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RRW: ABKEETRE
1 R
T A EAZ A /AT G R T A
T A EAR G I de K AR BT A
2 RBAZX

K3 213 TR T AR AN BB, XL NZEAL (WREALR —F4Fkagt4Z) 37T 7T
RENGERG KR, S —MEF B E AL PEF, B ucore 89 N 48 L5 BLAE 69 = 1],
RGHE BH Bhe T Al CPU R“H K PAT E MR-

ARFHFALEBORABEENEE. ABEAER —FHROEAE, ABEAES A P42
RAAAN: WEEERBITEABRSHA P #BAEER P S5FARSHREN; TAAGEEL
AL R ER 6 ucore AR B ZEN, REABNAREBALY LRGN GZ M P 2T E LS
AR PAAER, MXBRENBTAHMEB: [RE] StAZ/EAZ0 B M 545 LE AT,

2.1 %3]

%30: AELHER

ASEIARAN SR B 1/2/3, AR AR A 58 11213 69 RAD N A SR B o XA F A “LAB1”,“LAB2”, “LAB3”
A ERBRAR LS.

%31 HEFmBL—AEEEFR (F£2HD)

alloc_proc &4k (4= F kern/process/proc.c ¥ ) 5 3t 4 B i& B —AN#7 49 struct proc_struct 2544,
AT A 373 S8 AR AZ R 242 & ucore & ZAT XM AT R A A AEL, REE LR
AwmdsteitA, [#27+]1 & alloc_proc sh& ey 5K I ¥, & ZA4EL4) proc_struct £549 P 6938 £ @45
state/pid/runs/kstack/need_resched/parent/mm/context/tf/cr3/flags/name .

%32: AMCROABREAEAPBRTR (F2R4)

B E /NN EALE 2o BA L BAFIR S TR . kernel_thread & #0:8 i3 98 A do_fork o £ 50 s £
R ERAZG A3 T4E, do_kernel #3428 M alloc_proc &4 k9 BLH s — A dE A2 iz hl3e, 12
alloc_proc 223K 2E| T — 3N A R AT FKHEAL L 242 8, H %A FIRH,BLE % TR, ucore —ALiB
i¥ do_fork 5% IR 6] 32 7 69 W # & AZ. do_fork 894 Al &, 6132 B AT A AL —Aal &, e iT L
T R, $ARA—4F, ERGMAZETRR ., AXANTAEFY, FE2LFABREESBTR, FHLE
R FHALGKRE . B E 27 AR kern/process/proc.c 49 do_fork 4k ey 4t i A2, © a9 KEHAT S
KEIE:

- A alloc_proc, BHRKHF KM FAZ &3k,

- AHBELSBR—AAEK.

- AHIRHAANALGETERE LI HE (RARKETLBLE)

- EHRSAE LT L HAE

- KEFs AR B AT R

- REEH AR

- AEATEAL T
$4213: WKL, #Mproc_runfeg AR &R KT T REED B, (RRBDIIE)
TRARBE G, HiFitiaiT K4 : make gemu
R TUFI M FEATHETAR (RELAE, TREREESSHE) , WAKEH,

¥ R4 3] Challenge: RAIXFEZ R IR ALEHT &

BARARBEHAR, REREL—KFRAGOT R, 2552 MA slab Fhkk& I %, A
LBERIP MR EGEE RNV ANELEE R, THAERERTH slab wfMAALTF RGN EH
Bk (&, NAZMRKE slab 69 BARE ) k5 2 first-fit/best-fit/worst-fit/buddy 5 X #H4£ & K
N ESEE R, .

[2&] Ak challenge #8%F & % . challenge S0 AR LM, RTAEHRGSTIEN,
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—HER Bl 3 AT 569 2 first-fit (5 Linux # SLOB S 3Aafk, TAF) | —Hrag Rl 5 A T $5F6
A best-fit, = HE& B 5 A 7T 245692 worst-fit, KIe, Witfe 7 YA F 5 R T2 £ buddy. &5
A Fmegiat . AT AR (8 T B RS ARIAR S I E A P A s R 489 check H30) #9R IR S
TR G THRFE Sy, (BARXRBR I TR, £REFE EZHIRT) . TEAHKXAI Linux
FILAS, HAF

