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RV AEEAEEE

1 £ A6
T 8 P B A ) ST 8 it A2
T A8 P AL 80 7 o 3 T A A2

2 FBAK

R 203 TR T EFEMAEEE, ILVNEABEAE (WEEAERZ —MHHROSER) I TTRERAGEHE
R, AR eRBANEPEITH, ALl ucore N AT IES)BLAEN TN, REHEEF EwTER
CPU k“H L AT % M2 5o

ARFEBRFEBEABEMOZABREAENEL., ABEAER R0 HAE, ABEES A P HAEGKAHE B
NEEARRSTEABRSH A P HESEER P SNBSS IR, A ABERAE LS R LR ucore AR
BRI, REABNAABEALEY LRGN G0 R PRS2 EPEANRA P AGES . 8XRENBTEHW
% B: [R32] #AZ/ &AL B ML 54 IEfEAT,

2.1 %3

%30 : RECHREE
R F AR R I 112130 HACARBEY 52 56 1/2/3 69 RAGIA N K 5 3o F X4L o A “LABL”,“LAB2”, “LAB3 49 (£ #4852 3

é]o

%3 1 gt —AatfEEdik (F2%4)

alloc_proc &4 (4T kern/process/proc.c ) 5 7 4 BLiFi4 & —AN#7 49 struct proc_struct 2549, F T &t #7 12
SN EAENE I &, ucore FH B XANEMBATREA RO EL, REZTRIANMIBLLIAE, [RT] A
alloc_ proc & % & % A+ , F & w4 K & procstruct £ M F &) H E Y @ .
state/pid/runs/kstack/need_resched/parent/mm/context/tf/cr3/flags/name,

%2 AFUARYABEAIBRTR (FE%HD)

B E—NABEARE 5B Ak B3R % 7R kernel_thread & #G@iE 98 A do_fork o3 2 i AR A A% kA2 49
#3248, do_kernel &2 78 A alloc_proc &k 5Bt s — At A2 4243k, 12 alloc_proc A AKE] T — 3k
NG R AL RS AR 0L 245 8, FHIRA B IR BLIX %R . ucore —A%i@ T do_fork 5= FR 4 #749 P A% & 42, do_fork
HAER R, LA ABREAEN /A, M9 IT ET X, KA, REH—F, BREMEERR., £XAT
AP, FELWABREASTT R, FALELHREMLGKRE. KE 2% R4 kern/process/proc.c F & do_fork & # +
oy a3t AL, O R K RIAT T R4

- M alloc_proc, & A&KMAF—A P12 &3,

- ABZAEST—ANAEK.

- AHRBAZ N AEIEAE & B HAE (2EABEETRLHILE)

- B RSAEET LR sAE

- KAt EARRm B AT K

- REEHTURAL

- BREABAZT

%3 3 WK, =M proc_run F=¢ B R 6K e iT T RER DR, (%G ITHE)

T ARB G E )G, %RiFHZiTRA: make gemu
I RITAFE M F AT ITAE (ELAE, TEFRAELS Eid) |, WAKEH,

V% Challenge: EAIHEEXRIOAF,BEILE

BEARAERGALE, RERE-RERNGFOY R, 245 EFIAWN slab FFLRLF, ALZEAL—A
IR EEOEERDANELEE ), THAEARH PO slab e fMARLATROAGIREE (28, TRAEMRXE
slab # Bk 52 8L) 5k 52 AL first-fit/best-fittworst-fitbuddy % £ 4+ & K A Ao BLH %,

[:£%]) Ak challenge 4855 ¥, challenge 3k 2 LS, T A EHRG LT Hmy. —HRF A
Tk 92 first-fit (5 Linux 49 SLOB AN, TAE) | —#aE S A Tie4F69 2 best-fit, ZHaGFF AT
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#F A worst-fit, B, W PR 5 A THF0OL buddy. F 5 B A FMGLt. o440 (AT ER
WARIAR R I E A M Ao R E 8 check H#) R BRIRE, TRBEWTRFE S Sy, (HEAKRERREF TR,
FERGSEe ERMRT) o TEALAMKE Linux FILAS, #4HAF

SLOB

http://en.wikipedia.org/wiki/SLOB http://lwn.net/Articles/157944/

SLAB

https://www.ibm.com/developerworks/cn/linux/I-linux-slab-allocator/

2.2 A B 48 A%,

—— boot

—— kern

—— debug
—— driver
—1fs
— init

I: init.c
— libs

—— rb_tree.c
—— rb_tree.h
—— mm

— kmalloc.c
— kmalloc.h
—— memlayout.h
—— pmm.c
—— pmm.h
—— swap.c
—— vmm.c

—— process
—— entry.S
— proc.c
— proc.h
—— switch.S
—— schedule

I: sched.c

sched.h

— sync

L sync.h
—— trap

|: trapentry.S

— libs

hash.c
stdlib.h
unistd.h

L Makefile
—— tools

AR, $Iv9 I B3 i I e LR LGRS, TEBEIe EEREIR ). T RK
FHhe T

@ kern/process/  (#73% #tAZE AR K SUAH)
proc.[ch]: #73&: SFIL#HAL, KAZM XA, Oi6: QUERAL/EAL, WIS BAZIBAE, A2/ AAZRE
entry.S: #¥: MM &AEN 0 kernel_thread_entry &% 5% 21
switch.S: #73%: LT Xn#k, A REARKA. KRE#HHE LTI
® Kkern/init/
init.c: 58 TAREAL R RIS, HENAEmERE AN idle #42
® kern/mm/  (AALESRAERAHKEENKZ, TM kmalloc = kfree 4= 4% F B 7T )


http://en.wikipedia.org/wiki/SLOB
http://lwn.net/Articles/157944/
https://www.ibm.com/developerworks/cn/linux/l-linux-slab-allocator/

