) BHERFTEN R BAERGURESLL 2012 £
SRR AF#fEe

1 R 88

® TMFE—/RAFAe TR

® T EFR LA FAEREYFE IAAF

® T fRucorekn TSI & 4% Flsys fork/sys_exec/sys_exit/sys waitfit T3t 425 12
2 RBRAX

RI 4 TR T AEEAE, BRI BT AL, TANEITHRENZESRT. $I 5 ER F 4L,
LR P #AEER P AT, AT Z ucore I 0, Tilid &A% kit ucore RIER % ARE R
Mg F—/AF FutAE, @ id R %R sys_fork/sys_exec/sys_exit/sys wait & X FHiZiTANFE)
B AAL R, TR A P AR AT ARG A AT, 40X RN T A MK B,

2.1 %3]

%30: ABLAHER
AR B R MR B U234, ek R R B U234 8 KK A AR B b K b A
“LAB1”/“LAB2”/“LAB3”/“LAB4” 892 BA0 R 3 50 E R AT B IEAIAT labb a9 X 2 A4 5,
T A8 H A O AR 09 R 3 1/2/3/4 694X B 4T 3 — 3 st
%31 B ERAERFHT (F25%4D)
do_execv £ # A load icode (4 F kern/process/proc. ¢ ¥ ) k& HF A — /& F W 4+ &9 ELF
PAT ARG AR, BaMEeR P NGB RAE 8 A2 K8, RBEEF, LEiLE
4F proc_struct 54 693k trapframe T &9 AR, ARAERATILIEAE, RBAR AR L E A4S
PAT H AL FFHEIRAT o HIX E E4489 trapframe N 2.
%32 K#AAIFHaTHAAZRLTHAE (F2HD)
£ 32T #HAZ69 B R do_fork AAPATF R N B aT#AZ (BpCE#AZ) A9 P A BT R P A& F AR
AR (F#HA), TRAGTRGEH ., BARRZiET copy range HE (U=F kern/mm/pmm. c
H) SEILEY, iEANA copy _range B9S2 I, AALR AR 9% E A AT .
%33 By MRARA, EBEAZPATTorklexec/wait/exitdg o, AR RAGARGER (RE
£ )
PAT: make grade o o RPT B9 RALF AR AL ok, MK AEH, (4 F 4 ~Rgemu—1.0.1)
¥ B 4% 3] Challenge: % #.Copy on WritedL 4l
BAY RS TRBAFE pfe E—/NFI “ RN AEIL” . Copy-on-write (FARCOW) &9 & Ak
BRI RA ZAMMERAF T AT RA (ke A F30) BT R83E, WNEMERAH R EREF A
Bl — AN RAAEA, ST AZTRT « FEERNEFEAEXNTRARITEIRME, FREMZ
TORBEAT Y WARAE, AmAEFZ “ BRAE” 1 R H R —AZ T RA A HE N —TRB, T3
BBHITERM, Z “BREME MHEAEZH T REBHA TN THEANERAERTATRT R, BAL
ReAs B % & 5| 0918 2 T RA.
FEUCOretRE 2 P, B —ANA P L2412 A e T2, LA L PiEe A 2 HitE RN
P, THETEIKHAELEAGA P AGZRIFTO N E (XA -NEFOTR) o FHL PEAT
—AHALS LR P A A E R P E R @, ucores il itpage faultF & K smizdktE, FEREN
NGER&E, EEANEAELAEEONANGEN T, XHFE—ANFAZPTRAISE T T Ib—NFAZT L
T . iF&Ucore ¥ % IiX A 49 COWMLA]

2.2 I} B 4%

F—— boot
F—— kern
| —— debug
| |
| |
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mm

F—— memlayout. h
F—— pmm.c
F—— pmm. h

| L sync. h

F—— syscal
| —— syscall.c

| L—— syscall.h
— trap

I— trap.c
I— trapentry. S
F—— trap.h

L— vectors. S

—— elf.h
—— error.h
F—— printfmt.c
F—— unistd. h

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
F— libs
I
I
I
|
I__
I

o user

F— hello.c

F— libs

| F—— initcode. S
| F—— syscall.c
| —— syscall.h
|

A E RV, FIE A F B he LR L BT, B KN U e EE R E
e 22X F:N4T

@® kern/debug/
kdebug.c: 4% : MATH P AR FTE &R T (THRRAER)
@® kern/mm/ (ERAFEBRAEHRKXFER)
memlayout. h: 157 : & T AP EARMZTRGEB LR TRELL (FFmEi) ,

pmm. [ch]: ##&: Fm7T A TF#42E&E (do_exit) #9 AW 4K kR EILH page_remove pte.
unmap_range. exit_range ¥ A= f T AT 342 (do_fork) P N XitAL N &= A &Y
copy_range %k, 142 T pgdir_alloc_page 4k

vmm. [ch]: #42&: ¥ & 7T mm_struct 2 IELEH), 8T —Z 7| HE
€ mm _map/dup_mmap/exit_mmap: X E/FH/ B/ MR R P B4R A KN A F A

