine. If NULL, default_ldt is used */
struct desc_struct *ldt;

/* tss for this task */

struct thread_struct tss;

/* filesystem information */

struct fs_struct *fs;

/* open file information */
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struct files_struct *files;

/* memory management info */
struct mm_struct *mm;

/* signal handlers */

struct signal_struct *sig;
#ifdef _ SMP__

int processor;

int last _processor;

int lock depth; /* Lock depth.
We can context switch iIn and out
of holding a syscall kernel lock... */

#endif

};

timer_list
timer_listHdls 45 F ] TS BLE R B SN T I 265

Z: JLinclude/linux/timer.h

struct timer_list {
struct timer_list *next;
struct timer_list *prev;
unsigned long expires;
unsigned long data;

void (*function)(unsigned long);

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel#%.LxH SCF- it Page 188 of 207

};

tq_struct

B MES S (tg_struct) Hs 2t H A ORI TARME R 8H & e ksl
Pt ZEAE S5, (HRANT ZEAL B 5E

Z: ILinclude/linux/tqueue.h

struct tg_struct {

struct tg_struct *next; /* linked list of active bh"s */
int sync; /* must be initialized to zero */

void (*routine)(void *); /* function to call */

void *data; /* argument to function */

};

vm_area_struct

B —/>vm_area_structHdls &5 it ik — A HERR K — A 4 A7 X

Z: iLinclude/linux/mm_h

)

struct vm_area_struct {

struct mm_struct * vm_mm; /* VM area parameters */
unsigned long vm_start;

unsigned long vm_end;

pgprot_t vm_page_prot;

unsigned short vm_flags;
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/* AVL tree of VM areas per task, sorted by address */

short vm_avl_height;
struct vm_area_struct * vm_avl_left;

struct vm_area_struct * vm_avl_right;

/* linked list of VM areas per task, sorted by address */

struct vm_area_struct * vm_next;

/* for areas with inode, the circular list inode->i1_mmap */

/* for shm areas, the circular list of attaches */

/* otherwise unused */

struct vm_area_struct * vm_next_share;
struct vm_area_struct * vm_prev_share;
/* more */

struct vm_operations_struct * vm_ops;
unsigned long vm_offset;

struct inode * vm_inode;

unsigned long vm _pte; /* shared mem */

};

Append B ([ff>%B)

The Alpha AXP Processor

Page 189 of 207

Alpha  AXPIRREE RS —AN 0 T3 T el 64N I In#& /17t (load/store) RISCHAR L5,
FITAT I 2 A7 B A BANT K . 32 BB 2 A7 BN 32T p 2 A7 2% o SRBL NI BT A7 2R AR 314
VA Ar A Foul LR B3 810, SR eEf B A Emas . Ira e & MW7 EAE
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(ANE RS #E3267. HEHARK SCHURAX AR R 5 M, SEVEA RSB 5.

B HEAE NP EREBUENTR 2 T A s B AR S e A A9 < RIHEAT . FTLL, I RARAS
HEE MW AR AN RS, ARG BT E R AR, B RS, HAE
— B G AL BNAFALE, T N A RS BN AL S, R A REd
MEAER . Alpha  AXPII—ANE BRI SUE EH 0T LU R EAL e 2, Wil iy AN B E0E
A, IXAEERIA AT BN BEZR () — AR TAEAS, AR = A58 . YVIE LXL
EBATRE, AHEAHBTIRAS T A7 28 RS v] USE 25 5 ML IXANCPURE— MR BT Z AR L. 1
AT R A TR AL 2 TR AT B B A, W R — RS A2 W A5 A . %
T WA I B DL H A2 (2 A7 i TR 2 4 fq 2 A H B

Alpha AXPAE R — R AT HIRE, IR REE B BUZEAAS (privileged
architecture library code PALcode) . PALcodefliffFEF& 4. Alpha AXPIAZRKICPULASZEL
FRGREA AR . IXLEFHIFE [ B E RGPAE LR SO, b, 5 f N8 BN A ST
FFo XL IR v DL E 2 F 2l il CALL_PALFR 41 . PALcodefbrvifJAlpha  AXPI 4w ftE
Po's, A SRRy R A SEEL, T R MR R Thfg, A0 AL B 1
{745 . PALcodefEPALELAIZAT, X2 — M, SFIL—SHREHFN K, FH AT
PALcode5e 5 il R GE A AT 1)

Appendix C (FffC)

