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BH 1:

WERE—F yield Bi%L. scheduler BA%UFN sched BREHI &
SEETA, BT xve (R MR R B 5% . 44 HARMEL B Gt 24 ARG IE BA
PRI D o
(proc.c L268) 3 —ANEEI], ALFERIR xv6 # & MHHFE R I LT 45 A 38 Runnable
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(1) BT yield A%, scheduler B&EAT sched BRI H &
@ yield FREIREIGAT (proc.c L311).

// Give up the CPU for one scheduling round.
void

yield(void)

{

acquire(&ptable.lock); //DOC: yieldlock
proc-=state = RUNNABLE;
sched();

release(&ptable.lock);
1

YERT: A — SRR AE— U 783 CPU S .
T BRI SR 4 2 A CPU RIS Y1 i S 3 56 4+
FH OGRS -

yield 7E 98 B FH 2

fE trap.c L185, H T —B .

// Force process to give up CPU on clock tick.
// I interrupts were on while locks held, would need to check nlock.

if(proc && proc-=state == RUNNING && tf-=trapno == T_IRQO+IRQ_TIMER)
yield();

XEARIL T xve 285 NLH—— 49— NEREFER T e LB 1
TR A (100 ZF0) 5, xve f# R #hip Wisaibl e s 1higfT, XAERE S 4 Aeif
IS AT HARERE 7, X LR R A AL T RUNNING B, 1A yield &%k, B4
Wi k384T, SRJE IR sched BRI, Ui B RO, BT H AR .
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// Enter scheduler. Must hold only ptable.lock
// and have changed proc-=state.

void

sched{void)

{

int intena;

if('holding{&ptable.lock))

panic("sched ptable.lock");
if(cpu-=ncli '= 1)

panic("sched locks");
if(proc-=state == RUNNING)

panic("sched running”);
if(readeflags()&FL_IF)

panic("sched interruptible™); ﬁUﬁEJ:W:JE
intena = cpu-=intena;
|swtch(&proc->context, cpu->scheduler);|
cpu-=intena = intena;

I

(2 Scheduler RIS (proc.c L257).

7E main.c main BB —NIFRERPIRESHOE B 175, mpmain 18] scheduler F
RIZATHEFE (main.c L62). B> CPU fEWIMAILEF H & f5, A scheduler CIFERR),
ITUU R RE, KAIRE, AWERHAT LT AP IR:

a. EFEAATPATHIERE

b. VI ENZHRE AT
c. PUTTEZHAREIG, @i swech BRI IR L TS, RFEIDE a.
//PAGEBREAK: 42
// Per-CPU process scheduler.

// Each CPU calls scheduler() after setting itself up.
// Scheduler never returns. It loops, doing:

// - choose a process to run
// - swtch to start running that process
// - eventually that process transfers control
/7 via swtch back to the scheduler.
void
scheduler(void)
{
struct proc *p;
for(;; ){
// Enable interrupts on this processor.
sti();

// Loop over process table looking for process to run.
acquire(&ptable.lock);
for(p = ptable.proc; p = &ptable.proc[NPROC]; p++){
if(p->state != RUNNABLE)
continue;

// Switch to chosen process. It is the process's job

// to release ptable.lock and then reacquire it

// before jumping back to us.

proc = p; [ U9 B i% 2 p HERR

switchuvm(p); // ¥1#H8ZHEMTE

p->state = RUNNING; // eiZE#FRAENRUNNING
swtch(&cpu-=scheduler, proc-=context); // W3 ZEFRiziT
switchkvm(); /v 4 HBEEITH, BAXRSFESMRIANABAR
// Process is done running for now.