& HERATENAR BMERGRESLE 2012 FF

kmalloc.[ch]: #73%: & L A=523 T ##9 kmalloc/kfree 3. BAREMAL T slab H By @iLEx (REXK
2R X AT BT )

memlayout.h: 3&7wslab %32 A Ao Bita ke 2L 5%  (TRAELR) .

pmm.[ch]: &2 : & pmm.c &A= T 8 A kmalloc_init &3, BUH 7 £ 49 kmalloc/kfree 4952 3; & pmm.h +
BUH T # 49 kmalloc/kfree 9 =2 U

swap.c: 4 : BUH T AT check # Line 185 #9 34T
vmm.c: %7 8 K474 kmalloc/kfree
@® Kkern/trap/
trapentry.S: 3£7/m T L4 5 &9 2 forkrets, BT do_fork 74 fl 6935 = 4 22,
@® kern/schedule/
sched.[ch]: #73&: 3 FIFO % w4y ot A2 98 B

® kern/libs

rb_tree.[ch]: #73&: A ZAF, 4K slab HEeey HAH FE R CGTRRAELR)
SiFPAT
Gy ik H3E AT KA B G Ak F

make

make gemu

T AR 5ol RAF T BN E (R AH, FAARES EHH)

3 NHm&AEE

R—H9NEELEANB T HAZQNEZIE O E R HIEEM--2 4242 4]3k proc_struct, VAR ucore &3 AT 4% 4
#% idleproc #= initproc & AF I F 77 K, 472 A1 initproc 89 7 XIFE L BRI AP, FREANAERN P £
2T No HO, TMTHRTHAAAE (RRNERIFYE) Fdt 208 A R,

3.1 &t AEE s
AFRHvd, #Hf2E 3243 8 A struct proc_struct & 7=, & kern/process/proc.h F & L 4= T :
struct proc_struct {

enum proc_state state; I Process state

int pid; /] Process ID

int runs; /[ the running times of Proces
uintptr_t kstack; /1 Process kernel stack

volatile bool need_resched; // need to be rescheduled to release CPU?
struct proc_struct *parent; // the parent process

struct mm_struct *mm; /I Process's memory management field
struct context context; /I Switch here to run process

struct trapframe *tf; I/ Trap frame for current interrupt

uintptr_t cr3; // the base addr of Page Directroy Table(PDT)
uint32_t flags; /I Process flag

char name[PROC_NAME_LEN + 1]; // Process name
list_entry_t list_link; /I Process link list
list_entry_t hash_link; I/ Process hash list

b

T @ EMFE—T LA R T 2693

® mm: AZFENEL, QEAFBHIIIE, WA E. mm ZAARE Z490 pgdir, TR %HE
FAE MO — BT A R, do R A NZEAAZG AR H] 32, 0 mm=NULL, BHAEEHT ucore A%
&
state: HEALATALEIRE
parent : F| F ALY S #AZ (RIZCOBAL) o EATASALT, RA—ASARH KA, HANEE
8 5 —ANNZmEAE idleproce MBARIB XA LT X R 32 2 — /AW LEH), B TH — L4550 0934, Pl
B8 EABAZ R F T ARt I — AN AR BAT AP RAIEF
@ context: #ALM ETL, B TFaAZm# (21 switch.S) o /& ucore ¥, FFA 693EAZ /& M A% P A2 4834 5k
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28y (Bl 2 ABCER AR L TLHFH) o &R context fkAF AR 4B MHAETENZS PG
fTETFXZB ek, FRFA A context # 47 LT L In k9K 4 & £ kern/process/switch.S =+ & L
switch_to,

@ tf: TEihiasis4, ERBOABROGENZE: SHAENA P FEIBE] A AR, P RImL R T AR
BACP B ATA RS, SABE RS R PR, §RAEPEHPOAR I LSRR EIITOETES
o FRebzsh, ucore A HFHEFTH . RATHRIEHKREFTH A LN f LEARBH O S ATH
trapframe, ucore RN L4 T tf 694k, TUAAF trap.citrap KA ME—F 69 T #F.

