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o MW ERGE AL T &

o RN B EHET K
2 FBRAX

F—FBEREMERT AN TUABIHNER, FR_TEBRBEZROMENGETE,
BRUEZAATHRANA, TEHZREEANAFTR. AFR_FXE2THIPLATHF TR
—NREGMENGEEE R

ARFEBROLSZANY. ARTRBWTEARGTOMEANL: RE T BielTE 23-4p32
NEGMT TR, BT RESMEANEGETRE; Ko THRUERMXGEME, Pl INERRE
IEMAEENEAAZ GRS, SSERNXAEEEZNFE MR EEGT B, AXBE
R IGY N G EILL AT EAG, XA DRI EFRMNE A, thdm 415F cache &9k 4L
Fo FIRBMEZLA (eLinuxF) THAGEEZME L 50. WRXRXEARN, ZRIAY
R3] .
2.1 %3
%30: AELARER
AEIBRRIMFE I HACARAY 5230 169 RAD N R S 3o P RAD P A “LABL” 89 (2 B A8 2 30 5
R TRk Amerge T B, r4ekdiff3, eclipse ¥ #9diff/merge T £, understand  49diff/merge T
£%,
%3 1. RAfirst-fitEEwBE A Eom L, (FT2%4E)
A 5% HLfirst fit A A B R e EDICR R, R4 B3hbE 400 2 Sk W 69 & F . R
T A& & 14 2 default_pmm.c ¥ 49 default_init , default_init_ memmap , default_alloc_pages ,
default_free_pages< 48 X & # .
%3 2: FAFREMEIATZHRNER. (FE%4)
WA RERNEAFd RO NER, TRZREMA G Fo DTN ErIGIT X FR, L P8
get pteh HRXEREAAARTFO—ANEZ T K, HHKRB] —AN BT 69 — 8 & A
AR, R B RNEAREGLE, WHR—NESLAY_EN K. KAEDE R4 E
get_pteh %% in kern/mm/pmm.c, FIHELTRE. get_ptey K9 A X R B F AT

boot_map_segment

e

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

get_page
page_remove

page_insert

check_boot_pagdir |

K1 get_pteffkayiA A X 7 R
1
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f# ’J 3: B IR He Bk P A2 869 TS BUH A B = 4% TR 44 B St (m%—%ﬁz)
THRA—ANOSERAGHEANERN, §FRibx R H RN E T ERIELEN
Pagef Al X 69 A TR A2, EFRMHEANGERARA TR F T F & TR AL 5 4 32 bk 3
NARG_BRNERAR. Ak, FE4b4 & kern/mm/pmm.c ¥ &9 page_remove_pte & 3 o
page_remove_ptesk 3 4998 B X R B4 T B :

check_pgdir |——# page_remove
pmm_init \ page_remove_pte
check_boot_pgdir f——# page_insert

K2 page_remove pted 4898 F % & B
¥R % 3 Challenge : &K A A £ TslubpB ik (F&2%4)

I REAF LIFGE IR, TEEDREYT EES] . FAREREMNGH XA GFE TS
B, $—EREXTRAKIGALGLT, F_EREH—EAMERALTEEZXIGANES
Bto tbde, mRELHSBENGF T A GHR, YHREEE, FIRREHLT —ANZTHMER,
2R EH G, THAFsIUbEERFIR, THAEN, RBERALLEZARTHEPT, 2LAK%
3 4%, slub4a % M 7 & http://www.ibm.com/developerworks/cn/linux/l-cn-slub/ . 5 #k.challenge
49 B 52 T % k4% Zchallenge. 7 A AF4F 89 B &2 7T 3813 R A4 H X R G 8942 5 o
2.2 B 488,

%1: FBR_IHIN kR

|-- 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

AT E R —, FI = ek e LR A TR, 2R FH AT
« boot/bootasm.S: ¥ T xFit H b A b An IR N A A B 945N 2 g
 kern/init/entry.S: ARAEI5 B LR AT Y B SAFATA R ], 7’7& o AT S
« kern/mm/default_pmm.[ch]: #EXKGE FEE T EFOMWEANAFETE (HPRELZAT, B

