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MO DAU

Muc dich: Muc tiéu cua bai tap 16n nay 1a mé phéng cac thanh phan chinh trong mot
hé diéu hanh don gian, vi du: scheduler, ddng bd hoa, cac hoat dong lién quan dén bo
nhé vat ly va bo nhé ao.

Néi dung: Sinh vién s& dugc thuc hanh véi 3 phan chinh: scheduler, dong bo hoa va co

ché cap phat bo nhé 4o sang bo nhé vat 1y.

Két qua: Sau bai tap 16n nay, sinh vién cé thé hiéu duoc phan nao nguyén Iy hoat dong
cuia mot hé diéu hanh don gian; rat ra vai trd va ¥ nghia ctia cac module chinh trong hé

diéu hanh ciing nhu cach thirc hoat dong cua no.
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NOI DUNG

1. SCHEDULER
1.1. Question

Cau heéi: What is the advantage of using priority feedback queue in comparison with

other scheduling algorithms you have learned?
Tra loi:
Giai thuat priority feedback queue sur dung 2 hang dgi ready_queue va run_queue.

e ready_queue: hang doi chira cac process theo mirc do wu tién, thyc thi trudc so voi
hang doi run_queue. Khi CPU chuyén sang slot tiép theo, n6 s& tim kiém trong
ready queue.

e run_queue: hang doi ndy chia cac process dang chd dé tiép tuc thuc thi sau khi hét
slot ma chua hoan tit c4c qua trinh caa minh. Céac process ¢ hang doi nay chi duoc
tiép tuc & slot tiép theo khi ready_queue réi va dugc dua sang hang doi ready_queue

dé xét slot tiép theo.

C4 2 hang doi déu 1a hang doi c6 do uu tién, dua trén mirc d6 wu tién cua process trong

hang doi.
Uu diém cua giai thuat priority feedback queue:

e Sir dung time slot, tao su cong bang vé thoi gian thyc thi gitra cac process, tranh tinh
trang chiém CPU sir dung, tri hodn vé han dinh.

e Sir dung 2 hang doi va do wu tién priority nén sé linh hoat trong phan chia thuc hién
cong viéc.

e Nhiing process ngan s& nhanh chéng dugc hoan hanh va nhudng thoi gian thuc thi

cho céc process khac.
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1.2.

Implementation

1.2.1. Queue

Dau tién, ta hién thuc giai thuat enqueue va dequeue trong file queue.c.

e enqueue: bua mot PCB mai vao hang doi.

9
1e
11
12
13
14
15
16
17
18
19
208

void enqueue(struct queue_t * g, struct pecb_t * proc) {

/* TODO: put a new process to queue [q] */
/[=========== this is my code ==============

int sizeOFqueue = g->size;
if(sizeOFqueue<MAX_QUEUE_SIZE && sizeOFqueue>=8)

{

g->proc[sizeOFqueue]=proc;

g->size = sizeOFqueue+l;
¥
/':,=========================================

e dequeue: LAy PCB c6 d6 wu tién cao nhét ra khoi hang doi.
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struct pcb_t * dequeue(struct queue_t * g) {
int sizeOfQueue = g->size;
if( sizeOfQueue ==1 )

Khoa Khoa hoc va Ky thuat May tinh

{
struct pcb_t* return_proc = g->proc[e];
gq->proc[@]=NULL;
g->size =0;
return return_proc;
¥
else if( sizeOfQueue >1 && sizeOfQueue <= MAX_QUEUE_SIZE)
{
struct pcb_t* return_proc= g->proc[@];// process will be returned
uint32_t highest_prior = g->proc[®]->priority;
int position =e;
int i;
for(i=0 ; i < sizeOfQueue ;i++)
{
if( highest_prior < g->proc[i]->priority )
{
highest_prior =g->proc[i]->priority;
position = i;
}
}
return_proc = g->proc[position];
if(position == (sizeOfQueue -1 )) // highest at the end of queue
{
g->proc[position] =NULL;
g->size = sizeOfQueue -1;
return return_proc;
¥
else
{
for(i = position+l;i< sizeOfQueue; i++)
{
g->proc[i-1]=q->proc[i];
}
g->proc[sizeOfQueue -1]=NULL;
g->size = sizeOfQueue -1;
return return_proc;
¥
¥

return NULL;
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1.2.2. Scheduler

Ta hién thuc function get_proc( ) trong file sched.c dé l1dy PCB cua mot process trong

ready_queue. Néu hang doi dang trdng tai thoi diém function duoc goi, ching ta s& di

chuyén tit ca cac PCB cua process dang doi trong run_queue trg vé ready queue trudc

khi lay process tir ready _queue.

