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o HEMETHET XN A OGR4

o MRV ARG E AR R Tk

o EFMEAGOE LT A
2 FBRAZR

FH—ABRRBMERT —ANTUBIHNER, FR_TEBPRBREZAOMHENEGEIE,
BREZAATRANG, TEHZREEALEGTR. EFXR_F XX THRIFLATHFEZR
— NN B E R R

ARFEREOGEZNHRD. BATBRTRAARZATHMENE; KRG T BnlTE 2xt4 32
NEYOMYER, BT MEZMENEGETR; K6 TMIUEMXGRME, PPefMEsNEARSE
IEM A AR A AZ RS, FERNXAFTENFA R ean T . AXRE
WEIR AN GEIRLERIETEAE, FEA TR EFRMS KA, tbde 45F cache a9 41L
Fo FIFBEMEZAL GeLlinux®F) PHOAGEEAME LR, X XEALN, ZRZRY
etk
2.1 %3
%30: WELAHARE
AR E I o AR KIS0 RAD N A 5K 5o o R o A “LABL 89 2 B 48 2 3R 5o
R T K Fmerge T B, tb4ekdiff3, eclipse™ #9diff/merge T £, understand ¥ #9diff/merge T
A%,
%3 1. LAfirst-fitEEHENEFoi A% (F2%4)
£ 52 AL irst fit A A 2B R ECR R, 25 )80 AE 86 2 Nk M8 & RME. RT
T & & 1% 2 default_pmm.c + 49 default_init , default_init_ memmap , default_alloc_pages ,
default_free_pages<F 48 X & %L,
%3] 2: FAFREMALT YR ER (F2%4)
BHARBERNERNREORNER, TEZRENA AW R GHIGTE X R, LT
get_pteh AR ENEAAAR T FHI—ANEEZ I K, LBHRKXE| — N EHAN T 6 BT ARG
AZEHA, o R B NEAREE, WHR—ANALELAG BTN L. 5% FE4iE
get_ptef £k in kern/mm/pmm.c, SEI LAk, get pteR KGR X F B T T

boot_map_segment

get_page
page_remove

page_insert

kern_init ——#| pmm_init |——#| check_pgdir

check_boot_pagdir |
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K1 get ptehk 498 A X 7 B
%3 3: BHEBRANENH T RHNE _ERERAG A (F25H42)
IBEA—ANOSRXERMGHEA AN, &R ELHEA ARG EEREEN
PagefiAn X 69 /ATR A 32, £ N A U RN TR F L E A TR I L 32 byt 2f
NARG_BRERAR. Ak, F24h4 & kern/mm/pmm.c ¥ #page_remove_pte s # .
page_remove_ptefy £ 4978 Al X Z B he T AT

check_pgdir |~ page_remove
prmm_init \\ page_remove_pte
check_boot_pgdir ——# page_insert

K2 page_remove_pte #4918 Al X 7 B

¥ R4 3 Challenge : & KA A2 Asluby Bk (F 2 HmA2)

I REAF LIFEIERETS, TEETRET RS, FARERMOH XA G TS
L, $—EREATARKIGAELR, F_ERAEE —EABMEEALTEEZXIGANES
Blo tbdn, W RELHPHEBNIOF VAN AR, EoRAER, FERAFLT —ANZRHER.
ZRE AR, THFSIbHEERFER, TRHLFER, RBAERALZARTHRT, 2RKAK
it A%, slub4d % M T4 http://www.ibm.com/developerworks/cn/linux/l-cn-slub/ . 5 A&.challenge
89 B 52 7T S 42 s challenge. & AR AF4F 49 Bl 52 7T 3R 13 R4 H X ARG 69 e 4o
2.2 70 B 48 A%,

*1: FEB M4 E

|-- boot
|-- asm.h
|-- bootasm.S
*-- bootmain.c
-- kern
- init
|-- entry.S
-- init.c
- mm
-- default pmm.c
-- default pmm.h
-- memlayout.h
-- mmu.h
-- pmm.c
-- pmm.h
- sync
*-- sync.h
*-- trap
|-- trap.c
|-- trapentry.S
|-- trap.h
*-- vectors.S
-- libs
|-- atomic.h
|- list.h
*-- tools
|-- kernel.ld

FAA BRI — FH E B A e E R G H SR, EBA AT
+ boot/bootasm.S: &4 T 3t H AL AR P A IR A AR B IR 2 B

« kern/initlentry.S: ARG B BUR ZATY IR AT AT BT B, AT UMITE S
2


http://www.ibm.com/developerworks/cn/linux/l-cn-slub/
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« kern/mm/default_pmm.[ch]: R#ERGE FTEEAZENMEANGETE (SRELAT, B
4096F ) ;

« kern/mm/pmm.[ch]: pmm.hE X 432 A 7 & 2 £ & Zstruct pmm_manager, & F bl fAER
T VAR IR 8940 38 N A % 32 R ok Ao H ok (default_pmm.[ch] AT — AL FRAER 6 f £
M NAEREE); pmmct ST M ALFERRERYGGF, ARGES ., 5.
7 9] T & AR % 69 & F o 3 A,

« kern/sync/sync.h: A&tk N G 8 FEAG BOAR K KB AP B AT, REBANTE, — IR
K Aeflagdr A & F 89 oF W7 B #4243 & 00 Bk P BT a9 Sh Ak, B — /N RARIBR A 09 F BT B ks
fZ 8 kAER P RTO9 2N AL, (TR A@A)

o libs/listh: =X Ti@ AR ZEMUARMRGETR, EANFEARABRE, IXEZI KA TH
IR MENGEE (URERABR) i, Tibh EMmgikE KA E
AEAE 3 7T AL A% F list.h b 2 SLad o 4o

« libs/atomic.h: & X T3 —ANE ST 09 R TR, KA XEME TP T 4T0T, (5T
R A )

« tools/kernel.ld: [d7} s AT A 69 e bk BT ) B 69 4842y A& . 14 70 T ucore #9 A2 46 N\ 17 Fo X 25
BhA bk, 48X m 5 T A A M RKC,

SiET ik

YhiF IR EATRA A A T
make
make gemu

W T 4 T 2T R@m (UEAEE)
chenyu$ make gemu
(THU.CST) os is loading ...