// It should have changed its p-=state before coming back.
proc = 0;

release(&ptable.lock);




(3) Sched EREIRES AN, HAEH EE R B S0 OAHERE I A AZ R R D) e 31 24 Ay
CPU HIAJERRLFE).,

// Enter scheduler. Must hold only ptable.lock
// and have changed proc-=state.

void

sched(void)

{

int intena;

if('holding(&ptable.lock)) // FFEFAEBRR, FRBNME, FRENEHIR
panic("sched ptable.lock");

if(cpu-=ncli !'= 1) f kTl AR
panic("sched locks");

if(proc-=state == RUNNING) // ##iFizird
panic(“sched running”);

if(readeflags()&FL_IF) /1 HF P
panic("sched interruptible™);

intena = cpu-=intena; = R

swtch(&proc-=context, cpu-=scheduler); /f 14 £ R 30

cpu-=intena = intena; i A R

}

Hoh, (KB B IR swich B 50 W0 T TR

void swtch(struct context **old, struct context *new);

swtch fif LM RAF IR 2p f7 e &, BIEROC. MLkt CPU I, #FERI N
RAFEHH swich SKERTEH R L T30, SRR B2 81 B o

B HHT CPU 77 A7 a8 B AR IR AR R RAFAE *old 1o SRJG swich HF
new 5 ULE] %esp 1, FHIZ ARG AE, RJFRIA. BARMKIE swich.S -4
ARG, IR R

# Context switch
#

#
#

void swtch(struct context **old, struct context *new);

# Save current register context in old
# and then load register context from new.

.globl swtch

swtch:
movl 4(%esp), %eax
movl 8(%esp), %edx

# Save old callee-save registers
pushl %ebp
pushl %ebx
pushl %esi
pushl %edi

# Switch stacks
movl %esp, (%eax)
movl %edx, %esp

# Load new callee-save registers
popl %edi

popl %esi

popl %ebx

popl %ebp

ret

X swich BREIRARSAT L IR, 30O st s -




swtch  (2702) —FFiEM# DB, MASFER %eax Fl %edx (2709-2710) 1 ; swtch B4R T HIBHURTTE
1T wesp BITEAIREEE, AF swteh EAFTFLR, AURIA BT E TS 4, EHARERENSFaHIL
i R ERIRTE ; 1208 x86 MRMIED xebp %ebx %esi %ebp %esp o swtch PRI AFIUANFES (2713-2716) ; RE—1
MRIE struct context* #HEA old (2719) s pNIBREN. BER, 68— 1EENSFE, EFTEE %eip, &
SEEHREMHA call AR sweh HEREFELAAT %ebp Z EHMEB LT, RETIHSEFERE, swen MAAELEMEHRNSE
T, BRI T XaiEs RARIES T (2720) o B0 HIHAAAER, B ETCHE 3 22 aiFE R0
PRIALE T, ATEL swech FLAEMEI— FRFIHL T XAIRFRIREF LT3, Bl sedi wesi %ebx %ebp AR
(2723-2727) . WIF swtch % T #d64, AL HMENTFHREARI L T XPNEFE M.

(2)  HiaAA, #E xvo MM RRMAMHZ . RIS Gl AT RS IEY]
PRI D
f IS 1) R e e i

JeKFE T scheduler BREL ) — BARAY:

for(;;)}{
// Enable interrupts on this proc
stil);

// Loop over proc table looking for process to run.
acquire(&ptable.lock);
for(p = ptable.proc; p < &ptable.proc[NPROC]; p++){
if(p—>state |= RUNNABLE)
continue;

'/ Switch to chosen prc 5 It is
to rele ptable.lock then re:

// before jumping back to us.

proc = p;

switchuvm(p);

p—>state = RUNNING;
swtch(&cpu—>scheduler, proc—>context);
switchkvm();

[/ Pro is done running for now.
// It should have change p—>state before coming back.
proc = 8;

}

release(&ptable.lock);

M TR ARRE AT T LR R . RSEIFHIE )T proc table. 415 &KIA HFE LT
RUNNABLE ARZ, FBA S0 ik it A2 % B 9 RUNNING RES,  FH H 082055 R
AR BONANZIE T RAEIR, FrLL—idi [/ 58 proc table 5 M 22 @47 T — R 1k
Fie