19
20
21
22
23
24
25
26
27
28
29
3@
31
32
33
34
35
36
37
38
39
40

1.3.

struct pecb_t * get_proc(void) {

struct pcb_t * proc = NULL;
pthread_mutex_lock(&queue_lock);

if(ready_queue.size==0 && run_queue.size >0)

{
ready_gueue.size=run_queue.size;
for(int i=@;i<ready_queue.size ;i++)
{
ready_queue.proc[i]=run_queue.proc[i];
run_queue.proc[i]=NULL;
}
run_queue.size=0;
proc=dequeue(&ready_queue);
}
else if(ready_queue.size >@)
{
proc=dequeue(&ready_queue);
}

pthread_mutex_unlock(&queue_lock);
return proc;

Result

Compile doan code st dung Makefile:

make sched

Sau d6 chay thtr nghiém trén cu hinh mau:

make test_sched
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Ta thu duoc két qua nhu bén dudi

e sched 0

Loaded a process at input/proc/s®, PID: 1 Time slot 13

Time slot @ CPU ©: Put process 2 to run queue
Time slot 1‘ ) CPU @: Dispatched process 1
) CPU ©: Dispatched process 1 Time slot 14

Time slot 2 Time slot 15
L Sloépu ;_ out 1t CPU ©: Put process 1 to run queue

PU B D:s ggzﬁzzs rocezsruq queue CPU 0: Dispatched process 2
Time slot 4’ P p Time slot 16

. CPU 0: Processed 2 has finished

ine Slotoad;d a process at input/proc/sil, PID: 2 CPU @: Dispatched process 1

CPU @: Put process 1 to run queue $?me S{°E 1;

CPU ©: Dispatched process 2 Lme sto
Time slot 6 CPU 0: Put process 1 to run queue
Time slot 7 CPU ©: Dispatched process 1

CPU @: Put process 2 to run queue Time slot 19

CPU 0: Dispatched process 2 Time slot 20
Time slot 8 CPU ©: Put process 1 to run queue
Time slot 9 . CPU 0: Dispatched process 1

CPU ®: Put process 2 to run gqueue Time slot 21

CPU 0: Dispatched process 1 Time slot 22
Time slot 10 CPU ©: Put process 1 to run queue
Time slot 11 CPU 0: Dispatched process 1

CPU ©: Put process 1 to run queue Time slot 23

CPU @: Dispatched process 2 CPU @: Processed 1 has finished
Time slot 12 CPU 8 stopped

process pl p2 pl p2 p2 s1 pl

timeslot| 0 | 1 |2 [3]a]s[6][7[8]9]10]l11]12]13]1a]15][16]17]18]19]20]21]22]23

e sched 1

Loaded a process at input/proc/s@, PID: 1 Time slot 11

ULes sloépu g_ D tched - Time slot 12
— ot 1 Lspatched process CPU 8: Put process 2 to run queue
ne 50 CPU 0: Dispatched process 3
Time slot 2 .
Time slot 13
CPU O0: Put process 1 to run queue .
. Time slot 14
CPU 0: Dispatched process 1
. CPU 8: Put process 3 to run queue
Time slot 3 CPU 0: Di tched 1
Loaded a process at input/proc/si, PID: 2 T lot 15’ 1spatched process
Time slot 4 T}NE Slot -
CPU @: Put process 1 to run queue s S
CPU 8: Put process 1 to run gqueue

CPU 0: Dispatched process 2 Do hed
Time slot 5 CPU 0: Dispatched process 4

Loaded a process at input/proc/s2, PID: 3 ime slot 17
Time slot 6 Time slot 18

Loaded a process at input/proc/s3, PID: 4 CPU 0: Put process 4 to run queue
CPU @: Put process 2 to run gqueue CPU 0: Dispatched process 2
CPU 0: Dispatched process 3 Time slot 19