Special kernel symbols:
entry 0xc010002c (phys)
etext 0xc010537f (phys)
edata 0xc01169b8 (phys)
end 0xc01178dc (phys)
Kernel executable memory footprint: 95KB
memory managment: default pmm manager
e820map:
memory: 0009f400, [00000000, 0009{3ff], type = 1.
memory: 00000c00, [0009f400, 00091ftt], type = 2.
memory: 00010000, [000f0000, 000ffttf], type = 2.
memory: 07efd000, [00100000, 07ffcttf], type = 1.
memory: 00003000, [07ffd000, O7{fftfY], type = 2.
memory: 00040000, [fffc0000, ffffffff], type = 2.
check alloc page() succeeded!
check pgdir() succeeded!
check boot pgdir() succeeded!
-------------------- BEGIN ---------m-mmmomee-
PDE(0e0) c0000000-f3000000 38000000 urw
|-- PTE(38000) c0000000-f8000000 38000000 -rw
PDE(001) fac00000-fb000000 00400000 -rw
|-- PTE(000e0) faf00000-fafe0000 000e0000 urw
|-- PTE(00001) fafeb000-fafec000 00001000 -rw

END
++ setup timer interrupts
100 ticks
100 ticks
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@i ER, &RAT AE Blucore 2 = Hentry (Ao xuab) | etext (ARAD AR EA HuAE) |
edata (BB AL HAE) | Feend (ucorefRab b duht) 89445, RN d+ H AR L ey a3z
N Aa9 A & (e820map FTHI 2 TAR) o #TFkucoreR AT A R A B EAL K AL—/H £ A
BRBERE, TR AN AGREL, #AF TR, RATEFEMNERENEE, REZT
ucoreiZ HF ) R MW A N %, &5 AR X T vh & Bt 47 & B .

3 hENGEHE

3.1 FRIATRAAME

ARFEH T E T RUCOTeN AT WA G ER T/, XEZH AT ERNTRNGHEANA
Tk TREMENELETAHLRT, HSKZE, RABRZR&@ K DRI EANAMENEGZ
], FREEURARNNEPEE LR ERZEANENE, TREABEFIETEANA,
ER LT RIKRAE (freety, useddy, ifAreserveddy) , X EFEHAT B T RMNAERK L35 a9E
BN ENEMA A RIZ ARSI, HEAucore kernelst &2 = MW &, B3ho Wa#H, iLCPU
HMMUE R AL SIFI N AT T AR LAZTLBY, AREFEN L AL EMRN (Page) 5
2 T (Page Frame) #93% 5 % & R RCPUM W A #iE. BAITHME, X —3 5 4 2 atst
BT H&AMNERKALHFHB N AR, WA, ZRNEFHASF R LG EIARREI,

AR M, BB RATAAZRAER RN, HF7T K AGDBRD X FHEkNE
o Mrucore g ATIEAL, N A F AR K 69 EARIEHR S Apmm_initd K, CTROIEZINHG
I
A5 A I A G T E FL 3% AE 22 pmm_manager ;

#37 Rdgpagestk, XML TAPBEAN (AKB) AREZHNZRAAET;
ot hE NG RSB &,

AR B D ANF G, KA EFIHIT, EEZ—PBEIRF_B T EL;
B ——BHXFH AT L,

1% RE 5 TUALA]

AR E A o B AR &

BUR G BT — R 4 ;

BERNEAEIRE LH;

10. @ id B BRATALH] TR WA AT Ml G392 5 E41R)

© o N g~ DR

HIr, EEEEFNHAXRDARLE:

® boot/bootasm.S P KM 1 534 (Aprobe_memory 2| finish_probe#y X.43) ;

® FIA/NIE T hyPagek LA (Emm/memlayouth™ ) |, X ANHAE 22 M 4 5 L%
SN GBI R KR IELEA, TELIKBEM R TR T R RGEEFRE L
Btt, m A TIX AR M 09 E I A 3T TR A HE R ik E R 4 B T Epages, ELARAndb
P #4804 F A 4% T page_initf 44 P

0 RATRANEZWENGL,IAXNMHIENE RN E L EMELRpmm_manager, XA IELE
MRS T FIN A B EG XL I, mEFEE DA LR A EARE I

® UX_BAAAEINARAZTREFIBRHXZR, X5@4ME, LRI TAH
R, RRDMATERE -, EARAZRAEAFRNEAAZ LN EZHHR

4
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boot_map_segment #x, Mmget ptedy 2 5 AR R 5 B A K A0 KA.

32FMAGWERNEHR B
Y oucore B HZE, REZWEFRAALELASZVAETRH, —AkiL, FRAAGEK

g 75k BIOS o B iR Al Aw BLARIR M A AT @BDS?ﬁﬁmﬁ£m”&m%E?ﬁiT%
AR, T BARIRM 7 &%ﬁﬁ%#ﬁiTmﬁ i BIOS wHi RN A B =47 X, #A
A TFINT 15h+# 7, 4-7%]%488h e801h e820h. 4‘%& FAE AP A DU X =4 7 XAR AL T4
# Linux kernel 2, m}ﬂé’lﬁ«z’%xd&o\fﬁ\:\,- AT ke mAARFEIRF, A8 iLe820h P B
KN H15 8o H AeB20hF i LA FAE X TAE A, ArAKAIAE bootloader # NARAPAE X2
ATIA A XA BIOS Wi, JFH e €820 Mt 4F 4 444k 7 £ 4 32 3 1L OX8000 4k » FL AR 5 HL ¥ L
boot/bootasm.S. A K IXM| F LI N 5 75 ik Ae BARFE LY 12 8.5 LI KAFH KB,

BIUMARLEEMENA

EFRFTRAVEAGTCRAE, FAFTEEZI M GRBEMREZAMERT (#%4KBX 5T,
HRNAAKBYHE N FEL) ARNDFAZGENNIEA L, UREE %D RS N EZIA .
BN HET T AR —A Pagek LMk ik T W T —NMHENE E & A —/NPages #6492 1],
Page & A /£ X T BF AU T A /)y, AR Y AT 469 & Al . Pagedd & SLZEmm/memlayouth® . AT
A A5 69 M A 5 B 3269 52 3L fEkern/default_pmm.[ch].

AT BB UMHELE, KAV E R E B2 23 EA T e & — /32 a9 & Fl 25
%%m%%%,ubnT%%%%ﬁﬁ%ﬁMﬁ$ , T AP T B P A flags Ao I 6 4k 4 & A
Page%: #) 69 page_link a6 4% % .

struct Page {
atomic _t ref; // page frame's reference counter
uint32 t flags; // array of flags that describe the status of the page frame
list entry tpage link; // free list link

}s

A ZRGOMERT A —ANmgikERELE, BFofcfBikx, Az LT —4
free_area t& B4, 6.2 T —/Mlist_entryZ5#) 6 @ 4k R G4 Fe iU R L AT = R WA /ANH A9 L
HEEAT N freee A POEEIBAIEOT ZRHOHLER

/* free_area_t - maintains a doubly linked list to record free (unused) pages */
typedef struct {

list entry t free list; // the list header

unsigned int nr_free; /' # of free pages in this free list
} free area t;

HTERANIABELEM, ucoreL T AE AR REANAUARN A ELZGHWEAGFER., BT ERE
R BN R AL

o EFHENBWENGE RN ITE GPageS MG N A= B MAIREF45, &5 K=H?

o FRAGE A A AR ?

