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A
“‘,‘Er &

RIr—: RGBEHMFBFTAE
1.52 30 B &9

BAFZAR -, LEZRBIEMNNF mEHFEITEC. X ERMNFELF I 24
¥ 89 4 ¢-bootloader R TR IX E ITAE, Ak, KRAME BT —A B IkE] x86 aykypHE X+ 2T
F 5549 bootloader, # & #h#AE & %4 ucore &, labl =4t T —AN3E % ) 49 bootloader #= ucore
0S, %/~ bootloader AT T 512 ANFH, EHEFTAABREG L FRE P, BT oA
#LiX A bootloader #= ucore OS, K T AT fE3]:

o T huH 6Bk T T

o k&EFTMAKXHME

® PC & % bootloader #9:ig 42

® bootloader &9 448 A%,

® %3331z T bootloader 49t 42

e 34X bootloader ¢ 7 %

e ucore OS & 3 &L 42

o AILHART BRI

o T AL AL

o @il % 0/ O/CGA Mt FHe 7k

2.EBAE:

labl ¥ .4 —A™ bootloader #=— A~ OS. iX /™ bootloader T A4 32 2] X86 fR474E X, AL 45iL a4
FAm# ELF $Ui7T LR KX, AR FFHF. miX labl P85 OS B2 —AT AR B4 b B fe 2 = F 54
&9 %) )LIE 28 %) OS.
2.1 %3]

%3 1: EMFET make £ RPAT I EAL. (BRKARE T B HNTRFAG=E)

BEWHIIF, XKEEZBLHES;TRART #:
1. BAE R AR A ucoredimg AT — —F A9 ? (F B F mufiffE Makefile +
B—FAR RS Fa o550 8L, ARG A FRGLER)
2. MR BINARFGEATCRL T FHEGHFIERFA?
AT
S 477 143X, Makefile
L 4T make BF, —AA R AR THE, T4 2R make BRMAT T AR a4,
4o 287 % make AT T AR A, T AT

$ make "V="
ZHRBE %A % make 6913 &, T ERWEH, HiFHAT
$ man make

%3 2: 48 gemu #ATHAR labl P e H. (BRAERSPRESE RS 34)

AT #H A gemu A= gdb BT AR TAE, AT T
1. A CPU #m 5 # AT 5 — K364 TF45, FF 3k 37 BIOS #4947

1
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A
“‘,‘Er &

2. EAIENAZE 0x7c00 X F 52 Wbk BT & X B7 5 B o

3. A 0X7c00 FF45 3R 32 X AL 15 47 F 3 & 3k 32 RO 49 13 ) 694X #5 5 bootasm.S #= bootblock.asm
#AT HE A

4. BT 3k—/ bootloader 3k A A% b 09 K42 &, % B B & 5F 3E47 MK,

BT AEME “RBAEHF—FRITHIL
ANF A A

BN 2B LA ME gemu RBETEAP R, AR T RN TiRIE EZAF SR, HX~L
4y, gemu X AL A gdb #HATAYSR K f A ARG IAIR. AT A BT gemu A= gdb R TR E A E A E K2 X,

ZKiAGY gdb F ZH AT — RN EL E 4 BT gemu 49IRXAE S gemu A= gdb Z Al 4E M 5% 0 1234 BE4TEE
Mo FEATHF gemu HATEMZ G, AT gdb Hi A

target remote localhost:1234
PP AT 4E gemu, LB gemu A EEAIF AR, JTAK gdb 894,
Bk, HRATHRE E gemu £ —FF4EEENFHFEX, WK BFEA make gemu FF4s £ 4 69iE 47, w4k A make
debug k& 5 X TAE . XA gemu 12 & & gdb HKERZAIHMEIR ABIT T,

gdb &9 3 hk 7 &
fe gdb AT, B b *[RALE T AL R A ARALE B W R, H gemu P 49 cpu AT B 48 2 Ak, {4
4= H L 4 gdb.

X TR A by BIE %R
A T AL gdb Ak E ARG AT gemu AT A9IL RG4S, Bidde FTE E T AA AR gdb & 41T AT 5% 4] KL% 4 AT
a9 d54, f& gdb & 44T SRBL B AR P e
define hook-stop
x/i $pc
end
B =T

gdb &9 3% F &4
7 gdb ¥, A next, nexti, step, stepi F 454 kL FIARALS, RMNDREETHE, RALETFES OB E" L,
next % 2|42 5 R ARG T —47, THENDHHK,
nexti ¥ ¥ —&MEHKL, THEANLHHK,
step #52]F—NARREGRARLT (LIEHANHHK)
stepi # ¥ —FMEHL

%3] 3: 9#7 bootloader AKX I, (BRERETEH )

BIOS ¥ id izl mA I3 FHRIANE, HiEka g N &P 6942 & 4T bootloader. i# 5 #7
bootloader & 417 T A A 2 AL R NP AE X 89

B B2 3.21 0 BRI X F B AALE]” A2 labl/boot/bootasm.S JRAL, T MR he T AN SEAE X 30 5 B SR AP AL
Koo

%3 4: 4#r bootloader Aw#k ELF #& X85 OS #9342, (ZRKAERLPBH L)

i@ i 93 bootmain.c, T ## bootloader 4o fTAn#k ELF S, i@ id 9 AT R KA F=i8 i gemu k& 47 58
1X, bootloader&0S,

1. bootloader %=1 352 BUAR % i X 69 ?

2. bootloader & 4= f7 A2 % ELF #& X 89 OS?
R T 3.2.3 “REAFFEBA” |, 3.2.4 “ELF #4744 XL o
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%3 5: RAKFOARBBRRIRHH (F2HAE)
A F F £ labl +F 2 & kdebug.c ¥ & % print_stackframe &9 5 ., T A i K HK

print_stackframe &Ik IZHFH A HEAR PR AWBA DA, Ao RS EHFI R, TA labl F
AT “make gemu”)E, /£ gemu LR F1F B K he T 69dn k-

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

ebp:0x00007hb38 eip:0x00100c79 args:0x00000000 0x00000000 0x00000000 0x00007ha8
kern/debug/kmonitor.c:125: mon_backtrace+10

ebp:0x00007h58 eip:0x00100096 args:0x00000000 0x00007b80 OxfffFO000 0x00007h84
kern/init/init.c:48: grade_backtrace2+33

ebp:0x00007b78 eip:0x001000bf args:0x00000000 0xffff0000 0x00007ba4 0x00000029
kern/init/init.c:53: grade_backtrace1+38

ebp:0x00007b98 eip:0x001000dd args:0x00000000 0x00100000 0xffff0000 0x0000001d
kern/init/init.c:58: grade_backtrace0+23

ebp:0x00007bb8 eip:0x00100102 args:0x0010353c 0x00103520 0x00001308 0x00000000
kern/init/init.c:63: grade_backtrace+34

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

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

WAMER, AAMBERELE LA TRE—H, HFMBERE —ITEANFEN S Lo

Ram: TH3 331 P “HEER”, TRH BB TELIHARXLEZN. 2T labl ®Hi2E, & F
lab1/obj/bootblock.asm, 7 fi# bootloader 4% 543 #5495 &) e ik 5 69 3F 2 X & ; & & labl/obj/kernel.asm, T ##
ucore OS R 53 #6915 &) Fe 3 ik F 8938 2 X 7 o

£ K% A% kern/debug/kdebug.c::print_stackframe #9352 L, # XK B RARD . (T A% iF R
), HAEFRRET R ERAFAIAE, H5H3 ERFEAGEEL,

AT
BT 2R ENRENE ZRAT NG 8RR S, B LA, Kb — o) H 5T LML A
B4 =T A8 i3 8 A print_debuginfo o 2 5 pk & KT R K 35 H AT £ R R G AL . BARTT XAA AL kdebug.c K25
RilORER =8
%3] 6: &P AL (F2R42)
TR Gy TAF Fer 18] B T [0) AL
1. PHaEEAFT—AERRAES S FH? L FAIUEKE T BT LRGN 2 ?
2. HHAL T E kernltrap/trap.c P AP B ) & R SHATAAE 69 R &K idtinite & idtinit & 2K
T, ARKRIT TR B BTN 2 BT, 4% R mmuh ‘1]’6(3 SETGATE %, 3 7% idt %8R
Bo EEMRT Z AR (T_SYSCALL) AL, vlﬂwﬁ&m TR, R A
LA Y %%%ﬁﬁ*%&mﬁﬁ,ﬂ%ﬁkﬁﬂé K. HANAFTHHOAND G
tools/vectors.c 4 a%, 1% A trap.c ¥ & ¥ 49 vectors # 4L BF 7T ,
3. HWHAEZE trap.c TP BT R trap, FEXTE AP BT SEAT A A5 E trap HAF
REEHT*“I’EPU?Q’J"F%\, 1% 334F 7 A58 %) 100 KB4 P BTG, AR print_ticks T/ A, &
B EATER — 4T L3100 ticks”o
ZRTARFEA 2 A28 3 BB AKX B FEN, RIAEBHRRDE (T A%RFRAT)
AEREBREF R EHALAIE, H5 &ﬁl‘ﬂr‘ﬁ 16= &, Tk B 2 Fo 3 & K49 3R VU”;F
BITEANR %, TAEDKAE LA SHE—K100 ticks”, mixETFTogbs i LR T,

3
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Wor: THE%E3320H “FErHERTE” .