Time slot 7 Time slot 20

Time slot 8 CPU @: Put process 2 to run queue
CPU @: Put process 3 to run gueue CPU 0: Dispatched process 3
CPU 0: Dispatched process 4 Time slot 21

Time slot 9 Time slot 22

Time slot 10 CPU ©: Put process 3 to run queue
CPU ©: Put process 4 to run queue CPU 0: Dispatched process 1
CPU 0: Dispatched process 2 Time slot 23
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Time slot 24 Time slot 36
CPU ©: Put process 1 to run queue Time slot 37
CPU 0: Dispatched process 4 CPU @: Put process 1 to run queue
Time slot 25 CPU 0: Dispatched process 4
Time slot 26 Time slot 38
CPU ®: Put process 4 to run queue Time slot 39
) CPU 0: Dispatched process 2 CPU ©: Put process 4 to run queue
Time slot 27 CPU 0: Dispatched process 3
CPU O: Processed 2 has finished Time slot 460
. CPU ©: Dispatched process 3 Time slot 41
Time slot 28 CPU @: Processed 3 has finished
rine SIOEPuzg‘ Put process 3 to run queue CPU ©: Dispatched process 1
CPU ©: Dispatched process 1 T}me B
. Time slot 43
Time slot 30 B
Time slot 31 CPU ©: Put process 1 to run queue
CPU ©: Put process 1 to run queue T L Epu4ﬂ‘ Dispatched process 4
CPU ©: Dispatched process 4 2 Sl X
Time slot 32 CPU 0: Processed 4 has finished
Time slot 33 CPU 0: Dispatched process 1
CPU 0: Put process 4 to run queue Time slot 45 .
CPU ©: Dispatched process 3 CPU 0: Processed 1 has finished
Time slot 34 CPU 0 stopped
Time slot 35
CPU ©: Put process 3 to run queue MEMORY CONTENT:
CPU 0: Dispatched process 1 NOTE: Read file output/sched_1 to verify your resu
process pl p2 pP3 p4 p2 pP3 pl pa p2 pP3 pl
timeslofl 0 | 1 | 2[3[4][s5[6]7[8]9]10]11]12]13]14a]15]16]17][18]19]20]21]22
process| pl p4 p2 p3 pl p4 p3 pl p4 p3 pl p4 pl
time slot| 23 | 24 | 25| 26 [ 27 [ 28 [ 29 /30|31 [32[33[34|35|36 /373839 40[41[42[43]44]45

2. MEMORY MANAGEMENT

2.1

Question

Céu héi: What is the advantage and disadvantage of segmentation with paging?

Tra loi:

Uu diém cua giai thuat:

e Tiét kiem bo nhé, st dung b nhé hiéu qua.

e Mang cac vu diém cua giai thuat phan trang:

= Pon gian viéc cap phat ving nhé

= Khic phuc duoc phan manh ngoai = Giai quyét van dé phan manh ngoai cua giai

thuat phan doan
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Nhuoc diém cua giai thuat:

e Phan manh noi cua giai thuat phan trang van con.

e Murc do phuc tap s& cao hon nhiéu so véi phan trang.

e Bang phan trang can duoc luu trit lién tuc trong bo nho.
2.2. Implementation

2.2.1. Anh xa tir dia chi 40 sang dia chi vat ly

Chung ta sir dung 20 bit dé biéu dién dia chi, trong dé 5 bit dau tién biéu dién segment

index, 5 bit tiép theo biéu dién page index va 10 bit cudi biéu dién offset.

K& tiép, chdng ta hién thuc qua trinh chuyén d6i tir dia chi a0 cia mot process sang dia
chi vat ly bang cach hoan thanh 2 function 1a get_page_table() va translate( ) trong

file mem.c.

get_page_table(): Tim bang phén trang c6 chi muc phan doan cho mot process.

45 static struct page_table_t *get_page_table(addr_t index, struct seg_table_t *seg_table)
46

47 if (seg_table == NULL)

48 return NULL;

49 for (int 1 = 8; i < seg_table->size; i++)
50 {

51 if (seg_table->table[i].v_index == index)
52 {

53 return seg_table->table[i].pages;
54 }

55 }

56 return NULL;

57}

translate(): sir dung get_page_table( ) dé chuyén ddi tir dia chi 4o sang dia chi vat Iy.