st F XA, &A1E S AkdEbootloaders ik 69 N A A B 15 SR E R KA A A xht
maxpa (& X fEpage_initkh KX P ey B3 L E) , b TX86MIAZIE WL A F3uhk A0, BT AT AT
S E 2RO MIE KA


http://wiki.osdev.org/How_Do_I_Determine_The_Amount_Of_RAM
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| npage = maxpa / PGSIZE |
XEE, RAVILT ATAAE B 32 MBI N 4= 18 BT & 69 Page &5 M 69 ) 4 = 18] BT & 89 I i K
DAY

| sizeof(struct Page) * npage) |
B T bootloader/= Zucoredy 25 R ht (A & 5541 Zendit. k) A L8 = 18] % A 4k 48 A,
BT CASBAN T Wi deend# M K N A AR R G, AT ERNRMWIEN A2 B PTE 6Pagess #1469 1
BEE, 1w
| pages = (struct Page *)ROUNDUP((void *)end, PGSIZE); |
AT RALA R, A AE02] 3 htpages+ sizeof(struct Page) * npage) % R 694032 N 4 = 18] 1% €
AL E R EN AT (A£450~640KBHY = 8] & = IR 49) , e hbpages+ sizeof(struct Page) *
npage) vA_E 4972 I A R A I N AR T, A9 7 R AL Kt
| uintptr_t freemem = PADDR((uintptr t)pages + sizeof(struct Page) * npage); |
ARENE ZIR LRI Z R LIR G R, AR, STHAHEZR, @iddeTiEFaRpT
%I & FARIT:

for (1=0; i <npage;i++) {
SetPageReserved(pages + i);

}
Rig, ARBIRNE) 62 INHIE 2], @idde T Ea) BT KT IRIRIT:
J13RAF 22 7] 7 18] 69 A2 45 ek begin A= 45 R itk end

init memmap(pa2page(begin), (end - begin) / PGSIZE);

3 5% SetPageReserved 2. ‘& e 4% 2 ¥ hk 3F 7 69 Page 2& 44 F 69 flagst= & 1% & A PG_reserved
ATXERNECEBAELAT . minit_memmap.® % ] £ 42 = IR 432 W 7 &9 Page s 4 F 69 flagsF=
51 B+t fkrefiF &, 40 B free_area.free listig m ey a & b, AH¥Ray = A T E L HATF 45
A& T,

XTRAEPRGBREZARE T AN IRARS, BEARRPIRRATRHALHANAER
SEHE . A8 69 % B4 default_pmm.c ¥ #9default_alloc_pages & 4k #=default_free_pagesf 4,
MXFIREE, LEXARELRPNT, BERARD, NIZRITFEM,

HEERR_ANEGLEABATOREIZOENAZLT —NMHEAEGNEEIER, X
FIr LA — N BTN R, X T

struct pmm_manager {
const char *name; /%3N & N E R R L5
void (*init)(void); /#1451 ) B8 32 55
void (*init_ memmap)(struct Page *base, size_t n); /#1455 3= R A 5 N 69 H I 454
struct Page *(*alloc_pages)(size_t n); /% B n Nn 3N A
void (*free_pages)(struct Page *base, size_tn); /HF n ML A F N
size_t (*nr_free pages)(void); /& B % ATH] 4 69 =2 IR W4
void (*check)(void); // i il fr e/ 52 B2 T .5 64 4 B ) 5

|5
& &2 9% Hlinit_memmap/ alloc_pages/ free_pagesiX =/ &4k, 5 T mAIE A G N E A4
WIHEE, THMREG NG e T BAITT:
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39b 1t & WL BT 22 ] -«—— OxFFFFFFFF (4GB)

<« ERENAFE
itk

2 R A ]

m*sizeof (struct Page) -t Z IR N AR is Hbht-freemem
N e EE RN,

-< BSSEX&Em Ak
ucore B(]BSS& - E{Fucore%{%j{lj\
ucoreffIDATAEL
—— ETucorefSiEA/N
ucore ) TEXTER
- 0x00100000 (1MB)
BIOS ROM
<— 0x000F0000 (960KB)
16bit ¥ %3 FRROM
<— 0x000C0000 (768KB)
o
CCARFEZM | (00088000
2SR 22
GooroHOBLE header 000011000 (+4KB)
g§§§§§?] <«— 0x00010000
B
bootloaderJTEXT | ZTbootloader A/
BLAIDATABY |
bootloadorfll 4 0x00007€00 BT

ucoreSLHIIIHERR | BTt HERR A B

MHIZNZE 00000000

B 3 it SAUE Gk N B

3AMEANE RS BEH EFL

R EEUCOre T R ELEMERNGHIEE R, NE2XENFFLER S, MR ALY
MBEAGIRAFHAEZIRRY . TAANLE— TR ERIA—AFirstFit N 4 5B H &6 K&K
AL,

lab2 & % — 3R 5 & % Ak first fitéy B k. RIEFirstFitN A Bk ERE %, (224
ucore’F £, FEAHNT EAA FlucoreT B G HAE LM AAR KR, REN—RABHTEE,

XBERBELEHFEE
first fitp B 524y —ANERA/F GEuEA DB KA TRk (AR A DE2
ARSI AL T ]) A RABLEM, TR R —AMRIAF AR F
libs/listhse U7 T #4345 & LK 6938 F) o) bk & M Fedd 2 69 4R4E, PTOAE & T Mo fTik
F XA AR IRAE 69 B A0 By B, AT T AT AR T I 18] 4 & 89 5 A A NIRRT TR 5 .
kern/mm/memlayout.h ¥ & LT —/ free_area t K IEZEH), L2 R EH
list_entry_t free_list; I/ the list header = 8] e 3 ) 44 & 49 3k
unsigned int nr_free; Il # of free pages in this free list = R 3y L% (AR A E42)

B, KATT A8 S B MR T AR IR E H ., M default_pmm.c € L4y
free_areaZ E# A& FRXANFH Y,
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kern/mm/pmm.h & LT — /N8 B a9 B k69 B 47 &, Fpmm_manager & =. HF
initek) 2wt 2 A k#0451 free_area® = 89, first fito B B & T A 4 F A default_inid £t 52 3,
init_memmap & K & ZARE A 69N A F LT R R G MAERE . ATI B % AT EAS
KR

B OATARAD, T VA%eiE

kern_init --> pmm_init-->page_init-->init_memmap--> pmm_manager->init_memmap

BT vA, default_init_memmap % &A% Epage_initR P42 # i ke Ak (GEAN RS AR
RIRBGARIE T, TAK) REZZ AT R G L, X ZH—/MEEpage_initf 2 330
HEA)N B K BYIIR A5 R 69 2 IR 389 . 4k & Sk & free_area.free_list, %% & T & Page £k 4% 45 44 8%
base->page_linko X #f K A1HAR 5E Pagesk 4% 25 # F 69 i i T = page_linkH s 7 — 89 = R 33| %,
T kAPage K BEM T HAEEZRANAERAIKXE R T Z1E 8
® Page# L5 P &9 Ak N X Eproperty £ —ANER AKX B RAT AL A RILRER
R aeg K (BPTIANED) o

® PageX BT IR R L Eflags™ A A X AP 457489 % K, rtdnSetPageProperty(page),
Br 42 page->flags 49 PG_property 42 iXx & A 1, % = & R & = property A %X ;
ClearPageProperty(page), BF 42 page->flags 49 PG_property{z X & 0, 2 F~m R L=
property 7 3% .