T swech VB4 R AR R B R SCHAT R R, SRR swich iR [F]
ZJ5, Wi switchkvm BRI B NAZ TR . SR )5 48 2E proc table 2 BT BLIEFE
— M EREPAT




// Switch h/w pag 1E er to the kernel-only page table,
// for when no prc
void

switchkvm(void)
{
ler3(v2p(kpgdir) ); [/ switch to the kernel page table

}

B BEAER xve £ FH ORI 18] Fr R AR IE I R

PAVRIE R RS TR LI, I BF 6] 2 G e A 2 (1 g 2

BSPUN [) FR R IXRAE R, R B EA I AR, R TEA W
WUHIZE 24 S AN HERE (O 18] A 58 2 e ik ERE Lk CPU. AR AT RESE R A B 2 15
ikl CPU (BAREHRF M IEASIX AMD, Mok aeibidt ikl CPU Mk R
CPU A EYRefi 3.

CPU 5 Y E AT A BHERE LT AR RS (& AA48) IRAFR. 25T yield
Z R R ECHE N B N AL L BE SR N — R R R
// Enter scheduler. Must hold only ptable.lock
1 ged proc->state.
void
sched(void)
{
int intena;

if(!holding(&ptable.lock))

panic( d ptable.lock");
if{cpu=>ncli

panic(

RUNNING)

panic( :d running");
if(readeflags()&FL_IF)

panic( d interruptible®);

intena = cpu->intena;
swtch{&proc—>context, cpu—>scheduler);
cpu=>intena = intena;

}

// Give up the CPU fopylone scheduling round.
void
yield(void)
{
acquire(&ptabje.lock); //DOC: yieldlock
proc—>state J= RUNNABLE;
sched();
release(&ptable.lock);

Wik CPU HH yield PREUREH MATIERE, B4 &S R 2 IRAT LM
scheduler & F—/NidtfE. FRATTE trap.c HH B & 200 HACHD




switch(tf->trapno){
case T_IRQe + IRG_TIMER:
if(cpu-»id == 8){
acquire(&tickslock);
ticks++;
wakeup (&ticks);
release(&tickslock);

}
lapiceoi();
break;
// Force pro give up CPU on clock tick.
[/ If interrug on while locks held, would need to check nlock.
if(proc && proc—->state == RUNNING && tf->trapno == T_IRQe+IRQ_TIMER)
yield();

EBARIS R %2 CPU WH yield RIS A BT 1o 24— AN gERR I E]
e T 25, AN 2k 2 KIE— NS 545 CPU. — N5 B WS 5 X0 R
trapno £ 1E trapframe, TMEwAYAE trap.c PR E . WF. F-ATA LLE 2 lapiceoi HLEXT
HTE S A

// Acknowledge interrupt.
void
lapiceoi(void)
{
if(lapic)
lapicw(EOI, @);

A LI VA L -
# vectors.S sends all traps
.globl alltraps
alltraps:
# Build trap frame.
pushl %ds
pushl %es
pushl %fs
pushl %gs
pushal

# Set up data and per-cpu segments.

movw $(SEG_KDATA<<3), %ax
movw %ax, %ds

movw %ax, %es

movw $(SEG_KCPU<<3), %ax
movw %ax, %fs

movw %ax, %gs

# Call trap(tf), where tf=

pushl %*esp

call trap

addl $4, %esp

TEHEN trap PRELZ T, alltraps 24k SEM % trapframe. tHELEIRATIE trap BRI Z

B Ltk H—REFAE . BT RS RIS tramframe 1, RAUEE trapframe
PIFREHEAZEONF] trap GXELRT xve FIERECAHFITE) . 2444 trapno 1E alltraps 2
A CEHERLF 1, EAIRLE stack 1, J&T trapframe 2| —# 775




FAHE trapno %€ LHIEREH AT LLE R, CPU FEHEZ BN 28 21 Wi {5 5
Ji, MiZEiEid int T IRQ ik A3 alltraps ).

