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3. ISR FEREE (Dynamic Priority Scheduling)
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o BNHENMARARE—EMNNERE, IIBESFGIEEINESLR. KFEEITAIH
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1: REUHIEETIAES
KIRLED:

kernel/proc.c

// UNUSED, SLEEPING, RUNNABLE, RUNNING, ZOMBIE
int on_state_change(int cur_state, int nxt_state, struct proc *p) {

uint64 current_time = ticks; // % ticks & RS4RI H

// BB BFEY R I
if(p->first_run_time==0 && p->normal==1 && p->start != 0 &&
cur_state==RUNNABLE && nxt_state==RUNNING){
p->first_run_time=current_time;
//printf("%d\n", (int)current_time) ;
}
// VEEAEAERIRAS T RS [A]
uint64 duration = current_time - p->start;
// TR EDIRES 1 45 A ]
if (p->start != 0) { // WREEZH CEIANTEANRE
/7 AR IR BT LA s [
switch (cur_state) {
case RUNNING:
p->running_time += duration;
break;
case RUNNABLE:
p->runable_time += duration;
break;
case SLEEPING:
p->sleep_time += duration;

break;
// FT DA 75 A0 P A RS
default:

break;

// TR T aa i [ f S RS
p->start = current_time;
return 0; // JLFikH1E


af://n12565
af://n12567

iitBg:
o CERMEHIREN

o WFEBMATHEIEANATE, WRIEVIRE RUNNABLE 35 RUNNING RICRIZHATEAEIXIEITATE,
BTz E3REmMNATE.,

o LHNITEMNHE, BA—IIEEBEIZ—RE, RINENINAPRESHTE

2: REHENTR
KigEa:

kernel/proc.c

// set priority [0-3] to a given process [pid]
// -1 means error, 0 means success

int set_priority(int priority, int pid) {

initlock(&random_lock, "random_Tlock™): // ¥liatks

[/ BERERIEH

if (priority < 0 || priority > 3) {
return -1; // iR[E[&5%

3

// PR, ETEE MR

struct proc *p;

for (p = proc; p < &proc[NPROC]; p++) {
acquire(&p->lock);

if (p->pid == pid) { // KIEEWLERE
p->priority = priority; // W&
p->tix=(4-priority);//WEFEEHH
p->normal=1l; //W¥E NIEw B
release(&p->1ock);
return 0; // R[5

}

release(&p->1ock);

}
return -1; // $RAZERE, R[EIHR

it EBEg:
o FERMARIZERE
o RIFSEUIKE pid WRIHEAIRERFFEIE (4-priority) REAHELEH,
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3: BEHNEIEREL
X

kernel/proc.c

static uint32 Tcg_seed = 12345; // FbLEFIT
static struct spinlock random_lock; // HI T4 Tcg_seed [14

// BENLECAE R R 2L
int random(int max) {
acquire(&random_lock); // #kHUEH, f{RLEFE %4

/7 ASE Bt R i A B P Bt L3
Tcg_seed = (lcg_seed * 1103515245 + 12345) % (1 << 31);

int result = lcg_seed % (max + 1); // 4 0 2| max Z [ HIFEHLEL
release(&random_lock); // Ferltéi

return result;

iR
o BT xv6 iSEMHEE, HERERISCI 7 — NERENEMEERIEZLE R NRETEREL,

 ZRHFERTHRRAEER, ERBAERENCSRIGEES: MREDHIEMTHRER, NHEH
EE—NMEE, LAES RIS R SN,

ST HIERAESEELIR

TENMASMNHREERELI, XEABEEESEBE kernel/proc. ¢/scheduler XA
nonreturn BREH, AEELANERETEEN FHmFE: BIIEK kernel/proc. h BIZRENK
%8 scheduler REHIEKREX,
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1: RAEREE GRS, 2IF)
eSS AT R

kernel/proc.c

// WA WEL R % E IR AT RIS B (]
void update_ticks(struct proc *p) {
if (p->state == RUNNABLE) {
p->wait_ticks++; // BGINZEAF]E
}
if (p->state == RUNNING) {
p->cpu_ticks++; // N CPu KA