4096 F 1) ;
2
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kern/mm/pmm.[ch]: pmm.hE L4232 A & & 32 £ AE Fstruct pmm_manager, & T i AAER
T AR IR 694 32 1 & % 32 5k ok Ao ok (default_pmm.[ch] LT — AN TR AR 69 £
WA AR IZRE); pmm.cE e T AL G EEEERNGTF, AR H5EE, B,
7 I7] & AR X 89 B A B $ R o

kern/sync/sync.h: 7 #tk A 4 & FZ A5 BOR K BRI AL P BT TR, REBA SRR, —AR
Pk Aeflagsr & & F 69 o B B ik 4243 &5 SRk P BT ad h fe, B — AN RARIER A0 o B A kA
2 & kAR P TagZhae; (T F2m%)

libs/listh: X 7@ AMGsERZEMUARAR LG TR, BEANFEALARME, IRETLATHE
ARG MBENGEE (UREANEGR) ek, Hibh Xmat i E KN ED
AR B W] AL 4548 A list.h P = L89B £,

libs/atomic.h: & X T 3 —AE Z #4745 69 R TR, #HAFRADXBAE R P BT4TE . (T
NEE:F-D)

tools/kernel.ld: 147 7 ucore®yAZ 45 N 2 Fo X 2D B GG AL 45 X ht

ik 75 ik

YyiE I AT RADRY G Ao T
make
make gemu

T AR5 e T BRRE U AEE)

chenyu$ make qgemu
(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, 00093 ff], type = 1.
memory: 0000000, [0009f400, 00091tft], type = 2.
memory: 00010000, [000f0000, 000ffttt], type = 2.
memory: 07efd000, [00100000, 07ffcftf], type = 1.
memory: 00003000, [07ffd000, O7{fttY], type = 2.
memory: 00040000, [fffc0000, fIffftff], type = 2.
check alloc_page() succeeded!
check pgdir() succeeded!
check boot pgdir() succeeded!
-------------------- BEGIN ----------------m---
PDE(0e0) c0000000-f8000000 38000000 urw
|-- PTE(38000) c0000000-f8000000 38000000 -rw
PDE(001) fac00000-fb000000 00400000 -rw
|-- PTE(000e0) faf00000-fafe0000 0000000 urw
|-- PTE(00001) fafeb000-fafec000 00001000 -rw

END
++ setup timer interrupts
100 ticks
100 ticks

@i ER, KATT LA Blucore £ 2 Hentry (AT HaE) | etext (ARAD AR B A HLAE) |

edata (HIEHE AL A) | Feend (ucorefRab &b Meht) 894E 5, FM it HAZE %P eap e
N A9 B (e820map F a9 2= AA) o & TFkucorem AN A A BLEAZ R IA—/N E A

3
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GRBREE, TRIANEAGES, BAFTUEX, HTEMFEAMNERENELE, RERT
ucorei ZF) R M A N, &S ALK T vk & Bt 47 o i .
3 WEABERE
S1EMEARMENEHR B

L oucore MBHZE, REEFWEFRHRALELER SV AAETH, —kH, RRALFK
DNy 77 ke BIOS P BT A Rl Ae BAEARM A AR, P, BIOS FETAR ik AL FEXT 2R,
AR T kL MR R RNT TR 8L BIOS FHIRIA G4 BH =7 X, #A4LT
INT 15hw 5, 4 %]488h e80lh e820h., 122 HIAEAPTAF N T X =47 XAk T4F, &
Linux kernel 2 R B8 7 X RARAZIKX = M h ik, mAEKRERY, &A1i8iEe820h 7 B 3k 3
N 415 8. B He820hw Wi oL M £ KA X T 12 A, &A1& bootloader # NAR 42 X Z AT A iX
A~ BIOS B, JfH ie e820 M 4441k 4 12 40 32 3. hE0x80004L . B4k 52 21, 3¥ W.boot/bootasm.S.
B RIRN R RN G0 BARME &5 LI

32 UARMA R EHAMAENE

BERFTRAHEAGTLRE, FATE2REIMEOKBEMEREZABE T (FIKBA5F,
HKDAIKBYMEANHEL) ARG ENNEAN G, ABSE ST R 65 T EZIH
FEAME R T VAR —A Page#ELM Ak kT BT —ABHERNE L E M —A Pagess #1892 1,
PageE M) £ T IR T AR /)y, AR Y AT 89 & Al . Page®d X Z£mm/memlayout.h¥ . AR
A AT 0 3 A B E 3269 5% I 72 kern/default_pmm.[ch].

AT EUBH S TAHEE, BN A AT B EANTENGF AN T E R L
HPagek &, €T WAL NG R M TAE, Fak 32 TG M A flagsFo ey k4 & A~
Page 4 ) 9 page_linkaL 6 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 t page link; // free list link

}s

FIAZRGHERTR ARGk TELER, RToRAER, A LT —A
free_area t3 4B 454, @5 T —/AMlist_entryZE #8936 4t R 454 F= it K G AT = R W a9 /AN 49 L
HEEAT SN freec EPaIEANBAROT =RNOHHER .

