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FritEZE 01 25 08 A1 CHRE PR AR nT RS R PR B4 R e 554 1 IE UhriE . 2177 1986 4F 4 J1, IEEE il
TiHbRME. S EbRMEEAE 1988 4F 9 Hp#ttiE) (IEEE 1003.1-1988), tHEELLG & HHE2 1)
POSIX.1 ki,

$1 1989 4, POSIX K TAE#H#% 22 ISONEC #1141, Jf ¢ 15 AR gk 2Ry HoAil i€ i 1SO #rifk . 1] 1990
4, POSIX.1 5 E&IELL ) CIE S FRUERC S, IEAHEE S 1EEE 1003.1-1990 (11 /& ANSI 454t A1 ISO/IEC
9945-1:1990 hrHi .

POSIX.1AXHIE T R GRS N TR P 1 CAPD, AXHERS T IEA KRG RS b, DRI TAE4H
WIS RS ThBE i E HiARvE. IXFE IEEE POSIX (K TAESLTFUAIETT T WITTUAA + ANk it
RIEEAT, 473 300 2 NS 2= g 9 I —JE & BT TR f 45 T HERHE(POSIX.2). kT
FEAnE (POSIX.3). SEW] APl (POSIX.4) &5, 2T 1990 4 L0044 25 Mt RIfE# T, JFHA 16
MNTAEAN S S Tk, SR, 88—l e il e R FsiE, W X/Open, AT&T, OSF %,

7E 90 “EAXA], POSIX FRAE i€ 1 A7 d5 fr #Sr i€ (R I, R A& 1991-1993 4 [A] o BEI 172 Linux
NINIEZ A R, IXAS UNIX FR#EA Linux $248 THCH 25 R, 75 Linux BB EARMETE 5 ik
TR, IFRES S540 K2 E UNIX 5 RGM A . AERMIIN Linux WAZIRRESH (0.01 B, 0.11 FRD &k
LWl Linux R 485 POSIX brifE I 28 T HES T4E. 7F Linux 0.01 i P & f/include/unistd.h SCAFH
BOZE LT LA K POSXI FRHEZLR A5 H 4, 1 H. Linus /R R OEE: “OK, XV
%, HIREEE T EE”,
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1991 4£ 7 A 3 HAE comp.os.minix &AM post L5t O 423 T IEAEIRAE POSIX (%R, HhiE iR
THIEEETF— MEERGIT R, HHAETFRZ Y CE MBI ZE LIS POSIX AHAEA M ) 8 T .

1.1.5 Linux #{ER SRS

71 1981 4, IBM AwFHEH T =R THENL IBM PC. 71 1981-1991 4[], MS-DOS #:4f &
G — H AWM EVIRERE N T LA THEHUE R RS EARE A N, (LA AR TR A T
i Apple (1) MACs $5:4F & 40 nT L2 P RE S i 1), AH R RN A3 W N e 42 5 SRk

YIRS — SRR FEE 2 UNIX 5L FUZ UNIX #E RGN DORAN S & 52 1 R T o
N T R EANE R, UNIX L8 mATEM R 05805, PC /N P R AAS AR S . 55 28— i 31 Bell Labs
VER] T REAE R 2% T T 207 1 UNDX JEARS R — BN OoHb s EAVF AT, X7 KM PC P, &
PEAT MR R B R R AT 146 24 B A 4 A SR g X A e i ) B

IEAEUEI, HILT MINIX #:1E RS, I HAA— ARHR Lot SEILR B B | A7 BT AST 1)
EABGRHEE A, I HARGEAEE, &)Lt EhLZ E # TR EAT, UG
PRI ERAE R G0 TAE IR, Hop A FE Linux REAI4G4 Linus Benedict Torvalds.

241 (1991 4F), Linus Benedict Torvalds &7 /K SER R ETH AR E BRI —AFER 24, WD EY
TSN hackero XA 21 %7 155 248 N s sl it v L, ISR VE AR . (H 2 I A By
Bz [ — AN R E RS

FEIR—4EE], GNU tHRICE Ik T VF 2 THEA . Hrh B2 WK GNU C gwitds D& HIl, |
WA TR 9k 1) GNU #E Rt BMEZHCAATHTE MINIX #:4E RGBT T RRAG 75 ZE00 A
REAS BRI . HAR GNU [ER1E RS HURD —HAETF R 21, B SN E RARRELE LA 52

T RS A SRR (B IUE N T HERO),  Linus AT A SEUETS 1) Hs & BT 38 5 T
—& 386 AN, HMNEEBEE T —& MINIX REGHRMt. BAESERE MINIX SR, Linus AR
S T4 5% Intel 80386 [WffF41iH. b T RSk Modem 3% 5 S 22 ML L, Al IV 2wt 5 A
F 80386 CPU 1) 2 AT-45 K¢ 1t g il tH — AN 2 LR P o MbJE ok T4 A G2 X BB 52 6 208
H b, A A BB IR S SR AR AT 2 G ) A Y. ) SR BN R ST

WIS GRS, RS SRS MINIX RZ 1 2 RET (MINIX BARIRGE, HEE—ANH
THEHWE RERE RS, WAL A I SEHEERSD, 1 s B Sk Linus C&f 748
KT A RGBS BRI, TR AMIFIRA T gl — NPl REMAE . I GNU 1
R C&TIT Ak 2 TR, Horb 52 W GNU C 4 2% 028 L. B4R GNU 1 %0 2 541 248 HURD
ELETFR Y. fH Linus B&%ART .

M 1991 4 4 FAL, Ahd e 8 e s LR PP A SRS AR 17, T hiliie B S IERAE R gk, Wi
TEaR, A i H IR, S T 222 Intel 386 R R 5 H R IS 4T 5 20 F Mgt R . {H )5 2K Linux
(R A5 4038 T 902, H¥E Linus 7F comp.os.minix 72 E R AT R, FRATT AT LLAIE fl iz 25 I 2
2] MINIX RZEH Bk BRI &K A A Linux RGEIEFE

Linus 28 1 YX 1" comp.os.minix &7 EUE7E 1991 4 3 H 29 H . Bk b+ 118 H /&“gec on minix-386
doesn't optimize”, &7 ¢ gec HitEAR{E MINIX-386 4t FisAT AP ) (MINIX-386 J&—-~H1 Bruce
Evans tCgE A H Intel 386 HEPEM 32 7 MINIX R%8). HHULAI%0, Linus 7E 1991 “E4 Ik D& TFARIR A
W9 T MINIX 248, FHAEXBIN A T HGE MINIX $:4E R AR fERE—522 3] MINIX RG22 )5,
XANRE B 5 154 AR BT T — T Intel 80386 14 28 45 ) K1 BT 1 R GE R S

AAE[PIZA ANFRH MINIDX B —AN ), B it ) 58— R ui e “ B sl ” (“RTFSC (Read the
F**ing Source Code :-)")o fBiA AE F AR PP . X W ULHH 75X T 2 KGRk UG, BATTA T2
M RGN LA, BTG EPrRA, 2L RANEI k. BRI TR, H
HEI TR AT, TSR BRI K Z I EE S, HAE A RALENA RS, %
RS I —HE .
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M 1991 4= 4 A IHas, Linus JUPAESE T A5 [H 5T MINIX-386 % 4t(Hacking the kernel), Jf H.
FARE M GNU B HA:31i% 248 E(GNU gee. bash. gdb 45). J£T1 4 H 13 H#FE comp.os.minix & Aii
Ui H ORI bash BAEE] T MINIX b, 1 HESZART. ANFEETFIXA shell #4ET

F—A5 Linux A I EZALE 1991 45 7 H 3 H7E comp.os.minix kAR CY8R, IBRHEAAAE
Linux XAN44FK, I Linus 5 AR A PR BE 2 FREAX ©, FREAX S0 SCRPERER) . B
FRRITE) . HrhiE e T IEAEET Linux REMIF R, JF HOLARBNEELIE POSIX HEAMI M T .

7E Linus 5 — AN RATIH E (1991 42 8 H 25 H comp.os.minix), ft ] i35 MINIX /)[4 “What
would you like to see in minix?”( “fRIEALAE MINIX RGH W42 7)), LEIZNSE P B OE 28 HIEAE
TR —AN(S 2 1¥)386(486) i 1 R 48, JF H it FUE 24 &, AAEASIRK, HASER GNU IRFEE L,
ARG —2E0E T MINIX R 48 P s SR Ly (AN 20 4 56845 5L, IF HL U BT SRRl e — 26 i
K, B RMIRGENITTFES MINIX ARG GFEAFH T MINIX 30 R S0 . H H OZ kil bash(1.08
FiR) AT gec(1.40 )AL RN T8 248 L, i HAERL LA BT LS 7

5, Linus HYAAWTT & MERAE RGE8AT A —47 MINDX (F95ARRS;  1hi H i T H T 386 [H1T45 1)
Wbk, BrLLZEAE REARN B (A TR, HH LR AT . %1 Linux (IR AEPE ),
Linus I JF4AA # 8. (HAE HAT Linux JLF- 1] LU AT EATA] —FhhdfF R R g5 L

P77 1991 41 10 A 5 H, Linus £ comp.os.minix w4l bR A, ERFAMNEA Linux W% %
KL (Free minix-like kernel sources for 386-AT). X B E AT LAFK A Linux A 55, JFH—H)
At BRI 10 H 5 HXT Linux #EXCRBUE —MFERI H 7, F2 52K Linux RGBT hRCAS AT I #E S T
EAHT. ALl RedHat A FlERSXA H 7K AE M8 RGEAE IR

1.1.6 Linux {ERZEMARTIT
Linux $4E R0 BEE B 1.0 BUER L, JERAT T4 1- 1 iR oA,

T 1-1 AMEERK

A S RATH 15 B
0.00 (1991.2-4) PR, 23 BIFE B 4 B8 AAA FI'BBB’ .

A ERAAMA A Linux WAZRRA . 28RS0 RS B
0.01 (1991.8)

M TTAAEE .
0.02 (1991.10.5) A LA K 0.03 Fie N HhiAs,  H AT D& AR B S Fo
0.10 (1991.10) th Ted Ts’o &A1) Linux PWRZRAS . 380 T N 4743 BC e R 40
0.11 (1991.12.8) FEAT DUEF BT NAZIR A . B Il A AR IK DK ) o

e S 7 VOSHIETI K/ CUT T E Y A | I (| k- N
0.12 (1992.1.15)

AFERI G SCHERF 5 BER AR AU, A A X i h e
IONTEUSCAE RS R, BN T B R IfE . 2G5 T HA s fE 17

0.95(0.13) (1992.3.8) ‘ - o
RS RGMPERE. OB TR G5 3. ¥ CDROM.
THRIMNMZSSCRE o B T HRATIRS) . Sz b . WA BT
0.96 (1992.5.12) R , .
e, SCRPBIASHERRPE, JFABIZAT X-Windows 727
0.97 (1992.8.1) 0T 6 ETE SCSI IR BN IS4 .
0.98 (1992.9.29) B35 7% TCP/IP (0.8.1) MIZSIISIRE, ZHIET extfs 4%,
0.99 (1992.12.13) FOFT TR WA R A3 e, AN HEREE 4G Stk
1.0 (1994.3.14) H—A R
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# Linux 240 0.13 A RZ EL 000K 0.95 f,  Linus 08 R iE KR AR 1.0 BULRIEL. [H
i, M 0.95 MITis, S AAZIIVEZ sudk 2 b (R T R 3R L) LA Ak 327, 1 Linus (1) = 24145
TFAR 7 O W AZ IR B R e s o 75 R AN TR P o BIBAE A 1k, BB A% R A 2003 4F 12 H 18
HAT 2.6.2 fR. HAEHEKZ) 15000 A2, i HAEAH gz 46 5 AR et Ay 40MB Zifq ! 3|
AR ML, BOFThRLER 1-2 .

& 1 -2 TNRREEF T

WA = KA H WAL K/INEE 9z [E46TR)
2.4.22 2004.2.4 35MB
2.6.5 2004.4.4 41MB

1.1.7 Linux & #RBYH K

Linux #e4E RGN TTA I I3 A B4 Linux, Linus 5 A 3E REGEE4 ) FREAX, s 4 e
PRUEI . B, ARTITFEE R I AEAKE B R 4 L2 2 ftp.funet.fi R4S 2% LA, 45 BE DY Ari Lemke
IRANFHGXA 4R AR RESRIE Linus MUHEAE RGEHIILE S Linux /E 2 RGN H I, T2
Linux X2 FRE TG iAL K.

7F Linus {1 A 4& (Just for Fun) —F5r1, Linus R it

CH PG, FRMKREA BT A Linux XA AR RERS, KA LK A
T o 3R NI R ATRIESS (AT A4 W ? Freax. S2br b, PIRZACHS 3L LI Makefile - T4
AT PEEARE SO - TR E B EE “Freax? XN T T, KA T HELA A HILYX
WEAT A KR, AEUBEATE AT, PO TIE A WA N AT N A% AR . 7

“ifiy Ari Lemke, U FFEH B O 0B W AZARIS IR fp b L, I HARR AERXK Freax XN 44
Feo MMRFFE IR IX AN 44 T (Linux), FRAGA I IR IR 2 4t . RIS MU 25, Briigk
A DOGEHIE R 3 B IFAS B A, B 07030 (1 3 IR AT T SCEAR . (R IRARGF I, Xt @AM
5, T H RS A X FER AR UURAMA, R I XA

1.1.8 B Linux REFA XM EERIME

M Linux FHIEARRS T DLE H, Linux REERF I EZEF R A GBR T Linus & NSRS 41N
1 Z —#fs& Theodore Ts'o (Ted Ts'0). i1 1990 AL MIT THEHLERE L. 72K A AR 2
AR P 28 IR ) &M ARG Bl . M EUCEEE . B BAT A, MRS LS Hacking on Linux. & KABIT4G
EAGENL AR TCE EIRIZ S . HATAE IBM TAE NS RGeS S B SS, Aihid 2 [ Pr I 28 vl
VE BRI 05 T IR AR IETF B
Linux 75 H Z5EH A I RAT WA MARKIZI 57 . HAE Linux #4E RGN, ALsiPRas IR #
54 linux [RR ESRAE T Maillist, JLF27E Linux WIFF@ R AT AL, Ahit— B AE R Linux i 5Tk b
L dpe B R Linux PR IAE IR N (Linux A% 0.10 JigFP 16 2 00255 BR S R 7 ramdisk.c AT A 2% A A7 20 i
T kmalloc.c). B2 H i M 1Ak ML S Linux B 55 TAE. 2EIL 25X At FL %57 T Linux 1
ftp 3l & (tsx-11.mit.edu), 1 HLiZuhi s A58 4 ) K Linux A SRS o At Linux 5 H 1 5K ok
Z e IR T ext2 SRS, %S RGN Linux S st BRGSO R GhRifE . il
NAHEH T ext3 SUMERGE. ZARGAKIEm T XMRGE MR R R ZeR . /E eSS, 28 97 1]
(2002 4F5 H) 1 Linux Journal #ITIRHAAE R T B o A9, FERHMbEET 7K. HET, 24 1BM Linux

' Linus Torvalds {Just for fun) % 84-88 Wi,
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FAR PO TAE, HMFEEF S Linux brdfEZE LSB(Linux Standard Base)%: 5 1fi i) LA .

Linux #EXH 4735 4 A& Alan Cox. Ath i T AEF 9% [E ik - 0 E P K 2% (Swansea University
College). WITTUAflEE )= e iRk, JEHSE MUD (Multi-User Dungeon or Dimension, £ ] /' (4 2%
Wik . 7 90 FACH I games.mud HrH 4L posts H R AT LAFR b & R O ED o SN IEE T
— 5 MUD 1)K J& 5 (rec.games.mud FriE 41, 1992 423 H 9 H, A history of MUD).

HT MUD U5 M2 & UIAH G, 848 i T aaont tH ML 2 etk . b T Dulliesk JT 4 i v finiia
ATUERR )L UL I 2 AR i, A 75 B R — N O R IR R & o TR IT IR & P A B 1 4
TERS. T3, HMEE MINIX Rl EAVE . 4 Linux 0.11 71 386BSD KATKS, %1 R A RH
VBT 386SX Hifiki. HiJ- 386BSD i B WM HLAS S, ISR H Intel 386SX CPU [ i & ANy
BUEMEEEER ), P 2ede T Linux RGE. THRAITIR2% )45 0 SRR 1) Linux, FIF4AX) Linux
ARG AT MR, UM T TSI . 7R T Linux B P Is T @t e, Al 8
I Linux SEHLAS I 40 (beautifully).

Linux 0.95 R AT Z G, MIFERR Linux RS 54N T 7 (BXORET) GefS s S~k TR
F, #ATHE Linus K40, Ak Linux &40 1 TCPIP MRS A A2 —. Rz #in A
T Linux MIFRBE, FHRBOI4ES Linux WAZUEAIS M 57 N2 —, ol BLULECA Linux #1414k
Linus 2 Ji s W FEE A . LLG Microsoft 28w ¥ £ 8id At in 8, (HA I MeHbIh 4 1. AN 2001 “EFF46,
flu g DT 4EY Linux ] 2.4.x BARRS . 1T Linus =22 47 57 TR R 5508 TR W A A% (Il (BT i, bt 2.5.x
Ji) o

(WAZBE T (The Linux Kernel Hackers' Guide) —J3f14F# Michael K. Johnson 2 f - i
Linux #/E RGN — (M 0.97 i) Ahids /&3 44 Linux SCR471%R] (Linux Document Project - LDP) )&
wHZ—. WEALE Linux Journel T/E, HI4E RedHat A& T4E.

Linux FREGEIFARAA XL IR )il B A A FXAFE T, A V2T HL T4 Linux %
TR Tk, XA 22 T BT R AA A T2 Linux W% HRTK) CREDITS SCF,
HorpR BLEREB 51 7% Linux it TTHRIGLE 400 A4 BB, AURARATTE email Mk A5 5
1IN SN DY S AL SIS S SN

i BB, BT LS R Linux (LR SE ARG R

UNIX #:ERSE - UNIX T 1969 4E#EA:-7F Bell SE5% . Linux it UNIX [P il R4 . UNIX
ME A Z U T .

MINIX $#:/E RS - MINIX 45 RGE & UNIX (—FoeE /48, &1 1987 F & 4 HH#I%
Andrew S. Tanenbaum JT & 5. HIT MINIX RGH I HIRAEEAR (LA 5 38 T2 W) fE 4 it
SRS T 242 2 UNIX RGN Linux HITFEH0E S MINIX RS T 1991 4 TR TR -

GNU i&l-- JF& Linux #:4E &%, A& Linux FATHRZEUORAEREA F#H A GNU -4l Linux
JUBBHE RN — AW, B GNU AR (LAt bash shell), W Linux #1220 HEAT

POSIX #rifk - ZARAELEHES) Linux #e4E R4 LUG WA IE S PR S EE/ER] . & Linux |
HBEATES o

INTERNET - 4154 Intenet W, A7 A 4t S L0 H LR R M TCFAZ#R, B4 Linux %
HBER ES 0.13(0.95) A /K T

1.2 AB LR

ARIOKG R EN) Linux R AR 011 FRIEATHEN RSB FERE . Linux-0.11 BRASELE 1991 4F 12 H 8

,10,
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HR AT o AEARATIRAL RS LA R S0

bootimage. Z - HA 5 E AL AR 1 45 53 3 UG SO

rootimage. Z — UL 1200kB 48 [P SO 2R GG S A

linux—0. 11. tar. Z — PWAZIEACEL SCE. K/ k) 94KB,  JEJT 5 ANAT 325KB;

as86. tar. Z - Bruce Evans’ ZHEHIHATCMH . 2 16 AT A FIEBE TR
INSTALL-0. 11 - ST e e B

H 0 7 5k rootimage.Z SCPF, FEPUASSCAHRIRE R B Ak fE4 CLZ R Internet - (1% 051
Linux 0.11 FHFHIME T — 554 i LI rootimage-0.11 HESCPEZA%E. I M 4 Bt th A 0.11
FRE R A0 goe 1.40 4if e, FETE thiT ARSI T REREE. HAT, B850 fF 7T B oldlinux.org 193
FF#.

ASCEZEAN AT linux-0.11 WAL AT IEARCRS R, PRI SCIFEAT T VRl RE,
FEX Makefile SCAFIGTERE . A0 HT il 32 SO T UR S REREAT 1. DRI W 1RO BT IR BT A 1 5
RANITIRIT shell B2y 0 1ko ORISR I B G700, WAESYE, DI LUR Y B
CHTF AT R . (HAED BT IR it 17— L8N T S

BT A IR AE 70 Ml B SR B DA N 2 RO B (TE I, R4 A SCRIR IR 4. T
s AEB AR Sk — UGB E] C 15 WIRILGi SIS, Rk GNU C & I W IRIL S 16 5 BEAT BON PRI A
s AR IS AT R R AR, KX Intel RIS (8250A) N4 HVEANIKI B,
IEPHAE I A 2 ANk o XA B TR A QRS (R 2R, SCRESESF K T B A A L s, A
N IR 55 EELE A 5 N ROR B AR A s E R E R AR 2

% Linux 0.11 RN AZK “TT 717 ok T BRATGR Linux 847 HLEL KRR o Linux-0.11 JiEEAN Y #%
PEARES AT 325K AT A AT, Ho iR N 23R B Linux (ROREBE. 1m0 H AT BB 2.5.XX ki A A% R
WO, KT 188 JRTNY, RIS ARIE— A A ok B St R L B ARG e . RVFREL ] “ HESR LR
AT A AAHTE /N Linux 0.01 A NAZUEARISNE ? & HAT 240K 715 iy 2R R & K14 0.01
W A RZAS AR 2 AN R 2 A, B2 WA R F O A VIR EN R, B IR G b S DAk B2
(A8 DL SR G B R e Ui B o H IS | S R 3R g5t 5 B i AR A R —F, 17 0.11 i) 51 %
JA SRR 4580 W) 5 BRAE (AR B — R S ah— AN R R v LA 3] 0.11 RSN O & PRI LT 1) A
¥ A% A (bootimage), W LAF KT 51 S~ . 0 S T 15 F A MR SO 2R S A% SO (rootimage) ,
2 e vl LT IEH BBAT T .

5 Linux 0.11 JREHAT A WA ALZAL . HEHZARRA T AT %L T RIERE AR BAAI
TCP/IP 2% 35 5 T ¥ — L8 i S 2 AR, X A A7 IR 0 O A 5 A (0 A% AT X o (LA
Linux H AR ZACRBIEA o BRI, B NRHLBIORRAGEARR R, IR AAE THE T Linux TAF
IHEA 2 S5 P E AT e .

AT Linux AEZ TR AR EEEAT T UERH . O T ARFEE A B e, AR R U B DL R
PEARKD R A M R IEAT IR, AR PO DU ANJEARAS 1) B 8 — B AT A4 AR5 RE P S
(Y 0] 2 W SO AR 2851 . 384 Linux PAZIEARRS ) H sk 45 R0 1.1 os. i H skgh
PR LA linux 4 2460 H 5%

,11,
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5% 1-1 Linux/B#
i K7 el H B (GMT) 1t

m boot/ 1991-12-05 22:48:49
[3 fs/ 1991-12-08 14:08:27
ii include/ 1991-09-22 19:58:04
ii init/ 1991-12-05 19:59:04
[3 kernel/ 1991-12-08 14:08:00
[3 lib/ 1991-12-08 14:10:00
[23 mm/ 1991-12-08 14:08:21
[23 tools/ 1991-12-04 13:11:56
Makefile 2887 bytes 1991-12-06 03:12:46

AFNEATLLI A=A 55 1 R 4 FRHR N5 28 31 32 AiadT )y XM HE B B, 1F
h 2 S AL 2 3 AR AT B B8 3050 NSRS b F 215 10 #2 PAZAR I 2450 5o s 5
AT DU N B 00 Je SR IR R T 5 11 BRI 13 B =B A, ] LUE N it
o AT = 2 YW

55 2 TEMEHL AR T Linux B/E RGO R LM WAZIEARAD STRBCE I 4123 45 #4 DL S A AN SRR
HIRE. IENAT Linux STELN AR 2007 5 A I LR AR S S ORI i L2 1 Rk 1)
R . fJa T AR B WAL R )P Linux/ H 3K R TR B 58 — AN S0, R0 A AZARES (1) 8 i
Makefile SCHFIINZE o ZSCPFRE T WAL IR () 4n 28 L RL SO PR, AIRgm B i B T LR make AT

55 3 B TR boot/ H sk N I =MLy, Hrp sEidt 51 57 bootsect.s. 3RHL BIOS 12
it setup.s VAL F M 32 ALIEAT R EMRISIEF head.s. X =ANEFEE T2 TN A& Lo S
B WA TAE, P RGERCE SHOFATHRN, 58 T HEN 32 A fa BEXIs T 2 dr i TAE. AW
R GHATHE— D VI AR T %

8 4 BEENA initt H T W RGEMYIAEET mainc. B WAL SERUIT VI TAEFRENIE
WIASATIOCHM )T o 7E58 T RAEPTA IR ARG, G0 T H T shell IRERE . 7E/r 4zfe e ¥ 55
BAFRILTHHAMILERET, B 5 S5 0 50 i aT DA% O B w2k T, BT WA B
()RR EAE NAZ 2 AR, DRI N N e i . MR BEELIE A 196 B 2 main.c B27 b b pT A
FEFFIE, ARVAZCZXT Linux WIEAT T —2 M THE, ATUCSH PN TO, (HARIETHEEX SR
gt RGP S P IREFE PR T T B

55 5 TR BAH kenell H K IR BT A RET o v i B2 1R300 2 2R 52 R %4 schedule() sleep_on()
BB R RGO IR . BERF RN 1% DL e Herp () — S R P BT T i

55 6 HX] kernel/dev_blk/ H 3k I S FE P AT THERE U] . Z RS AL, Bk &
IRENFESY, FEFRS ARG m IR R X TS, S8 2 S AR Bk, RPN
TN TS LR AR e — PR A .

55 7 FX] kernel/dev_chr/ H sk AR R IR R P ATV R U0 o IX— 3 vh 20 S R AT SR O
AFET . BB IR P A R A IR AR o X SCIREN R PR T 0.1 A A% SRR IR HR AT 2 i A i) 6 24 i
ko PINATEW EHRE SHA N . DB T2 S % — MR 4E .

55 8 T4 kernel/math/ H s P IEC# M LSS IO 0T LR Y o T A BPTE RN A ZICR, IRH R
IEFFUASCRFIALBEZS , RIAR I /b, LA . T — PRI T By

99 WAHNZIEA fo/ B M I SCIE RGRE Y, EF X N AN RS B 45— T i £ g 1k
Andrew S. Tanenbaum ] (3/E R WTH 550 — ¢ MINIX SCHERG T, B EIT Linux
ARG H SR MINIX — RSO R S8, Linux 0.11 ket A4t

,12,
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55 10 FEAR UL mm/ H P 0 N AEE ERE T . ELEM HLERFIX S T N2, T X Intel 80X86 fib HE
AR RS AT N R W B, PRI TEAEIE Y b7 B 51T 1k SE #8104 0% 80X86 fr#r iitis
177 B, XS AR ST L2 % Intel 80386 F4 ) Hi 4i FE T MF (Intel 80386 Programmer's
Reference Manual). {HAESLTEHT, DLYEARAS A (1032 H S0 R AT Al e, 1% nT DUSE L M B gt e 19 T
VEJG L,

AT Linux A EZ 3BT 1088 HS B 2 00 A Sk ST IR, BRI — A1 ke ik, 78 B 1 ) A% A
FEF SRl RIVF 2 BT . AIEE 11 FEX includel H 55 71 I BTAT Sk SCAEBERT T VRGN0, JEA Lxda—A
S AN B ST TR . O TR TR S A, AR Skl — 2
20 SR B (B R S AL AT T GRS, (HIX ey RS fr BRI —F AR, BAR X
TN R BN P IL e R R ES B, AR AR B M AL RS AT L], R TR T
R eSS RV 22 4

5512 AT Linux 0.11 hi A RZIEARES lib/ H Sk IR I S0 o IR S0 R B 2 2 ) G 1F R 40 56
RGP TH D RE, A UUG B RGPS HBORMMEE D) e BT RXANRAEUC, B LI B A 2
HARIRZ, ATLURIHE 5. X MR BAT A2 %E$E 0.11 MU R F 2 —.

5 13 Fi1 44 tools/ H 5% T 19 build.c F2/7 o X AN HAS 2 A HE 70 4 3 A2 ) A i% £ (image) SCAr
A TH N A S | SR P S e E RN BOE B N e A ME. (Kernel image)
.

55 14 TEAAE T 2 ) AL AT I 1 SEBG IR DL K SIEG U i . B4R T AE Bochs i ILR S R AN
Gt Linux PR K 5 10 A RS B 5 SCAE I I E e S BEBH T W& 24 Linux 011 JEARAS [REY LAl I
RETE RedHat 9 FR4e A4 1 H IE A1) N A% K o

B AR ISR FIER G o BSR4 H T Linux PAZ R I — 28 Hoe SURIBEAEE 454652 30, DL P A
ASATHLHI ] B A o

HTETER, EABRRFEPERMAH T N ER BN C PC MU NG R . 1£3%
SCHERHY, AU B T AP RS N nT A S 4 . CESE R, AP T S h— KHER
BIRBELIFSCIR 2R . LEnfES I Linux SCR4I5H LDP (Linux Document Project) A KSR, Fefi14s
A A AR T EE S50 — S HOWTO SCEE, i FFAEANANES HY LDP (1) kbl 7 5.

Linus fE I & Linux #/E RA ML, TESHT 3 A1, —45E M. J. Bach 1) (UNIX #:4E
RAWI), Z IR T UNIX System V LI AR IR BEAI S 2544 o Linus AEH T %R 2 i B 5
%, Linux WAZIEARRS IR 2 B AU A I . BRI, PR TR, XA AR AT] 1)
WAZ TAE SR BT I 2% 1548 . % — A& John H. Crawford 2544351 (Programming the 80386), & i/l
80x86 T LRy R i 15 o 14T — At /& Andrew S.Tanenbaum 2 1f) (MINIX $4E R 48 ¥ it5 58
Y —PHIEE 1 hR. Linus 2 TRk i MINIX SCPER S 1.0 bz, i BAE R0 Linux A
A CCFRZ S RS, T UAED AR B RS RGN, SO R G LA SR B 1 1R AR o8
A0 UM Tanenbaum 1135 413545

FERSREANREFPREATAR U, BRATTE St o WIRE e (K 1 AT H (0 S At 20 N 5 e R
FPoRER, ARG IRL I SE AR AR L Ao AR BEA T PR AIE RS, VRS IR e AR S 7 AT
R S SllER, oA C R MIGEIGES, B EA DRSSO R N TS . R
HARME T ADH NG . AR 5RO RA B, AR i DL 2815 55 sl
J7 AR SR AR T BT o A RAETS 58X 280 RUS RS R B Re e, AR AT R R A2

X R AR 1S B e B SR A & R IR 0 A AR O AR DN S AR Ny, SRR 20 T
REME T (E RS, T HAESE SR B BT, o —SER A S e A S 0 LA

I BRI S IR T2 e Pk T A ST ) — DI, JFAMURIRE LB —A Linux 775 T,
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1.3 AHNGE

PRIGENINIES E Linux (R, HAT T &M B> Linux GURU [HIAE AR SR IR 12 25 (5 35250
Z IR, S A ET RN 1.0 RRAS TF46 L 2 508 I IE AR T R P I BT 8 5 IR RRAS . ARG IXA
FIN BB Linux W %2 2.5.44 hite 40 e PRos SR X LU T 5 Hh IR s BT RBOAS B A8 et 1) IR ORI A B
T (patch) FEpmf, BHFTHTO.

1.3 RE /G

TSGR T Linux HEAFUR A TTEUD (1) AN SR UNIX ST T U A A 8 Linux $241% 1
SEPR A SR BRI 5% Rechard Stallman ¥ GNU THXIh Linux RE$EAE T =F & H 9% 18- Fhs T
POSIX FRERTHELA Linux #2447 SEL S FRERAE R LN S EHE R . AS.T I MINIX #:4E RS0 Linux
VAL 2 T AN 2852 . Internet s Linux AL R 00 BEIAES o e AFEMER T B 3EA N

e

7.
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2.1 Linux WAZIER,

2% Linux WAZIR R4

AT EMEN T Linux WA BIBCRARZ K, AR5 PEIIE T Linux PAZSEACRS H sk
NLIB AL T H b BRSSO B EE IR UL KIEATR IR E RO R o 5 P RBUEZ VIS,
PWAZIESCAT Linux/ H > R EE —N 30 Makefile THG,  SHRE—AT AR IEAT PRAIVERE Ui W] . AT AT LA
BAEEXT AR R S A MERE AT DU B B2 R SR BT I 22545 B

AN SERT IR E R G R B 4 S Ak AR BRAE RS ARG ST N IR
W 2-1 iR e FH P N RR P AL R S 8 7 Ab BRAR Y | Internet S SRS F2 P80 FH P 14T G P 450 A
BAE R GRS RE S AR AL 1) HL P SR IR 55 B 1 R 4 A R ST 0 DU REMIAE) Y - £E Linux #4E R 48 L,
RLEFE P EE X B 1R SE. shell fy iR R G LIS LE W RZ i RE 1L DS R SR 1R1E RGN AL AR PRI
SRS PTG RSy, € B TR IR A G AN s [ 1

VAV ER e
BAER GRS
BIERGE A

fgfF &R 5

& 2-1 B#1ERFHMER S -

Linux WX EE i@t T 5T SENUE AT AL, SCBURHREPEER P (g R i AN 12 1 A
YRR SR U 1) I TSN R RS A G A S A T A BRI ) R #0042 11
FEAF N, BATHCHET Linux 0.11 i) A% IS, R I Linux WAXIOEEA PR R S5, 1
SRS, AR JERTIEACRS LA LA B AR S AT Ui o R A T Linux 0.11 A% S 1%
SIS 5

2.1 Linux A& ER

FURT, 454 RGN A 1 Z R A 32 B mT 9 Dby B S o PO AR 2 G R M A e T A 15 B
TR Linux 0.11 WAZ, JJERA T 8 At s A i) 32 20 AU WA ARIS 4500 B . $ATIR
FEPR, AN 2 Kb B R IR G R AN

RPN RET, FlERGPHRUURS RAE R N B S EUEHIT RS
FH$54(int x80), fiff CPU M\H /'35 (User Mode) V) E#%.002 (Kernel Model), 485 #1E R G LAk
I ZHAE R R € I R G IRGS AR T LR 45 e TR AR 5 2 T JE 2 1) — S8 S 4 R B DL S8 iU o
(IThRE. FESER T N R BT ER GRS G, $1E R G X NAZ S DR 2, 3R B30 R 4k
ST IS THE 2o DRIMEZE T, PR P AR A AZ AR AR IS M 23 D = AN 2k RS 1 E R 2
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2.2 Linux W RGK R L5

AT RGO B S5 2R SR R G IR = R . IR 2-2 T

B 2-2 BRRRA R B A EE

2.2 Linux R RZIKRLEH

Linux PRZEZEH 5 AMSEEG S, BT 0E: BERR RS, AP AT BIE . SCfF R ki, 1t
2 TR 300 A AR T O 2% % T R

TR Y FEAR R A A7 7 2 thIEREXT CPU BRI FH o ISR H ) 9 5 SRS 2 5 B R A1 B
5] CPU, [AIILRAE A% e SN BT REA B . A BRASEH A T DR I R RS e A L 2L 3
WAFIX, RIS, A7 BB ERR S R A A7 B 7 30, A7 Linux SCREEREAI I L SR bR A A7 2SR 2
MIAAEZ . IR LURFH S 2R G AN FH () S A7 B B S A e B AR AE i e o 125, 75 2 1)
RHIRIK o SO R G TSR AR e 25 I IR Bh RO A7 o RS SCE R G Eam 3 ) BTG O A M A 7
WA AN SO O, RO T S R B A R RN T o NIRRT S F 5 LB R E RS e
2R SO R g e HERR MG B RG] TSR 2 iR [ A5 B A # 7 3K 42 MR At
SXoF 22 Foft X 8 0 A B R U7 1) O SCHREVF 22 I A

KU T ARG R I 2-3 B JLHRIELRRER AT MO R, 18 2R 2 AE 5 7>
7R Linux 0.11 HIE R SCHLIF S (A Linux 0.95 FRA TR 5 SEBURERL SR R EE, 1484 IR S 7
$10.96 fiA )
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2.2 Linux W RGK R L5

BRI

Hﬁ@ﬁ%.

....................

& 2-3Linux R RFEREM RBERBX R

HIEIWT LA, AT AR S R TR SR ERAT AR ROG ZR o DR D e AT TS o A A A U P ok
ol () BEEPHs eI, EH, MBS R R I B, e AR e s
AATGREEA T BN, AR RS B LRI, ARSI AT RELE R s L
ALK R B O RS ARRAS, A HE N BIIE 3 el s AR I R RE QR BT Ji4h 3 MEE
Bty e e T2 St DR - 2R R RAF AR AOOR R

HE MR R AR, HERRREL, R 7 ROH 2 WA B R
s BERE T I A BE N A7 22 1) HERERDE A5 -7 AR G0 A BRI A8 B AR K SR AR A5 AL o
TP AE AL SR VF P AN RERE S ) A A (R TS DS A REA T RERE (W) L KA e RRAUSCAE R St 2 T MY
AL DRSS SR G (NFS),  [AIFEBRENE T AP B RGORAR L A7 R AU (ramdlisk) 46
111 A A BT R G B 2 A T SOA 2R Gk SH A Bl SR AR S 4 A

AN N SRR A, FATTAE PT LRSS Linux 0.11 ARZISACAD (1 S5 KR 4 A 2 SR 2 ]
JR K 2-4 P iIfE E 45 .

,17,



2.3 tPIrHLG

AT RS i |
: HERRER) Lo |
= l‘g‘f ww vV T o _____
i TRA VARERL

TR 1 B 0

BB

{0 S

W%

i T g2

2-4 NRAEEHIERE]

H WG LA TTHE, B TREPFZ I HELLSE, e HE 3 0S4 G 1) H S 4120
i o

B TR DS O HBUER R EAAN, BT R SRR IE 2 AT A P K T B X LB
NPT 5 RGO A 2> BE A R bR K, 4T BVt ol AR A S PR B DA b 2E AR SR 1 R 2

2.3 RHTHLE

FEAL T 80X86 £H ) PC HLH, S T W F 8259A 1] 4 B o e 2 It Fr o 55 vl LA BE 8 AN BTl
W2 F gy 3, ReR i 2 B 64 AT ) S R SE. 78 PCIAT RVIFEANLH, AH T 7 8259A
O, LR 15 goh i g, HGOERER LA 2-5 Fin. HA S INT 51 BB 3205 1 1)
IR2 5 Fo 3 8259A i I I JEHb k& 0x20, A v /& OXAO0.
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2.4 RYEN

i Ao IRQO 1RO
o8y IRQ1 IR1 INT >|INTR
Bllfint  IRQ2 IR2
47 2 IRQ3 IR3  8259A CPU

R4 TR
IR5 HAED7-DO

IR6 ) ——)

FATH 1 IRQ4
HATH 2 1RQ5
7€ IRQ6

—>
—>
—>
—>
—>
v —>
AT 1 IRQ7 — 3|Ir7
Huhik 0x20-0x3f A0
] S
CAS2-0
[
_J
SRl TRQ8 —>|IR0 CAS2-0
INTOAH ~ TRQ9 —>JIRI INT
fRE IRQLO — 5liR2
i TRQIL — 5JIR3  8259A
PS2 Filkr TRQ12 >{IR4 AT
AL FES TRQ13 — S|IR5 | —
fififh  IRQL4 — 5JIR6
(=Y
W IRQI5 —fir7

Hodik 0xAO-Oxbf A0

CS

=

2-5 PC/AT M RiESN 8259 1=HI R4

TR IR, 8259A (5 AT LUAL T4 AR S AR . gnfRAS & CPU A IN 5 OUT
Fa A%t 8250A W BT HIAA A AR RS . — FLSE R TGN AE, 5 BDEE NSRBI, SRkt B
AT I R o) 1 A 8 1 25t PR R T SR (IRQO — IRQA5) o R FR I3, B P 4 i de A S
() FP TR SRAE Ry AR 25 %6 2, B RE CPU 51 INT 3@ %0 CPU Ahh Wil sk G55k, CPU Wi &,
A .2 D7-DO K g B2 1 E I BT RS AT G (bl 5i% tH, CPU . F e SREDORT Y. () v i) 124, AT
kT R S5 FE T o

XY Linux WAZSRUE, WSS EH 0 A Wi TR R TR R R () . BEAN TR T 0-255
Z A —ANECERARR . AT T int0--int31(0x00--0x1f), 4EAN T IITh A 1 Intel 23 W) [f < 15 B BY
H, JBTHAEE, H Intel ARIFRZAFTFHE . KX Lerp WHRAE CPU AT A I BRI 21 5 5 A5 i i 5 |
L1 o 8 I 0] 4y R W (Fault) Fi B (traps) IS 2. BT int32--int255 (0x20--0xff) n] LA HI ' B Lk e
76 Linux RZH, WK int32--intd7(0x20--0x2f)%F B 1~ 8259A  H W thllits bk Hh Rt 4 W a7 SR A5 5
IRQO-IRQ15, JHHEFE/F4mfe k th ¥ R 4e i F (system_call) 1 W7 15 & 4 int128(0x80).

2.4 R ER

7F Linux 0.11 %, PC HLAY A g 505 17 Intel 8253 4k 158 B B AERG 10 2205k A HY— NI sh b
(IRQO) 155« XA HIH AL RGISAT KIS, TATRRZ A LADRGEWE . B2 1 AN
S — IR b BEFR P (timer_interrupt) o i ACERFE > B AR IE I jiffies LK R IF ARG H3)
DRI (I B B 8 B2 R AR — IR B B (B3 1o RGP iR B PR A S 4 H
R R CPL 1 A S50 H do_timer() & %L
do_timer() e £ AR FRF AL O, 2 BT EFR AT [V R0t Wik CPL=0, WIZIRiifE RIs/TE W I%E
IS P T, DR RERR ) N AZABAT I8 R G T8 stime 389 1, 75 WHEEERE ] P ASISAT IS A Se oA 1S 1.
TP e 2%, D6 I 2R BE R AT A . A7 AN e I 2RI TR 2 GG 55T 0, W A% 0E i 2%
AL EE R AL ARG X MRS AT I T AT AR B, 4 Y AT E RS AT I T R 98 Lo 0 SR RN 2 iy R B[]
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2.5 Linux ZEFEFa 5

FIFIERT 0, FoRHI A e B 58, TR do_timer()4K4Lia T 4T HERE . A SROLIN BERE I 7]
F O 0, RomixRE O 5 T USR] CPU IR A, T2 R st o A 4 rh R e ) 2
KAy g B DAL 75 AP IR AT HERE R TAEAE T A CRERLZR T 00, ) do_timer()5t
S AT BERE Sy schedule() Ul #e 2L e 3R 250847 o WUERBE AP IRT (1 2 AT RERE TARAE AR, tRRIFE N IZRE
FerIg AT IR Pk, 0 do_timer()x S 2R HY o PIHIZAE AR BT 30 E T Linux R GEE NAZAIZATIN A
SRR PO . WAZSRER R AT 10, H 240 TP 3SR a7 I W2 ] AR 5 11

2.5 Linux #2#sH$

PR — A AT RIS, miERE (process) J&— NPT H RSB R BEAR, 76 Linux
BAE RS BRI AT LUEAT 2R 23 I HEOR R A S B2 CPU (IZ AT I (A1 43 il — AN R K FE )
IR A, ALREANBEREAE — AN TR RIS AT o 4B RE I I 8] A FH e i 2R G il R FH U R e D) 48 380 ) — ANk
PR 29847 o BISERs X T HAG A CPU HLAs K i — I 2 K i T — AN . (A th T AN RE AT
(I TR R AR (Bl 15 S RGE & =150 =), ARG KL% oG SR R 12174

X Linux 0.11 WAZKE, REmZ 01 64 NMAREFINAEAE . B T8 — MR “F 17 @r bt
AR SR RS0 H fork G PFrdERe, B A mMStRER A 7 1EFE (child process), G+,
WFR A A2 HERE (parent process). PIRZFEFE HIHERFRIRS (process ID, pid) SAriRaEMaERE. HEFEH
AIPATHIFR A B FIMERR X AL SR A R ACHE R B8 38 7 ol i . — AN PAT SO AR B
BBt AR R BERAT A ST RIS ) S EEE S HEAR DX o BERE 2 (R AH B2 1) (38 45 75 2 ik
RGEHHKIAT 5T HAE A CPU RS, EH—NZIRGeE AR IEAEIZAT . WAZE S R
o P S AN FRIBAT

Linux &4, — MR LAZENAZA (kernel mode) B F' 74 (user mode) FHWT, i, Linux
PIAZHER R P HEAR S 0 TR0 . F P HERR TR E FH P & N IR RAF TR BB S50 R A B 554
Pio PURZEHERR U 55 A P AZRE P BAT BR 50 FH I 1045 R o

2.5.1 FEHIELEWH

PR P R 2 R AT B, AR AR R R A — T, 7E Linux R4, HERERII
s~ task_struct fE55 Zi kAR5 . A5 H 458 2 XA L3 include/linux/sched.h 1o A48 ERRILY
HEFEFEHIPL PCB (Process Control Block) sliEFEHiA 1T PD (Processor Descriptor). Jrh ifr T4
HIAE AR AE R FEARFRERYIEITRRSE L. {9 5. GRS BT 5
THE  IEFEAE SO FIAAT 55 B e S R 155 A S AT S5 RS B A Bo XSS RS T B B U R B
No

struct task struct {

long state /TS BATIRE (C1 ANfEsqT, 0 wisfT Gikgk) , >0 Big1l) .
long counter /) AL IBATI RV G o) GREED , BT A .

long priority // BATIEE AT TT UG8 4T 1) counter=priority, BT .
long signal /G55 M, BRI ARRER—ME S, S A=W,
struct sigaction sigaction[32] // (H5HATIEMEL, X NAT ¥ EHAT I ERAERIFR EF S
long blocked // BRSSO (NS AED .

int exit code /) ATEPATEILRE S, HRQMRES

unsigned long start code // A BE bk

unsigned long end code /) AR CE D

unsigned long end data /) ARSI + B (ERED

unsigned long brk /) BKE CEEED .

unsigned long start stack // HERCE k.
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2.5 Linux 3FFE¥EH

long pid // BERERR RS GERES) .

long father /] SR

long pgrp /] SRR

long session /] T

long leader /] U E A

unsigned short uid /) R P RRRS (Hid) .
unsigned short euid /) B id,

unsigned short suid /) RAFI A id.

unsigned short gid /) HbRS (4 id) .
unsigned short egid // ARA id.

unsigned short sgid /] ARAERI ide

long alarm /) REEME GHEED .
long utime // HPEFIBATHRE GREED .
long stime // REXRIBATHIE] GHEED
long cutime [/ TR P ST
long cstime /) FHRERGERIBITI A
long start time // BRI URIEATI Z
unsigned short used math /) PR TR T AR
int tty /) R tty TS, -1 Ko a i,
unsigned short umask [/ SCAF R JE PR B A
struct m inode * pwd /) HMETIAEE 3 1 T AR
struct m inode * root // MRBE 1  EgE.

struct m_inode * executable // FATICHF i WAL,

unsigned long close on exec // HATH KAWL EIFRE . (Z W include/fentl. h)
struct file * filp[NR OPEN] // SCPF&EMIFRENR, I% 32 T, RIS B S STAFRBAF E
struct desc_struct 1dt[3] // AB&JaifiidsiE. 0-25, 1-RE cs, 2-Hdl kLB ds&ss.
struct tss struct tss /) HFREAT RSB B &5

B ABERAERATING CPU BT 25 A7 th AU . ERRFRPIRZAS DA HE AR Hh ) A B4 R b i R
NI HNEHEYI (switch) 255 —ADHERERT, Sl EORAE G AT R R TR, BRI ERAF 2 Ay
BEREMI B SC, DMEAE FRRPATIZERE ,  BEME VR SIDIHN (RES AT R 5. AE Linux 1, iTiERe
N SO RAAAEERE AR S B A R b o FERAE RTINS AR T RE ) N SO, AERNRE TR
AT H BT A5 IRE o AELTRI IR 2 OR B AT it S SR TR, LA o W7 R 55 45 SR e P S P T R (A T

2.5.2 HIEBITRRE
CANHERAEIEAE A, WA T AR RS T, FRONERRA . WL 26 . SRR AT

FEREREAT S5 45K state 7B o MREREIEAESEAF RGP I BEURIN AL TS5 RRIRAS I, IIFRILAL + NSRS T
WE . AE Linux R0, MEIREEAPIRES L vl v B RIS o] o R SR
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2.5 Linux ZEFEFa 5

HPigAras
running

WELETT& R | | Rl

running -«

T, Fp kR el

] rp T I ARCIR A LR A
interruptible zombie
ASAT T EERRAS RS
uninterruptible stopped
et
running

2-6 KB R KR

@2 PIRA (TASK_RUNNING)
MFFRIEEY CPU AT, Bl EHER & b vt BRI HAT,  WIARZEERE N &b T8 1R
Crunning). HEFERTDAAE NAZAIZAT, WATCAEH P &BAT. URGETIE L] I, dERE ot
B REAVE R IBATIRAS, IRIRESFRA A S . IXERAS (EIPFa—51) W&o A A,
HBH% ok Ab T TASK_RUNNING R 7.

& o] PIHTIERAR A (TASK_INTERRUPTIBLE)
MR T T R WS RRRAS I, RAASWEZIATHAT . MRS A ek E B TR IE
AR, B R R —AME S, & nT UM AR A e B 2 RS GBATIRAS) .

& RahEIRIR A (TASK_UNINTERRUPTIBLE)
5 nl RIS AL o AR AL TR IR A B A wake_up() R i A e T I A B 2 46 20 n]
BT SPIR A

&R (TASK_STOPPED)
PR ENE S SIGSTOP. SIGTSTP. SIGTTIN ¢ SIGTTOU &tk N IR A . 1T ) H A 3%
SIGCONT {55 S ik B 21 PIRAS . £E Linux 0.11 7, iE AR SEHUZAR S K FEHAL FE . AbFi%
RS R B A A R 2 E ke A

& EHILIRA (TASK_ZOMBIE)
YRR AT ST, (A HACHERRIE B W in) FORASIS, R IR AL TE AR .

M ANERRSAT I 58, R Gest o il 1 B AR sk bl D)4 2 0 e (W ERR o AT . 4, iR
AR W AZSPAT I 75 B R EA T, IEHZ 3Rk 2 UR ] sleep_on()=k sleep_on_interruptible()
B b 5F CPU (W Al FH B, i ik U R & AT L e kAR o HERE U HEON R AR OIR S

(TASK_UNINTERRUPTIBLE &Y TASK_INTERRUPTIBLE).

N MM “WIZIEITE” BB R “HEIRS” N, WEA ST DE. ERRESTFE
T REARE R I R, i B — A REANBESCAR o) — N RERAS . T S ERE D) ) 3 A P
AR, WAZAEPAT IR S X ARSI 255 1 E— D) i
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2.5 Linux ZEFEFa 5

2.5.3 HEMIEL

& boot/ H 3k 5| R R P AR M RERE EIN BN A, IRk RGN B T2 T /5, ITihk
T RGAIGWHET inithmain.co ZFET 1 e W 3 A H RV BLAAE, AR5 TR H A% %358 2 18]
SRR B IR N AE T L, TR AR PR L RV R AT A R R DL SR A R AR B A AT A AR A A
B ESER T IREREEZ JE, RESGEH DA T s PRE. ERFAC “F 17 BahEir% o

CHEFE 0 HhizdT, FHEH fork() U FH & G HgERE 1. FERERE 1 TPoRE P 4k S8 AT I F B BE () i ik
FEPAT shell B FEr. 1 JEIERE O WIS HE RG2S NI A L 0T, EIHT45 0 AT pause() RGL 1R H
I 21 FH U 5 R A

“HENFUTS 0 h AT 7 XA TR 1% move_to_user_mode Cinclude/asm/system.h) 5& .. ‘&3 main.c
B HATIRMNNZES CRAZL 00 BahB] TP A CRifdt 3) IS5 0 HhdkaliaqT. {3, R4
X BERR P A RE (sched _init() Y, ESERMESS O BESATHEEAT T IE . IXAHE A LTk
BB TS5 0 Bdl 4544 %% 7 BeiIf Cinclude/linux/sched.h) . 764 AR 2 PR AT45 0 AT 55 IR A B

(TSS) FRFFAR TR FTL (LDT) WBHEIRST, FFC SN M ENTES Zfeds tr AR HGIR T
K F A4 dr

XTI, AP — MR R RS, AR RS R AT 0 ARG . MAT45 0
B 5 b P E RIS 7T A, A4S 0 FARRL B BE IR RE 2 0. BERRK 2 640KB. 1y A% ALY
BOREE B bt 0. BEFRKSE 16MB, PRIEATSS 0 [ARRS BN £ B oy il 0 15 70 A% ARAD BU RN B
B, WAZAIA AR main.c RIEATS 0 s, SURIER N EIMTS 0 20T RE0IE DL AZ SR
0 JI217% main.c F£)¥. % move_to_user_mode 1) HEm A& IS TR NN AZ ST 0 2083 2 H P 2511
39, AHRAIIRIRELIAT JFR AR HE 2.

ERENFTES 0 L FE A, % move_to_user_mode i F T Ff Wik [F] 35 4t A AL R AR 1K) v 1%
T A R AR AR MERR AL SR Wk [ 4 T B A A, AR [T 1) B B AT v B TS5 0 ARG B
WA, AR 3. S AT TR ITIR IS4 iret IR SEUR S CPU MRFALZR 0 ki 21 41 2 (AN 2
3 FigfT. Z WK 2-7 PR i R AR AR A IS vh bk [ AR S5 H 7 s

31 0 <«— SPO — (TSS H'[¥) SS:ESP)
. I Ji SS
% J& ESP
@ EFLAGS
& R
ar I JE CS
J5U EIP
< SP1 - iret ¥RAHATHIHIY SS:ESP

2-T FR " TR P ETR [ AR RS

%: move_to_user_mode B /GAE W AZHERE AT 55 0 20 BUEFERF A N AL HER R £l . ARG TR AR &
AR . Ba IEATS 0 ARD BOEBEAF AT Wik (7] 5 75 ZEHATI T — K48 2 M AL E . 2%
AL E I iret 5 —4&F5 24k

MHAT iret AT, CPU R [BIMBIEE N CS:EIP H, [RIN H HER hhr B AR N 2. T CPU
SR AL BRI 3, 5 T NS O BAN[E] o T4 CPU AU v 11 M b B R 755 1 HE
HAREH 2] SSIESP ot TR Tk, B#Ards DS, ES. FS Al GS [MM{EAG AL, BLi
CPU &R M B 7 A7 i & MILAEPAT T iret #8215 T B E BT N4 IX L B A A% LS, REUHITh
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CURFRUZR, 3 1847 AEAE55 O A b BT F O 7 ARG 2 JSORAERE 3 2 T T A HERR . 1A%
HERR AR RE S JEAT 55 B 45 K40 B £ TR T2 JT4f (PAGE_SIZE + (long)&init_task) . i1 BUGE I
Bt REny, FEEHUESS 0 MRS B Sk, T HERRIREE,  IEORAT S5 0 (1 ) S HERAE B
HAESS 1 GEERE 1) ZHifReF “ 37 RE.

2.5.4 GBI

Linux REcrFOURE R fork A . Al BA ik S B O O 3000, AR 0
TR

(EQIERERR IR R h RSS2 55 AL Rt — N BT AT TR 003 (A .
RGCUAAT 64 ANHERACEAT, W) Tork() RGE T 2 1R 1145 $ed1 36 vh 8y v FE 450 R L. S
TN D P — T AR AE MO U 55 SR G Fa 5 R B A R R A5 Bl 4
R BT 1A B AR BT 25 R 5 A (RO .y 97 L3/ A A B A T 0 P VR 1 B AT
I 2% 57 2 AR 25 T S TR T 25 (AR A (TASK_UNINTERRUPTIBLED.

B 0 SR B S M AT . 0 TR BB R RE W R 13 B PO S B
MR KA, IR ERIAIE AT T 15 RIS (150 2260). Bl T i g B AT 45
IRABL (TSS) & PR M. T OV R B RR Y 0, T AT UL tss.eax = 0. B4k
T U R A KR tos.espO 02 0 B MG T ML AL 5 O 5 KO T4 A A2 ST TR, T HERREBK tos.5s0 B8
A SR B P ts 10t B B0 A R A 4 GOT P22 i, ISR 4 AT R AT T py kbt
AR TR D S 1 S AR A A BRI ts5.i387 £5HTT,

R ARG B A5 AR RS B . WK A B A 17 4 BB T o SRS
SO TR, WREKGRE R SCRIOHT TF OB 1, A4 GDT R EHFE45 10 TSS A1 LDT 4k 74
S, B M R 1 B AT 455 K T 1) tss T It S5 EEKS AT 4540 8 BT A TR A R 7
me.

2.5.5 #IZRE

HI AT A R H, - Linux BEREZIE S 5. gt EREDS PR AL T TASK_RUNNING IRz, HE#
B CPU d84T . MEREMIHE Ay A AEAEBERE AL - HIP A HATHIN B, AE WAZSHAT IR AN RERHE 1 o

N T RELEREREAT RO AR AR SE B, SCREMEREREAT BCPR AR My NI 8], AL SO0 RERE A DT 1 SR
—E I EESRIE . AE Linux 0.11 R AL T35 TO0SE G HEBN A 1 B S
BERERF

schedule() & 40 SR S5 504l T B BE Dt 25 (TASK_RUNNING) AT:55 1191847 I ] i ik
TV counter FREKAE 4 AR EEREISAT N R) f5e b o WR—NIELR, BlR7RISAT I AE AN, T
SR, T AR S5 DR s e 2 B RIS AT

U ERBEI FTA AL T TASK_RUNNING RASERE I T v # e 78, RGut it MR sE
BUH priority, XF Z&ZE b BT BERE CEAR IEAEIEIRKRERE ) BB vH SRR 55 /5 252847 1IN 18] (i counter .
TR A2

counter

counter = + priority

SRJG schdeule() s B BT FIFT 55 504l h BT 4 T TASK_RUNNING CIR7S, HE FRFE, HRESEH
—ANEERE N 1. BRI switch_to() T S bR (0 HERE D A

W PRI A He R nTIEAT, REUH AR BIERE 04847 6 T Linux 0.1 K3, HEFE 0 2 1 F pause()
8 H OB AT T G RERRCIR S T VR H schedule(). ANREAE VB HEFEZ AT, schedule() - AN7E R HERE O
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2.5 Linux ZEFEFa 5

WeTAF2RFS . REERG S M R 0 1847,

BRI

PAT L P BERE VI AR5 - switch_to() 25 S — BUL g AL 5 . AEREATDIHZ AT, switch_to()
A A Y R T AUT S ATRERE, WU A A, ARG I E LA
AR fE current EONPTAESS FRET, ARG KBkEL BB 55 ISR B TSS 4Lt hibA, 3k CPU $04T
55 DAt o BEIT CPU SABIL T A7 s PR DR A7 21 24 FiTAT 55 W A74% TR 1 TSS BLULH4F FTR [l (1
TR S5 BAE S5 T tss SRR, SRS S5 IRAS B FEAT T4 i) AROBT AT 25 s 45 K v tss S
(2 fEd 5 S 2 CPU 1, RGUIIE AT RIS AT DI IAESS 1 XA IR TS LK 2-8 o

B tss oo BBV .
I EAX cs
: EBX DS
<:| ECX ES
| EDX FS
| EST GS
: EDT SS
¥ tss | EBP LDTR
( : ESP
| ETP
|:II_I> EFLAGS
| CR3
|
|
|
|

Limp (e | | 32 fufigste |

J5 TSS #IRTF

B TSS FIRTF

# KB 42 TSS BUAPEATIE L CPU ATAE S5 VI e AF

2-8 ESVNHRIFIETE

2.5.6 £ 1Lz

Y ARG R TIBATEAE AR P AR TI8AT, IS4 W AT SRR o 0 R .
WHREREEATIHT TR SO P A

AN PR exit) R, BLAHIT IR do_exit(). 100 404 ¥ JERE ORI BL
RSB PTG P47 BU S PIAERET TP (OB A SR, ISR I 4 LA H s MR H g f T
R T AT AR AR . 0 R THERE, UL init SRR LI TRERRI QR . SR
ARSI LA RIZ, WOREBAR A, I 18 TR &0 I AL S EE T (55 SIGHUP,
SR £ A AR T R . ARG HEEREIRS T IBPE IR TASK_ZOMBIE. I LAl R
2 SIGCHLD fii %, JAHAFHER B8, SR do_exitQ I LM SLE BUTIVERERL. it
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2.6 Linux PAZXSAAF R A

WAEEREREZS ALY, E RS B S TR DR A o DO FLACREREIE i BAE I EL P I

LEFHERRAERAT 0], ARSI AT wait()el waitpid () eR B0 RF A T RERR 20 M5 R 7
HERER A 1R IFAE TARAEIRES I, QR A T RS AT P I TR SN 210 3 Cdbiet . m&Rie
b RERAT S HAR A B T A7 IR, R HERE AT 5 KA b o5 T A AR 0L

2.6 Linux A& NERERAE

£ Linux 0.11 WAZH, 4 T RSBAE A LS I WIBE A A, AR O LA ShREX S, WL T 18] 2-9
PR o

PIAZAR R RGP X JEAAE ENAFX
( (
&,

SEAEH1 BIOS ROM

& 2-9 ¥R N TFE R RIThERE S &

b, Linux WAZFER SRV BE N AE RTG53, 3 T ok T (LA 48 sl 4 A5 He v 245 FH 1 v
TPy NI T BRI & P B, KRGS Al S B mik g X b A
AT E S R PR & B, RGN B s g X b, ARG s ISR T S B b
5 i ¥R A A AR v AR B B A I A DG 2 e WARRRR AR R A X, R 1 5
] A% IR A7 AR A, BTSRRI . X T35 RAM BRI RS, FHNAEX K
R ER B4y, BB A R B -

TR HLRGE b T 8 0S8 bR B A5 A BRIV, DRI CPU Had e AL T A BEH LD &
G NAF AT E RN E R . 45 Intel CPU 1, 24 T ANAEE () RE: WESBRSK
(Segmentation System) 15> 7L &Z4¢ (Paging System). 14> TS FER G2 vl £, RGP il
KA E SR . A T e SO X S B N AE, Linux REERINERA T Intel CPU 1) N 175 BORI
I3y TR FALH

7F Linux 0.11 Wz, TEREATHhEBRES I, BRATTEEL RTS8 3 Ptk DL K e 2 1) AR M 25«
a. FEfy (IR p@iHhht; b. CPU RZktErhht; c. SEBR PR AEbE .

L (Logical Address) f&$aH R = LS BUH IR Hubik H4 « 7E Intel fRAPBIT RIZ
FRREFPATAS B IR K A ) im B bl (BUe RIS B, BB e —FE) o NIRRT AT 52 hET
AT, T 53 BOF 2y TUHLEIRHAb A R e ASE R I, A R S g O .

2R MEHbhE (Linear Address) J&i8 4R bl 24 B hE AR e (Al b in] 2 o FERARRD 25 7= A 38 i i
B UL BER M AS HuhE, i B R B S skt A i T AN et R . W SRR T THLE], AR Ak
PEHIE AT DL AR LU= A — AN B hE o AR 2y TURL, 8 2tk ik EEz At 2 ) B o Intel
80386 12k It iy b= i) Ay 4G
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Yyl (Physical Address) A5 HILAE CPU SMHiE R 28 F IR S HE A EE WAE I bk 5, & Hbdk
AR (1) Jpe 2% 25 SRk o A SR T 4 DORL, T8 e il 25 4 FH 00 H SRR DTSR b R SRS S i ) A
WERBAT TR 73 DI, T8 S Pk bk st L s o Py R b T

JEFANAE (Virtual Memory) Z35THEHL 20 H ZELSERR A N A KR 2 N e . RIS i
FEIF G398 AT LS b RGN AE KR Z ORI ATVF 2 KA H b fe 8 76 FLAT A7 PR A7 %
BMRSG ES. — /MR A2 AT EARKPOE T Lk — 2 kN Bl e . R A
B KR (LEan it 3 A ) Binl DUE X AMESS o SR 722 45 T R 2V 21K -1
HUIAL,  HZURIERAE SR IF R L ZK, SR B R A — 40 S FIgAT o X 2 U N A7
PR ZLEUNATSS . 7E Linux 0.11 WAZ T, AR (GEERE) #EI4r T B 7550 64MB 112N 1775
() o DAL e PR A2 i 5 & 0x0000000 % 0x4000000.

A I FABACB AR ML TN bl DA 5 R A A7 TR R AL, i bkt 2 5 S PR B
WAL B ITLKIT o

FENAES BRGNP IZ Rl 7 BO L] B S, Clede) 31 mpa) 2 i gtk ik
Fo BU AR TSR WAF BT NAFI ST o 24— MRS — DN W AF IR, 38 JEAH Y B
SLREINBIRE Y RS W NE b R T I Ik BRI BT R 2 TORLA, sk
PEHBHERBAL F] CPU AN B 2 b, T T B4 SRS B A 2 A A7

AR T 20 OOL], DG e ik RO — SR S5 R, e 7 2T 2 DOPLIEAT AR HE, a2k
S RISEEA BN Al b 5 BOMLRISREL, 23 TORLH] SevF AT E B E ) Cedio) SRHRNAES I, DUE
I BATHIRFIR LR o A3 20 DO 5 M (K13 15 0 24 R G A7 ST B AR 03 AR 22 e L KT BRI, e Rl LA ST
AN KIMIES RN AF A G, GFAE R AN # DA PSS 70 B A AR e 23 STHLARIIS 25 1 23 Bl
FRPERE . T HEAR S G 3 AE B BR AL 0o ATART 43 TR 1 DR 35 T T A 2 U R B AR 4 (1 DR
Sty O HEAT SR D IR AR A

DKL, CPU JEAT Hibk AR 4 CRILRE ) 1R 3232 H IR R T A 1R R FUL P A7 2% 1) 3800 40 38 A A7 25 () PR LS ) A
FEEL YA 25 8] 04 B SO R — PRI i s iR A7 i 25 (0], AR5 BEAS 52 SE By 3 N A7 B o1 ot 45 FH P A7
() —Rhrid. W BN AL S M ZL L SE bR N fF i KR 2 .