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 B 4%,

—— 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

—— trap

|: trapentry.S
— libs

hash.c
stdlib.h
unistd.h

L Makefile
—— tools

Mt 5E = R B e F R LG, BB I e EEFE

iice 2HKFA T
@ kern/process/  (F73G kAL E HAR XK LAF)

proc.[ch]: #73%: RN AZ, KAEMX A, Q45 ClEHE/EA, bt f/afs, &

WAL RAZE E F R

entry.S: #38: AAEEKA N HH kernel_thread_entry #9 52 31

switch.S: #73: ETFUinik, AABBMAEA. KA#HEET
@® kern/init/


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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initc: B &: TR AW, HEAEWIELE N idle d42
® kern/mm/ (AR EBARFEIREAKAENIKAZ, T kmalloc #= kfree 4= {T4E F BP =T )
kmalloc.[ch]: #73%: = XA=52 8L T # 69 kmalloc/kfree k. BAk5 LA K T slab 5 B89 1L
fE (RERXASARNEARNZHKBT)
memlayout.h: ¥£74eslab 32 A GHoBABXe X 5% (CTARAER) .
pmm.[ch]: 4 : & pmm.c ¥ 7= T 98 K kmalloc_init & 4%, 3 T £ 49 kmalloc/kfree #9 5% 3L;
F£ pmm.h F BUH T £ 49 kmalloc/kfree 4952 X
swap.c: 4% : BUH T F T check &9 Line 185 #4934t
vmm.c: 47 : 8 K769 kmalloc/kfree
@® kern/trap/
trapentry.S: 3&4e 7 L% 5 495 3k forkrets, M T do_fork 78 F 914 = 4L 32,
@ Kkern/schedule/
sched.[ch]: #73&: 523 FIFO Rk eyt 4298 &
® kern/libs
rb_tree.[ch]: #73&: FM 24, i slab pBay@LEEER (TRAES)
SiFPAT
G ik EAT KAy At T
make
make gemu

N ST AfF B 4P RAFT T 2 S (AL, REAFRESRIE)

3 ABLEAEETHE
R0 NEEENET HAZCNEIE O E ZHIELEM--t 42 H32 proc_struct, A& ucore 4
JF AT M A% 2 AZ idleproc A= initproc 9 AP R B 77 X, 45 5 2 2132 initproc 89 77 XA E LB R0 A
TRACZERPF#AAGEIET X, o, TMIBRTHAZFE (RRANBRFATR) Fidtiinik
3.1 &k AR 3R
EFEmvP, #4246 343 8 A struct proc_struct & 7=, & kern/process/proc.h # & 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; /I 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 & E R ME—T LA R E #6956
@ mm: NAFENEL, AEAAFMIIE., TEAKHE. mm ZHMRE 2R pgdir, T
KOG R GHAME RO — BN A G EAE, 4o R NAZEAZGG AR H e, W mm=NULL,
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HAeCEHT ucore RN T .

state: HAEPTR KRS,

parent : J P utAZA9 AR (RIECHHAZ) . EATH#AET, AH—AHAZLAH LitA4L,

A NBRIEF —NAEEAE idleproce WHERBINK T X FRZZ—AIWALEH, AT

Y dp — AR A IRAE, Blde sl 2 EAN AR R T T LA 5 Sh— AN AR S AT R AT IRAE S 5

@ context: #2609 LT X, A TF#AEW#HE (AL switch.S) . #& ucore W, A ay#E4ZE A4
LR AT SR A (Bl ik L AR AR ETFTXES) . £/ context HRGF 4 K49 H
MHETERAZSPRBIIT ET LMk, RRAR context #E4T ET U Inikdd &4
A 1 kern/process/switch.S ¥ & U switch_to.

@ tf: THIMIAIEAH, ERIEOABAROEANMEE: SHALAKRE P = RKE N R, PR
PR T HAZ AR FPEATORS. SARE LG R PR, &2 PR Ak 2 kst
RS IRATOEF A B 0. Rz, ucore NBAFHE TR, BN TIHRIEHE P IR
A0 tf B ARG IEE L AT trapframe, ucore A MR L4 T tf 694k, TAAH
trap.c::trap o 2 it — 7 69 T i,

® cr3: cr3 HRAEMNAMIEA, BALLAAZWIRGNIESTLAEMEA I3 FARNE W
e, BERBRAARE mm RAHE o3, mm HIELEHA R KREIR PSR EGE LY,
BEXANBEAEZLZA RPN, CPTHRAEZAZFG— I ERD GEFA— DRI , BT
ARG R mm 24, &it& NULL. 3 EA#A428 =58 f P S #EA2e1%, PCB F4)
cr3 stA2& mm W& (pgdir) 494p383ak; w4 w R ABEAZEE R, cr3 FT boot_cr3.
¥ boot_cr3 451 T ucore /& ) i 32 SAF YK A B R ML S B 69 B ok A #eht,