Useful Web and FTP Sites (5 H HiwebFlftpili &)

http://www.azstarnet.com/~axplinux This is David Mosberger-Tang"s Alpha

AXP Linux web site and it is the place to go for all of the Alpha AXP HOW-
TOs. It also has a large number of pointers to Linux and Alpha AXP specific
information such as CPU data sheets.

http://www.redhat.com/ Red Hat"s web site. This has a lot of useful pointers.

ftp://sunsite.unc.edu This i1s the major site for a lot of free software. The Linux

specfic software is held in pub/Linux.

http://www. intel.com Intel®s web site and a good place to look for Intel chip

information.
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http://www.ssc.com/lj/index.html The Linux Journal is a very good Linux

magazine and well worth the yearly subscription for its excellent articles.

http://ww.blackdown.org/java-linux.html This is the primary site for infor-
mation on Java on Linux.

ftp://tsx-11.mit.edu/ ~ftp/pub/linux MIT"s Linux ftp site.

ftp://ftp.cs._helsinki.fi/pub/Software/Linux/Kernel Linus®"s kernel sources.

http://www. linux.org.uk The UK Linux User Group.

http://sunsite.unc.edu/mdw/linux.html Home page for the Linux Documen-

tation Project,

http://www.digital.com Digital Equipment Corporation®s main web page.

http://altavista.digital.com DIGITAL"s Altavista search engine. A very good

place to search for information within the web and news groups.

http://www. linuxhg.com The Linux HQ web site holds up to date offical and

unoffical patches as well as advice and web pointers that help you get the best
set of kernel sources possible for your system.

http://www.amd.com The AMD web site.

http://www.cyrix.com Cyrix"s web site.

Appendix D([ff3%D)
The GNU General Public
License

Printed below is the GNU General Public License (the GPL or copyleft), under
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which Linux is licensed. It is reproduced here to clear up some of the confusion
about Linux"s copyright status|Linux is not shareware, and it is not in the public
domain. The bulk of the Linux kernel is copyright c¢ 1993 by Linus Torvalds, and

other software and parts of the kernel are copyrighted by their authors. Thus,
Linux

IS copyrighted, however, you may redistribute it under the terms of the GPL printed
below.

GNU GENERAL PUBLIC LICENSE

Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc. 675 Mass Ave, Cambridge,

MA 02139, USA Everyone is permitted to copy and distribute verbatim copies of

this license document, but changing i1t is not allowed.

D.1 Preamble

The licenses for most software are designed to take away your freedom to share and
change it. By contrast, the GNU General Public License is intended to guarantee
your freedom to share and change free software{to make sure the software is free
for all i1ts users. This General Public License applies to most of the Free Software
Foundation®s software and to any other program whose authors commit to using

it. (Some other Free Software Foundation software is covered by the GNU Library
General Public License instead.) You can apply i1t to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General
Public Licenses are designed to make sure that you have the freedom to distribute
copies of free software (and charge for this service if you wish), that you receive
source code or can get it if you want i1t, that you can change the software or use

pieces of 1t In new free programs; and that you know you can do these things.
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To protect your rights, we need to make restrictions that forbid anyone to deny

you these rights or to ask you to surrender the rights. These restrictions
translate

to certain responsibilities for you if you distribute copies of the software, or if
you

modify it.

For example, if you distribute copies of such a program, whether gratis or for a
fee,

you must give the recipients all the rights that you have. You must make sure that
they, too, receive or can get the source code. And you must show them these terms
so they know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer
you

this license which gives you legal permission to copy, distribute and/or modify the
software.
Also, for each author®s protection and ours, we want to make certain that everyone

understands that there is no warranty for this free software. If the software is
modified

by someone else and passed on, we want i1ts recipients to know that what they have

is not the original, so that any problems introduced by others will not re ect on
the

original authors® reputations.
Finally, any free program is threatened constantly by software patents. We wish to

avoid the danger that redistributors of a free program will individually obtain
patent

licenses, In e
ect making the program proprietary. To prevent this, we have made it

clear that any patent must be licensed for everyone®s free use or not licensed at
all.
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The precise terms and conditions for copying, distribution and modification follow.
D.2 Terms and Conditions for Copying, Distribu-

tion, and Modification 0. This License applies to any program or other work which
contains a notice

placed by the copyright holder saying it may be distributed under the terms of
this General Public License. The \Program”, below, refers to any such program
or work, and a \work based on the Program™ means either the Program or

any derivative work under copyright law: that is to say, a work containing

the Program or a portion of it, either verbatim or with modifications and/or
translated into another language. (Hereinafter, translation is included without
limitation in the term \modification™.) Each licensee is addressed as \you".
Activities other than copying, distribution and modification are not covered

by this License; they are outside iIts scope. The act of running the Program is
not restricted, and the output from the Program is covered only if its contents
constitute a work based on the Program (independent ofhaving been made by
running the Program). Whether that is true depends on what the Program

does.