¥ %3] Challenge (& &%42)

® I J& proj4,3gm syscall Fyat, BR¥gim— R P AR CTHRAT—4HEZARA: RFR 5
1B) , SABmETRE, TARABRSETE R FA6R3%, mAFS0L% G R %8RG
FABENRE GEEREEMIERE L, TREIFEHE, R om, LA LBENREE XS
¥, TEREMRE) . 55 HEiFE@GILTFrmiiE. Tl e TRFE S My,

R
AMITL—TF challenge #9742,

kern_init 7 A switch_test, ZFH3 4T :

static void

switch_test(void) {
print_cur_status(); I print L AT cs/ss/ds 4 & B RKE
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();

¥

switch_to * HFH FENBL FHALEYG T XNFERL, T2 EZ2TOKDEE trap T @2
T SWITCH_TO* if, ik E4FRE6RA,

/

A labl 2@&H T ARARABVAE, #AT make grade iz A5 FMLE R RS

2.2 | B 4
labl &9 B4k B 5 25 M) 4a T FT 3 -

JEH,

—— 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
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—— intr.c
—— intr.h
— kbdreg.h
—— picirq.c
—— picirq.h
—— init

L— init.c
— libs

—— stdio.c
—— mm

—— mmu.h
—— pmm.c
—— pmm.h
—— trap

— trap.c

— trap.h

— libs

—— defs.h
elf.h

—— error.h
— printfimt.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

—— readline.c

—— memlayout.h

— trapentry.S

—— vectors.S

Ao — b T 26 UL L T

bootloader <R %

® boot/bootasm.S :

2 X LI T bootloader = ATy K E start, L BHE T T — 289

WL, TR T ARFERE X B R K694 4%, 8 bootmain.c ¥ 49 bootmain & 4.

® Dboot/bootmain.c: & X5 IT bootmain HHFATELTER, 0 feF oL TFHFE.
bootmain & # 7w %k ucore #AE & LB A A, ARJEBkE F] ucore B9 N 1 L AT,

® boot/asm.h: £ bootasm.S JC% X AHPTE £k L, T 2R —35 X86 KAy X9 & ir

=] 75 AR K 89 % 2 Lo

ucore 34 & A4
A G A4E IR
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® kern/init/init.c: ucore 1#&4F & %89 #4510 5 Fh X AD

W e LA
® kern/mm/memlayout.h: ucore R 4%A XK ETE (ABERFRT. BT F) 89— i<
L

® kern/mm/mmu.h: ucore #&1F R 4 % X86 MMU S22 #-48 %69 & L, €3 EFLAGS # 4
BPEALG SN, RRAIZFABKER, PHIIHMEFEL, BAHAEFZL, EHREHKZ
U, NULL # %8892 SEG_NULL, 42 B # e R SEG, REFU ITREF R
SETGATE (%73 6 ¥ A2
® kern/mm/pmm.[ch]: & & T ucore R LA ABZMF T RERNINGLEHTE: FH5HKREH
ts, &AfEFE gdtf], wEEAHBEFEFTHEEGHE lgdt, EE AR stack0; %
TR A By B K AR SR 25 B8O A AL B 3 gt init
MR E ISR P
® kern/driver/intr.[ch]: %37 i@ it % & CPU 49 eflags &k 5wk A= 1% A8 B 69 ) 3 ;
® Kkern/driver/picirg.[ch]: SR 3T 2t o W72 4] 25 8259A #9146 AL Ao i At A ;
® kern/driver/clock.[ch]: 5% 3L T *F 8 4% 32 4] %5 8253 a9 #0464 AE ;
® kern/driver/console.[ch]: 52 ELT *f & v Ffedd & 69 o b7 77 X 69 4L 2L 4 4F
o 7 Ak 2 SR 4
® kern/trap/vectors.S: @45 256 AT WIR S HIAZMIAN DA FF — S H BRI, EF,
L& & tools/vector.c & 4w 1% ucore HA Al 5 & A A 49 ;
® kern/trap/trapentry.S: B HEEF— T I ARG, #—FTRE_ ST LR, FHAK
B BT SR IE, Bp Pl A R B A R & TAE
® kern/trap/trap.[ch]: %425 % = F iy L I)E, 4K T AR B AR B AR P T AL AR AE
N AZ AR5
® kern/debug/kdebug.[ch]: &R A F — st g X 2R, ATETRAAKRXR.
H oAb 4 print_stackframe &8 2 F XA GG A ] o KA KI5 LK Ko
® kern/debug/kmonitor.[ch]: % FL3RAE ) 25 A7 489 kernel monitor, 1% F & ucore i #L bug
KRG, feast N kernel monitor ¥, EHELATAA X R, FIIRD LKL
® kern/debug/panic.c | asserth: #4E T panic &HEk A= assert B, T AERXARKE, AR
kernel monitor. KX AEHRAZE I F A4 F] F assert EA= panic F#k, =& ERBIRG K
Ay
® libs/defs.h: & & — R LG FHERGH T E L,
® Libs/x86.n: —3#H GNU C # A KL% %Eay C H# (FTEMAT inline K45, FrAT
SRR ) o
T H3RH
® Makefile #= function.mk: #5§F make & EA AR B 69 %i%, FRF TAE,
® signc: —ANCiEFIMER, AHUITE, ATAR—ANHFESAEHRETIFHX,
® tools/vector.c: A ak vectors.S, A& AT PG =A% —F

B AT # labl.tarbz2, ARG /E labl.tarbz2. & labl B & TF 347 make, T vAZ a% ucore.img
(AT bin BXTF) . ucore.img £—/&.4 T bootloader X OS &9aL & 4et%, @I IMATH T 4
TR R WAEREE gemu ¥ 3Z 1T bootloader 3 OS:
$ make gemu
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3 AME B BB A RETEAE
3.1 BIOSE #it4%

LitEhmw G, —RARLEPRITIRE R %, ®APIT R B 2k K 10 wdsfe 5]
FhRA . ARG, RAMBLBHAARERERZANZBITZIA BT —B D84, @idX
By, SAVT AR EERE, EZ RGO NEZRAIRAE, Am¥ R 50084035 5|
—NAEIRES, URARLPARABRERZANZELZIT EHOIRIE, KL FRBAEAFLRIEEZA
NAZBAEmE 2] RAM F, 3 R R8s g E 8w,

ST REZHBTEMEZAM T, REZAAFN ARG GRAEBRE (BRE/HE) | LE,
EPROM. ROM, Flash § 7 £ % 5 % X G HBEW HENR L, THEMBFHE, CPU —F 454 5
— /N AR TS AT AR S, IR A FR T R AWIBEME, ATt EaA R 10
M, XA R G )BT E F — B, 3T Intel 80386 A9k R MM S, PCHLP MY A 4%
s+ d BIOS (Basic Input Output System, PRk AEN/#rd R4, EARA—ABEEZMR
Flash/CMOS k&) 8k ) Fofe T 4k /A2 # 5] F B X+ 49 OS Boot Loader (/£ ucore ¥ & bootasm.S #»
bootmain.c) —A2#Lm. BIOS xR Bt H AL ROM (RizA45) SR Ley— N Farads
#, ALERARBERIKZEN. RAZORER S LF. LW £33, BIOS 3tA PC i H ALt
5 EEBAMAL R Z R GG — /NIRRT, R B A s R AL A,

vA Intel 80386 # 1, it HAAwE G, CPU M4p3Eiht OXFFFFFFFO (b #71451L 49 CS: EIP #
%, LB CS A= IP 9455 %12 OXFO00 4= OXFFF0)) FF45347. 7 OXFFFFFFFO X 2 R & F % T —4&
BeAEIG A, BT HkAEIE S B E] BIOS BIITAE FAL4E B BIOS ft it A2t A b femdsiLE, 2k
F—ARHEE Pl A, AEF) , FHLERZRAEWEF—BHEF I FHEXRB B
R)2| ) A& — /42 e Hunk 0x7c00 4, RJG CPU 24 A 345 B ARAN ML 2 42 3047, £ 1t BIOS &
MBI EME T, #—F e ITAERL T ucore 49 bootloader.