€ copy from user/copy to user: AFAGEZTHANELEAZAGE=T ARG ELHENG
K

€@ user_mem_check: &% vma 2%, — /A E R PR
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® kern/process/ (HEAXRFIAHABRKKZR)
proc. [ch]: 5% : ¥ & T proc_struct HIELEHM ., IR GK T —F 7B
& setup pgdir/put_pgdir: BlEFXE/ BATNE FX
® copy mm: EHIAFH#BEOANEETRAREERAAGERE (RNEAF) BE
® do exit: BRHAALAFHENG TR AMAAGFEE (RN EF) FETETH, =iz
WAL, SFE ALK T AT, iLAE B L2
€ load_icode: #% do_execve A, TRAIB LR GFOPITAEF B S#AZ TN, KPR
AW AFSR, 2ERAF &
€ do_execve: LXENKAFAT LA PR, RS load_icode, A#FHAEFFENFZ
8], R — A PAT AL 5 689 37 b A2
€ do_yield: LR BT REFH AT
& dowait: XHAMRFHTH#AZ, FAAFIFHAANBEYNLS, MREIKT AL &
TR (bbde T #4209 W AZ AR Fr b A2 42 4] 3k )
€ do kill: &—Ai#tA21% & PF_EXITING 4=&C “kill” 128, BP&EAIE), XHAE trap
P, CEARERARE, LSRR L
& KERNEL_EXECVE/__KERNEL_EXECVE/__KERNEL_EXECVE2: #% user _main A H, #fr—H F
AL
® kern/trap/
trap.c: 47 : & idt_init B3P, s IDT wvdsfend, X EBWFT R TR LBERG PR
(idt[T_SYSCALL]) 28, X £ &5 syscal |l #9548 %
@ user/*
G R FAE A= P
3 NEGAAEHE
F|EBYI AL, ucore E—AAZSE “4747 , XAINRAPFEPIT. AFZLLFEME R AN
R, BEZFAKEZRXRELCS, TREEENTENZ L, 2 AEF R LT ZRE S R
#, B&ATHMER LTI, ﬁﬂ%’fﬁﬁ%ﬂ)ﬂfmﬁ%‘ﬁ’f?% l’*ﬁiiﬁﬁﬁfi&ﬁ, AR F GG DML
ERBRIET o PTVA, ucore ZARAER P AN EIATIG, L8 ALEZFIITRE—ARAF
%éﬁ%%O&T%&mm WIRIZ R P BEAZ O BN A o B R 1 K WFLf”ﬁ%Kﬁ5%%o
1B A P #tAL
AEFEEOY, ZAMNCETRT I ABEAZG0E, 2580 F #2024k, 2ZA B &AL
AR TT Y, MmiX AN EIAZE) £ F AR Lt 2R P A2 fe N R AZEY £ R 2 89,
1. & R4 65 4E A tmid

HMBEERE AR RAEF, XERMMEZAZ hello 2 H425, i& user/hello.c P, KAL4n
T

#include <stdio.h>
#include <ulib.h>

int
main(void) {
cprintf("Hello world!!.\n");
cprintf("l am process %d.\n", getpid());
cprintf("hello pass.\n");
return O;
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hello & MAZF A R — &35 %, F@LRALARN sys_getpid (£ getpid HEFAA) i d
K& hello B AAZFhATa9 A P AL 09 A2 4R IR—pid,

Hh, K#AERT M ucore IAE R Lo fTaEAS K E] hello B AL F. X FEZ 5 H ucore #= hello
R AT miE 09, 157K Makefile, &5 ~ITEBFR, RBELERAZR R B E T HIT make, THF 24T
.

+ cc user/hello. c

gcc —luser/ —fno—builtin -Wall —-ggdb —-m32 -gstabs —nostdinc -—fno—stack—protector —Ilibs/ —luser/include/
—luser/libs/ —c user/hello.c —o obj/user/hello.o

Id -m elf_i386 -nostdlib -T tools/user.|ld -o obj/__user_hello. out obj/user/libs/initcode. o
obj/user/libs/panic. o obj/user/libs/stdio. o obj/user/libs/syscall.o obj/user/libs/ulib.o
obj/user/libs/umain. o obj/libs/hash. o obj/libs/printfmt. o obj/libs/rand. o obj/libs/string.o

obj/user/hello. o

Id —m elf_i386 —nostdlib -T tools/kernel. Id —o bin/kernel obj/kern/init/entry. o obj/kern/init/init.o «=:---
-b binary ------ obj/__user_hello. out

MFETAE S, hello B AAZF A Z hello.c, EOAT IFhello  AAEF 6 R F & &%

® user/libs/initcode.S: FTH & AAZF 094245 F P AIATHAE “ start” |, 8% T EBP #= ESP
&, A umain FE,

® wuser/libs/umain.c: I T umain K, XA B AL FHITHE—AC K, ©HFAR
B RAAZFE main HE, F4& main HRERERAR exit HF, ™ exit HERLFAR
sys_exit ZLZIAM, LS R AEIKHAZT R,

® user/libs/ulib. [ch]: SR T R 189 C B E, T — L5 R LARLXGHEK, LB
R R G R e 63

® user/libs/syscall. [ch]l: A P &EA&AH 2 %8R 6 EARE I,

® wuser/libs/stdio.c: I cprintf Kk, BT £ LA sys_putc T F 4t

® user/libs/panic.c: £#_ panic/__warn Kk, @i R RFH sys_exit TARA P #HAZR Y,

TR P AERHFEIAS, A% libs/* [ch] R RGN A 2 AAZ 25 A 69 5 3 5
Mo AEMPEHFAEFEARREL UNIX ZLFHARE libc ZARA, AREAFMKLAE, 12
hel lo & FAZ /- &9 £ AR SR AT 35 A< FF X 20 2 o 4

[:£&]) libs/*. [ch]. user/libs/*. [ch]. user/*. [ch] &AL & ;& AEAT 44 F5 4o

f& make IR E— T AT T —/ Id 44, 1 hello & AL F 8934748 obj/ _user_hel lo. out &4
7 7T ucore kernel é’JX/%o H Id 444 kernel #4242 user_hel lo. out 8945 E e K/ NIT R AL
B1E % binary obj user_hello out_start #= binary obj user _hello out_size ¥, iXAfiX
Ahello Bl P AL #L A6 95 = ucore M AZ —AZ#K bootloader MH I AN A EZF, FHBIIRNELEHT
Z 7 i hello /| PAEFPATAA A IEZEF K e BT EXH R A AGEIE, ucore &Pt —
NEAEGIHRAE, RFPTHGRA PFAARHARFERNZA T EZETRET, mTUA KRR HREGL
77 KT T .

