IRHRECISeIFER: BF xve BHIBIRESITSEN
SIFRREENRAL

A=t
1. E=

TESASBRERET, BESORITEEMRREENMAFGRIG., ERNIEREHE (RR) EEMER
SIS RHE (SPS) EFHMR, (BEHEMELRIIFRBUES I FHEFRER:

o HERIE: AFMHE, BLENTLESIERES.
o ESMERAE: BNERESELUNTAE, BEEZSBURMTRESYE (Starvation)

SRR (DPS) BIES Agingtill, sEFFERERIKAMRIMARESMNER, FHTL
R, ALRHNERELIASIENSMTR B R R SIS B ERRR PRI,

RREWEFFETEERFRFRFRELab (BT xv6) BHTIENERH, ERENNBEE TS
SEXGSEI AR,

L1 74 —_— =
2. LIS BiRSEEm
2.1 {F5—: RELUHIEETIRS
ISR SLIMAESEA wait_sched , FIHHEELITIRSHIATE):
® RUNNING : HF2SLFR5FE CPU RYRYIE];
® RUNNABLE : HEAFaNa{TIRERIRE CPU BIRTIE);
e SLEEPING : JHFER I/0 siE(th/REFEZRYATE.,
iR

1.7E proc.h F3 struct proc RINAIEISZIHEXRBIMRETE:

uint64 created_time; // BiFEE ]
uint64 finish_time; // SR
uint64 running_time; // BATHS (]
uint64 runable_time; [/ FEATARAS I [H]
uint64 sleep_time; // AR [a]
uint64 start; [/ ARCIRASTF AR A]
uint64 end; [/ ERRAS 45 AT [H]

2. {#iF3 on_state_change ER#l, ERSTIGANCREMIKNSHEITRTE:

// UNUSED, SLEEPING, RUNNABLE, RUNNING, ZOMBIE
int on_state_change(int cur_state, int nxt_state, struct proc *p) {
uint64 current_time = ticks; // 4niifE

p->end = current_time; [/ TR LR [A]
// AR RS BN R 1 B 1]

switch (cur_state) {
case RUNNING:
p->running_time += p->end - p->start;
break;
case RUNNABLE:
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p->runable_time += p->end - p->start;
break;
case SLEEPING:
p->sleep_time += p->end - p->start;
break;
default:
break;
3
// RIS RUNNING, 5 E 25 A
if (nxt_state == RUNNING) {
p->wait_time = 0; // 1§25 R50[H)
3
[/ BRI E]
p->start = current_time;
return O;

}

3. BEGERARSYIRHIAHRREL (W0 allocproc, scheduler. exit &) , A
on_state_change V&M,

4.7F proc.c LI wait_sched RFEMA, IREIFHIEFPKSHTEEIE:

// get the running time, sleeping time, runnable time when the child process
returns
int wait_sched(int *runable_time, int *running_time, int *sleep_time) {
struct proc *np;
int havekids, pid;
struct proc *p = myproc();
acquire(&p->lock);
for (53D {
havekids = 0;
for (np = proc; np < &proc[NPROC]; np++) {
if (np->parent == p) {
acquire(&np->lock);
havekids = 1;
if (np->state == ZOMBIE) {
// FIHRECALRY, exH PID
pid = np->pid;
// AREIBATIRAS I R I H 23 )
if (copyout(p->pagetable, (uint64)runable_time, (char *)&np-
>runable_time, sizeof(np->runable_time)) < 0 ||
copyout(p->pagetable, (uint64)running_time, (char *)&np-
>running_time, sizeof(np->running_time)) < 0 ||
copyout(p->pagetable, (uint64)sleep_time, (char *)&np-
>sleep_time, sizeof(np->sleep_time)) < 0) {
release(&np->lock);
release(&p->lock);
return -1; // %, &k -1
3
// R HERR TR
freeproc(np);
release(&np->lock);
release(&p->lock);
return pid; // MYjREFHER PID
}

release(&np->Tock);



3
3
[/ WA R B R A R B
if ('havekids || p->killed) {
release(&p->Tock);
return -1;
3
[/ SRR
sleep(p, &p->Tock);

}
}

2.2 ESRFREREIST

B BE

HESRFRAEET Aging (E4L) HSIRREMTRESIER, BERSSINT:
1. MRS ICEEN 0~3 (0 ARSMTR, 3 SREMER) .

2. HIEEERREESRR wait_time (FFFEYE) . BEFAIEREIDBIE ( AGING_THRESHOLD ) ,
PHEMTIIRTT (BERN) .
3. [AERLEIERE RUNNABLE RSP RESHIHIRIE T,
SEIRATS
* 7£ proc.h HFARABNHIERIN priority ] wait_time FER,
o (EXUEERS
o JEHFE RUNNABLE IRSHIHEE.
o INSAEMY wait_time BIEHE, RAMLRIFEEESSIE.,
o EERMISTREENHERINE TR,
o Aging BIEIREN 1 tick, BERAENREE.

