#2 6-3 linux/boot/head.s

1 /%
2 * linux/boot/head. s
3k
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 &F 32 LB,
* VEEIID 32 A7 B SHACHD 2 M ZE Xt Hu kil 0x00000000 JFAE Y, ix B H[ERE 2 T H SO ARE R HTT,
DR B B AR R4k ot H SR8 A

*/
14 . text
15 . globl _idt, gdt, pg dir, tmp floppy area
16 _pg dir: # THFMSAAAEIE .

g HoEel ! REORLT 32 Mg i, Bk B Eg$0x10 JEA AL 0x10 A %A

# BAAEAY, CIEH SR AR BB TR T I IR, B0 B U R — IR R R I

# MRS, AREFRFIEIIES I setup. s 1 193 47 FRITEHT. X B $0x10 & 2R

# R 0 (B2 0-1=0) . EFAERIIRTFR (B 2=0) . EFERPE 2 W (67 3-15=2) . ‘BIELFFR

# MERFEAE BRI, (R EAABUE S WA setup. s #1212, 213 4T)

# IR A g WHE ds, es, fs, gs N setup. s TG RIEARE (&R BRMIRRTRE 2 D
# MERER=0x10, HBEHERRINETE stack start 8\ user_stack FZHIX, #RJE(E A ARFEF

# JEHE X HT P WA R AR BB R . e R BRRPVIENES setup. s FIFEEA
g —FE, VEIRK M SMB B T 16MB. stack start 7 X FE kernel/sched. ¢, 69 17. E&f8H
# user stack AR —MTRE. 2 23 T EX BAEA M, W HIRA RS M. (HERH
# L% 0 PAT (init/main. c " 137 47) VJE AR sig FHEAE S O FIAESS 1 SERME I 4 T .

17 startup_32: # 18-22 ;T W B &N EIE BT 748
18 movl $0x10, %eax # 6T GNUVC%m, BADBEFEEREL S G, & NFRRME.
# AR AELL % 3k, eax RINIE 32 (L1 ax TF/F4%o

19 mov %ax, %ds

20 mov %ax, %es

21 mov %ax, %fs

22 mov %ax, %gs

23 lss stack start, %esp # F~ stack start=Pss:esp, WHRIHER.
# stack start 7€ XfF kernel/sched.c, 69 1T,

24 call setup_idt # AR E P W R TR FREF .

25 call setup gdt # AR E SRR RTFIER

26 movl $0x10, %eax # reload all the segment registers

27 mov %ax, %ds # after changing gdt. CS was already

28 mov %ax, %es # reloaded in ’setup gdt’

29 mov %ax, %fs # OB T gdt, BrRATREEFEETA B 74
#

CS RILEE FIEES O AAE setup gdt FEFMEBIL T .

30 mov %ax, %gs

# W7 BRI B R KA setup. s B SMB SRR 1 AFR P BB 16MB (L setup. s 47 208-216



43
44
45
46
47

4 FIARE IR I 235-236 47) o BRLHK L FE YoM A B 17 SR AT INERRIE R AL B0 . 534h, st
# 1] bochs FRERVIEE, WA CS FAMATINE, TBATERITH] 26 170 CS AT B AT L34 o

PR KT R SMB. BORER SR IIZEH AL CS. T setup. s 1 P AR BRI 2 55 AR e ol
B AT BT T BB K DML AR se e, SMB HOIRKAE IR LI B 2
R, T ELYE DUJS BT e R B OB I 2 S, . LMK B B AR e i A A

Hi

EEX R, RO RTESS 25 472 R VRIN T — & KBKEES 4 Ljnp $ (_KERNEL CS), $1¢° ,

BRELEI5E 26 (7R CS FISE SUbE T NER.

H OH H H H

lss stack start, %esp

32-36 17 F TR A20 Huht 28215 B2 TR . SRR 752 M A7 HEE 0x000000 45 NAT =
— N, SR)EE A HEE 0100000 (IM) b2 52 X Nl . R —BEAHFE S, st— B
EERER 2, WEIFETEIR. JENL. Fonihhb A20 V%A %EIE, 45K NZEA LR 1IMB L E N .