1. You may copy and distribute verbatim copies of the Program®s source code

as you receive 1t, in any medium, provided that you conspicuously and appro-
priately publish on each copy an appropriate copyright notice and disclaimer

of warranty; keep intact all the notices that refer to this License and to the
absence of any warranty; and give any other recipients of the Program a copy
of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may

at your option offer warranty protection in exchange for a fee.
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2. You may modify your copy or copies of the Program or any portion of it,
thus forming a work based on the Program, and copy and distribute such
modifications or work under the terms of Section 1 above, provided that you
also meet all of these conditions:

a. You must cause the modified files to carry prominent notices stating that
you changed the files and the date of any change.

b. You must cause any work that you distribute or publish, that in whole or
In part contains or is derived from the Program or any part thereof, to

be licensed as a whole at no charge to all third parties under the terms of
this License.

c. If the modified program normally reads commands interactively when run,
you must cause it, when started running for such interactive use in the
most ordinary way, to print or display an announcement including an
appropriate copyright notice and a notice that there is no warranty (or
else, saying that you provide a warranty) and that users may redistribute
the program under these conditions, and telling the user how to view a

copy of this License. (Exception: if the Program itself is interactive but
does not normally print such an announcement, your work based on the
Program is not required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable
sections of that work are not derived from the Program, and can be reasonably
considered independent and separate works in themselves, then this License,
and 1ts terms, do not apply to those sections when you distribute them as

separate works. But when you distribute the same sections as part of a whole
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which 1s a work based on the Program, the distribution of the whole must be

on the terms of this License, whose permissions for other licensees extend to
the entire whole, and thus to each and every part regardless of who wrote it.
Thus, 1t 1s not the intent of this section to claim rights or contest your rights
to work written entirely by you; rather, the intent is to exercise the right to
control the distribution of derivative or collective works based on the Program.
In addition, mere aggregation of another work not based on the Program with

the Program (or with a work based on the Program) on a volume of a storage

or distribution medium does not bring the other work under the scope of this
License.

3. You may copy and distribute the Program (or a work based on it, under Section
2) 1n object code or executable form under the terms of Sections 1 and 2 above
provided that you also do one of the following:

a. Accompany it with the complete corresponding machine-readable source

code, which must be distributed under the terms of Sections 1 and 2 above

on a medium customarily used for software interchange; or,

b. Accompany i1t with a written offer, valid for at least three years, to give any
third party, for a charge no more than your cost of physically performing

source distribution, a complete machine-readable copy of the correspond-

Ing source code, to be distributed under the terms of Sections 1 and 2

above on a medium customarily used for software interchange; or,

c. Accompany it with the information you received as to the offer to dis-
tribute corresponding source code. (This alternative isallowed only for

noncommercial distribution and only if you received the program in object
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code or executable form with such an offer, in accord with Subsection b above.)
The source code for a work means the preferred form of the work for making
modifications to i1t. For an executable work, complete source code means all

the source code for all modules i1t contains, plus any associated interface defi-
nition files, plus the scripts used to control compilation and installation of the
executable. However, as a special exception, the source code distributed need
not include anything that is normally distributed (in either source or binary
form) with the major components (compiler, kernel, and so on) of the operating
system on which the executable runs, unless that component itself accompanies
the executable.

IT distribution of executable or object code is made by offering access to copy
from a designated place, then offering equivalent access to copy the source code
from the same place counts as distribution of the source code, even though third
parties are not compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as
expressly provided under this License. Any attempt otherwise to copy, modify,
sublicense or distribute the Program is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so
long as such parties remain in full compliance.

5. You are not required to accept this License, since you have not signed i1t. How-
ever, nothing else grants you permission to modify or distribute the Program

or iIts derivative works. These actions are prohibited by law ifyou do not ac-

cept this License. Therefore, by modifying or distributing the Program (or any
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work based on the Program), you indicate your acceptance of this License to

do so, and all its terms and conditions for copying, distributing or modifying
the Program or works based on it.