I 2 BB FU N A7 25 [ L B S E 2 JREE S EIRF 84T I e sfbl. 1 oE, U M2
{FH — AR AEN (B ERYE N AE BOR I CbR AR, N AE DURIAE A AT, CPU R ZE— My
ORAFENXAME DL . IX Wit 80386 (1) DU 1 i H W SE B o 24— ANBERE S | H— AN AR DH 1)
WAFHBAIEINT, s fil CPU A2 TUH AR S vh Ik, IS RE rP T e Ml 3 CR2 ¥ Z5 Ar s .
AT b Ak 3% v W PR o gk v AR T O A 0 S A D, AT RT DA AR SR ) O TR AN R A i ]
CEEtts i B a8 E N Arh o an RO BN A7 g b L 84wl U ) — A7 it 1))
— AN A gz X (Swapper) 48 A7 SR IS AN F IR DO AT H B T Rz X, AR SR ) BT
PWANAET . IX A AR E RS sUMELE], 75 Linux 0.11 A2 ZERE T mm/memory.c HsZH.

Intel CPU i1 Bt (Segment) [MME&RXIFRFRAT F0k. FEANBE SCT AR I HEAN X3 LK 15 vl
IR EAE B R MEF A AT TN WAE B R . FEFPI@ bl CalFR Rt B2 T
THEX G BRI B BRI B . 7E Linux 0.11 1, F2 /738 45 Mkl 226t sk () A2 el B8 T CPU (1)
4R BANIATT £ GDT MRMBAR ST R LDT. i LDT Wbtk [alFx Ky 4 fmsthhk 4518, iy LDT
S I bt 2 R DUV DAy Jo s bbb = B, K A B T R (9 A 1), B AR A8 D XL 2-10 IR
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|
BRHBER T mamsrge 0T | 5 1
JRiR 1dtN My B Data ! FH P 5
PR A REBE tssN B Code |
7 | 114 1
E =) | AP 4R
JRiR 1dtl (AR |
RSB tssl > !
SR 1dt0 |
- SRR A % LDT : 1£4% 0
AR 15<0 i |
WAZACHY B RO sys %fﬁ& Data :
H s B Data B Code ! —
Y L ! - O
/ ARG E Code %0 i M
NULL RSB |
I
s — - ~ )
2 ! R

2-10 Linux ZA%5H Bl 1k 2= 8] 43 B &

B 7 BAT P MESS I IS Ol 0 T iR ITRFT R idt, e R RAAAE WA B . H T
Linux 0.11 WZH, WIZATSAT S5 HOARD B A B R 20 i e it )2k P k2 18] AR ) ek Ak, LB
BRAC e, IR AME S5 (AR B S s BEA 7 S & 1. 340, Linux 0.11 WAZ A EAT T &
GBS .

PAE 53 DU B () AR S B R A T2 A7 X BRI 53 B 4096 7715 49— LIRS AL A7 DL T o R P FRE AR A
FEIS, g DL AE 00 B EAT 40 I

FEAE FIE AN A7 2 TUE VR, AN BATH R (145 mT LS LU SERR WA 2 KA 2 (103
SEMHER (). 0T Intel 80386 F4E, St CPU nf LARHEZ Xk 4G £k bl == . %1 Linux 0.11 1%,
RAWERRTIRTTER GDT BB AT iR K8 256, Hh 2 TN, 2 UARGATH, SRS
FHPSIR . R, I 2R 48 0] LAdR 22 25 400(256-4)12 + 1=127 MT-4%, I H il ki fl 2 ((256-4)/2)* 64MB
Y141 8G. 1H 0.11 W N T 5E X KAT-25 %0 NR_TASKS = 64 4>, FENIERLERIMIETE I 64M, JF
AR R O kR 45 47 B (1R 45 5-1) *64MB o [AIIH BIT A FH 1) e o) i i 43 1751 L2 64MB*64 =4G,
DL 2-11 7. 4G IEUFS CPU [ 2k ik 2% ()5 e sl A BE Rk == (RS FE AR R, PRIEAE 0.01 Pz b LA
5 I — P Hb A .

ERE (H:55) 0 B 1 B 2
A~ N N
- h'd

0 64M 128M 1924 waams 46

- SHIHERRIX

- AR -
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2-11 Linux 0. 11 Z4Hbtit=zs 8 ay{E A= E

HERR IR R P I 75 2 ST SR B B AT AR Hy CPU BEAN e Pt k2 ] mh (g ik, %5 A
TUH A PDT (503 MR PT (R WS B SERRA) Bl 0T F o PRI PRI A e AN BETR I o

N TAETHSEBR ALY, BN RERE A S MR R g A A7 TR Sh A B 5 31 3 A7 DR R AN R Y
A0 Eo PRIREABERE SN TT I B N A2 23 ) 64MB. BN ERE [FZ 48tk d i n_FAT-25-5%64M,
AT o e it il AN AEVERE R, JRATTIE SR ERE A (Kt Bk 3 SR B o e kb

ARNAE TV PLRITEAN G B, S WA 10 FITAR A A ST, o2 WKk

M Linux A% 0.99 fixBLJR % A7 23 1 AR ATy OB 2R T 224 REASRERE AT DL A 4G 1)
Hohb e E TR ATIR, X HL AN PR ] o

2.7 Linux 2 HEXRBERAE

AT NERERIE T Linux WAZMITHLS]S 2R SEIE R s B e ERk i Uy 3. 1K 2
U] 5 WAZARRS R R LB U, WIS . 7ETFIR TS LA I R AR 7

Linux 0.11 ARG I 7 PUR SR, — P2 REAIIRACI IR I A B R — P2 R RE e
O IHERR (RHMERD , R —A, B0 T RGubbl 2 (8] [ AL, 2 Ja kAT 55 0 [ - Ak
MR MESS I RG], AT AR A MR, BATRRZ NS5 A RS HERE,  RRME:
ST B O I NS HER  fom— Bl AESSAE A S PAT MERE, A7 TS5 (3ERE) il MR
Bigo NI AT EATEA TR

2.7.1 #sELHEL

FH#NA K BT (bootsect.s, setup.s)

4 bootsect L #% ROM BIOS 513 ZkE W B A 17 0x7¢00 AL, JFEAT R EMERBL, MRl
BOA A HIHERS . HL 3 bootsect ##5 5 E] 0x9000:0 ALY, AJEHER B 75 f7 s SS BLE A 0x9000, HEtkfiitl
esp Y AF Ay B E A OxFf00, BT HEHL T £E 0x9000:0xFf00 &b, 2L boot/bootsect.s £ 61. 62 1T, setup.s
PP Hs I T bootsect T B2 AR BE . Xt A ZR GEWIUA A T I o A8 FH Py ME A
HEANFRIFIER B (head.s)

M head.s BT, RGTFUHIERIERY B NIZAT. ICRTHER B 38 ) WRZEHEBE (0x10), HE
HAREL esp 1 B AR 1) user_stack X4l (20 head.s, 28 3147), fAE T 1 TIMAE (4KD 1ENHE
e . user_stack £l 2 AE sched.c 1 67--72 17, L&A 1024 NKTF EAEWEENAE R IIAL BT 2
WRE 2-12 i . SR ZHER S ARRR Y B CAT IR
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EREE N

kernel BEHLE (A ] )

[ Bt esp | ([ Hews
sched fefy J  |user_stack[1id, 1 5t - kernel Btk
*task [ ] faEF &4l
taiﬂjéjzgiiéﬁr >>’ systenli%t%
\ >N H
main {CAY
(" [BREATIR sdt 2K
TR TR 1dt (2k)
head {815 < Hee iR oy
— WAETIER (4k X 4)
HEAREL ss ——
o WA I H %3 (4k) 050000 /

2-12 RN AZERRHERTRE

#EE 4Lt (main.c)

7 main.c 1, TEFAT move_to_user_mode()XH5 2 fif, FRG— EATH LiRHER . i AE AT L
move_to_user_mode()-2 J&i, main.c IJARESRE “ DI BiAT45 0 AT B HAT fork) R G, main.c
HR InitOREAEATSS 1 P AT, IFEHIAESS 1 HERR . 170 main() A S WIAERE “ DI o A155 0 i, T39R4k
S EIR AR B CRMERRTE TS5 0 A P ASHERR . S TAT55 0 I fdi F HERR IR PR 0 WL 1 5t
i

2.7.2 (X5 HIHERK

REAMESS A N YR, 20 TP SRS AT, FEE 2R SRR T N AZ S
HERR o IX PR AN HERR 2 [A) 1) 22X AE TAT 5510 A% S HERR AR /IS, I ORAF IR 808 e 2 ANt (4096 — 1T
FHRAREEHD AT, KA 3K T4 MESS I 2 AHER AT LLE R P 64MB 25 7] A ZEfift o
ERPEETH

FAMMES (BRTAES 00 A H AW 64MB HliE 7= [H]. q—AMMES GRS NIREEIEER, A3
HERRFREE B RS AT SEH IS () R s (64AMB Tt ) 11 3 AR AR MEAR It 1 s 1 AT 45 H0dl 454
P AE DI P R o N R AR S T IS AT Ik — EATAX AN AR o HER SEBR A FH (42 BE A A7 )0 CPU
3 WML E « BT Linux SEIL T SN & H|Zhae (Copy on Write) , RIUCIEERER QIR 5, FFiZ3ERE &
FACREREBAT AL IR, W0 2 3552 ] — HE RO WY PRI 490 BE A A7 T THT
ERZSEITH

FMES AL A N SR, 58MES TS Eds 450 (task_struct) JLER—TURIN . 1X 72
TERANLHAT S, fork()F2 7 EAT 55 tss B IR N A% G HE kK 7 B (tss.esp0 A1 tss.ss0) 1 i B 11, 2 WL
kernel/fork.c, 93 17:

p—>tss. esp0 = PAGE SIZE + (long)p;
p—>tss. ssO = 0x10;

H p EHAES TS B S TaEr, tss RARFSIREBEI . WAIZ BT S Wil A AE AR DR AL
task_struct Z5 FKd, 1M tss 45k (BY) J2 task_struct T — AN FEB . AT BN R HERR B tss.ssO R
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BEE NN 0x10 CRIRZE 8RB 11 tss.espO M5 i) £RAT task_struct &5 K4 GLIHI R K iy LI 2-13 Fios.

HERRTI —

HirkFaEr (esp0) —> -

> 1 5T AF (4096 F47)

55 Kl 4

WFEFR 4 (current) —>

2-13 HIEMAXRSHEKRREE

Aol i A BRI R N A X A FCAS SR I F TR AFAT 55 B0 S5 A0 1Y) — D AR e i B A
AR BRI EEE e, WD tss.ssO A4 REME e B B 0x10 W ? 3X T M P AZARHE B 1K BEVE LR B o
7t head.s F£/ 7RG, 20nl ¥ E T WAZARS BOFIEdE Be iR A . o BUWK R E L T 16MB. 1X
A PEAE A Linux 0.11 WA RESCHREII S K EE N AF K BE (0 head.s, 110 AT IFLAIVERE) o PG, W
R2ARRS O] DA B FEAN Y BN A3 Bl AT, MRS E N AEX . B Linux 0.98 W& A% BT
PRAKABEAE Sk T 1GB.

AT S5 AT AL 10 5 B4 HE I AZ AR IS, CPU s R TSS 45 RHEVE 1) P A% A HERR ¥ &
EPAMERI . FEATSS DI, ZAE5 WA TR EL (espO) NS LRAE . X CPU ki, XPAMEZ ik
Mo PR —MESFEAWREPATI, AR S &1,
£55 0 HyfEHR

55 0 I HERR LUACRR IR, 75 22l 7 LA B .

155 0 ARHS BORIEcs BoAt [R],  Bodbhbhib#52 M 0 IH4h, PRI E 640KB. XA Mk il gl
PAZARHS AN SEAK S BT e (K3t )7 o ZEFUAT T move_to_user_mode()Z )i, "B N A% A HERR A7 T HAT- 25 Bl
SR T AR DI R Sy, 1T TR P A HE AR R A i 1 e N ORI A R AR, BN sched.c [1)
user_stack ZUA AL E o 4155 O I A% A HER R A0 FEN T8 AT AR AT 45 E5di 2 40 vh i e (1), 1T e 1
JUASHERSEAEHAT movie_to_user_mode(), FEAHY iret IR Al 2 T IHERR BB . IR, esp 1)
SRIE user_stack PRI E, 1M ss M B A 0x17, BRI A& R TR R R B, BRI N AR AL O
FFaf I HIRK A 640KB 1B . 2 WK 2-7 fior.,

2.7.3 ES MRS HR S B PSR Z B BT8R

(L5 RSN LA IR, BT IR LI PR AR B 2 S AT 55 1 P s Rt
TR, MUENWRRTRE, TSR T S TP RIS, T AR B
WeHeH LI eflags SBEBRAZAEAESS (MR R Ao TTULEHRAT ret I8 HH PO RRRE AR [ 8011 FEFRE,
B P A I MERRFD eflags. XN RE LI 2-14 Pk
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2.8 Linux WAZEACHD I H 45+

W RS HERR -— N — Fi P 2 Hikk
Js SS —— IRET —»
= J& ESP
R AT T EFLAGS

CS

2-14 RAZSFE PSR AR

2.8 Linux N#ZiRK MR B R4%HW

H1 Linux WAZZ — P ARSI R S, AL, WA T R LA R IR, B
8] A MR FH S AR AR S U BT LA D s — MR RS SO IR T S L AR SO IR 2
SHETHA T B AR 2 AT, SERGE — NI CAS SO H S S F A 22k

XHIATE LA Linux ARZSEREEARS H ok, ORI H . RIFE— Al &A H
WETE N ZIIRE, AR A AZIRACHS 1) 2 HEE U REAE SRATTIR S g Sl — A KR ROHEZE,  DAAE
TN —EIT AR IR I 1 AR

AT tar iy 2K linux-0.11.tar.gz FEJTIN , PRZISARRE SCAFBUBE] T linux/ H o FErP R H SR
it DL 2-15 PR

linux

F— boot R 5| I wmisT

F— fs LIRS

— include Sk (%, h)

| F— asm 55 CPU R & &5 K AH G (15 73

| F— linux Linux W% %T &5

| L— sys RGH R S

b— init WIZHILR LR T

— kernel WIZHRR RS 7508, RS
| F— blk drv Pk & IR AL

| — chr_drv TR KB

| L— math HFE A I A 7 SRR
F— 1ib W% b B

F— mm WA B

L— tools SN Image SCAFR) T HAEF

AR A RS H sk P 547 14 A1 Hox, SO EE 102 AMURESCHF . R IE XX L1 H g

(RN RREATRIE .

& 2-15 Linux W#ZiRKLE R &

2.8.1 A#%FE BFE linux

linux H 2P I B H >, 7R3 H PR TR 14 S5 H U4, b &5 H
Makefile SCfF. i30S P4 B B AR make MRS S SCfF. make T HERAFH 2 H
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2.8 Linux PAZIEACHDN H k45

SRS S DB O, AT B SR E AR AN 2 AN SO IR FR G0 W SO T R ER
k. MUk, make T HARKAFEFEFI0HE 1)E HAR AT

linux H3g R IEXAS Makefile SO ik B A T 91 H sk A8 5 11 Makefile ST, 3XAE, 4 linux
H CEFETHZ FRATM SIS SO R, make #at Hb T E B k. A T g it 38> A% ir
AR A, HEAE linux H 3% Fig4T—1k make KAFRI AT

2.8.2 5| 2B z1#EF B F boot

boot Hgk &4 3 ML GmiE 75 3, J& WARIRARRE SCAF i B e B dm R IR . 31X 3 ANMFRF 58 U
BINRE R M NI 5 | T NAZ G 30, B AZ AR Nk B A7, JR— 28t N 32 ARy is 4T 7 AT
IR GHLA TAE . i bootsect.s F setup.s F2 )7 75 2 H as86 # Kk gik, 1 H 142 as86 M 4niti &
#3 CHIERIIZRAL, 1 head.s T2 H GNU as kgui, (FHME AT&T &NV iE T . XA g
T AE T 32 AR R B DL S AR 512 Ji5 1 (9 158 B b 2 AT T SR IR A4

bootsect.s &7 & AL 5 | FIRFET, Gt Jo SRR 2 — S rh (51X, 0 W4iE CRETD,
0 ik, ZB1AHIX). 7 PC HLINHE ROM BIOS HAL)G, H## BIOS In#kE| P 17 0x7C00 AbdATHUAT

setup.s 27 EZEH T O LA MG B 240, T HE A AZ TR system 7% 20 13d >4 1 N AAA7 B4k .

head.s F& /7 23 1 G PEIEHEAE system BB 7y, S BEEAT A B A PRI ¢ B R P A A8 B L 1f
IR aG BB T Ak

283 XHRFAF s

Linux 0.11 WRZISCHERGERH T 1.0 i MINIX SCHERSE, XA M Linux &7E MINIX &4 LT
KW, KA MINIX U RGAET AT X, FFH AT LA MINIX Hingk Linux 431X . BLARAE FH 1)
MINIX LRSS, {H Linux 3T HANEE 7305 MINIX RGEATR . FEEF X HLET MINIX 6 S0 R G0R A
LR FRAREE TS, I Linux R T 24f2 530, TR T 244 750, Linux F7 o 2 kb1
ZLRFERTRINSE G 4 F FEBSE L, PRI Linux ST RGARSGELL MINIX RAEME AT L. 0 TR
SEARAATIR AR, Linux REON IR BCHEAT T kg A A, IF HAE R N Ig ATy, WS WA
THIMEIR G sleep()), FiALENIBAES

fs/ H FAE S RGSEMFETP I H 3%, AE 17 S CIBHRT . XERF 2 M1 =25 | H R WL
2-16 iR RN T HEARER — NS0, BB N HEGEAF G I FOCRINE . b & U2 %5 T R4 c,
FEHEUR R SRR TSRS, Wk &R mg R R, LR REHESI XA,
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iIl_rw_block i

E 2-16 fs BRPZREFPFERZZEHISIAXE.

M PTLAE H S 12 H sk R P o] LA RO AN 350 Rl G2 np X B R SO SO S
Yy ) RSO 2 SR, AR H SR SO AT R UL A I, FRAT TS 23 X DU AN 2SR 0

XTSRS, AT LUK B B N AT Sl G2 P X R i oy o BT A6 SRR 2R e Th 4 (1 U il
T T SC SRR R R X T AR H SR O RE Y A B R B s 2 X 28 R R F A3 IO R B 5
% EISCE RS A PR ST X R buffer.c, 1M LSRR N 2 RS TS0 R G

75 file_table.c UM, HEGE X T — AR (HEARRF) 45M %41 . ioctl.e TR 51
kernel/chr_drvitty.c F IR EL SEILFRF AT io #HIThAE. exec.c F2/7 EEBH —NPITRETF R
do_execve(), ‘EEHTH exec()RR BT kK. fontl.c R T-S2 B0 S ifo I RS T s 3.
read_write.c F&J 7 -1 SEISCAF /S FRE A = ARG R 2. stat.c P27 sZBl T AN REUCCARIRE 1)
RGP %L, open.c P27 32 AL E SEIUE SO E MR B 55 OGP U R Ge i FH ek 4

char_dev.c 340 5 A4 A5 PR AL rw_char(). pipe.c B2 HP AL S A S BN B 8L A 1 I R 48
W file_dev.c FEFP AL E LT i 49 mURIHR AT S5 44 (1) SCAF 325 pR 2. namei.c F&F F BT SRS
H 4 RSO 44 RAE B B 2 55 P R 3. block_dev.c 250 & BB e /S B 4. inode.c R Py
FEPR SO RS 0 1 SRR RS truncate.c FE P TR B ST I RSO T o FH 015 4% a2 )
bitmap.c F2)7H A SCAF R Gerd i1 AR AR EE BT . super.c R i AL B0 SO R e B )
Wb R, buffer.c F2J7 B0 PAF R ZEph DX AT AR BE . REAE 1) 11_rw_block A& Bk o5 I i 13
BB, IEANTE s Hakd, 142 kernel/blk_drv/Il_rw_block.c H B 441505 SR 5 ek B Jifeix B HU2 ik
BATEREMNE R, RGN TR & A s, #0720 w22 ph X 5 P % 1 9K 3 B
(ll_rw_block()) RAAERIAT, XM RGFETPEA G FAH S P & RS R 4T A0 .

AT FE PR TR RE T, FRAT TR 5 A HH I SO b 3 SR R B () R 2 IR R R
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2.8.4 K3 EHF include

SCAEH R RS 32 A0 kS0, R B HR A 134, asm T HEFG 44, linux 7 H#d
104, sys T HRHA 54, XL SCHE& EIT AL I R, BRI TR M Bl 2 1,
o Sk SO IR — 5

<a.out.h> aout K30, s X T a.out AT SO AR 2,

<const.h> WSS, HATDOE LT i 1 AR i_mode B A AR AL .

<ctype.h> TR o 38 ST B8 ST T A R R A 88 (1) %

<errno.h> RS RSM . BE RGP SR AT . (Linus A\ minix 15 12E).

<fentl.h> ORISR AT o FH T SO B R R AT R P ) BT 5 1 S

<signal.h> 553K UE SRS HE R, (558 LS SRR R

<stdarg.h> PRESHCE . DURIEA e R B2 RK . FZUH T-MEA (va_list) Fl=
A% (va_start, va_arg F va_end), HI-F vsprintf. vprintf. vfprintf 064,

<stddef.h> Bt e SCK . 5 T NULL, offsetof(TYPE, MEMBER).

<string.h> TSRS FEEE T S AT R R AR (R RN R

<termios.h> 2 i oy N HH BRBCK SC A R SO S AT R 2

<time.h> I IR S so . e e ST tm 5K R — S S ) £ R BRI

<unistd.h> Linux AR#ESKSCAF. & X TSP AT WO, JFRUI T &R ks e T
__LIBRARY__, NIAELIH RS 5 M A 1L 4 _syscall0() 2.

<utime.h> RIS TR Sk ST o SCT 7 1) FME 40 () 544 B & utime() B 2

KRR GHER X HFBR include/asm
KL A F2E LT L85 CPU A R A B UIAHC B 4540 . R koA &, 3L 4 et

<asm/io.h> i0 Sk3CHF . LR NI g 7 2K SO0 o ity 1 B E 1R R 4

<asm/memory.h>  WAEHE DS SO, S memepy () ik A I 2 % BR AL

<asm/segmenth>  BtHAE SO T A KRB A AE A AR IR AN 2T G R 5L

<asm/system.h>  RGKICAF. @ T BEE BUE SRR R TSR RN I 7

Linux N#%% B 3XEF B F include/linux

<linux/config.n> WAZECE L SCAF. 2 SCEERLTE 5 FAE A2 (HD_TYPE) WL,

<linux/fdreg.h>  FRIRSCAE . S AP TS S 200 — 2858

<linux/fs.h> ARG 58 XA 45 R (file,buffer_head,m_inode %5).

<linux/hdreg.h> BRSO SCMF. 8 SOOI BERE 25 A7 # o 1, RS, rXREE .

<linux/head.h>  head 33T, & T BB AT 2, A LANEREART i & .

<linux/kernel.h> W% 30 &AL AL F R RO 38 Lo

<linux/mm.h> WA BRSO o A DLITHR /N E SCRI— 26 50 IR TR A5 2

<linux/sched.h> {AEFE L3, 8 X T A5 4544 task_struct. #I4A1T55 O (14Ld,
A A SR T S 50 B AR N I G R B 1)

<linux/sys.h>  RGEPHL M. SH 72 MRSV C REU IR T, Lh'sys_ T3k

<linuxittyh>  tty Sk30fF, LT H K ty o, HATEE TS, HA.

ARG EREIEEMFEX include/sys

<sys/stat.h> ORI B U B RGUIRAS S5 1 stat A .

<sysftimes.h> 5 ST HERRHISAT I (A G544 tms LA L times() e £l 2

<sysitypes.h>  BHUSLTCfF. 8 T IHEAM R HHEE AL,

<sys/utsname.h> RGEAFRE K AT

<sys/wait.h> SRR LS. ARG wait()k% waitpid () A < H HUT 5
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2.8.5 B LIEFE R init

ZH RS A3 main.c. T HAT WA IIATAGR A A, SRR B - B BBt e,
IR 6 B & LI AT shell F2Fr.

FEFF  SEARIE LA W AE 02 D 2 ph XN AR LA T 0 G, W RIEBEE 1 S B, WSk
DXAAE G IR E B N2 o 2 st AT FrA B WAt T4, A N TR —MESS (task 0D,
IFVCE T T R VEbR S . AERAT IR OSBRI S, KOS e m AL fork(), G
AN AT initOEERe, i T, RGUEETIERI A M BE, JF HAEA ST R AR
1Z4T shell F/%.

2.8.6 N##2F £ B % kernel

linux/kernel H 3405 12 MU SCAERT—A Makefile SO, HAMNER 3 AT Hak. FrasbFfE
SR HARAELE kernel/ H 3%, Hrh 34 fork. exity R UL — S RS0 AT, Gk
HR TSR R AR B R . H S S TARZ B IKSI R, Wl get_hd_block 1 tty_write 2.
AT eSS 2 AR DGR %, PRI BN R0 51 & SR (R S G R B, EATHR AT LA
AT KM, WK 2-17 R

WHREF A W R
schedule. ¢ =
asm. s system call. s WHIE 2
panic. ¢ mktime -
pintk, vsprintf traps. c fork. ¢, sys. ¢, exit. ¢, signal. c

E2-17 EXHRIEARRX XA

asm.s P27 F 1AL B R GERE A S8 B g RS PR v O, ) 25 BB e o 110 5 B A B e M2 A traps.c S
P, AEEAS TP EE R T, KA A traps.c TPAHNI) C 1 S AL B R AL

exit.c P27 FEAFEH TAMRL L RE A . SRR, S GERR4D ZIbRE R H
Ab PR R DA R AERERE . 2 b b RE . HORUERR A RS RS

forkc FEp4a T sys_fork() RGP AEH TP A C i 5 ki 4. find_empty_process() 1
copy_process() -

mktime.c F£FA0 55— AN A% AR (#0115 b6 3 mktime (), FF3H40AA 1970 4F 1 H 1 H 0 IS 2T
HIGFE, AEATFHIRP I ). ANAE init/main.c Hgi i —X.

panic. B2/ P L& — AN s WAZ S B LI R 2L panic() .

printk.c P& — WL E G R BoR k£ printk().

sched.c 7 A4 5% T B IO FEAS B8 8 (sleep_on. wakeup- schedule %5) DL Az — S8 87 (K] R 40 18 HH B
o RHNEA U A DG A A i B

signal.c 27 T ALFE T A A5 5 AL BRI 44 R G0 1R I DA K — N0 Y. (1) v W Ak B e v A AT 5 1R R
4 do_signal().

sys.c PSR Z R kgL, oA LIe A s,

system_call.s FE/F 528U T Linux RECH Cint 0x80) 2 LIAL PRI FE, SR (1) A HH I A )65 7 4%
RGN C TES AR Eh, X3 R E /0 A1 fE#EAS Linux WAZARES .
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vsprintf.c FLFESEHL T ILAE U2 I N ARAE A B8 B 10 77 s i UL B B
WG ZWIEFT B R kernel/blk_drv

LR, R SR R G W B AR, R B A IR R SO RGeSl T R 11
FEAE IR AN, TR RO, O T B0 m AR A P R 4 B R, 70 R S R %
Z AR T U TRV R e RIOBOR T, RS e LIS B R R
BIEEGEI X R, SR TGS AT bk drv T H SR8 4 A ¢ SRR L ASSk30fE. Sk3CfE blkh i
TRIEAFF LN, FiLlE C SOMHTE . I SCHZ MRS R, WK 2-18 FiR.

blk.h'
T

& 2-18 blk drv BREPXHHEXXE.

11 rw blk.c

blk.h H5E X T 34N C R At (g B 18 4% 45 My A Bt Bt sk 4549 o .o R 32 B2 SR A 488 5090
BTS2 IR 5 R 8, E 2 do_hd__request()eRi % floppy.c 23 Hh 32 SRS B T 56 0 A Bt e 1 152
I'SUE A%, T2 do_fd_request() B& L. 1rw blk.c L P SCE T J2 B ¥ 2 B d 352/ 5 ok 4L
11_rw_block(), P4 it A7 FE e By A0 i i e 12 R B0 B £ AT 5 S S48k o R 2% R eV 2
Vi PRI HAE g, U AR S g X AL B S fs/buffer.c .
FRRERFEFF B R kernel/chr_drv

FREHARTTHZIEH 4 A C BFRETA 2 MEYFET SCF . 1K SCpESEEE T 5% 47 3 1
rs-232. HRATZN ., SRR G LA I IKEN . P 2-19 S IX LS SR 2 B R BUE I E RO R .

tty ioctl.c '
serial.c ' rs_io.s ' console. ¢ ' keyboard. S i

E 2-19 FFREEEFZEHXATER

tty io.c A tty TR REL tty read) RS RS tty write(), ARG ME T BRI
Bl BANSASEAE AT IR WA EE R RE A FH K C BR%L do_tty interrupt(), 1% pRECE 2 AE FR RS A i
FRER AL B R A

console.c S FEZALE I S WIAG AR P A 6 5 B2 con_write(), HT-H% tty Wi . IG5
X 7S A AL T T A ) AR A0 BB R con_init() .

rs_io.s Y ZFE iy FH TSR AN B A T4 R rh BT AR BRFR P o 1% rh T AR AR P S 8 A BT bR TR 25 A7
iy 1 Ox3fa 8% 0x2fa) AR 4 Fieb e B8 03 34T AR B8, 70 b 3 S 200 0 S - A AR AR o U
do_tty interrupt().

serial.c F 702 HATHEAS &5 UART BHATHIAG 044, IR BN IRG b D P & . 348
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2.9 WAL RRIFIRR

AL tty H AR H Ha R ) rs_write() R 2L

tty ioctl.c P/ FScHl T tty [ io #5195 K BR 2L tty ioctl()LL A2 termio(s) X3 io S5 ML E k%L, I
SAESCIL RG] sys_ioctl()f fsfioctl.c F2 A i H

keyboard.S T2 = B SzH T B4 P W b B keyboard _interrupt.
bR R A EFNIR(EFRF T B R kernel/math

T Haw HEMA — C #2/5 math_emulate.c. 27 ¥) math_emulate() b8 202 H1 7 int7 11 Wy Ab 24
PP AAT C %, PSR A AL BEES, T CPU E1 T T M SR IR 21, a5k i%
HT. DRI, A Wt il DUR SR R B A BR AR I Th R . AR T T IR I PR RRAS I B 5 ok
ARSI 05 AR o AR rh JURITE— S B E S, JEm A P B RE — M PSR R
SIGFPE.

2.8.7 NiZERE B & lib

PIAZ I BB 18 W AZ ARG A RE)T init/main.c ISATCEFH P A RERE GEERE 0. L $ROELA SRR, &
Bl A PR W SE I e A —FE . BB TN T — M libe RREUZE M IEALT R . 7E lib/ H St
H 124 CIBEZ SR, BT AN tytso 4ithlff) malloc.c FEERK LIS, HE R R, ARG ——
ATARES, SEBL T — e R G B L R B

XA T AL AT IR H R A _exit(). OGP SIS close(fd). & HISCAHRARF R $L dup(). LA
FTIF A% open(). 5 3CAFRAEL write(). FATFEI T R EL execve() PIAZ/TBLERZL malloc(). 26 FF T-HERDIRA
PR wait(). B2 iE R GERH setsid() LA AE include/string.h H7 SEZER K BT 7455 B B A R L

2.8.8 HFEEBEFBZE mm

ZH S AFE 2 MRS SCPE . FEH TR NI A, SEEL T SRR IZ bk ) 2R v ok
DA S 2 P bk 38 5 A A7 DX AR B Y A7 BRI T8 A I o DU AL, AEERE R RN A7 L
AT DX I BE A7 DL TN T N R R .

Linux P20 AE AL BRAT ] T 43 ORI BEPRRR 7 3o B 562 386 1) 4G k4L Hbik =[] 43 #1pk 64
NBL BEANBL 64MB. T AR TR SLH S AN B, IF HA s S i B M A ] SRS REA
A — BT o 2 TONLI A TG e B EE 3 A7 0 s 20 B, RSl fork 414 (AT 4] 25 53 (1) 4%
UL, AT E I IR .

page.s SCAFALHE A7 UL S8 Fh T Cint 14) ACBERRF, 52T AR 3 T8 00 5 & (0 0
FH TR ) ARk 1 5 ) TR

memory.c FiJF L HEXT N AEHEAT MIAAAL K % mem_init(), 1 page.s (1) A AE AL BE A R B O P 16
do_no_page()f1 do_wp_page()pRiZ. & GIEDHrdERE P AT = BRIy, RIS RSO i N A AL PR
PRIEICR 2y B B A7 )

2.8.9 miFHNZITEEFHF tools

2 H =1 1 build.c #2757 HI 5K Linux 24> H s 73 500 i 198 A2 ) H AR IE R & IF e — A aTiadT
I AZIR G SO image. HEARMIZHRERT S L~ —FA R

29 ARARZSRAPERFRIXER

£ Linux R4, WU R 3E0E TP AR B JE—2 REGUHIE D (FE5 6 i),
WRIFR TR int 0x80; &y —Jy M WA R (A3 12 T W) B W T BAT . AR
BB A C s % libe HIALEAR 7> . VP2 RGN IEA C 1 5 BRI — 8 70 S .

ARG T B PR R G A T ELEAL T SO % R SO S B o ifa— B 7 O 5 (R P U 3o
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FA% libe %526 (1) pR ARV 1) WAZ 080 o T8 Il T FH IR S8 R b (R, N R AR IS BB A% 58 i &% P FH T
PE, iltan, FTIFRIOC I SO aR B A& IV7 1) AT R, AR LL R U I AR P AR RS ID 4§
REER.

RAWHEANZ S RAEONESZ. £RKT, BNREHEHBE NP yS (&
include/linux/unistd.h Sk 3CAFrE SO, FEHE LUERIEASEI . NP AR X EEAAH RS IR, KX
FEMIE, PRI ALF T o I H AT Linux FR#EZE LSB (Linux Standard Base) FIF 2 H e it
AV R BT M RS . RGO A TR 2 0L Linux #:4E RGEMELE T EE 2 36
9%

JE R B AU C 18 5 A P I PAT R G D RE I FH P ek 25, A9 i A\ HE R 745 B A 3 R 5
S R K e ARG H (P DRI RERR . B, ARifE 1/O JEpR %L fopen A1 fclose $4it T 5 R4 1A H open
AT close ZEEAIThEE, (HEVEAER MMZER o EXFIELCR, R0 Ge P it LA o 2O il —
SEIRPERE, (R R RESR AL E 2 1 ThRE, 1 L BAGHE R . RGN pR S SR AT S WL
VERGIAEL TN 3 #57.

2.10 linux/Makefile &

MASTE , FATITT AR A LIS CAS SCAFREA TR o B SETERE linux H o I S35 — 4> 301 Makefile.
Ja BTG 2 X HLIALL R H R 2 M A TV

2.10.1 ThgEHIAR

Makefile SCHAH Y FFEPgm it R P (AR B SO, S T AT make BATIS AN Edls ek X
BHEEAT Makefile (192457 H R EEN make fiy4, B2t Makefile SCH 1) B2 BORIRFE P a8 H A7AR
W ST g 128 TR O T 2 555 5)

make T HFEFHE H a2 — N KRR R G AL RE Y SO 75 B T g 12, JF & H iy &0 Ik B
FESCAE AT g% (oA make 21, %455 Makefile {3 B S0, &SR T A B &5
ZIAIRR, JFEM IR T BT IS th ARl iy & o 0, PATREPREARYEIL H AR SO T
FEOHTI, XL H AR SO g iR A . — B S I AN IE I Makefile SO, A ALEVRERIK
1B SO R RGP (0 LA SO R, 4T make ik RESEAT BT AT 0 B (0 BB 4 % LAF . make F2)7
JEAH ] Makefile $di SCPERIACHD SCAF I 5 18 X0 18] (last-modification time) KA i AR 6 S0 F 7 Zk T o
B X FRE AN R SO e A Makefile H 45 Uk AN (1 4. 7 Makefile SCfHb, T3k
HIAT RERAT o SCAFTF S I =" A 5 LT — 2S5l A 146

XA Makefile SCEEI 3245 F 2 HR 7~ make T2 B 28 FH ST 9 12632 42 1114 tools/ H s+ 1) build $h
TT LR BT AT PR S PR AR S B A B O | — AN T I AT I N A W8 SCAF image. FLAR & X boot/H (1)
bootsect.s setup.s {i FH| 8086 I Zmes it AT 4mi%, 20l BB A IHAT R . FRxRIEARRS i dL e T R 7
i H GNU 44 geclgas AT S e, I il system. F5H build THAFIX =5 il— Ak
WG ST image. SEANGmIRIE B AL ik 2-20 FiR .
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| head | | main | | kernel | | mm | | fs | | 1ib

2-20 MtadmFEE/AE5EHN

2.10.2 (K5 E &

F2IF 2-1 linux/Makefile 3T

— = =
|l\3 |»—‘ |O [O [CO |3 O |01 v [ DN [—

#

# if you want the ram—disk device, define this to be the # WIHVREAL H RAM B 2103, @t
# size in blocks. # o HIR/N .

#

RAMDISK = #-DRAMDISK=512

AS86  =as86 -0 -a # 8086 VL it as FIERESy, WHIRERINH. faaRISEE o5
LD86  =1d86 -0 # J&: -0 Aip% 8086 HARFEE; —a ‘ERiYS gas F1 gld B84 A HIALHS
AS =gas # GNU JCgdiftas AiEsegs, WAHIREINH.

LD =gld

LDFLAGS =-s -x -M # GNU JE#24% gld AT H BT . & S0&: —s H SO R A ms Ry

# AR SEE: —x MBI AR S M RN B AR 1%
# (Bnes) FATENER S (1ink map) , 238 HIEBFEF A/ —
# WA EHEEe S, Hrh I TR BEEA BRI N AR AL E S R . FA
# kRUFHA W ME R
# o HbRSUH AT 515 B 2 N AE R AL &
# oo NIFFSWRICE
# oo DS IPTE SO A RS .
cC =gcc $ (RAMDISK)  # gec /& GNU C P& ikt . XI T UNIX B[A (script) BTN E
# 7E5 | H e SCFRIRTEIN,  FAERTIHIN_ L $4F 5 I 48 S H bR AT .
CFLAGS =-Wall -0 —fstrength-reduce —fomit—frame-pointer \
—fcombine-regs —mstring—insns # gcc ML BT —ATHJG M\ 58K F—1T 2847,
# RIS X —Wall JTERIT A5G R -0 ARSI T4k ;
# —fstrength-reduce fUALIGEIAIER]; —mstring—insns +&
# Linus fE22 2] gee ik asml Ay gee #9INAIET, FIT gcc—1. 40
# AF SIS R BRI T 386 CPU B2 R 154, m DL 23,
CPP =cpp —nostdinc —Iinclude # cpp #& gee FIRT (F) AEFRFERS . —nostdine —Iinclude Y55
# SURAZLRERUEN S SO H s R i SCfF, 2 -1
# EIHR E ) H SR ECE R A Y ET H s AR RS
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—
-3

[y =y

[\
o

)
—_

53 13 ]

24
25

27
28

30

44
45
416

#

# ROOT DEV specifies the default root—device when making the image.

# This can be either FLOPPY, /dev/xxxx or empty, in which case the

# default of /dev/hd6 is used by ’build’.

#

ROOT DEV=/dev/hd6  # ROOT DEV 45:& 7E Gl W AZ WS (image) SCAF I BT FH A BRI SO R 48 P
# O AERIBEAS, XA LUK (FLOPPY) o /dev/xxxx BRH M, &N
# build FJ7 (FF tools/H=xH) HiAHERINE/dev/hd6,

ARCHIVES=kernel/kernel. o mm/mm. o fs/fs.o # kernel H3%. mm H3%HM s HFZr7 40 Hisf
# WSk, T T ESIHEXREREANH
# ARCHIVES (R4S FRiRFFERIR,

26 DRIVERS =kernel/blk drv/blk drv.a kernel/chr drv/chr drv.a # HRFIFAFFRGECLE. .ak

BRSO SR, B S AT VR 2 T PAT RS R
# FEHEAESCE, S ONU ) ar FR/F AR, ar /& GNU [ — 3
# SCRACEERE S, I B e AR A SR Bl A

MATH =kernel/math/math. a # BFIEEE A,

LIBS  =lib/lib.a # 1 1ib/ H s ) SO B g AR 5 38 2 S0 A

.c.s: # make ZR MR )GEHFN . ZATFR 7R make FH TPy 24 B A 1)
#.c CHmEFEAR. s ILmIET. 2 FBon FIHZIZMNF a4
$(CC) $(CFLAGS) \
—nostdinc -Iinclude -S -o $*.s $< # ¥51¥ gcc SR ATTH CFLAGS FIT 48 & H3% I LA &2
A include/ H sk Sk SCfF,  70IE b4 126 5 AN EATIC 9 30
ik (=S) , NP2 AESH IS C SCHERT N I gnis 75 T 1)
AR SCAF o BRI OL T B = A2 I g e 77 SR & B C SCFE44 L. e
MmN k. s G4, —o FonIjatft CrrEat. Hdx s (Ei$@)
RAYHRER, $SURERE B, XBEREG &M
*.c SO,
.s.0: # RN, s IR 7 XA PRk o BARSCAR. N4 A2 5E
# P EAE Bk 4 .
$(AS) —c o $*.0 $< # flH gas HIFAFHILIMAEIT @ IFERK. o HbR M. —¢ KR Hgnis
# B Y, (AT IERARAE.
.c.o: # L B, * ¢ X% o Hbr 3.

H H H = =

$(CC) $(CFLAGS) \
—nostdinc —Iinclude —c¢ —o $*.0 $< # i gcc ¥ C B = 04 PERk H A S0 EANIE B,
all: Image # all FREHE Makefile FrENERIVZM B AR, XEEE image 34
41 Image: boot/bootsect boot/setup tools/system tools/build # UiHHH#FR (Image 3CMF) &

# e Emr 4 NICESE, 3l boot/ H X H I bootsect Al
# setup 4. tools/HZEH ) system Fl build X1

tools/build boot/bootsect boot/setup tools/system $(ROOT DEV) > Image
sync # XWATEPITI A - ATRREH tools H3X T build TR
# B CFESUW AT AERD % bootsect. setup Al system LA
# LL$ (ROOT DEV) A AR LA FR 4 v % 20 258 i A A% WL S A Tmage s
# AT sync [FP A2 18 AT G2 i IR ST RIS A8 I S B g .
disk: Image # RN disk XA HERE M Image 7=/E.
dd bs=8192 if=Image of=/dev/PSO # dd 2 UNIX brifidr4: RS0, AL

# AT . bs=FRom—IRBL/ SINF 1L
BRSO, of =3k B S0
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62
63
64

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

# X HL/dev/PSO S 2R — MR ELIK AN & (B 3CAF) .

48 tools/build: tools/build. c # 1 tools H3g NI build. ¢ FEFA4 AT FEF build.
$(CC) $(CFLAGS) \
-0 tools/build tools/build.c # ZwiFA AT FER build 4.
: boot/head. o: boot/head. s # A Egh ). s. o BUUWAE K head. o HFRSCHF.
54 tools/system: boot/head.o init/main.o \
$ (ARCHIVES) $ (DRIVERS) $(MATH) $(LIBS) # i tools H3gH' ) system XA}
# TS AL TR A .
$(LD) $(LDFLAGS) boot/head.o init/main.o \
$ (ARCHIVES) \
$ (DRIVERS) \
$ (MATH) \
$(LIBS) \
-0 tools/system > System.map # A% system B4 . G > System. map FI~
# gld T R FEIE SR HE ) f7JXAE System. map SCAFH .
# T System. map L& S WiERE A I
kernel/math/math. a: # ECE A B R B math. a BN AT _E Ay 2 SL .
(cd kernel/math; make) # N kernel/math/ H3%; 24T make T EFET.
# T 66--82 1T 15 S HEAR I 25181
kernel/blk drv/blk drv.a: # S RECCAE blk drv. a
(cd kernel/blk drv; make)
kernel/chr drv/chr drv.a: # PR REOCH chr drv. a
(cd kernel/chr drv; make)
kernel/kernel. o: # WNZH Ak kernel. o
(cd kernel; make)
mm/mm. o # AR R mm. o
(cd mm; make)
fs/fs.o: # ARG HAMEEE fs. 0
(cd fs; make)
1ib/1ib. a: R 1ib. a
(cd 1ib; make)
boot/setup: boot/setup. s # X IR AT Al H 8086 JL g FliEHze s
$(AS86) —o boot/setup. o boot/setup. s # %] setup. s AT PR K setup S0
$(LD86) —s —o boot/setup boot/setup.o # —-s EINEKRELGHR AT R S5E S
boot/bootsect: boot/bootsect. s # [[] k. A2f bootsect. o Bitk5| SH.
$(AS86) —o boot/bootsect.o boot/bootsect. s
$(LD86) —s —o boot/bootsect boot/bootsect. o
tmp. s: boot/bootsect.s tools/system # M 92——95 X PUATIIVE 2 7E bootsect. s B2 I3 N

#t —ATH K system HKERE R HIEEE AR SH “SYSSIZE = system CAFSEFKE”
# —ATE B tmp. s UM, ARJEHE bootsect. s SCAFRINTEI G o LA system K LR 2
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93
94
95
96
97

107
108

—
—
o

—_
—_
—_

—_
—
Do

—
—
w

—
—
(IS

—
—
(@a]

—
—
[op)

—
—
-3

—_
—
co

—
—
©

—_
[\
(e

—_
[N
—_

[
[\
[\

—
DO
w

# HERH A 1s X system ST KIIEK BoR, H grep dr S WA FIERAT bSO 705 80T B
# AR, R ARAAAE tmp. s IGHSCHF . cut ar 2 TEIUI 7578, tr F T 2Z2BRIT R 427
# Hoe (EBRKIE + 15)/16 HITIREH W RRMEKEMFR. 171 = 16 71,
(echo —n ”SYSSIZE = (”;1s -1 tools/system | grep system \
| cut —¢25-31 | tr "\012" * ’; echo "+ 15 ) / 16”) > tmp.s
cat boot/bootsect.s >> tmp.s

clean: # F47 make clean’ B, FSPIT 98——-103 47 FHIm4S, BRI 9 ieid 828 i) SO
# 7 rm S SO BRAT A, I S SOE BMEAEAER SO, A B RERE B .
rm —-f Image System.map tmp make core boot/bootsect boot/setup
rm —f init/*.0 tools/system tools/build boot/*. o
(cd mm;make clean) # HEN mm/ H; PUATIZH K Makefile X clean LN,
(cd fs;make clean)
(cd kernel;make clean)
(cd lib;make clean)
a
backup: clean  # ZHPKE T AEHAT FIIH clean $UM), ARJSXT 1inux/ H & #EATRYE, ARk
# backup. Z IRAiSCHF. Ted .. 7 RSIBE] Linux/ ) E—4 (50 Hk;
#tar cf — linux’ R4 linux/ HRZPAT tar FRIFEF. —of Ronie ZA) &
# BRSSO | compress = R tar B IHATIE L EEEAEC )
# AGILL RAGFEITY compress, WG FRAAFE T (¥4 H A2 % backup. Z SCf.
(cd .. : tar cf - linux | compress — > backup.Z)

sync  # LR HEHE ST RS f 0 BB A

dep:
# % HARECIU T 25 SO 2 R A G R o O R IX SEHOBOC R IE N T 45 make F KA e J2 15 75 2L 42
# mEANHBENER . U A SO sl Ja, make il i AR BAKIOC R, T IE S 1%
# SR R TE*. ¢ 3. BART IR
# IR R gAY sed X Makefile SCfF CXEEIE A ) BEATAEE, it A MHFR Makefile
# SCfFH ### Dependencies’ AT HIMTA AT CRIHIM 118 JFUERIAT) 5 FFAZRK tmp_make
# ORI SO (BRI 110 ATHIERD o« ARJEXT init/ B3 FHIE—A C 30 (HsE HF—A 30
# main. c) $UAT gee TALIERAE, M bR S URTIALBEFE 7 fi IR R4S H bR SCARAH S R ,
# JF HIXSeRUAF & make W X TRE— NSO, FilAbBEAR P4 H— > make RN, g5
# TR AR YRR Y SO B bR SO0 b LA OG 2R —— 25 S b AL 3 ) I A Sk SR 36 o
#O11LATH 881 s2hr F2s ($1) il IXH$i X AJHITH ) shell A8 &= {H
# ARG B AL S AR N BIIE N SO tmp._make H, AR JE KRG N SO 52 B T 1Y Makefile SCAF.
sed ~ /\#\#\# Dependencies/q < Makefile > tmp make
(for i in init/*.c;do echo —n ”“init/”;$(CPP) -M $$i;done) >> tmp make
cp tmp make Makefile
(cd fs; make dep) # Xt fs/H3X T Makefile LA AERFERIALE .,
(cd kernel; make dep)
(cd mm; make dep)

#t#t# Dependencies:

init/main.o : init/main.c include/unistd.h include/sys/stat.h \
include/sys/types.h include/sys/times.h include/sys/utsname.h \
include/utime. h include/time.h include/linux/tty.h include/termios.h \
include/1linux/sched. h include/linux/head.h include/linux/fs.h \
include/linux/mm. h include/signal.h include/asm/system.h include/asm/io.h \
include/stddef.h include/stdarg. h include/fcntl. h
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2103 HEFR

Makefile &4}

makefile SCF2 make T HLFEFIECE SO/, Make T B R 510 2 & 2 f8 A sh e — N EHE IR
ZYFRE T SCAF I AR P A S T B T g 1k . makefile [T LU 2%, I B EUE AR LI
makefile SCARYELETRT LA 20 . VEAIUEITIE 2% GNU make i T

J T AL make #2177, AR50 TT 22 makefile SCAK 5 make ZUMELA A TAE. 1%, makefile U4
R make Q04 G R NS0 SR N, makefile 38 AT LR I make 3217 %R 4 (i,
VE G B M B RS0

make [FIHATIEFE S A PN BE . RS — AN B, BT 1 makefile SCfFLL R AL
makefile SCfFEE, BT AR & R A B sl R, JFMis BT B bt 5 S L de e 41
(g As 5 . ZE28 B BUIIN], make st fa I 6 P 8 5 b A e AN B Aot 5 75 g A, I FLAEA
AE IV (17 R0 0 e e

1 make FHTGwFERLTH, BMESGL T C AR SO LB E B 3. a0 SRSk E St T,
W20 TR IER, R — M 2SSO0 C ARRERR 7 #0K  B BT . BRI G iR R A A = A — AN 58
P27 55 ) H bR S (object file)o d5e2e, W RATATIEARIS STl T, B4 A I H AR SCHEANE
WG 198 5 (10 I8 A2 AT 5t G 198 e 14 06 200 B A e LA JI K T AT 301

A #L1¥) makefile ST AT —LE RN, X LR EAT an R

H br(target)... : sGH 41 (prerequisites)...
T4 (command)

Ferb FbR S SOl SR A ) — AN SO AR e — A T T SR B H AR S0 H ARt AT L
REPTECRBGESI A7, LLUnisER (clean’). o H AT A B A4, SRR E BRI %
o T —A HEMRBULA S 104t make w5 EHATIOERAE . — DRI AT 240 %, B4
i AT WER, IR EAERR N AT AT NMRIERAT | IS W RS T

WA ARG A R F SR T AE S Ah A H b gk 2, OIS EAIN i & B4
WIIAT . DL, AR ZI NI B A, S A RES AR make AL IR H b $R B 7 E K5
PRIA . XU B A A SRR . AR PR A AT R RS DU RER B SR
k. AR T H AR SRS FIAE S PATATBEEL A i, S~ HER A Y
PAT S k56 A, WAREMIPTAL H WA FK;s < BRI 28— N SE R4 8@ o HFRxt 4
HHNEAT L A B AR RIX AR T

AT, SERFAHE T A I, XSS I A B h B S A Zh 28 m $< IE2 5
ek Bl

foo.o : foo.c defs.h hack.h
cc -¢ $(CFLAGS) $< -0 $@

HArs< st e A shth B ik foo.c, 1M$@ N2k foo.o
Tk make B SIAIZREE B — AN HARX %, ARATUATREMm 4L, 5 — A a2 I ag
BAEHN . HER make PRI S AR IRFR P SO AL (RRIFIAE 40 S 224 FH s AN B xS ) o
Je 28U S make R P e BRI 22 300570 (CBAEIX RN C2AR T 7, B2 21
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3 P S AT AR UL R D o T ) A — A oSUIS S o XU SR % Ja 5 SO Y5
SRR A FR IR 2o AR oG e A Ao A P SCAF 424 P S S0k e H b e 48n A9 381 PAIE, IR
)" $< i 2 *.c SCAF44 . T IES% make RN 2 SR> c R g PERe*.s ARG .

$(CC) $(CFLAGS) \
-nostdinc —Iinclude -S -o $*.s $<

W A A 2B T AN AT S U A ), - E AT 5 e 4 i AR I 26 B— 4 H s (target) SC#F
SR, A B bR € iy 2 (R A — e B de k4. Biltan, 55 H Aw'clean' H 5G4 MR (delete)
A R AT B S gt BRI, — AN NE B T AT LA R fof Bef ke BT VR SR S 1, i iX e
PEIEFREE FUN T H A% . make ARAE 56 U4 AR HAT iy 2 LLAITER BT H bR o —NR00U A, AT LA 58 B 2] A% fi]
AT — AR

—A~ makefile SCAFAR AT LA BRAUU LLAMEILE 307, H— MR makefile SO H T 285G 1E Y
PR RN RTRER b 2o B2 L RS AR B2 415 2, (HBEA BRREFT 511

makefile SCIF e AR BRI G 222 F -1k make KA g 2 5 F BB g H bRt %o Lh i 543k
ST S, make BB IX LEIIOC R, BTG B 1%k SO R T e S
as86,1d86 &/

as86 Fil 1d86 i i Bruce Evans 4w 5 1] Intel 8086 VI g B FE /7 FUE AR /o & 5840/ —)> 8086 [F171
g iEgs, (HEINTLLY 386 ALFEIS 4N 32 A7ANS. Linux A SIS N T a1 16 A710 R 3w X
(bootsector) LA HI setup —HEHIPATACS o 12 G 28 TV GNU B s PEas I TE L S A A, H
WAL Intel BVEGRTE S 1EL: CUBERAER T A RS

Bruce Evans 5 minix #£/E 545 32 (A F 59w H %, b5 Linux A145 A\ Linus Torvalds & 1R &
I . Linus 248 A5\ Bruce Evans HS HL22 2] T ADA I UNIX ZREAE RGERIAIH, minix #/ERSEH
AN Z A AN I AR IR 45 3, IXBOK T Linus £E Intel 386 1A R 4504 LT & — A48k
SIEAERS, FUL Linux #44E 241145 Bruce Evans A H Z VIR

A RIEA Y PR FE AR VRS nT AN FTP egs4% ftp.funet.fi b BT 1) M9 354 (www.oldlinux.org)
N
TXPRANEE 7 (A FH 7 ik A T

as Ml F 7 v RE I

as [-03agjuw] [-b [bin]] [-1m [list]] [-n name] [-o obj] [-s sym] src

BOABEE (R T LUFBGAMELAAL, He IR BN S E; A HU a taiE, WASHEHH)
-03 32 Pk s

list TEARERTH bR

name PO FEARLFR (WRIAETE <. “IFRY R4
TR X

-0 M 16 LRI BT U s

=3 M 32 LRI BT U s

—a JFE5 asy 1d [ Fe AL I

~b  pEARRERISCE, AT AER S 4

-g  1EHFSCHT AN AR RS

—j T LR R Kk

=1 PEAEBIERSCHE,  JE AT LAERBE K SR 4
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-m FEFIR YR E S

-n R HERBEAER A BRGSO E A BRTION H ARSI D
-0 PPEHFICIE, JRERHEARSUTA

—s  PPERPS IO, JRERAES ST AG

U CREARE AT AR RN IR E BUIAT 555

-w ARRESER,

Ld JEFAR )AL A T A AL T

STFA R Minix a. out A4 RRA :
1d [-03Mims[-]1] [-T textaddr] [-11ib extension] [-o outfile] infile..

ST F A i GNU-Minix B a. out A& ZCHIpRAS :
1d [-03Mimrs[-]] [-T textaddr] [-11ib extension] [-o outfile] infile..

AW E (BT UA FEGAE AN, Hee ik TiEA Ao ek e) :
-03 32 Prfr s
outfile a. out K& HarH

-0 FAERA 16 LR RSk SR, IF HoN-1x dEmifl ] 186 + H %
=3 PP RAT 32 LURF RSk, I HA-1x BT 1386 1 H 3k
M eSS A BN DRI

=T ERBE SCA R E (S AT strtoul AR

-1 ENRSSHIRE (1&D) itk

-1x )% /1local/lib/subdir/1libx. a JINBERE SCAEF

-m EARESR A B AR A R

-o IR SRS, R SO

v PGS TP E R

-s  fEHFR ST BRI £ .

System.map X

System.map LA FAFBNE T 5 RA5 B fF5 3808 T 775 &I Rk i) — M1 . B R
WAZ g, Biar=4— XN System.map SC/F. N AZIs AT HH S, ik System.map SCAFHTT
Frg Ry, il L8 N AR R 44, R .

FIH System.map #5301, 7E WAZEAH DGR 7 VRTINSt rT LASRAS AT EL B 2 U A B o £
SR s

c03441a0 B dmi_broken

c03441a4 B is sony vaio laptop
c03441¢0 b dmi_ident

0344200 b pci bios present
c0344204 b pirq table

W LU A4 FRA dmi_broken [RAZ AL T A RZ L c03441a0 4t

System.map o 34 &I an N A% H S d 5 6 1R klogd) Refls S $R2 LT . E RS H3)
i, WEREH LA Klogd 45 H System.map A7 E, N klogd K47 = Ay 3
System. map. KIKA:

/boot/System. map
/System. map
/usr/src/linux/System. map
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2. 11 AE /NG

RE WA G SZhr EAER] System.map, HILEFEF, % klogd, Isof, ps PLRILEFZ#HAM:, %
dosemu, s EAH — AN IEMIN System. map SCAF. AR, IXLEGFE Pl il LA B O 01 A7 sk A 4K
HORF DY (1 A AR B AR, (0 AR R A

2.11 KE/NHE

ATEMEA T Linux FIPHRAE R LN WA URA R 45 . 25 H T Linux 0.11 AR IEAURE I H k4
A, IR AR T 2541 HSR AR SO EAR DI RERNZ R R - SRR A4 T 4E RedHat 9 R4E H 4
B Linux 0.11 WAZIT, XHMRPS TR AT BT . Bon M Linux A% 3 H s R F) makefile SCHEE T,
THua o AR AR EA TVERE
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3% 5| EEF (boot)

3.1 #ifiR

A LA boot/ H S 1) =AM GRS S, WA 3-1 FoR. IEMERT— &R B, X=A
S BARES AN G RE Y, (HEMEH] T P AHELHM . bootsect.s Al setup.s SKHIEALT Intel [V 4wiE 515
5, TREALH] Intel 8086 VI g i A A% 4% as86 A1 1d86, i head.s M H GNU ML gufe kg, I
HBATE R BT, T2 GNU (1 as BEA T4, X E—Fl AT&T 18710 g il 5 127

A FH P P 2 1 2% 1) 32 B2 i DR 6T Intel x86 AbFELZR R A1KUE, GNU 1943 2 7 ¥ 1386 & LA
Ji I CPU. ANSEHEAE IS AT 7R SR 2R IR o

513R 3-1 linux/boot/ B

A4 T ) B BEHUN ) (GMT) Bl
bootsect.s 5052 bytes 1991-12-05 22:47:58
head. s 5938 bytes 1991-11-18 15:05:09
setup. s 5364 bytes 1991-12-05 22:48:10

5] 2 X AR o T R s LA — L8 — 8 8086 V- Zih & MM AR LAAL, IEEEXT K H Intel 80X86 fili ik 2
A1) PC HLI AR R A LA S 80386 32 o R4 5 I R S BHAT 48 1 Mgt o i AAE 46 D el Ut 2 i ]
PLSE R 8 — T B sk b A 5¢ PC LA 422 1 4 g A 0 80386 32 o DR B (M) i 7 v, A e S A XY
NP 5 2 T S T LA ) RS 2% B S rb () PR U B

3.2 BKIhEE

KHSE R MBI —F Linux #/E R G000 30500 0 £ ZHATR L. 4 PC ST IF )G, 80x86 Z5H411)
CPU ¥ Azt NS, Itk OXFFFFO JH46 H S AT AR, XN Hidikil o & ROM-BIOS H i)
Ml PC MUY BIOS i HATHELE RGN, JHAEYELRbIE 0 b TFaPIaa bR Wi . Mbs, el
BRI~ (RS RRIX, 512 F47) AN A4 ki 0x7C00 Ab, FFBkHE EIX AT . )5
BT A& T IR SR AR AL . X B AU A AR TR R, (HIX D2 R IR N AR TAE L RE T

Linux 1) s o i T 340520 2 ) 8086 V-4 1% 5 4 5 1) (boot/bootsect.s), ‘t0KF H1 BIOS 52 N | Y A7 4 %) b
fil: 0X7CO0(31KB) Ak, B AT I B 24 1 A% B4 xS Huhik 0x90000(576KB)4L, FH4t I 8% % 5 2kB
AR (boot/setup.s) 2 AN A7 0x90200 4b, 1fy WAZ LB HB4r (system #ibie) T4k 152 N 21 A Ho
0x10000 JFuihb, A4 4N system B 4 A 2ol ik 0x80000 745 K/ (B 512KB), FrLle A e7E
5 AE 0x90000 Kb TT4A 1K) bootsect A1 setup Fbk . Ji 1 setup FEfFH &4 system BERFE 5 B N AERAA AL, X
BE: system FH A AR (R bk B AR T SRR A B, A0 A R AR AR iR . 1] 3-1 T Mk
AR Linux R4 Bl X LN BRI WA R B AN . o, R R RHEAR R EE I N A7
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3.3 bootsect. s F&JF

BRI WS B K . AE RGNS S~ ELoading..." . 4R i #4HIBCKAL 3845 boot/setup.s 7 K)4L
g, IS — AN GiE ST

bootsect. s F£/7

7 .
0xA0000 % setup. s f£/7

g%% D system FEERL
0x90200 \

0x90000 N
- system FEE P head. s FEF

o—> HHATIE L

0x10000 / 1
0x7c00 P
0x0000 0
1 2 3 4 5 6

B 3-1 B3| SR ARERNFEPRVLEMBZNEHALERR

JA BB U EW LI RELORE I DL & vga R W TREE, BBk P oA G B R
SR KIS R 48 A HLHE 0x10000 % 2% 0x0000 b, 3 AR A I BkEE 22 R MR T B4 (7F 00000 4b).
T 32 frizdr )y W E S sh i se /i IDT. GDT BLAZ LDT #inak, AL s Fnhab# a8 th S il
Y TAF R ELF T &R A initmain.c FF 0 main)RLF . IR YRS JE ZE boot/head.S H (¥,
X R AN WL P AR RIS T o R WIRAENTRAET— 2 T8, IHENUR S ek
RYETA IS 2 AT PEA T A1

T AR G N2 2 B HE 0x0000 JT 45 Ab i ZE4E setup F2/7 mh AT 208 2 1X 2 A
HAE setup FEFARISTF LG40 18 T3 2F) ] ROM BIOS H ity Hh Wi SR IR 28 1 — 2250 (Bilan s+
B BRESHER) . Y BIOS WG S TEPH W AF T AR AR TBUCE — N K/ 0x400 7715 (LKD) v by
MR, PKITEZEAAE TS BIOS (1 Wil F 5 4 R 1X A DX el 26 i

3.3 bootsect.s I2]F

3.3.1 ThgedEA

bootsect.s fUAS 2 LA T | FHRE)Y, HERERMA S —ANBEXH (51 2HIX, 0/bE HHD, 0#mk,
91X, 75 PCHLINH ROM BIOS HAG G, 515 H Xt BIOS #3447 0x7C00 4k, SRJE¥H
BN AE 0x90000 Abo iZFE ) 3R T2 1 2045 setup AR (1 setup.s 4t ) MREEL IR EI N AE,
P45 bootsect [1)JE THIAZLE (0x90200) 4R J5 A BIOS Hikr 0x13 Bt it B4k 240 B ah 5 $4% 1 2
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B, A/t RN “Loading system...” P45 B . FEEOKT system B MR AL _En# #1447 0x10000 JT

BN o BEJGHE RS R AS S, BRATRE, AR BT ORA7 (15 | 5 4 PR R R st DX 2500 31
RERRIAIMZE (2 1.44M A 12 ) FFORA-HBEK 5T root_dev( |31 0x508 HudikAL), # o Kk
3 setup FEFFIITUA4L (0x90200) 44T setup Fi/F.

3.3.2 REZERE

F2JF 3-1 linux/boot/bootsect.s

1!
2 ! SYS SIZE is the number of clicks (16 bytes) to be loaded
3 ! 0x3000 is 0x30000 bytes = 196kB, more than enough for current
4 ! versions of linux
! SYS_SIZE /AR % (16 #4520 175 o 0x3000 JL %
! 0x30000 F745=196 kB (#5LA 1024 #4524 1KB i, WIMZJE 192KB) , X T4 i FARCAS 25 1) 288 T
5!
6 SYSSIZE = 0x3000 D IR IRIERL T system BRI N S WA 2.1 W 92 HYHEH] .

BlelxRlEH RIS IS 215 ko e 1

)
—_

53 13 ]

D IXBEEHT N RBOAME.
bootsect. s (C) 1991 Linus Torvalds

bootsect.s is loaded at 0x7c00 by the bios—startup routines, and moves
iself out of the way to address 0x90000, and jumps there

It then loads ’setup’ directly after itself (0x90200), and the system
at 0x10000, using BIOS interrupts.

NOTE! currently system is at most 8+%65536 bytes long. This should be no
problem, even in the future. I want to keep it simple. This 512 kB
kernel size should be enough, especially as this doesn’t contain the
buffer cache as in minix

The loader has been made as simple as possible, and continuos
read errors will result in a unbreakable loop. Reboot by hand. It
loads pretty fast by getting whole sectors at a time whenever possible

DU 2 1 TH IX 28 3 ) B 3
bootsect. s (C) 1991 Linus Torvalds WANFTA

bootsect. s # bios— A3 FREFIME S 0x7¢00 (31k) 4, I HD
B3 T Hodik 0x90000 (576k) 4k, Ik B HL,

B JEAHH BIOS IR setup” HFEINEF B 2K J5 I (0x90200) (576. 5k) ,
¥ system In#kF| Mok 0x10000 Ak,

FEE!D HAr AR G K Ry (8%65536) (512k) 715, B2/
R ARIX AL BEA W . FAREEORRFRI I T o IXFF 512k Ik AL LN %
AT, RHEX AL minix PR RITIX .