2. R P #AZEE A HLF 6]
F& tools/user. |d #iE T B PFAL 69 B P 4L 18] 69 AT N O & A hk

SECTIONS {
/* Load programs at this address: "." means the current address */
. = 0x800020;
7 tools/kernel. |d 3K T IRAF & %69 N AZ R DA% 18] B9 A2 45 N O & PAH bk
SECTIONS {
/* Load the kernel at this address: "." means the current address */
. = 0xC0100000;
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A ucore JEJH FEAZAY B AL T 5T Mk, —3kENBMEAE—F, RITA R P SAEAREF
R E AT ], BB R AN G R Y, IFEEMEAGETRERLE D ABNRD,
3R P #HAZNE P EHAANB S, ABRETUA - TR AZAES; F5h—3 LR FE
Mbpt ], BARABIATEE —F, BRI AR LA RENWHEANGZTRE P, XHEY ucore
R P #AR AT A (BP & AAZ 5 69 AT KAL) FedkdB (B AR 2 BT EF) KE A PR
Wk E A P AT, AR T SARERS “AEERY 7R B st AR mE A G

XA ucore &— /N P A EAKIZ Z W EPIA G2 H (kern/mm/memlayout. h) 4= F Ff=:

|virtual memory map: Permissions

kernel/user

£G >
I 1
| Empty Memory (*) |
I 1

OxFBO0O000
| Cur. Page Table (Kern, RW) | RW/-- PTSIZE
VEPT > OxFAC00000
| Invalid Memory (*) | -
KERNTOFP > OxFE000000
I 1
| Remapped Physical Memory | RW/-- HMEMSIZE
I 1
KERNEASE > 0xC0000000
| Invalid Memory (*) | -/
USERTOP > [ebd:lelelelolelole}
| User stack |
| |
L iititaietetedeadoted |
| |
| User Program Heap |
UTEXT > Ox00E0000Q
| Invalid Memory (*) | —=4—
I - - - - - - - - - - - - - - 1
| User STAB Data (optional) |
USERBASE, USTAB > 0x00200000
| Invalid Memory (*) | —=4—
a > 0x00000000

3. RIEFIATH P HA

EHET R P HAZGPAT R FeAE, ARR P AL EMZ AR EE, RAVTARGER P
HET . EAFRFTE-ANRAP#ELZTE ANAAZEA initproc iBidde hel lo B A/ AT E
Z3) initproc A F RN A= B kA1 EZE, 48K R4 T AT

#ifdef TEST

#else

// kernel_execve — do SYS exec syscall to exec a user program called by user_main kernel_thread
static int
kernel_execve (const char *name, unsigned char *binary, size t size) |
int ret, len = strlen(name);
asm volatile (
"int  %1;"
"=a" (ret)
"i" (T_SYSCALL), "0" (SYS_exec), "d" (name), "c" (len), "b" (binary), "D" (size)
"memory") ;

return ret;

#define _ KERNEL_EXECVE (name, binary, size) ({ \
cprintf("kernel_execve: pid = %, name = \"%s\".\n", \
current—>pid, name); \
kernel_execve (name, binary, (size_ t)(size)); \
b
#define KERNEL_EXECVE(x) ({ \
extern unsigned char _binary obj_ user_ ##x## out_start[], \
_binary_obj_ user_##x## _out_size[]; \
__KERNEL_EXECVE (#x, _binary obj__ user_##xi##_out_start, \
_binary_obj__ user_##x##_out_size); \
b
s/ init_main — the second kernel thread used to -create kswapd main & user_main kernel threads
static int

init_main(void *arg) |
KERNEL_EXECVE2 (TEST, TESTSTART, TESTSIZE);

KERNEL_EXECVE (he | 10) ;
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#endif
panic("kernel_execve failed.\n");
return 0;

sF ERRL, EMNEENBE@AT#RB LI/ ROGFER—N— N5 M. Initproc 89T EARZ
init_main B, XAEHFAE S FILT R HATE KERNEL_EXECVE (hello) , iX AN A & H
kernel_execve FH 4 &k F SYS_exec AR, BT Id£4E4E hel lo ¥ AAZ /AT 2 XL T AL
BEE:
® binary obj user_hello out start: hello #fTAL a2 45{2 &
® binary obj user _hello out _size F: hello #fTa5 89 K

kernel execve JEiX AT/ H SYS exec Z AR MAHK, ik ucore RAIEI A FEAL, Y
ucore X B WL R LA R S, FHARK A H 4o T ok 4
vector128 (vectors.S)—> _ alltraps(trapentry. S)—>trap (trap. c) —>trap_dispatch(trap.c)—
——>syscal | (syscall.c)—>sys_exec (syscall.c) ——>do_execve (proc. c)

w418 1T do_execve FHF K TR A F #HAZG G E T, P/ I 2 TR T

® HAANWEIHNRITAUITRAPFAAGTMNFSEE. 2R mm A NULL, NEXEREAAABZ T AL, Hit
— 5 210 4031 AR B AT A 0, do R A 0, M AT EA AT E BIHALIE R 6 A G2, Bl
ARAE mm P AYIR K, BRARETE A P R A G RENEAARAT T R E, KRGS ATHAZ0) mm A 5 E A5 4T
AR, BT A initproc £ ABEAL, Frvdmm H NULL, BEAL AT A