/* 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;

HTRXANKIELZEHN, ucoresh T AE R R ENUAN A LZGWEAFZTR, BT ERE
i s AN 9] A

o ERRNBWIENGE R PE PageE A N A Z B ARIREF4E, EHRTIE?

« TRAHZEGALERE LD ?

ST X AN AL, KA B eAkdEDbootloader%s & 69 N A A Bz &R R KA A At

4
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maxpa (& X fzpage_initf X P L) , & FTx8OMARIWIL AN A H0, FTAT AT

0 E B A AR
| npage = maxpa / PGSIZE |

AR, BAVRLT AFUAE B TR IR A AR B P E e9PageE M B N A F AT E A A K
I

| sizeof(struct Page) * npage) |
# T bootloader/= #ucore#y 25 R sb it (Al & B54 E Zendit F) WAL= R X A AL A,
BT CASANT T PAdeend#s UK DA AFE¥IG, 1FAEERENIEN G2 PTE d9Pagess #1691
AR, LA
| pages = (struct Page ¥)ROUNDUP((void *)end, PGSIZE); |
AT BALAZ R, A uE0E] X nkpages+ sizeof(struct Page) * npage) 4 R 694432 N 4 = 18] % 2
AL ERWEA G E (A£450~640KB4Y = 8] & 2 K 49) , Hhkpages+ sizeof(struct Page) *
npage) VA L&y 2 18] A 2 N4 N A2 18], EKBFAYE IR Z AL IEAE A
| uintptr_t freemem = PADDR((uintptr _t)pages + sizeof(struct Page) * npage); |
AWEME XAy D RLIFR G R, AL, FTHAHERR, @4 TiE8RPT
K& R ARIT:

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

KRG, RABRMNB G ZIAHIE R, @i de T g8 BT RIAE RAFIT:
JIFRA% 7 ) 72 18] 89 A2 Hs o bk begin =45 R Ak end

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

3 5% SetPageReserved 2. ‘& e 4% 2 ¥ hk 3F 7 69 Page 22 44 ¥ 89 flags4= & 1% & 2 PG_reserved
ATRXENOEMAER T . Mminit_memmap.F 1 2 Je =2 18 40 32 | &2 49 Page 2& 4 F &9 flags A=
5] B+t #refig &, 4w B free_area.free listig ey m 3k b, A R69 = R N E ML MIF 4045
RS AR

XTAAPBRGBEEZARET BNt ARS, BEAFRFTRAEATREELGANER
SECH k. AR 69 5% I A default_pmm.c ¥ 49 default_alloc_pages.® # #=default_free_pages.& %,
MRXFIRF L, LERREARSGHT, BEHRD, HIZRFELHE,

AERB_ANEYRABATOREIENOENRELT —AMMENANEEBER, X
FIREA—/NREAEHTNE, LT

struct pmm_manager {
const char *name; /42 RN G N & BN LF
void (*init)(void); //#4E P N A& 355
void (*init_memmap)(struct Page *base, size t n); /#1458 L= A N G N 0GR ABLEH
struct Page *(*alloc_pages)(size_tn); /2B n N3 R A N
void (*free_pages)(struct Page *base, size tn); /3 n NIE R H R
size_t (*nr_free pages)(void); /& B % AT #] 4 69 = 1] T4
void (*check)(void); // B T #& M) 5 Be/FE 2% 5% I A T E 4 69 44 B o) 2K

}s

% A& 5 Hlinit_memmap/ alloc_pages/ free_pagesiX = A4, ¥ T WIEN G & A4
WIE, HHEMER G ARG Bt T BT
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Sobit B WS 0xFFFFFFFF (4GB)

<« KRR N A ]
it

2 PR A ]

it Ty +— TP frocnen
N AR X

-¢ BSSEt 45 W Ak

ucoreKJBSSEX 1T ucore B

ucoreJDATAER
—— ETucorefCigK/H
ucoreJTEXTER
- 0x00100000 (1MB)
BIOS ROM
<«— 0x000F0000 (960KB)
16bitBE&H FEROM
- 0x000C0000 (768KB)
= 21
CGASE 7 22 F] <— 0x000B8000
% R %2 8]
ScoreHiELF header  — 0x00011000 (+4KB)
Wﬁ‘fﬂ <«— 0x00010000
a0 H
bootloaderf{JTEXT | #Fbootloader K/
BARIDATARX |
HootloadorAl |+ 0x00007C00 GBRTR)

ucore3LH IR ST X AR 1 PR

fRMBERZEE | 00000000

B3 i HMERGNERE

A

3.3 FIALH WHH

do BAABRAPAE X P, x86 IR A M A Ak R =Fr: FHit (LARERAE) | &K%
Rantfe 3@t , FAFRABP R F A4S PR R Gk, AT RIRGF A Fagrei, %
AR hb A B X T LS R R bt KM hbiE i U XE TR et
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Logical Address
(or Far Pointer)