Trudng Pai hoc Bach khoa Thanh phé H6 Chi Minh Khoa Khoa hoc va K§ thuat May tinh

59 static int translate(addr_t virtual_zaddr, addr_t *physical_addr, struct pcb_t *proc)

60 {

61 /* Offset of the virtual address */

62 addr_t offset = get_offset(virtual_addr);

63 /* The first layer index, find segment virtual */
64 addr_t first_lv = get_first_lv(virtual_addr);

65 /* The second layer index, find page virtual */

66 addr_t second_lv = get_second_lv(virtual_addr);

67 /* Search in the first level */

68 struct page_table_t *page_table = get_page table(first_lv, proc->seg_table);
69 if (page_table == NULL)

78 return 8;

71 for (int 1 = 8; i < page_table->size; i++)

72 {

73 if (page_table->table[i].v_index == second_lv)
74 {

75 *physical_addr = (page_table->table[i].p_index << OFFSET_LEN) | (offset);
76 return 1;

77 }

78 }

79 return 8;

g0}

2.2.2. Cap phat va thu hoi bo nhé
Cap phat bo nhé:

e allocate: Ham hd tro cho ham alloc_mem.
= |nput:

- ret_mem: Pia chi cua byte dau tién trong ving nhé s& dugc cap phat.

num_pages: S6 lwong trang cap phat cho process trong khong gian dia chi 4o0.

- proc: Process can dugc cap phat thém ving nhd.

Muc dich: Cap nhat trang théi cia cac frame physical s& duoc khoi tao trong cu

trdc _mem_stat, thém entries dén segment table, page table.

10
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82 void allocate(int ret_mem, int num_pages, struct pcb_t *proc)

83 {

84 int count_pages = ©;

85 int last_index = -1; // use for update [next] in mem_stat

86 for (int i = @; 1 < NUM_PAGES; i++)

87 {

88 if (_mem_stat[i].proc |= @)

89 continue; // page in used

90 _mem_stat[i].proc = proc->pid; // page is used by proc

91 _mem_stat[i].index = count_pages; // index in list of allocated pages
92 if (last_index > -1)

93 _mem_stat[last_index].next = i; // update next

94 last_index = i; // update last page

95 addr_t virtual_addr = ret_mem + count_pages * PAGE_SIZE; // virtual address of this page
96 addr_t seg = get_first_lv(virtual_addr);

97 struct page_table_t *page_table = get_page_table(seg, proc->seg_table);
98 if (page_table == NULL)

99 {

108 proc->seg_table->table[proc->seg_table->size].v_index = seg;

101 proc->seg_table->table[proc->seg_tab1e->size].pageﬂ

102 = (struct page_table_t *)malloc(sizeof(struct page_table_t));

183 page_table = proc->seg_table->table[proc->seg_table->size].pages;
le4 proc->seg_table->size++;

185 }

106 page_table->table[page_table->size].v_index = get_second_lv(virtual_addr);
187 page_table->table[page_table-»>size].p_index = i; // format of i is 18 bit segment and page in address
108 page_table->size++;

109 count_pages++;

11e if (count_pages == num_pages)

111 {

112 _mem_stat[i].next = -1; // last page in list

113 break;

114 }

115 }

e alloc_mem: Cap phat bo nhd cho process cé kich thudc size va luu dia chi cua byte

dau tién trong viing nhé da duoc cap phét.

11
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118 addr_t alloc_mem(uint32_t size, struct pcb_t *proc)

119 {

128 pthread_mutex_lock(&mem_lock);

121 addr_t ret_mem = ©;

122 // Number of pages we will use for this process
123 uint32_t num_pages = size / PAGE_SIZE;

124 if (size % PAGE_SIZE)

125 num_pages++;

126 // memory available? We could allocate new memory region or not?
127 int mem_avail = ©;

128 int free_pages = ©;

129 for (int i = @; i < NUM_PAGES; i++)

130 {

131 if (_mem_stat[i].proc == @)

132 free_pages++;

133 }

134 if (free_pages >= num_pages && proc->bp + num_pages * PAGE_SIZE < RAM_SIZE)
135 mem_avail = 1;

136

137 if (mem_avail)

138 {

139 ret_mem = proc->bp;

148 proc->bp += num_pages * PAGE_SIZE;

141 allocate(ret_mem, num_pages, proc);

142 }

143 pthread_mutex_unlock(&mem_lock);

144 return ret_mem;

145 }

Thu hdi bo nhé:

e free_mem: Giai phong viing bo nhé di dugc cap phét.