IR QMR T, B ARSI 1 AR S BOEIE A . HBET THA .
SEAThE, RO A AR, a8t A T DU AR R
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25
26
27
28
29
30
31
32
33
34

44
45
46

47
48
49
50
51
52
53
54
55

.globl begtext,

begdata, begbss, endtext, enddata, endbss ! EXT 6 PNEJARIRET;

. text ' N
begtext:
. data DO B
begdata:
. bss I RWIIGEAEYE B (Block Started by Symbol) ;
begbss:
. text NS
SETUPLEN = 4 ! nr of setup—sectors
| setup FEF X i (setup—sectors) {H;
BOOTSEG = 0x07c0 ! original address of boot—sector
! bootsect [MJRaE CEEbE, PLUFRD
INITSEG = 0x9000 ! we move boot here — out of the way
! ¥ bootsect BEXH — #ETT;
SETUPSEG = 0x9020 ! setup starts here
! setup FEFMIX B ITUR,
SYSSEG = 0x1000 ! system loaded at 0x10000 (65536)
! system FLHUINZF] 0x10000 (64 kB) Ab;
ENDSEG = SYSSEG + SYSSIZE ! where to stop loading
DA A B
! ROOT DEV: 0x000 — same type of floppy as boot
! WA R G A 5 5 30 A AR O 4%
! 0x301 - first partition on first drive etc
! WO RO A 5 ML AN X |, e,
ROOT DEV = 0x306 FREM S RG WA AR 2 MERLFIEE 1 DMK X2 Linux Z A d 44

entry start
start:

mov
mov
mov
mov
mov
sub
sub
rep
movw

J7 3, FARMER S LR

WA= X4 5%256 + IKix#S (BRP dev no = (major<<8) + minor )
(BT 1-INAF, -, 3R L, 4-ttyx, 5-tty, 6-IATH, T-AEm A EE)

0x300 — /dev/hd0 — ARFKIEANEE 1 AMEAL;

0x301 — /dev/hdl - % 1 MEAIEE 1 A5rIX;

0x304 - /dev/hd4 — % 1 NEAZE 4 N IX,
0x305 — /dev/hd5 — fRFIEAEE 2 AR,
0x306 — /dev/hd6 — % 2 PNELKIZE 1| DOIX,

0x309 - /dev/hd9 — % 2 PNELKIZE 4 DX,
M linux W% 0. 95 fiJE O 248 H S5 BUEEAR AR iy 42 079 T o

DAY, BTN start AR5 TR

4756 1THEH 2% 11 5 (bootsect) M H T BRALE 0x07¢0 (31K)
I B33 0x9000 (576k) &b, 3t 256 7 (512 F5) , KRG Bk H|
D B ahE R go hrS Ak, HEIARR TR B A AL

!

ax, #BOOTSEG ! ¥ ds RH 7S B N 0x7C0;

ds, ax

ax, #INITSEG ! ¥ es R A E A 0x9000;

es, ax

cx, #256 ! B EE=256 T

si, si I YsHiHE  ds:si = 0x07C0:0x0000

di, di ! HIfHk es:di = 0x9000:0x0000
D EEHAT, HElcex =0
I BB AN
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63
64
65

68
69
70
71
72
73
74
75
76
77
78
79
80
81

Jjmp

go: mov
mov
mov
! put stack
mov
mov

Note that
W es

load setup:

i go, INITSEG OBk . IX B INITSEG 8 H ki 2 () B Hu bl
I N FTHIITFGS, CPU $UT B8 8 3] 0x9000 BLAk (IS o
ax, cs ! K ds. es Fll ss #8E B Bh fFARRE BT LE ) BE AL (0x9000) .
ds, ax Ul TR A HERERAE (push, pop, call), A2 12 B HERR .
es, ax
at 0x9£f00. VO MERRTEER sp $5 1M 0x9££00 (B 0x9000: 0x££00) &b
Ss, ax
sp, #0xFF00 ! arbitrary value >>512

VAR B s T, BT DA B HERR B A
! sp HESR AL AT 512 s CEIHiAE 0x90200) 4b

ML setup R RZN 4 ASEIX, BRI sp ZEHR 10K

|
|
DOERAT LA BRA AN 0x90200 Mk T 4A Ab I E U setup F2)F,
!
!

I F (0x200 + 0x200 * 4 + HEFA/N) 4b,

“es’ is already set up.

load the setup—sectors directly after the bootblock.

7F bootsect F&/PH 5 BEHAE N setup Hib A CAD Bk

LWEIT . (EBZULN es C& 4510 H KBOtIEAL 0x9000) .

1 6877 ATIF 2 BIOS 1l INT 0x13 ¥ setup Bl MRS 2 M X
FFUABEE] 0x90200 FRURAL, FLi5 4 ANFRIX . WA, R IKEIEE, I
iR, WHIEM. INT 0x13 {ERH 77T

TR

ch = f5iE (FEmD) SHIME 8 Ar; el

dh = W

es:bx DIRMHHEEMIX;

mov
mov
mov
mov
int
jnc
mov
mov
int
J

ok load set

Get disk

ah = 0x08
i’zlﬁl{%}%\:
ah = 0,
ch = &K
dh = K
es:di —=>
mov

!
|
!
! ah = 0x02 — LA BN A al
|
!
!

!
!
!
!
!
DRI CF B A7, JEH ah = REE.
!
!
!
!

ST d1

dx, #0x0000 !
cx, #0x0002 !
bx, #0x0200 !
ax, #0x0200+SETUPLEN !
0x13 !
ok load setup !
dx, #0x0000

ax, #0x0000 !
0x13

load setup

up:

THa e DX (0-5 f37) , 638 5 e 2 A2.(6-7) 5
YWahass (SRR ENer 7 2R
I A CF AR EAT o

drive 0, head 0

sector 2, track O

address = 512, in INITSEG
service 2, nr of sectors
read it

ok — continue

reset the diskette

drive parameters, specifically nr of sectors/track
WA IR BN 5 (25, Rl 2 BEE I B X A

UGS R 2 #8280 INT 0x 13 I A% 20 RGR 145 B R

dl = Wahdss (WUERZMEEIEEL 74 D .

(AT/PS2)

BERLIE S KR DKL (B2 0-5) , Fe KT 5 v 2 iz (7 6-7)

al =0, bl = IR)EESEHY
W38 5 (KA 8 47, cl =
fiSk 4y, dl = IKEhEE,
WK SR

d1, #0x00
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100
101

[
—
[\

—
—
w

—
—
S

—
—
(@]

!

mov
int
mov
seg cs
mov
mov
mov

Print

mov
Xor
int

mov
mov
mov
mov
int

ax, #0x0800
0x13
ch, #0x00

sectors, cX
ax, #INITSEG
es, ax

some inane message

ah, #0x03
bh, bh
0x10

cx, #24

bx, #0x0007
bp, #msgl
ax, #0x1301
0x10

! AH=8 is get drive parameters

D 3R — R R I ERAIEEUE os BOarAras TR B
D PR A B et XK

Uy BT A S P TS T es MR, X R EDHT ]
D EoR—2f5 B C Loading system ... [F[Z44r, 1L 24 ANFFF) .

! read cursor pos
R S5V 7 VA R

DAk 24 NMERT

| page 0, attribute 7 (normal)
DRI S BRI AR R

! write string, move cursor

!

G B R 2B

ok, we ve written the message, now

we want to load the system (at 0x10000)

mov
mov

call
call

After that we check which root-device to use

ax, #SYSSEG
es, ax

read it
kill motor

U IFETFUR K system BEELINZ 1 0x10000 (64k) Ak

! segment of 0x010000 ! es = fFi¥ system BB HubiE,
! OBRESE | system BiER, es NHIASEL
I SRR B Ik, IXFES T LASIE IS AR RS T .

If the device is

defined (!= 0), nothing is done and the given device is used
Otherwise, either /dev/PSO (2,28) or /dev/at0 (2,8), depending
on the number of sectors that the BIOS reports currently.
G, AR A A MR SO R G e (RIRRIR 1845 ) o W B se 7 (1=0)
BT S e R % o 7 DUt W EER B BIOS 25 11 R 1 Jd X 0ok
T FEAE ] /dev/PSO (2, 28) L4 /dev/at0 (2,8).
AT AN B A SO X
7E Linux IR LR &5 02 2 (S WS 43 ATIERE) , IR = typexd + nr, Hrp

AN 74 + 0 = 28, FrLL /dev/PSO (2, 28) ¥RMJE 1. 44M A BRZN 2%, H 45 2 0x021c

!
!
U onr A 0-3 ZF WIS N K A. By C B D; type /BIR[FZKA (21 2M B 7> 1. 44M £5)
!
!

[FE /dev/at0 (2, 8) FEIIE 1. 2M A BRANEE, s #5 & 0x0208.

seg cs
mov
cmp
jne
seg cs
mov

mov
cmp
je

mov

ax, root_dev
ax, #0
root _defined

bx, sectors

ax, #0x0208
bx, #15
root_defined
ax, #0x021c

DR R B S

U E TS 88 AT PR AT HAHLIE B X B, WIIR sectors=15
POV 1. 2Mb IIRBNAE s IR sectors=18, MIJUiEH
D1 44Mb BREK . BRASE RIS R I IRSh s, BTLLE A A K.
! /dev/psO — 1.2Mb
U AT RE R B X S AR =15
DR, W) ax PSS SR A RS T .
I /dev/PSO - 1.44Mb
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—
3

2

— =
Do (DO
O [Co

—
w
o

e
W (Lo (Lo
W DO [—

—
W
(IS

—
w
(@a]

W

cmp bx, #18
je root defined
undef root: DO REA—FE, WBETE (FEHL .
jmp undef root
root defined:
seg cs
mov root_dev, ax DOBR A I s A8 T PR A A K

after that (everyting loaded), we jump to
the setup—routine loaded directly after
the bootblock:

Bk, PFrAfEFEMEseEE, ATk B b
IN#&AE bootsect JEIHI setup B2/ 2.

jmpi 0, SETUPSEG ! BkEEF) 0x9020: 0000 (setup. s F&JFE I FFLEADL) .
PO RFRFR R T . L
DN A TR

This routine loads the system at address 0x10000, making sure
no 64kB boundaries are crossed. We try to load it as fast as
possible, loading whole tracks whenever we can.

%R RGO B N A7 HuhE 0x10000 &b, -6 e B 5Bk 64KB [N AP A . FRATTI DS B
AT g, B Re, AR RIN 2 4 b TE 1 R
HiN: es - JFURANAAHLREEAE (%2 0x1000)
sread: .word 1+SETUPLEN ! sectors read of current track
D OYRTRE T U X TTIRR Dt 1 XS X
! bootsect Fl setup F£/7 57 % ¥ hsi [X %% SETUPLEN,
head: .word 0 ! current head !MuiHik5.
track: .word 0 ! current track !MEIHLIIES.

|
|
|
!
! in: es — starting address segment (normally 0x1000)
|
|
|
!

read it:
DO AN R B . B BTN I D207 TRAE AL T N A7 ik 64KB (i ST UR Ak, 5 IEE N BEAE FE .
U3 bx FRAFAS, F TR0 i BN AR TR (R AR A .

mov ax, es
test ax, #0x0fff

die: jne die ! es must be at 64kB boundary ! es {H 47T 64KB HubikiZ Ht !
xor bx, bx ! bx is starting address within segment ! bx NEXNIMELIE .

rp read:
DRI R D N TR o LU T T BOR 15 0 5 GEEO K o I Ab ) B (HENDSEG) , W SR AN 2wl
U BRFE A NI okl _read AnT ARSI . AR H PRI

mov ax, es
cmp ax, #ENDSEG ! have we loaded all yet? ! GO T A& EHE?
jb okl read
ret

okl read:

DV SR E 21 B WA i B U B DXH TRAE ax A A7 AR
DR 24 i R AR T R ) DX R DL R B B 7 T AR RS O B, TS SR A B UK SR B B X

DB TR A S 64KB B BEPR . Ay aiad, RS IR 2 REBE A1 71T 4 (64KB. - B
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DRABALED BB R IR B X

162 seg cs
163 mov ax, sectors I ESY SN I
164 sub ax, sread DOV T TE L XA
165 mov cx, ax I ex = ax = MRTHEIE R X EL
166 shl cx, #9 I ¢x = cx * 512 FI1.
167 add cx, bx I ex = ex + BN YHTM WA E (bx)
! = MRELERAEIS, BON LA AT
168 jnc ok2 read D EWHE RS 64KB 7T, TBkE F ok2 read AbHAT
169 je ok2 read
170 Xor ax, ax DA N UK SR REE T R B X N sk 64KB, A
171 sub ax, bx DB R Z BRI B (64KB - BRI MEE AL E) , PR
172 shr ax, #9 D S I B X
173 ok2 read:
174 call read track
175 mov cx, ax Dex = KRR SR b X H
176 add ax, sread U OYHTETE b2 S B X
177 seg c¢s
178 cmp ax, sectors DR SR A L TE A B ORIk B ok3_read Ab.
17 jne ok3 read

D OBRZHEE R RSk (1S5RS B . WREgLsems, MR T —#iE.
180 mov ax, #1

181 sub ax, head LA TSk

182 jne ok4 read Dol 0 WSk, P 1 Sk b e X i

183 inc track | P e VS

184 ok4 read:

185 mov head, ax U ORAF T ST

186 Xor ax, ax DO AT RETE O XA

187 ok3_read:

188 mov sread, ax U ORAF AT A TE b X L

189 shl cx, #9 D RIRE b X k512 -7

190 add bx, cx DR BN B I AR

191 jnc rp_read D #/NT 64KB I FHME, MIBkEE R rp read (156 17) Ab, 4R 50
DA S B, T B R A

192 mov ax, es

193 add ax, #0x1000 O BOERE R R 10 R A 64KB NAFTTARAL .

194 mov es, ax

195 xor bx, bx BN B T IR WAL A

196 jmp rp read ! BEFE R rp read (156 4T) Ab, AkSEEEE .

DY AT RETE R 2 T U e DR T R XU B B es bx FFURAL . S ULES 67 AT X BIOS R4z T
! int 0x13, ah=2 [,
lal - THiXEG es:bx - X ITHAAE .

198 read track:

199 push ax

200 push bx

201 push cx

202 push dx

203 mov dx, track VOBCYETE S .

204 mov cx, sread DU HTRGE B s X L
205 inc cx Pel = JHREmIX .

206 mov ch, dl ! ch = YHiiES .

207 mov dx, head D YRGS .
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mov dh, d1 I dh = WiskS.

mov dl, #0 Ddl = KBRS Ch 0 K200 A IKBh8%) .
and dx, #0x0100 DRSS AKRT 1.

mov ah, #2 ! ah = 2, EHEHXINEES .
int 0x13

jc bad rt DA A, Bk 2 bad rt.
pop dx

pop c¢Xx

pop bx

pop ax

ret

D AT IS a SALERAE (MR P ITDIRES 00, FFBkAE S read track AbHIA.

bad rt: mov ax, #0
mov dx, #0
int 0x13
pop dx
pop c¢x
pop bx
pop ax
jmp read track
/%
* This procedure turns off the floppy drive motor, so
* that we enter the kernel in a known state, and
% don’ t have to worry about it later.
*/
DA FREPH T ORI B8, XA AN G e T ERPIRES, BUS G0 e 7.
233 kill_motor:
push dx
mov dx, #0x3f2 DRI RIS 1, R
mov al, #0 U A IRZhES, SGH FDC, 2%1E DMA FIrpWiigsRk, SGHHik.
outb Dok al v N A ) dx Fi o R 2.
pop dx
ret
sectors:
.word 0 U AETBCS T A SRR ROE 1 XA
msgl:
.byte 13, 10 DRl4E L HAT I ASCIT f4.
.ascii “Loading system ...”
.byte 13, 10, 13, 10 L 24 AN ASCIT 745
.org 508 I o FIEEE Ay A HLEE 508 (0x1FC) JF4h, Ll root dev
U AR X K5 508 JFEARY 2 AN 7.
root dev:
.word ROOT_DEV X BAFTBOR SO RGETAE B %5 (init/main. ¢ ey
boot flag:
.word 0xAA55 B bR IR
. text

256 endtext:
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257 .data
258 enddata:
259 . bss
260 endbss:

333 HEEEER

X} bootsect.s X B ARSI UL BRI, 78 HEM Eo] IR R B KRR, Hr Alessandro Rubini
A NBIER (Linux WAZIEACIDIE ) — S SCE (http://oldlinux.org/Linux.old/docs/) L VEAN M ik
TNZB SN LR, RAESEME. T XBRF R 386 Szl Mg Ty, AR R LR %
Gy ERfR . IR A A A, A B BUUR T SE TR 2] — 1 80x86 14 S FLAEAF AR S A (]2 2
ZCHR[LIA[L6]), ARG PRk S A1,

T HOH TR ) Linux WAZ, IXBFEFP e shtB iRy, FEARMRRE 75 0.10 RRIFRE.

3.4 setup.s 12FF

3.4.1 ThgEHEIA
setup FE/FHITEAT T A A ROM BIOS HHITEIUNLEE RAK, FFHEX LM (147 5] 0x90000 JT

UHIMALE CEids T bootsect FE/¥ FTAEMIMLT ), FTHUARINSEAN R I NAALE N TR 3 -1 Pros. X
LB BB N AL P HRRR AT, Bl A B KBl R PR HH 1 ttyio.c FEFP45

3 -1 setup BFIZMFREMSH

WAEHLEE | KBE(T) ES Eilipa

0x90000 2 A VA B4 (0x00-fe Acuti ), 475 (Ox00-f5 I )
0x90002 2 R NAFEL RGN IM TR R A EE (KB,
0x90004 2 WoRTL T s U

0x90006 1 LN 52N

0x90007 1 SRRl

0x90008 2 7

0X9000A 1 WIRNAE Y755 P 77 (0x00-64k,0x01-128Kk,0x02-192k,0x03=256K)
0x9000B 1 WRRE 0X00-% 14, 1/0=0x3dX; 0x11-Hi{4,1/0=0x3bX
0x9000C 2 Rz BR-REEES

0x90080 16 [FEre 2E3 £ T ERRINE =1 ES

0x90090 16 [FEre 2E3 F2AEMM SR WREE, WES
0x901FC 2 %S WS REFTERI %45 (bootsec.s 1 1% &)

SR G setup F/7#+ system AR 0x10000-0x8FFff (41N % R GiAk B system 1)K BEAN SR I
fl: 512KB) &He|a) NS 5hE N AELE 0Tl 0x00000 Ab. 5 AKINZR Wi itid 75 26 25 A7 2% (idtr) F1 4 J= 3
RFFRZFArAR(gdtr), JFE A20 Huhbzk, R R E AN IS 8259A, KR S JR I E Y
0x20 - Ox2f. H ) E CPU 45l 27 /7 4% CRO (WWARHLERIRA T, Mt 32 AL Ry BiazdT, H ik
HBIALT system BIHLE T 4211 head.s F2/P4REL1E1T .

T Reil head.s 78 32 AR FIgAT, EARR IR BE T h WA FTR Gdt) fa sk
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1A (gdt), JffE gdt FPBCE T 25T N AZ AR B HDE FF AT E S B R AT . A8 R head.s F2/y s
MR WL I 7 B R i B I S A AR

BUAE, FRATHRE CPU AESERE UM AR R U SIS, BB (05 VK ] S i B 32 (o fR4
BEAABAT U 2R i, DU RIS BB A (U RE /Y o A5 SEZE T FRR e D 0 FEdE AT VRN B ]

FESEREACY, FhE— AW IE T SO BU A (8, BUERAF A BCR 24 (Bl dsd, Jf
HLB B KA ERE T 5E D 64KB o B A M AF TRAEAR RN AT AT SRR 2 A s b (i siD o AL,
WA B 7 A7 s AN % 2 A s P KL, T DUSEEE SEBn g il i) N A ik, LI 3-2 (@) FToms

MAERYRERIBAT 30N, BUarfe s PRI AN P S Bk, 12— A BURlid A7 8 20
MR ME. 5 MEHEE B IRRFIT 55 A7 F5 2231k 00 A7 BRI HE il By s K BRI 1 17 1) 2%
AR SRR A B A BRI R E 1 B AW A (AL A M, B K
MR RRE . AT, AR AR, BeArfe e 1 BUBIA TR 51, H R (EE 2 J5 St
AP XA, ZERY BT kN AP T LS R 22— Tk, R 240 B
BRI R TAERY B Vs ) — NN A BGR EIE B B, — A 16 (LI BUAF A TR A%
WH. ALK 3-2 (D)Fr.

e T‘ AT ;TQ
H ZUN
b
[ _ds | !
[ _ds | V.
(a) SR ik (b) PR Fhk

3-2 HEXNSHRIPEX T FUFT AL

P, AEREACRI BT, A SE B E AR 2T B M BiR AT R, PlineRfiidfrE gdt. &
JEAE R4 lgdt JURIA TR A EEHAIE TS ST CPU (gdt MRS N gdtr Z5 474D o FRRAHLARIRAS 7 IR
PR S EALETTHEN 32 R4 I AT,

3.42 KiBFRE
#2F 3-2 linux/boot/setup.s
1!
2! setup. s (C) 1991 Linus Torvalds
3!
4 ! setup.s is responsible for getting the system data from the BIOS,
5 ! and putting them into the appropriate places in system memory
6 ! both setup.s and system has been loaded by the bootblock.
7!
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— = =
= 1213 10 100

(G2 1 >N (]

[Nl e e e
(=Y i=gt=g iy =

)
—_

[\
)

QL DN DD DN DO DD DD DD
BB IBISIEIS RIS

w
—

LW | |
2 IR

[
o o

! This code asks the bios for memory/disk/other parameters, and

! puts them in a “safe” place: 0x90000-0x901FF, ie where the

! boot-block used to be. It is then up to the protected mode

! system to read them from there before the area is overwritten

! for buffer—blocks

!

! setup. s M1 5T M BIOS HaRENR G HE, IR X Le 50 P il 21 R 40 N A7 1038 B )7 .

! LW setup. s Al system B4 H] bootsect 5| FHUINEB| N AE .

!

DX BAS R) bios A RWAE/ Wi/ e 28, B XS H0R R —A

I“gz A )7 Wi 0x90000-0x901FF, R K bootsect LA HL 4 4 4

VML, SRS TR R G A A i 1 ORI system BEHL.

!

! NOTE! These had better be the same as in bootsect. s!

U LU XSS i 1 bootsect. s HAH A !

INITSEG = 0x9000 ! we move boot here — out of the way ! J&¥ bootsect FTAbHIEL.
SYSSEG = 0x1000 ! system loaded at 0x10000 (65536). ! system £F 0x10000 (64k) 4k,
SETUPSEG = 0x9020 ! this is the current segment ! AFEHT7E R EHLIE
.globl begtext, begdata, begbss, endtext, enddata, endbss

. text

begtext:

. data

begdata:

. bss

begbss:

. text

entry start

start:

! ok, the read went well so we get current cursor position and save it for

! posterity

Dok, FENRMAEREEIER, IUAER AR EORA7 LS Ja fEH]

mov

mov
mov

Xor
int
mov

ax, #INITSEG

ds, ax
ah, #0x03

bh, bh
0x10
(0], dx

this is done in bootsect already, but..

¥ ds B RHINITSEG (0x9000) « 3X LL44E bootsect FEFH
WEIL, HZAPAERE setup F2)F, Linus W17 ZHHHT
BE T

read cursor pos

BIOS i 0x10 [ EhrIHES ah = 0x03

ifI:HAIJ.)\: bh = ﬁ%

BRM: ch = HITIREZ, 1 = HgRE,

dh = 4745 (0x00 2155, dl = %1% (0x00 & A530) »

save it in known place, con_init fetches

it from 0x90000

W R) I UL CAR AL BAR BAEIAE 0x90000 4b, IS
WIEAL I 2 R B
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43 ! Get memory size (extended mem, kB) ! N 3 A/EY AN K/ME (KB .

44
45
416
47
48
49

mov
int
mov

! Get video—card data:

mov
int
mov
mov

VR T 0x15, ZhEE'S ah = 0x88
I R[AL: ax = M 0x100000 CIM) AbFFEEHIP R W A2k (KB) .
DO AR CF EAT, ax = HARD,

ah, #0x88
0x15
[2], ax U R AR BUEARAE 090002 A (1 ANF)

X B FHCE R R S T o R

V& BIOS HI¥r 0x10, LhEES ah = 0xOf

REl: ah = FRHEL, al = GoR#i, bh = MHT BRI,
0x90004 (1 ) FE 4 HT T, 0x90006 'HAizt, 0x90007 FF 514k

ah, #0x0f

0x10

[4], bx ! bh = display page

(6], ax ! al = video mode, ah = window width

! check for EGA/VGA and some config parameters ! ¥#rE /n/720 (EGA/VGA) FEELZH.

mov
mov
int
mov
mov
mov

65 ! Get hd0 data

66
67
68
69
70
71
72
73
74
75
76

mov
mov
lds
mov
mov
mov
mov
rep
movsb

A BIOS HiKr 0x10, FHnzhggizss B0y 5 R

! ThEeS: ah = 0x12, bl = 0x10

I 3&[A]: bh = BaRE

! (0x00 — FE(iz, 1/0 ¥l d1=0x3dX)

! (0x01 - HfafE=, 1/0 ¥ I1=0x3bX)

I bl = LM ERNAT

I (0x00 - 64k, 0x01 — 128k, 0x02 - 192k, 0x03 = 256k)
I ex = BRREHESE(S IR R U .

ah, #0x12

b1, #0x10

0x10

[8], ax I 0x90008 = 2?9

[10],bx ! 0x9000A = “ZEEME/RHNAT, 0x9000B = iRz B/ Hfh)
[12],cx ! 0x9000C = BnREMESH

DR AR R (RS 40R) .

DS 1 AR S HER I B Bl 55 AR B ) i Ox41 (1) SAEL ! T AR 2 AN
U SRR 1 ARSI, R 0x46 1 ) At R 1 X 2 2 AMfE
D sk, ROKEE 16 N1 (0x10) .

DR T B 4l 52 BIOS A7 KPS S HE, 0x90080 AbA7IEE 1A
U OREELIE, 0x90090 AbAEER 2 AMEAL £

ax, #0x0000
ds, ax

si, [4%0x41] ! HCp Wi & 0x41 fOfE, tED hdo SECE I HbhE=>ds:si
ax, #INITSEG

es, ax
di, #0x0080 ! ALHf H HIHbHE: 0x9000:0x0080 = es:di
cx, #0x10 VB 0x10 FT .
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77
78
79
80
81
82
83
84
85
86
87
88
89

90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

e
el = =)
— O[O

—_
—
[N

—
—
w

—
—
S

—
—
(@]

—
—
[op}

—
—
-3

[
—
co

! Get hdl data
mov ax, #0x0000
mov ds, ax
lds si, [4%0x46] | Bk & 0x46 (1, ) hdl ZHERIHNEDds:si
mov ax, #INITSEG
mov es, ax
mov di, #0x0090 ! L4 H [FHbdk: 0x9000:0x0090 =» es:di
mov cx, #0x10
rep
movshb
| Check that there IS a hdl :-) | R REEGAAER 2 MER, WRAIFENE 2 MRFGE.
! FIH BIOS H WA FH 0x13 FIHELZE Y ThRE
! RS ah = 0x15;
DfN: dl = JKahesS (0x8X ZMiAL: 0x80 #5855 1 Mififit, 0x81 28 2 ML)
I #®rtH: ah = 2BED, 00 —EHEXAEL, CF H47; 01 —28IK, %F change-line 3 ¥F;
! 02 ——RHIK (RHE T BHEA), 1 change-line ;s 03 —— AL
mov ax, #0x01500
mov dl, #0x81
int 0x13
jc no_diskl
cmp ah, #3 DR (RE =3 7 ),
je is diskl
no diskl:
mov ax, #INITSEG VOS2 MIBRIAAAAE, XS EE 2 AMIBRLRE 2
mov es, ax
mov di, #0x0090
mov cx, #0x10
mov ax, #0x00
rep
stosb
is diskl:
! now we want to move to protected mode ... VIR BAT T L N AR R T L
cli ! no interrupts allowed ! ! BGIFAS SR,
! first we move the system to it’s rightful place
DO SEIRATKE system BEHRS B I E
I bootsect | FFEFF/EHK system BEERELAFIM 0x10000 (64k) FFAGHIAIE . HiIT MR B
! system Biths KK AL T 0x80000 (512k) , -t BRI H A S AN 2585 iy A7 ik 0x90000,
! PrLh bootsect 23K H %3 2] 0x90000 FFAR 77, FFHE setup I3 E 1 )5 1M
N X BT R R i TR system SR F) F] 0x00000 £7E, BIHEA 0x10000 3] Ox8LF T
DA (512k) , HEHRb ) WA £ 5 T 0x10000 (64k) FIALE.
mov ax, #0x0000
cld ! >direction’ =0, movs moves forward
do_move:
mov es, ax ! destination segment ! es:di=»H ByHhE (FLH K 0x0000:0x0)
add ax, #0x1000
cmp ax, #0x9000 I AU 0x8000 BT 4R 1) 64k AR F2 )56 ?
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—
—
©

— === == = =
DO DO (DO (Do DO (DO
3 W N (=[O

—_
co

jz end move
mov ds, ax ! source segment ! ds:si=»yEHubE (W]LE K 0x1000:0x0)
sub di, di
sub si, si
mov cx, #0x8000 I #3) 0x8000 F (64k FH) .
rep
movsw
Jjmp do_move
! then we load the segment descriptors
UbE, AT BRIATT
DX IT AR 28 B 32 AL AR A HEE, BILTRZE Intel 32 0 ARY B nfE i AR T,
A SR T TH A SR £ B 51 2 5 1 a7 A 2R B S R PR B o X AN L 1
D RN RIS T 2T, AT e B T A BRI TR . X R E AR
DR R R AR W R R R
!
Uolidt a2 T nadorb Wik 773k (idt) 54748, BMEESUE 6 N, 0-1 P i frR M
DK () s 25 PR RIRRFR I 32 7kt hht Cershhl) . HIES W R
! 219-220 7M1 223-224 4TI U] . TP RAR R R P AR AR (8 ) Fi7 th A it
U R AR S R, B S AL, (HEE E 2GR
!
! lgdt F5 % H TN & R 173K (gdt) 474, LEREEOE S Lidt FR2 04 . 2R IR AT
DR PRI R I (8 F-717) il TR BT s AR B (FO fE . Hh EdEBe
VBRI (16 A7) « BEgkEdehl (32 47) « BIFFR . BORHIENAT BRI
PSRy B TR & . 2 0LE T 205-216 17,
!
end move:
mov ax, #SETUPSEG ! right, forgot this at first. didn’t work :-)
mov ds, ax ! ds 5 ARET (setup) B
lidt idt 48 ! load idt with 0,0
Do WA R R (Ldt) 257788, idt 48 J& 6 T ERAER A B
DL 21847) o BT 2 PR idt IR, J5 4 7 RoR idt &
U Ak p Ak
lgdt gdt 48 ! load gdt with whatever appropriate
UonaAe RRA TR (gdt) T AEAE, gdt 48 52 6 I ERERN A
IO 222 47) .
! that was painless, now we enable A20
U BL R EAR T, BRAEIRATIIT A A20 Huht2k. 2 WAEFFIR )G A0 A20 {5 5 L& 1M Bt i .
VRTINS LR 4, A 2% kernel/chr drv/keyboard. S PR o i B4 12 10 B o
call empty 8042 USRI NZE PR A A
VA YNGR RS A N AR LU I T S A
mov al, #0xD1 ! command write ! 0xD1 #y2h—-KREE E 3|
out #0x64, al ! 8042 [ P2 %t . P2 ¥t FIAL 1 T A20 k(13T
! HFEE S F] 0x60 M.
call empty 8042 DS N G AR, B A e T .
mov al, #0xDF I A20 on ! IEIE A20 HuhikZRISHL
out #0x60, al
call empty 8042 I BTN A S, NIFKIR A20 Lk B4k if .
! well, that went ok, I hope. Now we have to reprogram the interrupts :—(
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! we put them right after the intel-reserved hardware interrupts, at
! int 0x20-0x2F. There they won’ t mess up anything. Sadly IBM really
! messed this up with the original PC, and they haven’t been able to
! rectify it afterwards. Thus the bios puts interrupts at 0x08-0x0f,
! which is used for the internal hardware interrupts as well. We just
! have to reprogram the 8259’ s, and it isn’t fun
VAU E—YNER . DUERRA T T T W T g FE @
VRO TR EA TSR IEF b T intel CREAAIAEEIT S 1T, 7F int 0x20-0x2F.
VIR ENIASS RN R .. ANERAE IBM R PCHLPHE T, UGt a2 Ed k.,
'l PC ML bios ¥ iEAE T 0x08-0x0F, X Eerfy iyt gl ] T~ A & Adi 2 o b
PU T ABRAT TR S0 6 8259 rh T AR BT A, X AR S .
mov al, #0x11 initialization sequence
0x11 Lon¥ltntban 2 ITah, 2 ICW1 ar -y, HKonil
WilR . 2 R 8259 W% e EIRIEL 1CWA 4.
out #0x20, al send it to 8259A-1 ! KiXF] 8259A Eith o
U T E SCIRT AN T2 B L2 A o I Y A Bk 452, L ZE AR .
! Oxeb s HEGL B TE A ERAERD, 7 1 AN A A RS (. DRIk S 2 -127 2 127, CPU @It
DAL B AR N B EIP 75 A7 2% THk e AN B A Rtk o IS ETP 48 1) F — 4T 196 4 -
UOPAT I FTAE SR % CPU I K2 7 %8 10 4. 0x00eb FomBRELAE A 0 (4964, DRILIE 2 3
!
!
|

D PAT R84 XML 14-20 A CPU I BRI AER I 7] . 75 as86 A R A .
DR MIBCAT, AL Linus 7E setup. s 55— S04 7 gl EA A TP LS R B IZ R 20 J35h,
DR AR RS NOP (IR B R IS 3 A, DRI SEIA B R RSB R MO T 22 6 &2 7 4> NOP 474«

.word  0x00eb, 0x00eb Djmp $+2, jmp $+2 17§ R HHTIRA 1ML,
out #0xAO, al ! and to 8259A-2 ! FRARILH] 8259A M H o
.word  0x00eb, 0x00eb

mov al, #0x20 ! start of hardware int’s (0x20)

out #0x21, al DOIREN R ICW2 fir e, RIS, SHRATHE.
.word  0x00eb, 0x00eb

mov al, #0x28 ! start of hardware int’s 2 (0x28)

out #0xA1, al DR TCW2 A %7, A B4R T

.word  0x00eb, 0x00eb

mov al, #0x04 1 8259-1 is master

out #0x21, al DREE R IOWS a4, EOHH IR #EMEH INT,

.word  0x00eb, 0x00eb ! Z AR AR S 3

mov al, #0x02 1 8259-2 is slave

out #0xA1, al POIRMCE T ICW3 47, o A (1) INT 3 2] 32085
! ORI IR2 B E.

.word  0x00eb, 0x00eb

mov al, #0x01 I 8086 mode for both
out #0x21, al DA ICW4 S, 8086 fxl; i EOT J7al,

! TRIEFRA R AL, WAL, S e .
.word  0x00eb, 0x00eb

out #0xAl, al I BEMS A IOV A, WA .
.word  0x00eb, 0x00eb

mov al, #0xFF ! mask off all interrupts for now
out #0x21, al BRI P AT TR TR K

.word  0x00eb, 0x00eb

out #0xA1, al BRSNS T T TR K

! well, that certainly wasn’t fun :—(. Hopefully it works, and we don’t
! need no steenking BIOS anyway (except for the initial loading :-)
! The BIOS-routine wants lots of unnecessary data, and it’s less

,64,



3.4 setup. s F&/F

184 ! “interesting” anyway. This is how REAL programmers do it
185
18 Well, now s the time to actually move into protected mode. To make

!
!
!
187 ! things as simple as possible, we do no register set—up or anything
!
!
!
|

188 ! we let the gnu—compiled 32-bit programs do that. We just jump to

189 ! absolute address 0x00000, in 32-bit protected mode
Png, BIXBCYR SO, AHEIXFERE AR, 1 HERAMEAFFEZRE) BIOS T (BT
U IR ©. BIOS FAEPERIR Z AN HdE, 11 Hoer— s AR R . IRJE “FIE” 1
R IS VY (R

190
DIXRWRCEIEA 32 AL RIS T . B INBNLARIRA T (Imsw—Load Machine Status Word), tH#K
D2 A CRO, FLLKAR(Y 0 B 123 CPU TAEAERY K

191 mov ax, #0x0001 ! protected mode (PE) bit ! {# 4 tbidrf7 (PE) o

192 Tmsw ax ! This is it! ! FLXFEINZRNIZSIRAE T

193 jmpi 0,8 ! jmp offset 0 of segment 8 (cs) ! B34 cs Bk 8, fWfs 0 4k,
I RAE &K system BEALZ) 2] 0x00000 FFAG T, B LUK HL R A% Hbdik & 0. X B B
DA 8 AR X NI BOERAT T, F Tk B IR R RN AR5 L 10 DL S B 23K (PR AL 2
D BOE BTN 16 A7 (2 F45) 5 A7 0-1 RoRiE R 0-3, linux EEE RS
DHBINYG: 0 (RN M3 (P9 5 A 2 T IEFEARFNR TR (0) i 2 54
DIRFFR (1) A7 3-15 AT RN ZRE S|, FEHIEHESEJLIHAR T P BUEREFRT
I 8(0b0000, 0000, 0000, 1000) F7R T KIFILL 0 AR RRFFR TS 1 0T, IR H
DA AL 0 (2200209 17D, PRI BBk FR A i 2 22T system H RS

194

195 ! This routine checks that the keyboard command queue is empty

196 ! No timeout is used — if this hangs there is something wrong with

197 ! the machine, and we probably couldn’ t proceed anyway.

AR A AL A AR O . X EAMEHE R 5k - WX AL,
MR PC AL I, FRAVSRBA IMEFRRBE N 2T .

A YNGR CRETAARA 2 = 00 AU HI TS w4

198 empty 8042:

199 .word  0x00eb, 0x00eb ! iX &M NEkAE 4R LAY (B 2N —A)) , A7 T 34k
200 in al, #0x64 | 8042 status port ! i AT BRI BIRE LS.

201 test  al,#2 ! is input buffer full? ! JWALT 2, S AZEER3H?

202 jnz empty 8042 ! yes = loop

203 ret

204

205 gdt: ! ERMBFFERAGL. FIRFREZA 8 FATKAIMIBRF A K .
VIXEAHT 3RS . 21T H (206 17) , {HIELE. 32 Wi RGN EL
DRARTF (208-21147) , 2 3 T RG AR BB AT (213-216 17) « BB AT A4
D B XS WAHNR TG .

206 .word 0,0,0,0 ! dummy ! B 1 PR R, AR

207 ! X HAE gdt R RN 0x08, IR B A5 A7 AR (BOEBERT) I, A A (1 X M

208 .word  OxO7FF I 8Mb — 1imit=2047 (2048%4096=8Mb)
209 .word  0x0000 ! base address=0

210 .word  0x9A00 ! code read/exec

211 .word  0x00CO ! granularity=4096, 386

212 1 IXHAE gdt R EIRFE L 0x10, 2N BeAF 474 (I ds 48 I, AT B2 X A A

213 .word  OxO7FF I 8Mb — 1imit=2047 (2048%4096=8Mb)
214 .word  0x0000 ! base address=0

215 .word  0x9200 ! data read/write

216 .word  0x00CO ! granularity=4096, 386

217

218 idt_48:
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219
220
221
222
223

. word
. word

gdt 48:
. word

224 . word

225
226
227

. text
endtext:
228 . data
229 enddata:
230 .
231

bss
endbss:

0x800

512+gdt, 0x9

idt 1imit=0
idt base=0L

gdt 1imit=2048, 256 GDT entries

RSN 2k FAT, BUNEE 8 AT — AN BLR IR A

Bl rh 3L nl 4 256 1.

gdt base = 0X9xxxx

AANTFATRY B AL PERbIE: 0x0009<<16 + 0x0200+gdt

WP 0x90200 + gdt (RIFEAFE 7B i fme thhl, 205 47) .

343 HEEFER

N TIRBHLES MR SR, KB 2 T BIOS i, I ITAaI Ky — X Ao ) #
PEo N fal A TR A 210 BIOS AL, JFxE A20 Huhk2k SR B T TR, e

M RT Intel 32 L ARG REATEAT 1) 1) o

3.4.3.1 AR TERR

{E setup.s FEFHATE UG, RGEE system A% 2) 2P B LA 0x0000 T4kt

117 M 090000 b ]

AT WA ALK L RGHEA S, /R 3-3 .

I I 4 R R R R
(gdt)

p Bl B atid Ry

BT setup. s /¥

setup. s fGi%

RAESH JE R bootsect. s
n PP G T
FERH (1ib)
W A7 B B R (mm)
WAZARER (kernel)

> system Fib

main. ¢ FE£F

head. s F&/%

& 3-3 setup. s BFERENGFEHEFTFEE



3.4 setup. s F&/F

UL G4 Rt AT AR, 3—ANE (NULLY A, S34MPAN 0 R ACRS B il 145 AN 4
B s . e R ) RGP AL, IR 00000 Ab. IXFE setup.s HP AT IR G 4R
4 jmp 0,8 (3 193 17) I, mh<xibF] head.s 2/ TFHURALIREAT T 2o X AR I8 B AT,
FHARARE Pt AP AR IR AT I, BEARZAR gdt A IRARAD BAtR AT o 0" ) HilId 4 T 5 (¥ AR B 1) A2
fE.

3.4.3.2 BIOS #55 h &f 0x10
X BB RS T 20 ROM BIOS F i d i B i ) LA T ZhBg .
A, BB RRMGEE (B ThReiE£):

F3-2 RMETFES (WEES: ah = 0x12, bh = 0x10)
LN EIEEPSN AR | AU
ah Dyfie'5=0x12, HREE R REE
bh FDJhE5=0x10,
HATIRES «
0x00 — Bt CLCIFRUSRAEAE 1/O i M Kbl 0x3DX):
0x01 — P e L IHRLSIAE A 1/0 s F Bl 0x3BX);
e Ferpom k) XA 0-fo
U2 RE M W AT K/
00 = 64K, 01 = 128K, 02 = 192K, 03 = 256K
R 4 2 LR £
B VAR
0 Fetkek 1, IRE& 2
ch 1 Rk 0, RA& 2;
2 Fetkek 1, IRE 1
3 Fitkek 0, IR 1,
4-7  RAH(CH 0)
WUATT 2K v A
IR [l B FEAER A
0 JFoR 1 KM,
1 TR 2 KM,
2 JF% 3 KM,
3 TR 4 KMl
47 KT
J5i4h EGAIVGA JT i EHH:
0x00 MDA/HGC;
0x01-0x03 MDA/HGC;
0x04 CGA 40x25;
0x05 CGA 80x25;
0x06 EGA+ 40x25;
0x07-0x09 EGA+ 80x25;
OX0A EGA+ 80x25 Hiff;
0x0B EGA+ 80x25 Hiff,

BAER

bh

bl

cl
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3433 FHEEXSH T (“INT 0x41™)

R R, int Ox4AL [ B ) A7 B (4 * 0x41 =0x0000:0x0104) 1715 AN b W R e il
MRS MERIEARSH R . KT 1000324 BIOS Kk, X HLAF O I8 S AR BE S 1 2 b
FOOOh:E401h. 5 —/MEEL M IEARSHER N LI HIbEAF T int 0x46 I ) A7 E Ak

F3-3 BEERSHIEER

x: PN YOLZFR | B
0x00 ¥ oyl R4
0x02 W head Tk Sk
0x03 F FEG/NS IR AR (I PC XT {1, ek 0)
0x05 =2 wpcom THAE R HAMERT S G 4)
0x07 T K ECC HRKSE (U XT MM, ek 0
IS on VNG e E P B D)
f7.0 KH
fir 1 {RE(0) < IRQ)
fir. 2 FVFEAL
0x08 ¥ ctl fii 3 EHERBORCT 8 W 1
fii 4 ESEIO)
7.5 ATAERETHAHL A = R AR IX I, I 1
177 6 21 ECC Hik
oA AR ) R
0x09 F PRUEEEINAE (A XT M, Heh 00
OX0A | 75 Fe A RBINE (X XT A, Heh 0)
0x0B | FA¥ RO IR S B I (O XT A, ek 00
oxoc | Izone (G IR SRS
OXOE | ‘747 | sect RRRGTE o X5
OXOF I TR .
3.4.3.4 A20 il &% o]

1981 4 8 H, IBM 2wl Sl (1A N HHEEHL 1IBM PC {8111 CPU 2 Intel 8088, fFi% bl ituht
2 20 (A0 — AL19). 7E4Ef N fE RAM A JLTT KB BiAE] IMB ), 20 AR HhEEE OV 2 68 F >k 5k
XLy A7, SLPTRE SR B s ik & OxFFFOxfFFf, R Ox10ffef. XiT-#EH 0x100000(1MB) Sk Mkl
BB IR e 21 OxOffef, 4 IBM /A )T 1985 45| N AT AL, 4 FH /2 Intel 80286 CPU, HA 24 it
hhgk, STk 16MB, JEHA AL 8088 se e AN ig T . KM, EF R IMB
e HIARES: 8088 HIFE Sl T 0k (I IAEE AH AL I L8 — LU P R AT Bl i SRR L 12047 T
YEMY . O T SEBSE A E, 1BM 2w & TR — N IF R IT H B4k 11 0x100000 Hidik LURHA7 .
THE I 8042 A FElAs FAS LA AN s 5 1 Cirths 1 P2, 51 P21, T2 T 151
KA g 51 IR A MR LEREA o %055 BIRRR  A20. e %, WUERER 20 K DAL HuhE AR i R
M SEIL T FERAE

HTAERLE A B, BOASAET, A20 Hhk S @28 1k, it ARAE RG240 A& 4 1 77 R IT A
B (HEH TS MARENITA S A, BRI — s E R BRI DR 5 AR LR i
JiiIEdE,

X A20 {55 SeEATHa I R FH i A i i v A o A 1) LU (E . X LK setup.s F2)F (138-144
A7) B A 7 3 A g R o) g 2o 0T e — Se e S Lads ] DU FH L & 07 ORI EIRT A20 2 itid il
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FUCERE RGN A20 [1)IFJE AR 1A S S DR IS AT R TR BEA T S e (R B e R v 1 — 38
gy HTHERL RTINS, LA e A FH B AR 2R 0T A20 2k THRE . hibs e T —A
A20 B [k T (Fast Gate A20), &8 1/O i 11 0x92 SKALFE A20 554k, 84 T {3 P Mk Frty e 4 4 )
AT o X T AT BRI 1 R Gt L Be A8 0x92 i I RAE ], AR 120 A 1) e e e s
WL B Begs Cnlonts D BrE R, AT IE e R Get e iR

AT — b7 ROL WL 152 Oxee 3 1SR TT T A20 1552k, HiZdm L2248 11 A20 175 5 2k,
3.4.3.5 8259 s HIEE

8259A & — T g RE ) R W LS, A AT AR BE 8 AN TR TR . ik 2 A Iy 5K, BER e
ZE L 64 NPT R I RS {5 PCIAT RYIFEAHIT, T T W 8259A it fr, L& BE 15 24 i n)
o HYuERm LA 3-4 fizn. Hodp AU 1) INT 51BERR) E05 4 1 IR2 5. 35 8259A i A i)
Ui R 0x20, MBS A JE OXAO.

IEF TRQO
B TRQ1
#Hint  IRQ2
H470 2 TRQ3
AT 1 IRQ4
JE4T0 2 IRQ5
L€ TRQ6
JF4TO 1 IRQ7

ikl 0x20-0x3f_|

IR1 INT INTR

Y
—
=0
o

IR3  8259A CPU

TR5 HARED7-DO
IR6 el

-
—

SEiBh TRQS
INTOAH IRQ9
[l IRQ10
= TRQ11
PS2 flbr 1RQ12
PpabHEEE TRQ13
i IRQ14
fiBg IRQ15

Hudil: 0xAO-0xbf

IR0 CAS2-0
IR1 INT
IR2

IR3 8259A
R4 MK
IR5 h
IR6
IR7

ey E;] Y

AO
CS

=

3-4 PC/AT ML RIER 8259 12| R4k

RGBSR, S TS TR S FEEMEIR A . gi IR 2 CPU ] IN B¢ OUT 4R
A5%F 8259A i H AT WAL FE N IRZS . — LS T HILA L RE, A RIENER MRS, BRI s A B ]
B I g [ b s ¥ 25 B LR R P T SR (TIRQO — IRQA5) . Bt P e B, S0 B v 4 iy e e A1 56 )
HRITE SRAE N FR TR S5 X %, JFiE It CPU 518 INT 3840 CPU Ahrh i sk £I5k, CPU MR Ji, 5 M
F 52k D7-DO K G Ft 1 19 4 BT RS AT S 1 R Wi 5126 tH, CPU HH R SREBUGT I ¥y b ) A, 4T
Wi R 55 F2 7 o

7E Linux WAZHT, IR SERE A o KA 5 00 R I R 52 N int 32 (0x20) JF4RTY Cint O - int 31 ¢ H
CPU IHIBEBF I, BRI W 55 HLZ int32 - int 47
3.4.3.6 Intel CPU 32 fRIPIEITIER

Intel CPU — ] AAE PRI Nz AT, RIShbbBiCA A B0, KL Intel CPU (8088/8086)
B TSRS, 2 L BB 1T AMESS . 41T Intel 80386 LA E 1)t A A iT LAIE AT 48 32 fr
YA T ERY B NBIT T LR 2AT S SCFFE 4G MIWENAT; SCREBRINAE; SCREN AL
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A BB U B SCRPRFAL L .

BRI FES AT AR B Linux WAZ I E LA, (H b T RT3 A BB )
AN USSP E I ARUIR I REE 0T 155 1 A DG 48, 1E—FAraifst. ATH
IEPEf# setup.s #2/7F1 N1 head.s FEF AR, B Z5E BT I BOGEEART . BORfiiR £ A1 8086 1 514 - HEHL
il o
3437 AFEREFEHR

Intel 80386 CPU 1 4 /a7 17 i I K & #2173 B A A4 BRI Bl 454

GDTR  (Global Descriptor Table Register) 4= Aiftliid#F £ 27 £ 9%

LDTR  (Local Descriptor Table Register) Jajili iR fF 4% 25 47 2% ;

XA ZATR T TH5 170 BHR 75 & GDT A1 LDT, WX PSRRI A 52 LR 5%

IDTR (Interrupt Descriptor Table Register) H1IKifIA ST & %5 47 4% 5

EANZF A tR P A i (FgR) & ADT) A . B W Ad S #2  N k£ 834
FEIAE LR P R R R I

TR (Task Register) {T-45 27 {745

AT AR N AL B SO AT TS GHERD raa s B, RMESSEds 4544 task{}-
3.4.3.8 I=HIFTER

Intel 80386 [1#x il AFfE a3 4 4>, Z3Jllfn4 4 CRO. CR1. CR2. CR3. IXLLAAEAHN AL tH R 4t
PPl MOV 545 . WK 3-5 .

31 23 |15 |7 0
U H R A9 e -
Page Directory Base Register (PDBR) Reserved
T 2tk CR2
Page Fault Linear Address
PR
Reserved CR1
2]
P 1588 E |IT [E M |P CRO
G Reserved T IS M [P |E

B 3-5 =HIFFREN

FEHI 1748 CRO A RGN, EREHIEER R A RIS T IRE S .
¢ PE — fR4BECTT A 47 (Protection Enable, HURFAL 000 WIRBE TIZHURHAL, o (AL IR 8 TR 1E

RPN 21T,
¢ MP — PhAbPEESAA7ERRE (Math Present, LEHRFZ ). T WAIT F841IZhRE, DARC A Pk 2
Hiz1T.

¢ EM — {ji &%) (Emulation, 4547 2). FR7S T BT H ML BERS I ThfE .

¢ TS — AR5 V)4 (Task Switch, LUHRAAL 3)o BF AR5 DI I A PR AR s W B LURA AL, I BAE AR
UL USEE T =R P I REREZ (VA

¢ ET - §38% (Extention Type, FUHFAZ 4). M 45H T RIS A ML B2 2E7Y (J2 80287
452 80387).

*PG — 7 l#AE (Paging, FUHFA 31D A f 7 Ha A FH DT 30 e 1tk b ik A e e Pt k. 2
DL 10 FEXE 43 0T A BRI A

CR2 1T PG B 7 AbF TR ERE . CPU 2284 5 R AR ) e e M AR A A 1% 2 A7 s
CR3 [AIFEHJEE PG bRl BT EEAEH « %5284 CPU 48 & 4 RTia T AT T i 6 H 3%
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3.5 head.s 12¥

3.5.1 ThEEtmiA

head.s e ARG 1 i » S 4% B system KL DR (1R S5 i T T 463 #8 20» SX it J S A A PR3 Sk # (head)
FEFI R A o MIZ BTG, WSS O AE CRY R R I8 4T 1. heads.s V2 F2 )y 55 I IHT F VERE A% SUAN T,
ERMHE AT&T EgiE S h% 0, JF B 21 GNU 1) gas M1 gld2:0E AT 4 44k . DRI E S A S
HRIBAELFR) 7 17 R A A

KBRS br BAL T I Ar st btk 0 A FF LRI . XA P ISR LR . SR gk A
PEELAAEAS, EHRE PR AR idt, JL 256 T, JEAE AN R IR ) AN SRR KN R
RGBT E A RR TR gdt. BEEE I BEAE 0 5 1M TR AL P A AI BRI 7, Kl A20 M
HEZRER CETF S (LR B FFE, LES T IMb B Py f7 ik i CPU S5 X451 (IP MOD
IMb) HihEARI 2D, WA R R A I TTIE, WHEATEAEIR . SRR IINA PC LS & 0%
PhAb g (80287, 80387 BILHe AL ), FHAEEEHI A A7dy CRO i EAHN bR &N . e BB
N AEHI S TR FERLA], K 00 H SRR AL P b 0 TFURAL (o JE AR 3 B AL (R ) B P A4
I B e e 78 e, BB S R AT Sk 16MB AR 4 N TR, IR E AT R T,
S R FE % 4 A4 TS I AR P () finit/main.c BRI ks, £384T main(FLF.

3.5.2 RLFRE
#2/F 3-3 linux/boot/head.s

1 /*
2 * linux/boot/head. s
3 %
4 * (C) 1991 Linus Torvalds
5 %/
6
T /%
8 * head.s contains the 32-bit startup code
9
10 * NOTE!!! Startup happens at absolute address 0x00000000, which is also where
11 * the page directory will exist. The startup code will be overwritten by
12 * the page directory.
13 */
/%

* head. s & 32 B 3%HE,

s VERID 32 A1 S ARG A LS HUlE 0x00000000 JTAART, 33X B[R fE 0T H S A AE
DRI L) SRS Kl 00 H S ms

*/

. text

.globl idt, gdt, pg dir, tmp floppy area
_pg dir: # JUH KBS IAEIX E .

startup_32: # 18-22 1T &M B A A7

movl $0x10, %eax  # XJ T GNUJCZmkil, AN BEEACELL § JFih, A 05ERonht,

% 1515 1 =

2 1EHETHY Linux YE RS, gas fl gld &0 ME 4K as fl 1d.
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# R AATAR AL % IFk, eax RIRAE 32 I ax T A7

#OHOGEEN XECELT 32 Mg TE, KX K $0x10 JEA Z ML 0x10 ZEA KA
# By, CIAEILS R A R BT R P M S, B B IE A 2 — R R R I
#OIEEERT . AOCIERATI UL IE S W setup. s 1 193 4T R BERH . X HL$0x10 [ F SURIE K
#ORFRLL O (F7 0-1=0) « IEFF4RIMIATTR (F7 2=0) . EFERDE 2 T (F7 3-15=2) . "B IFIHR
# R EAE BRI (R I BAREUE 2 WG setup. s T 212, 213 4T)
# RIS g B ds, es, fs, gs THBERRT A setup. s TREEREI B (4 RBRR T L
# 5 2 T =0x10, FBHERRIMCELE stack start $5[H 1Y user stack FHX, KRGl HARERF
# Ja o R iR FT R A A R B A K . B R B IR R T YIRN RS setup. s A
# —F, VEBRK M 8MB & T 16MB. stack start 7€ X 4F kernel/sched. c, 69 1T. &5
# user stack HUd AKuwm— MK FRE .

mov %ax, %ds

mov %ax, %es

mov %ax, %fs

mov %ax, %gs

lss stack start,%esp # #F7~ stack start=»ss:esp, WERGHEK.
stack start %€ X fF kernel/sched. ¢, 69 1T,
W B R WA TR TR .
W B A R TR TR .
reload all the segment registers
after changing gdt. CS was already

call setup idt
call setup gdt
mov]l $0x10, %eax
mov %ax, %ds
reloaded in ’setup gdt’
mov %ax, %fs BB T gdt, B AT B8 A B A 748 o
mov %ax, %gs # CS AU EY A5 OV TF setup gdt TEHFT NN 7.
# T BRI B RN setup. s FE/F1 8MB B0k T ANFE T ¢ 1 16MB (L setup. s 1T 208-216
# FIASHRE Y J5 T AT 235-236) ,  DRIIGIX B P O BT B 27 A7 PRAT I ER A 2 A 40 1)
# J34h, WATH bochs EREFUEE, WIHAK CS FRHRPATINEL, W ALEPATRIAT 26 I CS ARBSBEAN AT W
#EBAr A PR KOE L SMB, XL SRV AZ B INE €S, (HAESERrHLAE L IgE R ¢S Bgm#al 7.
Iss stack start, %esp
# 32-36 170 T A20 HuhkZ e 5 ST o SRITJ5 22 o) A7 Bk 0000000 4b 5 AT =
B —ANEUE, SRJEHE A AFHIE 0x100000 (IM) b2 5 M/ XA Hl . R — EAHRRE, i H
# LR, WRIZEMEER. ZEML. Fonithhk A20 LRAATIEIE, 45 RNEASENE T I DL E A 7.

xorl %eax, %eax

mov %ax, %es

H H H H H H

1: incl %eax # check that A20 really IS enabled
movl %eax, 0x000000 # loop forever if it isn’t
cmpl %eax, 0x100000
je 1b #° 1b’ FoR[ )5 (backward) BhE: Flbr's 1 25 (3347)

# A5 5 NIRRT (forward) B Bk 5 .

/%

* NOTE! 486 should set bit 16, to check for write-protect in supervisor

* mode. Then it would be unnecessary with the “verify area()”—calls

* 486 users probably want to set the NE (#5) bit also, so as to use

*% int 16 for math errors

*/
/%

* VR JE NHNIXBFE T, 486 Nz AL 16 BAL, LUK /e85 4P,

* )G verify area ) "V AT E T . 486 [ Jil &4 NE (#5) B, LUE

* NPECE P AL AR AT int 16,

*/

# NIHXBFET (43-65) HI TR A HUA b BEER 05 F Je A7 AE . 7 iR 18 00 %5 /748 CRO, 7E
# B AP P FE AR S 0L T AT — AN UM BERR R 4, a0 S R )1 I B AR BRSO AN AR,
# O EBCE CRO FP I E AL 285 FLAT EM (47 2) , FFEEAL PR FE 2R A AERRE MP (f7 1) &
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43
44
45
416
47
48
49
50
51
52

53

54
55
56
57
58
59
60
61
62
63

64
65
66
67
68
69
70
71
72
73
74
75
76
77

78
79
30
81

movl %cr0, %eax # check math chip
andl $0x80000011, %eax # Save PG, PE, ET
/% “orl $0x10020, %eax” here for 486 might be good */

orl $2,%eax # set MP
movl %eax, %cr0
call check x87
jmp after page tables # Bk#:Z 135 17,
/%
* We depend on ET to be correct. This checks for 287/387
*/
/%
s AT ET S5 IR TERAS I 287 /387 fAE 515 .
*/
check x87:
fninit
fstsw %ax
cmpb $0, %al
je 1f /* no coprocessor: have to set bits %/
movl %cr0, %eax # 40 FAEAE B ) HBkEL B hR T 1AL, A cro.
xorl $6, %eax /% reset MP, set EM */
movl %eax, %cr0
ret
.align 2 # XM align 2"/ SURTRAEMA AN A%, "2 R4 R ik 5 2 fA %,
# A% 4 A AN N AR AL
1: .byte 0xDB, 0xE4 /% fsetpm for 287, ignored by 387 *x/ # 287 {ibBEESAL,
ret
/%
*  setup idt
*
* sets up a idt with 256 entries pointing to
* ignore int, interrupt gates. It then loads
*% idt. Everything that wants to install itself
* in the idt-table may do so themselves. Interrupts
* are enabled elsewhere, when we can be relatively
* sure everything is ok. This routine will be over—
* written by the page tables.
*/
/%
* N INX B BCE T W IR TR AT setup idt
*

* KR WTHEA R idt BB LT 256 NI, FEENS 1A ignore int I SRS INAR K

* FIRTFR T e (H 1idt $54) o JLIESSHR P TLUG P 2ede . MR e oA —1)

* HOEH TG . 1% PR S 0UR T S .

*/

# P TRA TR P IR 8 AT, RS AR PRI, RN T TR T

# (Gate Descriptor). ‘I 0-1, 6-7 P2 miE &, 2-3 P EIEHRT, 4-5 7 k.

setup idt:
lea ignore int, %edx # ¥ ignore int WA RHIE (ME(E) [EHPedx H 71
movl $0x00080000, %eax # IS 0x0008 BN eax HIm 16 i,
movw %dx, %ax /% selector = 0x0008 = cs */

# IRFZ(E TG 16 A7 BN eax MK 16 frd7. UEH eax 5F
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AU TR A 4 7 I

82 movw $0x8E00, %dx /* interrupt gate — dpl=0, present */
83 # ORI edx & TR 4 7 B
84 lea idt, %edi # idt P W IR AR I H L
85 mov $256, %ecx
86 rp_sidt:
87 movl %eax, (%edi) B OREWE T RIR R AR AR
88 movl %edx, 4 (%edi)
89 addl $8, %edi # edi FRMIEFH T —I0,
90 dec %ecx
91 jne rp sidt
92 lidt idt descr B NECh WA R T A7 A
93 ret
94
95 /*
96 * setup gdt
97 *
98 * This routines sets up a new gdt and loads it.
99 * Only two entries are currently built, the same
100 * ones that were built in init.s. The routine
101 =* is VERY complicated at two whole lines, so this
102 * rather long comment is certainly needed :-).
103 * This routine will beoverwritten by the page tables.
104 =/
/%

* WEAJBRTTRI setup_gdt

* XN TIEFRE N2 RRR TR gdt, I G T AR, ShT
* K. EZTREFREWAT, “AEEN” 224 YR TFEXAKNERTO.
* LT R TR S

*/
105 setup gdt:
106 lgdt gdt descr BN RRNATT LA Ay (WA CWCELF, L 234-238 17)
107 ret
108
109 /*

110 * I put the kernel page tables right after the page directory,

111 * using 4 of them to span 16 Mb of physical memory. People with

112 * more than 16MB will have to expand this.

113 */

/% Linus ¥ W NAE IR BEEBAE L H R 2 G, T 4 A8k T4k 16 Mb (BN 1E .

* WRARA 2T 16 Mb INAF, e LA X BT iz il

*/

# BHAIURKN 4 Kb 745 (L TUNAFIUIRD » R JURINER 22 4 A1y, P4 DU SLmT DU IR

#1024 NERI, WR—ATURITGHE 4 Kb RbhEA R, W—AN TR ST BLFE 4 Mo BN A7 .

# JURI R A TURHT 0-11 A7 AA—2ebr i, FlanE S aEnNAEh P A2 0) 5V R/WAL 1) .
Wil H] b g P AT (U/S A2 2) « 2 iEsud G2 NE T) (D7 6) %% RIfr 12-31 22

# GUHEMEE, TR A AR R B 4G M

.org 0x1000 # MW 0x1000 LbFFAA2EE 1 DR (s 0 FHIRALR AP TR H %) .

pg0:

—
—
(IS

—
—
(@]

—
—
[op}

—
—
-3

.org 0x2000
pgl:

[
—
co

—
—
©
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—
(e}

[
)
—_

[
[\
)

—
DO
w

—
[\
i~

—
(@]

[
Do
»

—_
[N)
3

—_
[\]
co

—_
[\
©

—
o

—_
—_

—_
[N

—
w

—
(IS

—
w
(@]

—
[op}

—
w
3

—
w
[o¢)

—
w
©

—_
S
[e)

—_
S
—

—_
S
[\

—_
S
w

—
A
o

—_
S
ol

—
[N
»

[a——y
-3

—_
co

.org 0x3000
pg2:

.org 0x4000
pg3:

.org 0x5000 # 5 SCNTH PN AE B A % 0x5000 Ak TF46
/%
* tmp floppy area is used by the floppy—driver when DMA cannot
* reach to a buffer-block. It needs to be aligned, so that it isn’t
* on a 64kB border.
*/
/% Y DMA (CHAEAAERR UMD ASREVS M 22 Hisy, R tmp floppy area AR
* LA ELR IR FE A A . UM hE R SR, XA IS 64kB 1.
*/
_tmp_floppy area:
.Fill 1024,1,0 # LR 1024 T, IR 1T, HEABUE 0.

# N HX LA AR EAE (push]) HF R A/ init/main. ¢ FEFFUR MIVERES

# FUI 3 AR 0 BN 1% 5002 envpy argv F8EFH arge {i, {H main () AT 3.

# 139 AT AFRERAE AL main. ¢ B3I B S08 R [Pl ik N AR I #, Br L 1

# main. c FE/PEAE T, StAIRFIRIX H AR S L6 AgkS:HAT N &, WEIIEIEIA.

# 140 178 main. ¢ FHbEEE AN MERE, XHE, ZEWE TR (setup paging) ZWE

# PUAT ret’ IRFFRA IS main. ¢ B2/ HUIES HHEAR, I LPAT main. c AP LT o

after page tables:
pushl $0 # These are the parameters to main :-—)
pushl $0 # XL main FEFHSE (35 init/main. ¢) &
pushl $0 # H Ry § £ RRIE S — AL R
pushl $L6 # return address for main, if it decides to
pushl $ main # 7 main JEGNIFFERE AT main BN EEER IS TR
jmp setup paging # B R 198 1T,

L6:
jmp L6 # main should never return here, but

# just in case, we know what happens
/% This is the default interrupt “handler” :-) */
/% R HGEBA P T “ R E AR © */
147 int_msg:

.asciz “Unknown interrupt\n\r” # o SCERF R ORI T (RIERTT) 7 .