[/ WRAEBITERPIRL, REER e
void adjust_priority(struct proc *p) {
// WHRBFER) cPu B, BRI R
if (p->cpu_ticks >= 10) { // fiitsE 10 AHFe A E X
if (p->priority < 3) {
p->priority++; // FHEILEH
}
p->cpu_ticks = 0; // EH&E CPU Hf[A]

// WRBREE SR S SR G, ST
if (p->wait_ticks >=20) { // &SRS 20 N 4
if (p->priority > 0) {
p->priority--; // #IHLES
}
p->wait_ticks = 0; // &R

// 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

// via swtch back to the scheduler.
void scheduler(void) {

o

struct cpu *c = mycpu(Q);

c->proc = 0;
int cur=0;
int flag=1;
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for(; 54
if(flag| | (ticks-cur)>=1) {
flag=0;
cur=ticks;
// Avoid deadlock by ensuring that devices can interrupt.
intr_on();

int found = 0;

#if defined RR

// W

#elif defined PR

// Priority scheduling, iterating over max_p to find process with highest
priority

// First find the process with the highest priority and is RUNNABLE

// If found such max_p, copy to p, and run it.

struct proc *p;

// 1. FEEA RNt cks

for (p = proc; p < &proc[NPROC]; p++) {
acquire(&p->lock);
update_ticks(p); // HEHLFEAItIcks
release(&p->lock);

[/ 2. RERABRRRMR S

for (p = proc; p < &proc[NPROC]; p++) {
acquire(&p->lock);
adjust_priority(p); // /e

release(&p->1ock);

struct proc *max_p = 0; // HWTAEE ek

// (e PSR, Set e B kR
for (p = proc; p < &proc[NPROC]; p++) {
acquire(&p->lock); // FRECYHTIERL 81

if (p->state == RUNNABLE) {
// AT R R S R T v (HUETE /N B IR $E FIRUNNABLEE 2
if (max_p == 0 || p->priority < max_p->priority) {
// WERATTHERE A HE ek, EH max_p
//printf("%d",p->priority );
if (max_p != 0) {
release(&max_p->lock); // FEIZ AGE R4
}
max_p = p; // HH max_p NYHTHFE
} else if (p->priority == max_p->priority) {
// WEHETHEA max_p ML AR E
if (random(1)) {
// EREAHTERE
if (max_p != 0) {



release(&max_p->lock); // RIS i i ra

3
max_p = p;
}else{
release(&p->lock);
}
}else{
release(&p->lock);
}

}else{

release(&p->lock);

}

// If found such max_p, copy to p, and run it.
if (max_p != 0) {

p = max_p;
on_state_change (RUNNABLE, RUNNING, p);

p->state = RUNNING;

c->proc = p;

swtch(&c->context, &p->context);
c->proc = 0;

release(&p->1ock);

found = 1;

#elif defined LS

/ /g
#elif defined ss
/ /W
#endif
// The same as Round-Robin, if no RUNNABLE process is found, we will wait for
interrupt
if (found == 0) {
intr_on();
asm volatile("wfi™);
}
3
3



s .
20 ot
e update_ticks BREIZ BB FTATRE THTEFIZEFTE,
o ELIAREEME, RIEETEFIN, adjust_priority BREVEETIR

o IE: FAEMEERESY. MRRENETR—ENHERTE—%, mEF—REEEERLHA
EEfER, BAMFNT VLrQiRE. MRIREISTREMFFRIEEXF— MR EEE
5%k, BBARMBICA BB

o #elif defined PRIGRIREENN, SLEME NHERISTRIEMESFAIEticks, FEEENH
ERYASER. MNTATHFHRSIHE, BHAEHEREIRSMARIGHE, NREE MR
BITRAGHIEMRENIEZE D, I TIRFRIHIE, FREALTUREE swtch 1§ CPU $=HIi
IHRENERHIE, ARG, 5% CPU RIHIRERFRIM.