R R AR SEIR

void scheduler(void) {
struct proc *p;
struct cpu *c = mycpu();
c->proc = 0; // Hui CPU L&A IEAEIBAT RS
for ;) {
// FEIaH, Bk seet
intr_on();
int found = 0;
#if defined RR
// Round-Robin EEE
for (p = proc; p < &proc[NPROC]; p++) {
acquire(&p->lock);
if (p->state == RUNNABLE) {
// TODO: IRZVIH#H
on_state_change(p->state, RUNNING, p);
// BATIEH R
p->state = RUNNING;
c->proc = p;
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swtch(&c->context, &p->context); // UJslilfE LR
[/ HREPATEE, BEHCHET CPU
c->proc = 0;
found = 1;
}
release(&p->1ock);
3
#elif defined PR
// RGP CLR3IZ Aging)
struct proc *max_p = 0; // M4uiftedimm it
int highest_priority = 4; // R%EHEHZE 0-3, WILaMA LEARE % E K TIE
for (p = proc; p < &proc[NPROC]; p++) {
acquire(&p->lock);
if (p->state == RUNNABLE) {
// Aging MUl GniREFE SR A E BAR Se A e, MR T a
p->wait_time++;
if (p->wait_time >= 20 && p->priority > 0) {
printf("Process %d: priority boosted from %d to %d (aging)\n",
p->pid, p->priority, p->priority - 1);
p->priority--; // $#IHLEH B/
p->wait_time = 0; // E%EL5R (A
}
// BT S Fdw m Rk R
if (p->priority < highest_priority) {
highest_priority = p->priority;
max_p = p;

}
release(&p->Tock);
}
// R B mEN LR HE, BT
if (max_p != 0) {
acquire(&max_p->Tock);
if (max_p->state == RUNNABLE) {
// RAEVIHE] RUNNING
on_state_change(max_p->state, RUNNING, max_p);
max_p->state = RUNNING;
max_p->wait_time = 0; // & E&450}H
C->proc = max_p;
// V12 3% v ) R
swtch(&c->context, &max_p->context);
// VRS, Bl CPU
c->proc = 0;

found = 1;
}
release(&max_p->lock);
}
#endif

// WH%H RUNNABLE HUFEFRE, 4%y
if (found == 0) {

intr_on(Q);

asm volatile("wfi"); // 5tk



2.3 SEES MR
TR 5 TR, HEFRIMARERAIEES (TIFRE) . W) HFHEEIE:

1. SIBMHELERE (Dynamic Priority Scheduling) .
2. B#SMFRRAE (Static Priority Scheduling) .

ISR
3. LERS B
3.1 SCRGEHE

ES—: wERSHit

11T stat f&F, WA stat 5, BEILATER:

$ stat 5

PID: 4 | Runnable Time: 36 ticks | Running Time: 49 ticks | Sleep Time: 12 ticks
PID: 7 | Runnable Time: 39 ticks | Running Time: 61 ticks | Sleep Time: 12 ticks
PID: 5 | Runnable Time: 37 ticks | Running Time: 63 ticks | Sleep Time: 12 ticks
PID: 6 | Runnable Time: 44 ticks | Running Time: 60 ticks | Sleep Time: 12 ticks
PID: 8 | Runnable Time: 44 ticks | Running Time: 60 ticks | Sleep Time: 12 ticks

Average Turnaround Time: 110 ticks

(¥55=: ASEMSMERREE
1B{T priostat f&F, WA priostat 5, DBINIHESHIZIMATREE:

Set priority 0 to PID 4

Set priority 1 to PID 5

Set priority 2 to PID 6

Set priority 3 to PID 7

Set priority 0 to PID 8

PID | Priority | Runnable Time | Running Time | Sleep Time
————— ] F e B e
4 | O | 9 | 48 | 12

8 | O | 7 | 52 | 12

5 | 1 | 25 | 57 | 12

6 | 2 | 60 | 59 | 12

7 | 3 | 95 | 51 | 12

Average Turnaround Time: 104 ticks

Set priority O to PID 4
Set priority 1 to PID 5
Set priority 2 to PID 6
Set priority 3 to PID 7
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Set priority O to PID 8

Process 6: priority boosted from 2 to 1 (aging)
Process 7: priority boosted from 3 to 2 (aging)

PID | Priority | Runnable Time | Running Time | Sleep Time
----- | s=smemssos|| sessossscoseses | seseosssomosss | sossososssas
4 | 0 | 7 | 43 | 0
5 | O | 15 | 47 | O
6 | O | 25 | 52 | O
7 | O | 61 | 45 | O
8 | O | 57 | 54 | O

Average Turnaround Time: 84 ticks

3.2 Bt 5¥ILL
1.f£5—: LT wait_sched RAEEA, HINFITHEESRSHIE TR, HBEEEEMRESHT
R T EESTT,
2185
o BERLKIAEF, KIMARES (JAPID7) KHILTF RUNNABLE K7, IERLIVEITIR,
o FIMASSHREEIET Aging HLEIRRR TIVEIDE, BERHE 7 FYMHEATE (104 ticks — 84
ticks)

4. £5ie
o WBMERBEE Aging THERERTIVRITE, XETSISRANATL
o AR T I RS IS AR TR,

BT

o SHENIERE: EENSMARAR, SHFHESHE (W 1/0 BEES CPUEEE) |
o SCEMESSZHS: ERAEEETIMASLRHMESERESME (40 EDF) .
BRSO T HISURARNNS, FAd—SMHEERRERE T &,
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