#define T_IRQO 2 // IRQ @ corresponds to int T_IRQ

ASIERAH Xeode HY5RF S 2 T HA REHBIix— BHL A6 4.

DAL R 2 i 5| AR YRR B SO P BE 0 T

CPUiRiEeflags RER T alltraps
MF. EEE, 4T int TIQR | 444549 2trapframe trap & Etrapno

yield
scheduler . .
. RPN «— sched | BEHEIRER
ERE TR RUNNABLE
void

lapicinit(void)

{

ShERIHAT 82
RAPERES

if(!lapic)
return;

// Enable local APIC; set spurious interrupt vector.
lapicw(SVR, EMABLE | (T_IRQe + IRQ_SPURIOUS));

/f The timer repeatedly counts
/f from lapic[TIC

If xvé6 cared more about pre
// TICR would be calibrated us
lapicw(TDCR, X1);
lapiew(TIMER, PERIODIC | (T_IRQG® + IRQ_TIMER));
lapicw(TICR, 1e8ee88e8);

THI 88 Ko N BB v 15 S5 I AL FRAN A FE Y Local APIC ¥, JRATAT LAZE lapicinit & £
Xf TIMER [0S . By REn] AR B, T ISR H e 2840 28 R MRS B (3B
(counts down). PRJE 2K H— MG T W E XATLUE H, XME 5 ROZ 2 RATHT
T $E BT 2% R TS S

BRI xv6 PR 2 A5 FH AR IR 8] e A ik
(3)  (proc.c L268) H—/N5E, PLFHRHK xve #5 & MIEFERIT L4 #5548 Runnable
(IERE . WSRNI CPU V)4 N R IERAE 4F IR L I EE— > PCB, &A%
JE 38 /K HE B T AT R ?

HAZ, Wk




for(;;){
// Enable interrupts on this pro
sti();

// Loop over process table looking for process to run.
acquire(&ptable.lock);
for(p = ptable.proc; p < &ptable.proc[NPROC]; p++){
if(p->state |= RUNNABLE)
continue;

switchuvm(p);

p—>state = RUNNING;
swtch(&cpu-»>scheduler, proc—>context);
switchkvm();

is done running for now.
ave changed its p->state before coming back.

PE T swech bR K 2ot A2 HEREIR [0 A% ) scheduler (375 . XM RIREE p ()
{EFTETT scheduler #ENBERR IR 2 —FER o RIS 4k BT HT FRET T4 1m0 R 2% H 4k 2k
R, MAREREERIIT KT EK,

AH 2:
1 xv6 FHH b3% Ctl+P, R B2 b o o 10 R4 ke .
f5 BEAE OCARID, SEBLCAU R Zhae: £ xve Fif b4% Cul+R, FTEIH YUAT RS+
sleeping [IFFFE, FFHAE AT R ERFRAS 24 (chan/waiting channel)

% Cul+P BEMEE L, TEHHIT.,

$ 1 sleep 1init 80104804 801045e9 80105ec? 80105106 801062a4 B8O106095
2 sleep sh 80104804 80100987 80101dc2 80101160 801052e0 80105106 801062a4 80106095

¢ |
W %
B E B ]
s ® B 7
a_ir‘ 7 EE_'

%

B YRR B SIS AR




//PAGEBREAK: 36
// Print a process listing to consele. For debugging.