3.2 bootloader & #hid £
BIOS i@ T3 FHEEANAE, HHERI T A H P4z E AT bootloader »
bootloader 7T A& 89 T4k €. 4%
MR BRI X, B Ao B
W ELF AT A4 X 89 ucore 1 R 42| N A
BTFHBAEE
Jed2 HI A 4 ucore HR1F R 4
Xt 2 H TAF 69 5 IS A £ labl + 49 boot B & T &9 =4~ asm.h. bootasm.S #= bootmain.co T
AR IE A28 7ok iR TAE G it H AR RAR e AT K &R

3.2.1 Ry XA B AAUH]

AT E T % Intel 80386 494k 4E X Ae 0 EALHI? B 2L, &A% Intel 80386 2 A 723t NPk 4742
RE, THRANSKIZELZKGR, REZIFORIPIH A KRG FHEZH], T N — AN Bk
49 8086 M. KA — AR AR], AT —AN R R EARRR T VAL &35 B BT A 69 AL R, X AR
I RALIRAE R 24T T B Intel 80386 &9 Bkl —H A&, LikFiaEi. Lk, £&M
%9 bootloader %+, TR E T MHNEHE X BRI Z XL E, EMNGRER AR (ki T
#) RZE 24 Intel 80386 a4 X LRk %89, 4o R ERMNA T BRI AL X Ao BbLA], W KA E
% Intel 80386 th # LM A3 F A X EIR LA B S E—ANT R EZ L,
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1 BEAR KSRk X86 14w, T X86 - 2EM A —E 1 f#, 18X X86 Ry U1 X86 R LGudmfe

T

RE VA . N T REMETERE TS de ThiC g AR I & 3, AT BURFK B3 N 25 Bk .
°
°

[
T
RSB I — T labO-manual Hr i)« 1 AL R B AR — T I N 25

(Intel 80386 Reference Programmers Manual-i386) : %500, 7N, Ju. T3, fE/G8sLierh,
AT DA BB i, B\ ET.

(1) E&EX

# bootloader 4 F BIOS 89 T4 5, L aTa9 PC R4 THAEKX (16 28 X)) BTRE, £EH
KA T AT 7R 643 A G2 A R ieA2id IMB, H &k X 4% Intel 80386 vA_E 28 749 32 4= CPU &
AGB N A& H= Ak T o

FREXEENMENGAERD GRS, HFRDFHEET IR RS, RERZRAMRE AR
HEH XA, mBE—ANBAHRRIEEE IR HIT A, X, B PAEAFH— N4 R
THREZARBIAILA FEFRR, HAEXTAZ, 2L ERAIRTRLARER, @id 45K
A20 AL TIAE M FEE X BRI G94H, AKX A20 9E—F R ETAHAERE “£T A2
Gate” .

(2) HRIPEX

R AR XT, 80386 6942 32 AU Z A X, TFhFZHiA 4G F KA = 18] F2dy
Myt E W), TipFE 64TB O 2/M4 AN, HANABRKEZRA 2032 1) 69F4Fent = m, TR A
DB G AR Fe T AT AR . XN B F AR RS T AR A, mEAARAE
IAGERAE T A F . B R 4 MERBATENFRAE TG, A FILTREF LKL
RAD R e 04 5 o> BAE 409 T8 5 o

(3) 2B AT EHLF

PR AR XT 4 RAE A 0BG E ZAF . 5 BAAHEIIE R G X9 ROAAZ S ek F= K F IR 5
XN LSRR TN G, XA FRAMRZAE (Segment) o ZwiF B IBRAZF FiFRIATA
FE R B a9 KA, HIBEH., HARFHAEXETUEREKRAALR, —H5A£45 L L2 —#M,

DEBIER 4 DNRBEAR: FHEER, BREF (ARG ENK) . BEFE (554K
FAFKA) BEAFT (BATFAHS, ATREBAREAFEFEANERI) . HHFHbu
(Logical Address, & A2/ R & 2693 ht) 24323 ut (Physical Address, S IREG4IZ AN G Huht) 2
ATFAY:

1. HHBi#d: CPU e xeat (h AR EHFT selector F= £l A5 offset 28 %) F &9 B F T 69
NEVEABRREF RO RG], R AP 2B EF, RERBAFMAEF P KGO E AN
EBARASE, Hm &R MEHAl (Linear Address) o 4= RN 3h 9 W A5 FEALH], W] &P HE
£ T4k,

2. S WA X—F PRI ERAMEL, (EF: X—FATHE, HRMEZR
RERZREER. BEREERBLT T A,

LRSI TR AR A REATT LG, KB ZEE — R ERA M, KM

= Fedp B bk A A, KA 32 2K, RMENATHEEN 4G FH . S BB LR
iFAZ e T B P
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Figure 5-2_. Segment Translation
31 ]
LOGICAL
ADDRESS “ SELECTOR “ " OFFSET “

DESCRIPTOR TABLE

SEGMENT BASE

DESCRIPTOR |l > <
LINEAR
ADDRESS " DIR |[  PacE I OFFSET “

B 1 pBxeh il A2

A&@% TAHE TS BN RTEL, AEBTUEE, ATHESE,REMEHE
AL B 12 f ﬂﬁ%%ﬁ BRI A B R 5 & (B & bootasm.S, mmu.h, pmm.c) .

BRI
ED B G EENH R REXT, BNEHeT A58 E L B AR (Base Address).
BRI (Limit) A= £ & P (Attributes). 7 ucore ¥ 49 kern/mm/mmu.h ¥ &9 struct segdesc #k4&254)+ &
ARG 52 3L
O A ruht: Ml R PEHuhbE ) P ELAGA IS AL, £ 80386 HRIFAEE X T, Atk 32 1%,
RA R KEEFasa e R EANR, PTAEAT —ANBAR T AR 32 42 &Mk = 18] o 69
AT —ANF T, mAREFE T KT GAR LA 16 E1%,
[ fxﬂf‘% ARG Ko F£ 80386 FRAFAEXT, FFIRA 20 42k 7=, M BLESIRT A& L
A EAZ R LK F T A Az,
® Exﬁ% 2 AR B B AR
& HEMF ek E{ (Granularity) , AR5 G 47T, G=0 A THE R AT {2847,
20 W RMTRTFHREARALFHEIMFTH, BEH1FH; G=1 AFBFMRAL 4K
FPAEE, TREHRRTEATHLARIKFTEAIAGTFT, BEHIKFT.
2 (7 (TYPE) : ATRXARE XA GREEITF, 7T &7 ATk 69 B KD BT 2 K 3R
B, iR AETRIB/¥4T, BT ET@F,
H K 55 4 % (Descriptor Privilege Level) (DPL) : JR5R IR ALH
B 242 (Segment-Present bit) : ke iX —{3 K 0, WL F A IEEG, TAEH Ak
FAA R, R —NEIREFHEE—ANBRTAE, REZAZHFAEFT,
B 54 277 S AE42H 08, FMEFOEX. B R LT OMEZ 6L AAATIR AN T A
(AVAILABLE) #94%,
& 74z (Accessed bit) : LA R 7 FIZHA (H —AA8 @2 AR KT 09T T Ak
#—ANBFEHS) B, Bashik B, 3B1ER AT HRIZAL,

L R 4

Lk A HGR I BRI R R, BT 09 25 My T B AT
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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 22..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

B2 Baad s

LRBERF X

ERBAFTEORL —NRELEANABREFO KA, AREUARGELARAFTEATHE
GDTR Y. GDTR Kk 4843, ¥ Z 324z Ak, 1K 16 2 A KRR, &-F GDT AdtA GDT K
GZ WA FRTRE R L, TARIEERA GDTR 4 GDT X—H# A 4&. &, 234#H
RFEPH ANBREF R A TEMNEF. GDTR PHBERMBAF T AEL, 5FTH5H N A#HiE
HO R R R RREE TR 8*N-1. £ ucore W #9 boot/bootasm.S # &9 gdt Mo ik & Fo
kern/mm/pmm.c ¥ 894 5T =8 4A gdt|9 A A A TILHRiEE 4 C 55 692 AR R LR E A,

BHT

BMIRL I 0 BT AR LGB MA R LT R Ao 2 R P &5 — /N E e R4FF T LUA 45
HEEW I, Anxt g AA2FRAZTLE, 22 —RAHEEmEERXENG. 2FTHEX
4o T AT

Figure 5-6. Format of a Selector

15 3

INDEX RFPL

- || B

TI — TABLE INDICATOR
RPL — REQUESTOR'S PRIVILEGE LEUEL

K3 BEFETEM

® %3] (Index) : EREFEFTMK 8192 NEAEFFRBF—-ANHEF. AEZasx1HFIANAL A
KA 8 (WAFOKE) , A ERAFEOEANEELIIRAEAF R, At —NESERHAL
o

® % ¥-74% (Table Indicator, TI) : #H R ZIFFEIR—AWEFE. 0 RERZITF A HFEF
% (GDT) , 1Rk gzl AIEEF LR (LDT) o

10
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[ ]

T3 R4 (Requested Privilege Level, RPL) : BhhAl, 5 ERET Ak —F F R,

AR E RO E — AT CPU MR, TS —ANBREFET L5 (ndex) FHHpFek AT
{2 (Table Indicator) #k% 0 #98f (BPREZFTHREL BHMEEFERGE —AE) , TUEE—NTH
#HFF (L mmuh #8 SEG NULL) « ¥—ANEFHEREHMBE—NZTLETH, AESHLET
A —ANFE. BER, SHAATRBFFELFEALENR, NESEFT.