@ kstack: B NEAEARA —ANAEZA, FELTAZELETHGRRZE, T TRABEE, %
BRAARIBATI AL A8 R 69 4%, fxt T 58 3042, AR R R AR AR UL 69 A% A8 Ak A4 4T
BT AL A2 8 R 89 Ak, Ucore ) AN BT 2 NESLWHIET (5L memlayout.h ¥+
KSTACKSIZE 952 30) 1B R M ARG = i8] o X ANEAR DS, PT AR AP 69 R 2 1% R 7T At 6y %
R, FHEBRER LB ROGKBLEH, AERES, FRELRMAGT. kstack TRT 5 H%
ZAARIBAZG ARG T, TE2ERAAATILER. a4, SABESEKN— NS4k
B9 aiE, FBARIE kstack A EAAGIXESF tss (TADM—F AL — ik e
tss PR AL IEAAEPMER) , AEAREMBRUEE XA PR RS E R EANK. &
K, ABARAZTABRLETE, FERERELFN (FNSEARMA B THAZK) , BRR
T omm g, BIAZRENIE, NAZARGARIE kstack @91EBRIR AT AR 6912 H St
FTEIK, ucore B AR AZAR AT KA R linux 85k (led TR AF LI £ 57,
CRIZ G linux B RE) , CREFNAEAEGAZRETRRGEE, ZHFAENEEL
LA, AR AEFABRES TR TSR, BA—2RAEEH, CRTRT
FNBPRECHORBEFABRR. e REBBI T A, KA A2 AR 2 B 2 4)
Mt b X AR RAX AP AR, 12 XA A AR AR P RS R R R S, A%
ABEF) T ASE linux kernel &9 /K45 3t gk 347 22 X,

AT EEZGF A QAL F 3R, ucore 4 T T2 /L= (42T kern/process/proc.c) :

@ static struct proc *current: H AT & Al CPU B4 T2 77 R A #AZ 4] e 454, @FRXINEZ A
RgH, PA AR IR AT, LA B B AL S SRR R T
W, BAEVEERERTE. TASFE switch_to #9% 0,

@ static struct proc *initproc: AEIF, K@ —ANAEEAL. AFR G, AR F—A
AP sk,

@ static list_entry t hash_list{HASH_LIST SIZE]: Fi& st 4245 #3699 4 %, proc_struct ¥ 4935,
hash_link ¥ % T pid &4 NiXANA A & P,

@ list_entry t proc_list: FiA stA2 4 %) 3k 69209 &P 7] &, proc_struct ¥ &93% list_link 424 A\
AR P
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3.2 Al MATAHEAL
# 3 A2 43 (proc.c ¥ 49 alloc_proc F4k) /&, AR T VA iE shA2 45 H) 3k k4] 2 B AR 69
BT, Bk, FERMEOAREAE, CAFTALZABRTH— D BERBRE I, ZARFZEH, @
MTEREZABHE, CENENMOSANAZNHTT TR, B3 RERNAELT BRI R (B
boot cr3 M) —H N A AL ZE). IANBT QA KAZRRE EBFEZEANNE, AEFL
FIAANAS R IR BT AT B A AT
1. &£ 0N HH&KAZidleproc
A& init.c::kern_init 378 A T proc.c::proc_init & . proc_init FE B B T )12 A E&ALG T K,
B L ATAHIT ETF L (A kern_init &30 E4) 3E7T WA s A ucore WAZ (7T A 2 NAZE4L) &
H—ANNEEAEG LT L. Ak, ucore il i 4 B ATHATE) LT LB —ANstA245 4] 3 AR 3 © it
frAa g aAE, A ATE RS O AN EAE - idleproc. BAK Y B T
#2278 A alloc_proc & # % i@ i kmalloc & %k 3% 13 proc_struct 54449 —3k 1 A—proc, E# A % 0
AR HRI3E T, FH4e proc #4740 & 44 (BR4e proc_struct W 69 & ANRFH KD, 1B IR E T 4%
7 GOEER
41 IRREEARA S
431 IfRALeY pid %K B A
%31 IIAEAE P A% ) B9 P A TUR AL sk
PR EZKEGP H KRB THAGRS AWML S, RATFHECS “HWA”T, EARRE
BEERKP, F 5B E T A6 pid H-1, XERTFTHAEGGHIET L LR T, =55
R TIZNBEEAZLEAZTEIT, ¥RKAA ucore AL LHE ST A, B E A £ ucore M
T & A AL G 33k boot_cr3. J& 45K Ia v "t — % & h PT A StAZ 09 A MR s bk = ] (L@, 4543 it =
B]) ZAAR Y. BRAR A EAZE R — AN AR E B T &, TR TATA XL N T TR A A
FAR T 0y, PTARAF AL, X AR % AN E T B — AR —ay At 42—ucore
o
Tk, proc_init &% 3t idleproc M 4% & AT 8 4T3 — & sk