LIRS R

S priostat 5
Set priority @ to PID
priority to PID
priority to PID
priority to PID
priority © to PID
: 4 | Runnable Time: 81 ticks| Running Time: 68 ticks| Sleep Time: 12 ticks]|
Response Time: 1 ticks
PID: 5 | Runnable Time: 163 ticks| Running Time: 65 ticks| Sleep Time: 12 ticks|
[ Response Time: 163 ticks
PID: 6 | Runnable Time: 241 ticks| Running Time: 65 ticks| Sleep Time: 12 ticks|
i Response Time: 241 ticks
IPID: 8 | Runnable Time: 82 ticks| Running Time: 68 ticks| Sleep Time: 12 ticks|
Response Time: 2 ticks
PID: 7 | Runnable Time: 321 ticks| Running Time: 65 ticks| Sleep Time: 12 ticks|
Response Time: 321 ticks
Average Turnaround Time: 255 ticks
min_turnaround_time Time: 161 ticks
max_turnaround_time Time: 398 ticks
Average response Time: 145 ticks

min_response_time Time: 1 ticks
max_response_time Time: 321 ticks

o HEEE
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S priostat 5

Set priority to PID

Set priority to PID

Set priority to PID

fSet priority 3 to PID

Set priority 0 to PID

PID: 4 | Runnable Time: 308 ticks| Running Time: 65 ticks| Sleep Time: 12 ticks|

| Response Time: 1 ticks

PID: 5 | Runnable Time: 231 ticks| Running Time: 63 ticks| Sleep Time: 12 ticks]|
Response Time: 20 ticks

PID: 6 | Runnable Time: 174 ticks| Running Time: 64 ticks| Sleep Time: 12 ticks|
Response Time: 41 ticks

PID: 7 | Runnable Time: 60 ticks| Running Time: 64 ticks| Sleep Time: 12 ticks|
Response Time: 60 ticks

PID: 8 | Runnable Time: 251 ticks| Running Time: 64 ticks| Sleep Time: 12 ticks|
Response Time: 2 ticks

Average Turnaround Time: 280 ticks

min_turnaround time Time: 136 ticks

max_turnaround_time Time: 385 ticks

Average response Time: 24 ticks

min_response_time Time: 1 ticks
max_response_time Time: 60 ticks

2: XERE

KR

kernel/proc.c

// 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

// via swtch back to the scheduler.
void scheduler(void) {

struct cpu *c = mycpu(Q);
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c->proc = 0;
int cur=0;
int flag=1;
for(;;)1
if(flag| | (ticks-cur)>=1) {
flag=0;
cur=ticks;
// Avoid deadlock by ensuring that devices can interrupt.
intr_on();

int found = 0;

#if defined RR

// W

#elif defined PR

/ /W&

#elif defined LS
struct proc *p=0;
struct proc *sp=0;

int counter = 0;

// REEEHHE
int summ=0;
for (p = proc; p < &roc[NPROC]; p++) {
acquire(&p->lock); // FRHCARTEREAHE

if (p->state == RUNNABLE) {

summ+=p->tix;

}

release(&p->lock);

// HHABFALE
int winner = random(summ) ;

// WA KRR

for (p = proc; p < &proc[NPROC]; p++) {
acquire(&->Tlock); // FRECHMATHERL )
if (p->state == RUNNABLE) {

counter+=p->tix;

if (counter>=winner) {
Sp=p;
break;

}

release(&p->lock);

if (sp = 0) {
p=sp;



on_state_change (RUNNABLE, RUNNING, p);

p->state = RUNNING;

c->proc = p;

swtch(&c->context, &p->context);
c->proc = 0;

release(&p->lock);

found = 1;

#elif defined sS
/ /W
#endif
// The same as Round-Robin, if no RUNNABLE process is found, we will wait for
interrupt
if (found == 0) {
intr_on();
asm volatile("wfi™");

it B
o #elif defined Ls EHIEFEMNI.
o ETiE[HTA RUNNABLE HFERFNFZEEL summ ,

o AE, BBHEREL random(summ) ER—ANBEFE [0, summ) PIRIBENEN, FAFHERBIRYFE"
wS.

o B[R, 1BIOFTE RUNNABLE 2, EFREFZEHE counter, 2§ counter >= winner B, &=
BEMES R R BRI E], SRIHE p BDARER, 188t sp #IEZHE, —BiE, ZRAD
BEHAEIR,

o YIFIEFAUATE, FHIBRA L TXIRRE swech 1§ CPU IBHEIRIRRIRRIHRE. BETHRE, 5
Z CPU RUHIZERF RN,

EIERER

s WEREE
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S priostat 5

Set priority @ to PID 4

Set priority 1 to PID 5

Set priority 2 to PID 6

Set priority 3 to PID 7

Set priority @ to PID 8

PID: 4 | Runnable Time: 134 ticks| Running Time: Sleep Time:
Response Time: 5 ticks