Segment l

Selector Offset Linear Address
| i | Space
: Linear Address
Global Descriptor - ;
Table (GDT) —{ Dir | Table | Offset | igxéi'ac;'
Space
Segment P Tabl
Segment aga. 1auie Page
g Descripor™—m( [ (| 10 || """ 77
""""""" Page Directory »| Phy. Addr.
Lin. Addr. [— -~ ST L
a A Entry 2
Segment ./ \
Base Address N\
\\\
—— Page

}-— Segmentation I Paging I

M4 BERXEHE

BXEEI— R RCEFivid, £ ucore PARXEEALIT —ALREAMAER, CHZ #H#
oAk R Ao b3 B AR AT AR A sb Ak, PTAARATE T @it F T T X A AN AL R m X 5 (B
ATHY OS FRELAT R H5H) o HEXEEAXBYGREFTALR (Intel® 64 and IA-
32Architectures Software Developer s Manual — Volume 3A) 3.2 7,

A5, WX EERFRMERAS R =35 (B4 Linear Address 49 Directory R4,
Table 28 5#= Offset 2f%*) . ucore B9 MW X E B L — N RN EFE N, —RNE AL
Wi B 3 FAE T, XML =TT, LLAIK 12 24MA 0. B AT,

ucore Jboot_cr3 (mm/pmm.c) 2 FXAME,
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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.

K5 2 WAL 32

ATFERGTANF, EZEITITEMAGANEANFOTRFXE, FEZ RN £,
XEEEE 4o TP

® fTUREYEAN A TR E T ARHXR?

EARG U A X R RATA?

B FE A M A EE AR ED?

M AR R EANRE, T2 KZ0H?
TR E N B REMEGAE?

® fTiXEMB FEMGAR?

WTFTHEAZNEELESEETMA 0 B ERFTRAHENERDGHEAFZR, BT
X NG ZTRHERZEIIFURSRR, BT B AT ucore BT RNAZT M, FFAT LA
FA—— B R R BRI AR A IS Rkt ) 0xC0000000, X E HA P A A B A
R B S X R A

| Virtual Address=Physical Address+0xC0000000 |

HTARMCEEAT —AMHEALGEREELE default pmm_manager, AAVFLT LR € RFK
RITEOZRBERN, BB RNEALEHF, WHFERSL 4KB 21, ucore 3L 7T i@ i
default pmm_manager 9 default alloc_pages HFIKF—ANT WML, XA T EGAIE 9 20
HEFA N E T EROGALIEH A, B, ucore WiBiF XA XFKFEANANEITEFH=TH., WA
ZEKIBREENAZERZOHENK n, —ATERA (3242, FF45F5H) TEEZ A HER,
REFZE 0256 NMHE R Z . ZH R B RAA L & 88 KA 4096+1024%*n F 7

A 48 O0~KERNSIZE (" 7% ucore % & F W4 # A A T f& A& 1§ KERNSIZE 14, ¥
0x38000000 F 1, 896MB, 3670016 N4 ) G943t —— 42| W B & A A & A
AR, ERKBFAZRT:

1. i@ id default pmm manager KA —ANZTIHHHET, AT E Kk,

2. AR boot map segment FHFE T ——BAH K F, BARALIAZUT A E{ZHITIHE,

P
Virtual Address=Physical Address+0xC0000000
> E—ANFERAE la (AT, FAK 122K E8) S RGHEHLE pa (3 AT,

8
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BAK 12 AZAR), wRANBZTEAR (la 9% 10 24K 5ME) FayH A4z
(PTE P) A 0, R # V3t pegmAik =N, NTidid default pmm manager 3k
B—ANERHETNLT AR, TNERIEHIL I Z I 4096 TP, ETHMAE
R BFERGGAER
T RETAL = FEALWYHEHML PTE U| PTE_W | PTE_P
H—FHTFREPHRERER Uaddd 104K %511E) HARAEH
TAETHE= pa| PTE P| PTE W
HP e
® PTE U: 423, &R P S04 ORI a9 A A AR
® PTE W: {22, A THEANANALTE
® PTE P: {21, A T#HENHERH4E

Bai—— AN _RANAENE, BTAAEERSAMNF T, T R2REL
enable paging SR F A4y, EANHH E BT B F:

1. @ ler3 4T B FEGARIEAFZNCRIF AR T,
2. it ler0 454-4€ cr0 P 89 CRO PG 474214 B k.