149 .align 2 # 4 TR TE A

ignore int:

pushl %eax

pushl %ecx

pushl %edx

push %ds # IXHIHTE! ! ds, es, s, gs FFHIRE 16 AL AT/ (AR
# IR LL 32 M ATERNAR, R TR b 4 AN AT R HERR A )

push %es

push %fs

movl $0x10, %eax # EBOEEEFRT (ff ds, es, fs I8 gdt P HIEIEED .

mov %ax, %ds

mov %ax, %es

mov %ax, %fs

pushl $int msg  # U printk BRI SEFRE (Hubk) Atk
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162 call printk # 1% REAE /kernel /printk. ¢ H7,
#’ printk’ /& printk guiF)aBRE AR IR L.

163 popl %eax
164 pop %fs
165 pop %es
166 pop %ds
167 popl %edx
168 popl %ecx
169 popl %eax
170 iret # o WTIR AL ORI A I NAR ) CPU bR & 25478y (32 40 fHtft) .
171
172
173 /*
174 * Setup_paging
175 *
176 * This routine sets up paging by setting the page bit
177 * in cr0. The page tables are set up, identity—mapping
178 * the first 16MB. The pager assumes that no illegal
179 * addresses are produced (ie >4Mb on a 4Mb machine).
180 *
181 =* NOTE! Although all physical memory should be identity
182 * mapped by this routine, only the kernel page functions
183 * use the >IMb addresses directly. All “normal” functions
184 * use just the lower IMb, or the local data space, which
185 * will be mapped to some other place — mm keeps track of
186 * that.
187 *
188 * For those with more memory than 16 Mb - tough luck. I’ve
189 * not got it, why should you :-) The source is here. Change
190 * it. (Seriously — it shouldn’t be too difficult. Mostly
191 * change some constants etc. I left it at 16Mb, as my machine
192 * even cannot be extended past that (ok, but it was cheap :-)
193 * I’ve tried to show which constants to change by having
194 * some kind of marker at them (search for ”“16Mb”), but I
195 * won’ t guarantee that’s all :—( )
196 */

/%

XA TR B E AR B FF AR cr0 ARG (PG 47 31) KA B A7 (73 TUAL B D g,
HRCE S TURIM N ZE, LMESSEBURET 16 MB ML AT . 2 LA BUE A S =R AR
Huhb s (B RIEE AT AMb (RS BB KT 4Mb A A7)

TERE L R P P B #0127 RE PP BEAT AR, EL U A T B R e
FLAAED b (it BrAT B e BB AT Wb (sl m), - B2 A R s it
AR, HUhE=S ALK g B 2e i 25— mm (AP BRRE ) 2 LK S 31
XFREATZ T 16Mb WAFI IR - HREKYE T, RGBT, MPAReo. A
KHL, XfERA B, ks b, KIRAKKAER . BE A HBSC RS RILERE
A 16Mb, AP B A R B ARGEEX A TR AR, RIPLESZREENO) -
TS BB AR SRS T @ T (ER “16Mb” ), (HRAREIRIE/EIX L
BT T @)

X K X X HK X X K K X

*/
# 7ENAEY L 0x0 AbTTUEAEIA 1 VIO H S8 4 T K. T H &R R T A T, 1
#OXHER 4 RN EETNZEH . TR, RESETNAAX D HiE TGO L.
# 1 TS 4096 15,
197 .align 2 # Fi 4 AT 05 Ak A
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203
204
205
206

207
208

setup paging: # TISEX 5 WUNAE (1 IUHZ + 4 IR EE
movl $1024%5, %ecx /* 5 pages — pg dir+4 page tables */
xorl %eax, %eax
xorl %edi, %edi /% pg dir is at 0x000 */

# 5UH M 0x000 Hulik FF4G .
cld;rep;stosl
# NI 4 AJRCE TUH RPN, BOAIRAT (WD I 4 DTRFTULU R R E 4 T,
# JUH SIS 5 iR h I gt — 4, 4 AT 13, 200 B 113 47 R .
# “$pg0+7” £ R: 0x00001007, &7 HgR P 1 1.
# A 1 ANTURFTERHEE = 0x00001007 & OxELFFFO00 = 0x1000;
#5 1ANTURIYBMEARE = 0x00001007 & 0x00000fFf = 0x07, F/RZUAEAE. M AL,

movl $pg0+7, pg dir /* set present bit/user r/w */
movl $pgl+7, pg dirtd /% 7 %/
movl $pg2+7, pg dir+8 /% 7 %/
movl $pg3+7, pg dir+12 /% 7 */

# NI 6ATIHSG 4 NIRRT E A Z, . 4(3K) %1024 (T1/714) =4096 17 (0 — 0xfff),
# LHBEHUH BN FE 4096%4Kb = 16Mb.

# ORI N AL YT ETRL B N AE b EE + Z TR XN T

# A 7V NG — AN TR s G — U R RIE U RS . — AN IR R — I iR T
# ALESE 1023%4 = 4092, PR i 08 ) SR e TR B g 2 $pg 3+4092.

movl $pg3+4092, %edi # edi=dh)a— THEG I,
movl $0xfff007, %eax /% 16Mb — 4096 + 7 (r/w user,p) */
# dJa 1 IO R AR A A BT k2 0xEEF000,
# 0 FJEtERRE 7, EA OxFEFO07.
std # T IALEAL, edi {HIBY (4 FT) .
1: stosl /% fill pages backwards — more efficient :—) */
subl $0x1000, %eax # RRESE I Py R 0x1000.
jge 1b #WRANT O NSRS ET .
# O UL H SRIERE AR erd UM, FRM T H K.
xorl %eax, %eax /% pg dir is at 0x0000 */ # TiHFELE 0x0000 4k,
movl %eax, %cr3 /% cr3 — page directory start */

# WE BT A Cer0 ) PG AR, A7 31)

movl %cr0, %eax

orl $0x80000000, %eax # 7 b PG FRE,

movl %eax, %cr0 /% set paging (PG) bit */

ret /* this also flushes prefetch—queue */

# AR GUAR R AR S 5 BEORAL I RS 45 2 U UGG 2 BB, X LI 2R 454 ret,
#OAZIRBEE A B S — MERE KR B main REFPROHLAESR, JFITARIE4T/init/main. ¢ 2P,
# ARFRIILEIESTR T .

.align 2 # A4 T NS5 N Ak

.word 0

idt_descr: BRHPAT S 1idt 3521 6 T EpfES. K&, JLak.
.word 256%8-1 # idt contains 256 entries
.long idt

.align 2

.word 0

gdt descr: # R IHMAT AR 1gdt FRA 1 6 e d: K, Ak,
.word 256%8-1 # so does gdt (not that that’s any # not = note
.long gdt # magic number, but it works for me :°)
.align 3 # 1% 8 Ay AN SF A bk B

_idt: . fill 256,8,0 # idt is uninitialized # 256 Iji, M8 F75, 1H 0,
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# AR A4 W CRHD R EBRR T B BRiR T, REBUARRF, Hrp
# REBRFARLF linux WAIRMA. JEHEWE T 252 T =5, H T HCE rl #5451

# JRHEIR AT (LDT) D6 B AE S5 IR B TSS B IR AT

# (0-nul, 1l-cs, 2-ds, 3-sys, 4-TSSO, 5-LDTO, 6-TSS1, 7-LDT1, 8-TSS2 etc...)

234 gdt: . quad 0x0000000000000000 /* NULL descriptor */

235 . quad 0x00¢09a0000000fff /% 16Mb */ # 0x08, W% B R RKE 16M.
236 .quad 0x00c0920000000fff /% 16Mb */ # 0x10, WIZEHLE I R 16M,
237 . quad 0x0000000000000000 /* TEMPORARY — don’ t use */

238 Cfill 252,8,0 /% space for LDT s and TSS’ s etc */

353 HEER

3.5.3.1 BFPIITERERI N TFIRE

head.s FE/FPATE WG, CEIEAER T WAL H XA TR FICE, JHFERRE T WAZSEER
IR TR idt B4 RS gdt. 5 AMA RS BRI TTRE T 1KB T (2B X . LI system
FEHUAE A BRI A% LI 3-6 TR o

Lib SRS N\
s BIHAH
mm BEERARTE
kernel BEERACHD
main. ¢ FE/ AU
([ R#fidT5# gdt (2k)
HHTIART R 1dt (2k)
head. s #8705

> system FER

A Z X ) | o 5000

head. s 1/ { WAEIR pg3 (k)| o
WAT 514 pg2 (4k) 0x3000
WA pel (4K | 9000
WA IR pg0 (4k)

0x1000

0x0000 j

[ 3-6 system tHIRFENFHHRGETEE

WA I H SR (4k)

3.5.3.2 Intel 32 L RIPEITHLE

BRARIX BORE T (1) OGS FLIE T /% Intel 386 32 7RG BE B AT WL, thig gk st LU R 7 i
WA, b T 5 8086 CPU #é%s, 80x86 MR LA AbBE BN A%, 1 CPU IS TR BT 1Y,
ECRE SRR I Btk S VR PR B BERR A I FR A, SRR B FF AR A — IR R
IR TFZR P A WA A o 10 24 A 3 7 2 S i M ERAF AE R IR FF R T A7 28 T, W4 R iR 7 % %5 A7
2% gdtr. W IHNIR ST R FF A idtr,  INEX LR AT AR AU L TR A 1gdt 8L lidt.

CPU 7Esti iz AT 72U, B A s R IBCE — A W A7 Bl (L 4n 0x9000), 1y ki 7E i Bt 3 mf
DL 64KB (K1 FE. HYHE AR RERIB AT 7 2, BRI BE25 A7 B8 Th B 1 A At R 3 s i
i, TETE e RR TR P AR RF AR TR FF LI ) — MW . 7EIXAS 8 AT b 7 rh
GAZBANEIE B FEREAB K, DRI SR L BRI A LR Ao BRI T S R
W AR LB S XA BEEAE N L 4T HAT AR SE 5L eip (IR 48R, BRI T ShE RO SERRA B A A2, 87
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LT Y AE T I A B B LRI T ARG A AR B (R 2, 32 AR R 1 A A T AN,
2R R AT T (R R AN N A7 T R E

EEXIANFIAE FH 7 T, JEIRFFR o = &JRiiA TR (GDT). HWiHiIATIER (IDT) FlJs s
BFFE (LDT). 4 CPU IBATEARY BT, JE—B %] GDT M IDT 205l L BEAT—AS, 700l i 5 /7 4% GDTR
A1 IDTR $82 eMERIENE, /R T LI 0-8191 /4y, HILhkd T LDTR ZF s 482, &
GDT AR TR A, WE) LDT W2 i GDT H R K5 2 o B JEAE I 2 [ RE s LA 3
PR — NPV EIESN . — O TRAMTS GERD I —A LDT. fEigq7h, FEPrLMEM GDT
HREIA AT LR S RTAT 45 1 LDT R 7

AR R IDT (4585 GDT 284, 7F Linux WA E IELAY T GDT KRG . JL&% 256 1
8 TGRS . (AR I 0 GDT AR, P A gEE N Wi B As (i (0-1, 6-7
FADL PACBIEFAAE (2-3 7)) M—2krd (45 745,

Kl 3-7 J& Linux PAZH T FH A TR AE WAF R R . B, BAMTS4E GDT A AT A
RFFI. GDT &) LDTO #IATFIE S —/MES GRS RfiR fF R A RF, TSSO &% —4
RS IHESIRE B (TSS) MR AT. B> LDT & AR, Hh s — AN, HoAREEA
M EBIRIRTT, 28 = AT 5 BRI MEAR BU IR AT . 4 DS B A7 g 58— /MT 55 (1 B BUZk #¢
FFIS, DS:ESI BIFE ) 2T 45 2 B i SN 50k

b DS:BRK

Ml B

'
o

3 Ko bR B R R
= 2 B ETT R iR A LDTO
| I
LDTn 27 A
TSSn FRFF
LDT2 FR7F
TSS2 FRFF
LDTL Fk AT 4 RA R DT
TSS1 SRk 7T H 256 A AT
LDTO 53R 4F
TSSO FRFF
| AgeBeig s CRA)
P B B A AT
A AZA IS BEG A 4

&5 (NULL)

1
 I— J 00000000

3-7 Linux RifEREETRIOTEE.
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3.6 AE/NG

7E5 | M7 bootsect.s ¥ setup.s AT FN system BN EI N A7, HH A3 B CAT setup.s 48
1A% 2 214921 N 77 090000 FT 0x90200 AbJi, FRICHATIAL L T setup Fi/7. FHir system HBEH iy,
A head.s fthid.

setup FEIFI EZAERZFIH ROM BIOS [ AR 7 sREUHLAR 1) — e AR S 4L, FFORA74E 0x90000
TEEA R A, A5 AR A o (R 4 system BiEAE T A5 20 2147) B Hbkik: 000000 JT4f 4k, IX £, system
H) head.s fRASHLALTE 0x00000 JFAAAL T o ARG INEHAR A7 R Itk B RR TR T Ards T, AT 32
LR PIBATVE I RS o 42 TSR] rh s B A 30 AT B0 A L, S J I e BN LA 42501 2 A7 4% CRO
FFBkA%E 2 system BEHLK) head.s ARSI 4H4L, Al CPU BEA 32 A7 Ry FigdT.

Head.s ARSI 3= A R WP AT W RR A2 1K) 256 10T THEIR T, i Ar A20 HidibZe 21t L&
FIIF, MR ARG E S S HHCAEEEES . SR WG N AR T B3k, A INAFIR 7 T8 BRAE S v 25 A
I Jr Bk 2 system BLE AR (AT AA AL REST init.c FYREEPAT .

N B A VRN IR initmain.c FEREI I RERIE .
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4.1 Mok

FHATE WIIRLIEF(init)

4.1 ik

FEWRZIEARS ) init/ H 5% AT —A> main.c 301 REAEATIE boot/ H sk 1) head.s F/7 o st 2
PATBZ S main.c. IZREFEARAK, HAEHEE T NG T AR SR AR
i LS IR Z I ERP R I i . iR ae e X LA R, AR R ENEER
VAZAS Linux WAZAT T RSN T ik

MIX—FE T, BAPGEROC T C FEPARR, RIS i A — 2 1) C S AR Ilf i —A
%% 15142 Brian W. Kernighan 1 Dennis M. Ritchie 4% ) (C B BEIHES ), X% P58 e ek
FHCA B, T AU ST C B G

FEERE C BRI FI, O T 5 R s I REAR DO, BATIEE AT AR B AR T 4R AR5
AR R R A S R AR S o X TR RS kS (), DUEREEES SCiffRe, R
PRVEAIERE N AR AT R NSRS R g

4.2 main.c &JF

4.2.1 ThEeHIA
main.c AL 2 S5 R FT AT T setup.s FL IR I 28 25 2 MO0 B RGN SO B 2% S LU J— ey f7 42 s

o XA AR AR T NAF I AR AR . ARG IIAT I A A A AR DA e G o X A A (R AR St i o
N REERE SCT AL (RAMDISK), WU NAEHSIE 28D EA WAF I G R LK 4-1 P

RE A

B 4-1 REHAFNEEXI S TEE.

Pl s G il 43 A ST B AR A7 F ROM BIOS v IR 53 o ey 822 i DX Tl B A5 R B 45 i
A B A7, BL 1K (1024) 75— N B AT o 2 A DI PO A7 Eh 9 A7 B mm
5 GOLTIREA TR B IC, DA AK A0 AN A DU . AR Rl LU U7 1) i b b B s
(B I mm A REAEH 20 B 21 F) A A7 DT

), WAZIEAT P 5 IR AT A . AARRARFT ] BRBEE . PPl ty, Bfs N TRE
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B—MESS (task 000 R A HIAGRA AR5 0 B B W SeVFbn i LAUT R ik, main( i U1 14
% 0 HisAT . fEP PRI TR PN, AR IRE B I RN L, WRSEAERA T LT,
WURT SBT3, GREE T NIRRT o FEAT LE B 5 ARSI T AT B e T

FEBEAN WAZSE AT, ARSI T BRI E] T R B (FR45 00, BRI CPU M 0 $FRU D)4
BT 3R I main.c (TR TAELEATSS 0 the SRJE R GEE — I HTE R B2 R 2K fork(),
B — AN TIEAT init( ) FEERE . RGN IR TR ILIE 4-2 .

Rt 1

XYV Y A7 A5 O3
Tronfiekl x5 5 i

| [mRCEE )

[ REET R 10 li Lﬁfﬁﬁﬁﬁffﬁiji
RO IR, / v gl -
QARATES 0 WittL | /] Bl AR 2 L

e e e e i e d
1

155 0 (iEF: 0) e mm e m ] i

BEIES 0 AT | P —
/I ! : i&ﬂﬁn
.r ........................ II.! I " | !_._._._._._._._._._._._._..:
L[ BIEHR L Gniv i : OUL PR |-n--doo[  BEASGE 10 '
5 ERII pouse0 1| [IOEERE i

B 4-2 AVEHEFRETEE

LT 1 SEH R Qe oy A ARG AT, AR5 T FH A% 85358 00 AT A A R 20 Sl X I A7 35 B
KT AL PR . B A A AR A ERRAE B DL R BB A A R AT A AL PR . AR SE R T X SRR Y ),
REFHM A DA TG, WERFIEEC “F 17 B3hEUT4% 0 GIFRE 0) Higtr, I fork()
W BRI ERE 1 Ginit EFE) . 7E init FERE TP ORE P8 4R S T N FH R BE (WG AL AT shell &5 FE
JPo MM JRIERE O MIAHE RGN PR ERAT, BEINATSS 0 (X3 AT pause()RGL A, I S 4 1 R FE o
s

75 init FERE A, QR L PREE A ST T, S PR AR A T ERE GEERE 2), FH 1247 shell F2/%/bin/sh.
L TRREE Y, WSCHEREIE N —ANSEIEIR N, RS AR bRE, IR P HERE h FRRIAT shell F2/7
Ibin/sh, i SCHEFE AR S A1y

H T B BT R 1 3o P A ek e 4 A A A REA L) B RN B B 11 s SR, DRI LA 1 At P Fork ()
QUEDFTERE init B, 4 THRBTEERE P A HERR A BERE 0 N2 R A58, ZERUERE 0 7E6E AN Hrdhfs
ZRIANEAE I P AR, RIEESRAT 0 AT sk gk, BUAE main.c P EMTS 0 ST,
{145 0 HPARAD fork() A~ i LA R BOE XA T U FH o B b SIZ B 728 SR gee R 35 P ik T R BT
MRG0 NIRRT 2317,

LA (inline) B3 ATEAAE gee HE R EUM AR AL 2 M A e AR H o X 23w U hAT
MR, PO E T RECHRIIT . 738k, R — DL S H0e — MR, B ARG PRI L8 2 At
A REAE S IO R P9 1 R K10 A AR A A 45 e ARG 15 2 i 4k
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J34h, AE55 0 K pause() R /7 L AH BR B IO OKGE SCo WER M ERE P71 5B T B BURE )1 bR

init, B4 pause() K & EOH T B RASATA AT . {H S N AZ T R PP AT AQHERE GIERE 0O Fl-FkfE
init (Y EBENLI, ERIEE T init 5 ATRETT LS EEERE 0 $AT. Ak pause()tH A 25 R 72 s SCk
SEI.

X Linux RE, P AESHOE A RS AT Y, BIRIRE RGN AR, A shell 217, 451

RGREFEE. WRZBAUS lib/ H 3 T ISR L T8I BURT B (M BE R S R i B

4.2.2 KAgERE

2% 4-1 linux/init/main.c

|00 [ [O |01 W~ Lo DO [—

—
(=N Ne)

ElelzltlsmR s S =]

3 =
DO | —

Ilinux/init/main. c

***}

(C) 1991 Linus Torvalds
*/

#tdefine _ LIBRARY  // 32 XaZAF sl T AFGE LAE unistd. h I N RIC g ARAD 2545 8

#include <unistd.h> // * h3LCHFTZERI BN H A& include/, AEACHY Fhogi A FH BH A 45 FHAY & .
// IFAIE UNIX FIRRUESL SO, W B3 T r H 3%, JFH G 54641 .
/] PRUERE S R BUS IAISCE .  SUT RS ORISR, I T R R K
// e X T LIBRARY , JIEZr 22450 FH S AN B4 A8HS syscallo () 25,

#tinclude <time.h>  // WFAIZRAISLSCAF, Hip i B8 T tm G5 R R — S84 SCI [A] 1) o B E

¥

* we need this inline — forking from kernel space will result

* in NO COPY ON WRITE (!!!), until an execve is executed. This

* Is no problem, but for the stack. This is handled by not letting
* main() use the stack at all after fork(). Thus, no function

* calls — which means inline code for fork too, as otherwise we

* would use the stack upon exit from ’fork()’.

*

* Actually only pause and fork are needed inline, so that there

* won’t be any messing with the stack from main(), but we define

* some others too.

*/
/%

* FRATFTE IS N IRER) - WNAZ AR (Forking) ¥ S A S M & (COPY ON

WRITE) !!!

H

* FEEAT A execve ] IXXTHER AT BEM R M. AbBEA VA RAE fork O M ZJa ANk main O £

sk ATATHER: . PUCAEA REAT R EC - IX WSS fork BEAEHI A R I ARRD, R IFRATZE AN fork O 1B H
IR ALELAE I HERS T .

* S2fn F A pause Al fork 7 ZAE IR T30, DAGRIEA main O AR ELIER,  (HZ FRATFRIN T

* BN T IHE LA

*/
/] AR XA B B (UIHREUES 0) A AT fork (), PRI S T 78 Py A% ) 5 I S A )

// FEHAT T moveto_user mode () ZJ&, AFEFF#LMES 0 BB EISAT T o TATSS 0 2T A5 B i+
[/ BERERSCHERE . OIS AP REREIN, AE55 0 IHEM L s e B2 DRIEAY B24E main. ¢ I84TAEAESS 0
[/ BIREE R I AN EAT O R AT A, LGSR BLHERR, T AN FRAL T b RE 1 A
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30

static inline syscallQ(int, fork)

// 1XJE unistd. h PN IRZACIS . DUIRAIC G T2 X H Linux BRG] 8 0x80. i &A1

/) RGEWHBIN D . %48 R)SEFr g int fork O QI RE RS .

// syscall0 ZFRH R 0 RS H, 18R 1 A28, 2 include/unistd. h, 13317,

static inline _syscallO(int, pause) // int pause Q) R : E{EHREMPIT, EE
/) BB ME .

static inline syscalll(int, setup, void *, BIOS) // int setup(void * BIOS) &G MH, XHT

// linux gt ANAEXAFEP PR AD
static inline syscallO(int, sync) // int sync QO REHH: HH RS,

#include <linux/tty.h> /)ttty SkE, @ X THEIK tty io, HATHE T HRISE. HH.

#include <linux/sched.h> // VRAEERETLICHE, & L TALSS 45 task struct. 55 1 MIHILS
/) BV . A e DL e e A R IR R S A B AR
// RN I i bR BRE T

#tinclude <linux/head.h> // head Sk3CfF, & T BURTFIIMR P ahi, FLAERRT R 2.

31 #include <asm/system.h> // RG:Kh3M. DLERITERE X T2 R EIIEN

58
59
60
61
62

[/ RRTT/ WA RN GG R

32 #include <asm/io.h> // 1o SKkICHE. BAZE IR ANV i e JE X SO 1o i AR 1) BR 2L
ginclude <stddef.h> /) BERE XK. % LT NULL, offsetof (TYPE, MEMBER) .
#include <stdarg.h> /) FRESEEL . PENER E R ES K., EEUIHT -

// KA (va list) fl=A % (va_start, va arg fll va_end), vsprintf.
// vprintf. vfprintf.
#include <unistd. h>
#include <fcntl.h> /] SRS HISL SO o T S0P B LR 17 B V42 1l 5 2005 1) e S
#include <sys/types.h>  // RELCMF. @ LT IHAMRGEHIEHAL,

#include <linux/fs.h> /] XAERG L. B XSRS R (file, buffer head, m inode 2§8) .

42 static char printbuf[1024]; /] TR, HENZERE B NEAT .
extern int vsprintf(); [/ EREAA T B — PR R (FF kernel /vsprintf.c, 9247) o
45 extern void init(void); /] RERTE, Wikatk (7F 168 17) .

46 extern void blk dev init(void); // &I TRF (kernel/blk drv/11 rw blk. c, 157 17)

extern void chr dev_init(void); // FHF#&HILA (kernel/chr drv/tty io.c, 347 47)
extern void hd init(void); // WAL FE (kernel/blk drv/hd.c, 343 47)
extern void floppy init(void); // HIKVILAFEST (kernel/blk drv/floppy.c, 457 1T)

50 extern void mem init(long start, long end); // WAEE WAL (mm/memory. ¢, 399 47)
51 extern long rd _init (long mem start, int length); // FMEFLEEIUHRIL (kernel/blk drv/ramdisk. c, 52)
extern long kernel mktime (struct tm * tm); [/ WE ARGV EBITE (BB .
extern long startup time; // W RSN COFHINTED (BB &
¥
* This Is set up by the setup—routine at boot—time
*/
/%

* DU XS0 2l setup. s FRJPESI S HIEEN (S0 3 =mHER3.2) .

*/

#tdefine EXT MEM K (*(unsigned short *)0x90002) // M LG B NAAERD (KB &
#define DRIVE INFO (*(struct drive info *)0x90080) // f##kZ¥F AL,

#tdefine ORIG ROOT DEV (*(unsigned short *)0x901FC) // WX RSGHTTFE NS

J*
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63 % Yeah, yeah, it’s ugly, but I cannot find how to do this correctly

64 * and this seems to work. I anybody has more info on the real-time

65 * clock I'd be interested. Most of this was trial and error, and some

66 * bios—listing reading. Urghh.

67 #/
/%
* JEW], W, FHIX BRI R ZES), HERARGE U IEMHLSEEL, W R e ReIs T, WA
* KT SEI B E 2 1 BRE, AP FRAR B R . X BEE R ORI, PLEE T 2 bios FEJF, W!
*/

69 #tdefine OMOS READ (addr) ({ \ // XBCEEEL CMOS SEIN I A R

70 outb_p(0x80|addr, 0x70) ; \ // 0x70 &5 15, 0x80|addr &2 CMOS P A7 ik .
71 inb p(0x71); \ // 0xT1 B H 5.

72 1)

/) B ST ¥ BCD R e i — 3k B .
74 #define BCD TO BIN(val) ((val)=((val)&l5) + ((val)>>4)*10)

// T REFEL OMOS Il JERCE ITHLE [A) > startup time (FF) o 2 WJGTH CMOS W AEH 3K .
76 static void time init(void)
77 |
78 struct tm time; // BFRZ5 4 tm %€ XAF include/time. h H,

// CMOS F5 il ARG o T /INNFIRIR 22, AE R T R IR T T 8 )n, A5 CMos Rk e
[/ RAT A, 2 E B BT (. XA REIE S CMOS IR IR IR ZE P IAE 1 B2

80 do {

81 time. tm sec = CMOS_READ(0) ; // AR R B (HA1JE BCD fE) .
82 time. tm min = CMOS READ(2) ; /) o BE .

83 time. tm hour = CMOS READ (4) ; // TN

84 time. tm mday = CMOS READ(7) ; /) — HH R R H

85 time. tm mon = CMOS READ(8) ; /) AEr A (1—12) .

86 time. tm year = CMOS READ(9) ; /] EHEA

87 } while (time.tm sec != CMOS READ(0)) ;

88 BCD_TO BIN(time. tm sec); /) WA B A

89 BCD_TO BIN(time. tm min) ;

90 BCD_TO BIN(time. tm hour) ;

91 BCD TO BIN(time. tm mday) ;

92 BCD_TO BIN(time. tm mon) ;

93 BCD TO BIN(time. tm year) ;

94 time. tm mon——; // tm_mon H H Vel & 0—11,

// JAH kernel/mktime. c HEREL, VM 1970 4E 1 A 1 H 0 R EBFFHLY HEE RN, 75 8L
// Wa.

95 startup time = kernel mktime (&time) ;

9 )

97

98 static long memory end = 0; // WIS BEEMNYENERE (D

[/ TR DX R Sk o
[/ EALE G200 THRIIAE.

99 static long buffer memory end =
100 static long main memory start
101
102 struct drive info { char dummy[32]; } drive info; // FTAFBAEESHERME .
103

104 void main(void) /* This really IS void, no error here. */

105 { /* The startup routine assumes (well, ...) this #*/

0;
0;
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/% XHBRSSE void, FFEAET. 7E startup B3 (head. s) Hgh & IX FEAR B 1)+ /
// Z W head. s FEIFE 136 174119 JLATARHS

106 /%

107 #* Interrupts are still disabled. Do necessary setups, then

108 +* enable them

109 #/
/%
s BRI TR IR AR IR, S B AR S R T
*/

// P THIX B H TR AE
// MRS =DPROOT DEV; il Runhhl»buffer memory end;
// PWlEsNFEEDmemory_end; ENIEFUHHIE  Pmain memory start;

110 ROOT DEV = ORIG ROOT DEV; // ROOT_DEV & XAE fs/super. c, 29 17,

111 drive info = DRIVE INFO; // 53] 0x90080 Ab A 244

112 memory end = (1<<20) + (EXT _MEM K<<10); // WA R/P=1Mb F15+4 &N A (k) %1024 756
113 memory end &= Oxfffff000; /) BWEAE] 4Kb (1 00 (h TS

114 if (memory end > 16%1024%1024) // IR WA 16Mb, I$% 16Mb it

115 memory end = 16%1024%1024;

116 if (memory end > 12%1024%1024) // AR A AE> 12Mb, T 2% i IX A Biig=4Mb
117 buffer memory end = 4%1024%1024;

118 else if (memory end > 6%1024%1024) // AN A7 >6Mb, DY 2% X K vi=2Mb
119 buffer memory end = 2%1024%1024;

120 else

121 buffer memory end = 1%1024%1024;// 75 W) & 2% X K ufi=1Mb

122 main memory start = buffer memory end; // FWNAEEIEAT B =22 X K

/) W ST WAFEIAL, WG AL . e AP . S W kernel /blk_drv/ramdisk. c.
123 #ifdef RAMDISK
124 main memory start += rd init(main memory start, RAMDISK*1024) ;
125 #tendif

[/ UL RN AZIEAT B A 7 T A4 TAE o B i B aF RS T AR TP IR NIE 25, 455X fE R

/) ANTET, I8, S8E T MG — XEAR 2RO,

126 mem init(main memory start, memory end) ;
127 trap init(); // BEBETT CREPEA T 5D W)iRik.  (kernel/traps.c, 181)
128 blk dev init(); /] PRI (kernel/blk drv/11 rw blk.c, 157)
129 chr dev init(); /] TR ARG . (kernel/chr drv/tty io.c, 347)
130 tty init(); // tty WIEEAL (kernel/chr drv/tty io.c, 105)
131 time init(); // wEINLEshIN a2 startup time (UL 76 1T7) .
132 sched init(); // RERRP I OIngk 74145 0 1) tr, 1dtr) (kernel/sched. ¢, 385)
133 buffer init(buffer memory end); // ZEPiFEVIURLL, HENARERSE, (fs/buffer.c, 348)
134 hd init(); // WA . (kernel/blk drv/hd.c, 343)
135 floppy init(); /] IR . (kernel/blk drv/floppy.c, 457)
136 sti(); // PRI TAERM S 7, FFE .
// RN AR e AR R B S, R TR R [RIEE A JE ST SS 0 AT .
137 move to user mode(); // BEIHFHAFHAT. (include/asm/system.h, 55 147)
138 if (Mfork()) { /* we count on this going ok #*/
139 initQ; [/ R THE ((E% D HHIT.
140 }
// R AR TFAR LM S5 0 IS risqT .
141 /%

142 * NOTE!! For any other task ’pause()’ would mean we have to get a
143 % signal to awaken, but task0 is the sole exception (see ’schedule()’)
144 * as task O gets activated at every idle moment (when no other tasks
145 #* can run). For task0 ’pause()’ just means we go check if some other
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¥ task can run, and if not we return here.

*/
/R FERD A TATATILEWATES . pause O B EMA AT LSRR — MG 5 A4 =R
* AT AS, A5 0 (task0) JEME—IBIAMENL (S0 schedule )’ ) , KIMATSS 0 7E
s AT PRI () A S BOE ChYE A e RS T , KX T4 0’ pause O N E KRG
* WATRFERAF & GA LML T LUETT, WREA GRS R R, — IS HAT pause 07 »
*/
// pause () RG] (kernel/sched. ¢, 144) AT 0 Fed i nT Hh W S5 ARIRAS, FRHAT RS R 2L
// AR R B BRI R G b AT S0 LUSAT I S U1 BT 45 0, i AMK 1145 0 11
/] RE

for(;;) pause();

}

static int printf(const char *fmt, ...)
[/ PR AAE B R BIRR R R & stdout (1), X EFREEHR IR, S8+t $5 2 K
/) SRR, SR C 1 . AP IELE vsprint £ WAl 4l FH i — AN+
// GRS vsprintf O ¥k XA PR O printbuf 200X, SRJGH write O B XN A
/) B RIRR RS (1—stdout) o vsprintf O BREFISZHL W kernel /vsprintf. co
{

va list args;

int i;

va start(args, fmt);

write (1, printbuf, i=vsprintf (printbuf, fmt, args));
va end(args) ;

return i;

}

{ “/bin/sh”, NULL };  // PHHATREFIN S 500 745 B 804

static char * argv rcl]

static char * envp rcl] = { “HOME=/", NULL }; // PR RATRE 7 ) B A B 7 17 H 4 4
static char * argv[] = { "~/bin/sh”,NULL }; // A k.
static char * envpl] = { “HOME=/usr/root”, NULL };

// L 165 A7 argv [0 PRI TAT “=7 214y shell P2 sh i—Mrid. WL PZFRE, sh
/] REFF A6 shell AT HAATIERE S AE shell 327RFF FHAT sh AK—H.

// Emain O P EEBAT T REWIAML, AFENAFE L S RIS IKBI R . init O BRECEEATHE
[/ AESS 0 5 1 RO PR ((E55 1D e el R 28— M EPATIREE (shell) AT
/) AR, ARG MBS I AT Z

void init(void)

{

int pid, i;

/) XN REGRH . TR A S B X RS BRI GEAAALERIE) R4 AR S 1
/] R GHREUE 25 1T B2 E LI, SN R EUE sys_setup (), 7 kernel/blk_drv/hd. c, 71

setup ((void *) &drive info);:
// LSV 7 RFTH & “/dev/tty0” , "B N & dE &
[/ T IR — T I SO, D= A SRR S CCERIR ST ) e & 0o iZAJAR & UNIX 28
[/ BAERBREAINEEH G bREs N AR stdin. X B LU ATE 17 FT 8 T = HIr= A b v
// i () A) stdout FbRAEH A% H AJ#6 stderr.

(void) open(”/dev/tty0”, 0 RDWR, 0) ;

(void) dup(0); /) IR, PEAERIRN 15 —— stdout ARifESTHE RS o
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(void) dup(0) ; // EHIEIE, PR AERIR 2 5 — stderr by HVES S HH LA
// FIFTENGEpP X R B 1580, R 1024 275, AR EWNA X TN WAL T4

printf ("%d buffers = %d bytes buffer space\n|r”, NR BUFFERS,

NR_BUFFERS#*BLOCK SIZE) ;

printf ( Free mem: %d bytes\n|\r”, memory end-main memory start);
// T fork O H T AU —AN 2R ((F45 2) o X TR 3RS, fork O FF (RN 0 i, % T Jsldk e
// (CHEFE) WHR [P FREFE R 5 pide ATLL 180-184 A& TP ITHIN B . 1% TRFFECH T aJtl
// 0(stdin) v LB RITIF/ete/re 30/, HAEH execve O K EERE B B B mi/bin/sh F2)7
// (B shell #J7), SRJGHAT/bin/sh #E1F. Pril SEFIM AL 55 il th argv_rc Fl envp re (40
/] . 5T execve O E M fs/exec. ¢ FEJF, 182 47,
/) R exit OB PIHES 1 - ERAERVFAT; 2 — SOHFEH FANTAAE.

if (! (pid=fork())) {

close(0);
if (open(”/ete/re” 0 RDONLY, 0))

_exit(1); /) WA ISR, MR H (1ib/ _exit. ¢, 10) .
execve ( 7/bin/sh”, argv rc, envp rc); // Bk /bin/sh & AT .
_exit(2); // #i execve O) AT RINE H

}
// RGBSR ACHERE (1) $ATHITE R wait O S84 HER 180k, R BME Y 2 R R 5 (pid) .
// R A R AR S A T IR I & W . &1 SR IOR FPRSE BIALE « R wait O R [EMEAN
/) ETFRRES, W4k SEE .
if (pid>0)
while (pid != wait (&i))
/* nothing */, /* FTEIL x/
[/ MR PATEIX EL, ORI B R PAT CAF IR E T . R AR e A — AR,
// RS, WER “WIIGHFRE P A BB R A5 B IR AT . 0T Bt (1) HERERE OC A P
// A AR 9 () A08K (stdin, stdout, stderr), MFrldt—/ N ihifwe g R4S, REFEHITITF
// /dev/tty0 N stdin, FHE#IR stdout Fl stderr. FHRBAT REMREILA/bin/sh. {HIX AT T
// SRR ik T —& (LB 165-167 47) o ARG RXFEFIRIZIT wait () 2565, W
[/ FRERE AT THAT, WIFEbRAES T B Bos AT S “F IR pid 51k TI847, RIS 17, AR5
[/ REEEAE Jieee, TEEL “R7 FEAHIR.
while (1) {
if ((pid=fork())<0) {
printf ( “Fork failed in init\r\n”);

continue;
}
if ('pid) { [/ BT
close(0) ;close(1) ;close(2) ;
setsid(); // BN HI ST, WS Ui

(void) open(”/dev/tty0”,0_RDWR, 0) ;
(void) dup(0);
(void) dup(0);
_exit(execve(”/bin/sh”, argv, envp)) ;
1
while (1)
if (pid == wait(&i))
break;
printf (“\nlrchild %d died with code %04x\n|r”, pid, i) ;
sync () ; /) PR, B2 PIX .
}
_exit (0); /* NOTE! _exit, not exit() */  /* {HE! & exit(), A exit() */
// exit QA exit Q) #BHFIEH L bR H exit () HESE > sys_exit RGP, 1M exit O MY
// T R B PN R A B PAT e IR A, A BT S LR AR . SCHTT
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4.2 main. c B

// BhRAE 10 &5, SRR sys_exito
209 }
210

423 HEER

4.2.3.1CMOS &

PC HLi CMOS (complementary metal oxide semiconductor H.#Mx &AL S48 IWAEsehr bt
H LR ) 64 BR 128 77 RAM PA7ER, J& RGBS 0800 . AT LeHLas e AT BRI N R 2 i

% 64 1) CMOS [ 575 1IBM PC-XT HLas FH TORAEI BRI MG B, AR =g BCD .
T e BT 25 14 775, BRI RAE I — S R B T

CMOS [tttk =% () & AE FEA ML BE 23 0] 2 A1) o DR AR AN B 358 T BRAT IR A o e 35 A FH R i 1
70h,71h f§ ] IN 1 OUT $84-KVjinl . ok T Szl e W A & 151y, H /e 2 OUT i 70h &
RFR e WA A, ARG IN 454 M 71h it SRR 2 1 R

KB (T 700 R 7 Hbbkel BT —AS 80h fE2 %A L. BRI CMOS W
(PRI EATEEIT 128 775, PIthEl b 80h (WA L B AATATVE I . Z BT LA XA A R 0 2
i Linus F3kBeZ 459 CMOS JTHHIHERE, CMOS it H 31 (0 i i bk 4 f2 Atz 28 st ok i, B
VIAEALSEEG R A2 bk B 1 80h (OF FUE S T H ety 5 IEMF S T AT IEMm 45 %, Rtk Ab)
RGP TS ABER N AN 1.0 JBRAZ G, ZEEESE LR T (TS0 1.0 RNERT
drivers/block/hd.c 2 42 1724 %H5). & 4-1 & CMOS WAZ(E B I —iKk & .

F4-1CMOS 64 FHIEEEFE

MW | WA U b WASE | A

0x00 MATRME (S 0x11 ]

0x01 BT 0x12 T IR B 2% 28 0

0x02 YOS ER (SEIN T 0x13 IR B

0x03 RS 0x14 BT

0x04 MAT/NRHE (S 0x15 SERWAE (IR7T)

0x05 RN 0x16 FEARNAE (FT)

0x06 — AR (S 0x17 PIRALE (IRF)

0x07 — AP H H (Eneh) | ox18 T RALE (A7)

0x08 MET A (SERE) 0x19-0x2d 58

0x09 HHTFEG (S 0x2e RUAT (R52T0)

0x0a RTC REFAEA A ox2f KRB (f&77)

0x0b RTC R&FH74 B 0x30 IMb BL ERF AL (KT
0x0c RTC &S C 0x31 IMb DU ERI AL (55 71Y)
0x0d RTC R&ZHAESE D 0x32 HHT P AR A0

0x0e POST iZWpIRE&TF1 0x33 5 Bbri&

oxof FEHURAS T4 0x34-0x3f IR B

0x10 T Ik B 2 2 1

4.2.3.2 A fork() I E iz

fork & — N RFWH R ZRGEWHA IS ar iR, HAERER PO — 5 R (R b Sk
) JULTo8 e —FERrERI, JHPAT RS, (Hiopdtfe CXBEEROyFEtie) i B Aidh =
B FEREE 240
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4.2 main. c B

FESCHERE A, YA fork (3R Ml iy A2 - HERR I HERERR IS PID, i (e 1 HERE T fork ()3 [ HKs 2 0 {H,
KR, BRI RAEFRFE R P AT, (HETTEOT, % BT B CRIBBAE. @R fork()if i
R, W2 BN 0 B . dns K 4-3 s

pid = 0 R

N
>

pid '= 0
pid=ork (e )

4-3 A fork ) S EFHIE

init 723 R fork () 1 FH IR0 IR [RME K DX 2 R T AN R RAR RS B i) o B TiARRS T 28 179 AT 194 4T 21
HERR R 3 TT A T AR He (04T (R execve() RGBT H B AR, XEHATHIZ sh),
186 A1 202 47 /2 A HERE AT ARG
4.2.3.3 XF£iEH(session) B

R4 2 TERAIBEL, R —NATHAT I SCHE, ImdERE (process) & — NPT T IRR I SE M. 72
%, REASHERRESALT FH — N RO I IERECR RN, MO EREARIRS pid(Porcess ID). ifij—/~if
FERTLLIE I fork ()W QI — ANk 2 A FHERE, IR LeERE s mT IR ple— AN EREA . B, % F R IHIZE shell
AT RN —/MEEm S,

[plinux root]# cat main.c | grep for | more

HA AN 4 cat. grep A1 more st #f s TNt RR AL

WAL — N AR S . SRR, ARG — A ME— 465125 gid (Group
ID). HEFEAL gid thE— A IEHE. DR — MO A IR, AR S R 5 pid 45
TR gid AR . AT LGB setpgid()>K S In— AN HOBEREZ B G — AN BT R
Y. HFAMMESATIRZ HE, (HF A S LR BATTE 2t Bl G 3T R 2GS GEH 2
i Ctrl-C 41464, RN A RRA T A 2R B, R A1 R E G SRk &GS,
W] = ANy A4 A B 2 BT

M4siEY (Session, BRI W& —AEEZ AR ISEE. BFEEN T, P ER)GHdT
T A RS T — A ib i, Mk shell W2 G I E 2ERE (Session leader). FRATIE H ¥ 5%

Clogout) I, Fr A7 J& T FA XA 18 M e RE AR A B 2% 1k o IX R s SME S 1 B i 2 — o setsid ()

PR F TR — S UG T R R B IR S AAARR P REATR WL R U . ERR . ERR
ISR MR WL 4-4 Bk
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4.3 B TAE

& 4-4 #7312, HIBEMLSIFHZ X R

4.3 MEIEHLTAE

TENZRZYIATEEZ )G, REGUE T B BAARL & PAT I — P IS4 10 TAE, A RestiE R
#HAEH RGNS TS, AERTIRINEE 183 4781 200 17 1, init() bR X LTI WAHAT T4
fEREFREST (shell #2£/3) [oin/sh, MfESEEhRnT IR G EFAE @k, A TR A SR R AR 2 A
[ ARG RIRE ), TH R GEEAE X L aZ b )y, $UAT RGREIVIGRE T init.c, 1 RE AR
i R Gilete/ H s P ECE SR B B, ARG SCRE AR S O TR, JRAE bR histT
AIHIIEA T B LY agetty (SEFR getty /), getty Ry N4 E 23 E om0 8 425 5 “login: 7.
MHPENTHP AR, getty B4 22347 login 25 login F2FAELAIE T H 4 N LA IERPELLS,
AP shell #2177, FEHEN shell & 0 TAES . EATTZ B AT S R ILE 4-5 s

R 1

& 4-5 BRIMEHIALRIFERF

AKX LML Cinit, getty, login, shell) JEANE T WAZIEH;, (XX LN II/E A — 23R T

fifp o> (BT AL 9 AT A SR A 22 ThRE M B A o
init FEFE A 5 2R S5 e R /ete/re SCMFHBCEIGE, $UTHHBCER G2, )5 etc/inittab S
PR PG, WA VBRI AIR RS fork() 81— PR, JREMASH A Tt iz
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4.4 AENG

17 agetty® (getty) FEJ3. 1M init FEREIE I wait(), HEANGAF FHEREEAORA . B9 B — A TSR
B, SR wait()iR [\ 1) pid 5 K A2 WA Y 280 (1) FREFEEE SR T, DRI 2 D A Y. 28 ity 18 46 T
Bl —ASHIFRERE, AR TR BB AT agetty FEF. XK, BN SR VR0 20t 44 FR IR 2244 —
ANXT R IERE A A b

FEIEFEAE T, init i agetty [FAE TAES LAV P&, JFHIBARIOI iR . A7 ERE 248
AP ILAIEJERE LA SR RS s 7E Linux BT AT 1R RE 2008 T S AR HE R, T DA BE R 2000 SO
YRGS, init FTTRIEHTA S R, EVETE RS RGBT B AR FRER (TR, DR ATAT
BB B R T

getty P71 B BT/ B AumS . B PE. R . T TPVt —A tty s id, &
APOREE, PSP AR Y ST AR AT B, Filetclissue SCASAFAELE,
W getty 2 & e BRI SCAG B, AR )E R B RIORMEE (il plinux login: ), 2R A
s, FEHAT login B2

login 27 F=EEH TR G P NS iREEH M4, B A4S0 passwd HEL
FENE R P 5 s, ARG R getpass() LA 7" password: A B, SEEUT SN SRS, AR AT
I EE AT N ) RGBT I AP, IF 5 1A SOz A A 3 pw_passwd FBAE LR, Wi L
YA TE3, W) login FEP4 LUHAS TS 1 B AT, RoRILIOB SR M., B AQiERE (Gt
B init) 1) wait()sx Iz IR HEFE ) pid, PSS RIECSR MR IE BRI — AT, e Tr
HERR TP X 2 % TR RPAT agetty #2777, HEE BRI,

QS PN S E A, U login St 4 HT T4E H 3% (Currend Work Directory) &t 114 30
W T R AR AG TAE H ko XTI 205045 (1) U In A FRAE O P B S FA'S, BEE g R 4l
1D AR A A3 2 (145 BT A6 A 58 AL F A 5, i e 4 H sk (HOME=) L A A 1) shell #2)3 (SHELL=).
M4 (USER=H1 LOGNAME=) FIRLHATHEFIIERNEALTFS] (PATH=). £ Worletc/motd LA

(message-of-the-day) I SCAE B, R & IE Rz 7 B EE IS R . )a login P27 o028 ik s

SKH PP ID FE3AT A SRz B R Th 4 2 11 shell 7277, 1 bash 5% csh 4%

W 14 S fete/passwd H1iZ F 2 I AT HR 8 A IR shell #2755, 2248 WIS A8 FHER A 1) /bin/sh 74
J¥o WS O SCA A i F5 e LR B s G, RS BUARIR H /. 7% login
PR (1) — Lo AT IR ORI R U7 1) BRI UE R, 152 WL Linux REEH IIAELE T T (man 8 login).

shell #2702 — AR AR A AT R, 2 9 P SR RRIATAZ HIAE NPT IORET . e
SR T A AT o SR A E R, ARG PAT a2 P e LAE 2 B shell B 4%
BT AN, AT LA shell BIA SO shell R FEF4AN o

(RS R login JFEAHAAT shell I, FTati 24 argv[O]I 55— D FRHE -, #oRiZ shell 24k —
NG shell BEHAT o HEINZ shell F2 PSS ARAE L FAF, AT HELL 5 B S BEAH DR AT . 5% shell 575
56 Mletclprofile SCELL A profile SCHFE CEAFAERITE) BEEUAT 2 FF40AT . WHRAEDEN shell I 3% T ENV
AR R, B AR Bk shell [1).profile SCHF s T %485, WU shell 'R —204x AR 5 iy 44 IR SCA sk
o 2 IEPAT o DRI P AR 6 S5 I A BEHRAT (1) 1 2 JAE profile SCAETR, AEEERIZAT shell #
THATHI A TAE ENV BB E S0 . BE ENV O IREEAR R 1) 7 V22 38 R AIE A e IRt 4h H 5%
). profile SC/FH .

4.4 KENG

X 0.1 A%, i ERARS AT g, HER SRS MINIX SO RS, JRHH R H
FALE M fete/re. fbin/sh., /devi* DL Jr—L8 H Sk/fetc/. /dev/. /bin/. /home/. /homelroot/ & H] AR —

* agetty - alternative Linux getty.
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4.4 AENG

A BRI SO R 48, ik Linux 384T K

WX BIFUE, ST IR g pai, a7 LK main.c FFME N — 4 BERIET, IR E SR R
o AFTLF N WA SO LA T, RSO SE PR 10 55 N A5 BRI A 25

h T RELGASUR M A DL R S35 A Y, AR ) A I M BE TR S 32 AR RIS AT AL
il EAN B TS TR SN A, 8327 Intel 80x86 [T SIS, HURY B FIMIZITHL
TG, AR5 PR AkEE i

Do SR Y U IR ) 52 B3 L, IR A% Linux RGN TG AL RN i O 28 T KRB
T A ABIEATREIE S FE R IXFEI 8 “AEA R T —RYVFEZ 5, R W /3 B IS AT IR Le g FE a3 it
W] R SR SEERISAT IR 2 ABRD Fe 7 B SR IR ? 7 B R I WAZ I AT sched.c
5 v IR 2 6% 20 schedule() RN system_call.s FF AR & ISF IR st B2 timer_interrupt SKIRERY . A% E
10 = Fb kI by, AR Z R W RE R do_timer() eR R £ BT A ERR 1 24 BT T
BURHf e BRI PR

T RERRAE AT LR T b T RS PR 0 R ) ol = i I B 75 A — i, S AE R G T E
sleep_on()2 ek %/l #e s 1 JT] schedule() &%k, ¥ CPU s FIAL B JEH S AT IR ] . & T RY4%
FORSISATAERE, WI5E4xH schedule(ARHE T HERE (1 M AR SR Se A g e o X+ — BEAE ISPk
AMHERE, b e Wl R RIWT e S AT e S e, 2 7E do_timer () $h AT RERE D) Ak,
ZHREFEN) CPU A I BUSL S AN IR, L2 S AR R

W IE R EL schedule(VRTI Sl T FERIE N — IR 382 —.
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H5E A (kernel)

5.1 ik

linux/kernel/ H 5% F 34045 10 /> C W 5 SCHEAT 2 ANE Gt 5 S0 LA S —A kernel ™ 2t S ()45 22
e & AT Makefileo WA 5-1 Pion. Horh =AN1 H P AR AR M JG S 5 vh i AT . A 12
XPIX 13 MR SCAF AT RE o B SETRAT DN B A R PP IR S A D e AT WSS PR 2 AR A 41, DUE— TF A it
X 12 AN EL D REANEAT L Z R AR B FHOC R AN REBUN T8, ARG 8 — XA AT VR 40 by

Feo

5113 5-1 linux/kernel/ B &

LA K S A AESUN TR (GMT) 3L
E:] blk drv/ 1991-12-08 14:09:29
[:D chr drv/ 1991-12-08 18:36:09
[:D math/ 1991-12-08 14:09:58
% Makefile 3309 bytes 1991-12-02 03:21:37 m
&| asms 2335 bytes 1991-11-18 00:30:28 m
L] exit.c 4175 bytes 1991-12-07 15:47:55 m
£ fork.c 3693 bytes 1991-11-25 15:11:09 m
%I mktime. ¢ 1461 bytes 1991-10-02 14:16:29 m
1 panic.c 448 bytes  1991-10-17 14:22:02 m
printk. ¢ 734 bytes 1991-10-02 14:16:29 m
sched. ¢ 8242 bytes 1991-12-04 19:55:28 m
signal. ¢ 2651 bytes 1991-12-07 15:47:55 m
Sys. ¢ 3706 bytes 1991-11-25 19:31:13 m
system call.s 5265 bytes 1991-12-04 13:56:34 m
% traps.c 4951 bytes 1991-10-30 20:20:40 m
E_=. vsprintf.c 4800 bytes 1991-10-02 14:16:29 m

5.2 BRI RERIA

ZH X PR SCE NI BE ERT Ay =2K, SRR CGR3) T BERE P 3Cf, —RERS
TR 5 A BERE PP SCAt s 55— FGE R A I Dh RSO, S LI 150 BATIERIEX AN 73055,
MSEBLI T e EBEAT SEVEAR R Ui
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5.2 ERTIRERIE

5.2.1 EE P ETAIR IR F

T HEASEPAMCAL S asm.s Al traps.c Ao asm.s F T~ S2BACEB o0 R4 S 3 B o L 1 o 7 P09 i
T A E R . M traps.c BRI ISEIL T asm.s K AL DS AR PRI K © BRI S A LA o T A 2R
TP AE A system_call.s AT mm/page.s 41525 .

PR GERD KBRS i Wb B 7 2 1, CPU i 26 2/ 12 A5 ifE BR A b
AEFRE R I HER o XML S AN A (BRI RS . CPU 2 AR Bk A7 F1 1R
[ kb 1k PR A B (B s AN HERR o 53— A5 B iR A T LU S I )5 /2 80386 445 B AZ T H AR I HERR
b AR WA R R . DRI R AR RTINS, AR H AR ) N AR S HERR . 541, CPU G
SEH R R FF AR EFLAGS N A R AHERR . WA SE 0 AR T 484K, Luln A P 8 B N A% R4k,
CPU b2 IR AR (1) HERR B A FNMEAR TR EE AN W R P (R HERR b o 0T AT 26 SO I MERR (1) A 257
S ELE 5-1 Frs.

JR SS JR SS

at

Ji ESP J& ESP 7l
EFLAGS EFLAGS

CcS

CS

(a) A7 i (b) s H 41

5-1 K& U HELPHIAS

asm.s RS S B0 Kb Intel £ B4 7 intO--int16 [ALFE, FHAE B T intl7-int31 i Intel 2
A RAEAS G 7 . SR TP S S A % IRQ AR HIK int32-intd7 [ 16 ANALHEFLE P 43 Tl 4E 55l
Bl Clnrmy g, SR ARAE e P s« A WIGA A FR b AR EE . Linux 224218 HI B int128(0x80)
(ARG AT kernel/system_call.s Tgh o 8N Wi HoAdE SCARIS RS G Fe £ B — 1 i i i .

AL i 5 R HP TR, CPU B2 A — AN AR A QAT e N HE AR i A T int 8 T int10 - int 14),
DL 5-1 (D)o, e A R W B0 A A XA AR g 2 Bk H AR AT S A A 45D, AL,
asm.s F 7 oK FITAT v 7 (16 A B AR A2 75 47 HRVAE AR A 10 20 S B4 T AL B o E AL PR R S —HE I o

ARS8 T 5 RS 1 v W R A 23 i UL ] 5-2 BT
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5.2 ERTIRERIE

I AT A AR i

AU ——> N Fk

rh IR [l > A AR

JITE B A7 38 B
(RIB A T L PRI
FHE KN 0x08;

ﬁ%m%C%ﬁ%ﬁ:' %ébiﬁﬁﬁﬁwﬁ
 3: N C BHE

FRH R S traps. ¢ Y. A
AR BT ] B S e 10 b 85 £ 02 A o
T [ M R R C i
HINBH.

BT AR A A

5-2 EHRE (WM&, B Fr5lEryhEibEIRE

5.2.2 R4 IR KR F

Linux =S FH AR IR P9 A 1 D) R A2 sk A T it 0x80 HEAT 1), %3474 eax HBUA 5. Rlki%
TR B RR o REER . SEBLAR SR A OSSO 45 system_call.s. fork.c. signal.c. sys.c Al exit.c
A

system_call.s 72 /5 [ /E I ZSL TR eE rp IR AL PR R 1Y) asm.s B2 IOVE RS, S5 AhE s i e e N A 58 L 5
B WTEEAT AL, 1y fork.c AT signal.c N R ELUSRALT traps.c BRIV, ARG WAL C
A PR PR 3. fork.c B4R AL C Ab3 pk%: find_empty_process()F1 copy_process(). signal.c /7t it
— AN EAT RS 5 R EL do_signal(), £ RS A WA B RE R . S ANE RS 4 ARG
FH sys_xxx() & %L

sys.c Al exit.c P2/ T H e —LE sys xxx() R Ge i H R EL . 1XLE sys_ xxx() R ECAR A& AH Y. R 40 1 H B
U AL EE pR 2, A SR A Y Gt 5 SE I, W sys_execve(); 1M SiAh—LENH C E S SEEL (a0
signal.c 1111 4 N RFE IR ED .

FATT AT AR 3K 26 o 00 1) 17 B iy 44 RN IXRE R BRAE 38 LL'do_ ' ISk (1 rh A B rh R H 1K) C o
5, BARRGHAGES R @A R, AR R TR 0L sys_TF kM RS0 FH iR
B2 RGN E AP g %, i, do_signal()eR A 2 BT 22 458 1 FH #EEp0A T 1) R 5
i do_hd(). do_execve() & A FR G % HI) C Ab P ek 24 .

5.23 HEERAEIERF

IXLEFE P AUFE schedule.c. mktime.c. panic.c. printk.c 1 vsprintf.c.

schedule.c %5 E0 45 A A% R H B4 2511 schedule(). sleep_on() 1 wakeup() BRI, 42 P A% A% 0o i 5 7
J, TR AT AT D) e B SO R B ATIRZS o mktime.c B35 P AEL 15— A PO AZ AT FH (1) 1) T 25
% mktime(), XAF init/main.c K. panic.c FALE > panicORRE ] TE NAZIEAT A R
I 7 H S R IR L. printk.c AT vsprintf.c J& % o 5 BSCRERET, S8 T W% & H Wos iR 3L
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5.3 Makefile 3Cfi

printk () A174F H 4 A Hi R £ vsprintf() o

5.3 Makefile 3244

5.3.1 ThEEE 1

it linux/kernel/ T F2 17 make BCE SO, AOFE =7 Hako 234 XS5 — bk

1.2 (BEARE, AERYEEN AT AS AL 1.2 AT ERE .

5.3.2 X

#21F 5-1 linux/kernel/Makefile

[ o [O1 [ oo DO [—
H H H H H H#H H H H H

—
(=N Nejloo]

rtocgicg g
B[O DO |[—

—
(@]

SYytes
O [© [0

Makefile for the FREAX-kernel.

Note! Dependencies are done automagically by 'make dep’, which also
removes any old dependencies. DON'T put your own dependencies here
unless it’s something special (ie not a .c file)

FREAX K% Makefile 301t

HE! KRN make dep” HBIBEITHI, 'C 2 A ZRRIFERIIMKEE B . ANEHRE DK
# OO B A BUBE X L, AR ) SO (B EDAS & —A ¢ SIS RO .
# (Linux SWIH04 20 FREAX, J5oKk#Y ftp. funet. £i AU B % Linux X442 )

AR =gar  # GNU [ Z@EHISCARRERRR P, T B0 LA S VRS SO R il A

AS =gas  # GNU FIVC9mAF.

LD =gld  # GNU FEHA.

LDFLAGS =-s -x # ZEBERIPIIHAMNSE, —s fli XA A /56 8. —x MERATHE RS .
cC =gcc  # GNU CiBEZgiifas.

CFLAGS =-Wall -0 —fstrength-reduce —fomit-frame-pointer —fcombine-regs \
—finline-functions —mstring—insns —nostdinc —I../include

# COmiEREPIEI. —Wall BoRpr A BESE R -0 AL, LA AR B FIPAT I ] 5

# —fstrength-reduce fEIEHAPATAUNS, HEFREL A E; —fomit-frame-pointer 44 W& {RAFAN I L

# MHERLFREL: —feombine-regs GrIfFAifrdy, WD AFAEARMMETH; —finline—functions ¥ Jr

# AN )RR EACHS IR N s —mstring-insns Linus A CHIMMAAGIEDT, LUSA AL ;

# —nostdinc —I../include A BB AL S SO, A X B A e H& PR (. /include) .

CPP =gcc —E —nostdinc -I../include

# CHATHIET . —E HUgAT C A, XHraHaEn C F2 P T A £ 36 b 21 25 S th B b iy

# i e s SO s —nostdine —1.. /include [FIHY .

# NIRRT R make R R T @ 24 BT 0. ¢ SCHESREAE R, s TEGRFR)T o i Ay &
# F510 gee KA CFLAGS P e (i Woes C AR 2w B8 Ja AN A TIC G4 1 (=S) , MIfi =45
# A C TR Y G AR ST o BRIA B0 T B AR g A Py SO A 44 2 S C SCA 44
# L ocamn bl s 4. —o Rt E it SRR, H gk s (Ei3@) 2 A3 HirAE,
# SRR AN s, XHEUERFA S+ ¢ B3
.c. St

$(CC) $(CFLAGS) \

=S -0 $*.s §<

# NIRRT . s IR SO . o HFRSCF. 22 AT RSB ERAE IO HoAk i & .
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5.3 Makefile 3Cfi

31
32
33
34

36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

S.0:
$(AS) —¢ -0 $*.0 $<
.C.0: # BB, * ¢ X% 0 HERSUF. ASHATIER:.
$(CC) $(CFLAGS) \
-c -0 $*.0 $<

27 OBJS = sched.o system call.o traps.o asm.o fork.o \ # & X HARCHFAE&E 0BJS,
panic. o printk.o vsprintf.o sys.o exit.o \
signal. o mktime. o
kernel.o: $(0BJS) # 1EAT T Ak OBTS Ja i AT TR iy 2 1E e i H A% kernel. o
$(D) -r —o kernel.o $(0OBJS)
sync
g NHEREUE TS TAE. 44047 make clean’ I, LSS FAT 36—40 1T EHIdr S, EBTEHMIF
# ORI SO, e’ RSO BR A A, I X ZREAAELER SO, HA B MIBRE B
clean:
rm —f core *.0 *. a tmp make keyboard. s
for i in *.c;do rm —f "basename $$i .c .s;done
(cd chr drv; make clean) # #EA chr drv/H3%; $4T1% H 3% Makefile ) clean ¥,
(cd blk drv; make clean)
(cd math; make clean)
# RS H REGIIU A TR 5 SO 2 R AR S R . AR
# TR B R Y sed b Makefile S0 GXHAE H D) SHTACBE, FrH AR Makefile
# AR ### Dependencies’ AT HIMITA AT CRIM 51 JFLREIAT) 5 HAERK tmp_make
# RS A3 ATHIERD o SRJGXT kernel/ H 3 FHIEE—A C SCHHAT gec AL FREEAE
# M br S VR TAL B P A R AN H AR SCAFAH DGR AE I, I X LSRN 45 make 572
# N FR—ANE A, PACFEFE A make FON, gk B SR AH MR TR R A H B
# SO AN B FLAROOC R —— 1 S AL RISk SR AR o HE T 3 5 SRR S I 2 11 )
# SCMF tmp_make T, AR R IIG I SCAE S EGHT I Makefile S
dep:
sed ' /\#\#\# Dependencies/q < Makefile > tmp make
(for i in *.c:;do echo -n "echo $$i | sed "s,\.c,\.s,” ” ”; \
$(CPP) -M $$i;done) >> tmp make
cp tmp make Makefile
(cd chr drv; make dep) # % chr drv/H 3 TN Makefile SCAWAERIFERALEE
(cd blk drv; make dep)
#t#t# Dependencies:

exit.s exit.o : exit.c ../include/errno.h ../include/signal.h \
../include/sys/types. h ../include/sys/wait.h .. /include/linux/sched. h \
../include/linux/head. h .. /include/linux/fs.h .. /include/linux/mm. h \
../include/linux/kernel.h ../include/linux/tty.h ../include/termios. h \
../include/asm/segment. h

fork. s fork.o : fork.c ../include/errno.h ../include/linux/sched.h \
../include/linux/head. h ../include/linux/fs.h ../include/sys/types.h \
../include/linux/mm. h .. /include/signal.h ../include/linux/kernel.h \
../include/asm/segment. h .. /include/asm/system. h

mktime. s mktime.o : mktime.c ../include/time.h

panic. s panic.o : panic.c ../include/linux/kernel.h ../include/linux/sched.h \
../include/linux/head.h .. /include/linux/fs.h ../include/sys/types.h \
../include/linux/mm. h .. /include/signal.h
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64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

printk.s printk.o : printk.c ../include/stdarg.h ../include/stddef.h \
../include/linux/kernel. h

sched. s sched. o : sched.c ../include/linux/sched.h ../include/linux/head.h \
../include/linux/fs.h .. /include/sys/types.h ../include/linux/mm. h \
../include/signal.h ../include/linux/kernel.h .. /include/linux/sys.h \
../include/linux/fdreg. h .. /include/asm/system. h ../include/asm/io.h \
../include/asm/segment. h

signal.s signal.o : signal.c ../include/linux/sched.h ../include/linux/head. h \
../include/linux/fs.h ../include/sys/types. h ../include/linux/mm. h \
../include/signal.h ../include/linux/kernel.h ../include/asm/segment. h

Sys. s sys.o : sys.c ../include/errno.h ../include/linux/sched. h \
../include/linux/head. h ../include/linux/fs.h ../include/sys/types.h \
../include/linux/mm. h .. /include/signal.h .. /include/linux/tty.h \
../include/termios. h ../include/linux/kernel.h ../include/asm/segment.h \
../include/sys/times. h .. /include/sys/utsname. h

traps.s traps.o : traps.c ../include/string.h ../include/linux/head.h \
../include/linux/sched. h .. /include/linux/fs.h ../include/sys/types. h \
../include/linux/mm. h .. /include/signal.h ../include/linux/kernel.h \
../include/asm/system. h ../include/asm/segment.h ../include/asm/io. h

vsprintf.s vsprintf.o : vsprintf.c ../include/stdarg.h ../include/string. h

5.4 asm.s 2 FF

5.4.1 ThEeHEA

(5

asm.s Vg FE )3 AL E K> CPU BRI B IR S i b A B S 2 AN, AR Ho A DM B (FPUD
WAEE. ZAEF L kernel/traps.c FEIFAE UMK AR . %A 032 ZEAL By AR A8 P IR AL PR P o

VA FIAHN R C RRBURR R, W A 67 AN AT, SRS IR T

FEB LI BEARAD I 2 ] 5-3 R s i B R IRA T, AT 4 AN, BT
WEPAT IR 2 07, HEARIGEN esp $57E PIraR [nl Hudik — K2 (K esp0 4b). 4G C B3
do_divide_error() sk e C pREHbEENAR G, FREME & espl Ab SLIE I AT R4, 1Z R BRI
N eax FAFAEH, 15K eax MEMARAE R HERE b0 230 SLF AR NG, HERRIRET A7 B AE esp2 Ab.