® T R&—F RAmBE G RAZS AT B L ATHAZ ATV A P A BT B F o iX B PR B4 ELF A& KX 69 LA,
WEAEER, MNP ARAETR, E RAFRITDE, load_icode HHER T EA A8 T,
load_icode FH# ) T THHRLRA P #AAEZ T —NREBILA P #BREFZTORA P FE, B A—F S

T, TR THTET2ITE:

1. A mm_create KA R P IFHAZN A ALK IELEH mm FTE A A=W, F3F mm FATA04540

2. A setup_pgdir k¥ iFHF—AMNEHFEMEH—ARNKNDEGRAFEZN, HIEFE ucore A E S
E 49 A% & (boot_pgdir Frdg) AR BN BB B A+, K51k mm—Dpgdir @R
Bk, SRHAHAZFGMARET, LS EFABA A E SN,

3. ARIEN RAZF PATAL 6G AL HE4Z B R AEAT L ELF A4 X9 HATAL 5, FH98 B mm_map £ FARE ELF 4%
RO PATAZ LG9 BN (KA B, $LdEFL. BSS L5 ) 892452 B fo KNI 231 5 89 vma 45
#y, FF4e vma ENB mm AP, AmERT A P #AZGSER P S EMH LT ],

4. P RRIBEPIITAZR SANE KDDL AN G20, FARBIATAL N AGAZIEAL B 7 2 % DA
Wht, AR &P E AT A B DB G BH X R, RBRRIATAAS SABG N EHE N 2
ARG AR AL P E b5 FAR B AT A Fe R AR € AR IR SR IR I IR T Sk E B R WA AP
T

5. FBLAPHAZARXRER PR, HAR om_mmap HFE T P AR vma 4, AR P AR E
AR P EE TR, KA 256 MR, BPIMB, HoBi— K2 69MIL N G LE SIFAR 69 B3
MDA T R R AT K R

6. E, RN EETE vma fomm KIELH LB E I TR, TAE mDOpgdir KILE cr3 F 5%
OB EAT A ARG EMA G TR, I initproc L2 hello 89K A A IEE E, K
AT F—AR P EAL, AP XA P AR 6 JAT I I AT

7. RFRDHAZGFTEIM, B EIRELAZG PRI, EFAPATFEIEEHS “iret” B, APk
CPU # 2| Fl F S48, FHEHBAPFPESNGZN, AR P SORDE. RFBEEIMKR, LD
BeAE )R P ARRY B — KA PAT, FHARAER P SRR T BT

Z3, AP#EOR PIRECEEETE, I initproc i & 4 & %A B 695 08 JF 58127 7%
BRE HATPR RIS “iret” (U=F trapentry.S $9®E—a)) &, Fnied H F#EAE hello
BB —45iEa) {2 H start & ({=F user/libs/initcode.S &% =8 ) FF4&HAT,

3.2 #ARBRFFHEA

LHAEPATZCO TG, HERPATR B RN, Bt A2E AITR. ucore 57 M & K Tk
EATAE, BABMBAAGFZTRRIAD TR & FA AR IAE, ARG bk dtA42 69 L A2 2 Rl &



P
(o)

& HERATENAR BMERGRESLE 2012 FF

TR E ARG T, AT RIES#AERG TR OTRELTAER? X2 R #EEHTE
MARE, ALK AZL AL, LAEPITHS, ZHXEZALAN T A REER, LETHEGAE
B HEAT I B 3 AR . P A E B AL R A B T AR ok R A9 X AN R K TAE

AWER PSR BEFRE T exit HE, BB RLITF sys_exit ARPRAEDLBRBER AR
WL AT HAZPMAT R TP IS TR, KM KA A ucore R 4TI AZIR i T4E4Y,

A, exit HFE A —B B error_code 1£i1% % ucore, ucore il id AT HAZEE do_exit K
TR B AT AL R A, TR IR LA R KSR O K> RNEGHT R, Fil4
AR R ARG B9 B TAE, BARAAZ T
1. 4% current—>mm != NULL, & -T2 M Fat42, WFIEEIC A P42 & Ra9 R P S E

WA A
a) BAEPIT “ler3(boot_crl)” , MkFINEZS M AL, IHFELATA F#AL B AT R E
NAZE AL Z R RAT T, XTRATHEKB KA PSRN Gt F2 N &6 TAER E
AT ;
b) JeR L ATHAZILH A9 A = mm 49 A £ = mm_count B 1 B A 0 (RIAX/N mm & A
B A HEAZLT ) TUMRBEREAZNEGR P EMZET ), WFHEEDLA P 342
P & 89 N A 55 R
i. 8 B exit_mmap & FBFEH current->mm—>vma 4E & P HAS vma B FHAE L KT P
RSB A G, RERFEOTERAARFTT, RELLA X &R G EER
FHREI R E FKERFS;
ii. AR put_pedir HEFFR L ATHAZG T B KA E AR5
iii. B B mm_destroy KB mm F 4 vma B b N A, REBE mm & R A
c) HAHXE current—>mm A NULL, &5 L aTstA240 K09 A P R DL & = B Aot 2 69 ) &
EEAREEE AR IA AR R S EEDLT B
2. X, XEBATHAEYHITIKS current—>state=PROC_ZOMBIE, % AT 3t 42 &9 1B & 2
current—>exit_code=error_code. MLBt L ATHAZC 2 N IAE T, & 220942
KRG OB TAE (BP @Rt st A2 69 M A AR Ae b A2 42 4 31 )
3. 4R L ATsEAEA9 A2 current—Dparent & T HF AT HAZRSE:
current—>parent—>wait_state==WT_CHILD,
W) w2 B2 A AL (BP AT “wakup_proc (current—>parent) ” ), it X #AEH B g 2 AR K G B9
TR B
4. 4o R YATHAZLA FoAL, W F Bie i s F A2 49 LA AR IG4T X E N WA &AL initproc, H
ENFTHAARAE EZIENE initproc W TFHAEEEFT, R ENTFHEGHTRER
PROC_ZOMBIE, M| & &"2EZ initproc &k T m T b -F 34209 & & =K TAE,
5. 4T schedule () H¥k, #HAFHG{AZIAIT,