® cr3: cr3 AN AWHEHnt, BaH ARG NIETRAEMER lor3 FAT Ak, 85 E5 KA
AP mm kot H cr3. mm HIBLEMEFAKRERA P ZEGRELGEEY, BRLRABRKAZLH AP 2N,
CHATH R R NZT 69— DR GEHA—DBRE) , ATACERA mm 24, Lst2 NULL, 3%
ANHAER LA R P ASAZE, PCB 489 o3 3t& mm W& (pgdir) 8943 eht; RS eCAA
MBAZOEAE, o3 F T boot_cr3. i boot_cr3 451 T ucore J& 7 B A 54694k M AZ R AR 69 B Kok
B Hu B,

@ kstack: HNEKAELAH —ANAEAR, FHETABET G TREZE, S TABEE, ZAKABITH
AL AL R A AR ;. ot T8 # AR, AR AR R A AR IR T A9 BT AR AR PR A A AT BT 69 AR AT 8 A A9 AR
Ucore 7 61t AZBF 8L T 2 N4 T (5L memlayouth + KSTACKSIZE #952 L) 484 A4
BR8] o SEARAR D, BTAN AP R B iz AT ARt Rk, F B R AR LSRR KGRIELEHN, UL
Bidd, FHREALMI. kstack KT S B ZHAL/IZAGABKNEZE., T2ERAUATILE. &
&, BABESEK—ANEAEILE H —ANEHE, F BARIE kstack AY/EEAEYIXESF tss (FTABH—
TARE—PHLY tss AT B IAATOER) , URARAZIE UG B K AT B AL 9548 B 4 49
Ko K, ABRAET A TN, HHLZREFH (FNAEAERMNE QTHAERKR) , BRI
mm 69832, LorAER B aGRAE, NAZAROSARAE kstack @9{A Bk T AZ AR 8912 B A AT =D, ucore #9iX
AP ARG R R linux 8k (Ed TRHAT RN EF, CRIANZ R linux 8RE) ,
CHFENEAAGAERAETRR G E, IHEREMNAZE EFTRARK, BREFLEFABTRE S TR
ToARER, Bh—2RAEGE, CRTRITFEART L CORBEFABRF. e ReBBITE,
Fepr A ARG AR IR AT B B 52 693k bt B RRASE X AP R AL, {8 AR AR I il A AT AR 69 1
AT S Ea, RXBEGBFTALF linux kernel &9 K5 F b #4722 K.

AT ERRGT IR HAIEF B, ucore 4 T T4 H L2 ({=F kern/process/proc.c) :

@ static struct proc *current: % A7 & A CPU H& T 7 KR A A= F 3454, AFINTERA R, R
H AR B B4R F AT, A EA D B Fe s AR BAREREM R T, BATE) & &5k
T, T ASE switch to #9352 AL,
@ static struct proc *initproc: AEIF, FHE—ANABEAE. KRER UG, RS E AR PS4,
@ static list_entry t hash_listfHASH_LIST _SIZE]: FiA #4245 4369754 %, proc_struct ¥ #93% hash_link
T pid BN ABA LT,
@ list_entry tproc_list: P4 #EAZ4= %] e ag a8 &t 7] %, proc_struct W 935 list_link ¥4t NX AN & P,
3.2 Bl HFMITABEAL
# oA F 3 (proc.c 49 alloc_proc %) B, AT BRI kO Z ARG HAZT . AL,
FERAELGABREAL, CAFTRAABTH—ERDGIRZ /KL, ZARNPFZH. mnb TEREZREHE, T
G EAGSNAERTRT T ER, SR ENEAE S TS EMT R (BF boot_cr3 48 @) 49 — & T & 4K 69 2 1)),
FTAN B Q9T BAERTNE EBFELELE AN T A, REEFXNECEIE BT AG R ENEZA LT

1 £ 0 ANHHE LA idleproc

2 init.c::kern_init &4 A T proc.c:proc_init ¥, proc_init FH B T AIE A EALL T K. B LY ATAIR
T ETF (A kern_init B3 £4) T AF M A ucore WA (LT HBAAZEAL) FoI—NABEAENH LT L.
A, ucore it Y ATIATEY LT L HBL— AN AZ 42 H) He A BT € AT AR R s AL, B AT R F 0 N AAR
-- idleproc. EARY HAm T :

& 28 A alloc_proc o £t k8 i3 kmalloc & #4 38 7% proc_struct £5 4569 — 3 5 —proc, X2 5 0 AN shAZ4 6] 3
T, F+4e proc BT F An4s4L (BP4E proc_struct ¥ 89 & ANRE R ). 12 f IRk B T Ak a9qh:

%3] 1 IRR B #AZ A s &
#%3) 1 #4289 pid LR K EAF
%1 AL A AP AR R 69 AR TUR R AL 46 ik

TR =FEGP B FRETHAEGREN DS, TATHEECE “HAT, EARBRTREERKF;
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$ B0 E T AR pid H-1, XERTHAEOGIETLEA T FELEOEANATZABEAEEAR
PIELT, KA A ucore I 2E T Nk, BPiXE A& ucore WAZ & 94245 it boot_cr3. J& 4252 36 v 7T i —
VA TR ARG AR R AL 8] (L AE I ) R AR 49, BRAR A AARE A —ANBt AT R 69 T &,
R TH R K AL AT AR BALER T 6, BT VA R A, X WA RALHR B % AN T R — AR
—a9 N Mt A2—ucore M #o

Tk, proc_init &35t idleproc M A% &AL 4T3 — & dsik

idleproc->pid = 0;

idleproc->state = PROC_RUNNABLE;
idleproc->kstack = (uintptr_t)bootstack;
idleproc->need_resched = 1;
set_proc_name(idleproc, "idle");

