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A
“‘,‘Er &

SEIh—: ZGEAER AL
152558 49 :

BERZGRA AN, LFEEBIENFWEFETEC, EEXEZRNEBL T AN
¥ 49 8 #F-bootloader & T A X 2 T, A, KAVE BT R — /5032 x86 49k AL XH 2
F 5569 bootloader, & #1&1E & 4 ucore #LE %o labl 24 T —AN3E % ] 49 bootloader #= ucore
0S, #/~ bootloader #AT KA NF 512 AF T, XHEFT KB REN I FRET, BT )Mk
ILiX A bootloader #= ucore OS, &E# T VAT fE 35 :

o HFHEBMAAHEE
o LHFHNAALAME

® PC & %) bootloader #9ig 42

e bootloader &9 S48 m%,

e %31%i2 1T bootloader 49id 42

e 74X bootloader 4y 7 *

e ycore OS & )5 #h i 42

o HEILHRHAT AR EMF LI TA
o i AL A AL

o @id$ /3 2/CCGA M FiFey 7k

2. RIBAIK:

labl ¥ &, 4 —A> bootloader #=—A~ OS. XA bootloader = ¥A+7 32 2] X86 #hI7 4% X, AL4%i: a4 4
HFAn# ELF $#UiT A% X, FEFFHF. miX labl 78 OS B2 —ATT AL 34 o b7 Ae B 5 4
a9 40 JLE 5] OS,
2.1 %3

%3] 1. EMFET make ARPATIH WA, (ZREREFEHM TERAAHTE)

BEWHIIF, XKEEZBLHS;TRART #:
1. #BAE R A8 LA ucoreimg R fT—F — & £ a9 ? (F ZILEIF a3 Makefile
B— ARG ST AR E L, URBLAGAFRGLER)
2. —NMAGINARGAATCH R AT FREGFERAA?
AT AT HE
Jm 47T X Makefile
L HAT make B, — MR AR TMmt, A 2T make BRIIT T ARG A,
4o 287 % make AT T AL, T LAIAT

$ make "V="
LIRS H % make 4915 8, T LB, FiFHiT
$ man make

%3 2: 4/ gemu #ATHIBK labl F ey, (ZXARSEFREF 43 T42)

AT # AL R gemu A= gdb #4TE9 AR TAE, KB T LTG5
1. Ak Oxf:0xfffO FF 45 ¥ + 3% 32 BIOS #9347 .
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A
“‘,‘Er &

2. EAIENALE OX7c00 3% & 55 3 bk by & )X 07 2 B

3. A 0X7c00 FF45 3R 37 AR AL 15 4T B 3 3R 32 ROL % 13 2] 49 X545 5 bootasm.S #= bootblock.asm
AT R

4. B . 3K —/ bootloader 2 M A% F 49 K AD4x B, &k B W & 5F 347K,

AN AT AL

FA L ZB LR ME gemu RIEFTEAFIR . ARG IAET RN TR SE LR, HKL
L E. gemu X AL A gdb FHATEIR K d L EGIHK. AT R ST gemu Ao gdb R R RS AT E IR K KB E,

Zikay gdb %2 dtiT— B 9B E A #AT gemu 49 IRRAES. gemu Ao gdb Z AL I M35 0 1234 #4758
Mo AATH gemu FATREMZ G, AT gdb H A

target remote localhost:1234
PP T 4% gemu, LB gemu A #EAAFAEIRE, YK gdb 8964
Bk, BAVTREE & gemu £ — 4R NF AR X, WA FE A make gemu Fr4s & 4691247, e Al make
debug &k T XA TAE. XA gemu 2 &£ gdb K EZEGGIZEB AZIT T,

gdb A9 He bt B &,
fe gdb AT P, 4B R b *[MALE T LA S R R A AX B A, % gemu F 49 cpu AT B 45 R Hhkat, (24
F 4= H ALK 45 gdb.

X TR 6 BRC %R
# °T fg gdb Lk IEAAFRILY AT gemu #AT AL AE4, WBidde FTAHLE T ALK gdb A ATATIR %) RO % % AT
89454, & gdb 44T RELE AR A
define hook-stop
x/i $pc
end
B =T

gdb &9 3% 4 44
# gdb ¥, A next, nexti, step, stepi F 454k F HIHKALF, RMNARETAE, XAETESGHE L,
next ¥ 2|42 5 R KA 8T —4T, FRFENLHHK,
nexti ¥ ¥ — &M EH4S, RHENHH,
step £ BT —ANARBARARDT (BLEFENDHH)
stepi #F —FME L

%3] 3: 9#7 bootloader FNFFBE X932, (ZBRKAERE T B H4)

BIOS ¥:i@idRAEL TN FRHEI NG, FiERDI 8 AN E P4z E AT bootloader. i % 47
bootloader & 417 7T s A S5 AE R NP3 AE X 89

B FE2MEE 3.2.1 T BRI X Fep BALE” 42 labl/boot/bootasm.S JRAL, T fEhefT AN 52 AR X by e B AR AP AR
E:

%3 4: ¥ bootloader Ae# ELF #& X8 OS #9342, (ZRKAERLEP B E H4)

i@ 12 17 4% bootmain.c, T #& bootloader ke T Ae#, ELF X 4. il if 547 R XA A=i@ if gemu kg 175178
1%, bootloader&OS,

1. bootloader 4= 32 BUAL 4 iy X 49 ?

2. bootloader & 4= fT % ELF #& X .49 OS?
e T 3.2.3 “AEIFFIMA” | 3.2.4 “ELF HUiT A& XA

%3 5: RAHFRARERRIZELHK (FRHBA)

H#ME E £ labl + % & kdebug.c # & # print_stackframe &9 5% 2, T A8 id F £
2
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print_stackframe k3R 32 & H A B3R PR RAOB Dbk, e FAES LA LI L, T4 labl +
AT “make gemu” /5, FE gemu AEFLZE P 1F 2] R Mlhe T 698

ebp:0x00007b28 eip:0x00100992 args:0x00010094 0x00010094 0x00007b58 0x00100096
kern/debug/kdebug.c:305: print_stackframe+22

ebp:0x00007b38 eip:0x00100c79 args:0x00000000 0x00000000 0x00000000 0x00007ha8
kern/debug/kmonitor.c:125: mon_backtrace+10

ebp:0x00007h58 eip:0x00100096 args:0x00000000 0x00007b80 Oxffff0000 0x00007h84
kern/init/init.c:48: grade_backtrace2+33

ebp:0x00007b78 eip:0x001000bf args:0x00000000 0xffff0000 0x00007bad 0x00000029
kern/init/init.c:53: grade_backtrace1+38

ebp:0x00007b98 eip:0x001000dd args:0x00000000 0x00100000 Oxffff0000 0x0000001d
kern/init/init.c:58: grade_backtrace0+23

ebp:0x00007hbb8 eip:0x00100102 args:0x0010353c 0x00103520 0x00001308 0x00000000
kern/init/init.c:63: grade_backtrace+34

ebp:0x00007he8 eip:0x00100059 args:0x00000000 0x00000000 000000000 0x00007¢53
kern/init/init.c:28: kern_init+88

ebp:0x00007bf8 eip:0x00007d73 args:0xc031fcfa Oxc08ed88e 0x64e4d08e Oxfa7502a8
<unknow>: -- 0x00007d72 —

WEMER, AAMBRAEE LA TRE—H, HFMBRE —ITEANFEN S L,

PR T 331 T “HEER” , THRHEBwTMEZRFARNLEZN, 22K labl ®itE, &4
labl/obj/bootblock.asm, 7 ## bootloader /745 5#L3s #5649 35 &) fa o ik F 893+ & X % ; &4 labl/obj/kernel.asm, T f#
ucore OS R4 5 #L 3 7L 4435 &) Fa i ik S 09 3t B2 % A,

2 R 7 % 4 kern/debug/kdebug.c::print_stackframe #9553, R X KX # B RARADE (T %%
), FFEFRRE TR EHARAIAL, H5dxd LR P MGEE,

AN T A HE
W T ETRENREMNE EMAT AP RRT T, BALRAEH, KD PH — sl B 2T AL .
18] e =T VAB 1298 B print_debuginfo 3 €k & XA 5 B B L AT E R R RE . AR LA R kdebug.c K2
g R,

%3] 6: REFH B FLE (FTE2R/4)
I TR G ) A Fer 18] B T[] AL
1. PHaEzEAFT—AERRAES S FH? PR E T BT &R EGAN 2 ?
2. wWAZRZ & Kkernftrap/trap.c P 3 Wi ) & R # AT AL A9 B idt_inite /& idt_init &2
¥, ARKRITET A B BTN 2 BT, £ A mmuh 49 SETGATE £, A idt %4 R
o EFEMRT RALIAMFE(T_SYSCALL)ASE, He b uidiE A oL, kA
NS, mARBERAFTEHERFE, RRABOBGITHMEF. FNAFHHOANDE
tools/vectors.c 4 a&, 1% A trap.c ¥ & &9 vectors $x£0BF +T o
3. FHALT E trap.c T A9 P BT AL I B AL trap, FEATETAY P BT SE AT R AGAENIAE trap KA P
A FE R AR BT A9 3RS, R R AR B 100 R B4 P BT S, AR print_ticks FAER, @
B EATER— 47 L3100 ticks”.