idleproc->pid = 0;

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

FRERMA KBS H— 554947 idleproc &89 FpiE5--0, XL EF LA T idleproc
A% 0 ANABEAL, @ F T BT pid WEARETEAEGUERINHAL, “OCAF—ANETT
kA HFAABIAE A, tde C BT L H A RALF G PDARELAD HF_FEGKET
idleproc &9k %S, {EFC Ml £33 Tk L T/, £ ucore AECHITT . F=4FE9KET
idleproc FT1& 69 A R a9 A2 45X At . & 272 & UAG 609 H A BAZ 69 WA ARAR § 238 i 9 Bk 1, A
ucore J5 # B 1% E 69 N AZAR A4 5 B4 idleproc £ A T o HF WK EE, HH ucore 42 % AT CPU &
TR A RE T, WA REAT idleproc EANTPTE F M WAL &AL, AT vide idleproc->need_resched
RE A1, £54 idleproc 893 AT TA4R--cpu_idle KA 495K I, T LA # A& 4= R % 77 idleproc /& #47,
W R ERARER 1, 5 L3 A schedule & 3% & KA B r ik AL St A2 AT
2. A1 FIANABEZAinitproc

¥ O0ONABEAEELE TR T RABLT EANT R MIEN, KB 8L HAT cpu_idle & 545
FRIKRAEFET . FTYA ucore 3£ T kB F 4 12 LA #AZ R T A & A T4, 12 idleproc AZ-FEAEZ AT
B, T ARLE T A kernel_thread &3 €132 7 — AN WA & A2 init_main. &L R d, IAT HZE
A0 TAEE Al — & FHE, REHETT (5F init_main HE). BAEBLGFEER P, init_main
IR ER T AN EEIN P #EE (FRATR). TEHEINEST— T 0 A LA
a9 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;
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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 B R A T AL = tf KR BRAG A EAZ UG BT o w7 b, S 4e b B7 il 09 35
A% 25 do_fork &4k, ™ do_fork &4 478 B copy_thread & &k £ 4| 2oy kA2 A AR L1143
F2 69 7 il o BT — e 2 18]

bR E R G, EEMEAEAZGFETM, BRIAER: HaS tf T F Rk,
F % E b B pil a9 X A B (tftf cs) Ao 4 3B £ (tE.AF_ds/tf_es/tf ss) h W 4% = 1] 49 % (KERNEL_CS/
KERNEL_DS), X% AL T initproc MA% &AL A4 B F #4T. @ initproc M4 &SAZ AR E
Fras#ATR? thtf_eip 8945 85 T A2 kernel_thread_entry({z F kern/process/entry.S # ), kernel_thread_entry
& entry.S PR IGLHE LK, CHROFHRRL:

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

ST M%ﬁ kernel_thread_entry & & = % A MAZ ZAZ) 4K fn HEM T —/NES T FLE R
FEATRYCR”, R fn S arg (RAE edx FAET) EA, REARA I K&, oL e
eax ¥ 4% l"]%}ﬁ’]‘i AR do_exit o # iR t K AL AT,

do_fork & 43 & A2 89 £ 2K # . kernel_thread & #8298 A do_fork H#E KL TR T A EALE

BT, TEAMNKSH—T do_fork K& a9 5= M (453 2). do_fork H& £ EMT AT 6 HHF1F:

1. o BLH s AZ 32 %) 3k (alloc_proc & #K) ;

2. A BLH s M A% AR (setup_stack o 4K) ;

3. %% clone_flag 4= & A # R E FHAE N FF ;gz #’7 (copy_mm ) ;

