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ARFHFALEBOLABREEN T, ABREER—MHHARGEAL, AZEES R PR
RAARA: NBEERBITEABRSm AP #EXEERN P SFABESIHEIT; TAABRESEL
AL R LR 69 ucore REA BN, REABFNABRBALY LRGN GZ M A P 2T S LS
AeR P RAZENE, MXBEANBTAME B: [RAE] 42/ X A269 B M 5 4 LEREAT,
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%30: HMELARE
AR IARAN R B 1213, K e AR ey 52 5 11213 49 RN A SR 3 b K4S A “LAB1”,“LAB2”, “LAB3”
EORER =y SYSA B
%31 pEFWEL—NEAEEFR (F2HD)

alloc_proc 4k (42T kern/process/proc.c ¥ ) 5 v % BLFf & B —AN3 89 struct proc_struct £5 4,
AT A A7 3 L0 M RAZE) F 242 & ucore & RATIANEM BT R A A AAsL, T ELRZ
At AE, [4R] /& alloc_proc K& &9 E I, & Ew4LAY proc_struct 224 F 4938 £ ) @45
state/pid/runs/kstack/need_resched/parent/mm/context/tf/cr3/flags/name.
%32: ARG ABERAESBRTR (FTE2H4)

B E—ANAEEALE BB BAFIR % TR . kernel_thread & 408 i3 78 A do_fork & 48 2 s £
R ERAZ O 432 T45. do_kernel &34 M alloc_proc &4k p B s — A sbA2 4853k, 12
alloc_proc 2R K2 T — 3k N A R AR FKHEALG L B42 8, HEA FIFRHBE TR, ucore —AXE
it do_fork % IR #749 W & A2, do_fork 94E Al &, €12 S AT A &AL —ANal A, ©MeiT Lk
T, KA, HKABAR—F, 1R GHAZERR ., EEXANIAEFY, FREHALEAZSBITR, FHELE
R FALKRE . HE 2% A kern/process/proc.c W &9 do_fork 4k b a9 4 i A2, €8 KEHATH
EeLiE:

- AM alloc_proc, & AKA—IM P2 &3k,

- ABRESB—ADAZAK.

- BHIRHAEANALGETERE LI REE (RARKETLBLE)

- BAR#SAE LT LE A4

- REHALR B HAZT] K

- REEAT AR

- AEATHALS
%.333: HAEAR4a, ®proc_runfe=g AR &R KT REAED RS, (RBADIIE)
TR E )G, %hiFHFIE4T KA : make gemu
R T UAFE M FEATTHETAR (REAE, TEARELSEHE) , NWAKEHR,

¥ R3] Challenge: FAXFHHEZE XN AFHBKLE

RARARBHAR, RERXEL—KRRRAAGT R, 25 EF ML slab FiE& TR, A
B RN —AMLEBEGEERVALGL)REL L, TAEAZRYE slab wfTARLT RGN 55
Bk (&, TNAZARKE slab 69 B4R AL) k92 A0 first-fit/best-fit/worst-fit/buddy 5 & H4£ & X /)
QN ESELE . .
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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 IR H 4R,

—— boot

— kern

—— debug
—— driver
—1s
— init

l: 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
l: sched.c

sched.h
—— sync
L sync.h
— trap

|: trapentry.S
— libs

hash.c
stdlib.h
unistd.h

—— Makefile
—— tools

MA ERB =, ShveE B e bR O &R, BRI de BB E GRS
e ZREFH T :

@ kern/process/ (#7324 E HAR X SUAF)
proc.[ch]: #73%: KAHAZ, KEMXE, Q46 QI ER/IERAL, MIERHEAZ/IEAE, K2
BEAL B ALIR B F R
entry.S: #3: AAZEAAZAN 2 K3 kernel_thread_entry &9 52 2L
switch.S: #7138 : L TFUin#k, £ ABARSESL. RA#AZ LT
@® kern/init/
init.c: & TRIAZR ALK, FEABWELE N idle 342
® kern/mm/ (BEALEAREIXAKAEENIKEZ, T kmalloc #= kfree 4= {% F B *T )