® PageXK LM F o R L Eref £ —/NEA S KATT AR € RITRKEAN T K RA G AR
T, %2R0, free; %=%X1, malloced

CGEE)
default_init_memmap & K FFAREHE N D UM HF AR E LT RN N4k, LT RN REZ
RARAE AL B KT e — A Fht k. ARIE LA T E 892 3L, default_init_memmap ™ K & 5 4=
T

default_init_memmap(struct Page *base, size_t n) {
struct Page *p = base;
for (; p'!=base +n;p ++) {
p->flags = p->property = 0;
set_page_ref(p, 0);
}
base->property = n;
SetPageProperty(base);
nr_free +=n;
list_add(&free_list, &(base->page_link));

e R B HB—ANARN, IREH EALR? X EHE 2 H 5% Idefault_alloc_pagesfy#, =&
SR TESBNM A B, EREBFANAZEFH E—LAFTHIL, IFHEKAGE
A, e

if (n>nr_free) {
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return NULL,;

}

XA VAR BTN AR B O E . LT m— 2 assertdf#k, AA LRI, BN RE K
WMo Hdmniz K TF0, KA Ade kb

assert(n > 0);

A AN<=009F LT, ucoreaTRIREE, firstfitd AT R L K FEER R DG,
i@ itlist_nextdk B F—/AF Rk L4, @itle2page® 7T VAL hukt %k & KIFA B 69 Pageds 4tp.
i i p->property ™1 VAT RS Z W A9 Kolve dmR>=n, XK E] T ! 4= R<n, Wlist_next, 2%
T k. A Flist_next== &free list, XEATRZT —#&T. KEE, KLEARFTARZTIHNR, RE
Je ik 2] d9pageir B, BT vAdefault_alloc_pages™ K % A= T :

static struct Page *
default_alloc_pages(size_t n) {
if (n>nr_free) {
return NULL;
}
struct Page *page = NULL,;
list_entry_t *le = &free_list;
while ((le = list_next(le)) != &free_list) {
struct Page *p = le2page(le, page_link);
if (p->property >=n) {
page = p;
break;
}
}
if (page '= NULL) {
list_del(&(page->page_link));
if (page->property > n) {
struct Page *p = page + n;
p->property = page->property - n;
list_add(&free_list, &(p->page_link));
}
nr_free -=n;
ClearPageProperty(page);
}

return page;

default_free pages: £ 69 52 2L & 52 & default_alloc_pages#y:iZ i3 42, RidH &% &= Ak
SRR, FEHAF@P T 2R, LIFRBRARLAF R, REZEGEH LT, Zi¥m
89 5L BA 4 T lab2/kernel/mm/default_pmm.cé9 /£ #F , # 2 B 5 At 25 0 A) %k A 5K B2 69 % — 305
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3.5 E AL RAH

o RAABRAPAE X P, x86 KA MK AN A M R =Ar: Fixat (LARERE) | &K%
Rntfe e, FAF AR RAZ BG4 T AR B G9xbak, AR RIRG PN Faxit, F
kil B X E T AR R Kbl KM hEiE i X AT R A3 Rk,

Logical Address
(or Far Pointer)

Segment l

Selector  Offset Linear Address
| il l Space
g Linear Address
Global Descriptor - ;
Table (GDT) — Dir | Table | Offset | zz)clj?:acsasl
Space
Segment
Segment Page Table Page
Descripor—m | | || (| || [~-"-"-"
= || -3 Page Directory > Phy. Adar,
’-> Lin. Addr. |— G J_» ______
- 4 Entry >
Segment____/:‘ "'\
Base Address N\
\'\
— Page

’7 Segmentation I Paging I

B4 BRXEHE

BRAEEN—ANERCETRT. £ ucore PERXNEFEALE T —ALEMAA, cHE H
Ho b TR A A 3 B A A AR AL, BT A RAAE T @ 89398 T AT XA A AL A X 5 (B
ATA) OS FHLZ R WE56) o EXNERZAXBYGRFTALR (Intel® 64 and IA-
32Architectures Software Developer °s Manual — Volume 3A) 3.2 7,

e B5FTT, W AE I &A= 5 (B 48 Linear Address 49 Directory 384
Table #f9#= Offset %) . ucore B9 U N EF BT — N RGN A LA, — RN EAGRIEWHE
W B B3 FAERT, ZIARILITA—A T T, LLAIK 12 24 A 0. B AT,
ucore Alboot_cr3 (mm/pmm.c) T FKXAME,
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Linear Address
31 22 21 12 11 0

Directory Table Offset

12 4-KByte Page

10 10 Page Table »|Physical Address
Page Directory
» Page-Table Entr >
g y 20
—» Directory Entry >
.
3% 1024 PDE * 1024 PTE = 2?0 Pages
CR3 (PDBR)

*32 bits aligned onto a 4-KByte boundary.

B5 & WAL E 2

ATERASANE, EEZEZTFEMAFZFMENGO BRI XE, PEI AT L,
ol G C N P

® N TMEMEANEZRNEZR TR XR?

ARG MU Bt X R A A2

T B R & A9 ACH M bt i3 B R E 2

MER AR E AL, FREKZMH?
TR ETN B REMGAE?

® TR EMB FEMGAR?

MTHWEAENERLRZELTRA 0 B EFTALEAAKDGHEAREZ0E, AT
X NG TRHEZEIIFNRSA XA, BT B AT ucore RiBTHERNAZT M, AT A
F—AN——BRA X R BE AR AL A A AZIE Rk A 0xC0000000, M R HA P A Fedh 2
NAEGBEARTBRIXZE A

| Virtual Address=Physical Address+0xC0000000 |

HFEAMCEREA T —ANMEANAFNEELSE default pmm_manager, HATFET XA E R K
BHENTRAMER. E_HZNEAZEHNF, WA FXERLE 4KB £ 1], ucore #t 7 i@ if
default pmm_manager 49 default alloc_pages &HEKHF—ANZINMERN, XN AGALEDH L
hE#E A T E KRG SL A, FIE, ucore BT XA 7 XEMFENTNEEHEN, UL
ZRRDBREAERNEAZEEZOHERNK 0, —NAREAR 324z, W4FH) TEE-ANHER,
NEEZE 0256 MR E W ZH R B FERATE &6 E KD A 4096+1024%n F 7 .