1EX I do_divide_error():2 /T, FEIFHGTTAGHAATI ¥ esp0 HEARFREME IR AHERR, 2N T esp3 4k, I

5 R IRTIR [P AR 25 745 i fie e amad n b 8 ([R5 esp2 At
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S R TB A [ETEE R

¥

| J& ss

Ji esp

Ji eflags

CS

eip

C pREUE (eax)

ebx

eCcx

edx

edi

esi

ebp

ds

es

fs

\» error_code

esp0

(a) PRI HIAAT HAS 5 R

<«—esp0
<«—espl

esp2

<—esp3

| Jii ss

Ji esp

Ji eflags

| CS

eip

error code (eax)

C ef it (ebx)

ecx

edx

edi

esi

ebp

ds

es

fs

error_code

esp0

<—esp0

espl

esp2

esp3

(b) FH WU A H R IR AR R 0

=30 M do_divide_error() 2 Fif 488 H A AUAS L &2 esp0 AR A N TAES I C 3

5-3 HIRAMEHER T REE

do_divide_error()[Z44. 1E traps.c MU RIEN |

void do_divide_error(long esp, long error_code).

RIHEAEIXAS C R E kT LT BN SR AN 1A B RAE RS FEP rp LA i A I AL BT A 50X L 4
B FESEAALL
5.4.2 KR
#2[F 5-2 linux/kernel/asm.s

1 /*

2 * linux/kernel/asm. s

3k

4 * (C) 1991 Linus Torvalds

5 */

6

T /%

8 * asm. s contains the low—level code for most hardware faults.

9 * page exception is handled by the mm, so that isn’t here. This
10 * file also handles (hopefully) fpu-exceptions due to TS-bit, as
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11 * the fpu must be properly saved/resored. This hasn’t been tested

*/

/%

* asm. s FEF P EFERE A OB ks (B ARPRIRZ AT . T35 & b A7 PR T
* mm ACBRM), FTDAAFEXH ., MR EAR (FEZIXE) BT TS-OrmiE sy fou 54,

* R4 fpu 2IER AT OR AT /S AR BE, IR EEIR A i .

*/

Iy

—
w

# ARG SO B K6 Intel fREAHIBT int0—int16 A94LFE (int17-int31 BAES S .
# LUR 2 s mmEa i m ], HJFUEAE traps. ¢ P,

.globl divide error, debug, nmi, int3, overflow, bounds, invalid op

.globl double fault, coprocessor segment overrun

.globl invalid TSS, segment not present, stack segment

.globl general protection, coprocessor error, irql3, reserved

— == =
5 15 |5 1 =

# int0 — CPMHXBAVEIE XS WK 5.3(@)) .
# IR ERR A (divide error) 4FRACHY . FR5° divide error’ SEfF & CIBEFE
# #r divide_error () 4widJa AL AR E 6 N I 24 8K °_do_divide error’ BAEUAE traps. ¢ Ho

19 divide error:

20 pushl § do_divide error # #5CHUKE 2L B EUHE KR . X BRSPS 4 0,
21 no_error_code: AL R B FR N L1, L IS 55 1725,
22 xchgl %eax, (%esp) # do divide error HjHhlik = eax, eax #HATHALL.
23 pushl %ebx

24 pushl %ecx

25 pushl %edx

26 pushl %edi

27 pushl %esi

28 pushl %ebp

29 push %ds #0116 M AF AR AR S S ] 4 AN
30 push %es

31 push %fs

32 pushl $0 # “error code” # FFHAEIG AR,

33 lea 44 (%esp), %edx # WU R B A HERFR ST A7, IR R A HERR .
34 pushl %edx

35 movl $0x10, %edx P RS B A

36 mov %dx, %ds

37 mov %dx, %es

38 mov %dx, %f’s # FAT BB K SRS RGN R B R, SRETRRE PC EOG.
39 call *%eax # A C K% do divide error().

40 addl $8, %esp # AEHERRFREN FBTE 0 A A ES £s ARAb.

41 pop %fs

42 pop %es

43 pop %ds

44 popl %ebp

45 popl %esi

46 popl %edi

47 popl %edx

48 popl %ecx

49 popl %ebx

50 popl %eax # 9 ESk eax TINE.

5l iret

52

# intl — debug PRT WA D A, SRR F.
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b3 debug:

61
62
63
64

65
66
67
68

# int2 — AEBFRCP WA

_nmi:

pushl $§ do int3
jmp no_error code

pushl $§ do nmi
jmp no_error code

# int3 — [d] debug.

_int3:

pushl $§ do int3
jmp no_error code

# do debug C RELIREI Atk. LLFIA,

#oint4 —— ¥ HAS AL ER A N 5

_overflow:

pushl $§ do overflow
jmp no_error code

#ints —— LS A H A N T T

_bounds:

pushl $§ do bounds
jmp no_error code

#int6 —— JCRERAEIR A AW D

73 _invalid op:

pushl $§ do invalid op
jmp no_error code

#int9 — WRACRE S BOE HHEE N T R

_coprocessor_segment overrun:

# intlb

pushl $ do coprocessor segment overrun

jmp no_error code

- fRE

_reserved:

pushl $§ do reserved
jmp no_error code

# int45 — (= 0x20 + 13 ) FZPhib#iZs (Coprocessor) KHBIH K.
# YL EE S AT 5 MR A K TRQLS ThIWHE 5, LA SN CPU R 1E5E i
85 _irql3:

pushl %eax
xorb %al, %al
outb %al, $0xFO

movb $0x20, %al
outb %al, $0x20
jmp 1f

jmp 1f

outb %al, $0xA0
popl %eax

# 80387 LEHAT LI, CPU &S5 RFILERAE I SE B
# IS 0xFO B [, ASHHIERE BR CPU ) BUSY SEZ:A5 5, JFHHT
# PG 80387 HUALHLAR YT JRELT K 5 Il PEREQ. 12484 1202 0 T fx
# FEARELINAT 80387 AEATHE 1l WA KT

#In) 8259 Er WIS A% BEOI (PR 55,
# OB e A G AR

# FFIn) 8259 M #z it B &2 EOT (FRIT45 a0 55 .
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95 jmp coprocessor error # coprocessor error JERIEASIAET, HLLE DA
# (kernel/system call.s, 131)

# LUN PR IRECE U I 2 R Dk 22 e A 5 T NHERR, DRI [ st 55 B A S o
#int8 — XM, CFHXBAVEH S X2 LK 5.3()) .
97 double fault:

98 pushl § do double fault # C R IEAHR .
99 error_code:
100 xchgl %eax, 4 (%esp) # error code <-> %eax, eax JFRMMEMIRAEIEHERR I,
101 xchgl %ebx, (%esp) # &function <-> %ebx, ebx JRKIMEWAFATLEERE .
102 pushl %ecx
103 pushl %edx
104 pushl %edi
105 pushl %esi
106 pushl %ebp
107 push %ds
108 push %es
109 push %fs
110 pushl %eax # error code BT AN
111 lea 44 (%esp), %eax # offset %%F?ﬂi[]ﬂﬁﬂt&tﬂftﬁ?E%fﬁi%iﬁif\tﬁo
112 pushl %eax
113 movl $0x10, %eax #CE N2 BOE AT
114 mov %ax, %ds
115 mov %ax, %es
116 mov %ax, %fs
117 call *%ebx # PHIAHN R C pdl, HBE DA
118 addl $8, %esp #ﬁ&%ﬁﬁ%%ﬁ&$mafsW§m&Eo
119 pop %fs
120 pop %es
121 pop %ds
122 popl %ebp
123 popl %esi
124 popl %edi
125 popl %edx
126 popl %ecx
127 popl %ebx
128 popl %eax
129 iret
130

# intl0 — TCRUMLSIRASEL (TSS) .

131 _invalid TSS:

132 pushl $§ do _invalid TSS
133 jmp error code

134

# intll — BANTRAE.

135 segment not_present:

136 pushl $§ do segment not present
137 jmp error code

138

# intl12 — HEFRBUAE

139 stack segment:
140 pushl $§ do stack segment
141 jmp error code
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# intl13 — AR A

143 general protection:

144 pushl $ do general protection

145 jmp error code

146
# int7 — WAAFLE ((device not available) 7F (kernel/system call. s, 148)
# intl4d — Ti45i% ( page fault)#f (mm/page. s, 14)
# intl6 — PpibFRZR4E 1R ( coprocessor error) fF (kernel/system call. s, 131)
# B int 0x20 ( timer interrupt) £F (kernel/system call. s, 176)
# A int 0x80 ( system call)fF (kernel/system call. s, 80)

543 HERER

5.4.3.1 Intel REFEEEHENX
LT Intel {55 v b7 ) B LA S SURIBET, W36 5-1 TR

#5-1 Intel REBRIFHESEX

T B HA 55 Wi

0 Devide error e SIGFPE AT B LR IR I = A

1 Debug FrapIE SIGTRAP MEAT R O IR AR, W T AR A AT AR
e e eflags [ T bRy = A X Ao

2 nmi fifi AN R B g TP BT NMD 77 4

3 Breakpoint Rk SIGTRAP i 5384 int3 P74, 5 debug AFRAHE] .

4 Overflow FEpF SIGSEGV | eflags Fi%i Hiksik OF 51iL.

5 Bounds check Al i SIGSEGY | k3 Rk LA 5.

6 Invalid Opcode e s SIGILL CPU AT I R I — TIOR8 2 B AD

7 Device not available Al i SIGSEGV | WAMNAETE, FRUMEELZS . EMFE DL T 4%

il (a) CPU B E|— AN R4 ) H EM B AL . 78
X B0 A B P N A A 5 3 I e 4
(b)MP 1 TS HAE & ADRAS T, CPU & H] WAIT Bi—
AR . fEXBMEGLT, AL BLREFLE L6 BN Y 1%
FEB AL R A PR A o

8 Double fault Sl | SIGSEGV | XUk 4
9 Coprocessor segment Sk SIGFPE P AL 25 B H .
overrun
10 Invalid TSS i s SIGSEGV | CPU I i TSS Ak
11 Segment not present = SIGBUS WA T TR [ BN AL
12 Stack segment = STIGBUS HEAR BEANAAAE B S 1l MEAR B
13 General protection el SIGSEGV | BHFFA 80386 LRy ML CRALZD MHRIETI.
14 Page fault i SIGSEGV | TUATENfF.
15 Reserved
16 Coprocessor error itk i SIGFPE PrabBEES R F R AR S e R .
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5.5 traps.c 12/F

5.5.1 ThgeHEA

traps.c Fify AL LUAEAL B H b CREPErR I 1OIRJZAXRS asm.s Al FHIOARRY. C p& %,
TR A B AT A S AR UG B He i dieQam H s 2O TAE T WAL B WO TR AR (E R, 1
AR5 i IR AR A PR L trap_init ()& 7ERTIH init/main.c TRER A, HTREAF 2 A B i i CREBET DD
fRnhatt, JFECE S VFTH R SRR ERRARP N T 22 % asm.s F2)7.

5.5.2 K%

#2F 5-3 linux/kernel/traps.c

1 /*

2 * linux/kernel/traps.c

3 #

4 * (C) 1991 Linus Torvalds

5 #*

6

T /%

8 # ’Traps.c’ handles hardware traps and faults after we have saved some

9 #* state in 'asm. s5’. Currently mostly a debugging-aid, will be extended
10 # to mainly kill the offending process (probably by giving it a signal,
11 # put possibly by killing it outright if necessary).
12 #/

/%

* AR asm. s HORAE T 2R IG, AR R A ELAEFFBE RS . H AT 2220 T ul H 1,
s LUSRH AR JEEA AR (FEREE AL — M5 T, (HaR R EW S HER) .
*/

13 #include <string.h> /)RR FEE ST B AT R R R N BRI AL

14

15 #include <linux/head.h> // head 33, & T BARFTI I ELEGHE, LA IERERTH & .

16 #include <linux/sched.h> // WEEREFLICAT, & L TAES45H task struct. MRS 0 %,

/] A TR T S HORE SR i N\ 2 G R O TR

17 #include <linux/kernel.h> // WHZKICHF. &4 LM% H BB J5UE & L.

18 #include <asm/system.h> // RGEKICAF. € T BCE BB SR AT/ mh 1A I ON TG 2
19 #include <asm/segment.h> // BUEAELRICMF. 58 T A RBEAF AR de AR AR AR 20 G R 2

20 #include <asm/io.h> [/ BN/ SO o U S N/ R I e T

21

// UL A e LT MR gn 28 ) e 4. A RN I G (M SE A TRV WA 3R 5 82 DL I % .
// BB seg Wk addr 4L —ANFAY .
// RS SHEAAENAEER GEds 5 hiEa) nf UAE N RIEAMEH, Hrh&am) res 2B E.
22 #define get seg byte(seg, addr) ({ \
23 register char _ res; \
24 asm_ (“push %%fs;mov %%ax, %%Ls movb %%Ls:%2, %%al pop %%Lfs” \
25 =a” (_res):”” (seg), ‘m” (x(addr))); \
26 res;})
27
// BB seg WAl addr AL — AT (4 FT5) .
28 #define get seg long(seg, addr) ({ \
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29 register unsigned long  res; \

30 asm_ (“push %%fs;mov %%ax, %%fs;movi %%fs:%2, %%eax; pop %%fs” \
31 :7=a” (__res):”” (seg), ‘m” (x(addr))); \

32 res;})

// B fs BEAAAras A GERERD) o
34 #define _fs(O ({ \
35 register unsigned short res; \
36 asm_ (“mov %%fs, %%ax”: "=a” (__res):); \

37 _res;})
38
/) VLR SCT ek A U
39 int do_exit(long code) ; // TR H b, (kernel/exit. ¢, 102)
40
41 void page exception(void) ; // VIR . SEPRiE page fault (mm/page. s, 14)
42
// PUR N T —Lerh Wi Ab PR P R Y, ARIDEE (kernel/asm. s BY system call.s) i,
43 void divide error (void) ; // int0 (kernel/asm. s, 19) .
44 void debug (void) ; // intl (kernel/asm. s, 53) .
45 void nmi (void); // int2 (kernel/asm. s, 57) .
46 void int3(void); // int3 (kernel/asm. s, 61) .
47 void overflow(void) ; // int4 (kernel/asm. s, 65) .
48 void bounds (void) ; // inth (kernel/asm. s, 69) .
49 void invalid op(void); // int6 (kernel/asm. s, 73) .
50 void device not available (void) ; // int7 (kernel/system call.s, 148),
51 void double fault (void); // int8 (kernel/asm. s, 97) .
52 void coprocessor segment overrun(void) ; // int9 (kernel/asm.s, 77) o
53 void invalid TSS(void) ; // int1l0 (kernel/asm.s, 131),
54 void segment not present(void); // intll (kernel/asm.s, 135).
55 void stack segment (void); // int12 (kernel/asm.s, 139) .
56 void general protection(void); // int13 (kernel/asm.s, 143),
57 void page fault (void) ; // intl4 (mm/page. s, 14) .
58 void coprocessor_error (void) ; // intl6 (kernel/system call.s, 131).
59 void reserved(void) ; // intl15 (kernel/asm.s, 81) .
60 void parallel interrupt(void); // int39 (kernel/system call.s, 280) .
61 void irql3(void); // int45 PpabEREs AP (kernel/asm. s, 85) o
62

/) G TR HRATEN A rh I 2 FR . VS AHIFEP I EIP. EFLAGS. ESP. fs BAFfEae{.
/) B bl B R, RS pidy fT45 5. 10 FHIR A . T HER LS T B B, ik
// FTEN 16 AT N 25 .

63 static void die(char * str, long esp ptr, long nr)

64 {

65 long * esp = (long %) esp ptr;

66 int i;

67

68 printk ( "%s. %04x\n\r”, str, nr&0xfffr) ;

69 printk ("EIP: \t%04x - %p \nEFLAGS : | t %p \nESP: | t%04x : %p\n”,
70 esp[1], espl0], esp[2], esp[4], esp[3]);

71 printk( “7s: %04x\n”, _£s());

72 printk (“base: %p, limit: %pl\n”, get base(current->1dt[1]), get 1imit (0x17));
73 if (espl4] == 0x17) {

74 printk ( “Stack: 7);

75 for (i=0;i<4;i++)
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76 printk(“%p 7, get seg long(0x17, i+(long *)esp[3]));
77 printk (”“\n7) ;

78 }

79 str(i);

80 printk ("Pid: %d process nr: %d\n\r’, current—>pid, Oxffff & i);

81 for(i=0;1i<10;i++)

82 printk ("%02x 7, 0xff & get seg byte(esp[1], (i+(char *)esp[0])));
83 printk (“|n|r?);

84 do exit(11); /% play segment exception */

85 }

86

// LA IZXEERL do 13k 1A BRI R0 X6 I 44 Bk v IR A BEFR P 1R FH 1 C eREL
87 void do_double fault(long esp, long error code)
88 {
89 die(“double fault”, esp, error code) ;
90 }
91
92 void do_general protection(long esp, long error code)
93 {
94 die(“general protection”, esp, error code) ;
95 }
96
97 void do_divide error(long esp, long error code)
98 {

99 die(“divide error’, esp, error code);

100 }

101

102 void do_int3(long * esp, long error code,

103 long fs, long es, long ds,

104 long ebp, long esi, long edi,

105 long edx, long ecx, long ebx, long eax)

106 {

107 int tr;

108

109 asm_ (7str %%ax”: "=a” (tr): 77 0)); // BAFESH AR EDtr.
110 printk (“eax|t\tebx |t \tecx\t\tedx\n\r¥Sx\t%8x\ t%8x\t%8x\n\r”,
111 eax, ebx, ecx, edx) ;

112 printk (“esi|t\tedi |t \tebp\t\tesp\n\r¥Sx\t%8x\ t%8x\t%8x\n\r”,
113 esi, edi, ebp, (long) esp);

114 printk (“\n\rds\tes\tLs\ttr\n\r¥dx\ t%dx\ th4x\ t%4x\n\r”,

115 ds, es, fs, tr) ;

116 printk ("EIP: %8x  CS: %4x EFLAGS: %8x\n\r”, esp[0], esp[1], esp[2]);
17}

118

119 void do_nmi (long esp, long error code)

120 {

121 die(“nmi”, esp, error_code) ;

122 }

123

124 void do_debug(long esp, long error_ code)

125 {

126 die (“debug’, esp, error_code) ;

127 }
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void

void

void

do

do

overflow(long esp, long error code)

die(“overflow”, esp, error code) ;

bounds (long esp, long error code)

die ("hounds’, esp, error code) ;

do_invalid op(long esp, long error code)

do

die(“invalid operand”, esp, error code) ;

device not available(long esp, long error code)

do

die(“device not available’, esp, error code) ;

coprocessor_segment overrun(long esp, long error code)

do

do

. Y 7”7
die(“coprocessor segment overrun’,esp, error code) ;

invalid TSS(long esp, long error code)

die(“invalid 7SS’ esp, error code) ;

segment not present (long esp, long error code)

do

die(“segment not present’, esp, error code) ;

stack segment (long esp, long error code)

do

die(“stack segment”, esp, error code) ;

coprocessor error (long esp, long error code)

do

if (last task used math != current)
return;
die (“coprocessor error’, esp, error_code) ;

reserved (long esp, long error code)

die (“reserved (15, 17-47) error’, esp, error_code) ;
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// NGRS E (BEHD HWREEPIG 7R . WE SRR R .
// set trap gate() 5 set system gate () [ ZEX HILE T H W E FRALH N 0, Ja& 2t 3. Kk
// Wi FEBER I int3. ¥ H I over £ low A At 4 47 W bounds A BA HATAR AR 772 2k
/) XA BB S NI G B R (include/asm/system. h, 5 36 47+ 39 47) .
181 void trap init(void)

182 {

183 int i;

184

185 set_trap gate(0,&divide error); // WEBRGAEHERPEIREME. LFER.
186 set trap gate (1, &debug) ;

187 set_trap gate (2, &nmi) ;

188 set system gate (3, &int3) ; /% int3-5 can be called from all %/
189 set system gate (4, &overflow) ;

190 set system gate (5, &bounds) ;

191 set trap gate (6, &invalid op);

192 set trap gate(7,&device not available);

193 set trap gate (8, &double fault);

194 set trap gate (9, &coprocessor segment overrun) ;

195 set trap gate (10, &invalid TSS) ;

196 set trap gate(ll, &segment not present);

197 set trap gate (12, &stack segment) ;

198 set trap gate (13, &general protection);

199 set trap gate (14, &page fault);

200 set trap gate (15, &reserved) ;

201 set trap gate (16, &coprocessor error) ;

// N int17-48 (BB 1564 E N reserved, LG RFAMEEWIMA1L N 2 FF S A CHREBE T
202 for (i=17;i<48;i++)

203 set trap gate(i, &reserved);

204 set _trap gate (45, &irql3) ; // WEPME AR EIBEBET T

205 outb p(inb p(0x21)&0xfb, 0x21) ; // FoVFAE 8259A 5 F I TRQ2 KT K
206 outb (inb_p (0xA1) &0xdf, 0xAl) ; // FEVFAN 8259A W I TRQL3 i K
207 set_trap gate(39, &parallel interrupt); // W&EIFTHHIKEBET.

208 }

209

55.3 ;ilt; FJILA
5.5.3.1 IR ANCHEBIELRIER

AT R IRAE W AR e TP il 31 C 1 5 P IR A SIE gAY o th T IRATER 1 C 8 S P

G R R A S FR AN I G RE T 0, PRI LA 0 B JL AR QAT T B IR, PR )

YL Z ML GNU gee THHH[5]45 4 %A %% (Extensions to the C Language Family), B 22% #k[20]
(Using Inline Assembly with gcc).

LA N S BRI G (1 FE AR 208 -
asm(“JgwiEa)”
 HH A A

PN e
DSBS T A );
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Forp, “ILGIER)” RAREILG TR A A R I BUR AL AT S, kL
WA T AE TR A . g, XEERALER RIS N C 1R F RIS B AL “ N BT A
a7 BORETHR A TIC ARSI, X HLRRE ) L2 A s o N TR B ANEL, e AT IR 0% N — C 722
AU N IBA T 7 AR AT G A (KA %

FATAE TSI T T AR AR 22 4TI AG 10— BUREE AR 0] R PR U, D4 T REE T 2B T TR X
B AT T OB HEA 2 5

01 #define get_seg_byte(seg,addr) \
02 ({\

03 register char __res; \

04  asm__ ("push %%fs; \

05 mov %%ax,%%fs; \
06 movb %%fs:%2,%%al; \
07 pop %%fs" \

08 M=a" (__res) \

09 ™ (seg),"m” (*(addr))); \
10 _res;})

XBE 10 474 5 T — AN NI G 1 5 2 R S T8 A FC g i A d5c s (8 16 s IR AT s — A
ZW. FRFESFRAEMAATER) GEiG S PriEa) nTUEARESER, HhEamaE_ res (55 10
1) AzKIA A P4 AE .

Rk R B m), TR —A7 b S, DRt B RORMT \ R X B A 3 il —AT o X 4R 0 XK
B3 7 ARRAERE R 5 L Iy o 55 1 AT 8 ST 22 M A4, LRI 22 s B4 FR get_seg_byte(seg,addr).
W 3ATEX T ANFAEMNAE res. 447 EN__asm_ KR IRANILGE AT . IS 4 47 RIS 7 4T
1) 4 % AT&T X I gmit ) o

55 8 ATHI 2 T A As, XA SURLEIX BARIEIE AT 45 R K eax IR 25 A7 2% E TN __res
A, AR RE R HAE, =atrh O A, =R ORI R R A AR . S 9 AT ROREIX B
FISFFURISATIN Bt seq I E] eax ZFAras T, "Rl 5 F 1l [RIAN A7 B R HAH [F] (1) 27 A2 4% o 1 (*(addr))
E S i WP 2 (T 748 [ S O A (T M 2 XTI R PR N3 | [ 1 AN I Y 0 A 5 WA A 1 AN €2
BRI T ST, T 2 i R 25 A7 28 7 90 e B4 N 2R BL"%0" TF4R, 233 %0, %1 ...%9.
DRI, i Hh TR AE A I 5 /2 %0 GX B — MR 7288, BN AT Aras il — 2 (™ (seq)) 14 5 & %1,
MG 38 140 5 2 %2. L2 6 17 L 11%2 B4R (*(addr))iX A~ N A7 S i

IMAEFRAT RIS 4—T7 AT B IIPER . S0k fs BEAFAEa N AAAR: 58 A0 eax B
EIRES fs BLaifras: B =R fs:(*(addn) i 2 -1 BON al TFA7as e MPAT 58I gniBf G,
FATAE eax MBI __res, 1ERZZ2pR% (RERIFRIEAD HREHE. RIFEH, 2?2

I B, FAEE, ZAFR seg K —HRE M AAEBAE, 1T addr £7s— N A- W Hidik &
BIIAE R IE, BRAINZARE R BRI ThRE T %22 AU ThRE S T a2 BEFImFE (ELI1) N A7tk Ak
A,

iR A7

01 asm("cld\n\t"
02 "rep\n\t”
03 "stol"
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04 IR A AR X
05 : "c"(count-1), "a"(fill_value), "D"(dest)
06 : "%ecx", "%edi");

1-3 47X = Al M gniEf, ALEE T AL, EEAAAE. 5B 4 T U BRI GfE T 3A
MRV 548 565 SATHIR U2 # count-1 IREDINARE] ecx T frdsth CngfRag 2 e, fill_value i
% F) eax 1, dest K F| edi o KA ZLL gee i ERE T B MOXAE I AT AR E N, A LERRATT A S
We? DAI2h gec 76 & AT Z A7 A o FL i ] AT SR8 iqb T4 . B fill_value i v] B8 V& 1E eax 1o WK
SEAE—MEFEA) TS, gee M RELEREANMEINERAE TP IR eax, IXAFEE AT LAZERRRAEEA /D —A
movl i&A].

B Ja AT IAE F 5 F goe IXUEFAEas R I O T . IR BRIE? AN 7E gee ANTEIREEIX L Py
TER M A J5, XL RE X g IIILAIRAEA TS, 3K 5-2 P —Seknl e s BN 3 A28 gk
A SRR )2

= 5-2 BREFERMBNKEIRA

A0 1 ) A0 1 ]
a i HI 25 17 4% eax m 3 A A sk
b U5 4745 ebx 0 A5 F P A L I 0T LA i B8 (.
c U I 75 4745 ecx I i 1] #48 0-31
d U5 4745 edx J {8 ] % 4% 0-63
S fdH esi K s % %5 0-255
D {1 edi L e 1% %4 0-65535
q ﬁﬂ%dﬂ&ﬁﬁﬂ?*ﬁﬁ%‘»iﬁ:%ﬁ% v (138 0-3
(eax. ebx. ecx B¥ edx)
r AT R Bh A 7 B & A7 35 N i 1% (0-255)
A3 FH 8 FH A7 28 bk D vy "
g (eax. ebx. ecx. edx EANFFATH) © fHHH0-31
A 1§ 1] eax 55 edx BE& (64 1)

NG AR LR B CARE WA AR AE IR S A4, Mt ik goe A RIERE .

01 asm("leal (%1, %1, 4), %0"
: II:rll(y)
: IIOII(X));

IS
w IN

WA gmiE ) leal (rl, r2,4), r3 AR R rl+r2*4 S r3. XA LAAER S x Fe 5.
"%0","%1" &8 gcc H BTN AT A7 ds . IXHL WL R RHANME X BN T, "%0" R 8 %5 17
o W AR AT e BN TS . WU A AE AR I ARAD A O B AT, U WA FH S A R
—RERI AR BTLL, WS goc B r 55l eax A%, IS4 LTIV G i A S LRI«

"leal (eax,eax,4), eax"
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HE: EPATARREES, WERAREIL BRI gee PLALTa 7, SUFEZEAE asm 55 5 N
volatile S 7] :

asm volatile (...... );
B SRS A«

__asm___ volatile_ (...... );

AR AN, iR EEETSE, IS U IR AN AR R IEAR B T . X BHAR
i & A include/string.h SCAEHIRERE), /& strnemp() 74 £ LUES R B —FP szl . FHEE R, Hphd
A \n\eE T gee TG EERE 4 R AR I B TR E 1Y, & X5 C S AR

/)] FREE 1 SR 2 BIRT count AN FERFRMT IR .
/) BH: cs - FRE L, et - FRE 2, count - HURIIESGEL.
// %0 — eax(__res)iR[MME, %1 - edi(cs) & 1 541, %2 - esi(ct) H# 2 $8%F, %3 - ecx(count) .
/7 REL W1 > B2, WERE 1 B = 2, WERMI0; 1 < H 2, ERE-1.
extern inline int strncmp(const char * cs, const char * ct,int count)
{
register int  res ;
~asm__ (“cld\n”

// __res EEF AL E.
// G IT AL .

“1:\tdecl %3\n\t”

7js 2f\n\t”
“lodsb\n\t”
”scasb\n\t”

”jne 3f\n\t”

“testb %%al, %%al\n\t”
”jne 1b\n”

72:\txorl %%eax, %%eax\n\t”

”jmp 4f\n”

73:\tmovl $1, %%eax\n\t”
731 4f\n\t”

"negl %%eax\n”

// count——,

// TR count<0, N ETELEE BFRS 2.

// WE 2 BIF4T ds: [esi]=»al, JfFH esit+ts

[/ W al 58 1 7R es: [edi], FHH edit+,
/) GSRAHEE, W A AT EREE B bR 3.

/) EFFF A NULL /5 ?

/) A, WS Bk BIbR S 1, dRERHEE.

// & NULL FFF, W eax iHE CGRMMED

// TR HTEkEE BbR T 4, S5

// eax H& 1.

// SSRETI LR R 2 AAFCGE 2 AR, R 1, g5,
// W eax = —eax, R[FIF{HE, 4.

g
e (res) D (es),”S” (ev),”¢” (count):”si”, di”. "ex”) :
// RECALEE R

return  res;

}

5.6 system_call.s 12

5.6.1 ThEEHEIA

AR B SEHLZR S FH (system_call) 11K int 0x80 fI A 1 Ak B2 LA K2 A5 -S540 I b 3 C AR AT 55 80
TR, [ H TN REIIRENR)JZH D, 4394 sys_execve Fll sys fork. &% T Ab PR RESEAN
FI AR BEES IS (int 16) WA AEAE(INtT) B BT (int32) . A4 rp W7 (int46) . A I (int38) 14 v 7 Ak
PR

XFF- W (system_call. coprocessor_error. device_not_available), AbFIFEREA [ AL ¥ 4 Ay i HAH
I C RS PR AR NE S, # LSRR, SRS C BT HHIN DI RE AL BE, AL BH IR M) f5 1T
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ZRIMUHAT A5 S, SHE SN —AME S AT B R A S - R G 5. REAM C
TS A BB ATAEEEA linux IARZARES R, 1 include/linux/sys.h Sk S0 ) 2R 45 ek B 5 4 Sid] kT
i .

X AR R I SRS S IRQ AR A W, FEARBERLRR 15 56 A2 1) rR I Fr 8250A ik 45 i fififf
Wil 745 EOL, SRS TR AN C pREALBERE R o X1 I b R 0] 24 i A1 55 A 5 0 Jel e AT A6
HILGEZER

X2 G (int Ox80) I I b B R, TR EF A — N LR REUR T DI fE
(10 Ak PRI | AR I R HIAH K C e80T IR BB ) “Bottom half” pd %7 .

EAFEFAERIEARS, B eax IR S &G (g e el , RE RS HEI
FArAs. Linux WAZBRIAIE dses FHTWAZEREL, i fs FHTH 8l B, Bt — A bk Bt
(sys_call_table) V{FHAHN RGN C si%h. 7E C REURIFE, /47 (push) T A IRIFME.

BTk, ST AERPATAVH R RE . Wi b LI C R B H A s e W il i R RE 1

REMPATEA R T H R, 8 i Pt i 24 M 58 (counter==0) , I FH 2L F2 1 5 0 5L schedule()

(jmp _schedule) . HIF7EFAT"jmp _schedule" 1y L4 3R [l ret_from_sys call A%, KIMAEHAT
5 schedule() )5 fix & 23R [B] 3] ret_from_sys_call Ab4k S0 47 .

M ret_from_sys_call kx5 AbTFAAIIARISHAT — L R G 15 A0 3 T4 = 2R i iR 2 A5 2
WILAHERE O h B R R G, iR IA] . 75 D) R AR 4 A QA Bl 255 A0 T P 1 3 e R i )8 P
KRG R SNl Re, AR W R AR (Pl naadifs O s, W7
Z) 550 HE R P9 2538 R GETR T TR T . A ) — B AR F R AL R RS RHBERE (S 5. bR 45 R
55 EER XA I EE S, WG 5 A2 %4 do_signal().

I ARE PR ORAT (K75 A 4 A 75 R H e A BRI R O3 [P TR o AT A5 5 I 2 B 2 IR
(] SRR AR 5 AR BERR B AT, AR IR[FIRF system_call RIS o

A G A PR (R BRI 5-4 BT o
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RGP WA (eax=1 H*5)
ebx, ecx, edx A I FH &%

4

HAE A  Rax= |

ds, es 8 1M W IZARHE B
s i M) R &R0 B CFH - £5di)

WX R C AR BRI K

R

«—
Y

P H schedule () '

R 0 AR A7 Bl B R 17
NMESE, W do signal ()

N i
Hr TR (]

5-4 BRI UM AEE

5.6.2 X5

#2]F 5-4 linux/kernel/system_call.s

1 /*

2 % linux/kernel/system call.s

3k

4 * (C) 1991 Linus Torvalds

5 %/

6

T /%

8 * system call.s contains the system—call low—level handling routines
9 * This also contains the timer—interrupt handler, as some of the code is
10 * the same. The hd- and flopppy—interrupts are also here

11 *

12 * NOTE: This code handles signal-recognition, which happens every time
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—
w

I lx 1515 |5 1= |

[\
o

DO DO DD DN DO DO DO |
SRR R g I R

281

48
49
50
51
52

* unnecessarily.

*

*

* 0 (%esp)

* 4 (%esp)

* 8 (%esp)

* C (%esp)

* 10 (%esp)

* 14 (%esp)

* 18 (%esp)

* 1C (%esp)

* 20 (%esp)

* 24 (%esp)

* 28 (%esp)

* 2C (%esp)

*/

/%

*

*

*

*

*

*

*

*/

SIG CHLD =

EAX =

EBX =

ECX =

EDX =

FS =

ES =
41 DS =

EIP =

CS =

EFLAGS

OLDESP

OLDSS =

state =0

counter = 4

* after a timer—interrupt and after each system call. Ordinary interrupts
* don’ t handle signal-recognition, as that would clutter them up totally

* Stack layout in 'ret from system call’ :

%eax
%ebx
%ecx
%edx
%f's
%es
%ds
%eip
%cs

%eflags
%oldesp
%oldss

17

0x00
0x04
0x08
0x0C
0x10
0x14
0x18
0x1C
0x20

= 0x24
= 0x28

0x2C

system_call. s AP RGP (system—call) BJZALFL 7 REF. T4 L4405 ELEREL, PTLL
[ Pt AL 3 I P AR P (timer—interrupt) AR . AE AL MIARAE 0 T W A B -t 7E X L

W EXBAUSALEE 5 (signal) YU, FEREKI Bie WrR R g 1 2 im0 . —
T 5 IFAEBEAS S 00, DRh 2 45 R et R AL -

MARGIHHIRF C ret from system call’ ) BfHEFHIN AN FI 19-30 475

# € X SIG CHLD {55 (FEbREFIEEEE )

#OHER R S AT AR K RS AL

B AR

# DL NIRRT 458 (task_struct) PR EMMFE(E, Z MW include/linux/sched. h, 77 A7IFUf.

priority = 8
signal = 12
sigaction = 16

blocked = (33%16)

# these are offsets into the task—struct. # FFFEIREM

# LS IsAT I AR Gt o) G0, 1BATI e

// BATISE . AR5 IFURIZATIN counter=priority, ERANEATIN AR,
/] AT T, AR AR MY, G5 E= I mEE 1,

# MUST be 16 (=len of sigaction) // sigaction Z5MJKJE AL 16 75,
/) AR S PAT B E S MBI FE AR, X N 5 BT B E R bR A B
/] B2 P ZEAE 5 E S i
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94
95
96

# LAUF 3 XAE sigaction G5 WAL &, 2L include/signal.h, 5 48 17 LA,
# offsets within sigaction
sa handler = 0 [/ G T A R (R .
sa mask = 4 // G5 wE B
sa flags = 8 /] G54
sa_restorer = 12 // WREREEREN, 2 kernel/signal. c.
61 nr_system calls = 72  # Linux 0. 11 RN I RS H B 5.
/%
* Ok, I get parallel printer interrupts while using the floppy for some
* strange reason. Urgel. Now I just ignore them.
*/
/%
* 4f 7, AR AIKIN TR R T IATATEIAL I, AR w R W, BIAEAEE.
*/
#oE LN
.globl system call, sys fork, timer interrupt, sys execve
.globl hd interrupt, floppy interrupt, parallel interrupt
.globl device not available, coprocessor error
# HIRMRE WS,
.align 2 # NAF 4 7055
bad sys call:
movl $-1, %eax # eax HE-1, BHIH K.
iret
8 EHPATIRERERAD. HEREF schedule 7F (kernel/sched. ¢, 104) .
.align 2
reschedule:
pushl $ret from sys call # ¥ ret from sys call Rl AFE (101 47) &
jmp _schedule
#te int 0x80 ——linux RGNS G int 0x80, eax HZIH*T) .
79 .align 2
_system call:
cmpl $nr system calls—1,%eax # V5 HABHJEHE IR ELTE eax T E-1 B H.
ja bad sys call
push %ds # ORAT IR B P AT A
push %es
push %fs
pushl %edx # ebx, ecx, edx "HCH RGEW AN K C 155 R &R 240
pushl %ecx # push %ebx, %ecx, %edx as parameters
pushl %ebx # to the system call
mov]l $0x10, %edx # set up ds, es to kernel space
mov %dx, %ds # ds, es $5 10 WA R B (4 R AR 7 2 h B0 B R IR AT
mov %dx, %es
movl $0x17, %edx # fs points to local data space
mov %dx, %fs # s 4 n) Ja A Be (R AR I8 77 2 vh el B IA R -
# X AERER S U JHHHE = sys call table + %eax * 4. ZWAHIE G VLA,
# XFV ) C FEEH ) sys call table 7F include/linux/sys. h tf, Hre X T —AMuds 72 4
# RV C AR R B k£ 2 3%
call sys call table(, %eax, 4)
pushl %eax # ARG IR EHEA .
movl current, %eax # BUYETES (R 4kl eax.
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# I 97-100 4T &G LTS IS IR . WERATEMLIRG (state AT 0) AT LR -
# WHRZAT S A 4 RES, (HICR ) C 58 (counter=0) , MR ZePhAT I BERET

cmpl $0, state (%eax) # state

jne reschedule

cmpl $0, counter (%eax) # counter

je reschedule
# DU FXBACHHAT ARG C smBORIAS, A S =T SUN AR B .
ret from sys call:
# RN Y RAT S R R AIURESS task0, 4l 5E WA 6 Hlb AT 5 5 07 A, BRI,
# 103 1T LM _task XN C REFFHR I task [ 504, BHE5IH task 424 F 514 task[0].

movl _current, %eax # task[0] cannot have signals
cmpl  task, %eax
je 3f # [A)FT (forward) BEAERHR 5 3.

s DR AR AR R R 2R T R R R TS (BT 1 . LR

# OB AN TR AR T TS S R A AC T . I R AT A A T AR Bk
# fF 0x000f (RPL=3, JmiBa&, 2 1 MNBLURAZED ), a0 A E MBkEL 8 b Wi ke 7

cmpw $0x0f, CS (%esp) # was old code segment supervisor ?
106 jne 3f
# WIREHERRBOE R FTA N 0x17 (BRI R MEARANTE F i BerbD) . BB H .
cmpw $0x17, OLDSS (%esp) # was stack segment = 0x17 ?
jne 3f

O # FXEAC (109-120) (0 1 SO RS 25 R 0 SR (32 B, R AREE 1 RME ),

—
©

—_
—
(e}

—_
—_
—_

[
—
[\

—
—
w

—
—
S

—
—
(@]

—
—
[op}

—
—
-3

—_
—
co

—
—
©

—_
[\
o

—_
[N
—_

—_
Do
Do

—
[N}
w

—
(IS

—
[N}
(@a]

—
(o))

—_
[N)
3

—_
[\]
co

—
©

—
w
o

—
wW
—

[
)

—
w

# RIGHATS P IaE S IHEE (BElO 19, FHEEAN RV S0, BUSBUE /NG 5E, Fit
# RS AL E A ZAE SR N B AL CE 0D, BJERfE S EE NS E . — I do signal ().
# do signal )7 (kernel/signal.c,82) W, HSH 4 13 PAKKER.
movl signal (%eax), %ebx # HUE 547 K >ebx, 1RARE 1L FES, 32 ME5,
mov] blocked (%eax), %ecx # BPHZE (BHD F9hME=Pecx.
notl %ecx # R
andl %ebx, %ecx BN CRAIN O EREE VA
bsfl %ecx, %ecx MEAL (67 0) JFRHFHIE, HRATA 1 A,
i, W ecx PR PIMWMAAE (RIZEJLAL 0-31) &
WERE A 5 W ATk R .
BAZfGS (ebx AR signal 7K
HOH R AT signal A7 KI5 B current—>signal.
RSN 1 ITA R (1-32) .
{5 5 ENFRAE NV do_signal HIZHZ —.
W C R 5 M EEFE T (kernel /signal. ¢, 82)
A S AE

je 3f
btrl %ecx, %ebx
movl %ebx, signal (%eax)
incl %ecx
pushl %ecx
call do signal
popl %eax
3: popl %eax
popl %ebx
popl %ecx
popl %edx
pop %fs
pop %es
pop %ds
iret

H OH H H=* H H = H

B intl6 — N IIXBACHI AR BB A Rt B A 5 o BT C BR%L math error ()
# (kernel/math/math emulate. c, 82), R[HIGHBEFEF| ret from sys call AbZkEHAT .
.align 2
 COProcessor error:

push %ds

push %es
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,_.
w
~

—
w
(@)}

—
w
»

—
w
3

—
w
[o¢)

—
w
©

—_
S
[e)

—
(IS
—

—
(IS
Do

—
(IS
wW

—
(IS
(IS

—
(IS
1

—
(I
»

147

—
-3

—_
S
o

149
150
151
152
153

,_.
ol
,.J;

—
o1
(@)}

—
a1
»

—
1l
S

—
1
(o0

—
(@)
©

el el
o O[O
N =[O

—
o
w

push %fs

pushl %edx

pushl %ecx

pushl %ebx

pushl %eax

movl $0x10, %eax # ds, es B AR IR WAZEHE B .

mov %ax, %ds

mov %ax, %es

movl $0x17, %eax # s BN REEER GRERE P IEERBD
mov %ax, %fs

pushl $ret from sys call  # 0 FVEH IR P HbE AR

jmp math_error # HAT C % math_error () (kernel/math/math _emulate. c, 37)

gt int7 — WRANTELEB B2 ATELE (Coprocessor not available)
# W R 2T A7 4% CRO (1) EM RGBT, WY CPU $hAT—A ESC ¥ ARSIt & 51 K% W, IXAE
# 1] LA LS LA W Ab BERR PR ESC % L FR 4 (169 1T)
# CRO [#) TS FRii S 7E CPU AT AT-55 5 # N ¢  1) o TS 1T LISkt 2 A1 4 I g Wb B 2SR i g 28 (B R 30)
# 5 CPU IEAEPATIAESS ANULIL 1o 24 CPU fEisAT — M AR RN TS BAL T, a1 R W
# UL RN %K S HAT 45 B BB A TIR S (165 17) o 2L (kernel/sched. ¢, 77) H U .
# %W TS BIAR S ret from sys call AT T2 CRIINFFAAFIES)
.align 2
_device not_available:

push %ds

push %es

push %fs

pushl %edx

pushl %ecx

pushl %ebx

pushl %eax

movl $0x10, %eax # ds, es B AR ANZEINE.

mov %ax, %ds

mov %ax, %es

mov] $0x17, %eax # s B NIRRT EIRE (HEERFREED
mov %ax, %fs
pushl $ret from sys call  # & R SR KR BIHHE AR o
clts # clear TS so that we can use math
movl %cr0, %eax
test]l $0x4, %eax # EM (math emulation bit)
# WSS EM SR R, P SHT 55 U A B IR ES
je math state restore # 4T C K% math state restore() (kernel/sched. c, 77) .

pushl %ebp

pushl %esi

pushl %edi

call math emulate # A C % math emulate (kernel/math/math emulate. c, 18).
popl %edi

popl %esi

popl %ebp

ret # XHE ret %8k 3] ret from sys call (101 47)

gt int32 — (int 0x20) WP KTACEERE Y . W AR P 3 100Hz (include/1inux/sched. h, 5),
# SEN T 8253/8254 4 7F (kernel/sched. ¢, 406) AbHIEEALIF . TRIIX L jiffies B 10 20N 1.
#OXBARD G jiffies B 1, RIBLEERPWIHEL 8259 Fihilas, ARG FH Lk Ak 50/

# CpR%L do_timer (long CPL) o 4 FH IR RIS % ZAG I IF AL HAE 5 o
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—
-~
()]

—
-3
»

—
-2
-3

—
-3
co

—
-3
el

[
o
o

— =
o |0
Do |—

195
196
197
198

199
200
201
202
203
204
205

207
208
209
210

[\

[\
el

Do
—_
—_

212

Do
—_
w

[\
—
S

(N}
—_
(@]

\)
—_
»

)
—
-

N}
—_
[0¢)

")
—
©

.align 2

_timer_interrupt:
push %ds # save ds, es and put kernel data space
push %es # into them. %fs is used by system call
push %fs
pushl %edx # we save %eax, %ecx, %edx as gcc doesn’ t
pushl %ecx # save those across function calls. %ebx
pushl %ebx # is saved as we use that in ret sys call
pushl %eax
movl $0x10, %eax # ds, es B MNIE N N EIEEL .

mov %ax, %ds
mov %ax, %es
movl $0x17, %eax # fs BATRIRMEIR B G EIEED .

mov %ax, %fs

incl jiffies

# TR W S A SR B3 0T, A LAIX B 72 38 A 45 % i v i o
movb $0x20, %al # EOI to interrupt controller #1
outb %al, $0x20 # ERAEAT 4 0CW2 26 0x20 4 H .

# NI 3 AR FERT IR AR (0 51 3) I A HMERR, 1Ey do_timer IZHL.

mov] CS (%esp), %eax
andl $3, %eax # %eax is CPL (0 or 3, O=supervisor)
pushl %eax
# do_timer (CPL) BATAES5 V). TFI 45 T4, 7F kernel/shched. ¢, 305 17553,
call do timer # “do timer (long CPL)’ does everything from
addl $4, %esp # task switching to accounting ..

jmp ret from sys call

#t X2 sys_execve O RGP o B W R 7 AR FREH1E D S HOMH C B4k do_execve () s
# do execve ) fF (fs/exec. c, 182) .
.align 2
_Sys execve:
lea EIP (%esp), %eax
pushl %eax
call do execve
addl $4, %esp # LI IS KR EIP 15

ret

gt sys fork O M, HT O TR, 2 system call ThEE 2. JRIEAE include/linux/sys. h H.
# HSLUHHA C 3L find empty process (), MG —ANHERES pide IR 167 B0 BH H AL 55204
# Ciic ARJSTRH copy process () S HlERE
.align 2
_sys_fork:
call find empty process # Y4H find empty process() (kernel/fork. c, 135) .
testl %eax, %eax
js 1f
push %gs
pushl %esi
pushl %edi
pushl %ebp

pushl %eax
call copy process # W C #R%L copy process() (kernel/fork. c, 68) o
addl $20, %esp # X HE T AR A

1: ret
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220
#A#E int 46 — (int Ox2E) EAFH WrABRL, mi S A8 4F h Ikrig sk TRQ14.
# YRR e B A S A b B E S . (B0 kernel/blk_drv/hd. c) .
# T 5E M 8259A HH WA Il NS A% 4 R A AR i i 4 (EOT) » AR5 B & do_hd IR EUFR BTN edx
# Zifrasd, JFEE do hd Ky NULL, 35 HIWT edx BREFRE &R A W AAS, W4 edx RAEFR M
# unexpected hd interrupt (), HT B axHEE. 5 82594 FiS ik EOI $54, FERHA edx
# FREM8 M BIRE: read intr (). write intr () B{ unexpected hd interrupt().

221 _hd interrupt:

222 pushl %eax

223 pushl %ecx

224 pushl %edx

225 push %ds

226 push %es

227 push %fs

228 movl $0x10, %eax # ds, es BN NZEIREL .
229 mov %ax, %ds

230 mov %ax, %es

231 movl $0x17, %eax # fs B4R I R8O B .
232 mov %ax, %fs

# TR W S IS SR B3 0T, A LAIX B 7 2 A 38 A 45 % i v i o
233 movb $0x20, %al

234 outb %al, $0xA0 # EOI to interrupt controller #1  # %M 8259A.
235 jmp 1f # give port chance to breathe
236 1: jmp 1f # GEMEH].
237 1: xorl %edx, %edx
238 xchgl do hd, %edx # do hd & h— e, Ba{E read intr () 5%
# write_intr O Uik, (kernel/blk drv/hd. c)
# JE edx A7 A HUFF do hd FREFAE & E A NULL.,
239 test]l %edx, %edx # W R AR AT 2 154 Nulle
240 jne 1f # 5=, W48 C PR%L unexpected hd interrupt ().
241 movl § unexpected hd interrupt, %edx # (kernel/blk drv/hdc, 237).
242 1: outb %al, $0x20 # 3% 8259A R HI % FOT 454 (45t rEhikr)
243 call *%edx # “interesting” way of handling intr.
244 pop %fs # FAJIAH do hd 35 M1 C K.
245 pop %es
246 pop %ds
247 popl %edx
248 popl %ecx
249 popl %eax
250 iret
251

#tt int38 — (int 0x26) AKALIRZNZS T ACERFE T, SV A4 B sk TRQ6.

# HACPE RS B AL B AR —FE . (kernel/blk_drv/floppy. c) .

# OB SG I 8259A Ik IR 0 A K I% BOT $R4, ARJGHUARE do_floppy IR BHREN N eax

# fEseh, FEE do floppy A NULL, 35 HIWT eax BEFRE 2/ 2. WHE, WL eax WRAETE M)

# unexpected floppy interrupt (), HTE/RHEEE. FG A eax F8MRE: rw_interrupt,
# seek interrupt,recal interrupt,reset interrupt i{ unexpected floppy interrupt.

252 floppy_interrupt:

253 pushl %eax

254 pushl %ecx

255 pushl %edx

256 push %ds

257 push %es
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282
283
284

push %fs
movl $0x10, %eax # ds, es B A NZEILE.
mov %ax, %ds
mov %ax, %es
movl $0x17, %eax # s BT R R EE B .
mov %ax, %fs
movb $0x20, %al # % 8259A I EOT $54 (S5 lE )
outb %al, $0x20 # EOI to interrupt controller #1
xorl %eax, %eax
xchgl _do_floppy, %eax # do floppy N —RREIEEN, W HME S Prib 2 C sRELRE T
# JUE| eax FAEA TR do floppy $REMEREE .
test] %eax, %eax #I03a BR B FE A & B =NULL?
jne 1f # 2, N4 48 M C A% unexpected floppy interrupt().
movl $ unexpected floppy interrupt, %eax
1: call *%eax # “interesting” way of handling intr.
pop %fs # EAJIHA do floppy 45 Il ) pREL .
pop %es
pop %ds
popl %edx
popl %ecx
popl %eax
iret

#### int 39 — (int ox27) %"Dqﬂtﬁ&@&ﬁ% Xof A T SR A 5 TRQT .
7para11e171nterrupt.

pushl %eax

movb $0x20, %al

outb %al, $0x20

popl %eax

iret

5 6 3 ;H; b I=|l|_,\
5.6.3.1 GNU iC4iES /Y 32 fiJ kAN

RITHIE AT&T G 5 165 32 A7 Ik IERURS 2O -

AT&T: immed32(basepointer, indexpointer, indexscale)
Intel: [basepointer + indexpointer*indexscal + immed32]

2 T AL B 5 0k . immed32 + basepointer + indexpointer * indexscale

FEN I, FEATFES T X7 B, {H immed32 Al basepointer 2 HH A5 — N7AE

sefi1

o X —MEEM C i1l F &R Gk

AT&T: booga Intel: [ _booga]

VR AR T RIZE NG P2 A ()R C 22 (booga) K1 /5 ik.
0 X AFAFs N AR 1 AL E Tk

AT&T: (%eax) Intel: [eax]
AL AT A ) A AR D Bk Tk — AR
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AT&T: variable(%eax) Intel: [eax + _variable]
o 7E— M S hk—ME CLLBIER 4):
AT&T: _array(,%eax,4) Intel: [eax*4 + _array]

o AT I T B8 - Hk ¥ ot
T CHEF: *(p+l) Hrp p 254 4% char *
AT&T: N AT&T #3: 1(%eax) H:r eax H12 p MIMH. Intel: [eax+1]
0 7E—> 8 A MR IE P S HEFR B I T4 . o eax HRZARE ML 'T, ebx 2R ET

FEAEIC R R (A2 ik

AT&T: _array(%ebx,%eax,8) Intel: [ebx + eax*8 + _array]

5.7 mktime.c 125

5.7.1 ThEEHEIA

SRR AR mktime(), DU PURAET. TSN 1970 45 1 H 1 H O INGEEITFHL 4 1 28t

O (SPIR NN AT

5.7.2 X% R

F2F 5-5 linux/kernel/mktime.c 2%

15 | 1S 13 15 12 1% I8 1213 1o 100 1~ 108 100 1 100 100 1=

S*

* J]inux/kernel/mktime. c

*

* (C) 1991 Linus Torvalds

*/
#include <time.h> // WK SO, e SCT AR [a) B3 S5 44 tm R — 28 b H N (7] R 250 R
S*

* This isn’t the library routine, it is only used in the kernel.

* as such, we don’t care about years<l970 etc, but assume everything
* 1s ok. Similarly, 17 etc is happily ignored. We just do everything
* as easily as possible. Let’s find something public for the library
* routines (although I think minix times is public).

*/

J*

* PS. I hate whoever though up the year 1970 — couldn’t they have gotten
* a leap—year instead? I also hate Gregorius, pope or no. I’m grumpy.

*/

/%

* XAEFEREL ENPCARAE . DIIRAIASGL/NT 1970 SEH0EE AR, (HBCE — VIR IEH

s [ARE, IR DX TZ Tt 5 20 o JRAT TR R vl RE ) i AL P )l S i RER 21— 28 28 JT 110 78 o 4K
k  OXE RN minix BT R BOE A TFHD .

* JpAh, BAMUBABCE 1970 FITEIIN - MEEALTTHA BEEFE N —DEFEITEG? MRS B F

* B TH BAAEAET. BRI TRBEIIN

*/

20 #define MINUTE 60 // 1o Rb .
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21 #define HOUR (60*MINUTE) // LN IR
22 #define DAY (24%HOUR) // 1 RIFDEL
23 #define YEAR (365%DAY) // 1R
24

25 /* Interestingly, we assume leap-years */

/% BRI TAG IS T HE */

// T CVER AR, 5 SCT /AN H I U I FI R 5y 1) £ 4 .
26 static int month[12] = {

27 0,

28 DAY*(31),

29 DAY* (31+29),

30 DAY* (31+29+31),

31 DAY* (31+29+31+30),

32 DAY* (31+29+31+30+31),

33 DAY* (31+29+31+30+31+30),

34 DAY* (31+29+31+30+31+30+31),

35 DAY* (31+29+31+30+31+30+31+31),

36 DAY* (31+29+31+30+31+30+31+31+30),
37 DAY* (31+29+31+30+31+30+31+31+30+31),
38 DAY* (31+29+31+30+31+30+31+31+30+31+30)
39 };

40

/) BREOEEN 1970 4E 1 H 1 H 0 MR BIFHLE H 2 b E, AR TFHLIN TE .
41 long kernel mktime(struct tm * tm)

42
43 long res;

44 int year;

45

46 year = tm—>tm year — 70; // M 70 SERNIAE LR I AER (2 SRR ),

// RIS 2000 4F ) 81
47 /* magic offsets (y+1) needed to get leapyears right. */
/% T ARG IERI AR, X B R AN LI WA (y+1) %/
48 res = YEAR*year + DAY ((year+l)/4); // XUCAEZRLFSEUN (0] + RANEER 2 1R
49 res += month[tm—>tm mon]; // WIRDENT AL, A F S 20 ) R A
50 /* and (y+2) here. If it wasn’t a leap—year, we have to adjust */
/% VAR (y+2) o MR (y42) AR, A TRA T b 20 AT R4 (k25— R I AP ZLN 1))

51 if (tm—>tm mon>1 & ((year+2)%4))

52 res —= DAY;

53 res += DAY (tm—>tm mday-1) ; // BRI I 2 R R A A 1]

54 res += HOUR*tm—>tm hour; ARy NSV S U PN RN RE Gk U G s

55 res += MINUTE*tm—>tm min; /) BEINE 1 NI I 2 R e B A 1)
56 res += tm—>tm sec; J/ BRI B RN

57 return res; // BIVEET N 1970 4F LR 2 I i FDEn A o

58 }

59

573 HERER

5.7.3.1 HEMEMITESZ*
FEAR (AT B 2
WAy fedk 4 IR EANGERE 100 R, BUEAERE 400 U, Wy J& AR
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5.8 sched.c 2F

5.8.1 ThiEtaid

sched.c & P A% AT AT 55 2 R B0 R, LA B 38 A O T 11 36 S bR 48 (sleep_on . wakeup
schedule %) LA K —S6faj PRI R G0 B0 (Eban getpid()). 4 Linus 24 T 4afe iy, 2 B8 38 oK
B A B e I R RT 2, AR AR AR I LA R U R T 1K L

XU EA R B BARAK:, HESH%, TRl IR . S H AV 2 BRI o e A
ARG AE, PRI LA e P AR IR L s B e . XS e 2ok IR0 E SRR &, 5 B
WP AN T O, X BLAO1# BE R %L schedule() /2435 1

schedule() BR £ 56X BT AAESS CHERS) BEATRLIN, MePEATEAT—ANCEMBNE 5 IMES . BETrike
EFRHTSS B P BT SS, BB AR E I alarm. WHRATS5H alarm 15 1i) ©40 54 1 (alarm<jiffies),
MRS B 507 B h % & SIGALRM 1555, 4R 55 alarm 11 . jiffies J& 2 48 M ITHLIT AR S0 13 25 % (10ms/
W% o fE sched.h g o WIRHEREME S0 B P B 2 FHIE IS SAb e L EfE S, JF HARS 4T
A T THEARIR A (TASK_INTERRUPTIBLE) , WIEAT4 Wiihka (TASK_RUNNING) .

B 2 VR FEE R SR AZ o A B 4 o X0 0 R AR AR BE A2 PR I 1) By RO S A TR BEALAR, e 438 i 5
PATIAES o & B G AT B AL T I T AT 55, ARPE RN S8 AT 45 F) R AT I TA) (148 counter,
MO R ) —MTES5, FARIH switch_to() BRI BZAT 55 . A T A AT S PR E A T %,
TR A AF55 BN TR) 7 # C48is AT 58, T RIMARIE AT 25 L Se AU priority, B REAMESISATIN
i) 7 counter, T BB AT G FAAS 2 BT A3 A 45 FOPAT I 1) {1

SPGB PR A 1 Bh3dE N IEAR BR 5 sleep_on() RN i b %5 wake_up(), 3 A bR B AR AR Ji
HIZLLL schedule() pi B . X FE TR M v N CAERS . 7SRt sleep_on() Rk = ZEDhRE &Y
— AR (EUTES il R SRR T BN TE AR I B I D)4 th 25, TR S R A S A — B )
MY R BIR G AR SEEAT . ONER S 7 2O A T BT 1) tmp FREHE A AN IE AR SRR S5 11k
E

BEOT LA B = AT TR EHRVE: *p. tmp F1 current, *p ARSI SLIRER, WiSctE RGN
| wait FREF . NAEZE MR ERTE ) buffer_wait FREFEE; tmp ZIGIFRER: current J& 4TSS 455 .
X T IX B FREE N A P ARSI BRATT AT LU I 5-5 R B . B K 4R om AR 1 e 4

HEN 2R $

tmp *p /\ Acurrent
[ 1 [o] |2 | & [e]

JREE RS RS

P H schedule () B

tmp *p \ /\current

[e] Le] 5% Z| ks af Lol

N i i

5-5 sleep_on ) R HIEHTUTER.

HNIBENZ R, SISk ARE*p 48 1 CAAEERF SR AR5 S0 (R AT ) . 48R,
FERGNITIEHATI, SRS E IS o DRI L I ) SR A AL S5 AE W TT AR IR AN AE R, SIS
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*p 4R NULL. JERLAREHRAIE, ERTMER P AT, BABISKIREHFG 10 T AR5 450, i ek 80 11k
IR tmp i1 TSRS . AT EE I IR EHRVE R, A2 LANIERE D S5 4R ] — B 22 ViR FH i
PRI, P B R SR — AR BAS . AL 5-6 AT RT LA BE 25 5y b B sleep_on() e #4545 BA
ST RE . B s 1224 i) BRSBTSk B4 N B8 =M 5 I R L

Tmp ¥R 4" Tmp F4 Tmp (NULL)

PR EAT

BASI Sk | |

buffer wait @—> MEI{ES $17l°13i§3\ 2 %?ﬁ"ﬁf{% 1
current as tas
fE5 4514 tack

5-6 sleep on() EREAIRR AT ZZEFBATI,

BN RS G, sleep_on() R EU2S T schedule() k% 25 AT S O ERE . 214 1E R4k ot J. 171y
PATH S PAT IR EEMES), S BB NS AF A ) — N B FE e

M A R 2 wake_up ()T IEAE S5 4 AT FH SRR 19 8 AT 55 B APIRES o IR U — N8 HI M R
o ALY, Bt s, ARSI (PATAT— AT S # ] Bebl Sene i, (Rt
T EAC AL PR AT 55 S5 A I PR B B o XA, AR5 0E N IR 1) BE R A0 e LT S B HRAT sleep_on() I,
MR T

A AR # interruptible_sleep_on(), ‘& IF45#) 5 sleep_on()IFFEAZL, HRAEHEAT IR E 2 m 24t
YIS BT AT R WS RRIRA, JRE AT S el 5 R 75 2B Y S 5 RS 4, &f, W
WREEATISEIZAT . fENAZ 0.12 FF4R, XN REES =8 —, (RS PR D SEOR X 431X PR Rl
o

FE S A SO ARSI, B R 2 2 A5 S0 include/kernel/sched.h SCAHR RERE, DU SE 35 il
H TR A R FE A LB

5.8.2 REEEFE
2% 5-6 linux/kernel/sched.c

Ilinux/kernel/sched. c

(C) 1991 Linus Torvalds

* ’sched. ¢’ is the main kernel file. It contains scheduling primitives

* (sleep on, wakeup, schedule etc) as well as a number of simple system

* call functions (type getpid(), which just extracts a field from

#* current—task

*/
/%

* " sched. ¢’ R EEM NI P A RGA G LA K4 (sleep_on. wakeup. schedule 5§) P A

— = =
|l\‘> |»—‘ |O [© |00 |2 | |OT [ [ DO [
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[N L e e e
Blelzlsls m =

[N
—_

163 13 |

56

* —ISRIR KRG REL (b getpid O, ANAEH TS HIHRE—DFED

*/

#include <linux/sched.h> // VREFERFLICM. & X TATLS 45 task struct 55 1 NMIHITS
/] B . AT 2 DL T A SR IR T S 405 B RS T
// RN G bR BORE T

#tinclude <linux/kernel.h> // WHZLICHF. &4 L8N AL H 200 IR 2 o

#include <linux/sys.h>  // RGWHELXME. &6 72 MRS C EUGEREF, L sys Ik
#tinclude <linux/fdreg.h> // #KURLSCHE. A BEEHIZSHN L2 L.

#tinclude <asm/system.h> // RG:LIHF. & X T CE BAE SHRTE/ BT TSR N 9 %
#include <asm/io.h> // io SKICHF. w8 SCREAT 3 VN /i H I T )

#include <asm/segment.h> // BARAFELICME. & X T RECF A BAE Bt N 200 S 2R 20
#tinclude <signal.h> /) ARk, E SRS E, sigaction 50, BEEREURTY,
#tdefine _S(nr) (IK<((nr)-1)) // BUES nr ZE(5 5L EIH X R 3t HEE. F5%95 1-32,

// WiES 5 B EEME = 1<<(5-1) = 16 = 00010000b,

24 #define _BLOCKABLE (~(_S(SIGKILL) | _S(SIGSTOP))) // K& T SIGKILL i1 SIGSTOP {5 LAANH g 2

// AIPBAZEM (++10111111111011111111b) .