kmalloc.[ch]: #73: = S A=5230 7 ##) kmalloc/kfree 3. Ak IR LT slab 4-He 8y F 1L
Hik (RELAVAMZH S T)


http://en.wikipedia.org/wiki/SLOB
http://lwn.net/Articles/157944/
https://www.ibm.com/developerworks/cn/linux/l-linux-slab-allocator/
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memlayout.h: 3¢/ slab 42 A GoBcta ke X 5% CGTRARELR) o

pmm.[ch]: 42 : & pmm.c ¥ 7%= T 38 A kmalloc_init &4, BCH T % 69 kmalloc/kfree 49 5% 2L ;
£ pmm.h F BUH T £ 49 kmalloc/kfree 49 2 3L

swap.c: 7 BUH T KT check %y Line 185 &y 34T
vmm.c: 47 : 8 K769 kmalloc/kfree
@® kern/trap/
trapentry.S: &40 T IL4 5 &9 & 4 forkrets, /T do_fork 8/ 4914 & & 32,
@® kern/schedule/
sched.[ch]: #73&: 5E3L FIFO R ka9t AZ8 &
® kern/libs

rb_tree.[ch]: #73%: FHMZH, #slab B FLEEER (TRAES)
SiFPAT

G iF B AT R A o Ade T
make
make gemu

N ST A B Do P RAPT 0 2T S (R AFE, TRARESRE)

3 NE&AAEHE
3.1 ERIATHRAMMSLE

lab2 A= lab3 A T 3t M A 49 miafl, BN EHIRLE R — &% B THAT. labd F s Amk bt
7 CPU #4924k, BPik ucore SEHLA BT F CPU, S % Fizdlimaeas it KikiT. MEFMFEE L,
BEMNTREEFAAEEA—ANNEEL RXEREALEEBOZABEAEG TR, ABEAER—F
Rkt AZ, ABEAEASRAPF#EYREANARN: ABEERETFEABSHAPF#EXELERF
BARBERBET; TANBEAEALEERALR G ucore ABAAZTE, NEAENABEALE
FRBGAGERMAF#REZEFEANAFAGERN. AAGZR & RFELEIANAE LA, &
T e ZAFE R —FEF AN A Z RS REAL,

AT ERIANBEAR, & 2T T EALNMIELEMN, B3t 48 4] 3 (B 28T ) B & AR 326138 )
o R Bk WA BALIE AT, BAVE BRI A BALA 2 69 BEAZ I ] 2k, 305 de ik S AL J2 ) e il it 4
RiEAE—#, RTHENETEN, MR ERBREFHETRFTS, INEEARLTHAZLFREEL,
REEBTIAESE (scheduler) RibRRE AL EAZLTRRE G HE & B CPU AT, S2ILF CPU &9
SEEF . AR labd P R AT —F —F FAX ARG R?

HAVL A M labd/kern/init/init. c P89 kern init HENF 2. & kern init HHE P, Z 7
RIEWA G ITAEE, LIARA T proc init HEk, IAHFK TR T idleproc W EAE A=
initproc A &AL AR B H T4, THLRKRFELEEZRG% ), idleproc A ERALE TIE#E
R RER, ARER L ABEAATAMATT, XA, & LiLAE R EFNRNABEAZIST (3F
A% cpu idle HFE AL I) o PTYA idleproc M AZ &AL A M ucore 4 & 40X A A M AR BAL 7T AT
WFEAT A 2 AR. 5 # A kernel thread &4k €] initproc B4 & A2, initproc R%
BATE) TAEH A L “Hello World” , AT AAELE LT T/FT.