#4 42 O0~KERNSIZE (Bl # ucore & & % FF 41 ® A & 1 it A i KERNSIZE 14, Bf
0x38000000 F 77, 896MB, 3670016 N3 W) 43 ht —— B4 2| W B T & A A WA A
MAE, LRBEARAZLT:

1. sti@id default pmm_ manager KA —NTRNHET, AT A FT.;

2. AR boot map segment FHF I T —— WA K F, BARLLIAZUTN A E{ZHTIHE,

P
Virtual Address=Physical Address+0xC0000000
> E—ANEBHEMA la (T, #IK 12 42AR) e et pa (B AR5,

1
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HAK 1242AFR), "RAEMBFRER (Ja ®95 10 =A% 31E) P85 £
(PTE P) A 0, &27# Ve A =H, W Ti#id default pmm manager 3%
BF—AZTHMERLN R, NERALLWIEHI R B 4096 FPAF09, IHFHRAE
N B KRR ER
T E RETAL = FEAA WA PTE U | PTE_W | PTE_P
#—FHFREPHRERER UatdF 104K 5 511E) HRAEH
RETA L= pa| PTE P|PTE W
AP
® PTE U: 423, &7 M P ST UERT Bt dy A G R A5

® PTE W: {22, A THENANALTE
® PTE P: {21, A T~HWHENGEN AL

ucore N A ETRLFEEERMNA: L2 —NEME, KRB IANBEMEAE BT £
At g 0GR, L P AL A9AE T VA AR M R A B R AT B B AN T B, T R L I AR 49

AN # A get ptedd. CHRAA
\ pte t *get pte (pde_t *pgdir, uintptr t la, bool create) \
TEagiA R X R BT AL EIFHA B get pte £F A LIFRAZF 0942 E -

__panic

boot_map_segment
alloc_pages
/ il

—»| get_pte set_page_ref

check_pgdir m—— - \rA
page_remove

\ sagezpa

check_boot_pgdir —»  page_insert

—»{  pmm_init

kern_init

memset

K 6 get pte AR % F A

X bR E| = A £ Alpte t. pde theuintptr to i@ i A mm/mmlayout.h#=libs/types.h, T %=
e E A Zunsigned intE£ A, ERME S, AT HEEA

pde t&#7%4 page directory entry, L2 —B N &8 %&RA (£&: podirE iR R4 % A,
mA—RNEAAS . FRERZHEL—ANLBpgd_th AT —LANEALHE) . pte t& KA
page table entry, &~ R & &£ R, uintptr tR = AH&MH, HTFHEXEER MAEB
F, PTAC LR FH AN,

podirts i M A A2dE3eat, @I ERIANAT AR, KMNEEZLE KN AP ZAagxit,
B KB AT RAT A A boot_pgdir— M &, ERIIANBENMEZEHENREAMEAATHR £

1
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8 Ax

A TRAR AR A M LA R TWEMHIL, AR N E RS Z—FIE LB, @AFE
FERERR T R AN R, wRAEAER AN EAAN, RAMNEH _ERNERGLE,
0] % A Hecreate 5 H A AR LR FAZH 09 — R T & . = Rcreate 52 A0, W get_pteid &
NULL:; 4= Rcreate 5440, Niget pted &P iF —Nag4pE T (Gdidalloc_pagek £ A, T
Amm/pmmhd RECHZL) , BE—ZRNK PRI B FTERAHE @R TR RO
Wo &, MPHHALMEIREAE, BAZATATRE A E DA IEAR LA A B

LREIA—BENAB A RNANBRHANE, TRETREEFGE, LENZRERNKE
LEPTE_U. PTE_ WAPTE_P (& TTAmm/mmuh) . R REAkFA_BRNE, REHEZZT
WA, W AERBE 2 RAG AR T,

B PR ETHHERN A TUAEFNIEE. AZARISMERGIEFY, BT %
R L EABEAERNEGIE R LI LA 4R b I, L 2XE EANER L. A% x86
bR ALY IFmIE 8, H AR (Intel® 64 and IA-32 Architectures Software Developer ’s
Manual — Volume 3A) 4.11 77,

PHAY B _BREAWAHEXET AP BEREE, AP AR g hEun 785,
FRASAM T AE—BR AN EAALL R P G, BEZR N A L@AREET ZRE A P ORE, *F
W RHEATRY . BT — AR T RS B AR G R e a i (Bde—3k N G ETR
HAE FEF) , YXANERE LR, BAFR AT LEXA T EIL,
TR BREFCERZH AR AR L, XRBEERIZDER Aref T 2L,
page_insertsly H 4 B4t £ T WA Lo T 5 Fpage_insert:ly £ 69 5 Ik T ffucore M A% A& 4=
TR INTE T, SEEZBIFEE S EMAAE, TR hpE T etk AL
H AR Ty . BUH B4t drpage_removesk K, iX 52 2 page insertdy i 34k .

Bai—— AN _RANALENE, BTARAEZERI AN T, T R2REL
enable paging F# F A4y, X NRIEBMT AHE:

1. B ler3 4T B REGLERAFZNCRIFAET;
2. id g ler0 45442 cr0 ¥ 49 CRO PG AR & {2k & Lk,

#ATZ enable paging HEJE, THIRAARHINT P UEX! BIX—FLTRY, LITH
ucore /&R 458 1E kern entry HEXR E T e Bt A9 AT BB AT ALE] D 7 X AN B A BT BB ST AL
AARBEGFSH, FEREMELE R TAF, AT Z IO MR X RRAES
A F ey Bt ek gt, BPE =2 MR 9B IR R ek By, PTARIN G Bt — T AR
BeAt X A, BPE AR E A9 GDT, & 23T F Bk,

REEREE: EHEAPUEXINEHXEHN GDT t9d A g a4, AxATE
AAEF, CREST AR, AR ILE AU Fo AU E I AR AT X A

| Virtual Address=Linear Address + 0xC0000000 = Physical Address +0xC0000000+0xC0000000 |