ZKTRFIAR 2 AP 3 R ey R BB KA, RIAABORRAE CTARBBFRIT) , HF
EFRBRETRHZHAFAIAE, FEESFALGDE, TRIXFEM 2 F2 3 Z KRGS KD E,
SEBATEAR R, TR KAE LA AHE K100 ticks”, @m#kTaabstifiELr,

B TH%332D0T “PHERE .
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¥ &% Challenge (& &%4%)
® I JE proj4, 3¢ e syscall Ak, BR¥gAm— A P AR TRAT—HEZ%AR: RT3
1) , SAEMBRZEE, TARABESEEE R PEGIH, WA PSRBT R %A RNF
FAZSHRS GEIREERHER L, TREFEFR, R Tm, LA SSBBREE KGR
¥, TREITHE) . §F5HFE@GLTAoHRE, TRl EOTRFES R,

T
AL —T challenge #9iRAL,

kern_init 78 A switch_test, Z & 4= T :

static void

switch_test(void) {
print_cur_status(); Il print % &7 cs/sslds % F 4 B KAE
cprintf("+++ switch to user mode +++\n");
switch_to_user(); /I switch to user mode

print_cur_status();

cprintf("+++ switch to kernel mode +++\n");
switch_to_kernel(); /I switch to kernel mode
print_cur_status();

ks

switch_to * H#H ENBE FRHAEYG T XNFERL, T2 LT OKDEZE tap T E
T SWITCH_TO* U, Hi%B4FEEMRKE.,
£ labl 2@ T ARG, AT make grade M iZAE95 RN R R E EH,

2.2 IR B 48 5%
labl &9 #A4K B KM T B

—— boot
—— asm.h
—— bootasm.S
—— bootmain.c
— kern
— debug
—— assert.h
— kdebug.c
kdebug.h
—— kmonitor.c
—— kmonitor.h
—— panic.c
—— stab.h
—— driver
— clock.c
—— clock.h
—— console.c
—— console.h
— intr.c
— intr.h
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—— kbdreg.h
—— picirg.c

— libs

— readline.c
—— stdio.c
—— mm

—— memlayout.h
—— mmu.h
—— pmm.c
—— pmm.h
— trap

— trap.c

— trapentry.S
—— trap.h
—— vectors.S

—— libs

—— defs.h
— clf.h

—— error.h
—— printfmt.c
— stdarg.h
—— stdio.h
—— string.c
— string.h
—— x86.h
—— Makefile
tools

—— function.mk
—— gdbinit
— grade.sh
—— kernel.ld
—— sign.c
—— vector.c

10 directories, 48 files

Kb — bR E R A4 T
bootloader &4~
® boot/bootasm.S : & X 5= T bootloader &= AT H 4 start, L BRETT — 89w
W, T T AEBE K B R4 AR X 69454%, 58 A bootmain.c F 49 bootmain =& £ .
® Dboot/bootmain.c: & X = IT bootmain HHFATETER, o0 feF R TFHFPF.
bootmain =& # 7 £ ucore #AE & 4| N A, ARJE AL F] ucore B9 AN 1 &L AT,
® Dboot/asm.h: & bootasm.S L4 LAHFPTE Zay kL4, TR —sk5 X86 AP X a9 is
7] 7 R A8 K89 2 7 Lo
ucore 1RAE & A3 5 :
A G AIEER 5
® Kkern/init/init.c: ucore #&4E & L6945 B XA

5
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N A E IR
® kern/mm/memlayout.h: ucore #/EZ %A XK EHE (AFMEFHT. KFTF) B9—LRE
L

® kern/mm/mmu.h: ucore &4F R %A % X86 MMU %22 48 % 69 2 L, .3 EFLAGS # 4
RPN, BRAIZABKEA, FHITREF T, BREFEL, EHREHK T
U, NULL B ##la9 % SEG_NULL, 2 & Z8R SEG, REFU ITRMEF R
SETGATE (%726 ¥ A2
® kern/mm/pmm.[ch]: X2 T ucore #MFZAEBMNF T ZRIGLETE: HHKREK
ts, &G ER gdt[], mERLER/REFEFHEZGODH lgdt, HEFa9 AR stack0; A
Bt 4 By 3 R A AR A5 B89 n s 1 3 gdtinit
R P
® Kkern/driver/intr.[ch]: 27 i@ idi% E CPU &9 eflags sk 5wk A1k R P B 69 R 3L ;
® kern/driver/picirq.[ch]: SX 3T xF & B2 4] 25 8259A &9 4045 AL A fs AE HAF
® kern/driver/clock.[ch]: %% 3L 7 3t B 4b 4241 35 8253 49 4n45 LR AE ;
® kern/driver/console.[ch]: SR 3L T 3t & o fudd & 64 b 7 77 X 49 58 32 4RA4E
op 7 Ak 2 SR 45
® kern/trap/vectors.S: .4 256 NP ETR FHIAZG N A A E — T T AR RN, EF,
S A2 W tools/vector.c 72 4w i% ucore A 18] 5 5 £ A% 89 ;
® kern/trap/trapentry.S: R HEF— IS LEE, k—F TR F T WIRIEL; FELAK
Fopuwr BT SR IE, Bp Pl Ab R B AR R & TAE
® kern/trap/trap.[ch]: BiE& % — T F ARG, %5 T EARay & A by L 2R 1E;
N A% IK RS
® kern/debug/kdebug.[ch]: B R A Fe — st i3t g X 269 EMmie, ATEFAAKRXZ,
H o 44 print_stackframe &K & F &2 w8953 o HALF IS R LR T o
® kern/debug/kmonitor.[ch]: 5 SR 45 & 474 489 kernel monitor, 1% F & ucore & #L bug
KFEAG, feast N\ kernel monitor ¥, EHELATAA KX R, FIARDIRLIKK .
® kern/debug/panic.c | asserth: 4 7T panic H&k A= assert &, T AERNERZEE, AR
kernel monitor. K E T £ %RAZE I F A0 F H assert EA= panic %k, =& EREIRGK
RS
® libs/defs.h: @& — R LIFFTHERELH T E L,
® Libs/x86.h: —#F GNU C#k AXJL%m%F Y C Kk (TR T inline X485, FAT
AR -
T H3R5
® Makefile #= function.mk: %55 make AR AR B 89538, F%RE T4k,
® signc: —ANCiEFIMEF, AHUITE, ATARANHFSAEHRE TS F X,
® tools/vector.c: 4 mk vectors.S, X AFEA T P BT e ' A A % — % I,

A AT labltarbz2, ARG ##/E labl.tarbz2. 7 labl B & F #A4T make, *T A4 n% ucore.img
(A& T bin BEXTF) . ucore.img £ —/~¢.4 T bootloader 3 OS #9# & 5%, BT PITh T &4
T AR A B BAER S gemu W iZ AT bootloader % OS:
$ make gemu
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3 ME B BB A GBI A
3.1 BIOSE #hiiA2

Lt Ehmd e, —RARAERITIRE R %, ®APUT R S s 2t K 10 sk Fa 5]
FBRAE, ARG, RAWBLRHRRZERERAAZBITZIAMBITE — B3, @i
By, SAVTAMEREAERE. EZRAONEZRABRAR, ARtF R %6847 5
—NEERE, UMMBARLANBREZAABESIT EHGIRE, RE5 FoBEFREEZA
N B 2] RAM ¥, H3F 2 Rizd BB E.