34T LB 10 B— N R S M EIbR S . bn's A S EHR—AE SHM. WA 53R RES)

L E1HEL (Active location counter) HIZARI{E, FoJLMENIRSTIEAEE. REA5H T HE

ik gs MgmFE N RIGEHEH — 25K, 6 10 MNRE/F sS4, EEMEFThEREMHH. XS
PHHA 0L U oo T RS e NT XA RENS, T[S SN B LR N
FKoR—ME) o N TSI RSRTRIE E XS, TESHND , H N & hss i T
B+ NTBIH—ANRER ST =N X, TESHE NG, XENZE 10 AMFmE Hz—. L

b EIR “MJE (backwards) 7, T FRix “IIET (forwards) 7 o {EILHFEFIIR—4b, FRATHRK
AT LA G /RIS 10 Ma s (Bai s 10 4S)

H H H H H H H H HE HE H R

xorl %eax, %eax

1: incl %eax # check that A20 really IS enabled
mov]l %eax, 0x000000 # loop forever if it isn't
cmpl %eax, 0x100000
je 1b # °1b’ FoR )5 (backward) Bk Elhr'5 1 2% (3347) &
# e 5 NRRIAAT (forward) B Blkr'S 5 %o
/%
* 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.
*/
/%

* VFER! £ THXEEFE, 486 Mz 16 BAr, U EEBEH TSR,

* JfF “verify area()” WHMIATE T . 486 WH s 40K NE (#5) B, DUME

* XPECE AL AR I A A int 16,

*/

# L BRVERE PR B 486 CPU H CRO #2748 HUNL 16 fe 5 R4 HRE WP (Write—Protect) ,

# HTEEER - R m— M P R R T S s E R ER THRE RGN
# BT FER LI S R R (copy-on—write) JiiZ.

¢ FHEICERILT (13-65) FI KB SCE i T B H R A1, Ik RS % 1758 CRO, &
# B BAFAE VM BRI 0 N AT — DA BRES T8 2, a0 5 H A 0 0% DU 150 B Pp Ah B4 85 ANA7AE
# THERE CRO FAITME BRI EAL EM (62 2) , FFEN MBS AERREMP (A2 1)

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

mov]l %eax, %cr0



48 call check x87

49 jmp after page tables # k2] 135 17,
50
51 /*
52 * We depend on ET to be correct. This checks for 287/387
53 */
/%
s FATHHT ET bR &0 IR VERAG I 287 /387 fAE 515 .
*/

# NI fninit 1 fstsw &%= Wb #EEs (80287/80387) [H454 .

finit [APpAEEEEE R VAL @S, B ME PR E T — R 2 LT E R i AR, R E
HEEH 2 NBOME ERRIRESZRTE F AR E . EEFEARNIXEIES (fninit) B4k
AL ERER L EHAT M BT IELEPAT P FIE AT ARAE . Fstsw IELHUMGHEBIREF. WHRR
Gih AEE MO PR B 3%, B AZEHAT T fninit 1845 HORESFIRE T HEEN 0.

H OH

54 check x87:

55 fninit # [P K AR A 2

56 fstsw %ax # BB EPIRS 78] ax T 7R

57 cmpb $0, %al & PR FRIZN 0, 70 P A B B AT
58 je 1f /* no coprocessor: have to set bits */

99 movl %cr0, %eax # WRARAE N M ATk RAR S 1 AL, SIS cr0.

60 xorl $6, %eax /% reset MP, set EM */

61 mov]l %eax, %cr0

62 ret

# FR LGSR HE ORI FIHE . 727 RoRICH 5 A SR M e A &

# HBERMNER G 2 O ERAME (272) , B 4 77 AR A E . R BLAE GNU as
# BRSNS RET AR 2 BFIROTE T . IR AT R B RN T8 32 AL CPU 5 il (A7 R ARES
# BBUREE AR . S WA G VRS o
# RPN 80287 PhAbFR #8454 fsetpm MIMLESEY . oM 23T 80287 ¥ B MRy i,
# 80387 LfRi%iE4, I HIG IR S EE & TR,
63 .align 2
64 1: .byte 0xDB, 0xE4 /* fsetpm for 287, ignored by 387 %/ # 287 PrabPRasty,
65 ret
66
67 /*
68 * setup_idt
69 *
70 * sets up a idt with 256 entries pointing to
71 * dignore int, interrupt gates. It then loads
72 * idt. Everything that wants to install itself
73 * in the idt-table may do so themselves. Interrupts
74 * are enabled elsewhere, when we can be relatively
75 * sure everything is ok. This routine will be over—
76 * written by the page tables.
7 */
/%
* NHIXBE W E T MR TR TR setup_idt
%k

* ORI TT R idt BLEREA 256 NI, JFEEIF ignore_int KT T, SRR IRER T
* fIRFTR A A (1 1idt $84) o« HIESEARI P T UG FE 2238, H3AI7E Hofb it 75 0 — 1)
* FRIEH I ET R W 1% TR R R PR f .



