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R WEANGERE
1 RB8EH
o A TE T XA G A RAUH]
o MMM EAGEIFAE R Tk
o MMM ANGEILT &

2 RBAX

R —AEREHERT —ANTURHNEG%, TR _F 2S5 RBRERAOHENETE,
BRUEZGATRANE, TEHHRELNER R ERBRFRXELTMALATHTFEA
— AR TN EE R Y.

ARFEBROEZANIND. ALRT BT RAAZATOMENE; RET Bl EixthE
WA EIL, BFTMESWIEANAEEIL; K6 THIUAMXGRIE, BPefTEs A KR
LB BB A A2 RS, SHETKXALEENHAE AR A @ TR, ARRE
BRI N AEETERIEF ARG, HXA DRI EIRME A, thde 434 cache 89 E4k
%, SRR olinu$) PHRAFERMS A40. wREXREALA, LREAY
R3],

2.1 %3

%30: BELHER

AFIBARAEIR. FRARMAYF 169 RADAN A LI R F A LABL 89 Z B A0 & 3 5.
R TR Fmerge T B, H4ekdiff3, eclipse® #9diff/merge T £, understand ¥ #9diff/merge T
£%,

%3 1. RAfirstfitdEwBZ A AHTAEE. (F2HR4E)

K A irst fit N A DB F A EUE Z, £ BRI E L0 H R A 69 &R, RT
T A& & % 7 default_pmm.c ¥ &9 default_init , default_init_ memmap , default_alloc_pages ,
default_free_pages< 48 % & %4

%3 2: FAFREMABIASTEHREZA. (FEH%)

BERERNAFoTHNER, TEZRMA AL D E AN FHIGT X R, L P8
get pteskh AR E RN K FALN PO —ANERT K, HEIRE| — AR I3 ¥ 69 Z 28 T & T4
NEZEREE, R B RNERARFLE, WHyR—PNa A RN k. A%JEE4L
get_pte 4k in kern/mm/pmm.c, EIHE Ak, get_pteR a9 R X F B T AT

boot_map_segment

get_page
pagE_remove

page_inzert

kern_init == pmm_init || check_pgdir

check_boot_pgdir |
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K1 get_ptek % a9if f X 7 B
43 3: BACE BT H WA BUK A B =B RERAG A (FE5H4E2)
IRA—ANQEXEHAGHEANE N, FEILT R HEAE NG E E LN
PagetiAn X &9 /AR &L 32, £ AR AN A TR A 2N FohLE ek T ik 5 4% 39 s bt 3
NXFZFWH_BRERFR. Ak, FE42 £ kern/mm/pmm.c ¥ &9 page_remove_pte & 44 o
page_remove_ptefy & 6978 A X & Bde T AT

check_pgdir =& page_remove
prmm_init \\‘ page_remove_pte
check_boot_pgdir ——# page_inzert

B2 page_remove_pted k6918 Al X 7 A&

¥R %] Challenge : £& KXW AEFEAIUbSEH® (FEHE)

I R AT LIFGIERETS, THEETRLT EE]. FARERMOGHZHA AL LB, F
—ERETRRIDGALGSE, $_EREF—EABMEZARXTEERNGAFLE, i,
I RELESTENOF NN AR, ST EE, FRABEET —ANTHBERN, ERKiT 24
Bk, THESWbHERFA, THAERL, RRBKALTRSHEET, £LAF LT L. slubtl
%* M W f&http://www.ibm.com/developerworks/cn/linux/I-cn-slub/ . 7% A% challenge &9 & 5 7T % fk $2
challenge. A AF4F 69 B 5 °T R AF R &4 F KRG 69 A 5o

2.2 37 B 4%,
k1: BRIk

|-- 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 R —, FI = T B fe G A e LR L E TR, ERAF AT
2
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« boot/bootasm.S: ¥EAe T 2t 3t H L R %‘#’%ﬁlﬂ‘]ﬁ*ﬁ%éﬁ%ﬂwﬁ‘%

« kern/init/entry.S: ARAEI5 B R AT Y B AT AR ], 75:\ o AT RS

« kern/mm/default_pmm.[ch]: X KGE FEE T EHHWEANGFEE (HSREZAT, B
4096F 1)