SHTFRREZBTHEMNEZAM T, BRERAFE ARG E#E (A E) | A,
EPROM. ROM. Flash % 7 242 % )& 4 84k G HAB Y G4 R L. HHEMEFE, CPU —F464 3
— /N BT S RAT A A, IR R A FR T R AWBEMS, xRt EA R 10
M, KRR G A GIET B — BB AR, 3T Intel 80386 49k R LM S, PCHLP A A 4L
s d BIOS (Basic Input Output System, BPA A A/dnih R4, EARRZA—ABLE IR
Flash/CMOS L &4 4k ) Fefs F 42 #L/52 # 5] F f3 X F 49 OS Boot Loader (£ ucore *F #9 bootasm.S #=
bootmain.c) —AZ4 K. BIOS Eix LA B AT HIN ROM (REAHE) HH Lig—/NFrRed4
#, A EESRMARERKEN, RAZOREER S LH. 28 2350, BIOS #t2 PC # H AR 4
5 LR BAALFZ 06— AN R, R i B Feds A4

A Intel 80386 H#15], #tHMAww s, CPU MAp3ZHnt OXFFFFFFFO (& #4544y CS: EIP #
%, uid CS A= IP 69485 %2 0XFO00 #= OXFFFQ)) Fr¥54h47. /& OXFFFFFFFO X 2 R R AR T — %
BAEAG A, B BAEAS A Bk 2] BIOS #7425 A2 45 B . BIOS Mt it A4+ A b femndb LG, Ak
F—ANeahix& (Pldeied, A&, AHF) |, FHLRZEENF—REEP LI FREXRE IR
X)E| A HF— 2 egsiht 0x7c00 &, ARG CPU = HI & 4645 2R N3k 2 4 47, £t BIOS 49
MAE I E T, #—F 8 TELL T ucore 49 bootloader.

3.2 bootloader 2 3 it £2
BIOS Fi@d#BMMAA TN FRRXEANG, FHKINE AN AH T E HAT bootloader .
bootloader 7T % #9 T4k €. 4% :

o kIR AEX, B HATEMNF

o iREi AP ELF 4T A4 X a9 ucore #R1E R A A A
o ETFFHBHEE

o eizdl MR 4 ucore AR 4%

3 7 H T AE 69 52 3L A /2 labl 49 boot B & F 49 =/~ asm.h. bootasm.S #= bootmain.co T
iy AR I A28 7o B iR TAE 03T B AL R G s A B iR

3.2.1 Ry X o BALH

AAFTE T MR Intel 80386 495k 4E XAy BALH 2 A 2L, HA1%4iE Intel 80386 A A f2 3t NPk 4L
ARG, TRAMRKIZELZR KGR, REZIFORP IR F L KOG T T W, TN — A B
89 8086 T . XA — R AYRIPAH], AT AR B AAHAR T LS E T B BT A Gt AL R, XA
FAMRAIEE R ARLT T o H Intel 80386 49 BhLhl —H A2, LikFREr. Lk, £&MN
#9 bootloader X+, B RE T HFEHE KX BRI ENGLAIE, KMNGBERAETR (Fbde s T AL
#) RE 2/ Intel 80386 A9 MRAF AR X LR IXIT 8. 4 R AT MR AE XA BbLH], W KA E
) Intel 80386 1k £ A EYIRIF R AIX TR R LR Z S A AT P HBZ £,
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[AE] BARRFK L X86 14, X X86 M/ LEMIA —i& T, (HXF X86 LR 1\ X86 R LGidwiE
AR TIREANGE . N T REBETE 2 TS AN S8 Il g RIS 0 2 3, BATERICR K W 53 ¥k
® W JG[ElE— T labO-manual H {1« T AR AL BB AE A — T N 2R
®  (Intel 80386 Reference Programmers Manual-i386) : #5VU. /5. Jju. . 7EJaskseid,
el P i, B \EFET.

(1) E£&KX

Z£ bootloader 4 F BIOS 49 T4E/5, L aThI PC R AR THEAE X (16 2 KX) BT RS, EXM
KRETHMTirRI ML N G2 R A8 IMB, H Lk KX 3% Intel 80386 vA L 28 #]49 32 {2 CPU &
AGB N A& H= At 7 o

FAREXEENE AN GAE RSB RER, Z25FRDFHE LT IRERR, BEREARFAES
HEAH R A, f BHE—AGA RIS QE R MA, XA, B PAZFO— A4 R 159
THRERGRBRELIER PFARFRR, FEERTAE, PLALERHETERZRAMERG,

[/5%]) Intel #7149 8086 CPU #2477 20 #RHehkZK 7T F 477 4L BB 0~2/20(00000H~FFFFFH)#9
IMB A 472 18], 12 8086 44 # 4B 4L 3242 5042 16 {2, ik A4 F 4k IMB W 4= 18], Fivh 8086 #2447 B
bk Aol A% M bt 69 X b £ 3 U], A RN F L9 B AL (16 12) 1R A5 3 hk (16 12 A A MAk)”, 5 FRey it
H T ik BB *OXI0H+H R A5 Mo bk, 1 A BB 0 H B R AR F A B F 09(16 42), mAE A {athts i
Hk Y R AEN] R E i 8086 #AEAYF AT KokiTH mkeI(16 12), M BAL: XA R TERBE T
R KW A # OxIOFFEEH(BF OXFFFFOH + OXFFFFH), FriA% Fub3|A2it IMB 89 W AiF, &K A<=
(REKRAERFT) « 2 TFT—KAELT Intel 80286 CPU # PC AT #HH AL A %IRE T 24 ARMbHL &, XA
CPU #9F a5 B L A 2/24=16M,Fl it 4324 T BRI X, TAiFF 2] IMB A LW R AT, sithe f
BEFuART IMBHHFEL, FATAHDET, ZRERTEOTIAERL. ATERFZLH® Tk
W, IBM &2 f PC AT it HMFR K LA N 45 R A L6y 45 e, M09 77 ikt 2 de
A20 Hunk & 4= ) Ao s s H) B 09— /N 3E 4T AND 384F, S AF kAR H] A20 3hk & 6947 (f£4E) Aok
H CHa\Z L) o —FF 458 A20 st 4= 4] 24k B ik ey (B4 0) , A2 AL%smdid—xay 10 #&1E
*4r7 ¢ (5% bootasm.S) .

L A20 a&AH 2L e, WAL R AR AL 8086 FiE4T, IMB VA L& ERTim 6, ERPEXT
A20 it & 35 h) R ZATTF GG A TALRE TR MU 69 F kA8 77 LM S A 45 ) 8% 8042 K £ — A4,
BAEF S 8042 Brafeat E Ml s et B - AEAH A20 sk &A= F 69N, —B2XE
A Z )G, N B ¥ T4 Bk 46 = (memory  wrapping),iX 4 & AR T AT a2 AN 286 49 16M N 4,3 H &
4t 80386 AANMEWETA 4G NAET .

8042 4 FizHI B 10 3% 02 0x60~0x6f, FR_LE IBM PC/IAT £ H & R A O0x60 4= 0x64 FA#% 0

(0x61, 0x62 #= 0x63 AT 5 XT % A A 49) . 8042 i@l iTiX op o A A B REE R E LS RIER
KE. wmEzme P2 AT4H42 B8, 42 0 (P20 31H) AT CPU AA24g4E, 42 1 (P21 31He) AP
=4 A20 5 &R 5. RAmmAEF (Gio 0x64) EA—ANFT, FFRE—NEAEHS G
Lo VAR —ANBd, ST 060 350 RiEA), @A REALMIRT 060 K%,

(2) HRIEX

RAAFKIPEXT, 80386 #943F 32 MMt & A 2, TFAaZL 4G F TR EII T A fodh
Myt E W), 5 64TB O 2/M4 AN, HEANABR KR A 2032 F77) 69F4Exent=m, TR A
DB A E AR A T AR EAE . XTI B L TR RS T R4 L E, mMEAFINE
IAGAERAME T A E M, B R 4 MERBFTEGFRAE TS, B E LT REF LKL
RAD e 04 5 o> BAE 409 T8 B o
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(3) B AMEEZMNH

R AR X T 4 e Ao B A8 EAE . B ) B R 5 sk VAAZ S 3 bk Fo K B TR )
XA AR R TN Gk, XN GRARZ A B (Segment) o ZhiF S 2 RAZF %hiF AT AE
FoE R Bl 69 KA B, HAER., AR FMALTETUSEKALR, —F 25X LR -,

SBAIER 4 NREENE: FHENA, BRAEF (BEKGEN) | BREFE (554 K
AT )  BAEBFT (BFAS, ATEEBRRAFEATEARGELI) . T HHU
(Logical Address, & FI4Z 5 i & B 692 k) 24323t (Physical Address, 52 FR&94032 N A Huik) 5
AT A