AR 2 S AE 4o AT 2R A T #AZ A RB WA THR? X &R LR ZHAT wait AP B EK
wait_pid Al P8, XAMNIHHEOERNZ, wait BRFHEETFHAENLEREI, fwait_pid
FHARE IdT A pid g THAELRBEI, XIANRBIHRKLITF sys_wait £ LA AE ik ucore kK T
ST T ARG R B TAE, BPEDK TR AR A A AR AR AR R T B R AT R, AARAAER T

1. % F pid!=0, £ TARK—ANHAL id FTH pid WBHKREWTFHAE, TUNREEZ AL TR

R A6 F 242
2. he R FHAZGPATIRE A PROC_ZOMBIE, & PAM-F b4 R A&, W)Y ATHEAZ 247k
H B TAYHATIRAS A PROC_SLEEPING, B2EX/R K% WT_CHILD (Bp3F £ T #t42:& ), AR
schedule () F AL F A HAZIAT, A TREIRSFF, do R 4k==B2, N E 23k 5 5%k 1 &7
3. 4o R FHALRIATIRAS N PROC_ZOMBIE, & BASL-FubAZ4 TR KA, FELaTst4E (7P
F A L HAE) TR T HAZN KL G TAE, BB Lle-T A28 3 A AmAHAL AT
proc_list #= hash_list P #k, HHFERTFTHAZ ABBEAASFE =Rk, A, FHAES
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WRILER T CAPATIEAL, HIRT CHT & A 8PTA TR,

33 ZAAARAENR

ZRAPAEGFEL L F A SystemCallo BRIFZAANMT2ERZFENZAAAR? AEEIRFENTHF
#HARE, ARG PHREZFINOBRIEZ AT, AP HAEARRERIFEAAL CEALITN “A PR
57 PHAT, A2 R PR R T A P B ARSRATAES, PR P SRR RRAT A9 F5 4,
REPITHRIE S R A P #AZRRAT -2 F 2R L509ESH, k@ dRFARLESE, A
RRILBRIERARRT To TARE Z—FHH RARN P #AETREIATHERIE S, 2EBIFRIEFR
G W TRE BRFRAEASNES, XAMFIHLR RN,

AR RRIFRIF AR PRAAEARE-NDRFRERZARS O A —ED &, IHF—KRTHLR Pt
FOGFE I, je—edk ey, Eaiey, SRAMAX. HHERBEBXGESRINBRIERAEERFEAN,
fERE—ANRFOE LR P #AZARN; —RXEEOFATACS, L2RESH P4 St
RGOSR AR R AL L EGHIE, EFLEREZALHA P HERFUORN, RPREZAT K
A P AR AR,

AR By LA, &R IFERAPSORN P AL BT XA IRBAELS, RE—3
R WA A R L FRTURART R R RARTE GRS I H. TaxMkEE
4o {7 /£ ucore PRI Z LA .

1. A F BB R T R 69 BT RhE

F& ucore MHEHE kern_init PIRAA T idt_init HE KB P REF L, FERE—NEHE

PR FA PR, FITATRAPEEGFAAAN. RFH ide_init HRTA:

void
idt_init(void) {
extern uintptr_t _ vectors[];
int i;
for (i = 0; i < sizeof(idt) / sizeof(struct gatedesc); i ++) |

SETGATE (idt[i], 1, GD_KTEXT, _ vectors[i], DPL_KERNEL);
}
SETGATE (idt[T_SYSCALL], 1, GD_KTEXT, _ vectors[T SYSCALL], DPL_USER);
lidt (&idt_pd);

e PR F, TR B EPIT B PR REFE lidt 84507, FITRET — A4 P rHaL
FF idt[T_SYSCALL], #4428 iXE % DPL_USER, ifm &AL ZMht £ vectors[T_SYSCALL] 4.
KA SAFERANP R TG, — 2R P atAEHAT  “INT T_SYSCALL” &, W TP B A KA F &
#HAEFE CEECHRFHILE A DPL_USER) , ATVl CPU LA P AW E NS, RAMAF
B35, ki3] vectors[T _SYSCALL] & F4&3AT, ik te T AT 42!

vector128 (vectors.S)—> __alltraps (trapentry. S)——>trap (trap. c) —>trap_dispatch (trap. c) ———>syscal | (syscall.c) -

f syscall £, RFBEZAARARNTRZRARE G Z R RARS
2. B RABARAGAPrELS

EREZATIENIT R AR RAA KPR R, PRl e, TEARP SN
RAZ P mdbdFAn x T4E, MACR AR iR R R RG T E. ARERPSEZLT —/NFi
B, BPfa 4y libc 52 3L, f& user/libs/ulib. [ch]#= user/libs/syscall. [ch] ¥ & & T *ti7 17 & 4
BRI E, APFARLWITFEZASARLHIAL syscal |, FER4TF:

static inline int
syscall (int num, ...) {
va_list ap;
va_start(ap, num);
uint32_t a[MAX_ARGS];
int i, ret;
for (i = 0; i < MAX_ARGS; i ++) |
ali] = va_arg(ap, uint32_t);

}
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va_

end (ap) ;

asm volatile (

"int  %1;"

"=a" (ret)

"i" (T_SYSCALL),
(num),
(a[oD),
(al1D,
(al2D),
(al3D),
(al4D)

nccn’ "memory") ;

©» 9o o oo

return ret;