// Runs when user types “P on console. N
// No lock to avoid wedging a stuck machine further. SUtFrE#E
void
procdump(void)
{
static char *states[] = {
[UNUSED] "unused”,
[EMBRYO] "embryo",

[SLEEPING] "sleep *,
[RUNNABLE] "runble™,
[RUNNING] “run ",
[ZOMBIE] "zombie"
o

int i;

struct proc *p;

char *state;

uint pc[10];

for(p = ptable.proc; p < &ptable.proc[NPROC]; p++){
if(p-=state == UNUSED)
continue;
if(p-=state == 0 && p-=state < NELEM(states) && states[p-=state])
state = states[p-=>state];

else R TEN--#H#720pid, state, name
state = "777";

|cprintf{"%d %s %s", p-=pid, state, p—>name];|

if(p->state == SLEEPING){ UIERIHFZRIRER
[getcallerpcs((uint*)p->context->ebp+2, pc); | sleep, FTEDZA]
for(i=0; i<10 && pc[i] '= @; i++) AR,

cprintf (" %p", pcl[il);
cprintf("\n");

¥
¥

FHIEH getcallerpes BT Wil 15 E3EFE T8 AR T .

// Record the current call stack in pcs[] by following the %ebp chain.

void » . . . .
getcallerpcs(void *v, uint pcs[]) REER: HEEHﬂ'%Ebp%' BDHeASHN
{

uint *ebp;

int 1i;

ebp = (uint*)v - 2;
for(i =0; i < 10; i++){

if(ebp == 0@ || ebp < (uint*)KERNBASE || ebp == (uint*)Oxffffffff)
break;
pcsl[il = ebpl[1]:; // saved Seip . ~
ebp = (uint*)ebp[0]; // saved %ebp TEAFTEN 101
I3
for(; 1 = 10; i++)

pcs[i] = 0;

BAEBREN E R CRE X, R XA PAERE L ER ebp[01FT ebp[ 111K IH
%ebp — M&FR H] 4RI HEFE AR, Y%eip AR —NHAT IO A A7 L




//PAGEBREAK: 17

// Saved registers for kernel context switches.

S/ Don't need to save all the segment registers (%cs, etc),

// because they are constant across kernel contexts.

// Don't need to save %eax, %ecx, %edx, because the

// x86 convention is that the caller has saved them.

// Contexts are stored at the bottom of the stack they

// describe; the stack pointer is the address of the context.

// The layout of the context matches the layout of the stack in swtch.S
// at the "Switch stacks" comment. Switch doesn't save eip explicitly,
S/ but it is on the stack and allocproc() manipulates it.

struct context {

uint edi;

uint esi;

uint ebx; 4

uint ebp ;———'—'_'-" Hfizebp(0]

Fi

T, WATEFEH SR WA procdump BfHOR S i (AR5 B H

Console.c [1] consoleintr BRI T procdump(), WF.

void
consoleintr(int (*getc){void))

{

int c;

acquire(&input.lock);
while((c = getc()) == 0){
switch(c){

case C{('P'): // Process listing.
procdump(); Ctrl+ PHTIRE
break;
case C('U"): // Kill line.
while(input.e '= input.w &&
input.buf[(input.e-1) % INPUT_BUF] != '\n'){

input.e--;
consputc(BACKSPACE) ;
T

break;

RHPRRBATAT LUERL N — 0 “R” RSEHL RS sleeping HEFLRIFTEN, FHaf & ARATTHI
SELFRNA . XF T sleeping HERERJATEN, R 53 [ — AR AT BN HUIRZS SLEEPING ()
HERERIET o 108 T H 2 SR RA S, BRATIAE proc I T chan 7€ X, & —NERBIRE

(void*),




// Per-process state
struct proc {

uint sz; I
pde t* pgdir; I
char *kstack; /i
enum procstate state; /f
volatile int pid; !/
struct proc *parent; I

struct trapframe *tf;

Size of process memory (bytes)

Page table

Bottom of kernel stack for this
Process state

Process 1D

Parent process

Trap frame for current syscall

process

struct context *context; // swtch{) here to run process

| void *chan; // If non-zero, sleeping on chan |
int killed; // 1T non-zero, have been killed
struct file *ofile[NOFILE]; // Open files
struct inode *cwd; // Current directory
char name[l6]; // Process name (debugging)

T

X RE—NERE, WiER chan A8 0, WZEFEAL TBEARIR S HE M EESRAE chan #2411
bk o RIFRATH T ESTENH chan % 1) Y A7 HkE o

SEHLUT

void
consoleintr(int (*getc)(void))

{

int c¢;

acquire(&input.lock);

while((c = getc()) == 0){

switch(c){

case C('P'): // Process listing.
procdump();
break;

// modified on 5/3/2021

case C('R'):
procprintsleep();
break;

case C('U"): // Kill line.
while(input.e !'= input.w &&

console.c

// Modified on 5/3/2021
// Print any process that is sleeping.