6. Each time you redistribute the Program (or any work based on the Program),

the recipient automatically receives a license from the original licensor to copy,
distribute or modify the Program subject to these terms and conditions. You

may not impose any further restrictions on the recipients” exercise of the rights
granted herein. You are not responsible for enforcing compliance by third

parties to this License.

7. If, as a consequence of a court judgment or allegation of patent infringement
or for any other reason (not limited to patent issues), conditions are imposed

on you (whether by court order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you from the conditions of this
License. If you cannot distribute so as to satisfy simultaneously your obligations
under this License and any other pertinent obligations, then as a consequence

you may not distribute the Program at all. For example, if a patent license

would not permit royalty-free redistribution of the Program by all those who
receive copies directly or indirectly through you, then the only way you could
satisfy both it and this License would be to refrain entirely from distribution
of the Program.

IT any portion of this section is held invalid or unenforceable under any par-
ticular circumstance, the balance of the section is intended to apply and the
section as a whole is intended to apply in other circumstances.

It 1s not the purpose of this section to induce you to infringe any patents or
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other property right claims or to contest validity ofany such claims; this section
has the sole purpose of protecting the integrity of the free software distribution
system, which isimplemented by public license practices. Many people have

made generous contributions to the wide range of software distributed through

that system in reliance on consistent application of that system; i1t is up to the
author/donor to decide i1f he or she i1s willing to distribute software through

any other system and a licensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a
consequence of the rest of this License.

8. IT the distribution and/or use of the Program is restricted in certain countries
either by patents or by copyrighted interfaces, the original copyright holder

who places the Program under this License may add an explicit geographical
distribution limitation excluding those countries, so that distribution is permit-
ted only in or among countries not thus excluded. In such case, this License
incorporates the limitation as if written in the body of this License.

9. The Free Software Foundation may publish revised and/or new versions of the
General Public License from time to time. Such new versions will be similar in
spirit to the present version, but may differ in detail to address new problems

or concerns.

Each version is given a distinguishing version number. If the Program specifies

a version number of this License which applies to it and \any later version", you
have the option of following the terms and conditions either of that version or
of any later version published by the Free Software Foundation. If the Program

does not specify a version number of this License, you may choose any version
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ever published by the Free Software Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose
distribution conditions are different, write to the author to ask for permission.
For software which i1s copyrighted by the Free Software Foundation, write to the
Free Software Foundation; we sometimes make exceptions for this. Our decision
will be guided by the two goals of preserving the free status of all derivatives of
our free software and of promoting the sharing and reuse of software generally.
NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE

IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMIT-

TED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED

IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES

PROVIDE THE PROGRAM \AS 1S WITHOUT WARRANTY OF ANY

KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIM-

ITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND

FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO

THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH

YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME

THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORREC-

TION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAWOR AGREED

TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER

PARTY WHO MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM

AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, IN-
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CLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE

THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA

OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED

BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO

OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER

OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

SUCH DAMAGES.

END OF TERMS AND CONDITIONS

D.3 Appendix: How to Apply These Terms to Your

New Programs

IT you develop a new program, and you want i1t to be of the greatest possible use to
the public, the best way toachieve this is to make i1tfree software which everyone
can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them

to the start of each source file to most effectively convey the exclusion of
warranty;

and each file should have at least the \copyright" line and a pointer to where the
full

notice i1s found.

hone line to give the program®s name and a brief idea of what i1t does.i
Copyright ¢ 19yy hname of authori

This program is free software; you can redistribute it and/or modify it
under the terms of the GNU General Public License as published by the
Free Software Foundation; either version 2 of the License, or (at your

option) any later version.

file://C:\Documents and Settings\fi\Desktop\linux A% &l f#\linuxkernel... 10/10/2008



Linux Kernel4Z%.Crh 32 Tt Page 202 of 207

This program is distributed in the hope that i1t will be useful, but WITH-
OUT ANY WARRANTY; without even the implied warranty of MER-

CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See

the GNU General Public License for more details.

You should have received a copy of the GNU General Public License along
with this program; if not, write to the Free Software Foundation, Inc.,
675 Mass Ave, Cambridge, MA 02139, USA.

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this when
starts

In an interactive mode:

Gnomovision version 69, Copyright (C) 19yy name of author Gnomovision
comes with ABSOLUTELY NO WARRANTY; for details type “show w*. This

Is free software, and you are welcome to redistribute it under certain
conditions; type “show c® for details.