« kern/mm/pmm.[ch]: pmm.hZ L 432 A & & 32 K AE Zstruct pmm_manager, # T kil FIAE 4
T A5 LR R 8 40 72 1 45 52 S ok o ok (default_pmm.[ch] S23L T — AN T SLAR 22 44 ) 3
MWLM GEZRE); pmmct ST A ERZRAERGTF, ARERZSZ. #£K&.
T [7] TR AR K 89 B A 25K o

« kern/sync/sync.h: A # Atk R A IS AR K BB B AL P B AT, REAANDRE, —AR
PR Aeflagdr A 5 F 69 P 7 B k4245 B 0F Rk P T a9 bk, 5 — AN RARIE R A4 P BT B Bk 4
12 & RAERE P T e92hRE; (T RaA)

o libs/listh: T X TB AR @EEEMARA RGO TR, BAFEABME, I-2AZIE T4
R EOMERNGEE (AR LA BAR) k. Hh XA E KA
Ab#%ik"]—ﬁ«f%ﬁ)ﬂlisth‘F’i)‘Lé@i}’K’(o

« libs/atomic.h: &L T —ANEF# B Ry BT RAE, FRAR KR AP BT AT, (5T
NEE:F-D)

« tools/kernel.ld: 147 T ucoredyA2 45 N\ 0 Fo /X AL f& &g A2 45 Hu bt

P

Yy I BAT KA B 4dm T
make
make gemu
W T A5 ) 4o T 2R 58Em (EAF)

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: 0009400, [00000000, 00093 ff], type = 1.
memory: 0000000, [0009f400, 00091fft], type = 2.
memory: 00010000, [000f0000, 000fttft], type = 2.
memory: 07efd000, [00100000, 07ffcftf], type = 1.
memory: 00003000, [07ffd000, O7{tfttr], type = 2.
memory: 00040000, [fffc0000, fHfftft], type = 2.
check alloc page() succeeded!
check pgdir() succeeded!
check boot pgdir() succeeded!
-------------------- BEGIN -------------mmme-
PDE(0e0) c0000000-f8000000 38000000 urw
|-- PTE(38000) c0000000-f3000000 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
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@it B, RAT AA Blucorefs B Hentry (Ao xiat) | etext (ARADBLA A HAE) |
edata (B AL HAE) | Feend (ucoredfababxbht) #91EG, M b H A A %P agdp 2
N Aa9 A & (e820map FHI 2 TAR) o # T kucoreR AT A R A B 42 K L—/NF £ 69 4
BHBERE, TR_ANEANREL, #AFARX, MAEHKMNEXENEE, REET
ucoreiZ ZAFEY R WA MK, HAES WAL X T vl & B4 & B .

3 WEANGETHE

3.1 HEMEAGWENEHRE

Loucore MENZE, REEZWEFRARLELFE SV ALETH, —AkH, RRALGK
g7k BIOS BTIE R Fe ALAEIRM A AT, b, BIOS BTIE Al ik A FAE KT TR,
# BB 77 ik L AP X T T k. 81T BIOS P RIRIVA G BA =477 X, #RALT
INT 15h+ B, % % %88h e801lh e820h. 122 FFAEAFTA LT X =40 7 XA fk THE. &
Linux kernel 2 R B85 X RRAZIKX = M hk, mMAEKRERF, &A1:i8i2e820hF B 3k I
N A1z 8. [E ReB20hw bf o M AE R A X T4 B, &A1& bootloader # NAR 4P 4% X Z A7 4 FiX
A~ BIOS B, HFH ie e820 Mt At 441k 4 12 45 32 2 hE 080004k » B4R 52 213# W.boot/bootasm.S.
AR Z RApE N F 6 BARMZ &5 LI R

32 ARMA R EHAMAENE

ERFTRAMENGLRE, FATEEIMIORBEMRETEUASLIER (#4KBTF,
HXDHIKBYHHEAFEL) ARDPAZGEANMILAN G, UABRESBET RO H T EZA .
BT T AR —A Page LMk & T BT —NMHWHERNE L & F—/Pages# 49 = 1,
Page#s #) £ 3% it B AT A6 /)y, VA Y 3 A B89 & Bl . Pagedd i€ SLZEmm/memlayouth® . AR
A Az 6 A 3L A B 4B 3L 69 52 FL 2 kern/default_pmm.[ch],