12
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156 int free_mem(addr_t address, struct pcb_t *proc)

157 « {

158 pthread_mutex_lock(&mem_lock);

159 addr_t virtual_addr = address; // virtual address to free

160 addr_t physical_addr = ©; // physical address to free
161 // Have physical page in memory ?

162 if (translate(virtual_addr, &physical_addr, proc) == @)

163 v {

164 pthread_mutex_unlock(&mem_lock);

165 return 1;

166 }

167 // Clear physical page in memory

168 int num_pages = @; // number of pages

169 int i = ©;

170 for (i = physical_addr >> OFFSET_LEN; i != -1; i = _mem_stat[i].next)
171 ~ {

172 num_pages++;

173 _mem_stat[i].proc = @; // clear physical memory

174 }

175

176 // Clear virtual page in process

177 for (i = @; i < num_pages; i++)

178 ~ {

179 addr_t seg = get_first_lv(virtual_addr + i * PAGE_SIZE);
180 addr_t page = get_second_lv(virtual_addr + i * PAGE_SIZE);
181 // virtual_addr + i * PAGE_SIZE = address of this page
182 struct page_table_t *page_table = get_page_table(seg, proc->seg_table);
183 if (page_table == NULL)

184 continue;

13
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185 //remove page

186 for (int j = ®; j < page_table->size; j++)

187 {

188 if (page_table->table[j].v_index == page)

189 {

190 page_table-»>size--;

191 page_table->table[]j] = page_table->table[page_table->size];
192 break;

193 }

194 }

195 //remove page table

196 if (page_table->size == © && proc->seg_table != NULL)

197 {

198 for (int a = @; a < proc->seg_table->size; a++)

199 {

200 if (proc-»seg_table->table[a].v_index == seg)

201 {

202 proc->seg_table->size--;

203 proc->seg table->table[a] = proc->seg_table->table[proc->seg_table->size];
2e4 proc->seg_table->table[proc->seg_table->size].v_index = ©;
205 free(proc->seg_table->table[proc->seg_table->size].pages);
206 }

207 }

208 }

209 }

218 proc->bp -= num_pages * PAGE_SIZE;

211 pthread_mutex_unlock(&mem_lock);

212 return 6;

213}

2.3. Result

Compile doan code st dung Makefile:

make mem

Sau d6 chay thtr nghiém trén cu hinh mau:

make test_ mem

Dudi day 1a qua trinh ghi lai trang thai cia RAM trong chuong trinh.

14
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—————— MEMORY MANAGEMENT TEST @ ------==-==-=----.

./mem input/proc/m@

000: 00eE0-003ff - PID: 01 (idx @80, nxt: 001)
003e8: 15

001: 00400-007ff - PID: 01 (idx @81, nxt: -01)

002: 00800-00bff - PID: 01 (idx 000, nxt: 003)

003: e0cee-eafff - PID: 81 (idx @81, nxt: 004)

004: 01000-013ff - PID: 01 (idx 002, nxt: 065)

005: 01400-017ff - PID: 01 (idx @83, nxt: 006)

006: 01800-01bff - PID: 01 (idx @84, nxt: -01)

014: 03800-83bff - PID: 01 (idx 000, nxt: 815)
03814: 66

015: 03c00-83fff - PID: 01 (idx 001, nxt: -01)

NOTE: Read file output/me@ to verify your result

—————— MEMORY MANAGEMENT TEST 1 ---=--========-==-=.

./mem input/proc/mi

MOTE: Read file output/ml to verify your result |

Giai thich:
e V§i input cua test 0 nhu sau:

17

alloc 13535 @
alloc 1568 1
free @

alloc 1386 2
alloc 4564 4
write 182 1 2@
write 21 2 1eee

= Pau tién Iénh “alloc 13535 07 s& cap phét 14 tir 000 dén 013 va luu dia chi caa
byte dugc cap phat dau tién vao thanh ghi s6 0.

= Lénh “alloc 1568 17 s& cap phat 2 trang 014, 015 va luu dia chi cia byte dugc
cap phat dau tién vao thanh ghi s6 0.