[/ BT nr (RS . ERRIRASR A MR A R A 80 CORED)
void show task(int nr, struct task struct * p)

{
int i, j = 4096-sizeof (struct task struct);

printk (“%d: pid=%d, state=%d, ~, nr,p—>pid, p—>state);

i=0;

while (i<j & !((char *) (p+1))[i]) // fIFREES LIRS LLEET 0 15174
it++;

printk("%d (of %d) chars free in kernel stack\n\r’, i, j);

35 }

[/ BORPHAESS RS S . RS . BERRRAS R N AZHERR 25 IR 71 e CRZD

void show stat (void)
{

int 1i;

for (i=0;i<NR_TASKS;i++) // NR TASKS 2 RIHEAHIHE KRR ((E55) HiE (64 1)

if (task[i]) // EXAE include/kernel/sched. h 26 4 4T,
show task (i, task[i]);

}
#define LATCH (1193180/HZ) /] € SCEEAN IS BT 5 4O .
extern void mem use (void) : [/ [V B ATA b 5 58 SCFN S | FH A% bR 5

50 extern int timer interrupt (void); // W EhrpWiAbFFEF (kernel/system call. s, 176) .

51 extern int system call (void); // REGAA T WAL (kernel/system call. s, 80) .

53 union task union { // 5E TS ety (45 25 I AR stack 40 LR FF O -
struct task struct task; // BE—AMTSS BEE 450 5 L AL SRR CE [ — N A7 T
char stack[PAGE SIZE]; /), FTLANHER B A7 A7 4% ss v USRS H AU BLR B4 -

}s

[/ BEAMES (IR FENEEIZITIN AT B R NS HER . X ST AR5 0 AL S HERR S5 1 o
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57
58
59
60

static union task union init task = {INIT TASK,}: // % XHJEATE B8 (sched. h F7) .

long volatile jiffies=0; [/ MWIFHUIT R H AL R 2 R e (10ms/ i 25)
// BITH MR EFF volatile, TESCAREREZ AT, AR E . XEEEK gee NEXIZZEHATILL
/) AEEL, BTN E, ROV R R B e IE .

61 long startup time=0; // FEHLTE) . AN 1970:0:0:0 FFER I IRb L

struct task struct *current = &(init task. task); // H"¥Ai{ES48%E (MR APIGES)
struct task struct *last task used math = NULL; // ¥ WpabBE284F 55 1035 4] »

struct task struct * task[NR TASKS] = {&(init task. task), }; // & XAES¥a5204.

long user stack [ PAGE SIZE>>2 1 ; // & XH P HERL, 4K, FeEl4eER G —Dl.

/) G TRCEHER ss:esp (BB BUAEERT, 48EF) . MW head. s, #2317,
struct {

long * a;

short b;

} stack start = { & user stack [PAGE SIZE>>2] , 0x10 };

J¥

* ’math state restore()’ saves the current math information in the

* old math state array, and gets the new ones from the current task
*/

/%

* OB YA EE AR N A ORAT B 2 UM BEAR S S T, R SRS P b B A
* NN HELS .

*/

[/ AT A LS, 1% R BUH BUORAE BT S b BE RS (RN 30 I8 kK 1)
[/ HRATSS W A BE g HATIRES .

void math state restore()

{

if (last task used math == current) // UIHATSEAS N A (b —AMT 553 E M AT 4%) «

return; /) IXBLFTHRI b —AMTSS R NI A e 2 AT 5

_asm_ (“fwait”); /) AERLE VAL HL S iy A 2 BT S8 K WALT $5 4

if (last task used math) f{ [/ IR EAMESAE T bR, W ORAFHRES .
~asm__(“fnsave %07 : “m” (last task used math—>tss. i387));

}

last task used math=current; // BIAE, last task used math 50 2477155,

[/ VA AL S5 M A ¥t 2 A A

if (current->used math) { [/ WECA AR S S P Ak g, R R .
asm_ (“frstor %07 : “m” (current->tss. i387)) ;

} else { // A5 W E U B 5 A
~asm_ (“fninit”::); // TR PSS RVt a2,
current—>used math=1; [/ HEEAAHT A 2SR E .

92 }

S*
* ’schedule()’ is the scheduler function. This is GOOD CODE! There
* probably won’t be any reason to change this, as it should work well
* in all circumstances (ie gives I0-bound processes good response etc).
* The one thing you might take a look at Is the signal-handler code here.
*
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100 * NOTE!! Task 0 is the ’idle’ task, which gets called when no other
101 * tasks can run. It can not be killed, and it cannot sleep. The ’state’
102 #* information in task[0] is never used.
103 #/
/%
* " schedule )" 2 AE KA. XEAMRIFH ! BAATA B g e AT BN, B e ELZERT A 1
* BN TAE (Lhinpgtex) 10— 5 b BRI mi N 55D o WA — - EEEE, BHExBiES
* ALHRARAD
*  FE! LS 0 BAMWEC idle’ )5, N URa e LA UIsir A WA . BN A
* Jb, WANBEREHR. L55 0 PIPREE R state’ 2 MRAH .

*/
104 void schedule (void)
105 {
106 int i, next,c;
107 struct task struct ** p; /) ALF Ak TR .

108
109 /* check alarm, wake up any interruptible tasks that have got a signal */
/% Kol alarm (UEREAOHRE EIN(ED , MERATA ARG 5 0T P T 4% */

110
/] MRS EAA B G — MESS TR I alarm.

111 for(p = &LAST TASK ; p > &FIRST TASK ; —p)

112 if CGkp) |
// IR E AT H ERE alarm, JFH LM (alarm<jiffies), WIAESE S A7 & % & SIGALRM 5%,
// BIIAMTESS Ai% STGALARM {55 . K515 alarme %45 5 FIBRIASERE R 2 LR
// jiffies R RGEMIFHITIREE A EL (10ms/ %) o 7 XA sched. h 25 139 1T

113 if ((xp)->alarm && (kp)—>alarm < jiffies) {

114 (*p)—>signal |= (1<<(SIGALRM-1));

115 (kp)—>alarm = 0;

116 }
[/ WARAE S AL E P BR BB IR AT S AMEE e E 5, I HARSS A Tl p WeiREs, WV EARS  40IRES
// Fr’ ™ (_BLOCKABLE & (*p) —>blocked)’ HI-T-Z W& # BHZE {5, {H SIGKILL FI SIGSTOP /S RE# FHIE .

117 if (((¢p)->signal & ~(_BLOCKABLE & (¢p)->blocked)) &&

118 (*p) —>state==TASK_INTERRUPTIBLE)

119 (*p) —>state=TASK RUNNING; /BN CATHAT) RAS

120 }

121

122 /* this Is the scheduler proper: */
/% X HR BRI R/

123

124 while (1) f

125 c =-1;

126 next = 0;

127 i = NR_TASKS;

128 p = &task[NR_TASKS];

/] RBACTE AR ME S B B Jn —MESS THR TR AR B, TR A S AR5 OB . BB R e
/) ARSAESFS I counter (fESFIATIN A IR 2 VO (i, WE—AMEK, BATIAEAK, next &t
/] RIS AT 5

129 while (—i) {

130 if (I%—p)

131 continue;

132 if ((kp)—>state == TASK RUNNING && (*p)->counter > c)
133 ¢ = (*%p)—>counter, next = i;

134 }
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// MR B E A counter (H AT 0 B4, WHEEH 124 4T IFEROTEIN, $ATESUIH (141 17) &
if (c) break;

/) A WA AT S AR SEBUE, BB —ME45 11 counter {H, 2RJE I3 125 17 H 8T LLEL .

// counter MM 7R counter = counter /2 + priority. iXH & e EHFEIPRS .

—
(@]

136 for(p = &LAST TASK ; p > &FIRST TASK ; ——p)

137 if (kp)

138 (kp)—>counter = ((*p)—->counter >> 1) +
139 (*p) —>priority;

140 }

/) OIBUTS5 0 next ALS5IE4T. £E 126 17 next HLATEATL N 0. IR R e rh B AT H AT 55
// ATIBATIN, W next #R%y 0o R BB AE R G S NI R AT AT55 00 BEINMTSS 0 (LT
// pause O RG], I M HIA M EL.

141 switch to(next); // UIEMESS 50 next RS, JFisiTZ.

//// pause O RGP o Felfe MuiATS5 PR A vl th TS RRIRAS, IFE TR L.

/) RGN BRI AEIORES, HBEMCEAME S . 5T T 2R sl g R R A

[/ —AME SRR E AR T AME S, I AR SR R HOR ], pause () A 23 IRIH],

// M pause () IR [BME N iZ72-1, Jf H errno #{ & 4 EINTR. IXHEEA A SEH (FHH 0.95 O
144 int sys_pause (void)

145 {

146 current—>state = TASK INTERRUPTIBLE;
147 schedule () ;

148 return 0;

149 }

150

/) EHFALSS B R AEAPIRS, JFIEBEIRBAS K R £H8 7] 4 A 55
[/ RAT IR I A 23R P 2 R MR TR v AR B Y 2 R R D BLA
/] BREZHep TR SEAHESS BN Sk A5 5

151 void sleep on(struct task struct s*#p)

152
153 struct task struct *tmp;
154
[/ EREECR, MR . REFITRIX L LUt NULL, fHEREFA S AR 0) .
155 if (!p)
156 return;
157 if (current == &(init_task. task)) // WIHRMFATS LTS 0, NHEHL (impossible!) .
158 panic (“task/0] trying to sleep”);
159 tmp = *p; // ik tmp 38R QAR SRS EIAESS (W AT 1) .
160 *p = current; // R BN Sk A A 4R 5T 5 1) 24 RTAT 55
161 current->state = TASK UNINTERRUPTIBLE; // ¥f4FIAT 45 & AT Wi 5 AR 2
162 schedule () ; // EHWE

/] BT I ERAL S PRI, R A SCR PRI L, s HERR O W) A b e
/] BESRR AR SRS IR R DR, IR ALE BRI w] FHIN,  siA7 06 BNl T A S5 A IR IO bR . PR 4K
[/ RERH, 2 M P A S A I BT K R

163 if (tmp) [/ BAEFATEAAEEAF NAE S, WBR I E IR (i) .
164 tmp—>state=0;

165 )

166

[/ B AEAT S Bl R B SRR, RN *p R E SR A .
167 void interruptible sleep on(struct task struct s**p)
168 {
169 struct task struct *tmp;
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170

171 if (!p)

172 return;

173 if (current == &(init_task. task))

174 panic( “task/[0] trying to sleep”);
175 tmp=*p;

176 kp=current;

177 repeat: current—>state = TASK INTERRUPTIBLE;

—_
-3
co

schedule () ;
[/ IR ERF S I SRS, IF B SKIRE BT s M AT A & M550, MK % SR TS BN
[/ AIBATRIRIRAS, HEFHAT R . S35 *p Frda ) A& AT LI, RoRAE M T4 i
/) NBFN)G, XA EATSYAE NSRS, K, A% IR B8 B e SR 5 & nl 1B AT
/] ORE

179 if (kp && *p != current) {
180 (#kp) . state=0;
181 goto repeat;

182 }

[/ PRI, WiZixp = tmp, AEBASSKIREHR W RFAALSS, 5 WIAE M55 L ATl A
/) ERF IR SS IR 7o 4%, IR 192 47 ETEA].

183 *p=NULL;

184 if (tmp)

185 tmp—>state=0;
186 }

187

// MR AT S5 *p o
188 void wake up(struct task struct *#p)
189 {
190 if (p && *p) |
191 (xxp).state=0; // BN (A[1E17) RS,
192 *p=NULL;

194 }

196 /%
197 * OK, here are some floppy things that shouldn’t be in the kernel
198 #* proper. They are here because the floppy needs a timer, and this
199 * was the easiest way of doing it.
200 #/
/%
* 4f 7, NIXHIFUR S OB TR, AN AZIAE W AZ I 2550 ) BT TR IR
s JERUN IR T AN Bl BRI R B T (IR TR
*/
// X TR e I AL BE AR 2 201 - 262 17 EDRIXBUACD 2 Al 6B — Nk &3P e
// BELIRNFEF (floppy. ¢ JaIIHIUERH « B B B 524K A B v 2% DR B F2 7 I E SR R X B AR A o
// Hoh AL 1 ANEE = 1/100 Fb
// T AT A BRI G 3 )3 ) ) 1 E el M AR R L . BT 0-3 43 IR AR B A-D.
201 static struct task struct * wait motor[4] = {NULL, NULL, NULL, NULL} ;
[/ N THAGH AR AT R By 15 S B B s ZE i 5 4. R i BRI R BN 1] 2 50 AN (0.5 80D
202 static int mon timer[4]={0, 0,0, 0} ;
// T T 53 A TR ROR AT By a5 i 2 BT AR ERF I (] B b isEE 2 10000 AN (100 F5) o
203 static int moff timer[4]={0,0,0, 0} ;
[/ R IR A T TR R TR AR A o AT AR BRI 0 L
[/ AL T4 il shgs D-A BikR)EBh. 1 - JEBh: 0 - KA.
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// A3+ 1 — SuVF DMA FIHRTE SR 0 — A% 15 DMA R ik .
/A2 s 1 - R 0 - BT EIEE.
// A7 1-0: 00 — 11, HTEEEEHIRI 9K A-D,
204 unsigned char current DOR = 0x0C; // IXEBEEWME S FOVF DMA AR TS SR . JE 3 FDC.
205
// F& e KR A B R 1E 18 R RS BT T S A TR
// nr — IR (0-3), R[FMEATEEE.
int ticks to floppy on(unsigned int nr)

{

extern unsigned char selected; // EHRRIKR & (kernel/blk drv/floppy. c, 122) .
unsigned char mask = 0x10 << nr; // FrikBRIKNGH N B0 4 25 A7 25 0 B 3 D1k LU 47 .
// mask [ 4 S EIRE B ik bR

DO DO DN DD DD DD DD
ol el el = = [=H(=]
DN |— [O[©O |00 [ [

if (nr>3)
panic (“Floppy on: nr>37); // RGwmEH 4 MK,

[/ BT R B LR K nr 15 2 AT AT A BT (100 B2 o ARJE YT DOR 73 A7 v 2

// TN AE e mask o, TS E PR S5 H SR S EAL
213 moff timer[nr]=10000; /% 100 s = very big :=) #/ // ASEYUEREI],
214 cli(); /* use floppy off to turn it off */
215 mask |= current DOR;

// U AT IR, W S AL SR IR IR A, AR R A O A
216 if (!selected) {
217 mask &= 0xFC;
218 mask |= nr;
21 }

/7 R R A A R 2 RS R IEAN R, U1 FDC 074 4 o 1 g OB (mask) , JF HLAn 2R
/) ESRABI IR R B A S, B AN IR I R B I g (HZ/2 = 0.5 APEk 50 M) o 4
[/ Bg)ash, WHBERSER A 2 T, BEAL NIl do_floppy timer () H oG a FIWT K 2K o
/) PATAUCGE A SRR AT o M BB 4 i 85074t %5 77 #8428 & currentDOR.

220 if (mask != current DOR) {

221 outb (mask, FD DOR) ;

222 if ((mask ~ current DOR) & 0xf0)
223 mon timer[nr] = HZ/2;
224 else if (mon timer[nr] < 2)

225 mon timer[nr] = 2;

226 current DOR = mask;

227 }

228 stiQ;

229 return mon timer[nr]; // B Je R R A B By ik f i I A .
230 }

231

/) FERFRR IR ik JE I R I BN ], AR JE IR M),
// BRI I A B B I TR RE R, AR R AE AR . AE e N R b R 2 IS
// FAIWHIE BV e RE N . MAER B, il B SE R R

232 void floppy on(unsigned int nr)

233 |

234 cliQ; /7 K.

235 while (ticks to floppy on(nr))  // WIREIKHZENIEEE], M EHL AR E
236 sleep on(nr+wait motor); // MAHHFWIHEMRR AN 547 ks 17 A S
237 stiQ;  // FFdhr.

238 }

239

/) BRI N AROR Sk e g (3 ) .
/[ A %R BT R DG PR R RO BRI 3k, UUAE S IKTT IR 100 A8 2 5 s o Al o
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240 void floppy off (unsigned int nr)

241 {

242 moff timer[nr]=3*HZ;

243 )

244
/) R WAL R . SR E IR ) Bl e AR By iR G S R U IE o 1% T R A AR N B I e
/) SRR, KRG L — AN Z (10ms) St # R — 1k, BE I 58T 5 I8 T )8 35 5% e i
[/ FEWE . WIERHE— AR e i 2, PR B4 i 25 A7 s Sk B sh AL A .

245 void do_floppy timer (void)

246 {

247 int i;

248 unsigned char mask = 0x10;

249

250 for (i=0 ; i<4 ; i++,mask <<= 1) {

251 if (! (mask & current DOR)) // WERANIE DOR 45 5€ 1 Sk kit
252 continue;

253 if (mon timer[i]) {

254 if (!--mon_ timer[il)

255 wake up (i+wait motor); // WIRHIEJAB)E I 2N MeBEEFE
256 } else if (Imoff timer[i]) f{ // B R kA e s I 3 )

257 current DOR &= “mask; /) BN Sk HE, I

258 outb (current DOR, FD_DOR) ; // SRR A .

259 } else

260 moff timer[i]-—; /) IR I

261 }

262 }

263

264 #define TIME REQUESTS 64 /] WZ A 64 A ENSEER (64 MES S

265

/) SEIN BRI E AR
266 static struct timer list {

267 long jiffies; /] ERHE
268 void (*fn) () ; /) ERT AR .
269 struct timer list * next; /) TN ERER.
270 } timer 1list[TIME REQUESTS], * next timer = NULL;

271

[/ ISINER 2% . M ANSEOHR 2 0 58 W GRAZRH0 FAH N ) A FERE 2354

/] BRELIRENFEST (£loppy. ¢) FIHZ R BT IE 880 1 518 1) SE I 44

// jiffies - Lh10 =FPUFMIM AL *On O — s I A 20 i $04 T 1 bR 2K
272 void add timer(long jiffies, void (*fn) (void))

273
274 struct timer list * p;
275
// BERGE A FRR PR R A, R .
276 if (Ifn)
277 return;
278 cliQ;
[/ AR EE <=0, WL FA BT . JF HAZoE I s A I AN BER
279 if (jiffies <= 0)
280 (fn) O ;
281 else {
[/ NER AL, AN IR
282 for (p = timer list ; p < timer list + TIME REQUESTS ; p++)
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283 if (!p—>fn)

284 break;
/) MR CEHTE T e, WAREH O,

285 if (p >= timer list + TIME REQUESTS)

286 panic ( "No more time requests free’);
// ) E I s B S A AN AR B JREEANBER K

287 p—~>fn = fn;

288 p—>jiffies = jiffies;

289 p—>next = next timer;

290 next_timer = p;

/) BERIGZ E N AN BIRHERS o AEHERA I I 25 HEAE B0 5 22 A 5 B0, IO £ AL P I o8 I L
[/ BEFERLIH - IAE R 2R EIE . [[2? XBREP S BA 4. WP K€ I
[/ < IEORSR AN E N SHE I, B NAZCRE T AT i 1] A INE R 28T 26 1A e ]

291 while (p—>next && p—>next—>jiffies < p—>jiffies) {
292 p—>jiffies —= p—>next—>jiffies;
293 fn = p—>fn;

294 p—>fn = p—>next—>fn;

295 p—next—>fn = fn;

296 jiffies = p—>jiffies;

297 p—>jiffies = p—>next—>jiffies;
298 p—onext—>jiffies = jiffies;
299 p = p—rnext;

300 }

301 }

302 sti();

303 }

304

//// WBprh il C BRBG TR, 7F kernel/system call.s H1#) timer interrupt (176 47) #YiHH .
// BEcpl YA 0 5L 3, 0 Ko WEZARIDAEIAT
[/ RN R T HAT I A A e, WA TS D14k o FERAT —AN VI SEHT TAE .

305 void do timer (long cpl)

306 {

307 extern int beepcount; // %5 #ak 7 WA ZE (kernel/chr drv/console. ¢, 697)
308 extern void sysbeepstop (void); // FM3% 25 (kernel/chr drv/console. ¢, 691)
309

[/ WK EOREE], WG AR . (7 0x61 MR E G4, SALAL 0 Fl 1. {7 0 #51f 8253
/) s 2 MIAE, AL LR -

310 if (beepcount)

311 if (!-—beepcount)

312 sysbeepstop () ;
13

[/ MRS RTRR A (ecpl) K 0 (dpeimr, Ron A& WAZFRITAE TAE) , WPK A% R IS AT I 7] stime J534;
// [ Linus WZREF G NBLH F (supervisor) FIFEF, W system call. s, 193 47 b [ 5E S0y R
// W epl > 0, WK E B RETELE, B utine.

314 if (cpl)

315 current—>utime++;
316 else

317 current—>stime++;
318

[/ WA E RS AEAE, MPBERES 1 e 2R H0MER 1o AR AT 0, WITR AR R 1) 4b 2
[/ RET, IFRZAE BRI ARET BN . RIS B RIRIUE NS
319 if (next timer) f{ // next_timer & I a8k L F7E (L 270 17) o
320 next timer—>jiffies—;
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321 while (next timer && next timer—>jiffies <= 0) {

322 void (xfn) (void); // EHIFEANT PR EIRH X 1 1 ®
323

324 fn = next timer—>fn;

325 next timer—>fn = NULL;

326 next timer = next timer—>next;

327 (fn) O; // WAL B R

328 }

329 }

// IR R AL H s FDC RO H 7 it A A7 ds b S0k R S A A B, W HAT A E IR (245 47) .

330 if (current DOR & 0xf0)

331 do floppy timer();

332 if ((--current->counter)>0) return; // WIRBFEBATINERSE, WEEH .

333 current—>counter=0;

334 if (lcpl) return; /) RT WIZSTERE, A counter [HIFATIEE.
335 schedule () ;

336 }

337

/) FRGEMAIRE — BCEARE E NI A (D) .

// WRZHL seconds>0, W E 28 1) 7€ INHE IFIR M1 J5UE INHE . 75 3R] 0,
338 int sys alarm(long seconds)
339 |
340 int old = current—>alarm;

342 if (old)

343 old = (old - jiffies) / HZ;

344 current—>alarm = (seconds>0)? (jiffies+HZ*seconds) :0;
345 return (old);

346 }

// WCHHTHERE S pido
348 int sys getpid(void)
349 {
350 return current—>pid;
351 }

// AR S ppid.
353 int sys_getppid(void)
354 {

355 return current—>father;
356 }

// WO uide
358 int sys getuid(void)

359 {
360 return current—>uid;
361 )
362

// B euid,
363 int sys geteuid(void)
364 {
365 return current—>euid;
366 }
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367
// WA T gide
368 int sys getgid(void)

369 {
370 return current—->gid;
371}
372
// W egid,
373 int sys_getegid(void)
374
375 return current—>egid;
376
377

// RHEVHDIEE — BFRXS CPU PR EN (EASHE? ©) .
// MNAZPRE] increment KT 0, AW, WAL SEACE KL !
378 int sys nice(long increment)
379 {
380 if (current—>priority—increment>0)
381 current—>priority —= increment;
382 return 0;
383 }
384
[/ R MG T R
385 void sched init(void)

386 {
387 int i:
388 struct desc struct * p; // MiRFFREWTFEE .
389
390 if (sizeof(struct sigaction) != 16) // sigaction {7/l A5 TIREMLEWM .
391 panic (“Struct sigaction MUST be 16 bytes”);
/) WEVMGES (155 0) PSR B IR R AR i EE R /AR £F (include/asm/system. h, 65)
392 set tss desc(gdt+FIRST TSS ENTRY, &(init task. task. tss));
393 set_1dt desc(gdt+FIRST LDT ENTRY, & (init task. task.1dt));
/) AL BARBR TR GERE i=1 JT4h, FTUAWIEAAT 4 R TR e re)
394 p = gdt+24FIRST TSS ENTRY;
395 for(i=1;i<NR _TASKS;i++) {
396 task[i] = NULL;
397 p—>a=p—>b=0;
398 ptt;
399 p—>a=p—>b=0;
400 ptt;
401 }

402 /* Clear NI, so that we won’t have troubles with that later on */
/% TERAR G AR T BT NT, XA A ST IR */
// NT driE T8RRI 8 FH (Nested Task) o 24 NT BEAZN, A4 2450 Wi T4 $UAT
// iret A NEIE 5 ERATS V)#., NT $8H TSS H#) back _link FBUEmH .

403 asm_ (“pushfl ; andl $Oxfrrrbfrrr, (%esp) ; popfl”): // BALNT knik.
404 1tr (0) ; // FATS 0 1K) TSS INEkBT45 F 4788 tro
405 11dt(0) ; // K SRR R R RN R R R R R AT R AT

/) R K GDT FR AR LDT fIARFF (e B AT Nk 2 1dtr. WX —Wk, LUEHT%
// LDT Wyhn#k, & CPUAR#E TSS A LDT I A 3Nk

// R EACH T4 1L 8253 RE 45
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406 outb p (0x36, 0x43) ; /% binary, mode 3, LSB/MSB, ch 0 %/
407 outb p(LATCH & Oxff , 0x40);  /* LSB */ // jEMMEALT,
408 outh (LATCH >> 8 , 0x40) ; /% MSB #/ /) EWHER T
// VB WA B R A CRCE R IETTD .
409 set_intr gate(0x20, &timer interrupt) ;
/) B TS RS R D, SRV B T
410 outb (inb_p(0x21)&~0x01, 0x21) ;
/) WERGHA W,
411 set_system gate (0x80, &system call);
412 }
413

583 HEEFER

5.8.3.1 R {I=HIFHIZ
EGMFRI T2 ) 4 DI E, 2 BN AN ERE A FAERE . 6T 1.2M (A 9T LR — s
Mo

%5 -3 REESSRmKO

1/0 311 s RN

0x3f2 H5 e AR TR A A AR
0x3f4 Hig FDC R Ar4%

0x3f5 WS FDC %4 77 f74%

0x3f7 Hi BTN A0

0x3f7 H5 TS A 1) 2 A7 4 (R Hn e 4 i)

et 0 CRUTEREG D g 8 [ AEA, B HIIKSER LA T . SRR R HB
54 FDC LA K SuVF/AE 1 DMA K b=k .

FDC B RS A A ant & —A 8 (T 7%, FH T IRk 454148 FDC R BLIKZ) 2% FDD 5 AR
A MW, 7E CPU [n] FDC K% 4 Z A s FDC SREUERAESE B2 A, #R B IR A& A7 A7 2 IR AL
DLAI S HT FDC Hn 3 A7 e e, DASAf e Bl AR 15 (10 7 1] o

FDC fkdlism 0 N2 A2 frds (AR & e a M S H T fras . g e 8, (BT —
I %) L REA —AN 7 A7 as HILAE B 1 Ox3f5. 7ET; ] LS R A 4748, ARSI DIO J5 A 2440
0 (CPU - FDC), Vi) iR f7gs i W) [e 2 o ZEEHSSE By A7 FDC A2 G A S se 45 51,
WS R RZA 77

BT HIBIL AT LI 15 e . AL I =ANEB: M B BUTHY BORI 45 R B .

AP BUE CPU 1] FDC RIEM A T RIS EFAT AR5 A IR — N7 BE i A 70 (&),
HJGIRAE 0--8 T IS HL

PATH B FDC $0AT A 208 I8 o ZEHATIY B CPU AN I, — 2t FDC & H b
TR Ar A AT IS R . Wi CPU K H 1) FDC iy & e AL 5, W) FDC ] DL LI 7 77 20k DMA 7
AT T A BRRAERE 1775, DMA J5UE7E DMA #2848, FDC 5 N At T80 & 4
HAERTEHIALIETE . I DMA #8188 2 kA& far 7 1 v & 115 5l %0 FDC, fJ5 th FDC &t i
KA 545401 CPU $ATH BrgE o,

SE R B th CPU B FDC HdE 7 A7 4R [FME, M 3kTS FDC v S PAT I 45 5o 1 [ 45 A 1
KR 0--7 745 WA R[PSS AR a4, IR FDC KA I iR ay 2 SRR ERRAS .
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5.9 signal.c 12

5.9.1 DigediR
signal.c F2 /740 I WAZ T BITA A %05 S A BRI B 8. 7E UNIX REH, 552 —Fh “8aEdhwr” dbr
BUile VP2 BN ERIRTSMHENE 5. 5 SPLEIROL T — R b B0 S 0 vk B, H e
oAt N otrl-C LA HORZ L — MR IIPAT . 23 ER S 4E— > SIGINT (SIGnal INTerrupt)
59, JFBOORRN YT G PAT IR s MR T —/NMRE N BB, R e R R %E
A SIGALRM {55 RAMEM RN, REW S W IEERAT R REANIE S 5ok, — A
WA DA S — AN HERERIEAS S o s KillQ) es 80 [ 2000 1R R & LA T 5 5
5 M FEHLHIER R UNIX REHP O A T, (FIBLE R UNIX NAZ G 5 AR BRI Tk A 2
IATERE . (55 AT RE B R, 1T ELAE A 3 B DS AR A I R AT IR M G P — MR e M5 5, 5k
POSIX $& 4t 7 — M SRS S ik A TARFEHEAYE, AR ik 524t T R AL BAE 5 1 77
AT AR5 K5 (32 60 PR RR & MARE S . P2 v &R 32 MR
55« 7EARR Linux Wiz, € T 22 FIAERIES . Hrb 20 FiME 552 POSIX.1 ARt JE B A 15
5o Ak 2 B Linux 9L H G5 : SIGUNUSED (R X)) MI SIGSTKFLT (HERRAER), HIa nl &R R4t
HATEA SR e 5 52k 31X 22 P& S I AR B RRAE T 27 JE IS 5003, )23
include/signal.h sk 3044
WP RERERUE, I E—AME S, AT RLE A [ ) b 3 sl 5
1. W55 . KEEUE5H T LA dRE 2% . (AP 5 285 A SIGKILL #1 SIGSTOP. AN
e 22 g%t 1) D R e A R 2 P AR A — AN (1) ke 2 R B LR AT ATERE . Sa 4k, A RS
Pl BB F AR DA (g 0 B8, URERE AT R BRASE AT e AR A TR0 T
2. WIHZE T A TIHTEZEAE, BATRIE et WARLESR € IS 5 R AR R AT R E 5
A PRRREL . (R ER R E T, BRATTT DA, S8R T DU A AN, S 30 %45 5 (1 R
EM . B UE SR BRGS0 — A 72 R IRA R P HAT S R P A T — 28I i
A, AFRATE AT LLSE AN RO SR SIGTERM (1T 55, IFEIZR B i seiE
I I SCEEI T4 . SIGTERM 5 52 Kill iy 2 RIEBRINE 5
3. PATERERAE . AWRZCN RS SRR AL —PPER A . T X LB A 2 2 LR AT . 2
WAL A5 5 AR P B

AREFPL T BB AR RS 5 FHZERY (B ) ARG IR %L sys_ssetmask() AT sys_sgetmask()~
55 W RS sys_singal() (RIALGE S AR 5L signal() & iR AR I B0 2 15 5 I BT R EURIAT
RS sys_sigaction()(BE il 5 {5 S A FE s %L sigaction()) LA KA 2 G5 ] h AL 3RS R vh AL FRAS 5
() &% do_signal(). 5515 SERVER R I%A5 5 pR %L send_sig()FITIE 21 SQ3E RS B 2 tell_father() )4k 0248 5
—NREF (exite) T. FRIFTINARKATE sig 32 (55 signal [RIfaiFK.

signal()#1 sigaction() ) By g LLELIALL, #8255 5 LA B A 49 Chandler | BRR 4 AL BEFR 77D o {H signal ()
A WAZIRAE EIRME GRS 5B 72, AR LR IR IN 2 W] B 25 1 A5 5 Bk
7t include/signal.h Sk 315 55 47 -, signal () ek i 284 B 40

void (*signal (int signr, void (*handler) (int))) (int);

XA signal VR E A ANSEL. — MR T ERMIRIES signr; 53— AN B 10 5 AL BEpR 2 dR
Bl GBrivifs = ) #A)HK) void (*handler)(int). #7145 5 AbH A & — N JEIR [FME H AT — AN S 401
PRELTRED s ZIESHH T MR e (55 KA WAZK AL S 45 A BEA)AR . signal () pR B2 IR [P R (5 55 Ab 2R
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BIRG, EAR I AR AN TEIR P H A — AN SH R 55 . I HAER A0 H T
— WG AT AR XS R AR BR AN E SIG_DFL.
£ include/signal.h SCAFH (37 45 172 ), BRIAEIRA SIG_DFL FlZHE AL EE A SIG_IGN (1) A

#define SIG DFL ((void (%) (int))0)
#define SIG IGN ((void (%) (int))1)

o3 MIF R ICIR MHE ) s ERER, 5 signal ()RR 28 AN SN ERAA . FREME /002 0 F 1. IX
ANREHMEIZ 4 _EVFE 52 bR R A AN AT A B B B Bt A o DRI AE signal () e& i sl il AR 9 3 5 5k
R A W2 1548 F BRIAG 5 AL B AR B AR5 5 R AR P (49K SIGTERM F1 SIGSTOP S A
WS . S NIRRT AR 5 94—98 1T AL L 7R

AP PHATES, RS E LA TAE 517308 SIG_DFL 8¢ SIG_IGN. 74k, 4%
fork()— > TREFEN, TR AR R SOHFEME S AL T (55 k) . P AHE RN 5 [ Ve B
Ab B 5 SAE T HERE R FREAT R

h T BEEE SR MR IS, signal ()R BURIE H AR 7 iR .

void sig handler (int signr) /] G TR
{
signal (SIGINT, sig handler); — // NACELF—RAG 5 KA EBT R E H CIALE M.

}

main ()

{
signal (SIGINT, sig handler) : // FREFPPRE ECRE S A F A,

signal ) B ZCAN AT FE IR RIAE T 2415 5 D@ R AR B O B S B R et (HE SR H—IK
WHE H OB 1T, (EX BN R A TR X —AME 5 kKA. (IR R DAt BRI 5 R
JRERUE . DRIt AT BRI WS 5 2k

sigaction() B I H 1 sigaction 4 45 MR ORAFAR E (5 T W15 B, B2 — Rl SEI N AZ AL BRAS S IR HL
Hl, e LI FRAT S A BRSO B 1 S AL AN . BB signal (BB — AN . %R BUE
include/signal.h Sk3C#F (25 66 17) R HEEH R

int sigaction(int sig, struct sigaction *act, struct sigaction *oldact);

HP SR sig A 1A B S IR 5, B AU sigaction ZEHINOIREL. 4%
$ act fEACEE NULL I, T BURAES act 45K 1 EVE ECHE 25 5 10774 4 oldact A%, Pk
B2 AR A R 145 5 ORI B A . sigaction 54 LA 2%

48 struct sigaction {

49 void (¥sa_handler) (int) ; /) G TR BRI .

50 sigset t sa_mask; /) AG S HIBERCAY, W LARH 2R 58 BUME 5 %
51 int sa flags; // s TR & .

52 void (*sa_restorer) (void); /) G T R EERE (RGN .
53 };
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G O M AN B R, dn FALFE AN sa_handler AL ERIAALEE AR SIG_DFL ok 20 Ab B
AR SIG_IGN, FRA7E sa_handler AbERAJHA T AT, sa_mask T Beaitda T FZMA B HERAE 5 bt
WAL P ) — AN S5 . WA S A BAREIR ], ARG o W ERE JFOR 15 55 Bk A B o IXREAE— A
5 5 R R I, FRATTE T AR 264 e 0 — 28455 . A5 5 AR B A I, OB 04E = bt il & B 3
MO RO S SR 2, PHEEAE S gk ik . MM FRATT AL BE —Fi5 5 15 5 391 1R BEAff P BH ZE ]
—MESMAILER, HRRABITERE . Fi4b, 15— MG 5 Bl BH 2 8 1R] ) S 2 YR AR Bl i L ORAT
F—ARE1, AR PEBRZE MR BRI T BHEE M Z A — (5 RS — G5 43l ERIMMEST
—MES PR ERAIN 2 )5, BRAEFRCE S, 5 W — A A B A . 35X 545 G2 signal () s 3 —Ff .
signal () B 25023 7E — Ab R A)AR 45 S5 K L0 52 RS 5 IR BRI AL A A9

sigaction %5 K ) sa_flags JH T 45 & e — U AL BEAE 5 0 BE I, X LB R I G i &L
include/signal.h SCAFH (55 36-39 17D U .

sigaction Z5FHh 1t Ji — AN T BURN sys_signal () BRI 240 restorer S — BRI EUIRED « CE G PR IERLRE P I
i1 Libc R EESLAE, F ARG 5 AR P45 dOG s FLH P A HERS, IR REER A eax IR [A]
(IR NTTRE IR E R

do_signal () s 50U W AZ R G0 1 HH (int- 0x80) 1 W A BRFR J> i s 5 IR AR BEAR 77 o FEREREREIRIA FH &R
GURAIRT, FZRECWENES, WX EUR SIS P BRI CRES N PSS A B R 2O a2
FIREPHERR T . IXFE, 7 ET RS AR RS S L RIPATE S AR, SRS TRk SR AT )
T2, LK 5-7 iR

MR WAZ AR G I A Ak R

R4 A int 0x80 WA Ih e C
7 B R
XHE 5 AT IR 3T

Mg,

P do signal()
AEAI:I X o [X]%Iu ;{%"fé%ﬁfi
AR e e
JIHERR .

IRET

5-7 S EREFRYIEAAN.

& do_signal () s HEEE 5 A BRI S 8m A2 P HERR TP 2000, 1 e s E P B HERR R £ 1)
T longs MK (W HFRT T 106 17), RERAHCHISERAIL Y, 2 WKl 5-8 Pias. HT
do_signal ) BRI EUAN 104 47 TFUA QRS e i ABRAR, 1 1 FeAT DR FEAT PR

76 PR RS0 NIE N P AZ I, O RE I W AZ S HERE b2 i CPU Al A& 5-8 TR
IR EE, AL F PRI SS AT ESP LUK PP B —4 35 2 1MHUT sl & CS Fl EIP. 7EALISE I
WFEE ARG ThRE I % do_signal )i (BB system_call.s #2)7 118 172 &), WAZASHER K
W7 LI 5-9 A 22 iR . K do_signal ()i 2 B S X e /e I AZ S HERE B 25
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W AZ A HER P AHER
Ji SS
=] & ESP
AT 1) EFLAGS
Cs
long
EIP
— BGEYPr esp
p\/

L106 1504 73X HL iR ESP FI{E

5-8 do_signal () BRI A P HERRIIZ 2L

. M
P s SRR
J& ss
JResp  fmmmccom-mmemmm--eoeo L
eflags old eip
s Ry eflags
iret Z T esp—» eip CHATAREE edx
ds ecx
= cs AT ARTS eax (R EIED
JENTT ] fs [ ‘blocked ]
edx {55 signr
ecx sa restorer
{55 By
ebx
eax . . N
— --> WM do_signal ZHiI4EH
{5 signr )
—> WH do_signal Z JEMIFRIA]
N

5-9 do_signal ) EEIEH P MR AT

FEALERSE PN ERINME S AR5 (SIG_IGN F1 SIG_DFL) 2 )&, #HAF AE X T 5y (F54)
4 sa_handler), MM 104 17 do_signal() JT 4G HESHEH P H o U AR A PSR . EHE5Eitn
IZAYER P U PR R BIHAT SR 5T eip TRAEA old_eip, ARJ5¥H1% eip B n B E X AJHKN
sa_handler, W E[ILEEIFF YRZAHER A1) eip 517 sa_handler. 2 N RIE T NAZ S TFRLER “ R esp” IR
2% longs i, O P ASHERE I NP R T 7 5k 8 MNMFEA IR f T R P AZHERR L) R R B Y R R 3
TREAAE AT, WEHA AR,

B PSR FCE T 7 21 8 AME,  FRATILLE A U W I L6515 SCLL B 1K L6 g Ji A

old_eip BV J5UH 7 F27 FIR [EI Mk, & oE N AZHERE I eip B84 il 5 Uitk 2 0 OR B SR IM.
eflags. edx Fil ecx /& )5 H P REFE A REH < a0l A L2 HHRZRH NS, RGN
FH AR [0 J5 ATy AR 5 i 53 X e ] P R (R 2 A7 2l . eax TRAEAT RS IR IAME . Gt 5 T Ak B (K045
W FAPICEIAR L, WIHERE FIRAF 8 1% FE (B 80 blocked. R —ANME&{E 5 signr .
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B — AN RS SIE SR B BT S sa_restorer. IX MK BB S T S K, BUARER] T E
X signal () & F i R AR T —AME51H signr F1—/ M55 AL BLAJHE handler.

AR SIGINT 55 W& H o U5 S B AR — AN a6 7, BUAEBLT, 4%~ Ctrl-C 416758
277 SIGINT {55

#include <signal.h>
#include <stdio.h>
#include <unistd. h>

void handler (int sig) // g TR A .
{

printf("The signal is %d\n”, sig);

(void) signal (SIGINT, SIG DFL); // WKSL STGINT A5 5 BN AL BE RN . (SEFR NS
J // BEMKEEINE, EXTHERGARLWIE)
int main()
{
(void) signal (SIGINT, handler); // WE SIGINT [ H 5 AT 5 A B A) 4K
while (1) {
printf (“Signal test.\n”);
sleep(1); /) SRy 1 R,

Hrr, (5542 % handler)&AEf5 S SIGINT HEBUR LA FHHAT. B il — 4G R, &
Ja 2t SIGINT {555 A BB e BRNAG 5 A B AR . PRIEAE 2 k3% Ctrl-C 41458k, SIG_DFL 2
PREYE S 22 ey

T2, sa_restorer XA~ B IS HL K (W 2 LS e A i R pR AR AL 19, 7F Libe MU A B IR AL,
JE SR

.globl  sig restore

.globl masksig restore

# WA blocked M FiX/™ restorer R
~ sig restore:

addl $4, %esp #t EF{E5H signr

popl %eax # S RGP IR .

popl %ecx # WS R P AT AR
popl %edx

popfl # RE R SRR ARG AR
ret

# #4 blocked NIAEH FIX retorer B, blocked f ssetmask i .

masksig restore:

addl $4, %esp # EF(E5{H signr
call  ssetmask # WEES RIS old blocking
addl $4, %esp # FEF blocked fH.

popl %eax
popl %ecx
popl %edx
popfl

ret
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ZRRE) EEAE RN TR S S B P 45 G, I P R P BT R G S 3R [ R — e 25
TR, TERAE NS S A PR S 800015 S signr. AE4n PEIERT 7 A€ IS S AL FERL I, 4
BEREP XA R BAR A ZH R P e iR 0 SHE IR (S 5 A B P AT 58 Ja S P R IR B
PR ARG IR IE, SR BATIS AT IS S A BERE T, T L R G F A IR [0

B U FHATIRRE . 76 do_signel )FIT5E )5, system_call.s B 23 b FE A% 45 I eip LA R IAT
AEMHHERL . EPIT T iret F8 225, CPU KN ASHERE 11 csieip. eflags LU ssiesp 3, P&
FHPASEPATIEF . BT eip CEPBEHATRNGE SN, Kk, MZIRIS BT P B e SURE
SANBRERE . RS S A BRRE R PAT S, I ret 54, CPU SEEEHIBEAC4S sa_restorer [T [ ()
PRSI FEIT2:40AT o 11 sa_restorer £35S fil—28 FH 7 ASHERR NG 3L T AE, RSBk Rk 145514 signr,
ARG 5 IR [P eax FI75 /785 ecx. edx DL bR & 754785 eflags. 5EE T ARG G & %47
A1 CPU R . e ifiid sa_restorer 1) ret $i54- 9 H A P AR 71 eip (ABRIHERR E1 old_eip), &[]
ZHPATH P RR T .

5.9.2 KAZERF

#2F 5-7 linux/kernel/signal.c

Ilinux/kernel/signal. ¢

***}

(C) 1991 Linus Torvalds
*/

3 |O> |01 [H> Qo [ |—

#include <linux/sched.h> // WEEREFRCHE, & X TAESS 450 task struct. FIGHAESS O %,
[/ BE—YH IR TSR E R N T g pR B TR .

#include <linux/kernel.h> // WHSKICHE. & Lok R 20 8 & Yo

#include <asm/segment.h> // BARAFELICME. 2@ X T RECF A BAE Bt N 200 S R 0

#include <signal.h> [/ ART R EXE SR TR R, 5T A LA SR R AR R

volatile void do exit(int error code): // BiMiMIFRESF volatile TR G B e ANTERT H AT AL o

— == ==
IS 1S 1215 1o 100

[/ ARG AT bz (B
15 int sys_sgetmask ()
16 {

—
-3

return current—>blocked;

}

5 I |

/) WCEBIE T M Bl . SIGKILL ANRedl bl IR MU AT 5 Rk B
20 int sys ssetmask (int newmask)
21 |
22 int old=current—>blocked;

24 current—>blocked = newmask & ~(1<<(SIGKILL-1)) :
25 return old;
26 }

/) Sl sigaction ¥R £s BHREL to &b, .

28 static inline void save old(char * from, char * to)
29 {
30 int i;
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31

32 verify area(to, sizeof(struct sigaction)); // WiF to AbHIANAFZE L,

33 for (i=0 ; i< sizeof (struct sigaction) ; i++) {

34 put_fs byte (*from, to) ; /) EHE s Bt — O P SR B

35 from++; // put_fs byte()7F include/asm/segment. h 7,
& tot+;

37 }

38 }

39

// 8 sigaction FHM £s EHiBE from 7 E R HIF to &b
40 static inline void get_new(char * from, char * to)
41 {
42 int i;

44 for (i=0 ; i< sizeof (struct sigaction) ; i++)

45 *(to++) = get s byte(from++) ;

46 }

47
// signal ) RG] .. KT sigaction (). NIRE MG T LIEH G5 AW (G S AEERT)
[/ AG SR RT LU P AR e 1 R A, AT LU SIG DFL CERIAAJAR) 3K SIG IGN (&%)
// ZH signum —47E M5 T handler — FREMAJIN; restorer - K REHREN, %K% H Libe
/) PERRAIE . FTHEAS 5 AL BRE P 45 W5 Mk R G0 T H IR [RIIRE JUAS 25 47w 10 S AT {8 LA A R 481 HH (13 [R]
/) AE, IR RGO A AT 5 A BERE i B R P2 R
// BREGR AR5 AR

48 int sys signal (int signum, long handler, long restorer)

49 {

50 struct sigaction tmp;

51

52 if (signum<l || signum>32 || signum==SIGKILL) // {5S5{H¥%AE (1-32) JalFWN,

53 return —1; // I HATG 2 SIGKILL.

54 tmp. sa_handler = (void (¥) (int)) handler; // TR T A BE AR

55 tmp. sa_mask = 0; // BATH BIE 5 R il .

56 tmp. sa_flags = SA_ONESHOT | SA NOMASK; // ZAIREAE T 1 R SR BRI,
// IRV SAE B SR A A R

57 tmp. sa_restorer = (void (%) (void)) restorer; // {RAFIKIZ AL bR EFRET .

58 handler = (long) current—>sigaction[signum—1]. sa handler;

59 current—>sigaction[signum-1] = tmp;

60 return handler;

61 )

62

// sigaction() RG] . BURMEREAEWE]—AME TS HERME. signum &R T STGKILL EAZMRAT A
/) A5 SRR (action) A ] MUBTHRAEBL 2. W oldaction JEEFA N2, I ERAE
// BERE T oldaction. FEILMIR[E] O, FHNA-1.

63 int sys sigaction(int signum, const struct sigaction * action,

64 struct sigaction * oldaction)
65
66 struct sigaction tmp;
67
/) AR S EEAE (1-32) JE A, IF HAS S STGKILL AYAL AR AN RER 52
68 if (signum<l || signum»32 || signum==SIGKILL)
69 return —1;
// AEAF T W) sigaction Sk ERTHIHAE (BhED .
70 tmp = current—>sigaction[signum-1];
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71 get new((char *) action,
72 (char *) (signum—l+current->sigaction));

// W% oldaction ¥REFAN A PIE, WP EERVEFREHRAT 2] oldaction FrfR AL E
73 if (oldaction)

74 save old((char *) &tmp, (char *) oldaction);
// R AVHE AR B A5 Al E], WA BRGS0, 5T E B lAE 5
75 if (current->sigaction[signum-1].sa flags & SA NOMASK)
76 current—>sigaction[signum—1]. sa mask = 0;
77 else
78 current—>sigaction[signum—1]. sa mask |= (1<<(signum-1));
79 return 0;
80 }
81

/) RGO WA R b EOE MR S AL BERE S (FF kernel/system_call. s, 119 17) .
/) BRI B RS S e B A AR a2 P R P HEAR T, FTEAR RG] 4501
// RBUGSLZIPATE 5 AWRRT, ARG AR EEHAT P R .

82 void do_signal (long signr, long eax, long ebx, long ecx, long edx,

83 long fs, long es, long ds,

84 long eip, long cs, long eflags,

85 unsigned long * esp, long ss)

86

87 unsigned long sa handler;

88 long old eip=eip;

89 struct sigaction * sa = current—>sigaction + signr — 1; //current->sigaction[signu-1].
90 int longs;

91 unsigned long * tmp esp;

92

93 sa_handler = (unsigned long) sa—>sa handler;

// RAE S5 HIW A SIG_IGN(ZHE) , WM, a8 A)#4 SIG DFL (BRIAALEE) , an A5 5 2
// STGCHLD WIR[A], 5 2% -3 FE I T

94 if (sa_handler==1)
95 return;
96 if (!sa_handler) {
97 if (signr==SIGCHLD)
98 return;
99 else
100 do_exit (1<<(signr-1)); // WAt ALMESE AZE? AttAl? ©
// X% do_exit (1<<(signr)) -
101 }
/) WERAZAT S WA THTAE ]Ik, PR A B 2 (A5 5 A D& R A74E sa_handler $iREFH)
102 if (sa—>sa flags & SA ONESHOT)
103 sa->sa_handler = NULL;

// X BACR S T AL B R iR A B P R, AN sa_restorer, signr, BEFE S ichS (2R
// SA NOMASK % E 1), eax, ecx, edx 1E A ZHU LA G R R G F FE P IR I Fa 5T Kb s P5 A7 48 (H

/) FENMERR . DR A K RS F R W (0x80) JR [A] F P F2 sy 25 15 58 $0AT HL P IS S ROWRE Y, ARG
/) FRREHATH T

// KPR RS A AL FRER eip 45 %05 5 A BEA RN
104 *(&eip) = sa handler;
[/ WRAVHE S A QRSB RRICENE T B O, T T 0K R 1 BH ZE A e N HEAR
// TEE, XH longs HIZE RNV IZIER (T44) : (8x4), FAMEFELL 4 770 A AT HAER .
105 longs = (sa—>sa flags & SA NOMASK) ?7:8;
/) BRI P e R B 1 YR T (B 8) MK (HERAFIBOR G S A =555
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/) IR AT N AT D0 9 G SR P9 A7 568 3 0 2 BT T4

106 *(&esp) —= longs;

107 verify area(esp, longs*4) ;
// AR HER T AT B EAFI sa_restorer, {75 signr, BEMiAY blocked (415 SA NOMASK & A7),
// eax, ecx, edx, eflags FIJH T A 4% .

108 tmp_esp=esp;

109 put_fs long((long) sa—>sa restorer, tmp esp++) ;
110 put_fs long(signr, tmp_esp++) ;

111 if (! (sa—>sa flags & SA NOMASK))

112 put fs long(current—>blocked, tmp _esp++) ;
113 put_fs long(eax, tmp_esp++) ;

114 put_fs long(ecx, tmp_esp++) ;

115 put_fs long(edx, tmp_esp++) ;

116 put_fs long(eflags, tmp_esp++) ;

117 put_fs long(old eip, tmp_esp++) ;

118 current—>blocked |= sa->sa mask; // SEFEBHZERD (BEiichs) 7 b sa_mask HIFSAT o
119 }

12

593 HEER

5.9.3.1 #IZES A

R S S TR REAE I — R T A B, WS NRTP I — A5 5, I AT
P EHE . ey — il R b sl gh o)y, s A —AMbR5 o8 17 1) SIGCHILD {75 RIE4 L
R, LB SRR SRR AR

K P —A R b B B A5 S, — A PR — P IR b3, (s 54
RGN BRI 5 A BAR P AT A0 88 s 5 R IR AT B RIS 5 A R P R AL AT

F5-4 HiZES

br's | AR | BRIAERAE
(Hangup) MR TR0t WAZ &7~ A %R S, B0E IR
. SIGHUP K Xterm Bl modem. 15 & FRITRAEHINZ S, | (Abort) B2 il £ i 5Lk
BRI EATTH A SIGUP SR HY 75 22 BB e B L i B SO s | 2
T
Interrupt) > B &, T K YK EhFE P 2o L 5AC
) SIGINT (n?rrup) KA BRI 2. W E A KB R Sl S (Abort) £ 1LFF
YE
Dump) B B I
3| sieQuIT (Quity K IR AIIER s, S 2t g, | OO BRI
dump core 3CF.
A SIGILL (Nlegal Instruction) F2/37 A5 EE $AT T — AN IEE AR | (Dump) F2)P#E 2 b df 4
A, dump core L1
5 SIGTRAP (Breakpoint/Trace Trap) Wi, ERELWT A
Dump) FiFFREZE I3 7
6 SIGABRT (Abort) JRFHAT, S G (Dump) FEFF B ALIE
dump core 3CF.
] (Dump) FR/F# &b
6 SIGIOT (10 Trap) [l SIGABRT
dump core 3CF.
7 SIGUNUSED (Unused) BEATIEH .
8 SIGFPE (Floating Point Exception) 7% /5% o (Dump) FEP#E 2 b=
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dump core 3CF.

(Kill) FEIPHEZ L. 1055 AN RE Al SRS 1 2 . AT %2

9 SIGKILL 1B, BURIAE S 9. BT BRI EMHLSMEEE | (Abort) F2/@#Zit.
TAE,

10 SIGUSR1 (User defined Signal 1) 7 & X015 5 . (Abort) BEFRHEZ 1L,

u SIGSEGY (Segmentation Violation) 4F2)3 5| HICRUM W AZ I & 7= 2E 8k | (Dump) F2)P#E 200 JF 4
B9, W FHREAEMEINAE: SRV AL, dump core 1.

12 SIGUSR2 (User defined Signal 2) £-# 45 H P27 HF IPC (L E HIY. | (Abort) BEFE#E 2L,

i SIGPIPE ¢@)%E$W‘ﬁ%ﬁ?ﬁ%ﬁﬁwm?&ﬁﬁﬁﬁﬁ¢ (Abort) HFEHZ L.
AR

y SIGALRM Félérm)éﬁfé;%‘é?ﬁﬁ)ﬁi}ﬁm alarm %t, C T L 1 RE IR B (Abort) HFEHZ L.
HRVE . 5 T WA T R A .
(Terminate) H T-FI&H Bk —MRF L b, & & kill ERIA

15 SIGTERM f5'9. 5 SIGKILL N[, &5 S Replizk, XFEptaerrlh | (Abort) FEFREZ L.
IBAT R AR B AR

16 SIGSTKFLT (Stack fault on coprocessor) T ihBH 28 MR 45 o (Abort) MR L,

. SIGCHLD (Child) AQiFFER H o {5 1Eake 73R . w5 SCHRE | (Ignore) — 30 % 45 11 Bl 45
‘B, .
(Continue) %55 B4 SIGSTOP {5: 1R STiz4T. 7 | (Continue) Pk &2 3 #2 1)k

18 SIGCONT -
LA A 3 o 7.

19 SIGSTOP (Stop) = ILHERRIEAT « %055 AN AT B Al SRl 2 (Stop) & 1IFHEFHEAT
(Terminal Stop) [ &%y K45 I BT 51 o 145 5 T AR i 3R 1 i

20 SIGTSTP . (Stop) f#1LEFEIEAT .
(TTY Input on Background) J& & #EFEIA B M — AN AN #2761

21 SIGTTIN (2% i b BUCHCHE U Rk R A b, B BIBCE] | (Stop) 5 IEBEREEAT
SIGCONT {5 5o %5 5 W AR AR B 20
(TTY Output on Background) J& &5 3EFEAE i — AN AN

22 SIGTTOU B 2 i b RO, BRI DR B, ELRIR] | (Stop) 45 Ik HEREEAT .
SIGCONT {55 %15 5 W B il SREL 20

5.10 exit.c 2[5

5.10.1 ThgEHE IR

R R TR (T4 LR B S, S EAS AR, o GERRAD 4k
FIFEFIE A HE R A DL R PERERE . b b RE . R RS R G0 . IS B FERERE 5 R % AL
send_sig() Al 0 A FE T HERE 2L 1 1Y R 2 tell_father().

TR PR AL release() - ZEMRIE TR AE LSS B 4540 (AESSHIRTT) $8%E, FEARSEAL P MIERTR
SE MBEREFRE . BETBUHSC A A7 TOF L2 LE AR OB R FEAL 55 118 4T

BERRL L 11 R A Kill_session () [ 23 15 5 55 24 BT HERE A R I ERE AR FEMTERE 10455

AU sys kil T R 3R AR E IS 5o RIS EL pid EEREARIRS) IEERAR,
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ZARG 2 AN R R R URIR AR 5 o REPERE R B2 T AN T DL AL T 3

TP AR HE R 2 do_exit() 27 RGT A RIS AR R P A o e e S S RO TR AR A B
AN BT A7 AN A DUTET, AR5 1) 7 BERE ROR A 1455 SIGCHLD . 4555 58 M 4 T ERE4T T (R B4 S
REBAEHT e ae s PPARBRARBERE, 7 AT RERE S BERE AL A WURRERE, A iy ZEL L AT A OGRS .
B AE S TSR BN OIS, BCEIR Y, Jf R QR AR TR LS T o fen ik W EDET
FES51IEAT .

AU waitpid() ] TR M ATHERE, FLH] pid $5E 0 FERER T (k) sl 2R A& izt
PRI, B T S —ME SR (F 5B . Wk pid Proa iy #EFE AL 2R Y (il
(EAERERD), WA AR S 2R Ao 5 REREAE A BIT AT BE ORI 12 R 501 BLAR A th B LS
BAT AN AR B . P ILACHS P R AH DGR o

5.10.2 KR53 ¥ &

#2F 5-8 linux/kernel/exit.c

14
2 * Iinux/kernel/exit.c
3 *
4 * (C) 1991 Linus Torvalds
5 #
6
7 #include <errno.h> /) RGO RGE TP EM AT . (Linus M minix H5 )
8 #tinclude <signal.h> /) AGT R B UG TR, AR T A DS T 1R R R A
9 #include <sys/wait.h> /)RR SRS . E RG] wait O Ml waitpid O MAHKRE T 5.
10
11 #include <linux/sched.h> // PREREFSL3CHE, € X TALS 45 task struct. HIURIESS 0 HI%E,
/) A A AR R S R E R IR RN 2T i oR ECE TR )
12 #include <linux/kernel.h> // WHZKICHF. S4TSR HI BB J5UE € X
13 #include <linux/tty.h> /)ttty SkE, @ X THEIK tty io, HATHE T HRISE. HH.
14 #include <asm/segment.h> // BUEAELICHR. 58 ST A KRB AE a3 AR IR 2 Gt R 2
15
16 int sys pause (void) ; // O FEE NREIRSI RS M.  (kernel/sched. ¢, 144 47)
17 int sys_close(int fd); /) KRR E X ARS . (fs/open.c, 192 47)
18

//// RETSEE e R O AT 45 A R AT 45 s &5 M B o IR A A7

[/ A p AT B S M RS . X RREE ST sys_kill O Al sys_waitpid O H a5 .

/) AT S IRE B R task [ LT 3RIGEMIATSS . WERERE], Wpg el 2z 50, SRR
/] VAT B SR BT BN AE DU, B e BT T B R BORAE IR (RIS BIE o W SR AR AT 45 B4l
/) R EAERBFR LA X NI, WA panic®©.

19 void release(struct task struct * p)

20 {

21 int 1;

22

23 it (!p) [/ SRR S M FR BT & NULL, A At A, B .
24 return;

25 for (i=1 ; i<NR_TASKS ; i++) [/ AR R, FHEIEEMS.
26 if (task[i]==p) {

27 task[1]=NULL; /] EANZAESS I RSO K N AF L
28 free page((long)p);

29 schedule () ; /) EHRE (UPRABED .

30 return;
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w
—

1
panic( “trying to release non-existent task”); // ¥&EFEHE AEAENIZEHL .
}

LW | |
s

/)] TR EARS (kp) RIE(FE S (sig) » AURA prive
/] ZH: sig — [E51H;
// p  — fREAESIIRE
// priv — SRHIREE THARE . RIATE 5 R H P 8 P sl g0 fe &R A5 5 AR .
/) R AR AW S I, SRS FIWT AT A AL o 0 A B ) 4R e BE R KRS T sig
[/ R, AR EER VT RS
35 static inline int send sig(long sig, struct task struct * p, int priv)
36 {
/) G T A IE AT S5 FRE A 2 W AR
37 if Up || sig<l || sig>32)
38 return —EINVAL;
[/ WURSRERIERE B, BUE G ATER A ROH P ARRRT (euid) g2 s € HEREI euid (WEIZ D,
[/ BCE TR SR P, WIAEREREA TP iz (5 5, AR H
// Ho suser () € A (current—>euid==0), T AW 2B
39 if (priv || (current->euid==p—>euid) || suser())
40 p—>signal |= (1< (sig-1));
41 else
42 return —EPERM;
43 return 0;
44 )

- //// #ibE43if (session) .
[/ RS TERIRESIE S L 4 ErhE R SR

46 static void kill session(void)

47 |
48 struct task struct #%p = NR TASKS + task: // FEE*p e ER AT S B oK v
49

[/ FARATSIEE B, ST A PMES BRAES 0 LIAN) , 2155 session 25 T 4 AT#EFE K
[/ e e R IR W R A 5 STGHUP.

50 while (—p > &FIRST TASK) {

51 if (¥p && (*p)->session == current—->session)

59 (*p)—>signal |= 1< (SIGHUP-1); // KiLH:Wridtlifs .

54 }

56 /*
57 * XXX need to check permissions needed to send signals to process
58 * groups, etc. etc. kill() permissions semantics are tricky!
59 */
/%
* O T RS RIAE S, XXX FRERAVF . kill O MVFaTHLEIEHES 152!
* /
/1)) RGP kill O v T AT R e R A AT A 5, mFFAE LR R FEO,
[/ ZEpid RIS sig BT ERKIENES .
// MR pid >0, WE S # RIRG RS2 pid HERE.
// MR pid=0, HALET bl Aakeh MuT bR f R A i A R
// W pid=-1, WHET sig Wha RIELHBRE — ARSI T iR .
// W pid < -1, WHES sig FREG A -pid WA R
[/ WMRAET sig N 0, WIAKIEGS, (A AT H A . W s R E 0,
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/) HERBEIRRAT S AR, RS pid MDA L AR R R IR E MR 5 sig. 47 pid BT 0,
/) RUPUATHAE R R A, I 2 1) P A 4N I B R s i) AE AR 5 sige
60 int sys kill(int pid, int sig)

61 {

62 struct task struct **p = NR TASKS + task;

63 int err, retval = 0;

64

65 if (!pid) while (——p > &FIRST TASK) {

66 if Gkp && (kp)—>pgrp == current—->pid)
67 if (err=send sig(sig, *p, 1)) // BRIRIEE S .
68 retval = err;

69 } else if (pid>0) while (——p > &FIRST TASK) {
70 if Gkp && (xp)—>pid == pid)

71 if (err=send sig(sig, *p, 0))
72 retval = err;

73 } else if (pid == -1) while (—p > &FIRST TASK)
74 if (err = send sig(sig, *p,0))

75 retval = err;

76 else while (—p > &FIRST TASK)

77 if (*p & (*p)—>pgrp == —pid)

78 if (err = send sig(sig, *p, 0))
79 retval = err;

80 return retval;

81 }

82

///) A HERE — [ pid & i%15 S SIGCHLD: ERINE M T T LR b ek il
// WREA RIS, WA OB EARYE POSIX. 1 2k, #HRFECLATLIE, NTREFENZ
/] BERTARERE 1 W7 .

83 static void tell father(int pid)

84 |
85 int 1;
86
87 if (pid)
/) FARMBERERA R SRR E RS pid, IF A HOAIE T HERER 5 1B B2 1147 %5 STGCHLD.
88 for (i=0;i<NR_TASKS;i++) {
89 if (ltask[i])
90 continue;
91 if (task[i]->pid != pid)
92 continue;
93 task[i]->signal |= (1<<(SIGCHLD-1));
94 return;
95 )

96 /* if we don’t find any fathers, we just release ourselves */
97 /% This is not really OK. Must change it to make father 1 */
/% WEREAHRBIACHAE, WS A OB XFEMOFA L, Wil Hdife 1 78 1A e, */

98 printk ( "BAD BAD - no father found\n\r’);

99 release (current) ; /) AR R EISCHERE, A SR
100 }

101

/)7 FEFPRHALBERET . 7RI 137 AT ARG A sys exit O i
102 int do_exit(long code) // code JEHTIRI.
103 {
104 int i;
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105

// RETBCAHTHEREACHS BOR s BT S I N A7 50 (free page tables () 7E mm/memory. ¢, 105 47)
106 free page tables(get base(current->1dt[1]), get limit (0x0f)) ;
107 free page tables(get base(current->1dt[2]), get 1limit (0x17));

) S R, s RN Father B 1 GLACHERRBCHHEFE 1 - init). W TRER
// ELEALTAEAE (ZOMBIE) dRZS, W mEbReE 1 Ai%k 7 3EFE 2 1455 SIGCHLD .

108 for (i=0 ; i<NR _TASKS ; i++)
109 if (task[i] && task[i]->father == current—>pid) {
110 task[i]->father = I;
111 if (task[i]->state == TASK ZOMBIE)
112 /% assumption task[1] is always init */ /% XBERE task[1]HELHE init */
113 (void) send sig(SIGCHLD, task[1], 1);
11 }
/) R FTEEREST T B p AT S A
115 for (i=0 ; i<NR_OPEN ; i++)
116 if (current—>filp[il)
117 sys_close(i);
// RPAETHERE I AR H 5% pwdy B H 3 root DLAFRFH 1 5 fUHEAT FPHAE, B (BIBO .
118 iput (current—>pwd) ;
119 current—>pwd=NULL;
120 iput (current->root) ;
121 current—>root=NULL;
122 iput (current—->executable) ;
123 current—>executable=NULL;
// W FCA TR R 2 1 S (1eader) HERE JT H AT 02 o, RSB0 24 3y
124 if (current->leader && current->tty >= 0)
125 tty tablelcurrent->tty]. pgrp = 0;
// WY HETHERE B S P AR BRSPS last task used math B
126 if (last task used math == current)
127 last task used math = NULL;
/) WHECAHT R leader HERE, W2 1% 2515 B A AH G ERE
128 if (current—>leader)
129 kill session();

O YRR E NIRRT DR T . IR A R P
13 current—>state = TASK ZOMBIE;

131 current—>exit_code = code;
/) TBRACHERE, AR R SRR AL AR S STGCHLD — FREREHs 5 (o k.
132 tell father (current—>father);
133 schedule () ; /) T EEBEREIEAT, DRSS R AL BB HE R T B 3 .
134 return (-1); /% just to suppress warnings */
135 )
13

/) BRGEH exit (). ZIEHERE.
137 int sys_exit(int error_ code)
138 {
13 return do exit ((error code&0xff)<<8):
140 }

/17 BRG] waitpid O HEEMATEER, B pid fHE M TR (k) s 2R
[/ GIRERE S, B R HERA —AME SN (E SRR o Wk pid Frig TR C
[/ B CERPTIE R EAEHERS) WA S 2R o 5 EREAE T (0 BT AT BE IR R T

// R pid > 0, FoRFEFFERE ST pid 7R

// IR pid = 0, FoRFEAFEREA S T M TR S AR fT T .