AT X enable paging HFJE, THHMRAENT 5 UK 28X —F L RY, LILHF
ucore /£ A 458 kern entry FHEX E T I BT A9 AT B BRAT AR D 73X AN 0E B A9 AT BB AT AL
ARARE G FRS, FREMEA I TAE., AT EZIOABH AR ZES
P 7 H BOTF RS, BRE M hb=S M A GBI R sk ARG, PTARME it — SRR
BRA X 7, BPEATIXE 769 GDT, 35 Bakst,

REEREE: AN, UEXBNEHLEHN GDT WidAER —Adgd4E, AR
WAEP, ©L2FIZT WAMF, ProABd SR 6 BLH fe TUALH] 5 A 3 hk B4t X R A

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

PN HFFRO B, e R Afe BB gt X A X4 Virtual Address = Linear Address, )il id & W
KF KGRk EAOMITHAE, H AN E B —F A odt init B, RAEH
8 gdt 2 BHBRFAFEAE (gdt 2 XA2TF pmm.c ), KREARTIHE BT X R, BP{EAF Virtual
Address = Linear Addresso XA AT gdt init &, 8L 69 B ALHE] Fo T ALH] 5 I 69 He b B 4T X% &
R

| Virtual Address=Linear Address = Physical Address +0xC0000000 |
XEBEG—ANFIAAZ, £ enable page &AL AL WALF G B AT L5 gdt init KT
M AT XAt g AR, AEAE R 69E R B ey B A g, &%, enable paging Z
J&, MNAZAE R 69 A T A GKHIE entry, defTIRIERL I ABARA RS EF THR? L5 A FiLIK
Wit B F &R R%E Tk KERNBASE 46953t B R A AR ERP T, B AR KD RAR
it 4M (R L2 3M, A WA 0x100000 FF45%mak), XA R F &L W& £ 0~4MB 89 & t&
Ho ik 5 KERNBASE ~ KERNBASE+4MB #9 % 1 36 bt 3% 13 48 B 69 B 4 BR 7T, &R B4 2] 0~4MB 4944
Hypht A, BAREIAE pmm.c F pmm_init FE 4935 4
| boot pgdir[0] = boot pgdirf[PDX(KERNBASE)]; |
F IR X AP B AR A T A K e S ABE KA MAE 3MB T AR FEATT S N
Z )G N crash, BB @RI F, CWHABATIMHFEN, METERARYE, RENEZ S8
%y #o bk I B K M At
YPAT T H gdt init HHKE, OB MNABRFCE2EIFT, L@ 0~4MB e &M b
0~4MB #4323t ——BRH X RC LA RN T o PIAT A8 id e T8 & MR I N EHBRA X R
| boot pgdir[0] = 0; |

3.4 8BRS HLA]
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L — T #FE T i boot map segment HFE LT AT ——BHX RN B ZTEAF T AR,
EEABEH KRN

virtual addr (KERNBASE~KERNBASE+KMEMSIZE) = physical addr (0~KMEMSIZE)

AR B — AR e — AN bk, LT VA E A8 PDE A= PTE, #t 7T %5 X B 74 9 e 4
* %,

I R ARMX T E 2 E IR L TEATE FEAFRNEANOAE, NEERT B X
FOMNBFEANE, HRFENEDRERAALZRI N A G HELE, BB EG R, KRB
TR A ERA, HEEATEGEANAT B FR. XHTAZLE L,

FAVEBER NN T T EREILIANAE K. ucore BT —ANERI4r a9 3t g vk 4%, 12
NBFEARNEKE—ANELN AMB ERMAEF AP, FLERN A FTE A F 0 EAE<->HIT R
XA, IFACIHT B FTEALLERIGFALT, @B3ELE/EAMF N 4MB E L
Z), HARE BT EEANT B FREAF N ETAA K,

AR fmE, ucore £XAZITHY, AARIZXET —AF = (memlayout.h):

VPT=0xFAC00000, XA htay — st % 7R :
1111 1010 1100 0000 0000 0000 0000 0000

& 10424 1111 1010 11, B 10 #4149 1003, F 8] 10424 0, 1& 124244 0, £ pmm.c FH
A4 BT &

pte t * const vpt = (pte_t *)VPT;

pde t * const vpd = (pde_t *)PGADDR(PDX(VPT), PDX(VPT), 0);