PEBEEFCHRAEE LT AE, TREEWPE, £ labd ¥, INRZ ER—L, BPA
cpu idle FH# b, b R KA Y aTd42 (L3 A idleproc) 9 need resched A 1 (E#mHsiL
idleproc W9t A2 4= H3e0rsL BN 1 T) , WIAH schedule FHk, T axAALEE fedt A2, SHA427
B3 AZ LR H Y, MR AR REEA T ERI] A ST AR EAR, AR AT 3
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7%#‘5 N4z & AZ4 T “PROC_RUNNABLE” 4k &5, £4 TF %89 switch to d# (BB &R FMpH, H—<

s, BERNTB—T) Rk EmikidiZ, — 2R, IR 24 initproc M ERAZH T Al
TEFTFHEREAARRERRT

BTRELZEANETHAZNENE O E R HIELM--BA 42532 proc_struct, AR ucore 413 5
AT A 4% A2 idleproc A= initproc &9 A AP RN R 77 X, 46 A2 €1 initproc 49 7 XA E L BRI A P,
TREACVNER P #AZG IR HT X, o, TmFBRTHAZARE (RRSBRIFATR) foitfinit

3.2 Bt XA BELEM--AZEH R

EFE P 3428 3242 8 A struct proc_struct & =, & kern/process/proc.h ¥ & L 4= T :

struct proc_struct {

)3

enum proc_state state; I/ Process state

int pid; /I Process ID

int runs; /[ the running times of Proces
uintptr_t kstack; /I 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; /l 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

T E AR T U LR E £ 65

mm: NAERGEE, QARSI E. WAHBH4F. mm EAANMRE Z497 pgdir, T
TR ZHAE R — BN ARG HHE I, R R ANBEAGEAZEF 3R, B mm=NULL,
HAEEMRT ucore AT % .

state: HAZPTR 9IRS,

parent : J P 3EAE0Y kAR (Rl CHHEAL) o EFTREAET, RA—ANSARLH AR,
A NBRENFH —ANAEEAE idleproce AHERBEINK T XFRZZ—AWMBLEH, AT
Yedp — A TRAGIRAE, Pldmsl € EANHARLE T A F sh— AR AT AP R F 5
context: #HAZaY LT, A TF#HAZWk (AL switch.S) . 4 ucore ¥, FrA&#ALE A
LR AR IR 6 (Pl R SR N ABER AR LT XES) . £ H context kA F 5 ZME
MHETERZESPRBIT ET X ma9n, ERAHA context #H4T T Unikddf4L
A 1 kern/process/switch.S ¥ & 3 switch_to.

th: PRTMIAGIE4, BRIEOABRGEANZE: SHAAAR P SR QS B, P8
WL T AR PR ATOR S, S AME ZRE FH PR R, F A R iR B kst
RY G RATOEF A B 1. IRz, ucore RBAFHE P, BA THRIEHE T A
A0t tf B ARG ® Y ATay trapframe, ucore £ N AZAR 4P T tf #94k, TTAAHF
trap.c::trap o # #it — 3 49 T fid,

cr3: cr3 RGN A HIEut, BAR AWMLY IZETRAEER I3 FARNE W
¥, BRAERAME mm K HE cr3. mm RELEMRARERR P E R R AT,
B2 NBEAZLZA R P ZNE, CHRTHREAAZFG— I BEXRED GEFA— DK , BT
AR mm 24, Lt NULL. ZXEN#tA22 —A~Ed f p Sd42admdix, PCB 49
cr3 A mm P & (pgdir) e94p3Eseit; m L wR AEE&AEGEE, or3 ¥ T boot cr3.
¥ boot_cr3 4516 T ucore j& 3 Bt 3 Z AT 69k A AZ R DA A A9 T B ok A sk,

kstack: HANEAZHA — AR, FALET AT AN ARZE. ¥ THABREE, %
B A BATI AL A8 B 69 AR s Mt T &l 342, AR R K AR AL 09 iR A2 AR B Ak 4T
BT 69 AR 415 8 R 69 &% . Ucore A4 EBAZN BT 2 NELOHWHE T (XL memlayout.h ¥+
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KSTACKSIZE #9523 ) 1A ARG = 8] o AR, BT AR A b 69K 2 1% K 7T ik 69 'R
A, FHBRERLSTKOGKIEZEN, AR EE, FRRAAMN K. kstack 1R T HH %
ZHAARIBAZGABANEE. T2HERAAATILE. A%, SABEER— NS T
B—AMEE, FEARIE kstack GYMHEAM X BELF tss (FTUAE M — F A —F ik 6l
tss P RFA AP AER) , ARAEREMBEASEHRE PR ARG E R EMGKR.
K, ABRAEZTAZELETN, FARREFW (EANAKEHXMAATHAZKR) , AR
TE o mm a9 E R, HIAZR AR, NS ARIE kstack @9{HBRIR & AT AR 81 B
K, ucore X AR AAZAR A K E9 R linux 87k (ed T A 48 LM £ 57,
CERIWIE AL linux B RE) , CEEGENAEBEOABRERR T, XKLL
LR, AR FABREE TR TSR, BA—2RAERE, CRTRT
FNBT L CHHIBEFABH T o REBBI T A, FPTAHAZ ABARS 2 B 2 4)
Hoht b REA5EE R X AP AL, 2 XA AEAF S AR by 3T AR P AT R A9 R T AT AR L, RSk
AR F 5T LA F linux kernel 69 K4 x4 gt 3 17 2 4K,