- 151 -



5.10 exit.c f&)¥

// W pid < -1, KORGERIFEA 5 ET pid 4O0HE MR bR
// U pid = -1, RRERMTA TR, ]
// #i options = WUNTRACED, F/mUiIfriERE2fibny, s B CEaRED .
// #i options = WNOHANG, F/UWIHAA TR HEZ LS Bk,
// WMFIRPRETRE stat_addr AN, WEERR (S BRI,
142 int sys waitpid(pid t pid,unsigned long * stat addr, int options)

143
144 int flag, code;

145 struct task struct *¥ p;
146

147 verify area(stat_addr, 4) ;
148 repeat:

149 flag=0;

[/ MEFF ARSI IR A LS5, Bbid 2T, ABERE I S AR 24 i BERE ) 7 HERE T

150 for (p = &LAST TASK ; p > &FIRST TASK ; —p) {

151 if (!*p || *p == current) // Bkt 2 TR AS R I

152 continue;

153 if ((kp)—>father != current—>pid) // TR YRR ) R Bk
154 continue;

// BRI R R R MRS p 17 2 TR R
/) IREERR R TR T pid>0, (HSRHTR TR p (1 pid AHHAE, BEHE R AT HERE S A kR,
[/ TR iR, ER T AR

155 if (pid>0) {
156 if ((«p)->pid != pid)
157 continue;

/) AN, WA SRR pid=0, FORIEAESEAFUEREA 5 5E T i MR AL 5 AT kR 2R
// BB RERE p MREREL 515 AT HERR I A 5 ANE, Bkt

158 } else if (Ipid) {
159 if ((%p)—>pgrp != current—>pgrp)
160 continue;

/A, IR pid<-1, FRIEAESFRFUEREA AT pid GOE TR TR . W R Bl
// R p AT pid MZERMEASE, B .

161 } else if (pid !'= -1) {

162 if ((#p)—>pgrp != -pid)
163 continue;

164 }

// AR 3 AN pid FIAIRTESARF &, MRS R E R S A AT PR, R pid=—1 0580,
// SEI BTk BRI RS p LR TS fF I bR . 32 TORRIEIX AN FHERE p BT A IR AR AR EE

165 switch ((¥p)->state) {
/) THERE p A FAE IR, b WUNTRACED br &% A B AL, RonFE P ML ZR ], T4k 4:
// PRI G R . G5 WUNTRACED B4z, R E B 0x7f i \*stat_addr, FF37 %R M52
// 5 pide X 0x7f TR AR ZSAE WIFSTOPPED O) %2 A 3. &l include/sys/wait. h, 1447,

166 case TASK STOPPED:

167 if (!(options & WUNTRACED))
168 continue;

169 put_fs long(0x7f, stat_addr) ;
170 return (kp)—>pid;

[/ WER T RERE p AL RSO, W St e A ) M A AL AT I 18] 53 3 S8 0T 124 i 3E R CSCHERE)
/7 RJA U T HERER pid NGRS, JFRSOZ TR . feniR el R AR RS AT pid.

171 case TASK ZOMBIE:

172 current—>cutime += (¥p)-—>utime;

173 current->cstime += (¥p)->stime;

174 flag = (*p)—>pid; // Wil ORAr 7 RERE pide
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175 code = (kp)—>exit code; /) WA IHRERIR Y.

176 release (¥p) ; // RO TR

177 put fs long(code, stat addr) ; // BREE BOIE HAEE
178 return flag; // BH, RFIFHFEER pid.

[/ RIS TR p FPIRGS AR IF ILWAREIE, BAHE flag=1. FoRiRBE— DR ER A
[/ TR, ERE A T T A BRI .

179 default:

180 flag=1;
181 continue;
182 }

183 }

[/ AE EIRHESS BAHIETAR )G, WER (lag BUELL, BEIATRF &S5 55 BRI R RAT AL TR
[/ BARAUIRZS . WIRIEIN CBEE WNOHANG JETH (R ey v HEREAL 1718 Y B LAt e %R 9]
/) BESLZIRIE 0, GRH o A I 2 AR O ) W A AR IR A I BT T IR

184 if (flag) f

185 if (options & WNOHANG) // #% options = WNOHANG, ~7.%13% ],
186 return O;

187 current->state=TASK INTERRUPTIBLE; // ‘& uidtfe h nl v Wi Ak

188 schedule() ; // L.

[/ B SOTRPATAERERS,  WERABERE AR A W R BR STGCHLD LIAMAfE S, MIis 2 AR A, 770,
// R IE R IR Y
189 if (! (current->signal &= ~ (1<<(SIGCHLD-1))))
190 goto repeat;
191 else
192 return —EINTR; // B, R [E A .
193 }
/) BRI G BRI [E] D
194 return —ECHILD;
195 }
196
197
198

5.11 fork.c &]F

5.11.1 hgEAR

fork() RGE 1 H H T bR - Linux BT g ERE AR 2 I RE 0T 4% OO I il R o 1R 42 sys_fork()
(£F kernel/system_call.s HF 5 X)) RGN ACBE R BEE, 25 H1 T sys_fork() & 4e A HH Hh 4 H i A
C &S M4 find_empty process() Fl copy_process(). i 41 5 i B P A8 X 18 56 3F 5 A 17 43 T iR 5
verify_area().
copy_process() FH 1@l it - 52 il RE A IS BORI B BE LA BB . AEERR AR, B Bt
FEBE AR A BB E - REGEE S T RE AR WAFIX R R — 00 AR A AT 45 Sl 4 ha 15 5L
H AT 2 BT HERRAT 25 B0 2544 vh B A N A E DRy B R AT 25 5080 54 RO
B J 5 AR R PR AT 25 B G5 A AT I O 4 T RE W B R BTl RE (R SR, , W BR A 5 O R IR AT
RS GETHE . BRI S AT B BT SRS B (TSS) W A A7 28 M ol T B R FE I HERE IR
MERNR 0, FrLATREEE tss.eax = 0o H7UEFE X S HERRTRET tss.esp0 # 15 BTt FRAT- 45 204l 45 1
JITAE P A L 1T () T2 11 HEAS BE tss.ssO B 15 A A A B e ROl 6 4% o tss. Nt B 12 e A Jmy i R IR 1 E GDT
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PRSI W U ATE R T O RS, R T T U A HE A% (1 e RS R AT BUFTEFEN) tss.i387
gty

b5 R G BE AT 55 AR AN BOEE Ik . BRI YRR A2 2 DU B D . i SRAQ kR
WA SO T TR, TP B SO T FRR BN 1. B2 1E GDT "h s B FTT45 ¥ TSS A1 LDT R f5 101,
R B4 R AR 45 S5 R 1) tss T Idte S5 FRRE AT 45 W B T I8 A RS TR R i FE 5

€] 5-10 & P AFIGIE B KL verify_area() 1 3G IE A AE RIS LR A7 A0S FE TR R OR8] o PO N A7 S SBIE
PRI write_verify() 75 22 LA A7 DU A B4 (4096 715D HEATHRAE, DRIAE TR A write_verify()Z i, 7%
LI (VL a7 B VA A DU TR AC AR 7 B, ) I X B AE 0 R VE A Y T 3 o

nr¥64M  ( nr BE%5 ) (nr+1) *64M

%z Hudls

PN A7 LTI JFR AT E addr

: B 1

—

Y
JRKJE size

Y
B size

BRI E start

5-10 AFIIESE B AN ia i B R A%

5.11.2 K75 ¥ &

#2 % 5-9 linux/kernel/fork.c

J*
* linux/kernel/fork. c
*

* (C) 1991 Linus Torvalds
*/

®

* ’fork ¢’ contains the help-routines for the ’fork’ system call

* (see also system call. s), and some misc functions (’verify area’).

* Fork is rather simple, once you get the hang of it, but the memory

* management can be a bitch. See ‘mm/mm. c’: ’copy page tables()’

*/
/%

* ' fork. ¢’ PEHREMH fork’ FIHBh TP (S system call.s) , PLR—4e e pR %
* (verify area’ ). —HARTHRET fork, B RINVERZIEF W AN, (HNAFEEEEAG LERER .,
* 2 mm/mm. ¢’ ) copy page tables()’ .

— = =
|l\‘> |»—‘ |O [© |00 |2 | |OT [ [ DO [—

*/
13 #include <errno.h> /)RR TSR, R RGP AR S . (Linus A minix 5| ER)
14
15 #include <linux/sched.h> // PAEREFLSCHE, w8 X T AR5 45H) task struct. #IEAITESS 0 195,
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[/ AT AT S IR AT 2 OB E AR RN 2T oK O TR A

16 #include <linux/kernel.h> // WAZLICHF. &AL H B 58 & L.

17 #include <asm/segment.h> // BAESLSCHE. & T RBCAT AR a B VR I B N 270 G R 2K

18 #include <asm/system.h> // REGLICIF. ST BEE BUE SRR ST/ Hh W T TSR A T 9 %
19

20 extern void write verify(unsigned long address) ;

21

22 long last pid=0; /) BOR R S, HAHH get_empty process () A2l

23

/// /) BEREZE ] X385 i 50 I bR 2
// AR EE N addr B addr + size IX—EEAS R LA BT AT S HR A AT RS N4 o
// AR A T DA U Ok B AT A, R RE P i e TR R Y addr BTAE DU T 4R b AL start,
// PR)G start N FUERES R B AL hE, f#IXAS start ARl CPU 4G £t =¥ a)p itk . B SR
// W write_verify O X KN WA AT S AT AE . 27 V& ey, AT L= A05
// RS HICEEE CEREHD .

24 void verify area(void * addr, int size)

25 |

26 unsigned long start;

27

28 start = (unsigned long) addr;

// WL start WY HFTAE U 2 FOFAa AR, RIS R N T A 50 11 X R
// TR start & OxfFf HIKRIRTGIRERIAHL E addr (WE start) 7EPTLE TR T WA AE
// JRIGAEYEH size N EXAMRAAEED Y R LL addr BT DUHR AR 47 & LG Ya s . R 30 4T
[/ FATEARIAE TG S start WA UL FYE . 2 Wi B “ AR IR U I R i

29 size += start & Oxfff;

30 start &= Oxfffff000;
// R start I ERERE RS B AR Lt bk A (R b AR A6 Bk, AR R G A 2 S ) v i kT
[/ T 0011 WAZ, AR BOFIACRS B AR 2 P ik = () v ) BEBE R BRI AH R]

31 start += get base(current->1dt[2]);
32 while (size>0) {
33 size —= 4096;
// BULIEAE, # AN, WEHGIN.  (mm/memory. ¢, 261 17)
34 write verify(start);
35 start += 4096;
36 }
37}
38

[/ BB PSS AR A B etk . BRI ik,
// nr LSS p TSR SR E .
39 int copy mem(int nr, struct task struct * p)

40 {
41 unsigned long old data base,new data base,data limit;
42 unsigned long old code base, new code base, code limit;
43
// WO HTRERE SR AR AT L P HA R IR B RS CETED .
44 code_limit=get limit(0x0f); // HURFMBHMIEFT R P BAGR AT I BUR K
45 data limit=get 1limit(0x17); // HUJR{HGIART R T HE BeRlias f7 v Be B K
[/ WA RERE AR BN e BEAE S 1 kb = 1) vp i L
46 old code base = get base(current—>1dt[1]); // BURACHSERHLHE,
47 old data base = get base(current—>1dt[2]); // BUREPE B HLbE.,
48 if (old data base != old code base) // 0. 11 WA SCRARIE A B R B 23 S RIS
49 panic(“We don’t support separate 1&D7);
50 if (data limit < code limit) /) WREE B < AU B AT .
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51 panic ( "Pad data limit”);

// RIEE A HT I REAE 2R P ok S () R ) SE HBEE ST 64MB % AT S5
52 new data base = new code base = nr * 0x4000000; // HFrEdt=1F5"5%64Mb ({£55 K)o
b3 p—>start code = new code base;

/) BEEHT R SR A R A R v B IR A g S H A
54 set base(p—>1dt[1], new code base); // W EACH B RT bRk
55 set base (p—>1dt[2], new data base); // % B HIEEIHIALTpIEHEE,

// BEEHTIEFEN T H R IR TR I, BRI RE (0 2 M M kb P9 A7 TU0E N 21 S 4 2R kil P A7 T T L
56 if (copy page tables(old data base, new data base, data limit)) {// EHMACEEFIEIEE.
b7 free page tables(new data base, data limit); // U545 PRSI H R O N A o
58 return —ENOMEM;

99 }

60 return 0;
61 }

62

63 /%

64 * Ok, this is the main fork-routine. It copies the system process
65 * information (task/nr]) and sets up the necessary registers. It
66 * also copies the data segment in it’s entirety.
67 #/
/%
* 0K, FIHZFEMW fork TREF. ERBIRGIFE B (task[n]) Jf H i &0 E T 745
* LIS HEAN M RO B .
*/
/) Bl
// HAHSH nr £ find _empty process O A HC T34 TS - none /& system call. s Fiff
// sys_call table B} ANHEFATIR [B]HuhL

68 int copy process(int nr, long ebp, long edi, long esi, long gs, long none,

69 long ebx, long ecx, long edx,
70 long fs, long es, long ds,
71 long eip, long cs, long eflags, long esp, long ss)
72 |
73 struct task struct *p;
74 int i
75 struct file *f;
76
ik p = (struct task struct *) get free page(); // NHAESEHELFI DA A
78 if (!p) // IR WAL S, DR (A H R A IR H
79 return —EAGAIN;
80 task[nr] = p; /] BTG S TR E TRNAT 55 5

// e MRS5S, WAV find empty process () i [H].
81 *p = *current; /% NOTE! this doesn’t copy the supervisor stack */

/R R XA S SRS PR R/ USRS ATEERE N A

82 p->state = TASK UNINTERRUPTIBLE; // Kf#ridbf2 (PRAS 58 & 0 AN ] h Wi S5 AR
83 p—>pid = last pid; // RS . HATIHA A find_empty process () 153,
84 p—>father = current->pid; /) VRS .
85 p—>counter = p—>priority;
86 p—>signal = 0; /) A5 SR EE 0.
87 p—>alarm = 0; /) BN GHEED .
88 p—>leader = 0; /% process leadership doesn’t inherit #/

/* R RBUE A REAR AR */
89 p—>utime = p—>stime = 0; // WA 28 I Ta) A AZ A N ]
90 p—>cutime = p—>cstime = 0;  // WIHHH TR SFZ LSRR
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91 p—>start_time = jiffies; /AR N A o
// PR RCEAL SRS B TSS s M (S0 AIR G .
92 p—>tss.back link = 0;

) T RAITS L p AT 1SRN, FTLAII esp0 AR LT . ss0:esp0 HIT-{F 4 TRT
[/ AEWRZS AT I I HER

93 p—>tss. esp0 = PAGE SIZE + (long) p; // WIZASHEMKIRE .

94 p-—>tss. ssO = 0x10; /) HERRBORFEART (5 NWAZEE BAHFD .

95 p—>tss.eip = eip; // FRA AL RE .

96 p—>tss. eflags = eflags; /] PRETT AR

97 p—>tss.eax = 0; // 3ZFE fork O IRBIIN, FratREsiR[m] O (1 IR B fE
98 p—>tss.ecx = ecx;

99 p—>tss. edx = edx;

100 p—>tss. ebx = ebx;

101 p->tss.esp = esp; /)BTRS A R T ACHERE R MERR N A . ISR tasko
102 p—>tss. ebp = ebp; // HERR LA “F T

103 p—>tss.esi = esi;

104 p—>tss.edi = edi;

105 p—>tss.es = es & Oxffff; /] B A AL 16 AR

106 p—>tss.cs = cs & Oxffff;

107 p—>tss.ss = ss & Oxffff;

108 p—>tss.ds = ds & Oxffff;

109 p—>tss. fs = fs & Oxffff;

110 p—>tss.gs = gs & Oxffff;

11 p—>tss. ldt = _LDT(nr); // BWCEPALFSKIRIBMIRITRMILLERT (LDT Ffi&FF4E GDT ) .
112 p—>tss. trace bitmap = 0x80000000; (/& 16 MiHHD -

/) WRSTAESS AT T UM BEES, SORAEIL B NS TEGIR2 clts TS RRFEHI 4 A48 CRO T MR 45
[/ B (TS) brise BESRAEAES VIR, CPU B WA Z RS . SRS T BB A U AR P8 2R
/] GAREEAL, AR BSC R HAH R . WU B AL BESSAFAERR 36 W [R] IN EAL 05 IS A it 2 4 3K

// WAIT 34 DA, GRS VI A AAE — A ESC 452 THIRHRAT 25, B A B T i 9 2l vl e 5
[/ EAEAT BT ESC 4842 Z AT PRAFE K o B IRAC B AR 2 R A7 DAL BRSO F AL TS #3i5

// 8% fnsave Hl THEIME L& BT AR ORAZ 2 H R BR € A A7 X I (tss. 1387) &

113 if (last task used math == current)
114 _asm_ ("clts ; tnsave %07 : m” (p—>tss.1387));

/) SRR A AN B B . BROF R BT R GRIPIEA 00, MRS Hdl b
// RN IRIFRETBCA %55 0 BE A A A7

115 if (copy mem(nr,p)) f{ [/ IRIEIA, 0 FKos HER
116 task[nr] = NULL;

117 free page ((long) p);

118 return —EAGAIN;

119 }

[/ WERACRERE AT SCAFEFTIT 0, U8 N SCA (3T T A 1

120 for (i=0; i<NR OPEN;i++)
121 if (F=p—>Filp[il)
122 f=>f count++;

/) K ar R (SRR 1 pwd, root Fil executable 5| HIREINY 1.

123 if (current—>pwd)

124 current—>pwd—>1 count+tt;

125 if (current->root)

126 current—>root—>i_count+t;

127 if (current—>executable)

128 current—>executable—>i count++;

// 7E GDT F i & B L4511 TSS FI LDT k5T, Hd N task 45049 HL,
[/ AT O, 1457547 4% tr t CPU H3hnak.
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—_
[\
©

—
(e}

3
131

132
3

wW D

133 )
134

set tss desc (gdt+(nr<<1)+FIRST TSS ENTRY, & (p—>tss)) ;
set_1dt desc (gdt+ (nr<<1)+FIRST LDT ENTRY, & (p—>1dt)) ;
p—>state = TASK RUNNING;

return last pid;

/% do this last, just in case */

/¥ B A PR AR 55 BB R T IEATIRES, LIBT— */

/RIFIERE S (ARG S RAFRD

/) RHHERRBAFAE LR T last_pid, JRRPIEALSEA DRSS A index) .

135 int find empty process (void)

136 {
137
138
139

// W last_pid #9 1 J5# L FHER RV,

—
(I
o

/) AT HAA TR RIBCE ) pid 527 CEBATAMATSS AT o R W EHT kAT —
for(i=0 ; i<NR_TASKS ;

141
142

—_
Do

/] AEATSSEE T BT 55 - 4k

for (i=

143
144
145

= 9~

int 1i;

repeat:

f ((++last pid)<0) last pid=1;

i++)

W EHT N 1 IHRAEH] pid 5o

A pid 5.

if (task[i] && task[i]->pid == last pid) goto repeat;

1 ; i<NR TASKS ; i++)
if (Itask[il])
return i;

/) AES5 0 HEBRAESD .

/) WRAT S b 64 DI C g L R Bl AR
return —EAGAIN;

146
147 )
148

—AERIL, FFRFITS . last pid 2— AN ERAE, ANHIERM,

511.3 HERER
5 ll 3 l E%'{ku.»ﬁl (TSS) 1I=Il|._.\

NI 5-11 SEAE SR A B TSS (Task State Segment) [P 2E. K& (KI5 15 2 WL 5% .
31 |23 15 |7 0

1/O it iff B 3 s ik (MAP BASE) 0000000000000000 64
0000000000000000 JRIER IR (LD T) L 45 60
0000000000000000 GS 5C
0000000000000000 FS 58
0000000000000000 DS 54
0000000000000000 SS 50
0000000000000000 CS 4C
0000000000000000 ES 48

EDI 44

ESI 40

EBP 3C

ESP 38

EBX 34

EDX 30
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ECX 2c

EAX 28

EFLAGS 24

B4 1RE(EIP) 20

T H s AL P57 4748 CR3 (PDBR) 1C
0000000000000000 H ss2 18
ESP2 14

0000000000000000 H ss1 10
ESP1 oc

0000000000000000 H S50 08
ESPO 04

0000000000000000 A —HATAESS TSS MR ST 00

5-11 EHRREE 1SS HHIER.

CPU & AT 55 Ta Z M I A {5 BAAE At T MR R SR B B, AT 45 IR A5 B (task state segment - TSS).
K rp o AT 80386 11451 TSS #% 2K,
TSS )BT Loy ik
1. CPU TERHT AR 45 DI N BB (M 8 A5 B . XLEEF B
o MMM ZfEee (EAX, ECX, EDX, EBX, ESP, EBP, ESI, EDI);
o Bi&fE4% (ES, CS, SS, DS, FS, GS);
0 FR&EF Ay (EFLAGS);
o ¥RAFREN (EIP);
A — M HATIES 1) TSS FRERRF (BCHIRIEI A 8.
2. CPU BZHUEAS X (iS5 B . XEEF B
0 fE45 1 LDT (3L 45
0 EHALS UL H R FEHIE % 74 (PDBR);
0 FERLZR 0-2 IHERRTRET
0 MAELHAT YIS S5 CPU P74 — MR (debug) 5 (1) T-Eudsfr CRRERER )
0 /O FUiy Pl 3k bht (LA R At A& TSS MK LR, 7E TSS flid#F i)

45 IR BT LIAZ IR R 25 (R AT AT ey o 50 E 2B L, AT S5 RAS Bt i i 75k e X
B MR IEERITAESS ) TSS & TS5 %0788 (TR) K48/RI. 154 LTR F1 STR J kA5 SO BUT- 2%
AL AR P IIERRAT (B4 T A% 1] DL 43 o

1/O LEARA PP 0 4F 1 LRSI 1A 1/O S 1o Elduni 11 41 (O LLRRA st 2 1/O A7 B hE+5, 7
1 Ab. R, 24385 1 1/0 F54 I (IN, INS, OUT, OUTS), CPU B 4Lt i 2 i il 4 2
T /NTAREPF AL 1) 1IOPL, WX AN AE, AT 10 e WA E, 4 CPU M £
TSS F11f /O LLHRFALI o WURAHDY LR BT, S A — R 0, BNt S AT % 110 #
k.

£ Linux 0.11 1, K&[rh SSO:ESPO H T 478U T- 5578 W A% &84T IN I HEM FR £ . SS1:ESP1 Fil SS2:ESP2
SRR RIEAT TR 1A 2 I AR AR, IX AN AUAE Linux TR ER . ifE45 TAET-H
JAS I HEARAR AT WARAAE SSIESP Ffrash . M LA w %, TS AN NZESITI, L&A
FRIREAIUA T B, 34 0 AT 55 B 25 W B A T 1) Tt 7 Ak
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5.12 sys.c f2fF

5.12.1 ThgEHE IR

sys.c PP FEMEHIRE REFHH BRI LI KL, Hrp, FR[EMEH-ENOSYS, MR ARR 1)
Linux J&HA SEIZDIRE, TLAZ2% BT AR T eI Se B L. I R gci - ThRE V]G 2
DLk S include/linux/sys.h.

GREF T E A IRZ A OCHRE ID. BEFE4L ID. 7 ID. P41 1D, SEBsH P ID. A0 7 1D B
231 ID (session) SF[MHEAERRZL. T EX XL 1D fE— 3.

—AHPHEHID (uid) R ID (gid). XA ID A& passwd SO GHZH B ) 1D, il
WAHFR A IZEE T ID Cruid) FSERR4L D (rgid)o AEREN TR |95 A P #7516 I S 1D
AULND, N8 T XHHE G MpTE A P 4. £ 105 W 8T SO BRI B . 54k, 18
—ANREIUTS BRSO TSR SIRE I ARA7 T 3 Fh A ID f4l 1D, WL3 5-5 PR

F5-5 SHEMAXARA IDFE ID
el M ID 411D
HEFEM | uid - FIPID. RGN IR gid - 41 ID. FRWIPHA LR 4.
AR | euid - ARH T ID. FEIAS ) SCHIRCR egid - F72%41 ID. F5IAS i S AR .
suid - RAFIII S 1D AT SCHFIBEE I | sgid - fRAFMIAL 1D SHAT SCIF B E 4L ID brik
RI7M | ID Axi& (set-user-ID) ‘EALMT, suid FRAFE | (set-group-ID) EALI, sgid IR AT SCAEH
PAT SCHE vido 75 suid 25T 3ERR 0 euido | gid. 75U sgid 2 T-HEFR ) egid.

HEFEI uid A1 gid 43 Bl BEREH0AT & G H 7 1D N4 1D, B RIS fs F P IDCruid )RS B4 1DCrgid) .
FEZEFH P AT LA set_uid()RN set_gid()0 eI TR TIE . A4 7 1D R 2441 1D B 3ERE UG in) SCARR
IVF R ACHI T o

TRAETH 1D Csuid) FRAEIZL 1D (sgid) M TREFEDT R & T set-user-1D 5% set-group-I1D #5 ik
IS APAT AR, HERRY euid T8 2SR A 1D, egid T8 & SEPRAL 1D, BRI
Re V7 i) HERE A O 7 A R0 P A 1 SO B L SRV 7 Wl (1) SCAF o AER: Gt SR — AN S (1) set-user-1D
PR B, IBAREFERIAT R 1D S b e B Oz SO E =R 1D, PICHERE s o] LUG i) B8 T
TEPIbR & 2 RSO, [RIBHZ SO 20 1D B R A7 AE suid o [RIEE, SCPFI set-group-ID bRkt AT
AN FH T AR IR A b 2

B, QR AR R, IR RE T set-user-1D AR, AN
FEIZATI, WRZBEREE R 7 ID Ceuid) sl & OB I 1D (0. T REXAHRRINA T8
B IIRR . — AR TS Linux RN passwd fir 4. i 24— P E T set-user-1d (KR,
R ARV P B SO I 4o DOAZRR 7 5 2240 - 1T 145 Nete/passwd ST, iz 3o A
B AH SRR, K passwd Fi /75t 75 2248 1] set-user-1D kR

TEh, HREWAPSRA CEEREERE 1D (pid). PrE AL R4 1D (pgrp 5% pgid) AT @4 1E
FJ231% ID (session). iX 34~ ID H TR SHREZ MR, SHF 1D F4l 1D XK.

5.12.2 K#5E R
#2FF 5-10 linux/kernel/sys.c 125

1/
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2 * linux/kernel/sys.c

3 ¥

4 * (C) 1991 Linus Torvalds

5 #

6

7 #include <errno.h> /) R SRSAR. BE ARG SA HA S . (Linus M minix F51HER) o
8

9 #include <linux/sched.h> // WBEEREFLICHE, E X TAESS S task struct, HIERIEST 0 B9,

[/ B —YH IR S EOR B R N FT g oA B TR
#include <linux/tty.h> /)ttty SkXE, @ X THEIK tty io, HATHE T HRISE. FH.
#include <linux/kernel.h> // WHIZKSCHE. & L% H e 00 JRUE & o
#include <asm/segment.h> // BARAFELICME. & X T RECF A BAE Bt N 200 S R 20
#include <sys/times.h> /) ESCT R IEATI S50 tms A times () AL
#include <sys/utsname.h> // BRGUFRGENIL A

—
o

=SS =]
= (o DO | —

—
(Sa]

// 3[BT H AR A .

int sys ftime ()
{
return —ENOSYS;

}

[Nl e e e
ISlelz]5 s

//
int sys break()

{

)
—_

return —ENOSYS;
}

DO DO DO DO
LN

// T4 Rr A 2 FE AT IR (degugging) o
26 int sys ptrace()
27 {
28 return —ENOSYS;
29 }

[/ B FFFT BN A AT R
int sys stty()

{

w
—

return —ENOSYS;
}

&[22 R3]
Ol | (WO DD

/) WEImAT R EAE R
36 int sys gtty()
37 {
38 return —ENOSYS;
39
40

/] BES A .
41 int sys_rename ()
42 |
43 return —ENOSYS;
44}
15
//
46 int sys prof()
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47 |
48 return —ENOSYS;
49 }
50
/) BEE MRS ISR DL /B E AT 1D (gid) o SRR AT AL,
/) LA REE ISR 1D AT R4 1D, W SFAT 5 HAT I R R, il AT =% B R RS s
// I 1D, PREAM) gid (saved gid) #IRKERSARL gid [FM{H.
1 int sys setregid(int rgid, int egid)
{

($a]

if (rgid>0) {
if ((current->gid == rgid) ||
suser ()
current—>gid = rgid;
else
return (-EPERM) ;
}
if (egid>0) {
if ((current->gid == egid) ||
(current->egid == egid) ||
(current->sgid == egid) |
64 suser ()

D |OY Oy |y |01 O |O1 |O1 O[O |01 O
IS IRIZIBISIZIZIS IS IR ]

65 current—>egid = egid;
66 else

67 return (-=EPERM) ;

68 }

69 return 0;

70 }

71

/) BEMREA T (gid) o WERALZEABYM )RR Enl U setgid O ¥ AR gid
//  (effective gid) WE NWIHARE gid(saved gid) B SEFp gid (real gid) . WIHRAFSH
/) BRI RRG WSERR gidy AKX gid FIOREE gid #BE B SR e 1) gide

72 int sys setgid(int gid)

73 |
74 return(sys setregid(gid, gid));
75 }
76

[/ FTIF BRI EERE VT IR DI RE
77 int sys acct()
78 |
79 return —ENOSYS;
80 }
81

// WS EYHA A7 B BERE (1 R bk 23 1)
82 int sys phys()
83 {
84 return —ENOSYS;
85 }
86
87 int sys lock()
88 {
89 return —ENOSYS;
90 }
91
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92 int sys mpx ()
93 |
94 return —ENOSYS;
9 1}
96
97 int sys ulimit()
98 f{
99 return —ENOSYS;
100 }
101
// RIEIA 1970 4F 1 7 1 H 00:00:00 GMT JFARTHI (R TAI{E (F8) o 815 tloc Ay null, NI A]{E
/) BAFRHAEAR L
102 int sys time(long * tloc)

103 {

104 int i;

105

106 i = CURRENT TIME;

107 if (tloc) {

108 verify area(tloc,4);  // WAFNAAAREZEEHE GXHZE 4 74 .
109 put_fs long(i, (unsigned long *)tloc); // WA FEHEL tloc 4b.
110 }

111 return 1i;

12}

113

114 /*

115 * Unprivileged users may change the real user id to the effective uid
116 * or vice versa.

JVANE 74
/%
* JCRFBURI T AT L SERS F P AR AT (real uid) SO RO FARIRET (effective uid), RZ AR,
*/

/) WEFS LR AN/ B EG R ID (uid) o WRARSSERE B A, A R ee
// SEBRH T ID R RO 7 1D Wi SBAT 45 HATHE I R, il B AT = % B A R RS BRI 7 1D,
// AR K uid (saved uid) #HWEMSH R uid [FME.

118 int sys setreuid(int ruid, int euid)

19 |

120 int old ruid = current—>uid;

121

122 if (ruid>0) {

123 if ((current->euid==ruid) ||
124 (old ruid == ruid) ||

125 suser ()

126 current—>uid = ruid;
127 else

128 return (-EPERM) ;

129 }

130 if (euid>0) {

131 if ((old ruid == euid) ||

132 (current—->euid == euid) ||
133 suser ()

134 current—>euid = euid;
135 else {

136 current—>uid = old ruid;
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137 return (-EPERM) ;

13 }
14 return 0;
141 }

/) BCEATRS )T (uid) o GBS AP R, A DMER] setuid O ¥ HAT R uid
// (effective uid) WEMILAE uid(saved uid) B{HSLr uid(real uid) . WRATSH
/) B PR, MSEPR uids 2% uid AR uid #RHEBECE S EUE €1 uid.

143 int sys setuid(int uid)

144 {

145 return(sys_setreuid(uid, uid));

146 }

147
[/ BCE RGN RAH B, 240 tptr &M 1970 451 H 1 H 00:00:00 GMT FUGvHI A [IME (2D .
// VR FH AR DA 20 FAT G P BLRR

148 int sys_stime(long * tptr)

149 {

150 if (!suser()) [/ WRASE B A R PR .

151 return —EPERM;

152 startup time = get fs long((unsigned long *)tptr) — jiffies/HZ;

153 return 0;

154 }

155

[/ FBCHAAT B . tms S5 EEH AR, KRG FIEH . FHERSH T,
156 int sys times(struct tms * tbuf)

157 {

158 if (tbuf) {

159 verify area(tbuf, sizeof *tbuf);

160 put fs long(current—>utime, (unsigned long *)&tbuf->tms utime) ;
161 put fs long(current—>stime, (unsigned long *)&tbuf->tms stime) ;
162 put fs long(current—>cutime, (unsigned long *)&tbuf—>tms cutime) ;
163 put fs long(current—>cstime, (unsigned long *)&tbuf—>tms cstime) ;
164 }

165 return jiffies;

166 }

167

// 2% end data_seg FUfEAHE, FHHRGMEA LWL, i b RE A i B i s BOR /D
[/ W, ZRBOREEIEB KRR N end_data seg $8ENME. ZE AR TR EE I HE /N TR
// &5 16KB. IR [MIME & 5l Be i 45 e (SRR [l 5 ZERAE A, WIRMAR KL .
[/ GBS BRIl libe FEREHAT RS, JE HIRPHE A —FE.
168 int sys brk (unsigned long end data_seg)

169 f{

170 if (end data seg >= current—>end code && // MRS HEORMELE R, JfH
171 end data seg < current->start stack — 16384) // /NT-HEfk-16KB,

172 current—>brk = end data_seg; // WV B EE B A R A
173 return current—>brk; // IR IRIBERE 1 i ) B B As R A -

174}

175

176 /*

177 * This needs some heave checking ...
178 * I just haven’t get the stomach for it. I also don’t fully
179  # understand sessions/pgrp etc. Let somebody who does explain it.
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180

181

—_
co
[N

—
co
w

—
co
(IS

— =
0
[N [S2]

—_
co
3

—_
o
co

—_
co
©

—
Ne)
(e}

—
©
—_

[
O
\)

—
O
w

—_
Ne)
=~

—
©
(@]

—
O
»

—
©
3

—
O
oo

—
O
e

Do
o
o

201
202
203
204
205

[\
N\

206
207
208
209
210
211
212

©

Do
—_
w

Do
—
S

Do
—_
(@a]

[\
»

1

)
~
-

)
—_
[©¢]

*/
/%

1 [HIACHE 75 L AR R A e

* IR EA B DR oxX e, W ATESM A sessions/pgrp &5 W Eil THEENTH A SR Ao,
*/
/) WCEIEREUEREAL 1D 24 pgide
/) WS pid=0, WA YT S . Wik pgid b 0, WMFHIZ4L pid fi e REREMIA 1D 1E R
// pgide WHZREH RN —NERRARE B 55— DA, WX R 208 T [ —A>
// =il (session) o EIXFMELLT, S4 pgid fa € TEIMAMIAIEREA 1D, IHZA K 20% 1D
[/ AR EMA SRR A R (193 47) .

int sys setpgid(int pid, int pgid)

{

int i;
if (Ipid) // WRSE pid=0, W YT .
pid = current—>pid;
if (Ipgid) // W pgid A 0, WAL ETHERE pid 1Fh pgid.

pgid = current—>pid; // [?21X B 5 POSIX Mtk A ]
for (i=0 ; i<NR_TASKS ; i++) [/ AR AL, Bk E AR S LS
if (task[i] & task[i]->pid==pid) {
if (task[i]->leader) /) WAL S Ca & E o, WA R[]
return —EPERM;
if (task[i]->session != current—>session) // WIHZATSHI431% 1D

return —EPERM; /) G RTEREIANTE], AR ]
task[i]->pgrp = pgid; // WEAZATS K perpo
return 0;

}
return —ESRCH;
}

// RFPYRTH RS . 5 getpgid (0) 25 [F] .
int sys getpgrp(void)
{

return current—>pgrp;

}

/) B AL (session) (RIEE I leader=1) , JFHREHLSIES=HHS=HIHHS.
// setsid — SET Session ID,
int sys_setsid(void)
{
if (current—>leader && !suser()) // WHM4HTEFE C2 S U E AU HAEBHH

return —-EPERM; // VR R[]
current->leader = 1; /) E AR S B 1 T A0
current->session = current—->pgrp = current—>pid; // WEAUFRE session = pido.
current—>tty = —1; [/ R T HERE A 15 ) 2 i
return current—->pgrp; // iRIF£E 1D,

}

// M AGAE B . i utsname Z5#05 5 NTFEL e ARABIERGZRILZFIR, P S HAFR.
/) AT AT WA RO A2 A4 R
int sys uname (struct utsname * name)
{
static struct utsname thisname = { // IXBEAHTEMTHEE, XML EES SR,
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219 “linux . 07, “nodename”’, “release ’, “version °, “machine ~

220 b

221 int i;

222

223 if (!name) return —-ERROR; // M RAT TR B G X FE BT b 2 W B ]
224 verify area(name, sizeof *name); // BEZEPIX K/N R GEH ORI NS S
225 for (i=0;i<sizeof *name;i++) // F& utsname HRIE KB 715 S H B P gz pb X
226 put f's byte(((char *) &thisname)[i], i+(char *) name) ;

227 return 0;

228 }

229

[/ WCE TR G SO S SRl O mask & 0777. FFIR (6] 55D
230 int sys umask(int mask)

231 A{
232 int old = current—>umask;

234 current—>umask = mask & 0777;
235 return (old);

5.13 vsprintf.c 125

5.13.1 TheEHE R

T A vsprintf O R, TR SEGT AR AL . TR EUE C BV T bR £, S
KREATH MNRZ AR, Pn] DAL o B B e AHE Jo 2 ek B A8 T B9

5.13.2 K75 ¥ &
#2/F 5-11 linux/kernellvsprintf.c

J*
* J]inux/kernel/vsprintf. c
*
* (C) 1991 Linus Torvalds
*/

/* vsprintf, ¢ — Lars Wirzenius & Linus Torvalds. */
S*

* Wirzenius wrote this portably, Torvalds fucked it up :-)

*/

// Lars Wirzenius #& Linus IUF R, 7E Helsinki K288 [RAb—[A) I A= . £E 1991 4F H ZFFF K Linux
// W, Linus 4% CIESFIEANZIRAE, AW BS I RkEThit. Kk Lars Wirzenius
/) AR E T BT AR B R G B AREY . fl5 ok (1998 4F) ARGAE X BARIS 1 —4> bug, HE|
[/ 1994 SFEAHNKIL, HTUAIE. XA bug je B HAE N 3k 58 FE ), sid e B FR gkt iX AN AL
/] 5T o AEARA XA bug IBRAFAE (130 47) o AN ANETE http://1iw. iki. fi/liw/

—
|O [O [CO |3 O |01 W [ DO |[—

—_ [ —
—_

#include <stdarg.h> /) FRHESEEL . DLERE e B ESHYR. FERP TN
// KA (va list) =A% (va_start, va arg fll va end), HTF
// vsprintf. vprintf. vfprintf R,
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Q1 | [0

—_
[op}

—
-~

40
41
42
43
44
45
46

47
48
49
50

#include <string.h> /] PR SU. EEE SUT — S O AT H R E RN BB £
/% we use this so that we can do without the ctype library */

/% FRAME T X, XFERRATE T AAMEH ctype FET */

#define is digit(c) ((c) >= 77 && (c) <= 79) /) HWIFR AR TFTFo

[/ GRRECRE AT  FHOSEE  GR T R AR, IRMDR G REUE. S AMEET R TR .

static int skip atoi(const char *#s)
{

int i=0;

while (is_digit (¥*s))

i= i%10 + x((ks)++) = 77

return i;
}
[/ XL SRR I S MR 50 2L
#define ZEROPAD 1 /* pad with zero #/ /* HAE */
#define SIGN 2 /* unsigned/signed long */ /% oG5 /Fr o KIBE */
#define PLUS 4 /* show plus %/ /% B x/
#define SPACE 8 /% space if plus */ /W, WES */
#define LEFT 16 /% left justified */ /*x FEREE %/
#tdefine SPECIAL 32 /* Ox %/ /% 0x */
#tdefine SMALL 64 /* use ’abcdef’ instead of 'ABCDEF’ */ /x {{iH/NEFEE %/

/) BRERE. BN n ONBEBREL, base MBREL Z5W: n NFE, MRECRIFMENREL.
// 2 4.5, 3 WA NI G A5 B .

#tdefine do div(n, base) ({ \

int res; \

asm_ ("divl %47 "=a” (n), =d” (__res):”” (n), 717 (0), 7 (base)); \

~ res; })

/] WG IR A ¥ R AT R
// BN nun—3EEL; base—HEf]; size—FAFHIAKRE; precision—EUFKE CHEE) ; type— 2R ALk,
/) il str FR IR
static char * number (char * str, int num, int base, int size, int precision
,int type)
{
char c, sign, tmp[36];
const char *digits="0123456789ABCDEFGHI JKLMNOPQRSTUVIXYZ
int i;

/) WEREA type FRH /NS FRE, e NS FREEE,
/) WRRTFE B REE (BELIA5Y) , BRI IIEE AR & .
// WRBEHIFEEON T 2 3K T 36, WHEHANRE, HHIAFE Y e AL BERLALAE 2-32 2 Al 4.
if (type&SMALL) digits="0123456789%abcdefghi jklmnopqrstuvwxyz”;
if (type&LEFT) type &= “ZEROPAD;
if (base<2 || base>36)
return 0;
// MR EIAE, WE AR =0 (WRY’ ) , /N ¢ HFFH PR,
// WA R A5 20T HAUE num ZNT 0, MPEFFS5 AR E sign=9"5, FFAl num BULEXTH.
/) EWARE AR BRI, WE sign=in"5, AR AR EN sign="54%, HIE 0.
¢ = (type & ZEROPAD) ? °~ : ~ 7 ;
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52 if (type&SIGN && num<0) {

53 sign="-";

b4 num = —num;

55 } else

56 sign=(type&PLUS) ? "+  : ((type&SPACE) 2 = " : 0);

[/ FRRE S, W GEREAIR 1o A5 RAHR OB R A, R T /N2 i 98 P P o> 2 A7 (T 0x)
/) R NBE S R 1 ORI )\ R 4 45 Rl — %)

57 if (sign) size—;
58 if (type&SPECIAL)
59 if (base==16) size —= 2;
60 else if (base==8) size—;

// WUREUE num 24 0, WIEI-ARFER="0" s 77 WIARHR 45 0 B SR ZOR £ num #4807 75 T2 2.
61 i=0;

62 if (num==0)

63 tmp[i++]="";

64 else while (num!=0)

65 tmp[i++]=digits[do div (num, base)];

[/ EBAE RPN BOC TR A, RS (Y e A B A4
// BEEEAH size Yk 2 M TAFBEUE AR I 2.

66 if (i>precision) precision=i;

67 size —= precision;

[/ WIZBLEOE TR B 5 2 e e 2R IF R INTBAE 745 8 str
/) BRI RATHE (ZEROPAD) M Ae5E5E (L) briks, WIFE str PEL
// BUBRIAR TR R e B B FAT S AL, WAEAST S .

68 if (! (type& (ZEROPAD+LEFT)))
69 while (size——>0)
70 *str++ = 7 7
71 if (sign)
72 ¥str++ = sign;
/) A RIIE MR RS, WD T\ e 45 RSk A7 TECE A 075 TR T oS HERIUAF T 0x” .
73 if (type&SPECIAL)
74 if (base==8)
75 *str++ = 77,
76 else if (base==16) {
7 *str++ = 77;
78 *str++ = digits[33]; // X 8 x
k) }
/) ERRPEA LR CESEFD s, WFERIR SR P AR ¢ 747 C 0 BHg) , W 5147,
80 if (! (type&LEFT))
81 while (size——>0)
g ¥str++ = ¢;
// BEIE 1 A B num ECAN G BN EBUN TR, W str TR CRSJEAE-1) M 0.
83 while (i<precision—)
84 *¥str++ = 77,
/)RR B A AT N str e 3R A
85 while (i——>0)
86 kstr++ = tmp[i];
/) FBEEEAIRT %, WFIREIIFRE DA e fE 5 brbbris e WIAEF A 56 B TN 254
87 while (size——>0)
88 *str++ = 7 7;
89 return str;  // RTEHGFH TR H
90 }
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91
// P i R GRS A 2 74T
/) h T ReAE N IR AL, Linus 7E AL SEIL T 1% C bR 4.
[/ R BH fmt AR AT args RANBCRACKIME; buf 250 715 R g2 b X,
[/ 5 WA BN & 1A s A T AT K 4

92 int vsprintf(char *buf, const char *fmt, va list args)

93 {
94 int len;
95 int i;
96 char * str: /) P T AU R 1
97 char *s;
98 int *ip;
99
100 int flags: /% flags to number() */
101 /% number () bR AL H IFRE */
102 int field width; /* width of output field */
/% A B R/
103 int precision; /% min. # of digits for integers; max
104 number of chars for from string #/
/% min. BEHECF NG max. TR P ERFIANEL +/
105 int qualifier; /% h’, ’1’, or 'L’ for integer fields %/
106 /%00, U B L TR B/
[/ ESRR AR E RN buf, ARG TR, &S I R s AT AR Y ) AR B
107 for (str=buf ; *fmt ; ++fmt) {

/) Ko SREE S R E RR B W TF I, LNt KSR %, SR s A R O T4
/) ARSI BT A BIRKAEN str.

108 if (xfmt != %) |
109 *str++ = *fmt;
110 continue;
111 }
112
[/ RIS IR R AR bR S, RS R RN flags B
113 /% process flags */
114 flags = 0;
115 repeat:
116 ++fmt ; /% this also skips first "% */
117 switch (¥fmt) {
118 case '—’: flags |= LEFT; goto repeat; // IEEESFIREE,
119 case '+’: flags |= PLUS; goto repeat; // NS .
120 case ~ ’: flags |= SPACE; goto repeat; // JWZH&.
121 case '#: flags |= SPECIAL: goto repeat: // JE'Epifi#n,
122 case ’’: flags |= ZEROPAD:; goto repeat; // BIHZFEV0),
123 }
124

/) WA S E 7B FE AL, TN field width AR, d 5 e R dal b 2 5 0 1 42 B G O 58 R A1 o
[/ MRTE R K, RN N NS IR e E . LA va_arg B (. A5 MR 9 A
/) NT 0, MRZABE RIS - bRl (B, R HREREE R PR RS, I
/] B B P A O FL A .

125 /* get field width */

126 field width = -1;

127 if (is digit (*fmt))

128 field width = skip atoi (&fmt) ;
129 else if (xfmt == "#7) {
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130 /% it’s the next argument */ /) XBAA bug, NAHA++Hmt;
131 field width = va arg(args, int);

132 if (field width < 0) {

133 field width = —field width;

134 flags |= LEFT;

135 }

136 }

137

[/ N HIX BRSOk S R AR 8, JFIBON precision A2 KGRI bR ERL . .
// FCACPERERE S b oE SRS G SRORS P A SR U BRI RS A . W SRR v
/] FREE FOR N ASEARERE L. PN va_arg BOR (L. 45 BN S EE/N T 0, T
/KT BOR AR IOCA FL AR

138 /% get the precision */

139 precision = —1;

140 if (kfmt == ".7) {

141 ++fmt;

142 if (is_digit(kfmt))

143 precision = skip atoi (&fmt) ;
144 else if (kfmt == "#7) {

145 /* it’s the next argument */
146 precision = va_arg(args, int);
147 }

148 if (precision < 0)

149 precision = 0;

150 1

151

[/ PR BAG AT K EBTT, IR qualifer 8. (h, 1, L & XS ARG .

152 /% get the conversion qualifier */

153 qualifier = —-1;

154 if (sfmt == "A° || *fmt == "7" || *fmt == "L7) {
155 qualifier = *fmt;

156 ++fmt ;

157 }

158

// R TR .

159 switch (xfmt) {
/) MR SRRFT R ¢ MRS NS EN P AT IS TR BRI A A 5E 5%, W7 B i
/) TINFE A1 DA AT, ARG IS EC AT IR BEEGE KT 0, WIZeoR N 22585, WIHE
/) ZECERE G N5 B -1 A AT .

160 case ‘c¢’:

161 if (! (flags & LEFT))

162 while (—field width > 0)

163 *¥str++ = 7 7,

164 *str++ = (unsigned char) va arg(args, int);

165 while (-——field width > 0)

166 *str++ = 7 7,

167 break;

168
/) WREHARRAT I S”, WX NS UL PR . RIS ECA A R K, A 0 T RS e,
/) WY RS =7 th K o eI AR S IR WA A 5E 5%, WRZ P B TBON (e JEAE -7 A B )
[/ ARG TR R FIRASEC AT R MR EEGE KT 0, WIS 55, MESEC 745 RS
[/ I 8 PEA =745 B A8 ANk 74T

169 case 's:
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170 s = va_arg(args, char *);
171 len = strlen(s);

172 if (precision < 0)

173 precision = len;

174 else if (len > precision)
175 len = precision;

176

177 if (! (flags & LEFT))

178 while (len < field width—)
179 *¥str++ = 77,
180 for (i = 0; i < len; ++i)
m kstr+t = kstt;

182 while (len < field width—)
183 *str++ = 7 7,

184 break;

185

/) MR ECHAT L o7, RN A X WK B B e A 745 5 o TR number () pR AR 2

186 case ‘0’:

187 str = number (str, va_arg(args, unsigned long), 8,
188 field width, precision, flags);

189 break;

190

[/ IR KBTS p' ) FIRK NS EI— MR RN %S BB SR TR, BRI 98
[/ 8, IFHAHERE . A number () BREGEATALPE

191 case p’:
192 if (field width == -1) {
193 field width = §;
194 flags |= ZEROPAD;
195 }
196 str = number (str,
197 (unsigned long) va arg(args, void *), 16,
198 field width, precision, flags);
199 break;
200
/) FAGRIFEHARRE X BC X, WA NS BH BT R N . X RO /NS PR IR
201 case ‘x’:
202 flags [= SMALL;
203 case X:
204 str = number (str, va_arg(args, unsigned long), 16,
205 field width, precision, flags);
206 break;
207
[/ MRS TR A U B W, WERIRAT N S EOR IR, T4, U AR S, IR B
/)RR, T W AR TR S AL
208 case 'd’:
209 case '1’:
210 flags [= SIGN;
211 case ‘u’:
212 str = number (str, va_ arg(args, unsigned long), 10,
213 field width, precision, flags);
214 break;
215

- 171 -



5.13 vsprintf. c F&%

/) R RFAIR AT 0", WIERZS EHE S H AT R ki (00 7 75 B R A7 20 B 2 BR BHR AE 1O A7 B

.
[/ BRI va_arg O WA ZSEERE, RJEH QAU 1715 B0 N Fa T FR AL S
216 case 'n’
217 ip = va_arg(args, int *);
218 *ip = (str - buf);
219 break;
22

[/ BERERFHATARL W, MRS TR A, B A% GG S,
[/ WERARR AT AL BANEAT 75, W ELER % 7 AP 5 Nt s ep s IR [PIE) 107 4rgke4b B
[/ BT H . AR 2 A PR S AF g AL, IR I AEFA

221 default:

222 if (xfmt != "%")

223 *str++ = %7,

224 if (%fmt)

225 *str++ = *fmt;

226 else

227 —fmt;

228 break;

229 }

230 }

231 kstr = 7107; [/ IR AERAHAS (T AT R S5 R AR | null,

232 return str-buf; /) R IE AR T B A A AR

5133 HEFR
5.13.3.1 vsprintf OB R FH =

int vsprintf(char *buf, const char *fmt, va_list args)

vsprintf() BRI EUE printf() R AR — o IXEEpREHS ™ A AL I T B2 0 i R A X i U
Frep fmt, S E R BN ORI S HOA TR A, AR R

printf B304 3% bR S H AU AR stdout. cprintf 304 H X FIFE 614 o fprintf $E4 H 3% 2 S0 AR o
printf FI 7V (61 1 vprintf) R RSB0 M va_arg ZUALIK va_ list args 52 . printf 57T S 74U
Font L B LA null &5 R I2AFH buf e QR R AfiOR buf A3 2 88 110 23 (B4 F AT D . N I T4
Ut IS ST AT R A v

1 T4

printf Z2 51 bR KPR RS 2075 o il R oy 5 R AR i S B 0 TR %, 820
XIS, SRR BN . R PR R R S AT PSR, — PR B SR 2 ) g o
FAFs TR R N S B AR A e s A R

2. WAIRRTRT
IR A
%[flags][width][.prec][|h|l|L][type]
BRI R BT 5 (%) TR . Hrh
[flags] S MR IIAR TR T 41
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[width] S TR 1 B8 P F R R A s

[.prec] J2 AT EFE IR F (precision) FE 7R 445 ;
[hilL] S MBI AN BT 5

[type] SRR FIF (SRR R AR IRTT) o

flags bl x5 BEATs . Ao BE. bR \ERE Nt RS, S0 iy
27-33 AT IVERE o FRas AT S LB LU R

# TN BN BB AR, 6T \EhI(0),  TUVFE I i 6 - 45 H 1R 1 DA 40
e AF . T NI (x B8 X), WS A T LUOXEOX k. AT e EfRg LAK G, JUJRIAE
BN, et AR B2 — AN, X T g8, JEHEmERASMER.

0 A RNV AZE R . AT dioux X.eEf.g Ml G, Heid B 2ok H B AT AN &
FAZ3 Mo QR EIRS L 0 FI-brds, WU O AR bl 2 o X A (i ¥, Wilfeh i TR, O bRkl
2

S I 25 AR AR N 7 BOA SR E A TEE /e CERIAREATTRSE--5E 40D . n B difl
Gb, HA g FOR AT T A

a TR S A= 0 — AN IEE s AT A% B — A4

+ FORIE— NG A R 2 TR TECE — M (FE . X TERAE DL, U St
5.

width 455 7t P AT H TR, RIFEE T 7 B/ N ERE(E . U SRR ) 4 R AR E (1 S8 P/
WIAEIE /el (BE AL, R I T /e ashn ) f ek slE (1 flags Arasifisg) MO EEE. B
T AT B S G E FE e LAAh,  tha] URE AT oK A T B e i B — MRS B . A E T
KT width $55E K98, AEAETREIL T AN S LA A SR E R TRy R A S e a8 R,

precision & 15t B4 H 2R RS K. 6T d,Lo,ux R X 4, RS EEE AR T A H AT A
XT e Ef M F, AZAEAR A DN HBLE T I 4T g B G, FR o KA R AN T
s Il S B, RS EE VLW A ER IR B K AT E

KPEBMER AT U] T BB G (0 SR, R iRuA T A A0 diioux B
X Bl

hh Wi T (R R R ot B AN RS PR B TR S AL
h B T ) BB O] N — AN A 5 SR S R S A

I B T ) B R ] I — KB 5 KRR S K
Il i T (R R e ot B AN K KA A 5 K KB S K
L W] e, EfFg B G g R W T MU FE S L

type s U WIHE 52 (A A S ER LR S HH RS 2o B AN AR /R IR & LAnh

d,l USRI 55 B W RAT RS I (precision) (15, WUIZS HY T B4 H 1) fre 2D
By A E RPEH BTN, a0 E . BOARR AR 1.

ouXX  SHFTEAT T AR O AT 5 )\JERI(0)s TEfF 5Tl (u) B R TERF 5o il (x 5k
X)#os it o x FoRBAT /NG FRE (abedef) KR R+ NEEHIEL X RomH KRS 5+1’F (ABCDEF)
RN W RAFAERG BER U, VLW B R DR W R K AN B D
MR %E . BRI R 1.

eE KA AR A T 220U TR S 5 [-]d.ddde+dd 1B MURZ R 8074
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HEETHERE . WIRBCAR S, wUBCRAE 6. WARKEREZ 0, WA M. E R KE TR E
KFRIREL FREGHE 7 B2 2 (1807 o . ARAE O 0, B AR E09i2 00,

fF AN AT T2 DU TR ZEC k[ -1ddd.ddd RT3 /NN 2 s B AN B4E
THESE . WERBARG S, AUHERIAE 6. WIARNEREZ 0, WIA/MUH Bl WERAT N, A i T
Mo 1A

9,G XA PR SHOAR ) £ 5 e AR (SR G, WIJE F el E 4 30. KRBT E T
BRI EL I RBATRE s, WIERUE A 6. GRS 0, WIAEDY 1R ot SR 5480 T
-4 UK TAETRERE, MR e #atle N B ZRMIBR . A9 A — R0/ NN 425 BN
Mo

c SRR AR IO 5 75 I e e

S SOREATAR I T B KR, JFHAZTAT A 2Ll null 852 WERATRESESR, - RS
JEFT SR AT I H 4T R IoZ A null 45 .

p DUASRET U /NS

n FF3EE H A e i (10 7 A5 B Ar 21t v DA AR HE € AL E T . A S Kt
AT

% W — AN A B %, AT, AR A S R %%,
5.13.4 5E AR X5
T2t R TR, T LA 1.2 B R TF At B B PR 2 P ) s 5 T o BN T %S0

5.14 printk.c 2%

5.14.1 ThgEHA

printk()J& WAZ A AT ED CE2oR) A%, Thigs C AsvEREE 16 printOM A . FEHgm G IXA—
A R B R R AE AZ R REAE % F T P A fs Bearfras, T By bRy e . printk() &3 i
H svprintf() %) ST KALALEE, SRGFECRAE T fs BEA A GO0 IR tty_writeHEAT (5 S AIFTED
R,

5.14.2 (X531
2 ¥ 5-12 linux/kernel/printk.c

1
2 # Iinux/kernel/printk. c
3 #
4 * (C) 1991 Linus Torvalds
5 #
6
1%
8 #* When in kernel-mode, we cannot use printf, as fs is liable to
9 # point to 'interesting’ things. Make a printf with fs-saving, and
10 =* all is well.
11 #/
/%

* AT A, AR printf, BOAZFARS s i1 e AVB SR If b 7
* [ O%H > printf IR RTRAE £s, — DIk 1o
*/
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12 #include <{stdarg.h> /] WRHESECEL SR DB e RS HIR . B8R T
// 5 (va list) FI=/ % (va start, va arg fl va end), T
// vsprintf. vprintf. vfprintf R,

13 #include <stddef.h> // Bt SCKICA . 8 LT NULL, offsetof (TYPE, MEMBER) .
14

15 #include <linux/kernel.h> // WAZKICHF. &4 LM% H BB 58 & L.

16

17 static char buf[1024];

18

// FHZEE vsprintf ) 76 linux/kernel/vsprintf. ¢ W' 92 4T IF 4G
19 extern int vsprintf(char * buf, const char * fmt, va list args);

20
[/ WAL 2o R
21 int printk(const char *fmt, ...)
22 {
23 va_list args; // va_list SEBr L — N FERFREr AL
24 int 1;
25
26 va start(args, fmt); /) SEAHITIR . #F (include/stdarg. h, 13)
27 i=vsprintf (buf, fmt, args) ; /) AR H fmt K S H IR args fy i ) buf .
// RIEME 15T R KR .
28 va end(args) ; [/ BEAE B W R A
29 _asm__ (“push %%fs\n\t” /] 1RAE fso
30 “push %%ds\n\t”
31 “pop %%fs\nlt” /) & fs = ds.
32 “pushl %0\n\t” [/ PR B IR AR (X = AN AHE W S50 -
33 “pushl § buf\n\t” // ¥ buf Bk AN HER
34 “pushl $0\n|t” // FEUE 0 IR AMERR . &Il TE 5 channel.
35 “call tty write\n\t” // P tty write BR¥. (kernel/chr drv/tty io.c, 290).
36 “addl $8, %%esp\n\t” /) Bk (EF) AN AKSE (buf, channel) .
37 “popl %0\n\t” /) ERH R R KA, fE IR PME.
38 “pop //fs” /] R £s TAEES
39 7 (1) Tax ) Tex”, ”a’X7 // BRIy, WATeE ax, cx, dx {H A REC AR
40 return i; R FRF R
41}
12

5.15 panic.c ¥

5.15.1 ThgEHA

N AZRE VI, DU H eR %R panic(),  RoREUE I RGEATUIRFS . RN I VFZ 1Y
Ji A B E AN T B . RO, WA panicQ e EUE — MR BT AL BT V. X
BEMAR I HOREE T UNIX “RR TR 50,

panic 4= “PfiE, RLPi” BUE L. 7E Douglas Adams [#)/Mit (Hitch hikers Guide to the Galaxy) ((
WAEDIRATESRE) 1, B A K — ) ipl2 “Don't Panic!”. %R 5/ linux %75 5 P B
—RKAFE.
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5.15.2 KR53 ¥ &

#2F 5-13 linux/kernel/panic.c

J*
* linux/kernel/panic. c
*
* (C) 1991 Linus Torvalds
*/

¥

#* This function is used through-out the kernel (includeinh mm and fs)

* to Indicate a major problem.

*/

/%

* LB NP CEFSE SKSU h, WAAEERER o FISCHE RS £s ),

s FH LAFE 32 B0 H i )

*/

11 #include <linux/kernel.h> // WL &H —L N H R EUM ETE € Lo

12 #tinclude <linux/sched.h> // VREFREFLICME, & X TALS 450 task struct. HIZR1TSS 0 FO%dE,
/) AT A SRR T S B AN IR IR RN I G ek A B A

—
|O [<© [CO |2 |0 |01 ¥~ | DO [~

13
14 void sys_sync (void) ; /% it’s really int ®/ /% SEfp EJE3 int (fs/buffer. c, 44) */
15

/) GRER EoR WAZ T B R RS R, R T U RS FL L R IEATENIA — JENL.
[/ RS HERE R AESS 0 (I3, U WA AT 55 A, IF BB T U R L R4

16 volatile void panic(const char * s)

17 {

18 printk ( "Kernel panic: %s\n\r’,s);

19 if (current == task[0])

20 printk(“In swapper task — not syncing\n\r”);
21 else

22 sys sync();

23 for(;;);

24 )

25

5.16 AREFE /&

linux/kernel 5% B¢ 12 MUESCIEET I T AR o BB Lep LI R SEBL, 2 R GT A
BEREARE . BERE R I L SRR A 25 1B AR BEPUFR 2
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H6E iz A IKFFET (block driver)

6.1 #fiR

ATEHGE WAL PR IR £ Linux 0.11 WAZ SRR MU IR s s P FT R Be % it
THBE B EL RGN EE G A 5%, ISR AP SE PR 0 FSF RS SN A i i
AR SCAE WA 6-1 P o

513k 6-1 linux/kernel/blk_drv B &

PEiEZ NN I G E] (GMT) 3
& Makefile 1951 bytes 1991-12-05 19:59:42 make it & 1t
€3 blk.h 3464 bytes 1991-12-05 19:58:01 ek 1k
€3 floppy. c 11429 bytes 1991-12-07 00:00:38 AL IKBIFLF
% hd. ¢ 7807 bytes 1991-12-05 19:58:17 ffi# KB
61 11 rw blk.c 3539 bytes 1991-12-04 13:41:42 ik &E: O
%I ramdisk. ¢ 2740 bytes 1991-12-06 03:08:06 IR B

KRR IRE T 23 P, — R A Rl 4 RS R, X SRE A

1. W KA LT hd.c;

2. BALIKS) LT floppy.c;

3. WAERERIAE IR SN FEY ramdisk.c;

F—RHAE AT, e AT e R U5 ) Hss £ 1082 LURE7 1_rw_blk.c. B ik £ & HISL S0 blk.h
X =R %% 5 rw_blk.c FEPAC HARME T — AN 1 v B 7 R R 1 #4538 SR TR R 7 o

6.2 BKIhEE

ST UK SE B % 38R 05 5 0 R A o B A SR A T 1 o 5 S5 OB I L — A
B (1024 595 s, MHeR A ESRE LUK (512 T Wfr. EAELERR, (B T
SRS R BA TR G U S 2 e O

SR SO b 10— MU, s G h DR BRE PR R, TR R R U\ I
MRAFAPIRAES o D2 DO BURE Y 1 SEAE G b X P SR LA 77 2Bl I Setitle . a2 X h ey
T UELERE XN ) G2 b X HRSKAR BHR [R5 R 7 W 2R PR 7 G2 i DX AN AE BT ZER (1 M e
YUI2% ph g IR PP gt 2 U P AR 3 P (R AR R 3 5 R 8 1 _rw_block(), 1) AHNE FRIER VR 25 SR B R PP 5 L — AN 3¢
Ha SRR o iR B A IR USRI, JFm ARSI . O T SR8 5 A K 2%
oy PSR BN, AR AT RIS T B B A
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2R N ERBE A TR IBA SN A3 I, R 2R B AT T WAL S )2 R 6 47
R A . PR R IR R B AN BRI Gerh b, e A R RS S, IR
FAH S (5 i i AR BEL R K, AR BRAREET B (X HAF ol 5 RO SR IR L R o B ) A bR ¥ 6 1EA T
R PR AN BB LG M B D28 HUBTARRS o M S IR PR R

6.2.1 BRIZFIFKIFNIFK A

MR TR, T VATE RS 5% 1 rw_block() Bt iRk 5 4 b B 4 2 IR IR
Bk TR, WA TSk B &2 bIk_dev[IRUATAY B, RERPHB R AR
AT SRR PR B R TS I ST blk.h):

struct blk dev struct {

void (¥request fn) (void); /] VR IEAE B e E R £
struct request * current_request; // i—'lﬁﬁ%ﬂ@ﬁ?ﬁﬁo

b
extern struct blk dev struct blk dev[NR BLK DEV]; // ¥hik#&3 (Ft4l) (NR BLK DEV = 7)

Hrp, S AFBORAREERE, TN A BE SR I i, TR IR AR, e
do_hd_request(), TMiXxI A%, it do_floppy request(). =5 —NFEBUE MATIE SR INGE KN,
TRV 5 H A7 IEAEACFR R SR I, BTAA Ak I #54k E f NULL.