*/

# PIERR TR R IR A IR 8 AT, (HIHAA XS 2 RR P BIAE, B THIRRF

# (Gate Descriptor). ‘BRI 0-1,6-7 FHielmMiEE, 2-3 FHAZIEFERF, 4-5 FHE—&irE,

# XA TR edx. eax PG REH 8 FH BN H W HIARTHE, AL idt RE—TiF

# HOBCEZIARST, 3L 256 Tl eax AR FHIK 4 T, edx FA M 4 T WIZLERE S I
# AR A 2 1 e 2 2 S e I S 1 R I R R T

78 setup_idt:

79 lea ignore int, %edx # ¥ ignore int M RHbE (REED ([HDedx FFiEtE
80 movl $0x00080000, %eax # I FETF 0x0008 BN eax I 16 7.
81 movw %dx, %ax /% selector = 0x0008 = cs */
# IWFS (AR 16 ALE N eax MK 16 f2rF . BEEF eax &1
# THEARHIC 4 TR

82 movw $0x8E00, %dx /* interrupt gate — dpl=0, present */
83 # I edx EATIHIRRT & 4 FTHME.
84 lea _idt, %edi B idt T WRER TR AL
85 mov $256, %ecx
86 rp_sidt:
87 movl %eax, (%edi) B R T IR R AR AR
88 movl %edx, 4 (%edi) # eax WANE| edi+4 FTIENIENIEAL.
89 addl $8, %edi # edi fRFERH T I,
90 dec %ecx
91 jne rp_sidt
92 lidt idt descr # N TR R R AR
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 * 1is 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 =/

/%

* WEAERATTRI setup_gdt
* XN FREFRE DS RMIRATR gdt, IFINEL ML EIE THARIT ST
* MH . ZTREFRAWNT, “AFEK” 8228, TUAATEIAKKIER 7O,
* TR IR f
*/

105 setup_gdt:

106 lgdt gdt_descr B OMEARMIA TR A A (WA D ELF, W 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 K WAZ B NAF TUR BREBUE U H SR 22 )5, M T 4 MR FHE 16 MB I EE N AT
* WIRIRA 2T 16 Mb FINAE, Bl e LT 7B
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H H H H H

FATHRKN 4 Kb 7 (1 TNGERED , TG TERRARE 4 A1, Bil— T U

1024 MR, WUR—ANTUERWITHE 4 KB k2= 6], ) —A GRS LAF4k 4 MB B EE N A7

TR Y. BIHIAT 0-11 ALAF I — A5, HIanR S EWAFH (P A2 0) . S5 VA (R/WAL 1)

Ml IR R PR (U/S AL 2)  REiEsed GBRENET) (D47 6)%; RINHILL 12-31 2
JUHEMbRE, FF45 H— A7 B af bk

.org 0x1000 # MIRFE 0x1000 b FF 4R S 1 DR (JRFE 0 HIRM AP ITR B3R
pg0:

.org 0x2000
pgl:

.org 0x3000
pg2:

.org 0x4000
pg3:

.org 0x5000 # 7€ SCT I )N AFEUE SN R #% 0x5000 ALJT46 .

/%

* 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.

*/

/% 4 DMA (CEEAFAESR VIR ARevh 2Py, TR tmp floppy area WAFHR
* PR IRANFE P AT . HHbhE TR N SRR, XA 2 Pk 64KB 15T .
*/

_t

#
#

H H H H H H

=

#
af

mp_floppy area:
.Fill 1024, 1,0 # AR 1024 T, &I 17, HEFEHE 0.

X U ARARAE ] T 9B 2] init/main. ¢ F11 main O BEUMEHES THE. %5 139 47 1
PFE 2 AER RN TR BIHIE, T 140 77 MEN T main O BREARIS L. >4 head. s
BGES 218 1THAT ret 8 i< main O WMk, FHEIEHIAEEFE S init/main. ¢
BFH. Z W 3 FHAa o8 C sREOH FMLHI 3 .
HUTH 3 DA 0 S5 57K envp. argy 85T arge HIMH, {H main () %A H 2.
139 AT INARIRAE S LI main, ¢ R B 56 R [ ik ARG A, B DL An SR
main. ¢ PR EURE NI, A2 I 505 L AORR 5 L6 ALARLENAT F &, L IBEARIR.
140 176 main. ¢ (ML ANHERR, XFE, 7ERCE 7 AL (setup paging) &G
AT ret JB LA 3t 20 main. o B MOMLEER HERG, 3F 94T nain. ¢ BEFE T .
xR C BB ANEIE S WA 7 5 1
ter page tables:
pushl $0
pushl $0
pushl $0
pushl $L6
pushl § main
jmp setup paging

These are the parameters to main :-—)
XA main F2F IS4 (45 init/main. ¢) o
Hrh 1) § #7559 Rmix 2 — M rRIEREEL.

return address for main, if it decides to

* main’ SEgm R main BRI k.