FEEEFEAN AL KB, HF—FiE9 4T idleproc &k F4IE5--0, X & EFIAHE T idleproc £ % 0 AR
B AL, BF T AT pid B9 R R AN ER I H T, 0"RFH R T ER T ISR R G,
todm C B 5 2 LA F —ADNRATLE G DAFELRECD. F 550K LT idleproc 89KE, 1EF TR £ 43 Tk
&IAE”, £ ucore A CHITT « H =435 F T idleproc AriE A9 QAR AL IS, §2EF G L1
BALE) WA E 2B 5 BLIRAF, B A ucore B ETIXE 49 WAL A4 9B idleproc (2 A T .. FWEEARE R,
# ucore A Z L AT CPU RiZM & A M TAE, W A& idleproc EA“KITFF7 89 A &AL, FTie
idleproc->need_resched % & A 17, %4 idleproc #9347 £4k--cpu_idle K& a9 5L M., T AF # A 4= R % A7 idleproc
EPAT, WA ERATREAN 1, G L3098 A schedule F % & K8 & 35 n e LA S A2 AT o

£ % 1 AAABELEA initproc

B0 AMABERLIETHAZRAET ST A RO, REHBTIIT cpu_idle &34 Bk 45
To PP ucore 3T REE bl A BAL R EAEA LI, 12 idleproc METEALA S RRM, FRELAR
kernel_thread & 3% 632 7 — A NAZ &AL init_main. £S5 d, INMFAMEEG TR E kT HFE, RS
SEIAE T (BA init_main d34). {245 9 515w | init_main 49 TAESE 2 604 2 69 3L B AL SR P A2 (52
BRBR). T @RAVKSH— T 412 N4 &AL 6958 kernel_thread :

kernel_thread(int (*fn)(void *), void *arg, uint32_t clone_flags) {
struct trapframe tf;
memset(&tf, 0, sizeof(struct trapframe));
tf.tf_cs = KERNEL_CS;
tf.tf_ds = tf_struct.tf_es = tf struct.tf_ss = KERNEL_DS;
tf.tf_regs.reg_ebx = (uint32_t)fn;
tf.tf_regs.reg_edx = (uint32_t)arg;
tf.tf_eip = (uint32_t)kernel_thread_entry;
return do_fork(clone_flags | CLONE_VM, 0, &tf);

}

2%, kernel_thread H# R A T B3 EE tf RAERANZEAL I P BT, JHie b wrmiag 35414 £ 4
do_fork K4k,  do_fork &%k 498 A copy_thread o 3%k /£ #7 €] 3 89 2EAZ A HAX L& 1 45 BEAZ 89 W B ML B — 3k 2
]

LFEMREE NG, EZMEREAZA PRI, ERIAZR: AAS f stiTiF Kb, R E P
ey KA B (tf.tf_cs) Aok 4B BL(tf.tF_ds/tf_es/tf_ss)h WAz = | 69 L (KERNEL_CS/ KERNEL_DS), iX 5% R _E L35 Bf
T initproc A &AL A RS B P AT, @ oinitproc PN A R AR AR 2 TS AT R ? thitf eip @95 T R
kernel_thread_entry ({z-F kern/process/entry.S ¥ ), kernel_thread_entry & entry.S ¥ S ILA9C 4 R4k, CHAFHIR
R

kernel_thread_entry: # void kernel_thread(void)
pushl %edx # push arg
call *%ebx #call fn
pushl %eax # save the return value of fn(arg)
call do_exit # call do_exit to terminate current thread

M EST A i, kernel_thread_entry o4 £ 24 M AR EZAL8) 24K fn BEM T —ANEZ b Rz iT69“%",
HFledi e Sdarg (kAL edx FHEF) Ak, REAR M L3, LhH AT Heax FARENEEK, AR
do_exit o £ & B AAZ AT .

do_fork 2 4 & A2 69 £ 2.5 4. kernel_thread & #8378 A do_fork HH KL TR T B EALH R ZEITE, T
& &AR 2 AT—TF do_fork 3 ay 52 AL (%3] 2), do_fork H# £ M T AT 6 #HF1F:

1. S B as A2 42 4] 3 (alloc_proc F44) ;
2. S B AL A AR, (setup_stack B 4) ;
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A&4% clone_flag /=& S ) kL FHAZ A HE LM (copy_mm FH3);
EEHAAANE CBREOIERN P E) % BT/ E 6 b B A3k 47 £ T L (copy_thread ) ;
Je ik B 4T 69 A2 42 ) B AN hash_list A= proc_list # AN 4 Bt A24k & &
Ait, #RCEELEFRITT, ARG REAREE;

7. REBEBAHTHAL I T,

REFEREENA, R EREAT 3 FHATEA R, WEEMT Eay B AT, fetaX B b A 6N AHNL
. copy_mm &# B 7 R £ 4e current->mm X E A NULL, XA & F B AT£%EwW b 2 A8 40 & N &A42, proc->mm
FhR A HAZ R P A ZBHFIL, BB AT mm & AR L, copy thread F# ey FiIF & %, Kidm T :
static void
copy_thread(struct proc_struct *proc, uintptr_t esp, struct trapframe *tf) {