AT HUBWS UMHEE, KA ERE EE 3t AT HIHE— AN A5 MR 24
HPagek &7, €A T WAL NG R M TAE, Fak 32 TG M A flagsFo ey ek 4 & A~
Page#: #) g page_linkat ) 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

AR RGHERNTRA—AReit i EEALR, BRToBRAFER, ALZLT A2
free_area t# 4B 24, @4 T —Alist entryZ M ey st £ F54T AL RS AT A TR L
FF5EATEr freeo HPHEEAIKHTBOTERNGHER,

/* 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;
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BT XAANFARLEHM, ucoresL T A E R KRENURNA L GHEAL T, £ TERE
2R S P AN 9 A

o ERRNBWIEN G R IE PageE Y N A S A AL 45, EHRTIE?

« FRABZE AL EIRED?

st F XA AL, HAVE AR IEbootloader4 i 69 N A A B4E & R K94 I A A xht
maxpa (& X f£page_inith K P a9 B EE) , § TX86AIEHIZ N A u A0, BTAT AF

ol BE AN RNANRA
| npage = maxpa / PGSIZE |

EAE, BAVET AT F R RN LN A2 W P E ePage M ag N A = R T E 6 N & K
N

| sizeof(struct Page) * npage) |
# T bootloader/= #ucore#y 45 R xuht (A & BA54 L Eendit k) A Lay = 8% A 4 4L A,
FRVASBATYT vAfeend# W R D AAR L%, FATERBMELN AP E G Pages® #69
A, A
| pages = (struct Page *)ROUNDUP((void *)end, PGSIZE); |
AT AR, MM hE02] 3 htpages+ sizeof(struct Page) * npage) % R 694832 A 4 = 1a] 1% <
AL E R EAN A Z ] (AR450~640KBY = 18] £ = IR 49) , 3 hbpages+ sizeof(struct Page) *
npage) A L& = 8] B = WA A AR ), X B AY R R F A AL 4G ekt Ay
| uintptr_t freemem = PADDR((uintptr_t)pages + sizeof(struct Page) * npage); |
AREMNE ZRZAIyZALIRRE R, B, ATHAHERN, Bl TiEaIRT
I E R ARIT:

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

Rig, RIFERNE 692 W32 2], 84T 356 BT E I E RARIT:
113843 52 IR 7 18] 69 AZ 45 #e 2t begin A= 25 R 3 hE end

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

2 92 SetPageReserved 2 & Je. 4% 32 o bk 3+ 7 4% Page £ 44 ¥ 49 flags 4= & 1% & 4 PG_reserved
ATXERNECEBAER T . Mminit_memmap.® 3% ] & 42 = K 4 32 T 3t 2 49 Page s #4 F 69 flagsF=
51 B it #refiF &, 40 % free_areafree listism ey a & b, A¥Ray = A R E L HATF 45
S TAE,

XTAAPRGBREZARE T AN IIRARS, BEAREFRRZATRELGANER
SECH k. A8 69 % AL 4Edefault_pmm.c ¥ 49 default_alloc_pages. 4k #=default_free_pages& 4k,
ARXFEIREE, XEHRREARGHT, BLEARD, HIZRIFELME,

HAEFR_ANGLBFBATOREIZHOERNRARZLT —NHWEAANEEZER, X
KR AN BT R, Z X

struct pmm_manager {
const char *name; /RGN EH B LF
void (*init)(void); /A04s e I 745 12 %
void (*init_memmap)(struct Page *base, size t n); /#1451 E F = R A & NG HIELEH
struct Page *(*alloc_pages)(size_tn); /2B n N3 N A
void (*free_pages)(struct Page *base, size_tn); /3 n NIL A H N
size_t (*nr_free pages)(void); /3% &1 % Ay #] 42 69 =2 IR T4

5
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}s

void (*check)(void); // F T # M 5 Be/ B 57 I A T B 7 69 50 B oy 25

3.3

& &2 % Jlinit_memmap/ alloc_pages/ free_pagesiX =Nk, % T RAWE N G N E L4045
WIE, THINREGA G i T B AT

«— OxFFFFFFFF (4GB)