(4) RIFETOHREA

BERPHEXT, BRALEEA 44, HFA0 (KoM 2 3 (RIKBFR) « A 3 EE6RF
B BRY: AA, 10 3H ARIATHANE L0 N . AE—FTZ], x86 CPU AR R A& — AN
B TIBITH, Rk T RBT AMAA A, R7T AT A, X AR LT AR A A KR
(protection ring) , A& (ring 0) M FREHFR0, RIP@AIR (ring 3) —A&% 2 A2 /p 1%
R, 3 RAKAFA 3. & ucore P, CPU AR B[ 692 MFRE: 0 (WES) A3 (AFPE) .

H KL 15 FAEAASH CPU R4 R A A NS PAT, XEME 4544 R4 R P AL X694 5 F7
£, M ERPEXGEIF LRI, TACNHEKAGLBERAEAZMERN. R LB
A ring 0 MASMBATIR 2454, A FR—AN—MMRIY 7% (general-protection exception) o *F A &4=
1/O 3% 2 & 17 7] A KA ) A5 AR IR 4] o

RF/EBEFTHEANAALTHAEAF BEREIENETAE (2SS K DS FH) I, IEAE
2645 T KRR (Requested Privilege Level, H#x RPL) FH. Ad, RGEKFAHH (CS) &
AETREEELS (m MOV) H#ERE, ®ARERITEAKXTESFHITNG S (= IMP,
INT. CALL) M43t E. mHE CS A —Ad CPU 44749 L% aTH A& F 4 (Current Privilege
Level, A& CPL)  —H &Mt T BT :

Data segment selector
16 bits Index (3-15) Tl ReL
15 2 [

Code segment selector
16 bits Index (3-15) I CPL
15 2 [

K 4 DS 4= CS 49 24 B
RALEF A BT CPL T8 (242) WEERET CPU 89 L aT48 R, ATARZH—IR CS ¥
# CPL, MR3LT AZmill B2 0GB T o
CPU & ERAN KA S LR NG S —NEEFFAmER, ARk, Hidd&EatipE—~
NG RE. B, fRPLRBAE AN GHAZHEGTIEZ T, MOESTEXLEST T Y —NRIEK
B FA BN, AR AT RGEN T2

11
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Current code
segment register

CPL
1 e [=¥
Data segment selector . egment load ok

being loaded

—{ Index |I|RPLI— CPL, RPL) <= DPL
Selects False:
Segment descriptor J‘ g Geneml-prc_:tectmn
exception

—i{ DPL

B AR S ) FAE R E AR 4R, LB T MAXO)R T2 CPL #= RPL ¥+ &R Z k89—,
H 5 HhEFF 4 (Descriptor Privilege Level, & #% DPL) k. =X DPL 89E XK FTH T, 24
EAFE T EFH#4T T« RPL BB AR AF AR B AFREAKG K. thde, 7T 1L
1 B RPL=3 898 L i kAR 25 2 69 3R VEPTAE R a9 LT AR R P AR X P 17 18] o AR AR B3 5 35 A
719, €& K CPL, RPL #= DPL iX 3 MMALA R & —H, T T Uwm#., TaHLsL—T CPL,
RPL 4= DPL:
o CPL: LaT4#4 (Current Privilege Level) #%k &£ CS BF 4% (&#BTF) dIRIKH{z,
CPL #t & 4 AT & s KA B HRA, FHHCE LT LA HATAZ A 69 4 ALEA])
o DPL: #i£ 14840 (Descriptor Privilege Level) &% & #& 5 b 69 R4z, BT HL st
BB B e R R, LA AR T BB A,
e RPL: K48 % RPL(Request Privilege Level) RPL #& & & £ T 69 AKX P 12, RPL #L8A#Y
R FAENEITEGIF R, EERYAMAREEZMNF LML, RPL 9{AHAEFR AT X
A®ayitE, A A—= RPL>=CPL, 12& % RPL<CPL B, EIFA4ERe#A CPL T,
H3 7% B B 64 4F A B 2 AT . max(RPL,CPL)<=DPL &% m %, FiiA RPL ¥ LA M A& K
77 [2) B 69 P A FR ], RPL=0 B P Ao FR ] 2% /)y, RPL=3 B P Ao 4] & K o

K5 N &7 P4 R T4

3.2.2 #Ht%2 H]

SEMF R 4 NREANE: FHEku (Logical Address, & 425 R A 2| 69xht, EEER %
JRILEARA R MMAE, VAS FRE]E MBI RAG F A L) | ik (Physical Address, 5% FR#9
MEA AR | BRAEFER (A0 3 NRMEFORA”) | BREF (HERG AN, REM
HFRBIAHAA PR RAARY)  BAFET (PRFAETOME, AT EBMEFE P AN
IR M F 5]

(1) iZ 3% 3 it 7 9]

IR AL R 69 /A, ZAFak R a2 8 RAZ 5 i A2 PT F ) 693k 2 1], tode T @ 4942 5
AR

int val=100;

int * point=&val;

P 4841 % point P AL AR R — AT A AL, £ T 80386 Gt HLALA Lk, BAEsbAA —
M6 B F A (LARBEFT, REFT) fo— A 324289 2 4 5.

12
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(2) R HuHEE )

VAR F Gty A A, CPU, WARM GEFELONEL”) FEMHINERET 225 IR
TRt 1 B A A SN AR A I R b T B P . IRk F LR — AN R HK4a”, CPU @itk 3l
(I HAE) 7 FEACK I 4 P8, skt 245 CPU 42 8| W 4 % & £ B Fi7 9+
M A Ao SR B R A3 Ak

A3 Henk A 6 KR T CPU SRILEY 43 3b k(s 2, A& AT 80386 &9tz %+, CPU
Wbk F 18 A 4GB, W Rt HM ALK LA 1IGB WA A (BPEMBHEHONEE) , At
MR 3L 469 10 F 7 35 Wit B A2 5 4p B sk ) 3GB 9 256MB K )N a9 3k 2 18], I g3t AL & 449
4 32 Ho 1t T 8] e T BT TS

Homomemo oo + <- OXFFFFFFFF (4GB)
| R E W] |

| |

Frmmmmmmee oo + <-addr:3G+256M

| 256MB |

[10 shik st =in] |

| |

Hommmmmmeneee + <- 0xC0000000(3GB)

Fommmmm e + <-0x40000000(1GB)

| |

| EERAXRALE |

| |

Fommmmm e + <-0x00100000 (1MB)

| BIOS ROM |

ommmen e + <- 0X000F0000 (960KB)
| 16-bit devices, |

| expansion ROMs |

oo + <-0x000C0000 (768KB)
| VGADisplay |

oo + <- 0x000A0000 (640KB)
| |

|  LowMemory |

| |

Fmmmmmmmm e + <-(0x00000000

B 6 X86 i+ H AL Z 46940 I He bt 77 4]

(3) ZbEhE

— & HEMRHE ANt T, BERERANETET, FMEFAINA A TR & EAT
HA @ yht 28, A Tk AL F RS A 20t 1 B Ao A bt = 8], FIANK R T
M (AR E AR AEF ) 9B A . RMEMAET A4 K DB E T CPU SRIG &Mt iz 4, £EF
80386 #yit HA AL, CPU 9 & MMt T A AGB. & IEiuht = A 244t 3] 3 —3 5 REA Y
#repkF R, g RG] (M) Ri7EE TR, KB XARE DA, Z#HTFHH
hEAEB S T R AL R 5], BT F AR ML T ], 12 CPU KB 39 RALEI K, KMEwitS T4
it ¥ CPU B3 RALHIE, KM HIEE 235 T a3 38 A it 5, CPU F #8147 9]
N B R A oh ik . S AT HLBEAG ¥ R de T AT
o REHHPBAMA, ABHHAAE: BAME--> (H BB >R A== b HE
o RBHHBAp TS FTHEIH--> (5 AR H) ->E A >4 T bbb 3R) >4 AL

EHRERAAOEET, RAREFVAFGETENS, ERA @R AGFEILT, TAA
13
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B AN BIERIEE ] —/NJEALEY KL 3b AL ]

3.2.3 m&E 7 MEE

bootloader ik CPU #t NFRAPAR X5, T — 89 TAF#E R MAR & E AR HiZ2 1T OS. # &2
ﬁ@ﬁhmeMa%ﬁH&ﬁﬁ%JBAﬁﬁ%Pm(mwmnm)ﬁx,Wmﬁ%uﬂxé
CPU 7 Pl 22 % 69 10 Houht 3 5 35 T ko

— X EMA 2 A IDE i#iil, HAEE T A 2 A IDE A&, RS —AMRENRBRXTXE IO
Ront F 5 % Ox1f0-0x1f7 s23L8Y, ﬁ%ﬁﬁLT% —f%x % —/~ IDE @835 8 10 #iat 0x1f0-
Ox1f7 k528, % =/ IDE @@ id 5 0x170-0x17f . HANBE M M EGEBFELE 6 />
10 1A% H ik o A 25 RIX E .