AT ERZG PR BAZEH 3, ucore 4E47 T F & B X & (42T kern/process/proc.c) :

@ static struct proc *current: % A7 & Al CPU & Tia 77 R & #H AL 43454, BFXINETER
Faghy, RA ARG R T SATIER, FFREN A IR SRR RN R T
M, BATESEERFE Y. TASE switch_to 495,
@ static struct proc *initproc: A%, Hm—NMABEAL, AER UG, SLAEAFE S A
AP sz,
@ static list_entry t hash_listfHASH_LIST SIZE]: F7A #4242 HI 3k 697504 %, proc_struct ¥ 493k
hash_link & T pid &8 N AS A & F o
@ list_entry_t proc_list: FTA #tAZ4xH| ey m &2 3] &, proc_struct ¥ #9335 list_link 4t A
EAEEER P,
3.3 Rl HPAT A LAL
# 5 A2 %) (proc.c ¥ &9 alloc_proc & #) /&, FLAESLTT LAIE T #EAZ 45 ) 3 ok ) 32 B4k 69 it
BT, Bh, FERAENAZEAE, CAFTALZARTH— D BERSRE I, ZARFEH, @
MTEREZARBNE, CEMEMLCAFZABAITT T, B8 E NAES T AU &S B (B
boot cr3 #m &) —R N AFEMN T E), IANZT QI SAZRRE EFELEANNE, REL
FIXAGS B IR 8 3T AT R AN G T

1. €I %0 AH&ARidleproc

£ init.c::kern_init %98 A 7 proc.c::proc_init &#K . proc_init HE B F T 01 E N B EAZE K.
B L ATAHIT ET L (M kern_init &30 E4) 3£ VAA s A ucore WAZ (7T A M2 NAZ#EAL) &
B —NABEAZ LT L. Ak, ucore iBid % Y AT AT LT L BL— AN b AL 42 ) 3 AR ST ¢ 3
AR s, FEITER S 0 NAEEAE - idleproce BAKY B T -

#2278 A alloc_proc 4 % i@ i kmalloc % %k 3% 13 proc_struct 5449 —3k R A—proc, E#t A % 0
AR R T, HH4e proc BE4T 40 mds 4 (Bpde proc_struct B &9 EANEF R ). 2 HIRLE T 4
7 UK

431 IREAEAN A

4301 AR pid E L E 4

%41 IARE AR RN 6 MBI S AL AL
FPREZFZFEGP H KRBT HEORE ML, RATFHELL “HATT, EARBRFE
BEHERKP, F 5B E T A6 pid B-1, XERTFHAEGFHIET L LR T, =55
G ENH TIZABEALENMTIET, HERH ucore AL LEZW R &, BPXE N ucore M4
W& G9ATHE 33k boot_cr3. B4R T3t — b A T A ARG AR sk 2 18] (L@ 4640 it =
) AR . BRAR AR ERALE ] — AN AT A0 Tk, X R THTA X3 AR 103 B A A&
FARRCT N8, FTARAE AL, KR ABERER L IZRZNE TR — A E—6 At F—ucore A




& R ENLR B RGIRRESIE 2012 7R

o
Tk, proc_init & # 3t idleproc M 4% & AT 31T 3 — & sk

idleproc->pid = 0;