32bi t 5t £ Bl 2% A
<« ERRYE N A EE (A
‘ ‘ LR M
RN A
CeireoE (Gtret Py € AR R I Hs -~ froomen
N AR X
<« BSSEZEH AL
ucore B@BSS& %Tucoreﬁ%j{lj\
ucoreJDATAER
—— ETucorefCigK/H
ucoreJTEXTER
- 0x00100000 (1MB)
BIOS ROM
< 0x000F0000 (960KB)
16bitBE&H FEROM
- 0x000C0000 (768KB)
= 21
CCARFFZM | (00088000
sl kst 1]
JGorolELE header ™+ 0¥00011000 (+4KB)
— ﬁ‘fm <— 0x00010000
H
bootlloaderagTEXT <— ETbootloader K/
BIAIDATAR:
EootToadorAl 4 0X00007C00 ¢:3D)
ucoreSSHIMIMERR o s rrspiamn i
Rt =N | 00000000

B3 it HMAR RN AR

KIS RALH

o B AEARIPAE X b, x86 /A MG N Aihb o m =AY : B4 (LA Exka) | &4
Hoht Aedp SR bt . SFAF ML L PP RAZ 454 4% A 69k, AR EIRIFF N G 89 AE, F
3 hb 8T B X IR AR Kbk, A dhbid i WX E AR I s AL,
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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, ARG WA EILVE B A9 T B R A A9 E A A OXFAFEB000, K4 4KB. 7
& 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 000e0000 urw

|-- PTE(00001) fafeb000-fafec0O00 00001000 -rw
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Eab o FarEETEW, AT F
FTEWARAMRT AT AL L 4R R4S PDE A= PTE M B A8 42 %k, tbdm B & W
| PDE(0e0) c0000000-f8000000 38000000 urw |

- PDE(0e0): 0e0% 7= PDE & ¥ 484R 49 224 1 £ 7 48 F &9 ALk ;
= c0000000-f8000000: * 77 PDE % * ,iX 48 4% 4% /8 371 BT e At ) 2% P b ik 09 56 1) ;
- 38000000: R4 %7 E, Brf80000007% 4000000049 2% % ;
e urw: PDE & W Ar4 i 694 R4z, uk TR P T4, BPPTE_U, rk=PTE_P, wk T A
PTE, BPPTE W,
| PDE(001) fac00000-fb000000 00400000 -rw |
kTR K54 09PDE A A AL AR 69 B M. AR, EXFE A PRH XD 2 APTE £,

Hrihde T
|-- PTE(O00e0O) fafOO000-fafeO0O00 000e0000 urw
|-- PTE(00001) fafeb0OOO-fafecOO0 00001000 -rw
pERp=

1. PTE ##rdi 692 PTE 2 P e9438 %4 th 6y, %A 4 PDE & P Ik 5z H,
2. A print_pgdird %A L F—RAEIMIE, F_REL,
3. print_pgdir+ B 2| 7 vptfevpd BN T . T A% FVPTA2PGADDRA A .

B BHIH LT HER PSR TR WA, BANERRANZAES G, A PFAZFRERE QT
WA GG A5 M. VPT EIn EE NI A6, KAVT AR R A6 77 XK A—A A P ik = e
#g g4t (tbdm pedirfUVPT] = PADDR(pgdir) | PTE P | PTE U, /&, X Z A4 EMIR, HH
pedir & & A #4249 page table, 7~ boot pgdir), X4, A FAAFHT AR A A —FHF
print_pgdir B3N AT M EALEM T .

# page_init HE R T X EAYEAF——BHFT A FRXABRFON B FEAFTNLE, —2
£ 88 0 WALH], W ucore A | 49 P A% & DAL AL == 18] 4o T B B 7~

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 ----mmeeeeeees > o m e | OxFACEOR00
Invalid Memory (*) --f--
KERNTOP ------------- e T e 0xF8000000
Remapped Physical Memory RW/-- KMEMSIZE
KERNBASE ------------ e Rt Al 0xCO006000