17 A% 3 AR A9 TRBRIXE oF W7 LK /s 89 — 3 AX 2 )

proc->tf = (struct trapframe *)(proc->kstack + KSTACKSIZE) - 1;

*(proc->tf) = *tf; //3% N & kernel_thread o £ 3 = 69 s B o B #l 89 A0 4514

proc->tf->tf_regs.reg_eax =0; /X & T3t A2/ EXALIAT % do_fork Jz 694 =44

proc->tf->tf_esp = esp; /X E P b7l P 49 K454 esp

proc->tf->tf_eflags |= FL_IF; //{£ 8% * Br

proc->context.eip = (uintptr_t)forkret;

proc->context.esp = (uintptr_t)(proc->tf);

o 01 AW

}

3R RO R E ABER A TIIRLE FUTml KA —3e R 2], AR E B P N A kernel_thread o #03E < 69
e B P BT PR AG A S A, HF3E— T IR E BT P 69 R4S 4T esp AeAR & F G % eflags, 4871 & eflags X E T FL_IF AR &,
KR TR ABREAEPAT LA, ferhe P, ITE S ATAPAT. WATEIX )5, sLdAZ0 P RIMstE 47T, *F
T initproc M F, 49 F BFhil ke T AT T
1P kA5 B
initproc->tf= (proc->kstack+KSTACKSIZE) — sizeof (struct trapframe);
1 B4R 28
initproc->tf.tf_cs = KERNEL_CS;
initproc->tf.tf_ds = initproc->tf.tf_es = initproc->tf.tf_ss = KERNEL_DS;
initproc->tf.tf_regs.reg_ebx = (uint32_t)init_main;
initproc->tf.tf_regs.reg_edx = (uint32_t) ADDRESS of "Hello world!!";
initproc->tf.tf_eip = (uint32_t)kernel_thread_entry;
initproc->tf.tf_regs.reg_eax = 0;
initproc->tf.tf_esp = esp;
initproc->tf.tf_eflags |= FL_IF;

FEIFP MG, REHAILE initproc 932 ETF L, (process context, HARKATING) T. RALELFH
B, —E ucore AEHE#FT initproc AT, #£F BARE initproc->context F R A 69 AT I R Kk A initproc
PAT, XERET initproc BTG F LB FEAME & ERAFEIATE AT —F 254 34k context.eip F= Lok
1% 2 AT I A9 AR ok context.esp. H5E initproc FE & A HATIL, PTAX £ E A2 initproc 5 FRHAT Y — S 1543
Ao AR 54T, TUAKE E, @ T initproc &9 7 di 5 B T 55 FR 4 initproc o BL A9 AR = 1A 69 TRER, P VA initproc 5 R A
Je AR T 454t context.esp 1% & 4& initproc &9 ¥ B hla9 A2 4542 F . 4- 4% context.eip 49 KAE, = KA%e=iH initproc 5% IR FF 45 4
#7049 477 12 forkret H3x (£ 2%k do_fork o 312 @ a9 4L 32 TA4E) 4. E b, initproc MAZ ZAL L 2T ELHITT .

3. A B I AT A A & AR initproc

F£ ucore #ATE proc_init HE G, A ELF T HANEEAE: idleproc 4= initproc, X B ucore % AT 49 AT I
A2 idleproc, 4 2| AT 2| init & 489 B — AN H 3L cpu_idle Z AT, ucore &9 FT A 4L TAE#4E R T, idleproc i@
F AT cpu_idle R F ik 8 CPU, 4R v A AAZMAT, BRI 424eT:
void
cpu_idle(void) {

while (1) {
if (current->need_resched) {
schedule();

Bk, FIr L AT A M & AR idleproc #9 need _resched & & A4 0, B R AT & 4] 3£ % — AW A% & A2 idleproc” 49 14
®, proc_init & £ /£ #1454% idleproc ¥, #t4e idleproc->need resched £ 4 1 7, FrA4a 5 LA schedule & #&X 2
R4k Fsh 4 2 B9 BAZ AT o

ucore &R VI P RE AT — AR £ 49 FIFO B E %, HA-C#AZ schedule H3. & oIATEIARN £
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1. % E % AT A # & A2 current->need_resched # 0;
2. A& proc_list FAF) o &3k T —ANAE Tt 4574 69 AR R AZ next;
3. REZHHAZE, AR proc_run H&k, AL ATHAL current B9PATAYE (A LT L), KEFH

ARG PATINYG, TAREEE,

E b, #aYBEAE next ALAHEIAT T o BT procl0 ¥ R A BA N L&A, H idleproc £ik i CPU % initproc
AT, AT LAFA 2] schedule £ 4038 i & 4% proc_list B4, RAEKR D] — A T3 44549 initproc WAZ & A2,
Fi8 13 proc_run Fe it — 49 switch_to &4 T A A ANIAT G 94k, BARFAZ T

1. ik current 4% & next M 4% &A% initproc;
2. REESEREE s PHRES 0 TAORIAAE4T esp0 A next WAZEAL initproc &9 AR AR TR, BP
next->kstack + KSTACKSIZE ;

3. X & CR3 9 A & 69154 next W &A% initproc 49 T B k& A2 45 30k next->cr3, X R E& T R AL
0 &R e
4. B switch_to & £ 5T R B ARG AN KAL G AT IS 0 ik, BpIn 48 &9 4 3%, & switch_to o F kAT T “ret”

546, #EnikZ)| initproc AT T .