= Lénh “free 07 sé& giai phong ving nhé duoc cap phét tir 1énh alloc tai thanh ghi s6
0. Luc nay chi con lai trang 014 va 015.

= Lénh “alloc 1386 2~ s& cap phat 2 trang 000 va 001 va luu dia chi cua byte duoc
cap phét vao thanh ghi sé 2.

= Lénh “alloc 4564 4” s& cip phat 5 trang tir 002 dén 006 va luu dia chi caa byte

duoc cap phat dau tién vao thanh ghi sé 4.

15
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= Lénh “write 102 1 20” s& viét gié tri dec 102 (hex 66) vao vi tri co dia chi 1a dja
chi cua thanh ghi 1 + offset 20 (hex 14), tac 1a 03800 + 14 = 03814.

= Lénh “write 21 2 1000” s& viét gia tri dec 21 (hex 15) vao vi tri c6 dia chi 1a dja
chi cua thanh ghi 2 + offset 1000 (hex 3e8), tirc 1a 00000 + 3e8 = 003e8.

e Vi input cua test 1:

18

alloc 13535 @
alloc 1568 1
free @

alloc 1386 2
alloc 4564 4
free 2

free 4

free 1

= V/&i mdi lénh alloc c6 mot Iénh free twong ung.
3. PUTIT ALL TOGETHER

Cubi cuing, ching ta két hop scheduler va Virtual Memory Engine dé tao thanh mot hé

diéu hanh hoan chinh.

Compile toan b6 code sir dung Makefile:

make all

Sau do kiém tra két qua:

make test_all

Day 1a két qua thu duoc:

e File os O:

16
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Time slot 12

-/os 0s_0 Time slot 13
Loaded a process at input/proc/p@, PID: 1 CPU 1: Put process 3 to run queue
Time slot @ CPU 1: Dispatched process 1
Time slot 1 Time slot 14
CPU 1: Dispatched process 1 Time slot 15
Time slot 2 CPU ©: Put process 4 to run queue
Loaded a process at input/proc/p1l, PID: 2 CPU 0: Dispatched process 2
Time slot z Time slot 16
CPU @: Dispatched process 2 Time slot 17
Loaded a process at input/proc/pi, PID: 3 CPU 1: Processed 1 has finished
Time slot 4 CPU 1: Dispatched process 3
Loaded a process at input/proc/pl, PID: 4 Time slot 18
Time slot 5 Time slot 19
Time slot 6 CPU ©: Processed 2 has finished
Time slot 7 CPU ©: Dispatched process 4
CPU 1: Put process 1 to run queue Time slot 20
CPU 1: Dispatched process 3 Time slot 21 .
Time slot 8 CPU 1: Processed 3 has finished
Time slot 9 CPU 1 stopped

Time slot 22

Time slot 23
CPU ©: Processed 4 has finished
CPU @ stopped

CPU ©@: Put process 2 to run queue
CPU 0: Dispatched process 4

Time slot 10

Time slot 11

CPU O
timeslot| 0 | 1 |23 4|56 |7 |8|9|10]11]12]13]14]15]16|17]18]19]20]21]22]23
CPU1

process pl p3 pl p3

timeslot| 0 | 1 |23 4|56 |7 |8 |9 |10]11]12]13]14a]15]16|17]18]19]20]21]22]23

MEMORY CONTENT:
000: 00000-003ff - PID: 02 (idx 008, nxt: @01) ©14: 03800-03bff - PID: 04 (idx 000, nxt: 025)
001: 00400-007Ff - PID: 02 (idx 001, nxt: ©07) ©015: 03cB0-03fff - PID: 03 (idx 000, nxt: 016)
@02: 00800-00bFFf - PID: 02 (idx 008, nxt: ©@03) 016: 04000-043ff - PID: 03 (idx 001, nxt: 017)
083: 00cAB-0OFfFf - PID: 02 (idx 001, nxt: 004) 017: 04400-047ff - PID: 83 (idx 002, nxt: 018)

004: 01000-013ff - PID: 82 (idx 002, nxt: @05) 045e7: 0a
005: 01400-017ff - PID: 02 (idx 003, nxt: -81) 018: 04800-04bff - PID: @3 (idx 003, nxt: 019)
01414: 64 019: 04c00-04fff - PID: 03 (idx 004, nxt: -01)