4, RE#HBRENZ (FRELEOFER P E) EFEATARE T E G F w47 £ T T
(copy_thread &%) ;

5. Je 3% B 47 69 S AR 42 H) 3N hash_list A= proc_list 4~ 4 Bt A4 & F ;

6. Ait, #FCERESEFPTT, HERREREAKELS;

7. 1R BB E A FiARR id T

REEFEREENA, R LA 3 FRITRA R, WE BB RO HELE, X Esh
89 N G HE24%. copy_mm FHF B A7 2 24 current->mm % E 4 NULL, :\ﬂa@aﬁ“ BAT AR BT R ak
B N &AL, proc->mm Rk &g R #HAZR P A F B AHFIL, Al B AT mm L S k. copy_thread o
HMOGFFLE S, K4 TF:

static void
copy_thread(struct proc_struct *proc, uintptr_t esp, struct trapframe *tf) {
17 P AZ 3B AR 89 TREBRIXE of W7 K /s 89 — 3 AX 2 4]
proc->tf = (struct trapframe *)(proc->kstack + KSTACKSIZE) - 1;
*(proc->tf) = *tf;  //3% N & kernel _thread o 3 3% = 69 s B o B 1 69 #4514
proc->tf->tf_regs.reg_eax = 0; /X & T3t A2/ XAZIAT % do_fork J& 694 E {4
proc->tf->tf_esp = esp; /X E ¥ w7 il P 49 £ 454+ esp
proc->tf->tf_eflags |= FL_IF; //{£ & v 7
proc->context.eip = (uintptr_t)forkret;
proc->context.esp = (uintptr_t)(proc->tf);

}
B #B SR AE AR AR TR E P il K89 — 3 A% = 1], JEAE = 1A P 4% A& kernel_thread
o HOFE 5 0915 B P WA AR, FFEt— IR B P BT HUP 69 AR A5 4t esp Aedn & A F eflags, 41 A
eflags X E 7 FL_IF 47&, XA THABREAEZEPITIRFT, v PBF, ITEF S ATa94T. AT 2]
XY G, ARG TR WA E AT T, T initproc mE, W F B Wde T AR
1P He kA7 B

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

1B
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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;
EEBIF PG, RBEHAILE initproc #9342 ETF L, (process context, &ARMATILE) T
PAHEREFPITAS )G, —E ucore B & E£4F T initproc AT, #F ZARIE initproc->context + £k &
89 AT I KK A initproc 94T, X 2XE T initproc A9ATIL G P £ B0 AMAE &0 Bk AZ AR
ITEF 8T — & 45 4 36 hk context.eip A= Lok A% L 4T BT A9 3 A 3k Ak context.esp. 5% initproc L% A K
frid, PrAX HE R initproc S IRIAT A 5 — S A5 St Ao 454, TTAA &, & T initproc &9
kB B T SR IR initproc B A9 A E E AGTRER, AT VA initproc #t R AR JE R TR AG 4T context.esp iX &
Z& initproc &9 Bl a9 AZ 4542 B . ARAE context.eip A9 IKAA, ¥ VA%eid initproc 5F PR S RAT 69 7 A
forkret 3% (£ & %F Ak do_fork H# A a9 3E THE) & E M, initproc A% & A2 2 MAT £ & AT
To
3. BEH AT AL Ainitproc

#£ ucore AT Z proc_init H &K G, sLEELF T AASAHE &AL idleproc #= initproc, X & ucore %
AT A9 AT AL F A idleproc, 5 B|AT 2] init K H 89 R E — /A R 2K cpu_idle Z AT, ucore &9 BT A Ands AL
IR T, idleproc Fi@ id 4T cpu_idle K&k ik s CPU, X © A E&AZIIT, BKRIAZLT:
void
cpu_idle(void) {

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

Hk, FIET L AT A AAL idleproc 49 need_resched £ & A% 0, ©MAT@“4)E FH— A RNZ &AL
idleproc” ¥ 89 F43i£, proc_init & # £ 41454 idleproc #F, w4 idleproc->need resched &4 1 7, AT YA
48 LR A schedule o& # & A 4 Tt 25 & o9 S A2 AT o

ucore A£E WP AL T —/ N 49 FIFO HE S, HEA U A schedule F#. a9 ITE
AR R ¥
. % & % 7T W A% &AL current->need_resched # 0;