M T AE S, AR ARG exit/fork/wait/getpid 5 & & g L&A 2 F syscal | HF, R

AFRAHHEBRTR ML, o REHERA

A0 L RAL & B F

34:8b 55 d4 mov -0x2c (%ebp) , %edx
37:8b 4d d8 mov -0x28 (%ebp) , %ecx
3a: 8b 5d dc mov -0x24 (%ebp) , %ebx
3d: 8b 7d €0 mov -0x20 (%ebp) , %edi
40:8b 75 e4 mov -0x1c (%ebp) , %esi
43:8b 45 08 mov 0x8 (%ebp) , %eax
46: cd 80 int $0x80

48:89 45 f0 mov %eax, —0x10 (%ebp)

TUAB LA AEGARSKE EAX, L4 5 %% alo]al4] 5 A 4% & %
EMEMEMENE&ﬁA%@%?,&ﬁ%méﬁ%ﬁ%%%ﬁ%%ﬁm%¢ﬁ,ﬂ%%%m%ﬁ
= 45 % 2 EAX. tbdest T getpid Bk m s, RA4ARMS (SYS_getpid=18) R4k A A& EAX F, & E
A CGARERHGE S ATt 5 pid) &LE& EAX F,

3. SRS AAXHRARAR
BEAERY, GH#EAXNENZERARNEEL T HF:

SRR 4 AL AR T RIR 469 R 3

SYS exit process exit do_exit

SYS fork create child process, dup mm do_fork—>wakeup_proc

SYS wait wait child process do_wait

SYS_exec after fork, process execute a new load a program and refresh the mm
program

SYS yield process flag itself need proc—>need_sched=1, then scheduler will rescheule
resechedul ing this process

SYS kill kill process do_kill-—>proc—>flags |= PF_EXITING,

——>wakeup_proc—>do_wait—>do_exit
SYS getpid get the process's pid

WX R GIAR, T AR R EAL/ R AL L] 2 PR ey A T AR,
4. FZoiAReIiTEA
SR P AR ERRAPITEI LML, FARARARTILGED S LG :
T A#IE “CALL” 454 m Al “INT” 454 AAH A ;
® T Rilid “RET” 454, mA@iL “IRET” 454 %A L ;
BIKXNEESE, BERAATZPRETRARPARNEEGLH, HARTEITRENR BN %4

M

o HITAAAMTIREMESLFALL, KnTilL#Emk;

T &AL getpid & A R 69 AT EAZ KA A EAF 2 AR AT T EN AT EAZ ., S P8t
A2 B getpid HF, HAWAITE “INT T_SYSCALL” #4545, CPUARIERAE R ik 209 & i F P ibp
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’} EHF, BARAES, 3P| vector128 & (kern/trap/vectors.S) , FF45 T BAE R 409 & 41
R AT EAZ, RHFOA RN AR DREG K R T AT

vector128 (vectors.S)—> _ alltraps (trapentry.S)—>trap (trap. c)—>trap_dispatch (trap. c) —
——>syscal | (syscall.c)—>sys_getpid(syscall.c)—>:++-*—> trapret (trapentry.S)

BERAT trap HEAT, BHLEFHX—FIREMIT R LA RNTOHRITIY, Bpleb R P A2 %8047
FTEMMXFERFLEAMARRAE S ATStAZ69 P Tl trapframe ¥ G &, At EA2A, Jedtfe
#) trapframe WAL HAL AR BL S R GTRER) o A T A vector128 #=_ alltraps
A AT HE 3

vectors. S: :vector128 A2 4454 :
pushl $0
pushl $128
trapentry.S:: __alltraps A2454k:
pushl ‘%ds
pushl %es
pushal

Ak, ATHRGERAPEHEPFERRITISG trapframe R ERE T, BERET T TR
AREG Z A RIRF. £ sys_getpid HEP, FHExfe L aT#4269 pid s R K ZMA LA = E
A—NBERGZRARARS . ZIRFE, BIFZALANKX R GRZREBLEDE__alltraps Fo
ﬁk)éi%J’F FARTTHEARIE L AT gﬁié’? WP MOk B AT LS R, HSE A trapframe 69—

PN BERBGETARENE. REAFTABEARLERE, RAEABEAIA R P BN tf_eip &, XA
Wﬁiﬁiﬁ@%*@ﬁﬂ'f“

/* below here defined by x86 hardware */
uintptr_t tf_eip;
uint16_t tf_cs;
uint16_t tf_padding3;
uint32_t tf_eflags;
/* below here only when crossing rings */
uintptr_t tf_esp;
uint16_t tf_ss;
uint16_t tf_padding4;

EEFPAT “IRET” 4545, CPURIEAZRWFE NG LR A P A, F4EIP ™ tf_eip 0944, B
“INT T_SYSCALL” B9 5464, IHENZLARAAITTET

EH, FREVHIEIERERE,
4 FBHREEZK

MR sE ETF# labs. zip B, M/EFEALHFKRAHF labs, TRFRFHEINE] . TAK
Y E F A LEE, AR H F T I make handin 4 %, B 2 A 3 £ &
lab5-handin. tar. gz, I}i}é‘lﬂ-‘/{akn'] REHRZI ML F T L,

&aﬁ“u%”%&ﬁ,{ﬂ¢ﬁﬁ%%iﬁ%%ﬁ(mﬂm@e%%)ﬁﬁ“M%”%“mm
CODE” &#97x#F, HARIITHAZERFEHE, /- “YOUR CODE” #4#h AT oyF 5, HHKATA
KA At R R GG IR b A A AR AD
MxEA: [RE] AP ARSI
MR AZEAZD] F P stAE

FFHve Pt EILT SRR, R T AMERAL LR A 0B RAT. 25w Pk
ﬁ&ﬂ?*&ﬁﬂ?ﬁﬁ%”ﬁm% PR RARIL R P b AR 69 3 = 18], VA RR P AR 1] 3k R ]