006: ©1800-01bff - PID: 03 (idx 008, nxt: ©11) 620: 05000-853Ff - PID: 04 (idx 000, nxt: 021)
007: 81cO8-01FFf - PID: 02 (idx 002, nxt: 888) 021: 05400-857ff - PID: 04 (idx 001, nxt: 022)
01de7: 0a 822: 05800-05bff - PID: 84 (idx 002, nxt: 023)
008: 82008-023ff - PID: 02 (idx 003, nxt: 889) 059e7: @a
009: 82400-027ff - PID: 02 (idx 004, nxt: -81) ©23: 05c00-@5FFF - PID: 04 (idx 003, nxt: 024)
010: 82808-02bff - PID: 01 (idx 008, nxt: -81) 024: 06000-863Ff - PID: 04 (idx 004, nxt: -81)
011: 82cO8-02fff - PID: 03 (idx 001, nxt: 812) 025: 06400-867FF - PID: 04 (idx 001, nxt: 026)
012: 83008-033ff - PID: 03 (idx 002, nxt: 813) 026: 06800-86bff - PID: 04 (idx 002, nxt: 027)
013: ©3408-037ff - PID: 03 (idx 003, nxt: -01) ©27: 06cO0-86FFF - PID: 04 (idx 003, nxt: -81)

e Fileos_1:
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_!os os_1 Time slot 6
Time slot © CPU 2: Put process 2 to run queue
Loaded a process at input/proc/pe, PID: 1 CPU 2: Dispatched process 2
CPU 3: Dispatched process 1 CPU 1: Put process 3 to run queue
Time slot 1 CPU 1: Dispatched process 3
Loaded a process at input/proc/s3, PID: 2 CPU ©: Dispatched process 4
Time slot > Loaded a process at input/proc/m@, PID: 5
- CPU 3: Put process 1 to run queue
CPU 2: Dispatched process 2 .
CPU 3: Put process 1 to run queue ) L Tpidis e S
X Time slot 7
CPU 3: Dispatched process 1 .
. Time slot 8
Time slot d3d X . CPU 2: Put process 2 to run queue
) Loaded a process at input/proc/mi, PID: 3 CPU 2: Dispatched process 2
Time slot 4 CPU 1: Put process 3 to run queue
CPU 2: Pgt process 2 to run queue CPU 1: Dispatched process 1
CPU 2: D}spatched process 2 CPU @: Put process 4 to run queue
CPU 1: Dispatched process 3 CPU ®: Dispatched process 4
CPU 3: Put process 1 to run queue Loaded a process at inmput/proc/p1, PID: 6
) CPU 3: Dispatched process 1 CPU 3: Put process 5 to run queue
Time slot 5 CPU 3: Dispatched process 3

Loaded a process at input/proc/s2, PID: 4 Time slot 9

Time slot 180

CPU 2: Put process 2 to run queue Time slot 14
CPU 2: Dispatched process 6 CPU 2: Processed 1 has finished
CPU 1: Put process 1 to run queue CPU 2: Dispatched process 7
CPU 1: Dispatched process 2 CPU 1: Put process 4 to run queue
CPU ©: Put process 4 to run queue CPU 1: Dispatched process 5

CPU 3: Processed 3 has finished

CPU @: Dispatched process 5
Loaded a process at input/proc/s@, PID:
CPU 3: Put process 3 to run queue
CPU 3: Dispatched process 7
Time slot 11
Time slot 12
CPU 2: Put process 6 to run queue
CPU 2: Dispatched process 1

7 CPU 3: Dispatched process 4
Time slot 15
CPU ©: Put process 6 to run queue
CPU 0: Dispatched process 6
Loaded a process at input/proc/si, PID: 8
Time slot 16
CPU 2: Put process 7 to run queue
CPU 2: Dispatched process 8

CPU 1: Put process 2 to run queue CPU 1: Put process 5 to run queue

CPU 1: Dispatched process 4 CPU 1: Dispatched process 7

CPU ©: Put process 5 to run queue CPU 3: Put process 4 to run queue

CPU @: Dispatched process 2 CPU 3: Dispatched process 5

CPU 3: Put process 7 to run queue Time slot 17

CPU 3: Dispatched process 3 CPU ©: Put process 6 to run gqueue
Time slot 13 CPU ©: Dispatched process 4