H /& pmm_init H R IHAT T 42 T 354 :

boot pgdir[PDX(VPT)] = PADDR(boot pgdir) | PTE P|PTE W;

XETEENAMBEHRELR? L5 vpd TE=NAEAALAN B KL GALS E R
0XFAFEB000, E€#)% 10{zf= 10422484569, #2 10 34189 1003. HATT LKiEa, #H
T vpd TEMEM AN B TRAOARIEEHI, H vpt AN A FEFE—NHREAEHORN
FOgALIE B b, WA REE WA EIE A9 T B R A A9 E A A OXFAFEB000, KA 4KB. T
& 09 1236 i 5 % ML A 0XFAC00000~0xFB000000, K/)v4 4MB. B 7 iX AN i% 42 4 bt % 8] 64
KK AMB, A IMA-PTE, B mt4t 4GB 69X bt = 9],

12 ucore FIr ERA M TX A %M, 4 memlayouth P 2L T H =

#define KMEMSIZE 0x38000000

% 7~ ucore P ¥ 4% 896MB #9443 ) 4 18], EA 896MB R A —Aikw, T UARBHENKE.
W] 3% K69 A% B oty =

#define KERNTOP (KERNBASE + KMEMSIZE)=0xF8000000

P VAR K MM #u ik KERNTOP #9 B 357 & #eht 5

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

T K A AZE #ht KERNTOP 49 71 & 30 % #u bk 5 -

vpt-+0xF8000000/0x 1000=0xFAC00000-+0xF8000=0x FACF8000

& pmm.c P 84 print_pgdir L2 & T ucore I WA A M 7 XD T A EANR B FE AR
RN B RFFAT, 28, FERRSHAEIAT ARG R E T B F &R IAF AH L.

print pgdir & 1% 3 ucore £ &= qemu 49 info pg 48R 892 AL, BP print pgdir A& B KA HF,
¥ L AT WA AA #SE (PTE P) Fr k. BN 694 Xdo T AT
PDE(0e0) c0000000-f8000000 38000000 urw
|-- PTE(38000) c0000000-f8000000 38000000 -rw
PDE(001) fac00000-fb000000 00400000 -rw
|-- PTE(000e0) faf00000-fafe0000 0000000 urw

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

Ed ey BT ST Ly, ARt
1
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FEMHREMTE PIFELLAFAEEG) PDE #2 PTE S B 404242k, thde B & .
| PDE(0e0) c0000000-f8000000 38000000 urw |

- PDE(0e0): 0e0% 7= PDE %k ¥ A84R &) 224 7 B F 48 B 69 AR 5
= ¢c0000000-f8000000: #% 7= PDE % ¥ ,iX A8 4R 69 # 30 P B 44 69 X PR3 AL 69 SE )
- 38000000: R4 #-R3LE, Brf800000058%c000000049 45 3 ;
e urw: PDE & P AT&4 d a9 R4z, ukH P T3, BIPTE_U, rk-~PTE_P, wi = A
P[5, BPPTE W,
| PDE(001) fac00000-fb000000 00400000 -rw |
AT %5 4:09PDE AR E L ARE 6B, e, AXFERA TR MHIKE 2 HMPTE £,
il e T

|-- PTE(0O00eO) faf0OO0000-fafeO000 0O00eO000 urw
|-- PTE(O0001) fafebO00-fafecOO0 00001000 -rw

R
1. PTE ¥#rdi 69 IR 2 PTE 2 P a9 444 h ey, %A 4 PDE 2 P I 552 F,
2. EAprint_pgdind 23z E . F—RMBEIRIL, FRiEL,
3. print_pgdir+ A £ 7 vptfevpd BN L & T A% FVPTAPGADDRA A Z .

BRI A LT HER PSR TR N A, BANERNZLES G, A PAZFRELE QT
WA GRS 454y, VPT IR B QA at = 108G, &AVT AR B 469 7 XEAL—/AN R P ik s 1)
ey st (tbde pedirfUVPT] = PADDR(pgdir) | PTE P | PTE U, &, XZ L EFMIL, HH
pedir & & AN# 42489 page table, T~ & boot pgdir), E#, AP AEFHTARNFAZ—F4)
print_pgdir KB H B T MNELEMT o

f£ page init HPE T X FAMEANAF—— BN B FZLARIAORNBZTEFTELEE, —2
1£ B8 2 TWALE], W ucore A | &9 I A2 & WAL AL = 18] he F & B 7~