)

| 5% A
L Etkes

* — B0 HehtbFfoxt B b
10 ik HEe
Ox1f0 | #4038, % Ox1f7 RA KA, Tk,
0x1f2 | 2 Ba R e, BLEEH, REEANGEREIANAR. RIRLIARBK
0x1f3 | 4o F 2 LBA# X, #& LBA %49 0-7 1=
0x1f4 | 4= % LBA B X, #2 LBA 52449 8-15 1=
0x1f5 | 4= R 2 LBA#E X, 3t & LBA £ 49 16-23 12
0x1f6 | % 0~31x: 4= KT LBA 4 X3t 2 24-27 1= 445 A0 EHE: AHLIMAE
% 64x: A 1=LBA# X; 0=CHS # X % TAaAosh 54 MA 1
Ox1f7 | RERGSFLEE. BUEHAL S S, AR, o ERARKRERM OxI0 3% 0 S 45
LAl MERERBEIRERRXF, —AMABRREKNDABIR2FH. E—NMBHRGELE (THAE
boot/bootmain.c ¥ &9 readsect K F M) KH 4T :
1. S5 kLT
2. REERpRXegaes
3. FfEmA ST
4, FEFE B RXEIEZRIIEEALE

3.2.4 ELF X #4& XK

ELF(Executable and linking format) L #4& X2 Linux 4% T &9—4#F % A B 4= 4+ (object file)#
X, A=A & LA

® | T IAT8Y T AT L (executable file), B TR FaystiZmkiy, B LGN T, X
LR RFEI G OS A £ AL,

® I TiE4E69° & €4z L M (relocatable file), 5 ¢ B AR A —A2 )12 7T 4T LAk T H
#"j—‘i{%—o

® L ¥ H iR #(shared object file),i£ 42 3 T ¥ € 5 1 €T & &4z LHAe i F B AR A 548 s
CH BRI, HAEEBXTHCETRITI AL CEFTARIFLESLRME—A
BEAEIRAL

P RoME RS XM ELF THAT I £ A, ELF header /2 XA FF 45 &L #4538 T A 449
ﬁﬁoafﬁx%%ﬁéﬁA&ﬁx#%a |44y, H 2 U elfh P

14
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struct elfhdr {
uint magic; // must equal ELF_MAGIC
uchar elf[12];
ushort type;
ushort machine;
uint version;
uintentry; // 425N T 89 & S bk
uint phoff; // program header % %91z & 1 4%
uint shoff;
uint flags;
ushort ehsize;
ushort phentsize;
ushort phnum; //program header % ¥ &9 A\ & 3% E
ushort shentsize;
ushort shnum;
ushort shstrndx;

program header #4i£ 5425 AT AEAR KO AR AL M E &, ARAE P 242 EA Bk
1%, ANa2>Etb—2 AR AR ZHAZARGEITLE NG L, TRATLHGEF KL -
program header #8942, HNEMBAET —NPBRFARESHEFRITHLEOLCE L. B
WA “B” a5 —ARFSZA “FR” (section) , wHA“B A% (Segment Contents) ” o 4%
F 3k A T T AT LM Ae £ F BARLHA & L. THRATBARLAAE ELF k3049 e_phentsize A=
e phnum s R P4 E L A FRFKRIK ). BRI IBLEM LT LT

struct proghdr {

uint type; /| BEA

uint offset; // BARXT Ak 89w A5 14

uint va; Il Bty 5 — /5 T 43K B R B P 69 % Sk

uint pa;

uint filesz;

uint memsz; / BAERN GEAL T B R F T

uint flags;

uint align;
)2

AR 3% elfndr #= proghdr 8925 #4i£, bootloader #L 7T VAT A3+ ELF #%& KX &9 ucore #&4F & 469 m

342 (£ boot/bootmain.c ¥ #9 bootmain & #) .

[Ab AT HH]
Link addr& Load addr

Link Address = 45 %1% 5 45 € KA BT E BR BN Gk, e RALE . Load Address & 1542 /5 4% 57
R 2 A G028 (HAEFRRE Id BE) o —A&HTHTIHEME Efm& S THRIEX AN IR .
Link Addr #= LoadAddr I~ & F % :

® Hirskit{s HAiR

® AN A7 E (AR X & bss F AEH AT F])) 4R

0 MFRFWENLRTH M, ERTRAREZALT. XK
EFE: AL Link dhkFe Load Mt R—H 69 F N (Blde: S EEEE) .

33 #HEZAREHIAE
% bootloader i if i BAE & By X e ucore &£ & %o 2| N 45, LEEBkE] ucore -ERA LA NG
deg Nz E (kernfinit.c &9 kern_init B AGAZ ISR AE) | XA ucore FEEE T BEANEHIM. L AT
89 ucore ALK T ¥, R AL ARG A HE AT B EIE, ucore & T by TIEELFE:
o dhfLLE
15
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s

o ITFHE;

o R THERFTHEZEIJIMAAKXE;

o IR IFEX, B RS EIE;

o AEPEiEH R, XRE PRI REF &, WIS AP P T, AR AR AN R RAY T BT AL

e AT while (1) AR,

UEHRBTARESRENBRBEENARXE, ARG TPHAZFHOFTAE, T

FRRFNIRE R RALE L P OIRBRA R KFvR, M IL fBLT K RO F X 7 69 32 S AUH] Fo v 7 4L 32
wH, HEBRFRAARKIFY, TE#HEES] 5 BRGHMHRARAXEZF4S] 6 TP wipslayz
2 AT A

3.3.1 RECER

BA—AMRE RO RAEBRE (RHFRAAEAFTRAFINXAL) , SHFERIEZETAH
RENKZ, ERARNKRREZNA AL ROEH, EBP FHROER. — NRBOARMNET H
A KB ZA PUSH #4 (ATHAHAK) , —4 CALL #4. CALL 4 NFLRTHEST —
AR E Al (B CALL 34T —& 44 60n) EROANE (BREZR) « JLFITA KHgmit
DA EHEABHHARZ AT AN £ de T AL R AE 4

pushl  %ebp
movl  %esp , %ebp

XA EALF AT R — DRI E R EAT, TEAUATHRIBIAF AR S8, B&@xak, ebp
FhEE. MBI LML THOREH (FRARMAFRARNT XA X, L2 C EFTRIAY
CDECL #1)) :

+H(RET® | Sizxbik

BE A |
| £—/&[ebp] | <-------- [ebp]
|3 & | KAfz3hk

B 7 5 30R R AR A

XA FILHmAIGE SN L AL ebp FAENK, RBFRINAG4T esp KIEL% ebp. “mov ebp
esp”iX 54 K@ LA A esp & & ebp RROME, HETRKR, BAL ebp WIAAZ AT, R ebp A2
R (2 TR , MAre ebp SRR ERIT. St ebp FABHCBLATF—AEE T L0
12, ZHFEEFTAMAERTH—AE R ebp AREERT) , Aizseibh LA, b (BRERT
w) RERIA R AL, AHAE, AT (RM7 M) RERIM AT S/E, Mzt X A#E L
— i 38 B 69 ebp 1.

— M m =, ss[ebp+d]a AL E AL, ss:[ebp+8]& A F—AMHAHAE (KB — MR AL,
B L ER 4 FTAH) , ssi[ebp-4]& A F— B3 E=E, ssi[ebp]dtXy E—2Z ebp 1. T ebp
PGt AL B E— B RO R BT ey ebp 1A, mAS—ER[FOAR T, Akl S ared ebp 1AW
L (RAEFT®) "RKREERAE, SHME, “@ T (RMFE) "RERRIK BT (M. de b
#Ha, HEIAKK. XHAHKE K.