PID: 8 | Runnable Time: 183 ticks| Running Time: Sleep Time:
Response Time: 2 ticks

PID: 5 | Runnable Time: 221 ticks| Running Time: Sleep Time:
Response Time: 9 ticks

PID: 6 | Runnable Time: 276 ticks| Running Time: Sleep Time:
Response Time: 16 ticks

PID: 7 | Runnable Time: 315 ticks| Running Time: Sleep Time:
Response Time: 1 ticks

Average Turnaround Time: 301 ticks

min_turnaround_time Time: 210 ticks

max_turnaround time Time: 391 ticks

Average response Time: 6 ticks

min_response_time Time: 1 ticks

max_response_time Time: 16 ticks

3: #KIEE
KR

kernel/proc.c

// 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

// via swtch back to the scheduler.
void scheduler(void) {

struct cpu *c = mycpu();

c->proc = 0;
int cur=0;
int flag=1;
for(; ;)4
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if(flag| | (ticks-cur)>=1) {
flag=0;
cur=ticks;
// Avoid deadlock by ensuring that devices can interrupt.
intr_on();

int found = 0;

#if defined RR
// W&
#el1if defined PR

/ /"
#elif defined LS

/ /&

#elif defined SS

struct proc *p;

struct proc *min_p = 0;

// e, e prE R
for (p = proc; p < &proc[NPROC]; p++) {
acquire(&->lock); // FRECYHTIERL )8

if (p->state == RUNNABLE) {
// WA ETEE RSN, B
if (min_p == 0 || p->pass< min_p ->pass) {

if (min_p != 0) {
release(@min_p ->Tock); // B2 AT EREEL
}
min_p = p; // ¥
} else if (p->pass== min_p ->pass) {

if (random(1)) {

if (min_p != 0) {
release(&min_p ->Tock);

}
min_p = p;
}else{
release(&p->lock);
}
}else{
release(&p->lock);
3

}else{

release(&p->1ock);

}



// If found such max_p, copy to p, and run it.
if (min_p != 0) {

p =min_p ;
on_state_change (RUNNABLE, RUNNING, p);

p->state = RUNNING;
p->pass+=(int) (100/p->tix);
c->proc = p;

swtch(&c->context, &p->context);
c->proc = 0;

release(&p->1ock);

found = 1;

#endif
// The same as Round-Robin, if no RUNNABLE process is found, we will wait for
interrupt
if (found == 0) {
intr_on();
asm volatile("wfi™");
}
3
}
3

it B
o #elif defined ss /EHIEFEI.

o MNTATHEFNGHIHE, BHMAEHERERERIHE, WREGSNBER/NSHEHRET
1.

o XTIEFHBATE, A p->pass+=(int) (100/p->tix) FEEFZEMELK, XESLIR ELHAZER
B (REZRIHE TSR, WXEESIERIA.

o ERLTINREE swtch 1§ CPU I=HIRIRENLFHIE. ARG, 5= CPU RIHIERER
FREREA.

SEaG M 4E SR
. HREE
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$ priostat 5

Set priority to PID

Set priority to PID

Set priority to PID

Set priority to PID

Set priority 0 to PID

PID: 4 | Runnable Time: 196 ticks]|
Response Time: 5 ticks

PID: 8 | Runnable Time: 201 ticks]|
Response Time: 1 ticks

PID: 5 | Runnable Time: 240 ticks]|
Response Time: 3 ticks

PID: 6 | Runnable Time: 282 ticks]|
Response Time: 2 ticks

PID: 7 | Runnable Time: 323 ticks]|
Response Time: 4 ticks

Average Turnaround Time: 325 ticks

min_turnaround_time Time: 273 ticks

max_turnaround time Time: 399 ticks

Average response Time: 3 ticks
min_response_time Time: 1 ticks

max response time Time: 5 ticks

=, Mit5ah
1. Mzt CHIEM
XL

user/priostat.c

#include "kernel/param.h"
#include "kernel/types.h"
#include "kernel/stat.h"
#include "user/user.h"

uint64 MAGIC_NUM = 114514;