CPU 0: Processed 2 has finished CPU 3: Processed 5 has finished

CPU ®: Dispatched process 6 CPU 3: Dispatched process 6

Time slot 18
CPU 2: Put process 8 to run queue
CPU 2: Dispatched process 8
CPU 1: Put process 7 to run queue
CPU 1: Dispatched process 7

Time slot 19
CPU @: Put process 4 to run queue
CPU 0: Dispatched process 4

Time slot 22
CPU 1: Put process 7 to run queue
CPU 1: Dispatched process 7

CPU 3: Put process 6 to run queue Time slot 23

CPU 3: D'i__spatched process 6 CPU 2: Processed 8 has finished
Time slot 20 CPU 2 stopped

CPU 2: Put process 8 to run queue Time slot 24

CPU 2: Dispatched process 8 CPU 1: Put process 7 to run queue

CPU 1: Put process 7 to run queue CPU 1: Dispatched process 7

CPU 1: Dispatched process 7 Time slot 25
Time slot 21 . Time slot 26

CPU @: Processed 4 has finished CPU 1: Put process 7 to run queue

CPU ® stopped

CPU 3: Processed 6 has finished
CPU 3 stopped

CPU 2: Put process 8 to run queue
CPU 2: Dispatched process 8

CPU 1: Dispatched process 7
Time slot 27

CPU 1: Processed 7 has finished

CPU 1 stopped
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CPUD
process p5 p2 p6

iimeslof 0 [1 ]2 34567 ]8]0]10]n]12]13]14]15]16]17]18]19]20]21]22]23]24]25]26]27
CPU1

process pl p2 p5 p/

timeslotf 0 [ 1] 2[3]als]e[7]8]ol10]na]12]13]1a]15]16]17]18]19]20 212223 2425 26]27
CPU2

process p2 p6 pl p7 p8

iimeslotf 0 [1 ]2 [3]af[s]e6[7]8]ol1o]n]12]13]14]15]16]17]18][19]20]21]22]23]24]25]26]27
CPU3

process pl PS5 PS5 p6

tmeslotf 0 | 1] 2345|6789 ]10]11]12]13]14]15]16]17 )18 192021 ]22]23]24]25]26]27

MEMORY COMNTENT:
000: 00000-003Fff - PID: 06 (idx @00, nxt: 001)
001: 00400-007ff - PID: 06 (idx @01, nxt: 887)
002: 00800-00bff - PID: 65 (idx 000, nxt: 803)
003: 00cee-eefff - PID: O5 (idx 001, nxt: 004)
004: 01000-0813Fff - PID: 65 (idx @02, nxt: 005)
005: 01400-0817ff - PID: 65 (idx @03, nxt: 006)
01414: 64
006: 01800-01bff - PID: 05 (idx @04, nxt: -01)
007: 01cee-01fff - PID: 06 (idx 002, nxt: 008)
01de7: 0a
008: 02000-023Fff - PID: 06 (idx @03, nxt: 009)
009: 02400-027ff - PID: 06 (idx @04, nxt: -01)
010: 02800-02bff - PID: 05 (idx @00, nxt: 011)
02bes8: 15
011: 02cee-02fff - PID: O5 (idx 001, nxt: -01)
016: 04000-043ff - PID: 06 (idx @00, nxt: 017)
017: 04400-047ff - PID: 06 (idx @01, nxt: 018)
018: 04800-04bff - PID: 06 (idx @02, nxt: 020)
019: 04ce0-84Fff - PID: 01 (idx 000, nxt: -01)
020: 05000-0853ff - PID: 06 (idx 003, nxt: -01)
024: 06000-063FF - PID: 65 (idx @00, nxt: 025)
06014: 66
025: 06400-067ff - PID: 05 (idx @01, nxt: -81)
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KET LUAN

Qua bai tap 16n nay, nhém chiung em di hiéu dugc phan nao nguyén ly hoat dong cua
mét hé diéu hanh don gian cling nhu nang cao kha ning lam viéc nhom. Bai b4o céo cé

thé con nhiéu sai s6t, mong nhan dugc gop Y tir cac giang vién.
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