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

FREBAA LB 5 — 55947 idleproc & %89 F 4L 5--0, X & EZ)AXE T idleproc
A% 0 ANABEAL, B F T EE pid WEARETEEGUERINHAL, “OCAF—ANOETT
EATHEMNABIT R, thde C BT RN E AN RALTHDIFELELOD . F_FKENALT
idleproc #9R%&, AFCH G £ 42 Tk & T4, £ ucore AECHATT. F=FEFDRET
idleproc Ai{g &9 R AR AR M, R EFE S WL EAZG AR E 2T HpBESF, BA
ucore /& A EFIX B & AR A4E 5 B4 idleproc £ A 7o #FWEHARETZ, B A ucore A 2 % AT CPU &
MR A RO ITAE, W RIEAT idleproc XA AT E F 0 WA &AL, P AL idleproc->need_resched
RE A1, £54 idleproc &9 #AT £4R--cpu_idle R4 a9 R, T VAF # A& 4= R L A7 idleproc £ AT,
W R ERARER 1, & E3LA A schedule &3k & KA B r ik AL A2 AT

2. £ F1INAHELEAinitproc

50 NMNABMEAEIEZEIERTRABT EANT Z RGN, KRG8 AT cpu_idle &£ FF 45
HIRARAE T o BT VA ucore 42 T R F 41 b b A2 R T & A T4, 12 idleproc AT 4 A2 A T~
A, T AL A kernel_thread FH &K €122 T —/NABELEAL init_main, £FRWEF, IANTAZE
A0 TAERE A — & F S, REREDTT (5F init_main H&K). 124£B L%+, init_main
IR ER TG AN BEEAERA P #E (FRAETR). THRKNEIHT—TEIEAB LA
&9 ok £ 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 HH K R T B3 L = tf kA ERG NAZEAZGIE BT BT 0L, F4e o b7 w4y 45
AH4% i 25 do_fork 4k, f do_fork & 4478 F copy_thread &4k A4 o)A WA LH 114 3%
A2 69 o W7 di Bl — 3R 2 1],

LR WMy BLRE NG, E M AL PRI, EARIAER . BAS f AT AR,
FIX E P or i a9 X AL B (tftf cs) Fe Ak 4 B (tF.Af_ds/tf_es/tf ss) A P 4% = 18] 89 B (KERNEL_CS/
KERNEL_DS), X% IR ELHLH T initproc M A%&ALE WAL= B F #4T. M initproc P 4Z X AZ AR E
FrasATR? thtf_eip 8945 1 T 4 kernel_thread_entry ({1 F kern/process/entry.S ), kernel_thread_entry
A entry.S ¥ FAMLREH, CHROFHRR L.

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

I ESTAA 4, kernel_thread_entry o 8% £ %4 A &AZE) 24K fn BT — AR T 46 Fatd
BATRCR”, PR fn a9 5 arg (RAGE edx FHSBF) EA, RBEAA fn Kk, Jef 3R b
eax ¥ A4 & N AR A, AR do_exit &AL B b KAZPAT .

do_fork & 4 3 & A269 £ &K 3 . kernel_thread & #8298 A do_fork HE KL TR T AB &AL
BIEIAHE, FaAAMKESH—T do_fork #8952 3 (53] 2), do_fork 3k £ 2T AT 6 HHF 1

1. Bt Adb A2 424 3 (alloc_proc o #) ;
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2. HELHmAEL N A (setup_stack & #K) ;
A& clone_flag 47 & A R EFHAZ N HFE LM (copy_mm L) ;

4. HE#HBELAEANE (KRELOFERAFS) EFEBTARENE P B iAo BT

(copy_thread & #%) ;

5. Jei% B AT 69 sEA2 42 %) 3 AN hash_list = proc_list B AN & B st A2 45 & F

6. A, #ELEREZIFHTT, RS XENRES;

7. R E R AT AR id T

REEREITNA, R LA 3 TPIITRA RS, WEEB O EELE, eRXCEEh
0 ) BB . copy_mm &3 B AT R 242 current->mm X E A NULL, X2 & F BATAE B f A4
BN E&AZ, proc->mm FHiE a9 R BAZ R P AT R AHE A, ArA B A mm it AR L, copy_thread o
KM EFLE S, KRBT
static void
copy_thread(struct proc_struct *proc, uintptr_t esp, struct trapframe *tf) {