Bk % B AE W RZAIIGALET, £ init/main.c F2 )7 B A5 & IR AL R B s B . O THE T4 R,
Linus fEER &R AN T AL ERA T ARIIEAL. £ Linux 0.11 1, F&&SH 7R, W& 6-1 57
e M, FWAAT 10 2 0 3 Ar BN N R g AU RBLRIE AL . AR Hes A ] e S I R
ML E R NULL,

% 6-1 Linux 0.11 IZPHFIEES

Tw&T | KM i W] T R IR B
0 P T NULL

1 5y ram, A7 CEAIAESE) . do_rd_request()

2 R fd BRIK B4 o do_fd_request()

3 e hd, B 5 15 % do_hd_request()

4 TAF ttyx B o NULL

5 1 tty B4 NULL

6 TAF Ip FTENHL B %o NULL

AL R AN HR A s L e AR SR IS, 11 _rw_block () eR 2 RIS AR s H S 50 b Fe B AR a4
AN G b B S A B 5, MR IV PR 4 SR I35 A1 R £ do_XX _request() i 37— M ERIEA UG R I, JFA
JH BRI A SIS SR IUA 1 o o 335 SR SA B e i SR IR (R TR 1, AT 32 T30, AT SR I ) il
SERILTR T

struct request f{

int dev; /) AR ST (-1, Rz .
int cmd; // 4 (READ B WRITE) .

int errors; [/ BAER R PR R IR

unsigned long sector; /) BIEEX . (1 H=2 FHIX)

unsigned long nr_sectors; // B/ 5 R X
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char * buffer; /] BB IX
struct task struct * waiting; /) ARS E R ERAT e H T
struct buffer head * bh; // X kIR 4% (include/linux/fs. h, 68) .
struct request * next; // FRWR g R I
s
extern struct request request[NR REQUEST]; // EREAFIEL (NR_REQUEST = 32) .

FEAN R A 11 2 T SR AR 15 1 SR IE A 2 v 2% (00 SRR R L R A e T % 2 IR SR A1) o T
500502 [ FH 7 BE next FRE T BER o DRI ER U 46 ORI AH G 10375 SR BRI T Jecn B 46544 o i SR IR
B A IR S5 AL 0 S BB IR ) T AL A H G — 2 AR SR I 4 45 P e A R 25 I 33 SR B mT L
BHTHEMRAE, DR ol AR IR vt s 8 i A rEUBR SV A NV SR A, DR 7 BRI B
Feahity. B 6-1 Hon i TR B4 T A 4 MERI, AR AT L AMESRIL, TR Rl A H AT
BTN 5 1 R

WF AT NI, 2 1_rw_block() B HCA HEE AT 25— AN SR I, 2 ibiZ 5 4 (1 29 s
SKITHRE current_request ELHESR nl WIEE LG SR I, I HLAZZIT A6 I 2% IR SR I8 A T s O 2R AT
P S E . M A& O A JLME SR I R R AL AE, 1_rw_block ()l 2 F I LB S,
bl S 2 2 fe /N SR, LT A D SR I e N B R M R A

AN, R SRR, L T I SR 2R SR A R, 4 S R AR I S A
T4 2290 1] PR o £ AN T SR A ) 2/3 SE P, TR 1R /3 SR I 1 4 A AR T SR I A

Bk &R 1 15 3K T4 2. (32 1)
A7 R L do_rd request [ ] 4niisskm
current request [::::::] 4RI
[IiEs do_hd request [:::::::] TR

current request

LEss do_fd request

current request

B 6-1 &R SIERM

6.2.2 RIFFHRIEARN

FERG (WD ST 10 BIEN, HEFZB=URZMEAZEAM. ENTERg. Ehld
ARG BN REAE SR KBS ), UL 6-2 Pz o ARG8T LUEL 12 17 2 Tl 5% A i & A8 ARp 2 1l A
TSR IR AR B A IRl P R IRl AR IO AT, TS B s AT A . DR T B
XL e A I P T S B R =8 Z R RS8R S, Ira BRI B

EIEARGHR RIS AT - S5 i 5 U Wi RE i AR I C eR%G AR5 I Bt & 2ol s
KIETE G BAEIVER
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PR TIR e TR E M k *ﬁ HRIES, SURARGHRITRBEA P WA B R, IR

HR R E 1 C RO S B e Ay A T i 2 45 A E AR BE T A
A4 (CPU) fir WA PETIA IX )7
|1I|IIIIIII|'bi IIIIIIII!!!!!!I éﬁﬂafgﬁJ
R T SR

B 6-2 R4, PigEIEH RN

TS, REATHEALKE TESm4)E (H hd_out() ZEAFaHI g4 T o vr bl o 5 5
(A, A B B A AR I AR S A A7 2 B SR IR S5 s DRQEQ —H DRQ B, R&H
ﬂ&ﬁ%ﬂ%%ﬁgﬁﬁﬁﬁﬁgﬁﬁﬁ,Hﬁ&@%hdw@uﬁ

M A A A S NI R RAAS D LU, AP AR WnERAG S, e Wik B i
ﬁ*ﬁﬁ%ﬁﬁﬁﬁ%C@ﬁ(MMmeoE¢uﬁA§@% TRE RS . R, RIHHC
— ANt DX B A B AR R v DX, RS PRSI B AR BN IR B a5 R R b, — X
FIPAT . WRBLE BT 2 4 45 NIk Bhas, Wi C rRAUHIAT AR K S B 45 WG A B TAE: Wi
SERFIZE SR ITAT JCHE A OGRS . e B S R SR I R RSO B SR I E 26 b N B 121 SRk I
DA SR TRURI 2 (AR DG P IX o dz J PR FH I SR IR BR AL AT T — N S B SR (BB 1915

MFIEBHEAE, RGAE a8 K% AR T Z P s XOF AR B X B G B a4 )a, Bt
GRS S U AL R A S TR, AR 0 — B X A W IR B R T H 2%
WX Z Jamies kg k. Lkﬁﬁé%%hffiﬂHuﬁﬁjjuk§i£%fk?ﬁ11}iHﬁ C %L (read_intr()). %R G
Fe A G vk DX AN X R B R R R X, R RGE M X U S AN R, ARk T
ﬁ%@gﬁio%ﬁﬁﬁﬁgﬁ(ﬁﬁﬁ%ﬁﬁﬁm,W%f¥\f%%E$T*4¢%ﬁﬁo%%N
FTA BRI B X B O BB R G R X, AT S 2R — R S5 A 3 T A

T A B TSR S AR A B 5 A B e 2 IR, DR BEAT L0 T i
SRR, R SRITU IS0 8 6 1 B 5 55 4 1 do_rd_request() S

6.3 Makefile 3244

6.3.1 ThgedE IR
1% makefile SCAH T BEX A H 36 F I A 127 1 9m 3

6.3.2 XD E R

#2FF 6-1 linux/kernel/blk_drv/Makefile

1#
2 # Makefile for the FREAX-kernel block device drivers
3 #
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| o o1 [

—
O [© |Co

— =
DO |—

—
w

—
(IS

—
(Sa]

—
[op}

—
-3

Note! Dependencies are done automagically by 'make dep’, which also
removes any old dependencies. DON'T put your own dependencies here
unless it’s something special (ie not a .c file)

#

#

#

#

# FREAX PAZHRTR & IR S FET 1) Makefile SCAF

#OERE! HOBOCR R make dep” HBNHATH, 4 B ZBRECRIIHBHUE S AZERE DK

# O RS RIEX B, BRARZRIN SO (BEIASE—A. ¢ SCHFRERD

# (Linux M4 70 FREAX, JEoR#E ftp. funet. £1 AU EE B M Linux XAN4F) o

AR =gar  # GNU [ —HEHISCHRGERRE Y, 00 &S LR AR SO s

AS =gas # GNU [FVC AT

LD =gld  # GNU [fEHFLF.

LDFLAGS =-s —x # EBERIPIIANSE, —s il ST AT a8 515 8. —x MBI RS .

cc =gcc  # GNU CiEFHSMiras.

# AT C R IE . Wall SR A s E R -0 kD, e AR K BEFNPAT I 7] 5

# —fstrength-reduce LAIEHAHATIUY, HEBREL A H; —fomit—frame—pointer 44 BEIRAF AN EE

# MIHELLFREL; —fcombine-regs B IFAA7as, WM AAasKIMEH; ~finline-functions ¥ HT4 fij

# RN RS IR AN P —mstring-insns Linus H CHMRAETR, LS AT

# —nostdinc —I../include AMi BB AL S SO, AR H i (. /.. /include) o

CFLAGS =-Wall -0 —fstrength-reduce —fomit-frame-pointer —fcombine-regs \
—finline—functions —mstring—insns —nostdinc -I../../include

# CHTALFRIETT. —E HUzAT C AribHE, XA HRE I C BT WAk HH 1K b 2 25 4 h B Ar v i

# R E R E B S, —nostdine —1.. /.. /include [AlHT.

CPP =gcc —E —nostdinc -I1../../include

# NI AALNR 7R make FH R T fir K0 BT HO. ¢ SCPF AR R s IEGRESY o 00 O i &
# 54l gec SKHJ CFLAGS BTt s fa Iiin C A2 PF Jo AEATVE Gt 1k (=S) , A=Aty
# IS C TR BRGSO o BRIAEOL T B AL ROV G R 7 SCAF 44 8 it € ST 44
# LB e b s Jag. —o RonIna i XA AR, Jihsx s (@) & A3 H iR R,
# O SAURE e A, IRHRARFT G 4. ¢ I3t

18 .c.s:
19 $(CC) $(CFLAGS) \
20 =S -0 $*k.s §<

# R HR T, s IR SO i k. o HARSTF. 22 1772 SEBZERE 1) Bk a2
21 .s.o:
22 $(AS) —c —o $*.0 §<
23 .c.o: # RPUEI, * ¢ - 0 HbRSUHE. ANTIESE
24 $(CC) §(CFLAGS) \
25 -c -0 $*k.0 $<
2
27 0BJS = 11 rw blk.o floppy.o hd.o ramdisk.o # & X HFr AR & 0BJS.
28

# JEAT T SeHgc A OBS Ja A A R B dy 2 1B i H AR blk_drv. a B30

29 blk drv.a: $(0BJS)
30 $(AR) rcs blk drv.a $(OBJS)
31 sync
32

34
35
36

# RO TSR T 44T make clean’ I, SESSPUAT 34--35 47 RIKdn 2, LBRFTH ik
# ORISR e SO R A A, I SO B AR SO, I HAS BRI R B
clean:

rm —f core *.o0 *. a tmp make

for i in *.c;do rm —f "basename $$i .c .s;done
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# NI H R BRSO L IR RO OC R e T3 iR TE

# TR ALY sed X Makefile ST (RUEASCHR) HEATAREE, 4 MR Makefile
# SR ### Dependencies’ AT HIMTEAT CRIHM 44 JFEEIAT) 5 HAER tmp_make
# RS (38 ATHIVERD o SRJGX) kernel/blk drv/H 3 FHISEA C XXHHAT gee TALFRERAE.
# M br S VR TAL B PP A R AN H bR SCAFAHOCHE AL, I X S8 H 545 make 572
# TR, PAL B R A make U, JL&E BB R A N YRR S H A
# SCRAA N B AROOC R——1UE SC A AL RISk SR AR o HE T 3 5 SR AR S I 2 11 )
# SCfF tmp make H, AR REZ IR N SCEE S I EOR ) Makefile SCAH.

37 dep:

38 sed ~ /\#\#\# Dependencies/q < Makefile > tmp make

39 (for i in *.c:;do echo -n "echo $$i | sed "s,\.c,\.s,” 7 ”7: \

40 $(CPP) -M $$i;done) >> tmp make

41 cp tmp make Makefile

42

43 #### Dependencies:

44 floppy.s floppy.o : floppy.c ../../include/linux/sched.h ../../include/linux/head.h \
45 ../../include/linux/fs.h ../../include/sys/types.h ../../include/linux/mm. h \

46 ../../include/signal.h ../../include/linux/kernel.h \

47 ../../include/linux/fdreg.h ../../include/asm/system. h \

48 ../../include/asm/io.h ../../include/asm/segment.h blk.h

49 hd.s hd.o : hd.c ../../include/linux/config.h ../../include/linux/sched.h \

50 ../../include/linux/head.h ../../include/linux/fs.h \

51 ../../include/sys/types.h ../../include/linux/mm.h ../../include/signal.h \

52 ../../include/linux/kernel.h ../../include/linux/hdreg.h \

53 ../../include/asm/system.h ../../include/asm/io.h \

54 ../../include/asm/segment.h blk.h

55 11 rw blk.s 11 rw blk.o : 11 rw blk.c ../../include/errno.h ../../include/linux/sched.h \
56 ../../include/linux/head.h ../../include/linux/fs.h \

57 ../../include/sys/types.h ../../include/linux/mm.h ../../include/signal.h \

58 ../../include/linux/kernel.h ../../include/asm/system. h blk.h

6.4 blk.h 3244

6.4.1 ThgedHE1A

RORAT RAE R P & SR S0, DO R FEede s, I DAL BRse s AR ICAE Rl — Aty S
F B ST SRAEAF A b I A 45 request,  FH iR E ST HUBR IR B, 0 P9R% H SRR
REAULE, BERLANHAE —Fibei s, MRAEEA1S B A LB 5 0 Y. 1 HfE .

6.4.2 XD ERE

#2FF 6-2 linux/kernel/blk_drv/blk.h

1 #ifndef _BLK H

2 #define BLK H

3

4 #define NR_BLK DEV 7 /) BB

5 /%

6 * NR REQUEST is the number of entries in the request-—queue.
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* NOTE that writes may use only the low 2/3 of these: reads

* take precedence.

*

* 32 seems to be a reasonable number: enough to get some benefit

* from the elevator-mechanism, but not so much as to lock a Ilot of
* puffers when they are in the queue. 64 seems to be too many (easily
* long pauses in reading when heavy writing/syncing is going on)
*/
/%

* N E P NR_REQUEST S 7 3K BAZ BT 75 IR T4

* VERG BREAEIUE X SRR K 2/3; SR EIL e b B

*

% 32 TP A AFRCT : D2 BSR4,

s ARG P X AE BB i B N SO BAF IR K%L, 64 wiE

* BRKT CHREMNSG /RS AT IR S 5 A A 1= ) .

— == = =
exgfioc) i jang I =RER TR

*/
15 #define NR_REQUEST 32
16
17 /%
18 * Ok, this is an expanded form so that we can use the same
19 * request for paging requests when that is implemented. In
20 % paging, 'bh’ is MULL, and ’waiting’ is used to wait for
21 * read/write completion.
22 #/

/%

% OK, TIfijE request G — M REIE, .ffﬁél;&fﬂj LG, FATE0RT BLAE 73 50 K

s AT FIRERD request 5. 7E4Y STAREEA, *bh’ /& NULL, T waiting WA T4 6535/ 5 K58 K -
*/

/) R HGEE KRB TR I G54 o JEh iR dev=—1, WIFRIRIZIAA BAEH .

23 struct request {

24 int dev; /* —1 if no request */ // KIS .

25 int cmd; /* READ or WRITE */ // #54 (READ B WRITE) »
26 int errors; /BRI T A IR R R CE

27 unsigned long sector; // BRI . (1 H=2 FX)

28 unsigned long nr sectors; /) /5 R

29 char * buffer; /] BRI .

30 struct task struct * waiting; /) AEFAER A AT S I T

31 struct buffer head * bh; /) e 2kFE4%l (include/linux/fs. h, 68) .
32 struct request * next; // ARWE iR I

33 1

34

35 /¥

36 * This is used in the elevator algorithm: Note that

37 * reads always go before writes. This is natural: reads

38 * are much more time-critical than writes.

39 #
/%
s N E ST T HEREE: TR B RS AE B 1R AT
s ROEAR FARA: BRI 1] B 2R B B 3R A AR 15 2
*/

40 #define IN ORDER(slI, s2) \

41 ((s1)—>emd<(s2)->emd || (s1)->cmd==(s2)->cmd && \

42 ((s1)—>dev < (s2)->dev || ((s1)->dev == (s2)->dev && \
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60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

(s1)->sector < (s2)->sector)))

/] PG .

:};

45 struct blk dev struct {
void (krequest fn) (void); /) E SRR R R
struct request * current request; // iHR{EEE5H.
50 extern struct blk dev_struct blk dev[NR BLK DEV]; // #ik#k (4 , &pPhdss 5 H—I.
extern struct request request[NR REQUEST]; // iR BAF A .
extern struct task struct * wait for request; /] A S NG SR INAT 55 G A BA B S AR

/) AEPRBEIKENFEF (W hd. o) B MICIEN,  WA205E i SCIKBIRE PR N 3 4 1) B 5. IXFE
// R 61 AT—87 AT HLRE A B 5 A SO I YRS R 4t TE A 19 2 S

#ifdef MAJOR NR /] BT
J¥

* Add entries as needed. Currently the only block devices

* supported are hard-disks and floppies.

*/
/%

* THERTIMAGH. HArs & 0O R R R R B RED .

*/
#if (MAJOR NR == 1) // RAM M B AT 1o WA H i w o] DS W AAE B &5 ol 1.

/% ram disk */ /% RAM B CAEIERIEL) */

#tdefine DEVICE NAME “ramdisk” /) WA LHR ramdisk.

#tdefine DEVICE REQUEST do rd request // WA SRR do rd request ().
#tdefine DEVICE NR(device) ((device) & 7) // #4&5(0--7),

#tdefine DEVICE ON(device) /) TP A o REFEE TG A G A o
#define DEVICE OFF (device) /] R

#elif (MAJOR NR == 2)  // IR FEAE T 2,

/* floppy */

#tdefine DEVICE NAME “Floppy” // B HHE floppy.

#tdefine DEVICE INTR do floppy [/ HETPWIALEERER do_floppy () .
#tdefine DEVICE REQUEST do fd request // WK do £d request ().
#tdefine DEVICE NR(device) ((device) & 3) // #&#%%5 (0—3) .

#tdefine DEVICE ON(device) floppy on(DEVICE NR(device)) // JFE k4K floppyon() .
#tdefine DEVICE OFF (device) floppy off (DEVICE NR(device)) // S %L loppyoff ().

#elif (MAJOR NR == 3) // WSS 3,

/% harddisk */

#define DEVICE NAME “harddisk” // 142 Fx harddiske

#define DEVICE INTR do hd // WAL EERE T do_hd () .

#tdefine DEVICE REQUEST do hd request /) WK RS do hd request ().

#tdefine DEVICE NR(device) (MINOR(device)/5) // ¥#&'5 (0——1) o BAMERATLIA 4 N0 X
#tdefine DEVICE ON(device) // W —HAE TAE, JEAUTT BRI
#tdefine DEVICE OFF (device)

ftelif

/* unknown blk device */ /% REI¥E */

terror “unknown blk device”
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90

91 #endif

92

93 #define CURRENT (blk dev[MAJOR NR]. current request) // CURRENT j&45iE F &5 I Y ATiE K 4iH .
94 #define CURRENT DEV DEVICE NR(CURRENT->dev) // CURRENT DEV & CURRENT ¥ %5 .

95

// IR PAN 8 SOh BRI R T
96 #ifdef DEVICE INTR
97 void (*DEVICE INTR) (void) = NULL;
98 #endif

99 static void (DEVICE REQUEST) (void) ;
100

o

/] BETBUE MIZERIX (HL

101 extern inline void unlock buffer (struct buffer head * bh)

102 {

103 if (!bh->b_lock) // WRFEERIZZPIX bh FEARAT#E B, D) B A R
104 printk (DEVICE NAME 7: free buffer being unlocked\n”);

105 bh->b_lock=0; /A5 WREAZ G X AR

106 wake up (&bh—>b wait) ; // MR G IP X R .

107 }

108

// BEROER AL,

/) R I %, ARG A L RS P X A R WA SR s 2 A 2 P X
/) bR, FHEBUZGTX . R TE AR ESEUE R 0, FoRILUGE RO R, RIIE B R
/) FASRHR A 10 4505 R BT, MREEARAF IR SR I AR DA R S5 A 2 R SR I I LR, R
// N SRR R A SR I

109 extern inline void end request(int uptodate)

110 |

111 DEVICE OFF (CURRENT->dev) ; /] R

112 if (CURRENT->bh) { // CURRENT A& 5E F 145 [ s K451
113 CURRENT->bh->b_uptodate = uptodate;// ‘B 5 Hikri.

114 unlock buffer (CURRENT->bh) ; /] R .

115 }

116 if (luptodate) { [/ AREERRR A 0 R BT IRE B
117 printk (DEVICE NAME ” 70 error\n\r”);

118 printk (“dev %04x, block %d\n|r”, CURRENT->dev,

119 CURRENT->bh->b_blocknr) ;

120 }

121 wake up (&CURRENT->waiting) ; // MR AR SRR .

122 wake up (&wait for request); // VRBESE AT KR o

123 CURRENT->dev = -1; // REIBOZE K.

124 CURRENT = CURRENT->next; [/ NS REER PR IZ SR I, I HL

125 } // AR SRIRET 4R )R — AN R I

126

/] AR R
127 #define INIT REQUEST \
128 repeat: \

129 if (!CURRENT) \ // QR ARG R SRR ) null MR (A

130 return; \ /) RNV H AT CICTT ZEA0 B IE K I
131 if (MAJOR(CURRENT->dev) != MAJOR NR) \  // QiSRS uii & i 3% 5% 5 A U BEL.

132 panic (DEVICE NAME ”: request list destroyed”); \

133 if (CURRENT->bh) { \

134 if (!CURRENT->bh—>b lock) \ // U RAEREA TV SKER AR I 22 o X BB W BB o
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135 panic (DEVICE NAME 7 block not locked”); \

138 #endif

140 #endif

6.5 hd.c 2%

6.5.1 ThgEf# A
hd.c 27 2B 3 IR RE Y, PR B 2 Sl P ss £ 135 5 IR S A B ) s AL AR B . e
P BR A S D REAN R W] 730k 5 2K
W)U AR A A P A 2 A (5 SR R, T sys_setup()FH hd_init();
W [n) G A I i 4 1 BR L hd_out() s
W K PRAEAE T K I 8L do_hd_request():
B AN R TP C R i read intr(). write_intr(). bad_rw_intr()A1 recal_intr().
do_hd_request() B8 Z K47 read_intr() A1 write_intr()H #4174 H 5
WG AR A B & %, i controler_ready() . drive_busy() . win_result() . hd_out() !
reset_controler()%.
sys_setup() B Z50F H] boot/setup.s F 3 (45 B R &Ge b I & BEAL IR B s I S 80T T B . AR5
B IR, ISR B B0 2 B R AR SO R GG S R B N AR A T, A R )
BB IR AR SO RS, B NIRRT AR S R G R
hd_init() B EH T 75 A AZ AT A6 A I3 B AR 4 ) v BT ROR 1T I 2 A A 2 o 4 v BB B kA, A S
VPRSI 8% A h WG SR o
hd_out() & fifl B 42 il 2 A i 2 ROk B RO — AP BRI C R 5L 1
Il e AL A /T, S XA S EUE I W R S I e RS (do_hd), AR JEEH%
R 1) 7 AR IR I A4 Tl OXxALFO 22 OxAf7 Rk &S 4. Brsiilas 2l (WIN_DIAGNOSE) #i1
AT IR BN %8 S 4 (WIN_SPECIFY ) AN i 4 LA, BB 3 AE Bl SR s i 2 JF AT T a2 LU,
#ioxm) CPU & H WG KA, MG IR RGE LPATHIR Wi b RE (FF system_call.s, 221 17).
do_hd_request() /& il 3 K I (1 B/ E ek . AR AR an T
o HACHIWT Y ETE RIS AR, A UATER RS 2, W H i & C A fr b B
I SR, DR ZE R . IXJEAE % INIT_REQUEST AT HUTE ). 75 MGt 4k S4B 24 Hi ik
SKI
o S0 M ETTE SR I R B I A S I SR AR 4 B DX A B AT IR E 5
o AR Y G SR R AL B S SR B AR E S . WSk S AT I
¢ WEREANARE (reset) CHFICE, WHHBCEMIM TR IENRE (recalibrate), it AT 5247 £
1, I SlEs R IR “CENTIRBIER S S (WIN_SPECIFY ). ifm & Aas s R ¥
o QST IEAR S AL BT, At I A A AR A T IE 4 (WIN_RESTORE)D, Jf{Eki%
ZHTTUG B A% 2 5 R R R R AT RO C L Crecal_intr(), JFEH . recal intr() R& LY
FEAERZ: SEGIESPIT RS S AR RPN, BEEHT (4820 PATA R L.
o ALY TG R IR E R BEAE, W E B E RIS 1) C BRECh write_intr(), [m 4588 &

- 186 -



6.5 hd. c F&J¥

EEHAEN G SHE, I ARG RS AT e Ay, DLW RIS hrE (DRQ) 27 E
fro FiZbRGEEAL, WRREGIGC “FE” Blidh, T 285 gt R is g X h ik £
PS5 NFE AR I b X P o A AU I 5 2 AT AR BEAT B, W B B A E
TR bad_rw_intr() e %, AL BE 211 SKIUR A IR B BRI A8 A2 BT 4R 452 21 i 1 SR I
ST B E G bRE, PRSI HT A i SR I

o QR YR SR IR SR A, T B A 2R R 1K C e O read_intr(), [ 45 il Ak i A

PEdr 4.

write_intr()/& 7 A RIS S E N 3 B e h Wt BRI C s, R e S M A
SR CPU RIEH NG RAE S, TR AEhilas 5 58 UG wh o Sr 20 R F % R 4.

PR YA win_result()pRi %, SRR IR RS T A Ay, LA SRR R R, SR
VERS R A T8, VA bad_rw_intr(), ARF AL 2 735 SR IR AR 10 H AR BRI s 2 T 4R 8 M G
SRIUA 2 T BB B AR, DAARSE T B A B Y i R . A3 R AAR R, AR i i SR I b 45 1
()7 5 e XL, FIWR TS DA EE R IZESR A EaR G T . HIeHBIEFES A, WFHE—
i DX A S B AR o X b B DA S A, WA YA SR I 45 R MR AR A
T SR I SE B ERE . WA A 5 PRV SR I 3RS A TR ) T S AT SR I a2 vh X s O 5 8be
B BBCYTTIE R I OARB R FER TP IR0 o 54k 82H do_hd_request()pki %, LAZkSE AL PR AH AL
WA I E i R I

read_intr() M) 75 24 F 17 SR SRR AR I Bl 12 s BT R TR R 1) C R e 2R AR 1) B X
s M RLIRZN 2N A OGP X 5, e LR AGR TP WHERAE 5 1012k 200 3 A 2 446l
R B B B 2 BT SR I S 2 R I

55 write_intr()TF 4R (AR 5 AR TR, 1Z R B0e Je B iR ] win_result() e 55, SRS IR (FPIRAS T A7 4%
DAHIMOR A R R A o AR I R AR T B, AT S write_intr() [RIFEI A BRI R . 270 R AEAT:
TR, DU AAEES T2 2 DX A Bt DX TR0 52 T 205 SR I 4 s I 2R v X A o AR AR A A s SR I P
B AR B DB, FIWTR S R T P gl . A a8 Zive, W, BUERF B —A i
Bk, #FEHE CAAIR, WIEH Y BTG R 45 AR MRS A AT SR I e BRI R L e A
R PRTE SR ERE CEAT BE) BB M ETE SRR 20t XA CEFbe s BEBCYRTIE SR IT OB
WA R T INBRIZID . a2k 2218 do_hd_request()pRi%l, LAk &R kb B A4 14 46 1 H e i SR T

h T B BT B T AR R S B E I AR B R, AT AT AR IR R pR I, T A B R DA R A A
il 4 = Z TR HAT I e o6 R AT 6-3 Ko ke
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ihil e PATFESF fifi Ak

UL BTl AR, AP R EZR 4 DNREOE hd_out(). do_hd_request(). read_intr() A
write_intr(). FEAE T IX 4 AR EIVE Bt B AR T B SR E0 AR 17 (M B 1 FRO

6.5.2 RAZ;E R

AL PR SR I
Fh T Ak R A
EagnlErhil

H
BORE

|
HBT l--

6-3 1E/ SEEHIENRFXR

#2F 6-3 linux/kernel/blk_drv/hd.c

1 /*

2 * linux/kernel/hd.c

3 #

4 % (C) 1991 Linus Torvalds

5 #

6

T /%

8 #* This is the low—level hd interrupt support. It traverses the

9 #* request—list, using interrupts to jump between functions. As

10 * all the functions are called within interrupts, we may not

11 * sleep. Special care is recommended.

12 *

13 * modified by Drew Eckhardt to check nr of hd’s from the CMOS.

14 #/
/%
* AFET L EERL P W B AR . BB TR R AR, A b LE R A kL
* T ETA IR S AE T R R R ), B LUK S8 ek B AN BT DARTERIG . 8 R0
* (i Drew Eckhardt 162¢, F)/H CHOS 15 B2 AE# %L -
*/

15
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—
[op}

—
-3

=[S ls I

DO DO DN
12 (&3 R3]

N8 185
= | [O1

[\]
co

45
46
47

48
49
50
51
52
53
54
55

#include <linux/config.h> // WAZBCE KA. & SCBERE 5 AR 28 (HD TYPE) WG,

#include <linux/sched.h> // WEEFEFLCME, X TAESSH) task_struct. FIUHAES 0 1%,
[/ B —YE IR TS E 0 S FERE A i N ST 2 pR B S TR A .

#include <linux/fs.h> /] XAERG L. B XSRS R (file, buffer head, m inode 2§8) .

#include <linux/kernel.h> // WHIKICHE. & —Se A% H e B0 J5UE & o

#include <linux/hdreg.h> // S HCELM. & X Ui MR 27 A7 dsm 1, RS, X EEGE .

#include <asm/system.h> // RGEKMF. 8 LT BCE BUE SRR/ W15 RN 09 %

#include <asm/io.h> [/ io SkICAF. g SCREAF S VN /2 Gn e T

#include <asm/segment.h> // BARAFELICME. 2@ X T RECF A BAE Bt N 200 S 2R 0

// WAAAE blk. h SCAFZ W€ SCR I 345558, KD blk. h SO B 20% 5 5.

#tdefine MAJOR NR 3 // AT 3,

#include “blk.h” /) RV SCME . E S SKREE S5 R . B se 28 B0 &5 M R0 2 iR A5 S o
#tdefine CMOS READ (addr) ({ \ // 1 CMOS %% A%,

42 /%

outb_p (0x80|addr, 0x70) ; \

inb p(0x71); \

D)

/% Max read/write errors/sector */

#tdefine MAX ERRORS 7 /] B/ G N SRV R 2 A IR

#define MAX_HD 2 /] BRGSCRRI B 2 AE

static void recal intr(void); // HE# P WIFE P AE & A7 ERAER 20 H B0 =0 F R % (287 47) o

static int recalibrate = 1; // FFRIEARE. BB s E 0 Al

static int reset = 1; /) BAbRE . AR EERN S BCE bR, DU AR 8
* This struct defines the HD’s and their types.
*/

/% RIS ST RS H R «/
[/ BB RE RS RRRETE R XA AR S RTTORMEAE S . SR BRI .
/] EATIE GBS WA RIS U .
struct hd i struct f{
int head, sect, cyl, wpcom, 1zone, ctl;

b

// TR EZALE include/linux/config. h k3 X T HD_TYPE, ML & LA IS 8U4E K
// hd_infolJf%ds. &M, SEBINERER A 0 {H, 7E setup O BT AT IE

#tifdef HD TYPE

struct hd i struct hd infol[] = { HD TYPE };

#tdefine NR_HD ((sizeof (hd info))/(sizeof (struct hd i struct))) [/ VAN
ftelse

struct hd i struct hd infol[] = { {0,0,0,0,0,0}, {0,0,0,0,0,0} }:

static int NR_HD = 0;

ftendif

/) U AR IX A5 o 45 AR 7 X ) B A6 B X 5 . 29 DX XU
// b 5 AR BRI T (540 hd [0J A hd [6]45) ARAFIEAER T IS4
static struct hd struct {

long start sect;

long nr_sects;
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59
60

} hd[5%MAX_HD]={{0, 0}, };
// 3 port, HLinr 7, fRAFAE buf 1,
#tdefine port read(port, buf, nr) \

_asm_ ("cld rep;insw”::7d” (port), D7 (buf), ¢’ (nr): “cx”, "di”)

// il port, HH nr o, M buf N .

#tdefine port write(port, buf, nr) \

_asm_ (“cld;rep;outsw”:: "d” (port), “S” (buf), “c” (nr): "cx”, "si”)

extern void hd interrupt (void); /) TEEEP WL (system call.s, 22147) o

extern void rd load(void); // A RS (ramdisk.c, 714T) .
70 /* This may be used only once, enforced by ’static int callable’ */

/% R B EVIGACI B R — k. A& LE callable /E AR E. */

// GREI S EUO VAL init/main. ¢ 1 init TREPEE MR 0x90080 Ab, MALFFE setup. s
// TR M BIOS BUASHK) 2 MEEL AR S HE (32 7). MR SER GBS N VAR5 Ui .

[/ AR ETREE E CMOS FIAE L 4R AE B, T B AL 4> X 8548 hd, IR N2 RAM R FUEE I
/] W RS

int sys_setup(void * BIOS)

72 {

static int callable = 1;
int i, drive;

unsigned char cmos disks;
struct partition *p;
struct buffer head * bh;

// WIGEART callable=1, 4I2471%pRERE L& B R 0, AR K BEHAT— R
if (!callable)
return —1;
callable = 0;
[/ WAL config. h How XAHEEEZ 4L, 5N 0x90080 ALz .

82 #ifndef HD TYPE

92
93
94
95
96

97
98
99

for (drive=0 ; drive<2 ; drivet++) {
hd info[drivel.cyl = *(unsigned short %) BIOS; // AETHH
hd infoldrivel. head = *(unsigned char *) (2+BI0S) ; // WA
hd infoldrive]. wpcom = *(unsigned short *) (5+BIOS); // BHifiMEAE1HS .
hd infoldrive].ctl = *(unsigned char *) (8+BIOS);: // BEHITEA
hd infoldrive]. lzone = *(unsigned short *) (12+BI0S);: // WiLFERXALIN 5 .
hd infoldrive].sect = *(unsigned char %) (14+BI0S): // &HmiIE X%
BIOS += 16; [/ IR SR K 16 £, X H BIOS $R1A) B4,

}
// setup. s FEFFAEH BIOS Hh EOREAE S B AR RN, W SRIUE 1 AMBERE, sl leons 2R 2 ANREAE Y
// 16 PTG E . DI AR 2 AN AR IO 7T 0 T DLAE AT WA B 2 MERE T

if (hd info[l].cyl)
NR_HD=2; /) WRECE D 2.
else
NR_HD=1;
ftendif

[/ BCEAREAME R R LG B D U X R Horh g 1x5 5 XS AR5 1A G Ui
for (i=0 ; i<NR_HD ; i++) {
hd[i*5]. start_sect = 0; // ARG X T
hd[i#5]. nr_sects = hd _info[i]. head*
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hd infoli]. sect*hd infolil.cyl; // H## S XH.

JS*
We querry CMOS about hard disks : it could be that
we have a SCSI/ESDI/etc controller that is BIOS
compatable with ST-5606, and thus showing up in our
BIOS table, but not register compatable, and therefore
not present in CMOS.

Furthurmore, we will assume that our ST-506 drives
{if any)> are the primary drives In the system, and
the ones reflected as drive I or 2.

The first drive is stored in the high nibble of CMOS
byte Ox12, the second in the low nibble. This will be
elither a 4 bit drive type or Oxf indicating use byte OxI19
for an 8 bit type, drive 1, Oxla for drive 2 in CMOS.

Needless to say, a non—zero value means we have
an AT controller hard disk for that drive.

*/
/%
* FRATDGS OMOS A3 SCHE L (115 B AT LeprBE:  mlRE S IR IS0, FRATTAT B SCST/ESDT /%51
* EEs, e ST-506 J5 305 BIOS M, e IR BI0S 4R H, (HEINA
AR MR, XSS HfE CMOS P XANTEAE o
A, BAMEBE ST-506 IKBh2s CARAT ) B RGHF MIEARIKE 2%, W EILIIKE) 2% 1 5k 2
B IS 2% o
51 ANIRBN A S EAFIE CMOS 7715 0x12 B 4, 28 2 MEBHEIR e i 4 ALy
AT DUE IR BN A8, AT RS OxFo Oxf Rl F] CMOS H 0x19 P54/ M IKBh 28 1 1 8 f
HAVFAT, A OMOS 1 0x1A F- 5 VE IR BNAE 2 BT,
M, AN EREEWE RATA A AT #5280 8 A A KB 4 o

I SR S

*/

// I FLAR G b Ji BRAS U A A ) 77 AT SRR A . A OC CMOS /5 B2 WL 4. 2.3, 1 71,

if ((cmos disks = CMOS READ (0x12)) & 0xf0)
if (cmos disks & 0x0f)
NR_HD = 2;
else
NRHD = 1;
else
NR HD = 0;

// # NR_HD=0, WIPAMERLARAS S AT 28 e 281, i B 45 /i = .
// #i NR_HD=1, WRFER 2 MEEL NS E0s %
for (i = NRHD ; i <2 ; i++) {
hd[i*5]. start_sect = 0;
hd[i*5]. nr_sects = 0;
}
/) SRR AN A 1 s B 1 AR D SR I X R AF B
// SR R bread O BAEEL S 1 BREHE (fs/buffer. ¢, 267), SHH I 0x300 A AE AL L B4
[/ (S WHIERSF U] o SRIEARAEERE Sk 1 AN A7 E 0x1fe AL AN 15 72 15 k" 55AA" K|t

- 191 -



6.5 hd. c F&J¥

[/ I DAL T Ox1BE JFAR I ) X ARGR AT AL 5 b 73 X R AR BN B 70 XM 4544 hd

136 for (drive=0 ; drive<NR HD ; drive++) {

137 if (!(bh = bread(0x300 + drivex5,0))) { // 0x300, 0x305 ZHH &% T .
138 printk( “Unable to read partition table of drive %d\n\r’,

139 drive) ;

140 panic (7);

141 }

142 if (bh->b datal[510] != 0x55 || (unsigned char)

143 bh->b data[511] != OxAA) { // WA S DA bR’ 55AA" .
144 printk(“Bad partition table on drive %d\n|r”, drive) ;

145 panic (77 ;

146 1

147 p = O0xIBE + (void %)bh—>b data; /] Ay RALTRERL S 1 B X I Ox1BE 4k
148 for (i=1;i<5;i++, p++) {

149 hd[i+b*drive]. start_sect = p—>start_sect;

150 hd[i+5*drivel.nr_sects = p—>nr_sects;

151 1

152 brelse (bh) ; /) RIS AT TR B B T R 1) AT S X L

153 }

154 if (NR_HD) /) WREHEAEIF HEASXE, WX EIEFERER.
155 printk ("Partition table%s ok. \nlr”, NR_HD>1)? "s”: 7) ;

156 rd load(); // In# () RAMDISK (kernel/blk drv/ramdisk.c, 71).
157 mount_root () ; /] AR RS (Fs/super. ¢, 242) .

158 return (0);

159 }

160

//// WG IR AT UK s L 2 -
DA A2 T 2 IR 25 B A7 A i DWSMWMWHﬂ PRCEEN Rl EHeI b R SRR ol S G VAR
//W%LE@%O,W%?% SN A, A5 OK

161 static int controller ready(void)

162

163 int retries=10000;

164

165 while (—retries && (inb p(HD STATUS)&0xc0) !=0x40) ;
166 return (retries); // RBIERFE IR I EL
167 )

168

/77 RO PRAT 7FE’W<,W (win_ R V)Rl 5 146 '5)
// lﬁ:EX’U(:uﬁ‘%z EPE/] [i]i} 7?;% %’Ij(zuo IE] 0 %‘%TIEI?H 1 ﬁ ﬁ[]%ﬁ\ T < % H>
// VTR R 2 A7 4% HD ERROR(Oxlfl)

169 static int win result (void)

170 {

171 int i=inb p(HD STATUS); // HUREHEE.

172

173 if ((i & (BUSY STAT | READY STAT | WRERR STAT | SEEK STAT | ERR_STAT))
174 == (READY_STAT | SEEK STAT))

175 return(0); /% ok */

176 if (i&1) i=inb(HD_ERROR);  // # ERR STAT &7, JUERHUES R FFAEA -
177 return (1);

178 }

179

/) AR RS RIS A A (ARG D .
// B E: drive - W55 (0-1);  nsect — 25 X HL;
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// sect — JBIHERX; head - W43k'T;
// eyl - Ml emd - AL (SHAEHIS G LYIER, £6.3)
// *intr addr () — B4R AR I AL BERE P R R 1) C AR BE BRI 4L
180 static void hd out (unsigned int drive,unsigned int nsect,unsigned int sect,
181 unsigned int head, unsigned int cyl,unsigned int cmd,
182 void (kintr addr) (void))
183 {
184 register int port asm(’dx”); // port ZBmE XTI 2T A4S dx.
185
186 if (drive>l || head>15) // WRIRENES45 (0, 1) >1 Bifisk5>15, WFEPASLH.
187 panic(“Zrying to write bad sector”);
188 if (!controller ready()) /) IRy BN [ Ja AT AR 28 W R, SEAL.
189 panic ("D controller not ready”);
190 do_hd = intr_addr; // do_hd B EHRENRAERERL T WAL P R H
191 outb p(hd info[drivel.ctl, HD_CMD) ; // T 75 A7 A% (0x3£6) fhr Pl 725 .
192 port=HD _DATA; // B dx EHE AR 1 (0x1£0) .
193 outb p(hd infol[drivel.wpcom>>2, ++port); // ZH: HIAMEFEH S (Fhg 4) .
194 outb p(nsect, ++port) ; /) ZH /BRI
195 outb p(sect, ++port) ; /] BH: RIEFIX.
196 outb _p(eyl, ++port) ; [/ ZH FEISAC 8 A7,
197 outb p(cyl>>8, ++port) ; // S MRS 8 .
198 outb p(0xA0| (drive<<4) |head, ++port) ; /] BH: WA TS
199 outb (cmd, ++port) ; VA i i R A o
200 }

201
/1)) SEA AL e o B RIEIA A A ORI AR G AL o A5 A il 45 B TE 45 AR
[/ B, WYy, R[N 0. #Eek— B R oA, R [E 1,

202 static int drive busy(void)

203 {

204 unsigned int i;

205

206 for (i = 0; i < 10000; i++) /] DEIREER R bR G AL EAT o

207 if (READY STAT == (inb p(HD STATUS) & (BUSY STAT|READY STAT)))

208 break;

209 i = inb(HD STATUS) ; // FHCEEHIRPIRES T .

210 i &= BUSY STAT | READY STAT | SEEK STAT; // MGBUAC-AZ. H&sAr A0 -3 45 R A
211 if (i == READY STAT | SEEK STAT) /) B S TE S AR, IR 0,
212 return(0) ;

213 printk ( "#D controller times out\n|r’); /) BNWEREN, BaxafER. FHiRE 1,
214 return(1) ;

215 }

216

/1] WAL CROBTRIED A2 % o

217 static void reset controller(void)

218 |

219 int i;

220

221 outb (4, HD_CMD) ; // T IR A s i R AR (4= A7) o
222 for(i = 0; i < 100; i++) nop(); /] BN TR (PR AR .

223 outb (hd_info[0].ctl & 0x0f ,HD CMD); // FAIXIER M#EIT4 (A2 IR, Hi) .
224 if (drive busy()) /) EERAER R A, SR S R

225 printk ( "H#D-controller still busy\n\r’);

226 if ((i = inb(HD_ERROR)) != 1) /) WEGRZAR S, AAET 1 BRI WA
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227 printk ( "HD-controller reset failed: %02x\n\r’, i) ;
228 }
229

o //// SALEEE nr. EARAL CEFRIE) . KI5 SR EIg MY @RS,
// b recal intr () J&7EAE A A WAL FERE A R FH I SRR 1 A B R A
230 static void reset hd(int nr)

231 |
232 reset _controller();

233 hd out (nr, hd info[nr]. sect, hd info[nr]. sect, hd info[nr]. head-1,
234 hd infolnr]. cyl, WIN SPECIFY, &recal intr);

235 )

236

/777 EAMEE A WrE R
/) R AMIER TN, R A EEAR R R B BB C ARE R B, FEHE TR R B R B R
// WA ZEE. W (kernel/system call.s, 241 7).

237 void unexpected hd interrupt (void)

238 {

239 printk ( “Unexpected HD interrupt\n|r’);
240 }

241

/7)) AR MO E FH pR A
242 static void bad rw intr(void)

243 {

244 if (++CURRENT->errors >= MAX ERRORS) // 53 fad X I AR H A CBOK T 8846 T 7 I,

245 end request (0) ; // WS T SR I M S A %0 SR U ERE, 1 HL
/) XSG MIX SEHbR & B AL GRAEHD S

246 if (CURRENT->errors > MAX ERRORS/2)  // fii—m X HJHEHXE DL KT 3 Ik,

247 reset = 1; /7 VB SRANAT S AT R B 2 Tl 2 B A

248 }

249

[/ AR R B R A K AR R R 1 A 4 R 5 | R I R T R R
[/ %R eI Ry A R E R AT A . A A S ARSI EE AL TR, BiE A HUT RN,
// VU Ah BR AR A R MO, B s SR A S A A B IR AT I SR
// AR A B A, DU N ECHE P A s i A Bt DX S G B SR I G X, s e Sk I
// Bt R X B . #EIRE AT 0, RORARINE RIEFEIBIGE, TRREBRM, SR
/) AR T B DX I 5 R T A D) B AT SR I 7 I A e AR L, TR AL B AR YR SR I
J/ GWREHEE ., BaHEH do hd request (), ZAbBEILE AL g KT,
/) VEE: 25T ATiEA)TI 256 23R NS, W 512 75,

250 static void read intr(void)

251 {

252 if (win result()) { /) FEEERIAAT . B A AT

253 bad rw_intr(); [/ WBEAT 5 A R W b 2

254 do_hd request () ; // BRIG RO SRR AE AR N, (5247) AbFL

255 return;

256 }

257 port read (HD _DATA, CURRENT->buffer, 256) ; // ¥45Hs A 75 77 4% 1 52 B3 SR 45 B2 ph X
258 CURRENT->errors = 0; // i AR

259 CURRENT->buffer += 512; [/ WEEGL P IXFREL 4RI X

260 CURRENT->sector++; // AR T,

261 if (——CURRENT->nr sectors) { // W R R X EOE BA E, W)
262 do hd = &read intr; // FRRERERLH C BREFREN A read intr ()
263 return; [/ PR R v W A BE AR PR do_hd ]
264 } // FEKHZREBIRH B A S0, system call. s
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265 end request (1) ; [/ AR X A O skw, WALEE SRS N,
266 do_hd request () ; /) AT e R SRR A

267 }

268

o /777 SRR R B AR R P T AL BE AR R R o
/] EEMAPATIE, SreAE Wi ES, ST W AR, i A A b Iy Ab R AR b R )
// CBREREN do hd ) B4R write intr ), KNS ESEAEEKR (EEH &, $ITZEH.

269 static void write intr (void)

270 {

271 if (win result()) f{ // G A A R AR R A R A

272 bad rw_intr(); // W SE AT R 1 RIS AL B,

273 do_hd request () ; // SRIGTF U KA BEAEAE Y (A7) Ab2E,

274 return; // ARJGIRE] (R H T R BE R R .

275 }

276 if (-—CURRENT->nr sectors) { [/ FNPEACES B IX B0 1, #5815 X,
277 CURRENT->sector++; [/ HAENE SRR X S,

278 CURRENT—>buffer += 512; // UG REZMIX FrE,

279 do_hd = &write intr; // B TR ek E AR write intr (),
280 port write (HD_DATA, CURRENT->buffer, 256) ; // FEIr) % 25 A7 243 115 256 7.
281 return; // IR RN AR P X 58 S HAE i R b BT AL B
282 }

283 end request (1) ; /) BEMEX B CA S5, WAEE RS NH T,
284 do_hd request () ; /) PAT IR R

285 }

286

/) WERERE AT R T R R A O A B P
/) U R ) R A R L, U ST R A S SR A B, 8K i s R LA AT (52 fir) 4B

287 static void recal intr(void)

288 {

289 if (win_result())

290 bad rw intr();
291 do hd request();

292 }

293

/11 PATHERE S 1 SRR A

/) ARIE B 1A, WP Ui kIdaet (Z00 11 rw blk.c, 2847) S HEEIR X

/) ERI, H R AR R EIAT R S EAE . AN S AR 58 B 5 R A A e AR

/) BT RINTT EAL B, W 2 AE b Wl B i A R 2. 220 kernel/system _call. s, 221 4T,
294 void do_hd request (void)

295
296 int i, r;
297 unsigned int block, dev;
298 unsigned int sec, head, cyl;
299 unsigned int nsect;
300
/) RS SRIA EETE, & CWRAATERIUIER H (20 blk. h, 127) .
301 INIT REQUEST;
/) B SRS LR e R B 5 B RD) 7 i S MR I B XS
302 dev = MINOR (CURRENT->dev) ;  // CURRENT & X & blk dev[MAJOR NR].current request.
303 block = CURRENT->sector; [/ VER IR X

/) MR TR AR XTI R X B2, WESHGZIK, B SRR repeat b
// GEXAE INIT _REQUEST JFUGAL) o DG —IRESRENE 2 AMRIX (512+2 515, Fr AR X 5
[/ ANRER T3 X i e (BIESCER —ANB IX 5
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304 if (dev >= 5%NR _HD || block+2 > hd[dev].nr sects) {
305 end request (0) ;
306 goto repeat; // GHRTAE b1k, h B JE
307 }
// SN EAGR X IR B X, KT R T KRR I B HEAN B (R 0] B X5
308 block += hd[dev]. start_sect;
309 dev /=5; // WeIt dev AARMERL S G255 1 MR (0) B 25 2 A~ (1) .

) NI G R PR R B AE 1 S G AR L X I X M A e
/) B (sec) v PrHEALHTS (cyl) ik (head) o

310 asm__ ("divl %47 "=a” (block), =d” (sec):”” (block), 771”7 (0),
311 “r” (hd_infoldev]. sect)) ;

312 _asm_ ("divl %47 "=a” (cyl), "=d” (head): ”” (block), “1” (0),
313 “r” (hd_infoldev]. head)) ;

314 sectt;

315 nsect = CURRENT->nr sectors; // #KiL/'SHIkXEL .

[/ R reset AR EEALN, WHRAT A EAE . RAMEE ARG, IFESREEHKL RS, &0,

316 if (reset) {

317 reset = 0;

318 recalibrate = 1;

319 reset _hd (CURRENT DEV) ;
320 return;

321 }

[/ WERFEPRIERRE (recalibrate) BAL, W IERAIZIRE, AR5 A AR B 68 S L FOFAZIE A &
[/ SR AT FIE A, AR TR AT RSk B E O AT .

322 if (recalibrate) {

323 recalibrate = 0;

324 hd out (dev, hd info[CURRENT DEV]. sect, 0, 0, 0,
325 WIN RESTORE, &recal intr);

326 return;

327 }

// WA SRR S B X A, WIRRE S a4, T BCIRAS A A7 g5 BIF JIWriE SR ik 55 br &
// DRQ_STAT J& 75 & A7. DRQ STAT AR & F A HIE RIS, R as S LRSI AE ENLA
// B 10 2 AR — AN B AN TR

328 if (CURRENT->cmd == WRITE) f{

329 hd out (dev, nsect, sec, head, cyl, WIN WRITE, &write intr);
330 for (i=0 ; i<3000 && !(r=inb p (D STATUS)&DRQ STAT) ; i++)
331 /* nothing */ ;

/7 WARAER MRS DRQ EALE HAE3E o S RIS KRB EAL, WRIR IR SRR A R, &
/) ARERR ALK o A5 U Je) A £ 4 A KU A A 4% 3 1 HD_DATA 5N 1S B X R 2

332 if (Ir)
333 bad rw_intr();
334 goto repeat; // ZRRSLE blk. h SO AT, EIBEE] 301 47,
335 1
336 port write (HD DATA, CURRENT->buffer, 256) ;
/7 G0 SR TR A Be X, D g B A T A RIS T X A A
337 } else if (CURRENT->cmd == READ) {
338 hd out (dev, nsect, sec, head, cyl, WIN READ, &read intr) ;
339 } else
340 panic ( “unknown hd-command”) ;
341 }
342

) ERRGAIAL.
343 void hd init(void)
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344 {

345 blk dev[MAJOR NR].request fn = DEVICE REQUEST; // do_hd request().

346 set_intr gate (0x2E, &hd interrupt); // WEBEEFWI &= int 0x2E (46) .
// hd_interrupt 7F (kernel/system call.s, 221).

347 outb p(inb p(0x21)&0xfb, 0x21) ; // SATHEE G 8259A int2 MIBEMST, AUFMAT
[/ R SRS .

348 outb (inb_p(0xA1)&0xbf, 0xAl) ; // BRI B, (FEM B, v
// RREEAE A Ak T SR AT

349 }

350

6.5.3 HEEFER

6.5.3.1 AT EEEOFFHE
AT TR P28 1O 2 Bt 2 Ar s it B IH LR 6-2 BTz 59 #MiES L include/linux/hdreg.h Sk 3C 4.

%6 -2 AT REEIEHIR H im0 RIER

Wil | 44K PR HHERAE

0x1f0 | HD_DATA Bl o A7 4% - REHE G 5. a0

0x1fl | HD_ERROR AR HRRE ‘ BT PRMEE AT A

0x1f2 | HD_NSECTOR | B[R Earfrds - WX G 5. Bk, k=0

0x1f3 | HD_SECTOR | JilX ‘5 21748 - BIHEX GE. 5. w8

0x1f4 | HD_LCYL FEIH 5 35 7 2% - HESEET G 5. W%, i

0x1f5 | HD_HCYL FET 5 P A7 2 - HESEET G 5. A, e

0x1f6 | HD_CURRENT | JRBha%/Mh kP AFAs - Wahas 5 /#ik*5 (101dhhhh, d=3kZ0755, h=Hik5)
0x1f7 | HD_STATUS TREHFFL (HD_STATUS) 4 %74 (HD_COMMAND)
0x3f6 | HD_CMD fili i3 % 7 % (HD_CMD)
0x3f7 FrmNFER (5 12M BaEa D

TN TR s 1 P AE AR AT VR B
& K77 %% (HD_DATA, 0x1f0)

XSE—Xt 16 A7 P10 Sl Ldies, M TRXEE. 5RpER e, CPU M@ i 5 %7 1795
)25 N BB RS 1N DX, 0 B A 4 rep outsw'BR'rep insw'H 5L 1/'5 cx=256 .
O A (B IEHiTiME A f74s (5) (HD_ERROR, 0x1f1)

TEERT, ZFFAEAAACE 8 M IRES . HHA Y IRE T A4 (HD_STATUS, Ox1f7)I¥i{7 0=1
% P A7 A A A 2. BT T2 Wiar I S XS em A A . L3R 6-3 fis.

+=6-3 BRI HBIERE TS

fH 12 Wi i 4N Heg a4
0x01 ToEh R Habr&E Lk
0x02 A fiiE 0
0x03 DX 2 R X A

0x04 ECC -4 iR FE
0x05 25 T AL B2

0x10 ID A FkF
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0x40 ECC 4%
0x80 T X

TGRS, % AEas BIE N SR AME A8 . Tl G MGG R S o XN T S A
SRR 0X05 AL —N7, TR 4 JEfd .

& 5 X H %78 (HD_NSECTOR, 0x1f2)

AT B KA i T e M X . U T2 B X ERAERE, BRE5ER 1 X R
VEZZAER o B 1, EEIN 0. #7HMEN 0, WIS 4i R K s X L 256,

& X5 %748 (HD_SECTOR, 0x1f3)

ZFALARATIE 5. R EG IR B T 752 5 XBAER, RAF SRS S, Mk
SERL L e X RS E B 1.

@ FEI 5 %178 (HD_LCYL, HD_HCYL, Ox1f4, Ox1f5)

ZPANFETN S 25 A7 2% 0 AT TR AL TH 5 A 8 AL AR 2 4%
& X5 ARGk 27 A7 $(HD_CURRENT, 0x1f6)

ZAAPAATH B B K. FEAE Uy 5 IR 2 FIfi Sk . HoA4% 20k 101dhhhh,
o 101 RS KH ECC RS E ANEE B X Ky 512 7415 d RANIEFEMIIKS)#E (0 5L 1); hhhh FoRIERE IR
& IREHFES (B 1A% /i4s ('5) (HD_STATUS/HD_COMMAND, 0x1f7)

TR, XN —A 8 7 F RS A Ara o S MAE AL 42l 2 AR AT 1 210 )5 VRS . &A1 3 SO
% 6-4 iR,

T6-4 SMERBSHES

fr | # Bt |
A PATHE R MBI BTRT Ny & DU AR S5 A, LIRS HY B 2 A7 2 A0
0 | ERR_STAT 0x01

REFAE PR AL S A DR AT R — 2 fE B

1 INDEX_STAT | 0x02 WBIRG . MR T B B R 5 bR & I S BT

ECC U H. i3 —Arl S s i H O R4 E, stai B iz,
PP AN S Wi — A2 B X A

HAER M SS o AR, RIS A O U 7R LRI G 2
) At — AN B — AN 1

IRENEEFTEL N . AN BN, RoRFERIECE SN, Wk CaiF7EiR
4 SEEK_STAT 0x10 SETHEE b o RAERNRI, A AR . R ENEI TIRESHAAR5,
AR 23 T IR TR 1 S IR 58 BOIRAS

IR AT CHHAED . MRERSGN, ZOOIFASEAE . BT EHLEE TR
ARG, AT TR TS T AR I AR .

KB AR UL LT (BeE) . Rom RS o CAUES U R 4. SR BRI, %47
HASUAE . R EVER TIRETAERG, SO IR RN ST K s 38 5t
YPRAS . TETTHLR, DXL RO, SRS 35 ik 31 1E 9 H e
Wi 4

VEIZRIT AR . UK AR IEAERR AR e IR BN B IS BRI B AT I EHRRER
ey Y. MOATAT 2 25 A7 23 M BARAE R R PR S S AE 2 1. 75 N AU A
7 BUSY_STAT | 0x80 AL A

TENLAS SALAE 5 RESET A8 ff ki # v £ 121 25 47 #5511 SRST i ¥ & 2 J 400 4445
AN TENLES SO G ESRAZALEADIRS A fe kT 30 75

2 ECC_STAT 0x04

3 DRQ_STAT 0x08

5 WRERR_STAT | 0x20

6 READY_STAT | 0x40
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FHUAE ] iy B A7 s 5 ORI 1%,
17 400 ZHFLLLA o

BEgEM . WAL IK B & S H A R AT 2

TEG AR G ks S REIE fy & W1 TRl R 40 T 512 T 8 i) 5 AP 2 N

AT ERAEIN, i 0T iy B A7 1552 CPU A Hh IO REAE 7 1

e, A 8 Flin 4, WAk 6-5

Fis. Ferhia— ST UL IAR Y fiy & 2 A0S s IR 1 (51 P s A A B AMED «

F6-5 AT EEITHIEMEIIF

% Tk i AT .y i éf%ﬂ’f%&k‘
XA D3 D2 D1 DO B
WIN_RESTORE | JRZhaF HHTRL I (HAL) ox1 R R R R 0x10 iy
WIN_READ BB X 0x2 0 0L T 0x20 1 i
WIN_WRITE HRX 0x3 0 0L T 0x30 1 i
WIN_VERIFY 5 DX 0x4 000T 0x40 W
WIN_FORMAT s A AT E 0x5 0000 0x50 W
WIN_INIT G E- Il ed 0x6 0000 0x60 W
WIN_SEEK S8 0x7 R R RR 0x70 1 i
WIN_DIAGNOSE | #4382k 0x9 0000 0x90 A=W
WIN_SPECIFY BT IRA) A SR 0x9 0 001 0x91 A=W

R AU 4 A2 nsE, L5 308

R &S AR, R=0, WPPHEHA Y 35us; R=1 4 0.5ms, LUtHEEIEN. 727 EA R=0.

L 2k, L=0 R/ 5 X N 512 741, L=1 FoRE/5 RIX N 512 0 4 7451 ECC 5. Fi
JyHERAE R L=0,

T RFE A, T=0 LR AVFER; T=1 WA FERX. AP T=0.
& R A4 (5) (HD_CMD, 0x3f6)

ZarAras 2 S AR R s A A . e SRS A S HER A # 0x08
AP AT BERH AR, W3R 6-6 JTm .

3R 6 -6 BEEHFHAZTN

x4 KN Wi
PEHIT (KB A R
7. 0 AH
i 1 LR (0) (551 IRQ)
fir. 2 FVFSEAL
0x08 T 7 3 HHEERBOR T 8 WHE 1
7 4 AH(0)
fi7.5 ATERETIE+L Ao A= B AOIRIX &, I 1
{77 6 4%k ECC Eik
77 IR TICERE

6.5.3.2 AT IE R ITH| 841
FEX R P S AT BRI, TR RN AR S H R 2. Lol LE 6-7 PR, HiEki%k
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6 TS, ekt 1 W mAi. N A A B TR Em X 7 ZHaAb, KRG
1 OX1f1 -- OX1f7.
£6-7 KR

Ui i W]

Ox1f1 ETAMER AT
0x1f2 A DX

0x1f3 R X

0x1f4 L RITREE (S ]
0x1f5 FETH 5 o 71

0x1f6 RN SISk T
0x1f7 gl

56 CPU [l #2425 47445 Uit |1 (HD_CMD)0x3f6 i HH F2ihil 715, it S AH N At 2y 3o 7 3o
Jei R AT 42 BB SOR S HON 4. DN
Rl s S RPRAS . CPU TR B RSP fr s, 0L 7 0 0, Kol as st o A5 AE L I IR) A 271
dr EAR IR, WA I A o
Rl YR s s 2 A mted: CPU JIWT AR T AAE AL 6 2150 1 KRB WS SZ mteh. T 1 W mr i 2 o

e

A HZIUT 23 Sl 1k R 1 4 S R i 4

CPU Z5A5 W= PTG, WAL HIgs =k P WiE k(555 (IRQL4 - XA A IBT int46) ol &%
HIERE A SN, RIS N BER R R X A (2 X5,

RS SR CPU PR R TFATAY, #5407 0 %1 0 WER/R Ay PTG, AR 25 R ]
HE— B AR AT A7 2 (HD_ERROR) U4 21

6.5.3.3 BEELASH R

Rk e, int Ox41 [P BT ) A B (4 * 0x41 =0x0000:0X0104) AEJHIHI AN 42 v i R 5 1 sl
M —AME R AR SRR, WK 6-8 iR, X1 100%3 781 BIOS K, X A7l 5L S 4k b
H e ikl FOOOh:E401h. 2 “AMBRLIIFEAR S ER N I hEA7 T int 0x46 H ) &=

*6-8 BMEEASHIEER

Xz PNGN i ]
0x00 = RIS
0x02 T Tt Sk H
0x03 =2 FEEG NG R K AL (1 PC XT A, Heeh 0)
0x05 F THAS MM S (T 4)
0x07 T K ECC B RKE (U XT A, el 0
T (R P R £
7.0 AH
fir 1 £REE(0) (51 IRQ)
0x08 T fir 2 FFEAL
73 AREREOT 8 W' 1
i 4 AJH(0)
7.5 ATTERETE+L LA A= R BRI B, I 1
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{7 6 &% 11 ECC ik
77 IR ETICERE
0x09 T PRAEEINE (X XT A, Heh 0
Ox0A T KX (U XT K, HEh 0O
0x0B T R BK AR I (I XT AR, ek 00
0x0C T il S A B (5 1 ) AT T
0X0E T A 3 X K
OxOF T PR
6.53.4 BARESHEAHR

BRI 502 3 A &5 :

1- PN A7 2- Ml A 3-Hifi 4% 4-ttyx, 5-tty,6- 747 11, 7-JE iy #4 1

BT 1AM o] DIAELE 1--4 531X, DRI AR 43 DX IR AN [F) FH IR B &6 5 AT F 8 4 X o DAL
T (112 AR B £ F AR 7 UM

WA =% 5*256 + IRI&S

R dev_no = (major<<8) + minor

P ) T AT 12 R 5 WK 6-9 P

R6-9 BEPHERES

IR Xof IV 2% S e

0x300 /dev/hd0 A 1AM

0x301 /dev/hd1 TR LR 1A X
0x302 /dev/hd2 TR LR 2 M X
0x303 /dev/hd3 TR LR 3 M X
0x304 /dev/hd4 TR LAERLEE 4 N X
0x305 /dev/hds FRAEAHE 2 Ml

0x306 /dev/ihde TR 2 MERE 1A X
0x307 Idev/hd7 TR 2 MERLIE 2 M X
0x308 /dev/hds TR 2 MERLIE 3 M X
0x309 /dev/hd9 TR 2 MERLIE 4 M X

Hir 0x300 FT 0x305 FEASMEAN 73 XA R, T A A R IEAN A
M linux A% 0.95 il e AN X R ity 44 77 38, e S OUEM R 2 515 T .

6.5.3.5 MEHSRXFE

N TSI AN AR KRG AR PR, AL T DAAEIR BN 1--4 Ny X . BN X 2 AN X
FEAREENT . ArIX AR 4 DNRINALR, REANRITH 16 A4, XN —N X IE R, A0 73 X R/
FEIERIAER S BOE S XS, IR 6-10 Fron. ZrDXRAFBAERIRL 0 #1100 Sk2F 1 AMwIX W
Ox1BE--0x1FD 4t

F6-10 BEISXKREW
AL “H KA | W
0x00 boot_ind FA | BIShEE. 4 AR E A — AR B
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0X00- AN i3 X 5| FHEAE R SE; 0x80-Mi%4r X 5] FHEAE RS
0x01 head FH | AREHEL T
0x02 sector AT | A BGERIAFIX S (17 0-5) I IR TS = 2 47 (7 6-7).
0x03 oyl T | ARG S 8 7.
0x04 sys_ind T S KA AT, 0x0b-DOS; 0x80-Old Minix; 0x83-Linux ...
0x05 end_head TAT | AR ARk
0x06 end_sector FAT | SR EIX S (A 0-5) R4 AT 5 2 AL (67 6-7).
0x07 end_cyl FAT | HRAETS K 8 4%,
0x08--0x0b start_sect K7 | AREGRDIE X .
0x0c--0xOf nr