R £53) 5 AIEAH Ik T AT — /Y B I R A E 3R

16
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332 ¥ 5R%

BUEZAE T EMEZARTHEAINRSATE L, XHE X CPU Fos kA4 48 BB 15 4 47,
— AR E R LT T CPU #9138 Ao Jo RiEHRAF R 438 CPU“L3) X w7MR O F 4, PR MEF
a9 %14 (polling) L], M Kik% CPU HR T o PTUAE £iR4E R SAe CPU A4 —A R X A Ls], ik
IR E B R ARA LI AR X F ARG R, RRBCTF B RIER R, WATH R A A p A
B9 EF AT, ERERAT AR ROMARE, REEKRIBREZ G 8 A6 ETHIT. ERIEAR
gop, EAPHLHRIARA PRTALH] . PETALRI LR R ARB T R EISNFLGR), R CELRKIA
HAR/BAL E XFAEG—ANET2A L, 2P rag | NFRT 3R R a9 M2 o A A,

HBERGT, AZAHHRG T EM4, & CPU 3L & 51 £ 69 F 4o 1/0 P ir, B4 P
Br, R EFHFRF I AL (AN ZRHL) , 5 CPUBHMITAX, &NHKRIAFIF
W7 (asynchronous interrupt) dL AR sh2R & B | 6 AR & B (interrupt) s M2 £ CPU AT 45427 18] 46 M) 2] 7~ IE
WA R AF E A S A (Je TR R ok ip B AR R) BT 5] A2 89 A 3R F AR AR B ¥ B (synchronous
interrupt), AR IR P BT, AR5 F (exception). JeEALF PR F KR LIRS0 R LIAR @GR
F4, ARAEFE P B (trap interrupt), LLAR % B (soft interrupt), F %A A (system call) & #& trap. &
GBI T 2t — TR AR LA

AR RRARPBE XTI, 4 CPU ME P (Bid 8259A Tk, A X 8259A #9413
EIFEARE A) REFFHESE, CRYEFEMTLETHERRES, BT — 2 0HF B2 0
SIS T AR R A BIAL Y, T AT XA F 09 4 )5 B ok = B R A AT B 69 A2 P RAE S
Fo PR EfPEIRSHIAZGTEXR E22Y IDT (PEHRAFER) fix. BEZAAE IDT
REFEMA PR @ ErT R PR RLS, FH CPU £ 4 T 5 Tt b R 5 A 6424530
o @ IDT A #9446tk G /2 idtr F A %+

(1) PBF#EEF R (Interrupt Descriptor Table)

TR R FERRENFTEH R FFTRHTA— AN TR F P EOHEFKEELEL, B GDT —
¥, IDT &=/ 8 FH ML FL, 12 IDT 9% —ATUELA—AREF. CPU febir (F%)
5 RA8 # A IDT 89k 3l. IDT TMe TR AL E{2E, CPU i@id IDT #4% (IDTR) ®A XK
kF-A4b IDT é9A2453 0k, 454 LIDT 4= SIDT A %&4&1F IDTR. A FH LA — N Ta9BMER: —
N6 FHETHN A, 5565 4T:
® LIDT (Load IDT Register) #§4-: 4% Fl —/N& & &M hk A akFo R IR 69 R A RAE R 0
IDT. #4F & %632 IDT B E Z2HATE KL L IDT d9A2453ht . X £ 34 R A AFRE 0
o (TH N libs/x86.h ¥ &y lidt HAF I, HFEHA—FILHIES)

® SIDT (Store IDT Register) #4~: 4# M IDTR & Wb fo RIRI 5 2] — /NN Axoht, X K45
AT VAR B R BT

IDT #= IDTR F A R 894k R 4o T B AT~ :

17
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IDTR Register
47 16 15 1]
IDT Base Address |  ptumt |
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 F A &ty LM fa % & K
BARPEXT, R544H4£ 256 4~ Interrupt/Exception Vectors. &[0, 31]A % 32 A& 24 7+
% Exception #= NMI 1£ 1, 12 % af HAEpTA X 32 Am AL 2mAE A, A LA G AT XA #4E A a9,
FRBI AT, CAARARE, ALK R TR0 Exception. 76 HE[32, 255]4 #) %8 IR
B4 P LAY Interrupts. Intel XA € L, LA ARG XL Interrupts. A P 7T LK S A R AR SR 3R
1/0 & &+ w7 (8259AIRQ) , =# F#4AM (System Call . Software Interrupts) 3.

(2) IDT gate descriptors

Interrupts/Exceptions & %1% Bl Interrupt Gate #= Trap Gate, A1 a4y E— X Azt 2 : HiF A
Interrupt Gate B, Interrupt 2% CPU A #h25.k; ®iA K Trap Gate By, CPU U R4 &% ik ST+
by, mAKRGCREROFET. £ IDT ¥, TALESH4T 3 # XA 4 Descriptor:

o Task-gate descriptor (iX 2 X A 1% )

 Interrupt-gate descriptor (¥ & 7 X F %)

« Trap-gate descriptor (& %88 A 2])

TEEIFT 80386 494E 4 1THE 5. FUTITREF . FEBH TR L T 694& X
Figure 9-3. 88386 IDT Gate Descriptors
88386 TASK GATE
31 23 15

SELECTOR

88386 INTERRUPT GATE

1 23 15 7 . 8
OFFSET 31..16 P |DPL|a 111 a|a 8 Bl(HOT USED>
SELECTOR OFFSET 15..0
89386 TRAP GATE
H 23 15 ki . 8
OFFSET 31..16 P |DPL|B 111 1|a 8 Bl(NOT USED>
SELECTOR OFFSET 15..0

B 9 X86 &9 &4 17 hy4& KX
T A& W, kern/mm/mmu.h F &9 struct gatedesc #x 4 25 A4 3+ 7 #5549 B4R 2 Lo

18
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(3) WwBFAFE F A R F B AR T

PR S PIAZQIEEAR R T A PE (F%) ORBRABEZRANETZEAR! D TREEFRX
A&, A AT TR
® AU RTAL AT 1 (A245) : A CPU WL E| P E4HE, T8 % AT42 5 KA 509347, 4R
AU SR 4% B P BT IR 4 BIAZ L AT A A2, K BARIAAZ L T
1) CPU AT IR NE 51455, HaEAINEIITR]F 69454342 P F b 424
% (do: 8259A) REREFHIFRK IR, deRAMMA CPU LA 48 5 69 B 4P Bk 2] R
B AN 2R a3 BUP B 1 K 3 6 o B ) =
2) CPU ##EF2FrmE (Wb AKE]) 2| IDT P REZGEA RO FTH AL, F
B $4 38 & B A A F BTIR -1 A2 09 B 5T
3) CPU 1% B IDT & 2] 69 F b7 IR - PIAZ 69 L BT A GDT F BAF A8 69 BLAb R, Bk
HERGET PERSPIAZG B A W Fo B 13 8, Bt CPU #3287 IR 428942
&Ai&iﬂ:, FF Bk EE B iz H ik,
4)CMJ%ﬁ%cm,%¢%mKMﬁ%ﬁ%ﬁﬁ%[PL TEHIANRTG KA T HREA 4
o thdeBATAEFEZITERAFS, MYTMAZAFRZITAEAZSY, NERERETH
B FE e, X CPU 2 A S ATA /49 TSS 128 (212 & AN G F e 4E a4 £ TR
FHET) LRUFZAZ S NZARMAL, BPaiE NS ss fo esp 4918, 2R F 4
L AT B 69 R o AT AR . IR RBPF BT PR 5425 B8 AR, %
BEEHERIE L ATAZ AL A G R P 56 ss A= esp £ 2| I A B AR T RAEA K,
5) CPU & &4k G S aTR4THI 692 9L (Bp— 2 F A4 B 60h) , ME TH Rk 24k
ITWFAIAL P R AT, X E AR AR RK G4 LIS E E:, EPf&/k}l)\%?ﬁfT#ﬁi#T%ﬁ
#2 F-1% 1 49 eflags, cs, eip, errorCode (4w R & A 4524 F%) 128
6) CMJ%%#%%XMﬁ%&hL TR — KA & B cs A eip FH BT,
FAEPAT P RIIR 5B 4. X BRA LA PR 1ZHRAT, PHIRFAEFEXFHBL
(=
° &#*%%ﬂﬁﬁz(%ﬁ):&%*%m%w&ﬁﬁ#%%ﬁlﬁ%ﬁé%%ﬁﬁnm
(2 iretd) 541K ZALATE 6942 7 89 4T, CPU 4T IRET 45489 AR A2 4w T -
1) ARBPITEXE iret 545, BASKANER LR LT RAGRITEH GRF QAT
%, Breflags, cs, eip &#HFF454HAT;
2) R AGAERREER VKAZSEHERIIAPFS) , WLEEEAABERTRE A PSR
ss A esp, XL ERE XL LD R AAERGH P S9RT ;
3) 4w BRI R A 24D (errorCode) #9357 %, CPU &1k £ L1420 a7 nt, H
&5 d errorCode. iX—F & Zididsth Tk, BP&RKA8XFRIIRF-PIAZALR A iret
1B Z A] A AR AKX AL £ 57 7% 3 errorCode.