EE, EHF_FIXBEAESRSHE S PSS 0 TAORINIE4H esp0 89 B 492 TIF ABEAZ R R A P &AL E
PATHAE W UAERE 0<-->4FE 3, RARMFRE 3<->4FE 3) WS EH A4 THRES 0 4249 A
HRBART, mEARTAELEHRT —A trapframe LM N A0, e RREFRE I RET VEIFFIZRAR,
N CPU & MAFALZS 3-->4F42s 0, H CPU Mt TR (L ATAAT T B AZ 69 QAZARTA) TF 46 A R AR A4 Wi/ 575/
FRPRITEH R P EPITIAG; R AERRE 0 RAET ¥/ FF/ZALAM, N CPU &AM L AT AR A4t esp
P 48 6942 B I35 B RAR AP B /5 | 2 LR R ATRI 69 RS AT . RZ, SBIIT 23T P B 57 % 5 %08 R 4T
HREE, RERPIT—Nret’ 184 AERATHAESZ AT, CPU 695 AT A4 esp — 2 458 Lok = £ P iF/ 77/ 7
S0 A BE CPU AR & 69 4% 47 7 69 45 43 ik CS A= EIP, “iret” 1842 4% 4% ESP P45 694k 4 694k CS A= EIP 1k £ %] Lok 4%
FTWT 69 X 77 4k S AT,

AR E @, BT idleproc #= initproc K& & Al —ANA A & boot_cr3, ATuAStEt F = LR L A, 2%
BRGHHAZRE AT A, AARIBRIZTARF, RACTRTEBR, T kAR A2 AL 9% EF FAT.

% w9 % proc_run &R R switch_to R4k, S8 & AT —ANitAEFe s —ANSkAZ 89 IAT I« process context. £k
— it AR SRR3R P, KT context MO A M BR AR LT HS . KIFAA switch.S F 49 switch_to
o 8 AT IRAL :
.globl switch_to
switch_to: # switch_to(from, to)

# save from's registers
movl 4(%esp), %eax  # eax points to from
popl 0(%eax) # esp--> return address, so save return addr in FROM’s context
movl %esp, 4(%eax)
movl %ebp, 28(%eax)
# restore to's registers
movl 4(%esp), Yeax # not 8(%esp): popped return address already
# eax now points to to
movl 28(%eax), %ebp
movl 4(%eax), %esp
pushl 0(%eax) # push TO’s context’s eip, so return addr = TO’s eip
ret # after ret, eip= TO’s eip
B, RAERM—ANRAZGIATIG, TR FILHIES GuTHT) KA T A2 £RE switch_to K G 49454
it 2] context.eip P
movl 4(%esp), %eax # eax points to from
popl 0(%eax) # esp--> return address, so save return addr in FROM’s context

BRET R T ZCRHBLS TR T RATN— ARG A 7T ANF A5 2] context Fay48 B F . ERaT— A it42
HPAT ARG T BB AR G —PDHAZGRATIG, XL FRA LRE AT ERAITIEAL, BPA context
89 2y 3 hE 6938 ebp FF4E, B —Je AR KIRAYIAIRAA L5 3 2 09 3 A 25, B33 — 45 I % 45 4 “pushl 0(%eax)” 3 5% 42 context
PR A8 T — A SAZRPAT 8 454302k context.eip 2L 2] T AR, EIHET RITRE —FHE L ret”iF, 2R M
YA BEBRILL EIP F A%, THERMBE T —ANH#ERTT, PEMSLTERZT—AH#AET,

ucore & ATHEAZH, ik initproc AT, A& initproc B AT ALE, X E T initproc->context.eip =
(uintptr_t)forkret, X4, % H#AT switch_to d3H A= 5, initproc FHAT L 52 FR_E a9 34T N\ o Hunk forkret, @ forkret
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418 M4z T kernftrap/trapentry.S ¥ &9 forkrets & 47, BARKAD 4T :
.globl __trapret
_ trapret:

# restore registers from stack

popal

# restore %ds and %es

popl %es

popl %ds

# get rid of the trap number and error code

addl $0x8, %esp

iret
.globl forkrets
forkrets:
# set stack to this new process's trapframe
movl 4(%esp), Y%esp 1132 esp 45 &) % A #EAZ 49 o B di

jmp __ trapret
T AK 8, forkrets & # B AT esp 45 L ATSEAZ 69 P BT L, AK_trapret FF45 AT E] iret AT, esp H® T
current->tf.tf_eip, 4= K sk B 4T 49 2 initproc, W current->tf.tf_eip= kernel_thread_entry, initproc->tf.tf cs =
KERNEL_CS, FTA% 4T % iret &, #LIF45 & WA T #4T kernel_thread_entry %4k 7,  initproc->tf.tf_regs.reg_ebx
= init_main, F7 VA% kernl_thread_entry ¥ #47“call %ebx” )&, =L 45AT initproc 49 24K T . Initprocde &9 A& .F £
R et A — BT S, RESHAEF kernel_tread_entry £ 4%, F#t—F A do_exit HATRHBMET . Ak
do_exit iz T M —E T REL IS, XL RREBLWE AL, MAHBELNERETR. 2, SOy E
& TAEmit 7B