T & a9 BRI ALA], X BRARPAT AN R P ARSI M6, XA AP RN TERS
TReG LA, XAEXAFFERGEREABEERNE XLk, RABEEAT TH P S&4E
FAT4H 2R ?
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EEEAMNCEEFROTHFE T ABRSEAE, ABKEGETEEAATRAH L, L4 E20E
1% 34 2 % (tbde ucore) AP E A AR A HHib = 0, TR 6 A EAZZ 8 7T GE
TR BRNEAL G, KB HEAER CPU 89 B8, BT AMEMA A S B2 ——4tt H
ARG ogprE 2 ey, XAEFT RS KD TRSAZTHI TR KD, TARERZAES R BE N
BAZN, FE2EEINARGHATN, FERIEENABEAELEBTIRPT RSBRBELZANLE
BT, XIHAERANLEAZETHEN, TLE BT R SHAAMXGBEMAFEL PR TAE, &
EHN. BEAH. MEABZEFAR, R EABEAEAPRTIEZTHATTABRFTRNAZR
GWGagIE I, »ﬁim}\ﬁ;}%dlﬁ Ao IEET, BEAAKFAEE M. Eucore P, #HAF M panic Hik,
HEN N AR S 1E 2% kernel _debug_monitor.

NZEALEELAATEE, 2% B ABKENEF ROERRG. REE L3 (ZREFR) ,
RALF QAR R B mBRERZRARANG “&F7 , G HEFm 30 ATENEZRT TR, ﬂ
k%“%%”%ﬁﬁkﬁ L, BH A, ERNGEREETENTRONE, RBAKEE
K, MWEMNRGHRITHEER, b aT ERAGTR, XX “FF” BEBROEFAENEH
Vﬂ’V&’FﬁL%TEPT LA AP AAEGLEGLET

fe 5 5bH ESERE KM, B ERERGWGALTF R AWV KM, 5Lt s ALSF R4
o, I KHET 3 “AAKBR, wRLEEREBERGUERF N L BRI A AL RO A E
*, }J]Zﬁ*%ﬁfl?g}%D‘j’%l‘l’ﬁ]‘b(ﬁkij;%éﬁygﬁﬁﬁ “Far 7,

IR RAL G BEAi T8 A B, BRAREEF RAAAR “Lw” | RUEZFARLEFRAE LN AR
F R9E AR —ABL “TAR7 X “BAR7 BIMITIRSE, L3t A K A CPU 4& A B 18] 5 3 R
BMRF X AT mE By AR ARERAY ERiEfT, LBPEALR KT, LCRRMEITRA
T, MARHTAEETAEFFEANZRR, PR AR BRKIE, PR ARRFRATIRAHTE
NGTHEGEIEY ARFAREZAGAGTRFREGT R, “Tn” kLR TR L, B
R AR EF GRS DA %fAkk%%ﬁﬁﬁLW%ﬁM%ﬂLm 1213 0 R4 5 12
PAT AL Re# B S E B m T (tbdmde T4 PCl B & o sk 5, 4B E ﬁ%ﬁmﬁ%)

iL B P AR FEATE R P OIRIE

BEREFRAREOANEY, —ARBEAZGBALE EBREA P . AR F RN A5
AR A, RFR P RAE R —A B AL 5 IR R AR 60— AN P 3R3E P 89—k BT AR,
P E SN P IRE. AP IREASNE? R PR R A L2

Mt b, BEZAGRBOINRAFIREAR T @O L. — T @5 G KX, BPIR& A
P AR LAy B 6gp ek R A, HiEZANF P AL B9 A AR B R R E &, XA T LUK
JERE B P AR ) A AR AR A QR N G E ), FIR M A Geshie (MAEASRE) . &8 F it
AR T K TR A G2 B89 BN G518,

B —F@mGiTHA L, BPIRG R P AT RATGAES, AL A P S AR AT A4S A (Pbdm s
M A ACIEHAL) | KW PRIER P 3R EHOR R R 1240 R RREIATHRAES, WAIR S 8 (tbde
wﬁ@ﬁ%)ﬁ%+% BT vAE B A ALE], LIR1E A AT ARE BRI ES T ek ay & IR 52
B, A FPHE—AN YREF” , APHATUBIIAN “Gu” R4 ERS1FK, B
4’?%%7’}’(%@7’1%?:‘&&% E B AE AT R féké’ai’\%ﬂl’ﬂ}i%‘ B, TERA—A “PHER”, ik
AP #ALR IR FALR CPU BY, R G M@/ “PriEg o” %4k A P st42540 5018 A
CPU, A ik H Ak F) P #EAZ A LA AT .

AT e, KMNHLTALZEIANF P IR Z LN 4T AR
° %AHF?ML@%ﬁ%%i%ﬁﬁkﬁ$M%%mFmﬁw@%&%%ﬁ%mﬁ:ﬁﬁ%ﬁ%%%ﬁ
T3 T ) RN R A S
° rm&%&ﬁ%MF*@U%ﬂ% AR P A CPU MR, B RAER ARIMAT A4, WmR4ERIES,
BREARRAKAT A “%}*MTEIFa‘L:;}“/\” %—%
L ﬁ”* GOR R ALE : SR P BAZRE “IRS
o *%%&m%:%MFﬁﬁﬁﬁ“W%ED”,ﬁ#?i*%é,%ﬁ&ﬁ%ﬂﬁﬁﬁ%ﬁﬁﬁh%,
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CPU 4= ) B ¥ 4k 4 4F & 4t P B IR S 114248 o

R P A#AEGPTIEAIT

FEIANI T BT HAZR AR P #EAZ, e R A P2 TENERR TEENALSE, A
NESPATHRMF 2AR? TR P #AED? BAMT—TAF#AEAIFIENABSR? FHM—T
lab1, #7T W A%eiE % = AN P BT, CPU AT HF (bdeizg A85R) - FaN (RAAR) , AP #tdE
eI ABTHREZ AT R, B LEE, BIABESE, BIEZARBIFT CPU 1=HI4, ATAIL
BEPATEY R 1% A R KA, & T e CPU & TH OSSR, ATARME R S e IT A 2
GANGHAZT . XHEEMEZRTHREZAGEKREL, wRXFEREFRAGEKRERIN, BiZdR
kL FEBEALR?