1 P AZ e Ax, 0 TRBR AR E o BT K s 8 — 34X = 1]

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

*(proc->tf) = *tf; /4% N & kernel_thread o £ 32 5 6% W5 B o B b 69 A0 4514

proc->tf->tf_regs.reg_eax =0; /X & T8t A2/ &AZIAT % do_fork )& 6934 B4

proc->tf->tf_esp =esp; /X E P bl 49 4R 45 4T esp

proc->tf->tf_eflags |[= FL_IF; //4& #& & &7

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

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

w

}
o FB SR AE AR AR R TR BRI E P Bl K 89— 3 AR = ], SE A= 8] P 4% L kernel_thread
o) O S 69 W B P BT A A4S AR, it — IR E P BT IUP a9 AR A5 4t esp ARk F A F eflags, AR
eflags X £ T FL_IF Ard, XA THNABERAIITEAEY, R P, 478 Y ATe3RIT. HiT 5
X G, WA TR MAE ST, AT initproc mE, © 89 P BT MAe T AT
1P Hu 42 B

initproc->tf= (proc->kstack+KSTACKSIZE) — sizeof (struct trapframe);

HEAR P 2

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;

XEBIFFRMUE, REHAIXE initproc #9342 LT L, (process context, HARMKATILE) T,
PAREFPATIS G, —2 ucore B B #4F T initproc AT, LF ZARIE initproc->context ¥+ £k &
B9 AT I KWK A initproc 893 AT. X EXE T initproc AATILS T B AAME &0 ERIF IR
FTEF BT — & 45 4 3 hk context.eip A» Lok A% 2E 4T BF A9 3 A 3k Ak context.esp. F5% initproc L% A
frid, PTVAX L SEREA initproc S IRIAT A F — K45 S sbhb At iR 254, TUAA 8, & T initproc #9
bR B B T 92 FR4 initproc B89 # = A 69 TR, BT LA initproc 7t 7 AE 424X TR 45 41 context.esp X &
A& initproc &9 ¥ WMy A2 4E 1z E . ARAE context.eip A9MKAE, ¥ VA%eil initproc 5% IR T 45 AT 69 H 77 £
forkret H %k (£ &7k do_fork KRB a9 TA4E) &, Z b, initproc M &AL B METF AL AT
To

3. AEIHFIAT AE&KAZinitproc
A ucore #AT R proc_init HE G, #ANEIFT AANAEZ LA idleproc 4= initproc, iX B ucore %
AT 89 AT AL A idleproc, 5 2| AT 2] init H 389 |G — /> H 3L cpu_idle Z AT, ucore &9 BT A #4514k
IH#LER T, idleproc ¥:8 i #47 cpu_idle F 443k h CPU, 4 H ¢ ABEAAARAT, BRI ET:
void
cpu_idle(void) {
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while (1) {
if (current->need_resched) {
schedule();

Bk, Pl L AT AL &AL idleproc 9 need_resched % A 0, EEAT &4 E F — AR EAL
idleproc”F 69 4#43£, proc_init & % £ #454L idleproc ', #t4e idleproc->need resched E4 1 7, A1k
&5 LA A schedule o 2% % 3 A 4L F t%‘”/‘éﬁgﬁi%icffo

ucore A£FIW P AL T —/ N £49 FIFO BHE S, HEA U A schedule F#, € a9HITE
HARE %

1. % & % 7T W A% &AL current->need_resched % 0;
2. A& proc_list FAZ]H &3 T — AN Tt 474 69 R AZ R 42 next;
3. KRB XA HALE, FIAM proc_run Kk, KA LATHAE current BT (AZ LT

L), KEMFEAZGIITING, TEAZIE,
FE b, # 9 SEAZ next LA HEHAT T o & T4 procl0 ¥ R A AA WA L&A, H idleproc &ik i CPU
% initproc AT, KA LAK 2| schedule & #:8 i & 4% proc_list #AZA ], RAEKE| —/NAE Tt
A8 initproc AAZ&AZ, FFi@id proc_run Feit— i 69 switch_to H& TR AANFAT IS 63k, HAK
RAEA T
1. ik current 45 next M #% & AZ initproc;
2. REE SRS B PAFRS 0 T 89 RTNA541 esp0 7 next A 4% &AL initproc 9 P A 49 KR IR,
AP next->kstack + KSTACKSIZE ;