BkE 25 198 17,

= H H = H =

L6:

main should never return here, but
just in case, we know what happens
main FEFFAN A ROZIR P RX B . Ay T BT —,
BT LRI T 05 A) o IXFEFRAT TR Sl A AR AT A T T

jmp L6

H H * =



145

i;é /* This is the default interrupt “handler” :-) */
/% FHEENRI P “lEAH” © */

147 int_msg:

148 .asciz “Unknown interrupt\n\r” # OB NFAE CRIPW (8RBT 7 .

149 .align 2 # 4% 4 77 0 SE AL .

150 ignore_int:

151 pushl %eax

152 pushl %ecx

153 pushl %edx

154 push %ds #OXHIEER! ! ds, es, s, gs FRARZ 16 MIEFAFA, HAKE
155 push %es # R L 32 AL R NER, WEDTRE & A 4 AT AR 2 H .
156 push %fs

157 movl $0x10, %eax  # BEBUAEST (fif ds, es, fs 8 gdt RHPHFIEIEED

158 mov %ax, %ds

159 mov %ax, %es

160 mov %ax, %fs

161 pushl $int msg # EAH printk MBS EFEET Ghlib) AR, JER! & int msg
162 call _printk # AT S, WIFRRH int msg FF5AMKT C Unkn’ ) ARO.
163 popl %eax # 1ZREE /kernel /printk. ¢ H. * printk’ & printk gwid /Gt
164 pop %fs # R R,

165 pop %es

166 pop %ds

167 popl %edx

168 popl %ecx

169 popl %eax

170 iret # bR A CHE AR R B NAR R CPU AR E 85788 (32 fn) {HlaH) .
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 */
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~.
*

XA TR I B P H A A7 4 cr0 BIARE (PG A2 31) RIS ENRT A7 73 TUAL PR D R
IR ESNTURBI A, AT 16 MB BN AE . 70 TUEMEE AN 2= R AR
HohEm CHEIE A AMb FIFLES EBCE HR T b A AFhE) .

R RE P B L RN % XA TR PP REAT AR ST, B PR T P R £ e
B IMb (k. BT “ IR BB AR T IMb (bbb 2R 1], Bl A R e
], bk R R B A — Ty % — mm (AE R 2 EHIXEEHN,

TR LT 16M NFNRIK - HRRFE T, BIEERA, Atalkztio. s
R, e B, Skl XIFARBAER. BEHAFE s, RICERE
o4 16Mb, PUNEMINLEGHEE AT FEHEAGGHEITIXNFIR CHR, LIPS REENO) -
* RO BEFEIARE RGN TFELE T ER “16Mb” ), HIRARE IR FIZX L

* WHIHAT T @) .

*/

# _EHSOSOERS 2 B & SURIRENA B NAF PR T IMB B A 23 18] 1 ZEH T 1 A X

# A X A Y mm ARV ER e B DU R AR A . AR A A R BRI AR I
#(EE) R AR EAAAX A, HUEZAE get_free_page () SRR, KINEN
B AFX PN RS BRI, D AUE RE AT G B DU S R R A SE

#

# FENAFYE L 0x0 ABTFAAAFIC 1 UL H KR 4 WK . TWHRRERGHAHBELHK, T
#OXHLE 4 TORME T WL, ENT—— B2k Mt an 16MB 22 (MG H 2B N A7 Lo X T
#OBTIHERE, RS ENAFX OV E HIE I A BOTR . 75h, 1 NAF KA 4096 7715

KX K K X K K X ¥ KX

*

.align 2 # F% 4 77 SO0 S N AF kil B .
setup_paging: #OEEX 5 TN (1 THZ + 4 TWHR) EE.
movl $1024%5, %ecx /* 5 pages — pg dir+4 page tables *x/
xorl %eax, %eax
xorl %edi, %edi /* pg dir is at 0x000 */
# T H M 0x000 HihtFF 46
cld;rep;stosl # ecax WHEIFE] es:edi FITENFAMEAL, H edi 14 4,