2. 7 proc_list IAZ] o &K T — AR Te#t 475 69 &AZ R A2 next;
3. RE XA HAZE, #AM proc_run HE, KA L ATHEAE current #9ATILY (HEAZET
L), KEMFEAZGIITING, TiEAZik,
E b, #7069 3EAZ next A 4EHAT T o & F 4 procl0 + A A A& 42, H idleproc &1k CPU
% initproc AT, &AM LAE 2| schedule & %58 i & 3% proc_list #4237, R AR E|—/N4 Test >
A 49 initproc A& A2, JFi@id proc_run Feit—F 49 switch_to o # Z m BANPAT S 6 bk, BAK
RARAT -
1. ik current 4§ & next P4 & A2 initproc;
2. K EBAES RSBt PAFAE 0 T 89K TR 4541 esp0 4 next I 4% &A% initproc &9 I AZ AR 69 R IR,
AP next->kstack + KSTACKSIZE ;

3. % & CR3 % A& £ 69144 next WA &AL initproc #9 T B k& A 45 Ak next->cr3, X E R L2
TR AR ] 89 TR I 3

4. B switch_to &3k xR BEARGG AN KAZGRAT A 3k, B EANF A5, % switch_to
By F AT Zret” 4546, I initproc AT T .

EE, AF T REESREE s PHES 0 T a9RINAG4T esp0 49 B 49 2 12 545 N &AL SF
R P EAZEPATHRE i (AFE 0<-->45 M 3, RAMFAE 3<-->4FE 3) I AL 42
{24 FAFAE 0 BT A2 09 NAZAR A ARTR, XM TR E AT —A trapframe £#89N A = . 4o R
AEHRE I RETFYH/IFHIZAAA, W CPU MBS 3->HE 0, B CPU KA (H

[HEN
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ATARATEF AL A AR TR ) T R R R R AW P BT/ 77/ R A B RITEH R P SPTAG; e RAAE
BREORET PEIFFIZS%AR, N CPU &AM L AT AAZAAIS4 esp PTG 6942 B Fr 45 E R AR G4
WU/ S w R AR TR A NS TS . RZ, ST TR/ FF/FZFARARNITH LG,
KB APAT— A ret” 1540 AHATHASASZ AT, CPU 89 B AT KR 154 esp — 2 458 Lok &= & b o7/ 7%/
Z 4B R i CPU #k A 094 4T 69 45 4 3kt CS A= EIP, “iret”454 444 ESP PTA5 095k A 89 4k CS A=
EIP & 8 %] LR AL ATHT 69 3o 77 4E 8 AT o

EM*EIXEZH @, BT idleproc #= initproc #f 2 % F —ANA AW % boot_cr3, FTUAsLEf % =4 &
EER, ABFEBABHRAEFT S AN TR, LB ETHE, RATRT &k, Tiatkdr
A4 A2 8 9% B F PAT o

%345 proc_run KA R switch_to Fik, HHAAT —ANdtAEF B —AFAGRITIG : process
context, £ E—FeiXtdtfEdsd e, AT context EMO LN BREFRENFHEE. ZMNF
& A switch.S ¥ #9 switch_to & 3 89 AT iR AL :
.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), Yoeax # not 8(%esp): popped return address already
# eax now points to to
movl 28(%eax), %ebp
movl 4(%eax), %oesp
pushl 0(%eax) # push TO’s context’s eip, so return addr = TO’s eip
ret # after ret, eip= TO’s eip

B, REM—ANRAZGITAG, AAKFLHES (THT) RETHAZALE switch_to
% )5 09 35 4 Kk B context.eip F

mov! 4(%esp), Yoeax # eax points to from
popl 0(%eax) # esp--> return address, so save return addr in FROM’s context

BT RO T FILRAELS TR T RGN —ANSEAZG LA 7 A9 5 5 2] context ¥ o9M 2R +F . £
AT =N AR PTG RE T BB AREL G — NPT, TLEHRA ARG TAL
8912 PATIEAZ, BPAK context &9 @ik 693k ebp 44, R —eta X BAYEBAAL X 2 699 A 55, BlH
% — 4L % 45 4 “pushl 0(%eax)” £ 5% 4& context ¥ #& 4 9 T —AN3EAZ AT 49 45 4 3 1k context.eip 7% 21
THRAR, ZHETRIITRE —FH L Tet”iF, 2R MGABKAL EIP F 55, THM%LT
T—ARAERITT, BEAMAHRCERT —NHEALT,

ucore & AT HAZ %, ik initproc 4T . 3T initproc BT A4S LES, X E T initproc->context.eip
= (uintptr_t)forkret, XA, %34T switch_to & F L& )G, initproc FFIAT I 5 IR L& IRAT N 2 3b it
forkret, m forkret 418 A1z F kern/trap/trapentry.S ¥ &9 forkrets & 47, BEARK L4 T :
.globl __trapret
__trapret:

# restore registers from stack
popal
# restore %ds and %es
popl Y%es
popl %ds
# get rid of the trap number and error code
addl $0x8, %esp
iret
.globl forkrets
forkrets:
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# set stack to this new process's trapframe
movl 4(%esp), %esp 1132 esp 45 &) % AT A2 69 o B it
jmp __ trapret
T LA, forkrets 44 & A€ esp 4516 L AT SEAZ 69 P i, A _trapret FFAS AT 2] iret AT, esp 45
® T current->tf.tf eip, @ de X LB IAT AL initproc, N current->tf.tf_eip= kernel_thread_entry,
initproc->tf.tf_cs = KERNEL_CS, FTA S AT % iret &, #LIF45 & WA F AT kernel_thread_entry £
T, ™ initproc->tf.tf regs.reg_ebx = init_main, FTVAZ kernl_thread _entry ¥ #tf7T¢call %ebx” /G, LI
%5 P 4T initproc 49 24K T . Initprocde &9 AR H KR E LA A M —BFHF S, REHAE F
kernel_tread_entry &4k, 73— 8 do_exit ATR HARME T . Ak do_exit &% 2 R —& R B
IAESH, BRI ERRERWHERLY, MARBLENELRRT K. 2k, FRWFH EETHMETE,

4 EBEEELK

K 35 T # labd.zip &, MEMFE AL AAFRAL E R labd, TR FERFHEANES], TR
Bt ik, AR B R THHIT make handin 4£4-, BP4 A 3h 4 lab4d-handintar.gz. &5
—ERATRE R LB WL T L,

EEACLABAHY AR, KRBT A EEZ M (challenge &) # A “LAB4”42“YOUR
CODE”#y /245, AR HAZERFEH, HIE“YOUR CODE"##A g Toy55, FBKA
AR X R E BRI 3 b O A 6 KA

EA: SBREATHEAeT:

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

Special kernel symbols:

entry  0xc010002c (phys)

etext 0xc010d0f7 (phys)

edata 0xc012dad0 (phys

end  0xc0130e78 (phys

Kernel executable memory footprint: 196KB
memory management: default_pmm_manager
€820map:

memory: 0009f400, [00000000, 0009f3ff], type = 1.
memory: 00000c00, [0009f400, 0009ffff], type = 2.
memory: 00010000, [000f0000, O0Offfff], 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_pgdir() succeeded!

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 fafEerODOO-fafecOOO 00001000 -rw

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
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
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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: "Hello world!!™.
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.
>

K
MEB: [RE] 426958 % 5I4FIEMAT

BAERA G QA R HAT T I, BPMAL o BT R 69 it AL, XA B AT T4 2 0 Al A7
TR EAEG HAL, IR KRB EINREFBITOEANAPRITIR, ATIRRK, ¥y
AT NES TR, T2F —ARBELEH, AL ALk, R SHEEF L ——3F
R, A, ucore F B F A M HARIR R R MRS, A T HARIE R Rk T AR HAL G I,

AT ZAALR RS AE F CPU ATHES, & 20 A T3 A E ) A BB LE M 42537,
A2 B JR AT X T SR AR R 3, AT B AL ? o RAT AL B AR T M5, W kA skt
BEAZIE ) B Ao 52 AL SEALE I

F—REB#ARZG T L —ANEA— IR E—DRIEE S LK S RATEAL,
XEAWARAE: A5, HEES ., WITAsSMITEA L. K CPU 89 A Z kA, Bttt —
B2 Y355 MBL T I m e, CPU &— K — KB E £ N G PAZ R 69154 I 4 B 45409 4 L kAT
B PR PTIERIBESARE RGN G PTIBHITH AL CPU T, XANHAEE S Fo AT H F4K
T HAZN TR E A HESHATLRARATREFRITOTIRE@ K €A, T/ KRE/FHF,
HT, R X—FIASPIT T, A EREHAELERT . ATFEIHATRRAITE R 2 — A stA2 e 41T
. MABRMEZARE ZERAARNT 2?7 XA HEMELEF RA -S4, IR RS0 T3 £
To AT HEARLETEFAARITONES, R ERAGTR, EMITHRES, XTREHF -S4
Mg e T, BRREATENZRGNAT, TURRSER, ZLKERERELZAT EZETH
SZAAL, AL, ATHRAEHAEANRZATROER, #ETELE ML 5HAZAR XL
T TN, QIEHAAL, HALNOHELT, FHERRTURTERXE (BEMEAZRIRA) %,
T &2 — AT R
1. TRERE