The hypothetical commands “show w" and “show c® should show the appropriate

parts of the General Public License. Of course, the commands you use may be called

something other than “show w® and “show c"; they could even be mouse-clicks or

menu items{whatever suits your program.

You should also get your employer (if you work as a programmer) or your school, if

any, to sign a \copyright disclaimer” for the program, if necessary. Here is
sample;

alter the names:
Yoyodyne, Inc., hereby disclaims all copyright interest in the program
“Gnomovision® (which makes passes at compilers) written by James Hacker.

hsignature of Ty Cooni, 1 April 1989 Ty Coon, President of Vice

it

a
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This General Public License does not permit incorporating your program into pro-

prietary programs. If your program is a subroutine library, you may consider it
more

useful to permit linking proprietary applications with the library. If this is what
you

want to do, use the GNU Library General Public License instead of this License.

Glossary (1)

Argument Functions and routines are passed arguments to process.

ARP Address Resolution Protocol. Used to translate IP addresses into physical
hardware addresses.

Ascii American Standard Code for Information Interchange. Each letter of the
alphabet is represented by an 8 bit code. Ascii is most often used to store
written characters.

Bit A single bit of data that represents either 1 or 0 (on or off).

Bottom Half Handler Handlers for work queued within the kernel.

Byte 8 bits of data,

C A high level programming language. Most of the Linux kernel is written in C.
CPU Central Processing Unit. The main engine of the computer, see also micro-
processor and processor.

Data Structure This is a set of data in memory comprised of fields,

Device Driver The software controlling a particular device, for example the NCR
810 device driver controls the NCR 810 SCSI device.

DMA Direct Memory Access.

ELF Executable and Linkable Format. This object file format designed by the Unix
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System Laboratories is now firmly established as the most commonly used

format in Linux.

EIDE Extended IDE.

Executable image A structured file containing machine instructions and data.
This file can be loaded into a process®s virtual memory and executed. See

also program.

Function A piece of software that performs an action. For example, returning the
bigger of two numbers.

IDE Integrated Disk Electronics.

Image See executable image.

IP Internet Protocol.

IPC Interprocess Communiction.

Interface A standard way of calling routines and passing data structures. For
example, the interface between two layers of code might be expressed in terms
of routines that pass and return a particular data structure. Linux"s VFS is a
good example of an interface.

IRQ Interrupt Request Queue.

ISA Industry Standard Architecture. This i1s a standard, although now rather dated,
data bus interface for system components such as oppy disk drivers.

Kernel Module A dynamically loaded kernel function such as a filesystem or a
device driver.

Kilobyte A thousand bytes of data, often written as Kbyte,

Megabyte A million bytes of data, often written as Mbyte,

Microprocessor A very integrated CPU. Most modern CPUs are Microprocessors.
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Module A file containing CPU instructions in the form of either assembly language
instructions or a high level language like C.

Object file A fille containing machine code and data that has not yet been linked
with other object files or libraries to become an executable image.

Page Physical memory is divided up into equal sized pages.

Pointer A location in memory that contains the address of another location in
memory,

Process This is an entity which can execute programs. A process could be thought
of as a program in action.

Processor Short for Microprocessor, equivalent toCPU.

PCI Peripheral Component Interconnect. A standard describing how the peripheral
components of a computer system may be connected together.

Peripheral An intelligent processor that does work on behalf of the system®s CPU.
For example, an IDE controller chip,

Program A coherent set of CPU instructions that performs a task, such as printing
\hello world". See also executable image.

Protocol A protocol is a networking language used to transfer application data
between two cooperating processes or network layers.

Register A location within a chip, used to store information or instructions.

Routine Similar to a function except that, strictly speaking, routines do not
return

values.
SCSI Small Computer Systems Interface.
Shell This is a program which acts as an interface between the operating system

and a human user. Also called a command shell, the most commonly used shell
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in Linux is the bash shell.

SMP Symmetrical multiprocessing. Systems with more than one processor which
fairly share the work amongst those processors.

Socket A socket represents one end of a network connection, Linux supports the
BSD Socket interface.

Software CPU instructions (both assembler and high level languages like C) and
data. Mostly interchangable with Program.

System V A variant ofUnix

™

produced in 1983, which included, amongst other

things, System V IPC mechanisms.

TCP Transmission Control Protocol.

Task Queue A mechanism for deferring work in the Linux kernel.

UDP User Datagram Protocol.

Virtual memory A hardware and software mechanism for making the physical

memory in a system appear larger than it actually is.
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