B EZANAFIR B, e BRI E A X & 7Y Virtual Address = Linear Address, i it B |
RFARHIEIEW G, TR BRI, ARG 2 —F AR gdt init R, AREH
8 gdt 2 BB FAFENE (gdt & LAz F pmmec F), KEAAMEBHF X R, BPEHF Virtual
Address = Linear Address. XA EMAIT T gdt init &, 8T &9 BALH o TALH] 5 FLAG AL B4 X &
A

| Virtual Address=Linear Address = Physical Address +0xC0000000 |
XEAHAEG—AFEAMAE, L8R enable page JFH# 4% Ak 5 W ALK G 2| AT T H gdt_init KK E
I AT X BRG] a9 A2, NARAE A 698 R B a9 B B 4t, st AL, enable paging Z
J&, ML R AR & WIKMEAL entry, S fTARIESL BT A BAR AR RE4S B9 TAER.? 255 2 & i1k
Hoht B KR JE A %5 T2 KERNBASE JT46 69 & 3hk B XA M AERPT. B AT AE KD FAR
1
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it 4M (EFRER 3M, B A RBEMA 0x100000 F4a4mht), XAF#HRE 2L WA A& 0~4MB 89 & 1%
#ht 5 KERNBASE ~ KERNBASE+4AMB &9 2%, 1% #b bk 35 1348 B) 69 B 43 Bp o], ZR Bk 41 %] 0~4MB 4940
Expt 2], BARKSE IAE pmm.c P pmm_init & £ 6935 )

| boot_pgdir[0] = boot_pgdirfPDX(KERNBASE)]; |

R EX ARSI T A K. S AR DAL 3MB TR -FRATHF SR
Z )G N# crash, G @GR T, LB BENTXMFL, MrRFTERERE, AEAHEN L S8
% Hu kTR B K B,

BT T E gdt init FR)G, OB RN ANBRFCEEIIFT, L@ 0~4MB &9 & it 5

0~4MB 6943 3ot —— Bt X R C R R AR T o ATATT VLR o T 15 o) R EANE IR X R .

| boot pgdir[0] = 0; |

F£ page init HFE T X FAMEANAF—— G N A XL ABRIAON B ZTEFTNERE, —2
£ 88 2 WALH], W ucore A £ 49 P A% & DAL AL = 18] 4o T B BT o<

Virtual memory map: Permissions

kernel/user
4G - - - - R e s
Empty Memory (*)
R R R TR 0xFBEOEOEO
Cur. Page Table (Kern, RW) RW/-- PTSIZE
WPT ~-mmmmmmmm - e e A OxFACO0B00
Invalid Memory (*) --f--
KERNTOP ------------- e 0xF8000000
Remapped Physical Memory RW/-- KMEMSIZE
KERNBASE ------------ e Rt Al 0xCO006000

B’ 7 #5855 T ALH] S 09 PR bk o= 18] B/

3.6 B BRATHLE]
RRY Emit. E— /) F 3£ T 81T boot map segment FFFE T T AT ——BF X AW H X
AR EN, X LHBHXE A
virtual addr (KERNBASE~KERNBASE+KMEMSIZE) = physical addr (0~KMEMSIZE)
MR B — AR fe— N3 3ehk, 3EST VAR E AR PDE A= PTE, 3t T 7 ak iE 44 A% B At
Yo R BAVZ O F R4 R WO A A B BN TR AATERGAE, NEEXRTEF
AN BREAAL, RF/NARTEAAZKRI N EAGDEEL, BHEERIT LRI, KRB
R A R, HEEATEGEANT B XA, IHFIAZLEEI
BAVEZH AR FO T ERFAEIANE K. ucore M T —/MRIFLy ey 3 hk B BR AL, fe
W B TR Ae WEMA—NELG AMB E LA T AP, FRETE RE A G698 A<->h 338
WA X R, AT T E REAAREERIGFAT, BLELER/MIF LY AMB E I
20, AR S HEHEAT B FEFF AR N B
AR fmE, ucore XX ITH, ALEXET —A%FE (memlayout.h):
VPT=0xFAC00000, X/ #uhbé) —db®l KT A :
1111 1010 1100 0000 0000 0000 0000 0000
= 10427 1111 1010 11, BP 10 #4149 1003, + 18 10424 0, 1K 124248 % 0. /& pmm.c ¥ A
BAS L BT =
pte t * const vpt = (pte t *)VPT;
pde t * const vpd = (pde_t *)PGADDR(PDX(VPT), PDX(VPT), 0);
H /& pmm_init &R IHAT T 42 T 354
1
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boot pgdir[PDX(VPT)] = PADDR(boot pgdir) | PTE P|PTE W;

XET g fiE ) AMEHRSLR? L% vypd TEWEALLNE T RGALSE N
0XxFAFEB000, E€#)m 104zf=d 1042248549, #R-2 10 2E4169 1003, H#ATT LikiEa, it
T vpd TEMARR N E TRGMRIEERN, B vpt LMEAFEFEHEF—NHREAEHOR
R AGALAE R Ak . LB R AR PR A 69 T B R A AY 2K OXFAFEB000, X% 4KB. W
%éﬁ P10 4R R Mk F ] 0xFAC00000~0xFB000000, X A 4MB. B XA~ 43 ht 7 8] 49

% 4MB, TH IM A~ PTE, WT%%MB%%&E@

12 ucore IR LR A TiX A S, £ memlayouth ¥ 2L T H =

#define KMEMSIZE 0x38000000

%7 ucore R X # 896MB 44438 M A= 1], XA 896MB A& —ANkE, TUARBHEILKLE.
W 3R K 69 N AR ek ) F

#define KERNTOP (KERNBASE + KMEMSIZE)=0xF8000000

B VAR K A 4% 3 ik KERNTOP 69 B S &2 Ho bt 7

vpd+0xF8000000/0x400000=0xFAFEB000+0x3E0=0xFAFEB3E0

R K WA 3t KERNTOP 89 T & I 2 #b bt A

vpt+0xF8000000/0x1000=0xFAC00000+0xF8000=0xFACF8000

£ pmm.c 89 FH 4 print pgdir #A K T ucore B9 W &K ABH T XEZR T HEATH FEA R
ROAFZARFATH. 2%, TERRHAEANA A EHILE T B FEEHALANR 6915 I

print pgdir & 1% 3 ucore £ &#= qemu 9 info pg 4B R &9 F AL, BF print pgdir A& S KA &+,
¥ LA WA WA B (PTE P) FPih ko 5 N i 694 KXo T HT 7
PDE(0e0) c0000000-f8000000 38000000 urw
|-- PTE(38000) c0000000-f8000000 38000000 -rw
PDE(001) fac00000-fb000000 00400000 -rw
|-- PTE(000e0) faf00000-fafe0000 000e0000 urw

|-- PTE(00001) fafeb000-fafec0O00 00001000 -rw

Eab ol FaiEdEs 2, LT 34,
TR AEMT £ PIHFEL LA A4 PDE A2 PTE 51 B A2 42k, tbde B £ .
| PDE(0e0) c0000000-f8000000 38000000 urw |

« PDE(0e0): 0e0% 7= PDE % 484 &9 224 50 E 7 48 ] 8 AL ;
- ¢c0000000-f8000000: # 7= PDE % ¥ ,iX A8 41 &9 7 50 P BR AT 69 & PE AL AY T
- 38000000: RI##&-7LE, Brf8000000:#%2-c00000004% 45 K ;
e urw: PDE & P4 i 694 R4z, uk-7H P T4, BPPTE_U, rk~PTE_P, wk T A
P, BPPTE W,
| PDEKOOl) fac00000-fb000000 00400000 -rw |

AT 54545 0PDE AR AL B AL, MEW, AXLFERRAPRMIXD 2 APTE 24,
BT

|[-- PTE(OOOe0O) fafOO000-fafeOO00 000e0000 urw
|-- PTE(00001) fafebOOO-fafecOOO 00001000 -rw