THEEFRTAFE @& 2 GDT P48 & F Wi IR G542 5 AL 4545 B 69 & A2 77 X
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Interrupt
Vector

IDT

Destination
Code Segment

Interrupt
Procedure

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

B 10 +EidE b bR S A2 A S k8 X R

(4) FBF = A B MR ARR TR

THEFTAHMRFRBE A RRIFRFTILT P = LB ARTHTER:

Stack Usage with No
Privilege-Level Change

Interrupted Procedure's
and Handler's Stack

EFLAGS

Error Code

-«—— ESP Before
Transfer to Handler

[<——ESP After
Transfer to Handler

Stack Usage with
Privilege-Level Change

Interrupted Procedure’s

€ ESP Before
Transfer to Handler

ESP After——=

Transfer to Handler

Handler's Stack

SS

ESP

EFLAGS

cs

ElP

Error Code

K 11 AR R AF AR B AT B AR LT P = A B ERA TR TER

(5) BT AL I 4G 4 AR A B

BT AL I AF AR R A 3 A B i TR HF (gate descriptor) FeAR R 34 R TR . —/ANTTHESF
HA—NEAALBGBMAT, —&£A 4 ANFRE: ARAN#HEEF (call-gate descriptor) , P BfI]
#41£ 45 (interrupt-gate descriptor) , &I844 (trap-gate descriptor) Feif 4144k 4F (task-gate

20
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descriptor) o 5 PB4 IR AR K 69 & P BT TR AT B TR o X 2 ) R K AR G B8 A P BT R AR
# % (Interrupt Descriptor Table, ##& IDT) %+ . CPU fePitrmZ4E#4 IDT 2Meg %3], Ak
G R AR AR — AN TR R R B, PR TR GBI EF LR —F6, F
B K A B R A AU & 6y i AZ e T B BT T

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

CPL: 3

Destination Code Segment
(__KERNEL_CS in Linux)

Destination segment DPL

— DPL: & |—»(

software-generated interrupt,
CPL <= gate DPL

Selects
63 47 32
Offset (31-16) 1|DPL —@PL is 3 or 8
' Segment Selector: 8x6@ (index is 12) Offset (15-8)
31 15 %]

Interrupt-gate/trap-gate descriptor

B 12 ¥ R AR EFR AT ey T4

T4 DPL feft i —R&=FFmF, R, RaFFaEemBE (Offset) HH T Fira
HHAZGAND B, NE—REITHEFFTHENAZRDEGRLEE T, ZEFE B, CPU —E &
FB TR S PR G IR RIR, TR LMNE 2 RFTRE (BRERANZ A TH P BT 698
%), KRR (APPSR PEGIE) o RHR—FHFIL, EFAHLRE CPL LMF T B
KA A DPL. R CPL RAT AL, —AMERWRENE (GBI TSS k) ha KL, e X P
AWB P AR PO LPITAR KA (e F AT INT n £ 285 10) |, LR —NEIM G4
% : 114 DPL /A A L5 CPL 48R R ZAKA4FAL, XA AL T Bl P AXAD I & ik K P B o dm X &
BEXW, 274+ —N—ky* % (general-protection exception) o

3.3.3 labl ¥ *F ¥ B &9 4L 2 52

(1) Mk AR E

Labl 23T b Ui Andt M Aot b d, 3 0 WPAPSMRBAT P UF AL, % 0 G044 1L B serial _init
(4% F/kern/driver/console.c) % & B #0456 b TAE 89 4R # -

Il £ R & O 1B F 5B & 4 P
outb(COM1 + COM_IER, COM_IER_RDI);

[l BT PR iR R S 0 1 P i
pic_enable(IRQ_COML1);
B A 6940450 % £ kbd_init (42 F kern/driver/console.c ) Tk T A4 G b BT ands L TAE, A
PRARAE Ao ) F
I1 S ) 0 A A A o 7
pic_enable(IRQ_KBD);

B AY R — AT A A AR A 89S R, AAE R AR, AESF T PR, ERETAH
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TR R AR T, A AEF AL AT CPU BT AL, #34F R AR T A TR B 40 2 69 0t ] & L3R 47
CPU #Z#HIR, XL — Mg ARZFETT —ZWNAGE, #FRZASBIN4 PR HESF CPU =45
M, FT4 CPU TRILEL ZFR CPU Wby MAZRF . 0469404540 & 4 clock init (4= F
kern/driver/clock.c ) Z & T 3t Bf 4 4= 4] 35 8253 a9 #1451 :
13 B A A4 o 57100k
outb(10_TIMER1, TIMER_DIV/(100) % 256);
outb(I0_TIMER1, TIMER_DIV(100) / 256);
[ 38 iE P T ) 234 A R AT P
pic_enable(IRQ_TIMER);

(2) FErmEBtE

BERZA R EEHREZIA TR G T 4, s 22HE % R ARAS T BT IR 5142 7 T 432
HFEetg P ES, RAKRMANTHFEHA—ZFTTHT (0~255) , INBFTHRAFTEH®E, A
ucore A, BERZALEABBHAE, 4@ idtinit HHEmIEA idt £ (2R trapc), mEL P
vectors ¥ A% T P i EAZ A9 N 23k, vectors & X 4 vector.S LA, @i — NI AR
vector.c £ . HF 1A System call FEFa9RIRA A P AR (DPL_USER), BPiXAta54E A int 0x30
F4 o MINTA T tickslock #9An4s4L, % BUR T AL I aE AR BT,

vector.S i@ if vectors.c AFHAER, EF X THEANPHOADAZF AN (RELE
vectors K F). L, FRT UGS RALE: —XEZENEIRBAE (error code), B —ERENEE
B, ST H =K, vectorS AFEAN—A 0. I, TRENKSE PR PR 5, £EANHA
LA RKZE, TR [ HBE B G- A alltraps 4.

(3) wHrwRELA

trap K& (= LAE trapc ) R PRratirAEeyEf, AT AEALT A D KK
_ alltraps 432G (€ XA trapasm.S F) , #AABHEF X, ALLFIAZF, REFEIRR G P
B AT R A IE, A A AT AR R LG trap AR S, AP WT RO A RSB AT, %
AP AL L ARAE K B A T

trapasm.S trap.c
1)=4£FWE, CPU sk p ey PN
(vectors), HEAFEANARE error_code (G A £
5%%54%) WA trap_no, AJBEHkEEF alltraps
BN
EE: A e9kEER jmp idAE

(high) ...
A PR BT A eip — eip
error_code
esp — | trap_no

(low) | ...

AT ARG S ATARATHAL 49 trapframe 2543 (5 1L
iT A2 trapasm.S). X E kernel (W4%) 8 EHRF H
%, REEAN esp, 1EH trap KA A (struct
trapframe * tf) 3 9k4% 2] P if 40 32K 3¢ trap 4:

EE: hETeBkEER call AA, AENBA G M
eip, =& XA eip 5 trapframe P eip:

trapframe 49254 4
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s

Struct trapframe M trapframe 25
{ o T = A AR 69 R AR
u!nt ed_i; 5,
ld:m ol % %915 pushal 4544
P BRETMEFES, BIE
ushort es: f+ 20 5 2
ushort paddingl;
ushort ds;
ushort padding?2;
uint trapno; < trap_no
uint err; «— trap_error
uint Eip; «— }li‘:f:"lf)’fkté/] EIp
} 2)3% tm Y v i 4 £ VA B K FL A AL L T
#EN trap BE, xF P BrSbATAR 2 A AL 3T . ARIE B 52 ARE A P st AT AR, P, PR FA
IRQ_OFFSET + IRQ_TIMER it & ibr, 1) 4e ticks %
3 o —

% 4 75 2 IRQ_OFFSET + IRQ_COM1 % # o v i,
] 8T E] 8 F 5 o

P52 IRQ_OFFSET + IRQ_KBD A4k i, N
BB FH.

AP B A NRS, MERFRR;

LR trap K AIHATE, BT ret F54 L E F)
alltraps #ATid42,

VA L SRS

A esp B9fE: BKIAFE) trap_no 5
error_code, 1% esp 45%) P BFIAE eip, @i iret AR
R cs. eflag AR eip, 44T,

& 13 ucore P 7 4k A AL

Eb, MEA labl PO EBR0NE FThRA R IRETT MK, FRERBRBET @G &
KEARITH 5] o

4 ERREEKR

MR sE LT # labltarbz2 /&, MEGFE KA E X labl, TREE. EFEET TRE R EA L%
o EMEFTEEMALIIFTREGF A, FRRELHEF LA labl-5 4 ID.odt or labl-5 4
ID.txto 4% A txt #& X, BPAARALAK K, 2T labl P HAEES, TRBEZE, £ labl B T Tk
4T make handin =%, BP4 8304 sk labl-handintar.gz <. #z—AB %, &54 labl_result, %
KR E A A Z AT A 89 handin XK AEZ B X T ABH tar 32 E%ETOREB R, HH4 LA
labl-5 4 ID.tarbz2 (/& labl_result ) EJ% B & TF 47 “tar jef labl-5 4 ID.tar.bz2 labl_result “Bp
T) o REWF—ERAMNRENRIINELFE L,

EEA LABL” 69 HE, KRBTV AHTAE T REH T (challengefk 5h) #kA “LABL” #=

“YOUR CODE ” #97#, #H AR ZE/KFFEH, ¥ “YOUR CODE” #i#A A T8y

5, FHEAARA A R L E A RAD,

MFE “&x-F A20 Gate”

[ 5% “X-F A20 Gate” http://hengch.blog.163.com/blog/static/107800672009013104623747/ ]
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[ A% “BBILE #E A2 ALK FE”
http://wenku.baidu.com/view/d6efe68fcc22bcd126ff0c00.html ]