3. % CR3 4 & E 69144 next WAZ &AL initproc #9 T B K & A2 45k next->cr3, X E R L2
7R AL ] 8 T & by 3%

4, B switch_to i;*imﬁxflﬁ\é’aﬂ?ﬁ/\éﬁié’ﬁkﬁ%%%ﬁéﬁ P& AN A%, % switch_to
o AT éret” 1645, AL F] initproc AT T .

EE, Eﬁf}«—ﬁuﬁ&%ﬂa#&%ﬁ ts P AEAE 0 T a9 R IAAE 4T esp0 89 B 89 2 3 547 N &AL R
R P EALEPATHRE Wi (AFAE 0<->45 M 3, RAAFAE 3<-->4F0E 3) I AL 95 B4 2
{24t FAHME 0 BT #AZA AR AT, miX/ANRTARSEH T —A trapframe 24989 A 5 2 18], 4= R
REFRE 3 RETPEIFTIZAARN, N CPU AAFERE 3-->8HKE 0, B CPU ALK (H
ATARATET #AZ A A AR TR ) FHIE R R R R AW P BT/ 77/ R A A RNITE R F SPFTAG; S RAAE
BRSO RAET PUIFHIZAIAR, U CPU & MM LT M A% 454t esp FT 35 6945 B 46 R R AR A4
W T F ] F R R %Tl‘—fr ABESPITAS . RZ, ST TI T/ FF/RERARNATE LIS,
RJG BPIIT — /N iret” 154 BIATHAGA Z AT, CPU 89 L AT 464 esp — 2 456 Lok = A b g/ 7%/
F %A A B CPU 4R A 6948 4T 7 69 45 4 M bt CS A= EIP, “iret”4§4~ 2 4R4% ESP 4549tk 4 69 4k CS Fo
EIP & 5 5] LR AR AT BT 69 3 75 2 82 AT o

AR EZE &, BT idleproc A= initproc #8224 A —ANA4Z R & boot_cr3, AfuAskit % =5 &
AR, B2FEIUENHAER LS AT A, FRIEMEZ MR, RATKN AWk, T4 Efﬁﬁ%%ﬁ
89 BEAZ B8 9% OB F AT o

% w4 proc_run K48 A switch_to H#k, AR —Ni#tAZ G —NHAZAGIMATILG . process
context, 7 bE—Fritit#tAEdsHIR P, #MAET context EHM O SN BRGAKRLNTER. &ANF
& A& switch.S ¥ &9 switch_to & # 49 AT IRAZ

.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
mov! 4(%esp), Yeax # not 8(%esp): popped return address already
# eax now points to to
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mov| 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, KRB —ANRAZGIITG, ATRELHIES W THT) kG THALLERE switch_to
oy #0945 4 Hu bt 2] context.eip
mov| 4(%esp), Y%eax # eax points to from
popl 0(%eax) # esp--> return address, so save return addr in FROM’s context

BETRG T FLHIGES TR T RAN —ANHAZG KA 7 ANF 55 2 context F a9+, £
WAl — ARG PITAHRE T, BAEAKRL A —ANHAENIITAY, TLFHE LR AT
#91F PATITAZ, BPAK context 49 2 hbad3%, ebp 44, B —iEA8 KIRAGEBAAL M 2 09 F 55, Bl
% — 5L 9 45 4 “pushl 0(%eax)” 2 5= 4& context ¥ £/ 7 69 T — ANt A2 F AT 69 45 4 # 4k context.eip 24 2|
THRMN, IHETRITRE —FHB/EL e, 2R A ERIAL EIP F 4%, XHFHmRE]
T—ABAEPRTT, AEHALCELT—ANRAET.