R
1. PTE ¥4 69 R 2 PTE & P 94454 69, %A #= PDE & PRIk 52 F
2. EA-print_pgdir® R AmH A H—RARARIR, HRES,

3. print_pgdir+ A 2| T vptfevpd N L & T A% FVPTAPGADDRAAZ .
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OB A LT HTRA P ERFTFINEA. BARNEKLZAGLE G, APAEFRERE DT
WA G AT, VPT RIF EAEABMI TR G, KAT AR R AEE 7 XEIL—AF P #Honk = b
a4t (tbde pedir{UVPT] = PADDR(pgdir) | PTE P | PTE U, %, XZ L EMRIL, HH
pedir & & A~ #4289 page table, 7~ boot pgdir), XA, A FAFHT AR AE—FHFH
print_pgdir k3w AT M EALEM T .
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4. FLHRELK

KR sk LT #lab2.zip/s, MEAFE AL AFKAD B K lab2, TRFEBRFHEIANES] . ©
MR RE FAERLEE, A2 B F T HAIT make handin /£ %, B4 A 304 sk lab2-
handin.tar.gz. & /G iF— € R AT LR LI W& FE L,

EEA LAB2” 09 xR, KB F A S E 2893 7 (challengelk 4) A H “LAB2” #=

“YOUR CODE” #9:3%%, AR WA EZERFFER, ¥ “YOUR CODE” ¥ ¥4 ATy
F5 ) HF AT ARA SR IEBA IS E AR,

17
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&%

%
A, ER N A5 A A KN T

BERAT 2l TRENTEMNR AT OWER Gl Ty, IR TR, R
TR F ARG L8 I BIOS P b7 8 R k7 8 R 89 ﬁ#mmﬁ%ﬁmxﬁﬁ+ﬁiT
# 4T, P A febootloaderst Nk 47 42 X AT 2 AR X 3 5 TAE AR lb i &, X &35 H
boot/bootasm.S ¥ Aprobe memory4t #|finish probe4t 9 4X 22 JF o TR )35@ i@ i BIOS ¥ lf)'r 3k
BN A °T A R A 4 Ae820h89INT 15h BIOSW Bf o BIOS:i@ i & 4 1 A B 43 3 ik #4 £

(Address Range Descriptor) # XKk A TFRAAMENAEH A, HAEKERTHT

Offset Size Description

00h 85 ¥ base address HE RN G A HE

08h 8 FF length in bytes HEGZN A KD
10h 4 %7 type of address range  #M &£ A

& T # &9 (Values for System Memory Map address type)18

Values for System Memory Map address type:

0lh memory, available to OS

02h reserved, not available (e.g. system ROM, memory-mapped device)

03h  ACPI Reclaim Memory (usable by OS after reading ACPI tables)

04h ACPINVS Memory (OS is required to save this memory between NVS sessions)
other not defined yet -- treat as Reserved

INT15h BIOS ¥ W & 3% 2038 A 544

eax: e820h: INT 15 &% 7 b7 A4k

edx: 534D4150h (Bf 4 4~ ASCII F#5“SMAP”), R A —NELMT;

ebx: WmRAF—KARNIAFRBAAHTE, MWH 0. &n%ﬂif’a, W) A3 £k R R Z U6 693 #4E
ecx: PRAHATERABMAFONER D RZKXTFT 205

es:di: J}‘é@1%@&{'3&1]:5&5]’}‘91\7'?%#‘]{1’3%/4’E BIOS J}M A 5Ai$4\éé#@ﬁ@@&sfﬂmo

b P BTG IR B A A

cflags 49 CF{z: % INT 15 ¥ Bf AT Ry, W AREAz, HFMEz;

eax: 534D4150h (‘'SMAP') ;

es:di: ARG TERRGEFOOLF E it R a9 4EC & BIOS B 7 5
ebx: T —ANHhETE B R K 55 69 7T Z b hk

ecx : i1 BIOS 42 ES:DI 4 B #9 3 bk 58 B £ 38 55 69 5 77 K1

ah: % BT A 4R AT

XA, &A@ LA AINT 15h BIOSW ¥y, #3%didgfa (208942 #), iLBIOSH &N E 4%
m#AfA%mﬁﬁﬁmm,%ﬁA@fA%ﬁ%ﬁ%@ﬁﬁﬁﬁﬁﬁ%wg¢,ﬁgﬁ%
ucoreit — F AT AN A E I, XN b R 25492 L £ memlayout.h ' :

struct e820map {
int nr_map;
struct {

long long addr;
long long size;
long type;

} map[E820MAX];

B. EAMHEN FIEMN
Y3 N BRI 2 bootasm. S F A, A8 XKD IREE, 4T Arae:

probe_memory:
//%+ 0x8000 4k 49 32 42 ¥ 5T & Bp #5442 F 0x8000 &k 49
//struct e820map &9 £ 13k nr_map FHE

18
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5%

movl $0, 0x8000
xorl %ebx, %ebx
/&7 8 A INT 15h BIOS F #15, BIOS & B 84 B4t 3 bt £ 38 55 09 A2 44 Hu bt
movw $0x8004, %di
start_probe:
movl $0xE820, Y%eax // INT 15 49 v 738 A 54
/X B HAE TR AT KA 20 F 7, HE K DF T struct e820map 49 £5#35, map 49 K
movl $20, %ecx
/1A% B edx # 534D4150h (BF 4 A~ ASCII F /“SMAP”), X & —A4 7
movl $SMAP, %edx
/P8R int 0x15 FBF, &K BIOSAE —/A it B AT £ THAEREE
int $0x15
/H= % eflags 49 CF {27 0, W& TiEH A AT ZEN
jnc cont
/AR A 1R AR, 25 RAR M
movw $12345, 0x8000
jmp finish_probe
cont:
/3% B T —A BIOS 14 =1 49 B 4 Ho b 3 34 55 69 A2 45 o b
addw $20, %di
/1% 38 struct e820map 49 25 #13% nr_map
incl 0x8000
/4 % INTOx15 B =89 ebx AE, RFHMLER, TN a%LEILEN
cmpl $0, %ebx
jnz start_probe

finish probe:

LR R AT EE, £0x80003 AL PR A T MBIOSY R 1F89 A G40 15 8, iz
8. 3% B struct e820maptyik H k3t T3 L. X412 & Ebootloader /5 Fucore5, B ucorehd

C. &3t/ 5 o bt /4 32 3 bt Ao 4% 36 b VA B edata/end/text &4 L

BSEBARA
ucore kernel&- /32 & 20 s kernel 89 & Ao .a XL M R, A AN AR G P H A E
B 1d T E Ak HEkernel.1ds2 4 B & (linker script) &%, ldT B4 R 4T 28R A, 4

page_init:F # & A& HEstruct e820maptymemmap (€ L T AL 45 #ht A 0x8000) & T Ak X S HL
B MmE N A EARE R,