Intel #7469 8086 CPU #=4% T 20 #AR3 Ak 4R, *T F- 4k 8] 78 B BF 0~2/20(00000H~FFFFFH)4y 1MB
N A=A, 18 8086 494K AEAL 3242 4% 16 42, LikAHEFH IMB N 42, ATl 8086 424t T #xb
hb Ao ff #5 de bk 69 3 ak 25 3 b4 . PC ALAYF- 22549 & segment:offset, segment #= offset #F 2 16 4 49 9
%, mKALR Offffh, e mApsZxentayit 5 75k 242 segment 245 4 {2, Hie L offset, T4
segment:offset FT At & & 69 F Ak F W] gk kK & A Offffoh + Offffh = 10ffefh (a7 @ 49 Offffh £
segment=0ffffh & £453) 4 {2894 %, & @ ey Offffn TR A K offset) , XA H &4y 10ffefh
R % K%? K#AR 1088KB, #A#L, segment:offset #9xht & At /1, AL T 20 {2t &R e94h3E F
A . PIAY F a3 IMB A A, 2XADR” (REREFT) . BT —RK&GELT Intel
80286 CPU &9 PC AT H HA AR GiR4E T 24 At 2R, XA CPU 89 FAEE T A 2/24=16M, ] i .
RETHRPRX, TAFFE 2 IMB A LA AT, W REI“FUALT IMB HHFIL, RFAR
AHEET, EMERT @ TFARE. ATHRFEZEO® T REN, IBM &2 & PC AT #H 4 A
G EANF A, R A LR RAFIE, TRBIT A20 Gate, A8y 7 A st 2 Je A20 ik &
R A A B — AN B 24T AND R4, XA RIS A20 A& 4T (fEAR) Fe X (B
WA\ LE) o — AR A20 dehb & s d R4 Fakay (BA 0) , AR A% 4dd—xa) 10 #1EE
1772 (5% bootasm.S) . RBAR, EEFRXTRIZFE&HHAFRX, INTFXLMITH, LR
AT, BTAEH 32{zut&, R A20 85T 0, MARKERRRITFETHIRGA G, BPRAETE O-
-IM. 2-3M. 4-5M....., X R ARRTITH, PIAEKRIFPEXT, EAFRALLHAITF.

L A20 Hihbfx 4w 2R b nE, WAZ 5 RAZ £ 8086 FiE{T, 1IMB A L&y R ATz ey, EAY
X T A20 bt & x4 2 BATHF 6, A TAEAR AT A hbiz 69 F a7, LM G 154 % 8042 &R %
— AN A, BARHE 8042 KoK e wai AN M s adinh SRR, 458 A20 suhk & dEH 49
BN, —BRERNZE, NAEKTLFEMLEE (memory wrapping), XA KA T AT hEE A 286
4 16M N 74, RHE R Fh 80386 BAIMBHFA 4G AAE T,

AR 8042 T HLEME e F I =, MEBEAERE, dofTizd 8042 R? F#4) PC
M, EHBEEA —ANEREGE R A 8042, AL ENERORBERITHEC R T, 245
Fofg Bl 77 kLR —HE, % PC HLRIRI & 2L A20 Gate 49 BH1E, A&+t 4 9 4 R4 AR A, TAIF{E R
XA 8042 4 A dx ) Bk 124 A20 Gate, 12 A20 Gate 58 H T LA — S FFA., TEEASKIH A
B BB —T 8042 EANK A o
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i Pl
8 it CPU P10l__NC
s ﬁ P11 NC
P12 NC
ROM & RAM P13 XC
ﬁ P14l 5 ZEH RAM
P BB
P16le— Fopdady
] 60BN | PlTle B BB
f | [ COBAET | SR Y s
g < — P21 _),.'\ 01’*1@
g |—>| Ox6O)HAGN > {:’;_-):t
I:C rn;_,’%.{?u{xfz.h&’ég
12 l’)75 ,t 1 >
06D REFHEE [< sz_>_T_>ﬁ§ﬁI! %xl'ﬁzrfﬂ)
P27 > H 55 8 O 1e))
Hoht, 5 > K
= WA +h
11

B 4424 25 8042 A9 3% 47 45 ) I

8042 4 & 3= %) 269 10 3% 0 A& 0x60~0x6f, 55 FR_E IBM PC/AT 4% Al 49 2 A 0x60 A= 0x64 #4~3%
o (0x61. Ox62 #= Ox63 A T5 XT (K5 H#) . 8042 @i X g o LA P BREEREGLH
IR E, Hrhsgo P2 AF42 B8, 420 (P20 518) A-T5H CPU 84234, 12 1 (P21 3]
W)mfaﬁAmk'&%%F%Eo%%ﬁhk%¢(%umm)5A#A%v,Wﬁ%f4%
HEH B sd, TUF—NEH., 2H 2B 0x60 50 KiEM, 44 0BE/ELRFEDT 0X60 &£
&owmﬁ4A%@%.

® 1 /> 8-bit K& Input buffer; Write-Only;
® 1 /> 8-bit K4y Output buffer; Read-Only;
® 1 /> 8-bit K4y Status Register; Read-Only;
® 1/ 8-hit K4y Control Register; Read/Write.
B AR OHAE: 60h A= 64h, A K ATEAA R B RAF R T
® 1 60h 352, 43 output buffer
® 5 60h 2, 5 input buffer
® 13 64h 3% 2, 43 Status Register

® %1F Control Register, & %% & 64h 3505 —/ a4 (20h Hike 4, 60h AFw4L) , A
)G AR 4 A~ A\ 60h 3% 2 32 1 Control Register 493 4% 3% ® 60h 3% 2 5 A Control Register 49
% (64h 3m 0BT AL H S RHCHFE) o

Status Register 92 X (& A bit0 A= bit 1) :

bit meaning
25
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0  output register (60h) *F & 4%

1 input register (60h/64h) # 4 3%

2 AuArE (EREZBEHEAN0)

3 data in input register is command (1) or data (0)

4 1=keyboard enabled, O=keyboard disabled (via switch)
5  1=transmit timeout (data transmit not complete)

6  l=receive timeout (data transmit not complete)

7  1=even parity rec'd, 0=odd parity rec'd (should be odd)

M T X R oL, 8042 &4 3 AW E3H 2 Input Port, Outport Port A= Test Port, iX =AN3% o 49
BAFAR A B 64h RiZ a4, ARG 60h #iTi 5697 X2, H+ AL EHAFWN A20 Gate # €
X & Output Port 49 bit1 L, ﬁﬁ AR 23+ Outport Port 44 45 4¢&% 0 7 SU— AN .

® % Output Port: ) 64h & % 0dOh <4, #XJ5 A 60h 5B Output Port 9 7
® 5 Output Port: 1 64h & i% 0dlh 44, #XJ& % 60h 5 A\ Output Port &4 4%
® A arHR/EG4: & 64h K& Oadh
® i Ti A BEAFar4: % 64h KX Oaeh

BT X q Sfagein, LT AL ILIRAE A20 Gate kA AR X BIRPAE KT o

e b, &RAVR 214 8042 X A a9 i o (64h) &9 bit 1, #£¥T A= A20 Gate, 125 R
L,%%ﬁ%@smz%%A%éiiai%H TR E LA L CHIBEALIE, FTL, £MNER
B A, R SARIEE TR P RARKIEUG, T AL 8042 3T K& £ 17 A20
Gate. 177 A20 Gate #9 B4k 3 K #& 4= F (A% bootasm.S) :

1.5 #F 8042 Input buffer 4 = ;
2. % #% Write 8042 Output Port  (P2) 44> %] 8042 Input buffer;
3.5 #F 8042 Input buffer 4 = ;

4. 8042 Output Port (P2) fFE|F W69 % 242 % 1, ARG 5 A\ 8042 Input buffer;

MR “RE B —RRATHHS”

[ %% 1A-32 Intel Architecture Software Developer’s Manual Volume 3: System Programming Guide
Section 9.1.4]

9.1.4 First Instruction Executed
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The first instruction that is fetched and executed following a hardware reset is located at
physical address FFFFFFFOH. This address is 16 bytes below the processor’s uppermost
physical address. The EPROM containing the softwareinitialization code must be located at this
address.

The address FFFFFFFOH is beyond the 1-MByte addressable range of the processor while in
real-address mode. The processor is initialized to this starting address as follows. The CS
register has two parts: the visible segment selector part and the hidden base address part. In real-
address mode, the base address is normally formed by shifting the 16-bit segment selector value
4 bits to the left to produce a 20-bit base address. However, during a hardware reset, the segment
selector in the CS register is loaded with FOOOH and the base address is loaded with
FFFFOOOOH. The starting address is thus formed by adding the base address to the value in the
EIP register (that is, FFFFO000 + FFFOH = FFFFFFFOH).

The first time the CS register is loaded with a new value after a hardware reset, the processor
will follow the normal rule for address translation in real-address mode (that is, [CS base
address = CS segment selector * 16]). To insure that the base address in the CS register remains
unchanged until the EPROM based softwareinitialization code is completed, the code must not
contain a far jump or far call or allow an interrupt to occur (which would cause the CS selector
value to be changed).
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