1. SfxeuE3: CPU e Hxei (B REFT selector o 145 offset Z8a) &9 B 3F T 49
NBEERNBRAEFERGTL, RBEA P 2B RMAEF, REREAFMAEF FREGG LKA o
L BARASA, & EHik (Linear Address) o 4= R E 345 W A5 A, N &AL
£ F 432 st
2. S WAL, XI—FPlRAMNAERAMEN, (EF: X—FATHE, HREER
GhrkRREER, EEHERRPLT A,
bR BREAL TR AAEF RRART L. LB HE — e R R, KbEsht
T A I L F A AT, KM 32 (2K, AMHNATHEEN 4G Fh. s BMAERGL KR

q

A4 T B AR
Figure 5-2. Segment Transzlation
15 a 3 a
LOGICAL
ADDRESS “ SELECTOR “ " OFFSET “
¥
DESCRIPTOR TABLE
SEGMENT BASE
DESCRIPTOR p[ + J|¢e—
LINEAR
NDDRESS " DIR |[  eacE ( OFFSET “

B 1 5 Eatiin ik Kid4e

DEAMEENNE R NRPRERXGAR TR, AEBTAESE, A TEAY>BAMEE
AT BT, &E2EIIFRMBEFFEMAES R (55 bootasm.S, mmu.h, pmm.c) .

B RE R
EDB A EENFRPEXT, N T A5 2L B ARa(Base Address).
B (Limit)F= £ P (Attributes). 7 ucore ¥ &9 kern/mm/mmu.h &9 struct segdesc #k &4+ A
ARG 5E Lo
o HAxnt: M ARMM AT A P EAGA IS, £ 80386 HRAAE X T, BAMAK 32 1%,
RAEIKE ST HHA G K EARE, BT AT — AN BARTT A 32 42 K P hE 2 18] F 89
AT —AF TG, MR FEF XN T AL T LA 16 ik,
® BURIR: MEBM K. & 80386 HRIFAEXT, BAFMA 20 1247, M HBIFIRT XAEZ A
FPRAHELERALK FTHEz,
® BEM: HEBNEATER.
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& BEMTaER A (Granularity) , AAFT G ARil. G=0 R FBIRIRAF P lalz 4z,
20 B RBTARHLEARLLFHEIM FH, HEA1FH; Gl RFHARMA 4K
FHARA, FR0AGGORRTEARGCARAK FHE G FH, HEHIKFT,
& EA (TYPE) : M FRARE LB, T & FFHEE R TR SR
B, PTHRR B BR T TR AT, BT R TR%,
F i FF AR 28 (Descriptor Privilege Level) (DPL) : sk 52 LAk 47 ALl
# A4z (Segment-Present bit) : 4o Rix—42k 0, W pbfbik i HAEEM, ALK A%
SIS, do B —AIER R B AT AR, REEA SIS ARE,
B 54 277 EHEEHN 0, RGO X BIERLTUEZE ABATIRA T A
(AVAILABLE) #y4,
& iz (Accessed bit) : H A B 7 ZA (5 —ANE @ L AR AL T 492 BFT e
#H—ANBFAS) B, FaahRE TR, #ERATHRZ L.

L R 4

KA HGEIE BRI R R, BB AT 09 25 M e B AT

Figure 5%5—-3. General Segment—-Descriptor Format

DESCRIPTORS USED FOR APPLICATIONS CODE AND DATA SEGMENTES

3 23 A5 7 a
A
BASE 31..24 Gl |0|V] LIMIT Pl DPL |1]| TYPE|A BASE 23..16 4
L| 19..16
SEGMENT BASE 15..8 SEGMENT LIMIT 15..8 a

DESCRIPTORS USED FOR SPECIAL SYSTEM SEGMENTS

31 23 15 7 a
A
BASE 31..24 G[&|O|v] LIMIT F| DPL |8 TYPE BASE 23..16 4

L| 19..16

SEGMENT BASE 15..8 SEGMENT LIMIT 15..8 a

A — ACCESSED

AVL — AVAILABLE FOR USE BY SYSTEMS PROGRAMMERS

DPL — DESCRIPTOR PRIVILEGE LEUEL

G — GRANULARITY

P — SEGMENT PRESENT

B 2 Baad s

LR EFZ

ERAMERFEOR ARG LENBREFOH KA, EREAFRGELANVEFTEAT AR
GDTR . GDTR K 48 42, #H ¥ & 322 A &ut, 1K 16 = HHERME. &F GDT RitH GDT A&
G2 N RARFHITRE L, IAREERA GDTR H GDT X —H%tI R 4K, %, 23K
EFEPEFANBRAEFEEZAATEFESF . GDTR PHBERRAF T AL, S TF4H N MR
FoRAFRGB R RE % TikHN 8*N-1. £ ucore &9 boot/bootasm.S ¥ & gdt 3o it 4k A=
kern/mm/pmm.c ¥ 894 5T =448 gdt|9 A A KA TILRiES 4 C 53 692 AR R BLRE AN,

BHT
KRMIAE IR R FT AR LB RA R ETF R Ao ez R P &5 — N REF 0. 45T T A 45
HEEG Y, AnxtgA42FRAT LS, 22 —R2hEEmEERRXEG. 2FTHEX

10
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Yo T AT

Figure 5-6. Format of a Selector

15 3

INDEX RPL

- || B

TI — TABLE INDICATOR
RPL — REQUESTOR'S PRIVILEGE LEVEL

B3 BA®EFTEH

® %3] (Index) : ARMEFEPM 8192 MAEF P EB—AMAEF, ZEREAHFEIANARIE
Rk 8 (HEFWKE) , Bt FAOANRL3IHETE, Admtd AL EHRRE
fé‘:o

® % 4%74% (Table Indicator, TI) : &P iZFRIF—AFEFE. 0 RERZIFFE L HIEEF
% (GDT) , 1 R&RZIFF AAFHEFEZ (LDT) .

® FK4MLE (Requested Privilege Level, RPL) : #RArhLhl, &5 4R+ 28— iR,

EEFAEF R E AR TG CPUAER, ATAS —/ B FF %3] (Index) < \ﬁni%;h%n‘t
1z (Table Indicator) #%% 0 #98t (BPERAZFTFHOLEHFMEFENGE —AN) , TAEHE—A=49
#H#F (L mmuh #8 SEG NULL) . %fka#é%ﬁwﬁfézk@%w 438 % ﬁTAF
A —AFE, R, SAAZTRBTEFRANEE, NEZFERF.

(4) RPEXTOHREA

ERPBEXT, HRAEEA AN, HFTK0 (R4 2 3 RIKHFR) o A 34 20
BT BRI A, 00 URPITHHAME LM ). AE—F %], x86 CPU A& £ — M2
R BTIEITH, Amrd TRABTABA L, TNTABA 2, K RAFRBLE T RN A EP IR
(protection ring) , A &3 (ring 0) K FTRE&FR0, RIF@EF (ring 3) —AM % 2 AL /7%
R, ARSI 3. £ ucore F, CPU R A B[ F 69 2 MK : 0 (PWZ’&) F23 (AFPE) &

A KRY 15 FMBEAEASM CPU M4 RALAABSIAT, XEME A4 KRR PR XA 5 P
1E R, AR AR um 5 A2 RE, PTACIRkE 4 4%4’%%%1’\]#2&)%0 Jm R 4B
FEring 0 WASPIBATIX B84, A FE—A—HMK4 7% (general-protection exception) . 3+ & 4=
1/O 3% 0 &% 37 [2] AL T J A 69 45 AR 2R PR 4] o

HBEBABTHEAALTHAFAEREINEANABFTAEE (WwSSHDSH) T, ILEAR

0.4 7 im KA (Requested Privilege Level, ##& RPL) F#H. A, RBEFAHEE (CS) &
NETREHEELS (0 MOV) A#RE, ®ARENERKTAESPRITIRA 1L (= IMP,
INT. CALL) Mg iX &, ML CS #MA —Ad CPU 44769 HATHRK F £ (Current Privilege
Level, f#k CPL) . —F %Mt T EHT:

Data segment selector
16 bits Index (2-15) Tl ReL
15 2 [

Code segment selector
16 bits Index (3-15) I cPL

15 2 a

11
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K 4 DS #= CS #9454 B
RAEFHETE CPL FH (212) A EZF T CPU &9 B ATHMAR, PIAREAH—IR CS F
# CPL, AR3LYT AZmiE Jb 2] 094 AR T o
CPU S ERANREE LR AL S —ANBEEFFamEN, A&, Yl & MrntiyFE—4
NAERI. B, Ry AN G EBRGIAEZ T, MOEIEXOESI T S —IMHIEL
EBF A BT, A KA T REN TR