# NI 4 AWE T EFERPWI, KA (%) EH 4 ADMTTRTUDA FERE 4 3.

# JUHSRIU S S TUR P IS —RE, 4 NFA78 1 0. S0 BT 113 47 N3

# F1n” $pg0+7” Fx: 0x00001007, =T HFETHIE 1 T,

# 1 ADNTERFHERHEE = 0x00001007 & O0xFFEFF000 = 0x1000;

# 81 ADNERBIEFRE = 0x00001007 & 0x00000fff = 0x07, FoRiZTAAEE. HP S,

movl $pg0+7, pg dir /% set present bit/user r/w */
movl $pgl+7, pg dir+4 /% 7 %/
movl $pg2+7, pg dir+8 /% 7 */
movl $pg3+7, pg dir+12 /% 7 */

# N 64THEE 4 MURPAEIRINE, Hh: 4(TFK) %1024 (F/T1R) =4096 T (0 - 0xfff),
# WRIREML Y EE N AF 4096%4Kb = 16Mb,

# BRI NS AT B N A e + ZTUARE XA T .

# A 771 I R — AN TR B E — BT R4 R 7 S . — AN TR I E — TR TR
# ALE R 1023%4 = 4092, [R5 — UL B fa — T AL B 5 2 $pg3+4092.

movl $pg3+4092, %edi # edidi/g— KRG — .

movl $0xfff007, %eax /% 16Mb — 4096 + 7 (r/w user,p) */
# a1 UG S EE N A7 LT A HE 2 0xFFF000,
# N EJRPERRE 7, BIN OxfFFO07.

std # HRALEAN, edi W (4 7).
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1: stosl /% fill pages backwards — more efficient :—) */

subl $0x1000, %eax # FHEEH—O, YEHHEER 0x1000.
jge 1b # WERANT 0 WS ERSE T .

# WEIUH SRR AR cr3 MM, $8MILE SRR, crd3 FIRIEMZ T H SRR Y B AL
xorl %eax, %eax /% pg dir is at 0x0000 %/ # T HFFLE 0x0000 4b.
movl %eax, %cr3 /* cr3 — page directory start */

# BB A Cer0 ) PG AR, 731D

movl %cr0, %eax

orl $0x80000000, %eax # Wb PG AR,
mov] %eax, %cr0 /% set paging (PG) bit */
ret /% this also flushes prefetch—queue */

# RS TR PEAR 6 J5 R T A% 152 DR TR 2 BAS1, X AT 2R 1 4 reto
#ZIREHEL B 5 — MERAZR 140 47 I AHERH B9 main 2P, JFBEFE 2]/ init/main. c
# By£iafr. AR EIEE R T .

.align 2 # 1% 4 707 O S N ARk A
.word 0 #OXHIEH 2 T, X 224 17 EK TR 4 TSR
DN INE P W IR ST R B AR A idtr BIFES 1idt BSRE) 6 FIERES. A 2 W2 idt REIRIK,
U JE 4 FH R idt BAAL MR AR 2SR R 32 A7 SEHuhE,
idt_descr:
.word 256%8-1 # idt contains 256 entries # 3L 256 Wi, [RK=KEF - 1.
.long idt
.align 2
.word 0
DTN A R R R A4 gdtr IFE4 1gdt BRI 6 FATHAER. A7 2 752 gdt RMPEI,
U JE 4 FATR gdt RIGLMERIE . X B2 RRKEERE N 2KB F47 (0x7ff BIA]D , A% 8 575
D — IR, FrLARH LRI 256 T, fF 5 _gdt RERKREARETFHIRBEAE, W 23417,
gdt_descr:
.word 256%8-1 # so does gdt (not that that’s any # JE: not = note
.long gdt # magic number, but it works for me :°)
.align 3 B #8 (273) i AN N AF kil 5t
_idt: .fill 256,8,0 # idt is uninitialized # 256 Ii, &R 8 F77, H 0.

# PR A4 TR CARD o RSB R T B BAAR ST, R BAAR, Hd
# R BRRFF IR EIR~AL, Linus 241 0] 58 8 AR R 40 ARS8 E IR AN AL Be o
# JEIHETUEE T 252 WU =S 16], T B PG AR 55 1 ) #i Rk £ (LDT) At B (A 5 IR A& B TSS
# HRR T

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

~gdt: . quad 0x0000000000000000 /% NULL descriptor */
.quad 0x00c09a0000000fff /% 16Mb */ # 0x08, WIZAIY B KK 16MB.
.quad 0x00c0920000000fff /% 16Mb */ # 0x10, PRI Brm R 16MB.
. quad 0x0000000000000000 /% TEMPORARY - don’ t use */

Lfill 252,8,0 /% space for LDT’s and TSS’ s etc */ # TiEA=S[A].