Virtual memory map: Permissions
kernel/user
L e R e e =
Empty Memory (*)
e e e T 0xFBOOOO0O
Cur. Page Table (Kern, RW) RW/-- PTSIZE
WPT ~---mmmmmmmm oo - B e BxFACBOB800
Invalid Memory (*) --/--
KERNTOP ------------- e R 0xF8000000
Remapped Physical Memory RW/-- KMEMSIZE
KERNBASE ------------ S R T R BxCE000000

ucore YN A EEEFERETRMA: SR — A mmtat, RBEX/NEMAEAE R £
Wt M, i8I AR AT A AR R Ak Bk AT 3] 5 b A9 M B X ASH R
get_pte, ZAmm/pmm.c¥ . FHRBERDFHIRTER. CHRAN

‘ pte_t *get pte (pde_t *pgdir, uintptr_t la, bool create) ‘

X E B R B =LA pte t, -pde tA=uintptr to 8T & Lmm/mmlayout.hF=libs/types.h, T %=
CAIEE A A unsigned intE A, ARBES, AT HHFEL,

1
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pde_t&#& % page directory entry, dLit 2 —& M A EM (Z&: podirkir A%k A,
MA—ATEES o FIRERGEHNEL—ALEpgd REAF—ATAFS) . pte th HH
page table entry, &7 = W& 49 & M. uintptr th-FH KM, b FRXEEA BAEBR
F, PTVAC A2 F ek,

podirss i WA R4, BEERZIANATER, KAVE BS I Z R T P A 4G4k
B K B AT AR A boot_pgdir— /AT &, 1225 ABAZMBMAZ B EAMBAERLTACHT £,

B TR AR AR A A 0 R TWAERN, AR A ERLE—F BN E, WAEH
FEY IR RO B AN A, wREERATAAN, KA BH_BRNARALE,
W% ZARFEcreate 2 KA R L LR G A EH 9 B Wk . 4o Fcreate 54 A0, Nget pteid =
NULL; 4= %create 5%~ %0, Mget pted & ¥ iF— /N 494h W (i@ italloc_pagek £, T
Amm/pmmhd XECHEL) , BE—ZRNKPTRWAE RRAHE @R T RN KL
Mo 2%, HPHFGTLALFREEAE, BHEIATHRE G E DI LA KBS

LSRR RAS BT AMRMN, F2EFRELHA G, LZRRRERANKE
LEPTE_U. PTE_W#=PTE_P (& X T Zmm/mmu.h) . mRRERMA LN L, RAHELT
WAk, MR EFBEI T HLERP T,

B RS LT WERA TUEFT G IRE ., AR ERNGIEY, BT R
R @IEAERN AN LR L LA a94p Bk oh, LR B EAYOER L, A % x86
TR A6y IF @Iz 8, H AR (Intel® 64 and IA-32 Architectures Software Developer ’s
Manual — Volume 3A) 4.11 7,

PAHYE B _BRAAGAAZET AP EREE, AP Tt epmZnititinsg,
FRASBAN T AE— RN EALL R P BRI, BEZRN K L@ARIEEF ZRF A PRI, 23
T T HATARAT o 8T — NI T T Ak e B R ) 49 B HUR A b & (S do— 3 ) 4 TR
#HAZ M EF) | BEIANANEEAE—Na LR A, RIFEAATRRALZRLIANTEL,
R EREACEA XA RSE BRI L, XA EERZWE T Gref T 2 LA,
A page_insertefy £, TAK B R RAR IAT P IANT 6,

page_insertf FCR A MBRAT A T WA Lo B RE B H 7 F X B MM A i, T IAEE B
WEREL, R Lfr T, BOUH B4 dpage removesk ik, iX H 55 & page insertdd. i &1,
X2 F 2 kdepage_remove ptedk Ak 4 o iF1F 4@ ] iEpage insertdh 3 T MEBR A AE, AR BHK
Laag R T RG]
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&%

4, KRB/ EELK

MR sE LT #&lab2.zip/e, MEMFE] AL AEFKAL H F lab2, TRFEBRFHEN%ET, T
MR GmE F TR G, £ E B ETF®RAT make handin /£ 4%, BF& A 3h 4 & lab2-
handin.tar.gz. & /& F — & AT XL R LB N5 ¥ L,

EEAR “LAB2” 09 ER, KB Y A S &2 893 T (challengelk 4) #H “LAB2” #=
“YOUR CODE” %9 x %, HARZITHFAEE/RSZES, FI¥ “YOUR CODE” %357 B T8
5 AN PTAARA R R B IR _E IE H 0 R,
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&%