MBAZIE R O A B A, W RIUT T HARTAS (LT L) 69k, kA 3 7 b — AR RAT
T, RAEGH)FTE R AERITHENBYITE. FIEWBTHAR? AEARZBETHAEG T X
Fotl RARAEH A5, X RfFEARGAFAR R P OB T PR, AT et 2 A4 5
R — A B PATIRAE R AP St N AN A R — AR AL AT I A2 (X P A RER A
a3 RAG PAT LT AL) Bp AR, A A AZXIANIAF, XA R8D) G5 —ADALEH AL T R
Fo A R F G S

AL PATH A BER, WmRBFEPAT—TREZRAZINRFNF EFMR—THANABRRE,
ST A i — AT R . REAAMY ERARAL LA ARBIRS, §RENMTENALT
BA R FTARERABRRA—ASMS, BERE—ALTFHORME, XZRERKE E 0T
FHaE=L: P E. CPURITH T (bdeizg H85R)  TaN (RAAR) o R A F#f2idd
AGARNERIBERZRAREIRS, AR P HAEYARAE, BEREARLL—NFRGH 4 E (b dr
TR P AW libe B, BERETAERANELEW libc E), TR A FHAZHE R, KIMITEHE
A, RAP#HAE “CEZN” PAT—3, PR P #AE “Soid” BEZAZMOER. B 2AEZIMHIE
AT, #RGRGZROER P SHITEFAABSHER P #4283 2 5080 mEZSHERS
PATIR -3 K914 2 XA, AR FFATHRLOAGFEMZTRLOIERIY: APFEWGE
Rt = W) Fo A S S 69 AL ], 24e R Bt K A 69 F 42 SN % P B A CPU /AT 7+ %, & 2K CPU 4= 4
AALEE N B4 R AT 89 F BTR H 142, 123X L AR AT RABPATIAZR R P A2 “ il ” 89,
B —BIATEE, BRAAZIMHFALT, FREERTTAHBEAARROHATRES, —AENKE
N RAZF 0GR P #EAE, —AARKE P IR S PIAZ I P i Fe CPU ST F 7 69 A &AL, XA
Pt AR fe M AZ AR A P BT R F A9BAE, CPU A2 3L Tk T '€ N M 89 35 4R 0 3%

A P AR B AT IR S AT

P ALE L BAT AL R AR S AR R PST RS, RIBRER AR, —AR P 42—
A BAITRE R A A1 (new) &, #% (ready) &. 54T (running) &. %4 (blocked) %,
B (exit) o ENREZNMAEHTAAET EEFHmBITREIE,

1o B P atAR AT iEAE Y, BEARARA AL T EEAREOR? LRKRS R dofTiE T a9R?
Ak, KAMALE (new) &, BERZAT AL ETIE, mARNAZ G E N2 AL 3253k,
PR A— L3R AF A bl T AR A e, M T A AR AR 2 A AT, {2k T A2 8iE T
BAYHRL X AAZST, PTASLIT a9 #HAZA T 122 (new) &, A1 T A H G, #HA2F RN
T, TEREEFEATR, W RIEFLEPATHEZGEMAN AT, HTRD, 2LEGHEF
AELZIFT, MIHFARCETAPITT, RERXAMRBERGRAL, T2FFBERAAEHFIN
HARRAT, TRICEANMIF “THATEEL” GBAZHRNE—ART P, FF7T LOA A bt SEA2 A T304
(ready) &, SBEZEWAEBSAAKLHREZNI|PRBET —AHEHAZS, BT PITHAZ S,
AL AL EE SAEPAT T, SR L TET (running) 57, B TEHEE, 240
ZAEM, R HATEELSEIANTYS b Z R 10 A4F, REALTFFRIEANAETE, 121K
B2 A B A swap X P T, BALRFRE AR R Gt e A A L) B4R E Ak B
HH) , MABRERG S CPU & HAHAZIAT, FRBAZRSKIZST (running) SR S5
(blocked) &, %R A P #4209 8 AAZ S FHAALMITERT, NLAHEMEFE % E4E CPU 44 L ibit4z
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}I,iuj-, Hie#H ALK S MREST (running) S B A B E (eX|t) 3, ﬁ,{;%@ﬂi)ﬂfkﬁié)ﬂéﬁ%ﬂ’
KR é,}ag{—l—skk/\ﬁﬁ@&éfn\ﬁ;«h%]ik&@ﬂiT, XARRTNBET . EXENEDLTAZP,

HALARK TR (exit) &0 2 K BEENATAESMETHA SR P R4, R —A CPU,

FRVAR T NFARR, HAS ft% SHAZAAA ARG R R, B—ANEHESGHAZRN T T €498
BB, BERAAF T4 CPU £ AR, FIetbit4Zk A Mz (running) A% A#H %
(ready) &, FJGHe CPU AL AZIAT. Jo RENMK T H45 (blocked) &#9 AL 1589 F4F />
A7 (herd KB 0 2], RERFEOHFCERRERANIAAT) , WREZR A2 BLRFF
B EAAIRSAESF (blocked) 455|384 (ready) o XIAFHRAEWENRESHBBRT —ANF
PR B L.