Running Time:

Running Time:

Running Time:

Running Time:

Running Time:

uint64 pids[1024]; // AT ERpid
uint64 results[1024]; // fRAFEATHFERTESE R

// Process Statistics Test
// Description:

// A sample calculation Task 1is involved here

65 ticks]|

67 ticks]|

65 ticks]|

65 ticks]|

64 ticks]|

Sleep Time:

Sleep Time:

Sleep Time:

Sleep Time:

Sleep Time:

// The test will check if the process statistics are correctly updated
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// according to different types of Scheduler [RR / PR]
uint64 big_calculation() {
uinté64 i, j, sum = 0;
for (i = 0; i < MAGIC_NUM; i++) {
for (3 =0; j <1i; j++) {

if (3 & 1) {
sum -= j;
} else {
sum += j;
}
}
sum *= 1i;

sum /= (i - j + 1);
if (i % 11451 == 0) {
sleep(l);

}

return sum;

int main(int argc, char *argv[]) {
if (argc != 2) {
printf("Usage: stat <n>\n");
exit(l);

int n = atoi(argv[1]);

if (n <= 0) {
printf("Error: Invalid number of processes\n");
exit(l);

3

// HTRU A SRS IZAT R SR ] ARARE )
int total_run_time = 0;

int total_wait_time = 0;

int total_sTleep_time = 0;

// RAFGi AR minroundtime
int min_turnaround_time= 1000000;

// RAFgiira i ¥imaxroundtime
int max_turnaround_time= 0;

int total_response_time=0;
// HT8eih i 2 Rminroundtime
int min_response_time= 1000000;

// HT8itpra st fimaxroundtime
int max_response_time= 0;

for (int i =0; i < n; i++) {
int pid = fork(Q);
if (pid < 0) {
printf("Error: Fork failed\n");



exit(l);

if (pid == 0) {
// THERRHAT KA
uint64 ret = big_calculation();
pids[i] = getpid();
results[i] = ret;
// just for debugging

sleep(l);
exit(0); // THEREIERH
} else {

// WA % ARIRE BN

int priority =i % 4; // O0FI3ML%H

printf("set priority %d to PID %d\n", priority, pid);
set_priority(priority, pid);

// SRR A PR IR IR B S it
for (int i = 0; i < n; i++) {
int runable_time, running_time, sleep_time,created_time,first_run_time;

// wait_sched(int *runable_time, int *running_time, int *sleep_time);
int pid = wait_sched(&runable_time, &running_time,
&sleep_time,&created_time,&first_run_time); // Viflwait_scheditigiit(s 8

if (pid >= 0) {
int response_time=first_run_time-created_time;

printf("PID: %d | Runnable Time: %d ticks| Running Time: %d ticks]|
Sleep Time: %d ticks| Response Time: %d ticks\n",
pid, runable_time, running_time, sleep_time,response_time);

int per_sum=runable_time+running_time+sleep_time;

min_turnaround_time=(min_turnaround_time>per_sum)?
per_sum:min_turnaround_time;

max_turnaround_time=(max_turnaround_time<per_sum)?
per_sum:max_turnaround_time;

total_run_time += running_time;

total_wait_time += runable_time;

total_sleep_time += sleep_time;

min_response_time=(min_response_time>response_time)?
response_time:min_response_time;

max_response_time=(max_response_time<response_time)?
response_time:max_response_time;

total_response_time+=response_time;

} else {
printf("Error: wait_sched failed\n");
exit(l);



// I E R LR A (Turnaround Time)

int avg_turnaround_time = (total_run_time + total_wait_time +
total_sleep_time) / n;

printf("Average Turnaround Time: %d ticks\n", avg_turnaround_time);

printf("min_turnaround_time Time: %d ticks\n", min_turnaround_time);

printf("max_turnaround_time Time: %d ticks\n", max_turnaround_time);

// VI T e R ()
int avg_response_time = total_response_time / n;
printf("Average response Time: %d ticks\n", avg_response_time);
printf("min_response_time Time: %d ticks\n", min_response_time);
printf("max_response_time Time: %d ticks\n", max_response_time);

exit(0);
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