EWAZZRATAZ MMienm N L4 (& Nokal ) A &sectionsk A #ir B L 4

(lab2/bin/kernel, BPELF#% X &9ucore M 4%) W, Fiz#limd XN &30 AAZF AT 18] A

WA B . F @ & ¥ 5 47— TF/lab2/tools/kernel.ld, & T #% — TFucore™ % 69 ¥ bk 75 B 1 U,
kernel.1d&9 N 4= T B = :

/* Simple linker script for the ucore kernel.
See the GNU Id 'info' manual ("info 1d") to learn the syntax. */

OUTPUT FORMAT("elf32-i1386", "elf32-i386", "elf32-1386")
OUTPUT_ ARCH(i386)
ENTRY (kern_entry)

SECTIONS {
/* Load the kernel at this address: "." means the current address */
.=0xC0100000;
text: {
*(.text .stub .text.* .gnu.linkonce.t.*)
}

PROVIDE(etext = .); /* Define the 'etext' symbol to this value */

19
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"E

.rodata : {

*(.rodata .rodata.* .gnu.linkonce.r.*)
}
/* Include debugging information in kernel memory */
.stab : {

PROVIDE(_ STAB BEGIN =.);

*(.stab);

PROVIDE(__STAB END__ =));
BYTE(0) /* Force the linker to allocate space
for this section */
}

.stabstr : {
PROVIDE( STABSTR BEGIN =));
*(.stabstr);
PROVIDE(_STABSTR END =));
BYTE(0) /* Force the linker to allocate space
for this section */

}

/* Adjust the address for the data segment to the next page */
.=ALIGN(0x1000);

/* The data segment */
.data : {
*(.data)

}

PROVIDE(edata = .);

Jbss : {
*(.bss)
}

PROVIDE(end = .);

/DISCARDY : {
*(.eh_frame .note. GNU-stack)

}

}
HEMREIZR ARG, TUAKRBIFE CHR T EFEESGENE L.
® NAzAe#Mit: 0xC0100000
& Ao (#45KA) iut: ENTRY(kern entry)
® cpuMmE ELA: 1386
HREZNEELEFEESR SIMA ) Ssection 1% & A 84 1% ATRA R 1L FF
A3, & section At 2Rk, o AE A3 FHF, RAA Rl L AH69 &section. Rt
Z 9k, linker scriptif 7T VAE X & #7555 (dotext. .data. .bss¥F), M &AL M) —HF5
Mk (F5R), BAFTOLETHTLET, F5A5I AN AR, AR A —LEME
28, FTFEFRLEIAR—NDHUGFTET, EAF AR EAGEFZTOALFEEE,

S5 35 o bt | B 3 ht /40 32 3 bt [ o £, 3 B
ucore % & T ucoreid AT W 9 E #e bt = 1], EARIEL E T A lab2/kern/mm/memlayout.h + F&i
#"Virtual memory map "B, AT fEE A A I AL 895 E X R . lab2/tools/kernel. ld k4 i£
892 E3Exat (link_addr) , e A A Ae F3AE £ 0xC0100000, X2 —ANEHuht, BT LA AN

20
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,,,,,, -

TAAREERA S T Eat, Aucore’Z 2 N AR, XE T it fo & ik 69 JF 57 B
X AR A

phy addr + 0xC0000000 = virtual addr

PP bt e i 2 0t 2 1) — MM A5 . 12boot loader4eucore kernel#e#k 2] A &8, KA
# R A B M ak (load addr) , X2 & Fucoreit XA E4T, BPLEA B3 WA MRS, FRE
E R F s XAKFHH X, Fa92boot loader £ #45 LMk B a9 B mk 4t % 2, HLakst
X 7 (T A Abootasm.S#Y R LA KB AEFEGANE) £:

linear addr = phy addr = virtual addr
% A bootloader#y 5= 24X bootmain::bootmain.c
readseg(ph->p_va & OXFFFFFF, ph->p_memsz, ph->p_offset);
iX 2 #9ph->p_va=OXCOXXXXXX, #tZIld T EAk4Ekernel ldiX & 694t dE b ht, H 43800

WHF T EHA, FJE F|ph->p_va & OXFFFFFF == OXOXXXXXX, Ff ¥Lbootloader A= %k ucore
kernel & e 4% 3 1k & OXOXXXXXX, X 5% R _ERucore AAZ TR a4 sbht, 52 : OSHI4E
FEx i (link addr) f&tools/kernel.ld ¥ X B4 7, £ —AEx it (virtual addr) ; #ucore
kernel#9 sm#& ¥kt (load addr) 72boot loader ¥ #9bootmain 2 b 4552, & — /4 Huht,

INE—TF, ucore P A 894245 X hk==ucore M A% &9 & 443 Ak ; boot loader#e= £k ucore M 4% A 2|

&9 e 3 He hk==ucore M A% 89 47 3L H hk

edata/end/text #9423

P A TELFPAT X AF#E X9 R of | B —dkaf R fefd B0 28, R ABA LT :

® BSSH (bss segment) : 5 AR GAEF F RAMEG L2 BT EH AN AKX, BSSE
3% S Block Started by Symbol &) & #& . BSSELE T# & M A 4B,

® HdEF (data segment) : 45 A R GHALA F LN L BT E 60—k A G Ko
HEBRBTHSALGL B,

® K ft (code segment/text segment) : 48 B & G2 AE 5 AT RAD &9 — 3 A H X .
ARG KB KD ERFEAAMHCEHA L, FALNAEXBEFET A%, RN
LAFRGEATE, BPAFSEEAERF. ERBET, CHTRO SRR 2T
HEZ, BleFHETEF,

flab2/kern/init/init.cégkern_init 4, FEA TN AL BT =:

| extern char edata[], end[]; |
1238 F A R I 4> [ch], AARXAAAZXANZTEHNE L. RXHNET KA E KRG
" ? 39 & lab2/tools/kernel.ld ¥, “TVAE £|d= F A %

text: {
*(.text .stub .text.* .gnu.linkonce.t.*)

}

m.data |
*(.data)

}

PROVIDE(edata = .);

m.bss 4
*(.bss)

21
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5%

}

PROVIDE(end = .);

KPRy 7 R arseak, “text” A ARAEALEHLE, “data” L& —Axnk, T
AAH, CRRET RABRMNLE RN, LRHFERGALSL A, £ET L, “edata” 25
KA R bk, “Dbss” A THIEHKALE R ArBSSE G AZ ML, @ “end” £
BSSH 69 25 & s it ,

XA Sk Akerne_init P 89583 A BT &, T 4redata[]4= end[]iX 2 E & & IdA& Ekernel.ld
MEMALRM L BT E, ATAHEENALERAERERBUE, CNARELET—AS,
R.h A+ 2 Lo
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