A HEMAE G, AL AN S4 CPU, XHRZAMRG TR, wEAHITLEGERE, TR
SRR RTEGHAFHALR, A e FHITHEM RGP0 S NFEPITHERK, £EEHTHRR
o i K ik OB AT

sSAFRPHAERE, BEAARCHEF, BEARL T AP HETRBITHEOTR, A
AT RHEAN HF CPU. EFIZ/=F RN GE LT ckfabuh =T AdE 8 R 2 #4209 A 5 TR
TRk, AR SNAREELEGENLT, 3F CPU XAKR, WEE@d4AZ AL RASEEE A
AL, Ft— TR A #HAESRPFAEABRILTRORESEZ A CPU, IT& A I, T LK
FENEFT TR, wRTREETY, ZAHELSHAABIIUKIL L,
2. HAEERSEHE

AP #AR R AR AIRES CTEBAEGORRAMKR), SRFZARLEZFORIIALGTE, X
AFHARHBEA T, R EAFBRAT, 12 2HET NETR, KR TFRE RS, SHA2EET
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EAP R, HFARBAE A CPU B, #HAZL TAE RS Y%L T E A CPU, #A69454 4 CPU
— & — X WATIE, IANHAERFENT BTRES, INGTHE L HARAEGT RN, £HH T CPU
TR AR TEHEENTRA L EBSEHITH, #HATHF CPUE R, BPHEK CPU TR, #EA
CEIFTRA BAEFBAMWITRE, HBEME R AEDCSAE G AT RN, AT RTRE,

R FAZR SO HRITIE ZRFR AT LR, M ARG ERFTRFR S LAHBREFERE
Rl MAAECBIT 5/ FHIRESZ 6, B RIKG IR EHAZGHITING”, LHL
HAZ BT S, XA AR BEAE BP AR W B SR 42T, AL AR A R TAE 69 oL BRI,

3. #EH%4AE

—NHAEIMA — AN G AL Ao SR 09 09 J% Wb bt = R VA B AT R — AN AR FAE B 94545 R
AT, APATIRTR S Lo fTEREIR#T. Bk, —NEFRITRES GEFE. 4 S
F) WHAER —AMBEBEZFASBRT R GbespBAA) FRAE (beipifiE A CPU) & %4z, A
KEFIBERAT, IANMEERFAZN T Z RKR4FIE, BEX RN AR 2, 3BER AT e
A AF AL A AT 8 I

AT AN TR PTA ARG FA2 8 AARE AR, AT TR E IR A HALE L, A PITR
0 FAZARN BAZ, S EAZGEHAR XA RRE A EAEY K. B TR —HAEGITAEAERT, XK
A2 4 F BEAZ 09 B Pl i F A Ao AL TR, (B BN BAZE A — AR LA RR, B M e & AZIE T ETF X,
ATask T8 AEAPITAHG T HEAFE L,

B S BALTIE R, AR E X RT RYBEHRIFGEL: S48 R IE012 8. 1 24 At 4Lnk
BRI F I S, A—ANHAET, TRA —ANREANEAE, BAKER ZAAPTRE (BT, 3
4. FHE), RAELRZANOEAEL LT L, KAEGHTERF. FEF CPU A LR GFRREX, &
B#HAZ X, KA TH— T @A P EAZF Q&AL

B A AT Ak, KAV T AR P42, W42 (T4 ucore B — AN WAZEEAL) . A P &A2,
NEEAZNRE AT . AR LA, ZERLZ—NRHHRGTANA TRGZESREA, & ucore 4978
FeATEEF, HEA R Hp&ATfot4L, BT ucore MAZ T 89 PTH M A% &AL F — /N AL 2 1]
Fo LALGT R, PTAX RN BEAAZNE TR —AE—0 N 42, BP ucore AAZAH . 32T A&
209 EiR B FeddiE, #HT ASITHAA/EAE TR T ERNT . B2 TRAELEGHME, ATH
P S0 AR | RAZ G AR R P 3 AL,