Current code
segment register

¥

RN
“;Ertr"

Data segment selector Segment load ok
being loaded

=
—{ Index |_|RPL ‘—. MAX(CPL, RPL) <= DPL

Selects

exception

False:
Segment descriptor J g General-protection

= DPL l

K5 AAT R EAEE AL

B A A% F B FAE R E ARG R, LB T MAXO)R Fi£# CPL #= RPL 4R R ka9 —A,
5 #R 5 4428 (Descriptor Privilege Level, f##k DPL) ik, o R DPL#AK TS T, A4
XA R T EF#AT T RPL KB EALE: AFAERDmBEFEAKG K tde, R 1L
1% 1 RPL=3 &9 £ 5L 55 zt\ﬁf’%ﬁ%?éiéﬂm’ﬁﬁfrﬁ)ﬂé’foTuE}ﬂFﬁ%iv#’mﬂ {23f X A 55 AN
#14r, ©%&K CPL, RPL #= DPL iX 3 MAZLM AL —HK, T T A#mE, T@HFLL—TF CPL,
RPL #= DPL:
e CPL: %#T4F4 4 (Current Privilege Level) %A% CS BFAHE (EBHT) 9RIKALZ,
CPL# A S AT E N R AYHFIR, HELEE LT B AT HATAZ 5 49 5 A Z A])

o DPL: #i£ 454 (Descriptor Privilege Level) & ffE & ##E 5 b 69 R4z, BT HRL st
R BT B A LR, AR A S A B4R A

o RPL: K442 RPL(Request Privilege Level) RPL #% & /& & 45 F 69 AKX A4z, RPL LAY
A AR BT R 69 KAk, L YA AR 2T KR, RPL 89 dHAZF R AT %k
A HeyitE, H#1—= RPL>=CPL, 12& % RPL<CPL B, S%irAtERe#tA CPL T, H
Hy 37 9] B 69 A B 2 Pl . max(RPL,CPL)<=DPL &% m %, FivA RPL T A& mAE K
75 18] B 6 I Am FR ), RPL=0 B M Aw FR %) 5% )y, RPL=3 B i A IR 1 3R K

3.2.2 3 ht 2 18]

DB TR 4 ANAREAE: FHxat (Logical Address, 2 RA4Z5 R A | exbht, ARER%
JRE EARA R M AL, VISR B R M hbst 2 A5 Habht) | 4p3Exkehk (Physical Address, 5= IR
W GRA) | BREFE (@/\:}é’?/\fx}nﬂ:; By“Rn”) . BARER A (%mi;ﬁxéﬁ/%fi, B
EF R BN KA FGRATLE) . BAFT (WRFTASPOME, AT BB EFEAPHRS
RFEMGG % 5])

12


http://blog.csdn.net/drshenlei/archive/2009/06/11/4261909.aspx

& BRI ELR BAE R 2012 £

(1) Z4F33L7 6

MR RAL 09 A B A, BT AN AR RRAZPTH B a9 ht = W, e T @942 5
h B

int val=100;

int * point=&val,

H P 54T = point P A AR R — AN B MM E, £ T 80386 &9t AR P, FHMAA —
NI F A5 (LAREREET, HaFET) F—A 32 2891m B =4 &

(2) A3 )

IWEEZ G AEAE, CPU, BERME GEFHN“NEL) A& INERC I 2T LWt
TRt 1 B AR A A SN XA A S e h T ) P . I Mk T B R AE — ANk #8”, CPU @ik 3l
(43 dehk) RiFRIEAACRBA" PN R, WIEHAZFE CPU 8 F| N A4 & R Tir Rt A
W G Ae SN IX 8 R A Henk,

W E R AL 89 KRBT CPU L ALa9 438 hb iz 4, &K F 80386 w9+t H AL A& %+, CPU
WA I L 1A A 4GB, 4 R EMALEF LA 1IGB %N G (BEMNBE RO NEER) , mi
R AR 1% %09 10 4 B R AT B A2 d5 32 ik %y 3GB 89 256MB K /)9 3k 2 18], W%+ H AU A 4 by
4y 32 o pt o2 18] e T BT

S — + <- OXFFFFFFFF (4GB)
| R 2 A |

|
Frmmmmmmnm e + <-addr:3G+256M
| 256MB |
|10 shi%sbab s |

|
S + <- 0XC0000000(3GB)
| |

VWV
| R |
S — +  <- 0x40000000(1GB)

| |
| REAKAE |

|
Fommm - + <-0x00100000 (1MB)
| BIOS ROM |
Fommm - + <- 0x000F0000 (960KB)
| 16-bit devices, |
| expansion ROMs |
Fommmmmm e + <-0x000C0000 (768KB)
|  VGA Display |
Fommmm - + <- 0x000A0000 (640KB)
| |

| Low Memory |

I
oo + <~ 000000000

B 6 X86 i+ H ML £ %6940 3 He bt % 1]

(3) & PEisihk=zIq)

—SHHFNAF AT, BAERERAGETET, HFMEFHINA B TG &
Bt M, A TS ANER B H A L8 5 A iE AR AR 8], 3] AL E i
B (AR E WAL E]) BB A . AMEHA TG K EET CPU I A M, AAT
80386 #yit A MLZ L, CPU A& MAL T M A 4GB, &M Huhl = 18] &4k Bk 41 5] 3£ — 30 R EAN 4

13
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Rieht W], k5] (Kbxal) kiR A PN E, KERLE AR ML, £ #ITF M
WA T R bR 5], AT A& MM T, 12 CPU KRB 30 ALK B, KM% T2
Hohb; % CPU B35 WAVHIET, ZPibhbifd %t 5 T 4530 M 4p bt G, CPU F k7 9l
N B A A IR . AP HBE GG K R 4o T AT

o REHSEMH, ABHHS AN : FiEi-> (HERIHHK) SEHII == ht

o EHNBALS TS B> (5B R) > B> T %) > bt

ARGEZAGERT, RARFOAGETENS, ERA MWL TRGHFLT, TUAA
BB AN B R T ], — AR AY &M Mk T ]

3.2.3 &7 R BE

bootloader ik CPU #t A4 X G, T—F 89 T/ R MM H LA HE 4T OS. # 82| L 8%
B %%, bootloader #9i7 7] A2 & #F & LBA # X 49 PIO (Program 10) 7 K., BPRTA &9 10 #4F & @i
CPU 7 ) A 4 89 10 #u it 3 B 5 % %o

—fx M A 2 A IDE @i, HFAGBE T 2 A IDE BE. HFRF—ANREGBETIZE IO
Wt F G35 Ox1f0-Ox1f7 36y, BEARAH N T .. — A% —A IDE :@id:didi7/F 10 ik 0x1f0-
Ox1f7 k523, % =/ IDE ifi# @55 Ox170-Ox17f L. HABE Y T EEFELE 6
10 TRA it A 235 RiL E.

k— B4 10 snkFest 7 5 fk
10 ik 7k 13
Ox1f0 | 44 4E, % OXLf7 RA MRS, T,
0x1f2 | 23 EMREH, HFAEEN, KEZXNGREEEINABE. RIALARK
Ox1f3 | 4w 2 LBA # X, L2 LBA 5489 0-7 12
Ox1f4 | w2 LBA # X, 32 LBA 5489 8-15 43
Ox1f5 | o2 LBA # X, #2 LBA £ #) 16-23 1=
Ox1f6 | % 0~3{%: dwR R LBA B K32 24-27 12 Hoadi: A0 2 HIRE
% 642: A 1=LBAMBK; 0=CHS HX FT4aA 5 5L 1
OXU7 | hAF®SFHEE. BREFEL S, FiER, R RARREMM 010 3% 0 535
LA MARBEABGINREBREY, —NMBRERKNDABLR FH., #—ANBEWNAEE (THAA
boot/bootmain.c ¥ #9 readsect L Z ) KHE 4T :
1. S5mi k&
2. ReimipXageas
3. FIFEMAERZLT
4, B R REEIEZIKE NG

3.2.4 ELF 44 XAk
ELF(Executable and linking format) S_#F4& X & Linux & 4T &9 —#F % F B 4= X 4+ (object file)#4
X, A=A £ & E£A
® ] T AT AY 7T AT LA (executable file), B TREALFa9AZRRAR, Ao FIAIT. X
B ARF IR OS LA £A,
® Tk T & &4z LA (relocatable file), *T 53¢ B AR A —A2 4] 32 7T P AT LA Fo L 5 B
*"j—‘i{%—o
® L iR #F(shared object file), 4 5 T w 5 R €T E &4z L fedk F AR A E R A
CH BRI, AEEREXTRHRCETRIT I AL CEFT AR HESREUE—
HEAZ B .