B 6 1# 885 WALHE]JE 69 & WA bk =2 18] B

ucore WA G EHRLZ T ERZETRANEL: A —NEMA, RBI/NNEMMIE BT R
Pt AR, B PR ITRAGAT A TR R B 4 B B AT B, XA R

1
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get_pte, ZEmm/pmm.c¥ . HARFENRD TR TR CHRAR

| pte t *get pte (pde_t *pgdir, uintptr_t la, bool create) |

X PR B = A K Apte t. _pde th=uintptr to i@ i S Lmm/mmlayout.hF=libs/types.h, =T %=
e A1 EE AR unsigned intE A, ARBES, AT HHHEL,

pde_t4&#r A page directory entry, #it2Z—Z MW EAaEAN (E&: podirE R A% M,
mA—RNEAY . FIRERZZHEZXL—NEApgd_tRAT—ANEALAH) . pte t& #AA
page table entry, &7 =& W& &9& M. uintptr tA A &Mat, HTFTHRXEER MAEB:
F, BTl LR F A,

podirés b WA A s3bat, BAERXNM AR, KMNEELE BT EA P A ZAAG AL,
2K B AT &AM R A boot_pgdir— M &, BRI ANBEGMEZLEENERALA ATHRN £,

BT RAR ARG AA ST O AT EGHN, AR RERLE—FIEH S, R2FI
FENNIFERRAY BN L, e RAEETR AT ENN, RAMN B RN ERAAE,
N & A Ecreate S A MER L A F A E 89 — R Nk, 4= Rcreate 52K 40, W get_pteid =
NULL; 4= ¥create54¢ 7~ 40, Wget pteds ¥ iF —A#e9432 W (iBitalloc_pagesk 3, T
Amm/pmmh¥ RECHEZL) , BE—RAEAFTHRRE REAB @A T RN KO HIE
Wo %, MFFHRNLMEIRZ AR, BAHZATARE G R AR Z A S

LREIA—BERNAB B RRGBEHNT, TEEERELIMz. LERIZRERMNKE
LEPTE U. PTE_ WAPTE_ P (& L TZ&mm/mmu.h) . R REAA BN L, REHEZT
WA, WA EFRE IS IRAI AR T,

M A S ETHERN A TAEFTNEE, ETRBEFHERNGIELY, BT £
S ERAPHELARN LGS RA LI LA 9t i, L RXE LAz, A % x86
¥R AR 69 F w1z 8, FH AR (Intel® 64 and IA-32 Architectures Software Developer ’s
Manual — Volume 3A) 4.11 7,

PHS B _BRNEORAHREZETRAFBEREE, AP 4RI EGHEAFITIEE,
PTOABATT AE— BTN AL R P BRI, BAEZRN R L@REE ZRF A PO, 2
T T HATARAT o 8T — AN IE T T Ak e M B R ) 49 B R HE b & (B do— 3 ) A TR
#HAZ M EF) | BEIANANEEAE—Na EFR A, RIFAARRALZERLIANTEL,
R B RGO B AT B A6 R i b, X R GE I FRIZAE R eref L = £ ALY,
5 A page_insertf 4, TAEF B R AR b TP XANEFHY,

page_insert R F K U BAT AT MA Lo B AE ZH/ 7P X B ik i, T XAJeiX 3
MR EL, FAEEMNT . UK 4 dpage_removek ik, X H 52 2 page insertdd % 3R 4E,
X2 E B kiepage_remove ptedd K Ak 4o 54T 4m [E] page insertdh 3 T BRI AR, AR BK
L@ E B R AREANET .
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&%

4, FHBKEELK

M b £ T #1ab2-2012.2ip )5, MR 1T B A L AL F2 X2 B & 1ab2-2012, AR F I F 69 &
N3] TG E FhELiRE, £ B ETF AT make handin 4£%, BR& A 34 &
lab2-handin.tar.gz. & /G iF — € RAT RHH R F W& 7T L,

ERACLAB2 Oy IR, R A & & LR 3e77 A “YOUR CODE”#y 248, 7 4%
REHAFAEERFER, FHH“YOUR CODE A a T ayx5, FEAFHA A Lz
3R 3 b IE B 8GR AD,
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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’JW%*F’\”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
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&%

movw $0x8004, %di
start_probe:
movl $OXE820, %eax // INT 15 49 # i 98 i A 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
/AR int 0x15 P 7, &K BIOS & & —AN Al 3 bt 36 B £ 8 55 & T 09 N A 842 &
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 i4 5] 44 B 4t 3t bk 45 38 55 6 A2 45 3 b
addw $20, %di
//i# 38 struct e820map 49 25 #13% nr_map
incl 0x8000
/14 % INTOX15 £ &85 ebx A K, RTRMLEER, TN EIRN
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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