4 RIREEK

M 56 EF # lab4-2012.zip /&, fEEFFE| A AL A=K B & 1ab4-2012, TR FEH P EMNET . TARRD L
BitedLiR)E, A B ETHAT make handin £4%, BPa a3 £ A lab4-handin.tar.gz. &G % — € R AT R4 i
REIM%LFEL,

EEHCLABA 8y EHE, KRBT A E X RO TTHA “YOUR CODE”# 28, #HARI4HFAEERFE
#, FFF“YOUR CODE"##tA B THF 5, LK PTA ARA M 2 Z 3003 L E 569 X425,

FERA: ShwessEHthieT:

make gemu ]
(THU.CST) os is loading ...

Special kernel symbols:

entry 0xc010002c (phys)

etext 0xc010dOf7 (phys)

edata 0xc012dad0 (phys

end  0xc0130e78 (phys

Kernel executable memory footprint: 196KB
memory management: default_pmm_manager
e820map:

memory: 0009400, [00000000, 0009f3ff], type = 1.
memory: 00000c00, [0009f400, 0009ffff], type = 2.
memory: 00010000, [000f0000, 000 , type = 2.
memory: 07efd000, [00100000, 07ffcfff], type = 1.
memory: 00003000, [07ffd000, O7ffffff], type = 2.
memory: 00040000, [fffc0000, ffffffff], type = 2.
check_alloc_page() succeeded!
check_Bgdir() succeeded!
check_boot_pgdir() succeeded!
-------------------- BEGIN ----------mememm-
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-fafec000 00001000 -rw
END

check_slab() succeeded!

kmalloc_init() succeeded!

check_vma_struct() succeeded!

page fault at 0x00000100: K/W [no page found].
check_pgfault() succeeded!

check_vmm() succeeded.

ide 0: 10000(sectors), 'QEMU HARDDISK'.
ide 1: 262144(sectors), ' QEMU HARDDISK'.
SWAP: manager = fifo swap manager

BEGIN check swap: count 1, total 31944
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mm->sm_priv c0130e64 In fifo_init_mm
setup Page Table for vaddr 0X1000, so alloc a page
setup Page Table vaddr 0~4MB OVER!
set up init env for check_swap begin!
page fault at 0x00001000: K/W [no page found].
page fault at 0x00002000: K/W [no page found]
page fault at 0x00003000: K/W [no page found].
page fault at 0x00004000: K/W [no page found].
set up init env for check_swap over!
write Virt Page c in fifo_check_swap
write Virt Page a in fifo_check_swap
write Virt Page d in fifo_check_swap
write Virt Page b in fifo_check swap
write Virt Page e in fifo_check_swap
page fault at 0x00005000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x1000 to disk swap entry 2
write Virt Page b in fifo_check _swap
write Virt Page a in fifo_check_swap
page fault at 0x00001000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x2000 to disk swap entry 3
swap_in: load disk swap entry 2 with swap_page in vadr 0x1000
write Virt Page b in fifo_check swap
page fault at 0x00002000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x3000 to disk swap entry 4
swap_in: load disk swap entry 3 with swap_page in vadr 0x2000
write Virt Page ¢ in fifo_check swap
page fault at 0x00003000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x4000 to disk swap entry 5
swap_in: load disk swap entry 4 with swap_page in vadr 0x3000
write Virt Page d in fifo_check_swap
page fault at 0x00004000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x5000 to disk swap entry 6
swap_in: load disk swap entry 5 with swap_page in vadr 0x4000
check_swap() succeeded!
++ setup timer interrupts
this initproc, pid = 1, name = "init"
To U: "HeIIo world!!".
To U: "en.., Bye, Bye. ;)"
kernel panlc at kern/process/proc.c:316:
process exit!!.

Welcome to the kernel debug monitor!!
Type 'help' for a list of commands.
K>

PRZB:  [R#E] #4269 51 545 IE AT

BERARNTHALTIE, PREF B I ETERG LT, IANAEFETIEFZHRE LR RTH T
ek HAL . PR “H#HAL A EXANAE BT EANPATIIAR, A TILR, BT ERLFRATOH S TITA,
%%ﬁ"/l\%iﬁ;mﬁ, A AR R e, HAE AR A ——3F 20, Ht, ucore FHHEZ A M HEAR
B ARG, AT AR R T T AL 69 F 1,

A TSN FRRBIE R CPU #UTHES, & 2kt A THAZ T N BEIE LM R4 3, 122] R A= {T X
AR F R, Ao TR L ALY o RATSAZ GG B M AL T MR, W kA BT S AR 42 F sk Ae 52 AL A2 6 2L,