14
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XE RN E KEIAR %69 ELF STH#AT X £ A, ELF header /& LT 45 /A HbiE T #4489
20 2%, ELF 89 Uk &, 2 AT a9 = F 424, e Uk elf.h P

struct elfhdr {
uint magic; // must equal ELF_MAGIC
uchar elf[12];
ushort type;
ushort machine;
uint version;
uintentry; // A2 N2 69 E B hE
uint phoff; // program header % 494z & 1 #%
uint shoff;
uint flags;
ushort ehsize;
ushort phentsize;
ushort phnum; //program header % ¥ é9 A\ & £¢ B
ushort shentsize;
ushort shnum;
ushort shstrndx;

program header #it 5425 AT A 4240 X 89 B AR LM IZ 8, A RAEF T 2z S A KAk
1%, RO AEi— Nk AZF G EHRAZBAGITLF691Z & THTIHGET KL A
program header £#&g428, HFNEMBAET —NBRERARESAEFIATHLEOLECRE &, B
WA “B” 45— ARFSA “FR” (section) , LA“BAZ (Segment Contents) » . 42
F 3k A F T AT L fe 2 F BARLHA & Lo THAIT BARLHAE ELF k3[4 e _phentsize #=
e phnum s R F 4 A FA2 5K K)o R RAORBLEM T R

struct proghdr {

uint type; // BEA

uint offset; // BA s AF K a9t A5 1E

uint va; Il B89 5 — N F T B RN AP a9 R b at

uint pa;

uint filesz;

uint memsz; // BE A AL & AT TN

uint flags;

uint align;
Y

A4 elfhdr A= proghdr #9454 %4£, bootloader #t. 7 WA s AT ELF #& X 49 ucore #4F & 469 hm £k

1342 (4 boot/bootmain.c ¥ & bootmain %)

[AM AT #H]
Link addr& Load addr

Link Address Z 5% iF 5 48 € KA A HIEPTE R B A GHoht, Hi2E B0 E . Load Address = 4542 /5 4% 5
BB A G E (RAEFMRS Id BLE) o —MBTHATIALEME & i 8 R TRIEX AN
Link Addr #= LoadAddr 1R & ¥ % :

o HBERkAE(E F R

® AN Ay E (AR X K bss F AL AEH AL 95 R

o MERRFNENIRTH M, BRTRAEEZMAF, B XK
EF: WAL Link dakde Load 3k R—E 69 (Blde: S SEE) .

33 BHEZARHIA
% bootloader i i i BAR & By X e ucore /£ £ %o 3| N 45, #LEEBLE] ucore BE A LA NG

15
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B E ATz B (kern/initc 89 kern_init &3 A9 ALHEHEE) | IKAE Ucore ALIEE T EAEHIAL, B AT
& ucore AEAR A 2, R ARG NG5 EA NP E 2, ucore £& 709 TIEALIE:

o LA,

o TTFFHB;

o R THEARFTHLEIFANXZE;

o BBBAALK, B HHEAH;

o iSRS, XE PRI R, AEEA P BT AE AL AR L0 P BT ALA]

o T while (1) RAER,

NEHRIEPAERETRENBHAEGARNLE, ARG TFTPHARFHGFTAE, T
SR KRR R GAF X E L P 9552 AR KB, w BT o8 3R ) X A& 89 32 2 HUH) Fa b by 40 52
ME, MNELEERAARKT., TEAALS] 5 TSRO BHHAKR AR KXEZFLS 6 PayPirhus gz
AT AR

3.3.1 HFEEA

BA—ANMRE B RAEBS (RiFRAAEFOGTREFIMXALR) , SHFSFRHIZESTH
REWKZ, R ARNKRREZNR L ROEH, EBP FARGER. —/NREARNET o
A REZA PUSH 454 (ATAHAK) , —A CALL 464 . CALL #54 WAL RLHELT —
AR Esnt (B CALL 484 F— 54546930 0t) EAGFHE (HARSTR) « JLTFATA ARt
DA BB HARZ AN M de T AL R4 4

pushl  %ebp
movl  %esp , %ebp

XA AEAZRRATE —/NH RO RIRE AT, C2AUATHRBIRNAFNK: 53, BExkut, ebp
FhHEE. ORFE LM THREN (BRARMAEARBAAZ XA X, XZWU C EFFHRIAY
CDECL ##1) :

H(BRETE | Bk

HE ML |
| £—/&[ebp] | <-------- [ebp]
BEEF | ki

B 7 HEOR R AL

XA FRICRAGA YL L A ebp F 45 AR, REFARNIE4 esp BALL ebp. “mov ebp
espPiX S H5b k@ LA A esp H & ebp RERE, ERAKR, BA% ebp KIAZ AT, & ebp AL %
WER ZTFAMN) , Wm#TE) ebp B HARTA. it ebp FHBIHCELE T —NEF T2
12, ZHFEBPHEMAERTH—AMi (R ebp AREBHRT) , Rizxbnt ALk, @b (BRET
®)) RERIAE M, HE, mT (RMA M) ARKREMEHIFT MM, mizbibd X AiE L
— & R R Bt a9 ebp 1A

— AT, ss:ebp+d]it A B HL AL, ss:[ebp+8]itH F — KM (KB —MARBEKAE, &
B L ER 4 FTAH) , ssi[ebp-4|&AF—NEIE=E, ssi[ebp]atXy E—Z ebp 1. T ebp
W 03B B AL — o EC B 4G ebp AA”, A — T b, ARALE L % 0t ad ebp 4H)
L (RARFTE) "RRABREE A, S HE, @ T (RMF®) "RARIKEHIFEZ/E, bk
WiE, AEIKRK. XA HEP K.

16
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P %3] 5 YRR ALk T AFiX — ) W 9 E AL iR A E 3R

332 v ER%

BAERZAARE 2t HA R AP A S AN RATE R, XE & CPU sk At 940 Ll A3 4 1T
— IR AR EZNE T CPU 4938 Ko 4o Rib3RAF R Sl CPU“E3) X SR F 4, BRRAEH
a9 %14 (polling) L], M Kik% CPU HR T o FTUAE B4R1E R Ao CPU A4 —A 34 X M pLa], ik
IMRAEE ERMEZA ARSI R X FHQ AR, B LB I BRI R R, RATHRME R Side 2 A
B IEF PAT, IEBRFRAAT AR ALE, REEKRILBEZ AR AGETRIT, ERIEFR
g, XAPHLHRIARA FETALE . P RTALEI S IRAE R ARME T A BSMR AN, RN CLLEAR
#HAZEAL S XA — N EER L, 2P U695 NF BT A IRAF R 09 22 AE 2 o B 3

BREZAT, AZAHRGTEEM, & CPU SP3RL 435I RN F 4 /0 P o7, BH4P T
B, RGP EAF T AN (PFANNRARHE) , 5 CPU MHIFTAX, RMNHKIHAFHF
B (asynchronous  interrupt) 4R k31 &P 7, & A& F B (interrupt) e M 424 CPU AT 4544 1] 4 ) 2] 7R iE
F Ay RAF R A (R R AR Ay P AR R) BT Al A2 69 W 3 F AR AE B &+ B (synchronous
interrupt), LARA IR F BT, & AR 7 F (exception). FEAEAZFFAERAIEKEZRIRF I FE LB A MI] KA
F A, ARAEFRE P B (trap interrupt), HLAREL B (soft interrupt), F %A A (system call) & #& trap. &
BB E—FHBA LA

AEI P RARPE XTI, 4 CPU IR P (GAiT 8259A Tk, A % 8259A #4913
EIFEARE A) RFEFFHESN, CRHIFHRTLATNAEZSRES, B3 — < MH a2 77
A EIAMT T o AR KA EBIAE T, TR AT AR 69 4L 225 BBk @ B R A AT BT A9 A2 R AE S
Fo P mEfPEIIRFPIARGTEXZ L 2R2B IDT (PHRAF L) . RIEFRZLKALE IDT F
FEAF S PR E 49 P BT REE E, B CPU &5 A& P 10 af 2 P B IR 515142 69 A2 45 36
Bbo @ IDT A& 694245 btk B 22 idtr F 4 F +,