ucore & AT HAZ I, ik initproc $h4T. A3t initproc BT ATE5 LR, X E T initproc->context.eip
= (uintptr_t)forkret, iX#%, %347 switch_to &K FFE =G, initproc F#AT I F IR LegAT A o it
forkret. n forkret 478 4= F kern/trap/trapentry.S F &9 forkrets & # A7, BARKAD=TF :
.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), %esp 1132 esp 45 &) % AT 2 AZ 69 o B il

jmp __trapret
T UAA 8, forkrets &4 # 4e esp 45 %) L AT SEAZ & o Wi, AK_trapret FFA5 AT 2 iret AT, esp 45
M 7 current->tf.tf_eip, 4o R B AT 49 2 initproc, W current->tf.tf eip= kernel_thread_entry,
initproc->tf.tf_cs = KERNEL_CS, FTA S AT R iret &, sLIF45 £ WA F 47 kernel_thread_entry 4
T, w initproc->tf.tf regs.reg_ebx = init_main, A7AZ kernl_thread _entry ¥ #tf7“call %ebx” /&, #LFF
4% AT initproc 49 4K T o Initprocde 4 EARA K FARF LA A —BRFH B, REHEA T F
kernel_tread_entry &4k, F3t— 8 A do_exit #ATIR H4R4E T . Ak do_exit &% %R — & TR =K
IAES, BXERRERWHERLY, MARBLNFERRT K. 2, FRWF I ET/EMETE,
4 FBHRLEER
I b LT & labd.zip &, MEAFE| AL ASFXAD B & labd, TARFERFHEZIAN%] . TR
9B FAEELIRE, AR B ETHAT make handin 4£4%-, B4 834 s labd-handin.tar.gz. & /G i#
—ERAT R R LI WL T L,
EEACLABA R R, KA FITAEZ 2 me9H 7 (challenge 1% 4M) #0A “LAB4”4=2“YOUR
CODE #) iz, AR A ZEHRFER, HH“YOUR CODE" %A A T 55, HELFHA
AR AT ARG A L E A a9 K AD .

MERA: FRWHEFTRdi=T:

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

Special kernel symbols:
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]
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entry 0xc010002c (phys)

etext 0xc010dOf7 (phys)

edata 0xc012dadO (phys)

end  0xc0130e78 (phys)
Kernel executable memory footprint: 196KB
memory management: default_pmm_manager
e820map:

memory: 0009f400, [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 Bgdlr() succeeded!
check_boot pgdlr() succeeded!
-------------------- EGIN -----m--mommomeeaae
PDE(0e0) cOOOOOOO 8000000 38000000 urw

|-- PTE(38000) c0000000-f8000000 38000000 -rw
PDE(001) fac00000-fb000000 00400000 -rw

-- PTE(000e0) faf00000-fafe0000 0000000 urw
-- PTE(00001 fafebOOO-fafecOOO 00001000 -rw

check_slab() succeededl
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
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 c 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: "Hello world!1",
To U: "en.., Bye, Bye. :)"
kernel panic at kern/process/proc.c:316:
process exit!!.

Welcome to the kernel debug monitor!!
Type 'help’ for a list of commands.
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EHEMRGF, 22 ERA A G/ CPU, IHAZARGTR, R R RFTEEGETHE, TR
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FEOEF TR, REFTREETNY, ZAHLESBAXBIIEA L.

2. HAZREEE

R P #AR R AR AIRES CTEMBAES TR NR), SBREZREEFOHAIINEGTE, &
ANHAZHBEATT | R RA FAEPAT, 12 2EET NAETR, LT KE; Y544
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CEBERE; YRS RITEE, ARMFEAAESEAE AT RN, S#FEFATRTRE,

X HARRES BT IE R RA AT LR, M AN ERTREIRSLMAHIRIER L
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3. #AEH&A

— N HAEMA — A G AL AR AR 09 09 JE Wb bt = R VA B AT R — AN AR KA FAE B 945 5K
PAT, AT RETRELCHEGRTIREIF#T, Bit, —NEFHRTRE @S, 4 s
F) R ANEBEZRAESTRT R GblenBAE) HAEKE (bdepib{E A CPU) #9%4{1, &
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By R ek T )3, E—ANBARF, THRA —ANARENEE, FNEAERREZRTRE (B, #
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