(G P sy AR AN

// And their corresponding waiting channel.

// Runs when user types "R on console.

void procprintsleep(void)

{
static char *states[] = {
[UNUSED] "unused",
[EMBRYO] "embryo",
[SLEEPING] "sleep "
[RUNNABLE] "runble™,
[RUNNING] "run "
[ZOMBIE] "zombie"
I
struct proc *p;

char *state;

for(p = ptable.proc; p < &ptable.pro
if(p-=state == SLEEPING){
state = states[p-=state];

1
}

FIENHE ERE LM AIwaiting channel

cprintf("%d %s %s waiting channel:%x\n",

| EEE——————————————————————————————————.

NPROC]; p++){

p-=pid, state, p-=name, p-=chan);

proc.c

N

1F make Z i,

F{OASAE defs.h AN .




//PAGEBREAK: 16

/{ proc.c

struct proc* copyproc({struct proc*);

void exit{void);

int fork(void);

int growproc({int);

int kill(int);

void pinit(void);

void procdump(void);

void scheduler(void) _ attribute_ ((noreturn));
void sched({void);

void sleep(void*, struct spinlock®*);

void userinit{void);

int wait(void);

void wakeup(void*);

void yield(void);

lvoid procprintsleep(void); // Modified on 5/3/2021|
BATE RN .

$ 1 sleep init waiting channel:8010ff54

2 sleep sh waiting channel:8010de54

s

p———

Brutz A, FATE—PHRZE T chan 1E sleep PAEU wakeup PRECHIFEH] .
F 3 FE 15 B A SLEEPING JIRZS F- 8K 7E chan IACISAL T proc.c I sleep BEEH, 4N

// Atomically release lock and Bleep on chan.
// Reacquires lock when awakened.

void
sleep({void *chan, struct spinlock *1k)
{

if(proc == 0)

panic("sleep");

if(lk == 0)
panic(“"sleep without 1k");

// Must acquire ptable.lock in order to

// change p-=state and then call sched.

// Once we hold ptable.lock, we can be

// guaranteed that we won't miss any wakeup

// (wakeup runs with ptable.lock locked),

// so it's okay to release 1lk.

if(lk !'= &ptable.lock){ //DOC: sleeplock®d
acquire(&ptable.lock); //DOC: sleeplockl
release(lk);

1

// Go to sleep. fgi#iEiEEchan L,
proc-=chan = chan; G ERASLEEPING,
proc->state = SLEEPING; | {igiig R
sched();

// Tidy up.

proc->chan = 0;  HEIREER, f§chanEH0

// Reacquire original lock.
if(lk '= &ptable.lock){ //DOC: sleeplock2
release(&ptable.lock]);
acquire(lk);
}
T

Wakeup PR EUMRER BT A FE7E chan _FJHERE, ARRSUNT.




//PAGEBREAK!
// Wake up all processes sleeping on chan.
// The ptable lock must be held.

static void chanE—-R{FibiE

wakeup1 ({010 Fchan—>
{

struct proc *p;

for(p = ptable.proc; p < &ptatNe.proc[NPROC]; p++)
if(p-=state == SLEEPING &&% p-=chan == chan)
p-=state = RUNNABLE;

' MEBEEFERSEChan A0S
// Wake up all processes sleeping on chan.
void

wakeup (void *chan)

{

acquire(&ptable.lock);

wakeupl{chan); |

release(&ptable.lock);
1

T T T N N O N M N A N A A N N O A
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