RN AL FR G b G 3L A F5 A A KD

BEZRE 2wl TRENTENZ G P ML RN TR ey, TR, RERTH, AL
k8T BIOS v W7 A & #5 8) 2 i id o ;EtﬂP BIOS B i/ o4 AL KA X TF # 47, P LA bootloader # APk
P AR R AT T AKX 304 TAE A8 ST EL 8 &3, X #3058 boot/bootasm.S F Ak probe memory 4t 2| finish probe 4t
é’mﬂa*ﬁ’\”ﬁx;uﬁx i@ i3 BIOS ¥ B 3R B ) 4 =T 98 A A4 e820h &9 INT 15h BIOS “}’If)'ro BIOS i it £ % A

B AT AR5 5 (Address Range Descriptor) #& Xk & 7~ 2 AAW A G574 By, HEAKETHT
Offset Size Description

00h 8% base address HE QA AR

08h 8% length in bytes #E RN H KD

10h 4 F% type of address range  #/ & £ A

& T & #9(Values for System Memory Map address type)14

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 49 3% 2 8 A 54k

eax: ¢820h: INT 15 49 7 738 Al A% ;

edx: 534D4150h (P 4 A~ ASCIL F#“SMAP”) , X RA—NEL R L,

ebx: WwRAF—KRARNIAFRBEAHTE, WH 0. &uﬁ“’:%f’a, W) Bk Lok R Z )6 69t Sk,
ecx: PRAHLHETE B #ik S kéﬁl’ﬂf?k JIZERTHT 208

es:di: 185Gk A LT B LG LML T K, BIOS £ .J% NIXANLEH) 6 AL 5 Mo 3k

Hb P BT G IR B E R

cflags # CF 4z : % INT 15 ¥ B AT 3, W AREAL, FN) EAfx;

cax: 534D4150h (SMAP') ;

esidi: ARG HATE R FEEFOOE P K it 7 K a4 4E & BIOS 5 T 5
ebx: T —ANdhbiE B 4K 589 1T S at

ecx : 1A% BIOS 42 ES:DI 4 5 #9301t 56 B #4348 55 69 F 7 K )

ah: KK BT A 55 KA

XA, &AVELIA A INT 15h BIOS P Br, #3% di 6918 (20 8942 4), ik BIOS HF & MEB K B —A—/ 8
N &7 B entry, FARNE|—ANMEAHAETE B R E M %00 Kb, #6449 ucore H— F BT WA B E L, XA Y

K #: 4 2 L memlayout.h ¥ :
struct e820map {

int nr_map;

struct {
long long addr;
long long size;
long type;

} map[E820MAX];

1
R BT

32 N B4R 2 JE bootasm.S F L ILEY, 4B EKAMREE, de T AT
probe_memory:
/13 0x8000 4t 9 32 4% 3 70 7F & Bp 442 F 0x8000 4t &9
//struct e820map #9 & #)3%k nr_map FHE
movl $0, 0x8000
xorl %ebx, %ebx
/| 3% B R INT 15h BIOS F 7 )5, BIOS & =] &9 Bt 43 3k 3 38 5F 69 A2 45 bbb

14




FHERATENAR #IERGRIESLE 2012

&%

movw $0x8004, %di
start_probe:
movl $0xE820, %eax // INT 15 &9+ b7 ] ] £ 4«
/AR BB TR BAEF O R A 20F T, L KRADF T struct e820map 49 254435 map 69 K>
movl $20, %ecx
/1% & edx # 534D4150h (BF 4 A~ ASCII F#5“SMAP”), & & —/A4%
movl $SMAP, %edx
/[ A int 0x15 ¥ ¥F, &K BIOS & & —AN Fl ik 56 B #5857 09 M A 845 8
int $0x15
/14 % eflags 49 CF 424 0, WA TEH N EEE BN
jnc cont
HARM A )RR, 45 RARM
movw $12345, 0x8000
jmp finish_probe
cont:
/1% B TF —/~ BIOS 4 1 64 B 43 b b 35 38 4 69 A2 46 3.k
addw $20, %di
//i# 38 struct e820map 49 25 #13% nr_map
incl 0x8000
/14 INTOX15 BB 69 ebx AR, RTIRMLER, T 045480
cmpl $0, %ebx
jnz start _probe
finish_probe:

LR EFPTZEE, £ 0x8000 AR AT A BIOS FIRFGNEL AL, HAZ L struct
e820map #9IX H R AT A . X 413 &4 bootloader /& 5 ucore /&, B ucore #9 page init & K ARIE struct
€820map #9 memmap (£ X T AZ453b0E A 0x8000) K T AT EAME b 494032 N 7449 B4R E L,
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