(1) +ErR#F % (Interrupt Descriptor Table)

TR SRR EAN TR R FF TR AT RSP E G ALK, B GDT —
¥, IDT —/A~8 FHMFLEF4, 12 IDT 9% —AT UL —AN#EH. CPU bt (%)
FRA 8 #A IDT 69% 3], IDT TMzF R AEE(2E, CPU @it IDT ¥4% (IDTR) 89 A XK
kT4 IDT #9AL4E3ht, 454 LIDT 4= SIDT B k4&1E IDTR. A K4544A — N R Ta9481F4: —
M6 FPEATHANGFHA, 545095 X4 T
® LIDT (Load IDT Register) #&4~: 4%l —/N6, & L&t 3 hk 2 kAo IR 69 N A 3R VE RCR Am
IDT. A5 & %40 IDT 5 24T C KL 2 IDT 94245 ht, X LI545 RS 0
o (TA N libs/x86.h ¥ a9 lidt HA F I, HFEHA—FICHIES)

® SIDT (Store IDT Register) #§4~: 4# N IDTR & A bt fo RIRIRH 2] — A AHhb, X K45
AT AR B R R BIAT .

IDT /=2 IDTR F 5 R LEMF X R T R AT

17
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47

IDTR Register
16 15

0

IDT Base Address | T

Limit |

Interrupt

Descriptor Table (IDT)
)
Gate for
Interrupt #n (n-1)=8
Gate for
Interrupt #3 16
Gate for
Interrupt #2 ]
Gate for
- Interrupt #1 0
31 0
K 8 IDT #= IDTR ¥ A Rty LM fa %k A K

BERPEXT, RE4 A4 256 4 Interrupt/Exception Vectors. S&E[0, 31]H 4 32 N4k 7+
% Exception #= NMI & 7, 12 % AT 3EPTA X 32 N\ AL 2L A, A LAY AT XA #4% A 6,
FAREEAMLACAH, CARRY, &R KT R 69 Exception. EE[32, 255]H 49 m = AR
B4R P8y Interrupts. Intel XA 2L, L&A RGZL Interrupts. A P =T LA E AT A AESH31
1/0 % % ¥ (8259AIRQ) , =FH Z%AM (System Call . Software Interrupts) .

(2) IDT gate descriptors

Interrupts/Exceptions & %1% Bl Interrupt Gate #= Trap Gate, A1 a4y E— X A7t : H iR
Interrupt Gate B, Interrupt 4% CPU A #h2:.k; ®miA K Trap Gate i, CPU N R4k kR 4rF P
B, mAKECRERGET. £ IDT P, TAE 24T 3 # XA 49 Descriptor:

o Task-gate descriptor

e Interrupt-gate descriptor

(ZXZRAEH)
(p iy 75 X R 2))

« Trap-gate descriptor (& %388 A 2|)
TEEZTT 80386 694E 4 IR FF. PHTITRESF . FEUH TR a9 A& X

Figure 9-3. 88386 IDT Gate Descriptors
88386 TASK GATE
1 23 15
(NOT USED>
SELECTOR
88386 INTERRUPT GATE
3 23 15 . . 8
OFFSET 31..16 P |DPL|a 111 a|a 8 Bl(HOT USED> ||4
SELECTOR OFFSET 15..8
88386 TRAP GATE
1 23 15 7 . 8
OFFSET 31..16 P |opu|e 1 1 1 1|8 @ a]oT vsED>
SELECTOR OFFSET 15..8

P 9 X86 &9 &A1 69 4& X,
T A& W, kern/mm/mmu.h F 9 struct gatedesc #k 4% 25 #) 3+ B7 £ 3£ 55 49 B4R 2 Lo

18
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(3) PRI PR R TR T

FRIIR S PIAROEEAR G AR TR (FF) ORBRIBRERANTZARTY. FREEKX
A&, A AN TR
® R RTALIZiTAL 1 (A245) : A CPU W EI P E4E, ATHF Y ATAL G RAE 469347, 4R
3 3L AP AU PR A% B F B IR H-BIAZ L AT A9 A2, HEARFEAZ T :
1) CPU ERITREAMAEAFWE—FHKLE, AaFTHAINEIITR T 6454 AL P o b7 1%
% (do: 8259A) RERZFUHIFRKITR, W RAMA CPU sLA f48 5 &9 B 4F ik P 2] K
AN B 4R 33 B P b i K 2 08 P B )
2) CPU #EFRFrEmE (Wb A% E]) 2] IDT v REZ@EAT R FHRAEL, F
B bR AF AR A A T BT IR Sl AR 69 Bk 4% T
3) CPU 1/ IDT & 2|89 ¥ 7R 114269 Bk 452 F A GDT P ER{FA8 B 09 B L 7, Bk
HERGT PRIIRSPIAZO B A W Ao B M43 8, SbBt CPU #L1F2] 7 F BrIR 5426942
5 hE, kAL B bt
4) CPU &#4% CPL Ao iR 414269 B335 89 DPL 12 & IAR T KA T HREG
o thheBAAEFEZITERPFS, MTHAEAFREITEAZSEN, WERERETH
AULR Y 5 e, kHGMAMéWﬁ%%T%T,(ﬁ%@ﬁﬁé*%i%%ﬁ@ﬁTR
FHET) LR ZAE TG NZAREA, BPaE NS ss F= esp 0918, H B R 4
L AT A AR R AT N AR . IARARBIFE ST PRIR 54272 RN 9K. B
BERFE L ARG A P56 ss A= esp EB|H ) ABA T RAEAL K
5) CPU & &4k G S aTaA4TBr 942 50933 (Bp— 2 F F R 690 , TR RIKk E%
ITHT B9 AL F 4k B AT o kﬁ%fmmﬁ&*%@ﬂﬁ%%%m,Wﬁﬁﬁkﬁﬁﬁh%
#2 F-1% 1 49 eflags, cs, eip, errorCode (4w R R A 42459 ) 128
6) CPU #| A * i IRk 519 ﬁiéﬁfw}m; FH L — 5 B cs Ao eip FH BT,
Frab AT FBFIR S, X BRA AAT A SR Y F AT, FHRFAZF EXF4ET
1,
° &#*%%EL&Z( ER) NP ERGBIAZ AR U TAEZ ke F &iE T iret
(3 iretd) 4541k ZAXATE 692 /- 69 4T . CPU #4T IRET #5449 AR A2 T :
1) BAEWMATXSE iret 3540, AASAABKRER G AR AGRATH 9 F %12
%, Breflags, cs, eip &HFF45HAT;
2) WmRAEEFRAEEE VKABSHBRIAPLPS) , WEEZAABRTRE R PSR
ssAmesp, XHFMERERLE MBI RELRGR PFEHKRT
3) 4w BRI R A 24D (errorCode) #9% %, CPU &1k & & ATA2 509 a7 nt, H
a5 d errorCode. X —F & Zi@ ATk, BP&KABX )P ETIR 5-FIAZ2 8 A iret
1BV Z A A e A RS 25 5% 3 errorCodes

THEIEFRTATE @& 2 GDT A48 & ¥+ Wi IR 5542 AC 4642 E 89 & A2 77 X
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Interrupt
Vector

Destination
Code Segment

Interrupt
Procedure

IDT
Offset -,
Interrupt or ™ (+
Trap Gate T
—
Segment Selector
GDT or LDT
Base
Address
- Segment
= Descriptor

B 10 P& 5 B IR I AEAL IS 269 X A

(4) FoF = A BABRARRTR

THITT 4B AR AR RR AL LT F o = A£G 6 AR T~ & A

Stack Usage with No
Privilege-Level Change

Interrupted Procedure's
and Handler's Stack

-«—— ESP Before

EFLAGS Transfer to Handler

(&)