F—rEB#AEGE L —NEAF LRI E—ANEIEE LS LG — Xk SHITEAL, :12%@/\9%
38 AR, REBEELS. RITAHERITIL. K CPU ¥ AL RE, FHiBILFit 2 — BB TSI E LTI M
o CPULA—§F—5HBRELENGFTAZF LTRSS N IMTEM AR, PTIERIEESLAME RGN G
Prig $hiT#t 2L CPU T4k, ii/x\;‘«?u}%%/\%ua%ﬁitiﬁi%Tvaiﬂ%ﬂ?é’J‘5)ﬂo HERATEAZRI T A2 /AT
TRE“AG7" M st4, T/, KRE/[FHF, AT, wREX—BEHBESRTTE, LA ETREHLERT . KFEHAT
B HATHERE —ANHARN LT, RABRERATZERAAZNHLA? R HENR LT A — A4, AB15E R
GA) TAEF 2T . HARF AR THEAERITOKES, #EE ANTR, BRMATHRS, XTBLEAHF— At
FENGERTH, BRFEATENZRONEF, TUARRSHES, ﬁ&mﬁ%ﬁ&ﬁ%%%%gﬁﬁﬁgﬁ

A2, AT WA R AT RGER, 2 "”iﬁ‘?ﬂ.ﬁ%—ﬁi-‘lﬂﬁ’ﬁk&’fiﬂ)‘]%—i‘:éﬁﬁ;ﬁﬂa 32 TAE, #AZRA
HALA R R LT, AAERPTOR T ZFXE (BHEMXRRDA) Fo T @E—HITHAT

1. WRERE
BIHEME G, #HEEE AN E42 CPU, XAZAMRGTR, wERFEITEAEGEE, TREARILES
BN-FRAER, AmaFEGTHEMR b 6 SN HAZPITRERIK, £E2HTHRAY M LEERRIT.
STFRP#AERT, BERALCH L, BERZALT AP #AETUUEBTHEO TR, REALAGTRALL
N GA CPU, R /=P B RGAGFEEL T Ffhs TAEL AR #EOANGTREE Y R. £A SN HES
EWELT, T CPU XAFFR, NEEATHAZRERSEAEF AN, A— V@It iZnit
iJ:T\Tﬂé’JLﬁ" S AR CPU, A& AT, ¥ TALXFFUEFTTR, XTREETRY, AL HAL
B RIURIL %
2. k’&z]k" i
HAZH AR GRS CTHEMBAEF O TIRANR), SBREZAREFORIANGTE, ISR BEL”
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T, R FHEPAT, BCREATAETR, ATQB KRS SHEEEFEMTR, LFRBER CPU
i, SEARAL TR RA AR T B R CPU, A2/ 694544 CPU — & — £ ATH9 IR, IASHAZMENT “i5
TRE, IR THSEERANFTRIN, TERT CPU FTR; S#AAG THFLAENTRAALFRSWAT, #H42
TRF CPU LA, B CPU TR, #AN“HEHARE; SEFBAPRT TR, HEERADEEN & A TR
i, #AEEANTRTRE,

X ALK AR IE BB R AT IEARE, LA 2R F RS IR S LA BRI R %I, mAA
CIBITT B/ E RS Z ey iE e, R IR G AR B SAZ B AT I, LR AR BT XL, X R AR EEAR
PP A% BT T 42 B AT, LAY B AR T Ak AR 49 o BARAE,

3. #AE L&A

— AR WNH — AN BAALF Ao B IR 6 R AR A VAR AT R . — AN AR TAE R a9 35 ST, EPUT
AAETR L CHAGPTIEIERT. Bk, —ANEAPRTRE BITE. REAF) AL MR IER
GBIk (b BN E) FBE (tbhe iyt iE ]l CPU) #9¥42, ARSZHIBER LT, IANMFEARAZHE
B AL, ALK AR AR SR 2, R4 R AT IS X AN B AT R,

T ASC IR TR T A A8 AR AR, SRR GG B IE R A HALE L A A RATIR A AL AR &
A2, ARG EEHLRAZPE o RAZ) k. /B TR —#HAZGITA BRAER T, X &A2 L F A2 E b = 4]
Foe AT R, BHENEAZHE — N LR, TARIHEARZTETL, ATEASRTERERITASGT 554

A
alé‘]\_:o

5 BALFFER, HEML A RT RSB ERI G2, S RFENE LT 2H G4 AL 0 E
AEEE, E—NHEY, TRA-ANARSIANAEAE, FAXELBZERTRE GEIT. 4. F645) , RAELK
BATH O EAZ LT L, KENPITERF. F/ED CPU ARRMFRER, S2RELGHS X, KL TH—Fmit
AR P BAZF A ERAL,

BB AT A, KRMLTARAHR P A, AB#EAE (T4 ucore HR—NAZEAL) | AP &AE. A EALY
EAT. ARALEE, EEARL ARG ANA T ROBEHEAL, £ ucore WIREARITERY, HEAK
oG ALFeAZ, Bl T ucore AP BRI A A AAEE T — DAL T A fe L TR, PTAZ R NBZEAZNE T
Bl —ANE—ay WA 3t42, BP ucore A A &, FLME T #HAZR KAL) Lk B MAeddie, 07T ASHAT SEAZ/ R AL E L 091X
HE5RAT. EREATHRELENHE, UATHPFSWHE/IREZLMARNA R P AL,