EIP

Error Code [——FSP After

Transfer to Handler

Stack Usage with
Privilege-Level Change

Interrupted Procedure’s

Stack

€ ESP Before
Transfer to Handler

ESP After——=

Transfer to Handler

Handler's Stack

SS

ESP

EFLAGS

cs

ElP

Error Code

B 11 AR R4S AR B AT B AR R LT P = A B ERA T TER

(5) P W7 4k 39 69 45 LR A5

BT At IR AT A AR R A B R T TR (gate descriptor) FeAg k454 R T 8. —ANTT#RE
HA—NRGRANBERAER, —&£8 4 AT LA ARN#HLES (call-gate descriptor) , ¥
#41£ 45 (interrupt-gate descriptor) , M&MHII#4iE 4 (trap-gate descriptor) Fe4f 411484k 5F (task-gate
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descriptor) o 5 BT AL P2 AR K 69 & P BT TR T A GBI TR 5T . X ) R AR A 5 AR P BT K
# % (Interrupt Descriptor Table, ##r IDT) %+, CPU fe¥dim=4EA4 IDT £Mey & 5], FAkE
G K AR AR — AN TRE TR P b, PR TR SR GBI R R G LR — 40,
B K 4B R A AR B 6y i3 A2 e T B BT

Current code segment register
(__USER_CS or _ KERNEL_CS in Linux)
A

CPL: 3

or @ l

Destination Code Segment
(__KERNEL_CS in Linux)

CPL »>= Destination segment DPL

M DPL: & —

For software-generated interrupt,
CPL <= gate DPL

Selects
63 47 32
Offset (31-16) 1|DPL —@PL is 3 or @
L1  Segment Selector: 8xe® (index is 12) Offset (15-8)
31 15 %]

Interrupt-gate/trap-gate descriptor

B 12 R A B R e AAE T ey AR

T8 DPL FeBLEHFHF—RI=F AT, B, REFFLESREE (Offset) 454 7 Frik
EBAEGAD B, AE—RENTHAEFPEANNBRDBEGBLEE T, 2 PG, CPU —2 14
FrBAT IR S BRI ROR, HRB LA B ZRBHART (SRERENZ A TP b agat
1#) , RAERA (R PFERFHPEGIE) o RBR—FFIL, FHLEEN CPL L/MEF T B
KA 6 DPL, 4= R CPL RATHAE, —AEARW#EIEME (GBI TSS TA) A KL, X P
AP SRR PORBRLSITAERE (e di 04T INT n £ 789 P M) | 23—/ NEIM 9K
F: 1149 DPL /B A L5 CPL AR R ZAKGGHAL, XL T A P KRB E ik A P BT, 4o RiX 2

BEXW, 254+ —N—fky* % (general-protection exception)
3.3.3 labl w %t o B & &b 32 5K 3L

(1) ShxE AR E

Labl 23 T w Wi dnds it Aostht &, & 0, BAPSMEBEA PRI, & oindstedHK serial_init
(42 F/kern/driver/console.c) *F & A F Wi w045 L TAF 49 4R ] ¥ -

Il AE 58 B O LI F B & & P o
outb(COM1 + COM_IER, COM_IER_RDI);

Il BT PR RAE R S 0 1 P
pic_enable(IRQ_COM1);
B 4 09 45405 4 kbd_init (42 F kern/driver/console.c ) & T AT ed P mdsiL TR, B
PRARAE F A0 5] 3

M1 8 3E P B4 ) SR AE AR AL A P B
pic_enable(IRQ_KBD);
B4 2 — A A & 4R R 6998 L, AAER AR R T, EEEFE TP Hita, ERXHTAH
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TR AP T, FAEF AR S AT CPU BT AR L, 1R1E R GAR T VAL T 50 2 69 iF 1) & L3R 1%
CPU #=HIR. ZIHFELE N AELFEBTT —ZNEE, BERAS T4 PR REF CPU =4
M, FT4 CPU TRILAL ZEFER CPU &9t g A A . BH4r a9 4045103 4 clock init (42 F
kern/driver/clock.c ) % T Xt B4 4= %] 25 8253 49 #1454k
3% B 1 40 B AY o 81005k

outb(I0_TIMERL, TIMER_DIV/(100) % 256):

outb(I0_TIMER1, TIMER_DIV(100) / 256);

138 3E o B 4 ) 548 AR B 4 o B
pic_enable(IRQ_TIMER);

Q) TEABLEE

BER G R B EARLLEA TR P E4, FE22H % R PRIR F 142 7 T 832
HFEetg P FE4, RARMAGTHFESHA—HTTHST (0~255) , INGRFTHRATHEE, A
ucore A, BERLEAMEFHAGE, 4@ idtinit KWK idt £ (B L trapc), mEL+
vectors W A% T PR AL AL A9 N D bk, vectors & A& vector.S X AFF, @i —AAT A4S
vector.c A . HFIXA System call FEFeGARA A P AR (DPL_USER), Bp{XAta54& Al int 0x30
4. ML A T tickslock #4510, %8R T A 32t A o b,

vector.S X #FiBiT vectors.c AFHAE R, EFPEZ L TEHENAFEHOANDLE TN (KRG E
vectors #8¥), H b, FETUASRAL: —ERIENEIERLE (error code), F — X TENE
BEWA, T H =K, vectorS AFHEN—A 0. I, BAEANAE PR P F, EEARAN
LB HERZE, PRI L HBIE B %—e9 N2 alltraps 4

(3) FEreyLEiTAZ

trap H&K (LA trape F) AP TLAEOLAE, AN TEHAZTIFIA D RHK
_alltraps 4B (2L A& trapasm.S ) , #AMIE XL, ALAEIAEF, RESRG PR EL
A, AT ARIE, AR YRR ARLERVAG, trap HRAE, BOPRTALS R KB IT.
A AL I ARAE K B e T

trapasm.S trap.c
1) 4 PR 5, CPU B4R MM ey PRI LA D
(vectors), AT ENAREE error_code (G ALE
5%%5ME) VLA trap_no, KBS F alltraps
FFND
EE LA e9kEER jmp idAE

(high) | ...

A PR A eip — | €ip

error_code

esp — | trap_no

(low) | ...

AR RE S AARATEAZ S 49 trapframe £ (AL
iT4Z trapasm.S). X E kernel (N 4%) 69K IELF &
%, WEEN esp, 1EH trap FF S 4 (struct
trapframe * tf) Jf Sk4% 2] b 7 4L 32 L 3 trap &

EE: iegskE R call AR, AENB B
eip, E&ERE A eip 5 trapframe F eip:

trapframe 494544 %
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Struct trapframe M trapframe 245
{ ) o B = A AR 69 R AR
uint edi; o

3:2: o % %915 pushal 4544
I Enp: RETHLEFHE, HB
ushort es; UESVe

ushort paddingl;

ushort ds;

ushort padding?;

uint trapno; < trap_no

uint err: «— trap_error

uint eip; — FEFBTAG eip

}

2)% tm 8 v b 4 £ A KL S FAL A T

ARAR P BT S AR A P RTHEATAIE, R, BB E R
IRQ_OFFSET + IRQ_TIMER 4 ut4y iy, W42 ticks
3 e —

%% ¥ 5 R IRQ_OFFSET + IRQ_COM1 % % o ¥ i,
0| B TALE 89 F o

b5 £ IRQ_ OFFSET + IRQ_KBD # 44 7, N
BB T

FR R B A A ABRS, WERRR;

#N trap HEL, A PRTEATAR AL

LR trap K AIHITE, BT ret F545 L= F)
alltraps #4742,

VAW R SR

WA esp #91E: BT T trap_no 5
error_code, 1% esp 45 P BT & & eip, BT iret 8 A
R cs. eflag VAR eip, 4447,

B 13 ucore P Bf 4t 3R AL

Eb, SEA labl PO E BT TR K NEAT T BiE. FKERGREA @A &
KZRITH 84

4 FBBEEK

KR sh BT # labltarbz2 /&, MEFFKAD A X labl, TREE. EFEERT TRERGEA L%
o BRETEEHMALIFTREGF A, FRIBE LS LA labl-52 4 ID.odt or labl-% 4
ID.txt. 47 A txt 4 X, BPARAL AKX, T labl P HAEES, TRHEZE, £ labl B ETFik
T make handin £%-, BP4& 8 34 sk labl-handintar.gz X#. E 52—/ H X, %54 labl result, ¥
KR E A A Z AT A 89 handin XK AEZ B X T. RBH tar %2 E%HEITORE R, HH4 LA
labl-5 4 ID.tarbz2 (/& labl_result #_E /& B & F 347 “tar jef labl-% 4 ID.tar.bz2 labl_result “Bp
T) o REWF—ERAMNKENRIINLEFE L,

EEH “LABL” #yiE s, KRB F A E 27 A MmT (challengel4 4M) # A “LABL” #
“YOUR CODE” #9ix#%, #HARIH4FAHZERFER, HH “YOUR CODE” H#h a T oy
5, St PT A ARA X S R A SR 3 B IE A A9 KA
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