IR EBXFLNERS

RERR . BMERR
XWRE . HBESARISIEESEIE

25 : 21281280
12 . FaER

R . YIEXRI21018E
BeEm . @kR
REHES : 2023£fE10812H

B=x

BR
1. FREfTIIRII TR
2. L8R, PSS
2.1, FEEE
2.1.1. producer-consumer
2.1.2. PhD
2.1.3. ReaderWriter
2.2 WikAr=E - B E L
221 —PNEFFE—NEEE
2.22. BNEFFESNERE
2.2.3. WX EIRREZSRERS
2.2.3.1. WA EEE AR ESEmutex
2.2.3.2. A EERRERS(ESEempty. full
2.2.4. WEH N IRFRXAIFE M waiti I B E iR
2.3, M EZRHE RS
2.3.1. (BHIH =1
2.3.2. (BHHER2
2.3.3. (B¥5 =3
2.4, MiiEESE(a@
2.4.1. MiiftReaderWriter.c[R{ES
2.4.2. IEEEENTFRIIINE
2.4.2.1. F5 1A
2.4.2.2. F523 5
2.4.2.3. FF53i;
2.4.2.4. FE5ANGL
2.4.2.5. FF55,
2.5 SMFHNKEECEEEEEE
2.5.1. &L
2.5.2. iEHATRRFIE
3. [ESitie
4. LIS RLL
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1.

[ |

ARISITHIRI TR

BMERSR LinuxPI#ZhR A QhresE GCCHRAE

11th Gen Intel(R) Core(TM) i7-

Deepin 5.18.17-amd64- gcc (Uos 8.3.0.3-

20.9 desktop-hwe

1165G7 @ 2.80GHz (8%%, JER/M

3+rebuild) 8.3.0
) )

o HfthTH:

o #wig: VSCode (version 1.83.1)

o YRiIEFNETT: Terminal

2. LR, DL

2.1.

iERx

HiRSEMAB IR STELA TR ISTREH.

2.1.1. producer-consumer

O 00 N O U1 A W N R

R
R o

12
13
14
15
16
17
18

19

20

21
22
23
24

#include <stdio.h>
#include <pthread.h>
#include <semaphore.h>
#include <unistd.h>
#define n 5

// ===l F R P===

int in = 0, out = 0;

// infllout & 5 HIRR T —ANEE NHHE 1A B AT — A BRI AL E .

int buffer[n]; // %

// bufferfitdHFRgtimit . A= 287 B RN Gm X B — M B, T8 20 G X AR I 7
AT 2

// ===l F R P===

// empty: RF(E5E, RoREMbh g X 5, HYIEHE N

// full: BEESE, ongmibrhAEaE g X 0EcE, Hyuh{E N0

// mutex: EJR(GES5E, STHUHERENZE it ) B A

sem_t empty, full, mutex;

// mutex{z5 T SEIU L X B H R U ) o TEAE =5 R 38 U7 M 2P X B, mutex S5 & ARIE T
[F]— o %) A — AR FE AT DA NG T IX (U 1) 2R X))

// emptyfE5EMTRRTEMNX FIEE, VIBEAZMX RN q—AN A= BB = SN
X, Taskikkilempty 55 &, Wikempty KT0, WA TZMX, Lr=HmT U=, AR5
emptykl

// FuUlMES & TRRIESEMX MEE, WIEEN0. H— M AMBENGZ X R HCH = e, &
EFIRFUITE S &, WERFUTTRT0, S8 WaT DL 2%, 8 3 vl ARG ™ 5, 85 Ful Tk
1

/] ===l 5t ===
int id = 0; // gk dhioid
/] ===l A i==m
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25
26
27
28
29
30
31
32

33
34
35

36
37

38
39
40

41
42
43
44
45
46
47
48
49
50

51
52
53

54
55

56
57
58

59
60
61
62
63
64
65
66
67
68
69
70
71
72

// B
void* producer(void* param) {
Tong Threadid = (Tong)param; // ZfEid
while (1) {
sem_wait(&empty); // wait(empty)
sem_wait(&mutex); // wait(mutex)
// EFEEGEE T emptyE5E, WHempty KT0, UiHATLEMX, AL s
RERmutexF 55, HHBRE T FUIHIERX
// EFERE A
buffer[in] = id; // AEFEEAEG X E T — AN E RN
in = (in + 1) % n; // XA TREEREEI—O, PMETIIINT —MIE

2z X

sleep(2);  // A7/~ ande skt Al

printf("Thread-%1d : Producer produce product %d \n", Threadld,
id++);

sem_post(&mutex) ; // signal(mutex)

sem_post(&full); // signal(full)

[/ EFETINF A, FEfmutexfF S i, FoRAERMIEAX JHENfullfE SR, &
NG X AP T
}

// WkE
void* consumer(void* param) {
Tong Threadid = (long)param;

while (1) {
sem_wait(&full); // wait(full)
sem_wait(&mutex); // wait(mutex)

// HRELBEELEEFWAuIVESE, WRFuITRT0, UWBA ST K53k
WmutexfF5 &, S48 HFU M IE X

// R

int item = buffer[out]l; //W%&ENEMXIT—AALE I ™ 4

out = (out + 1) % n; /)X AR R ] FR ) — 6, BUME TR O T A
7 B B G X IR

sleep(1); // TR AhAEDR I [H]

printf("Thread-%1d : Consumer consume product %d \n", Threadid,
item);

sem_post(&mutex) ; // signal(mutex)

sem_post(&empty) ; // signal(empty)

// ETRERHAWE, BimutexE5®E, RRHBFHFRBIGAX, i nemptyF 5=,
FRGM X R T X T

}

int main() {
// ZFEid
pthread_t tid[4];

// VIR E S &

[/ BEASHA T X R /LRI (O YT R & AR M 3L )
[/ BEABEOE T EYIGE

sem_init(&mutex, 0, 1);

sem_init(&empty, 0, n);

sem_init(&full, 0, 0);



FMERT0, oA R

73 /] 2N, 2N R
74 pthread_create(&tid[0], NULL, consumer, (void*)0);
75 pthread_create(&tid[1], NULL, producer, (void*)1);
76 pthread_create(&tid[2], NULL, consumer, (void¥*)2);
77 pthread_create(&tid[3], NULL, producer, (void*)3);
78
79 // HAQELQES W iERE
80 while (1) {
81 char c = getchar(Q);
82 if (c=="q" || c=="0Q") {
83 for (int i =0; 1 < 4; i++) {
84 pthread_cancel (tid[i]);
85 }
86 break;
87 }
88 }
89
90 // BIESE
91 sem_destroy(&mutex);
92 sem_destroy(&empty);
93 sem_destroy(&full);
94 return 0;
95
2.1.2. PhD
1 # include <stdio.h>
2  # include <pthread.h>
3  # include <semaphore.h>
4  # dinclude <unistd.h>
5
6  // mutexH jFHiEEET
7  sem_t chopstick[5];
8
9 | // ===TFMHIRHG===
10 sem_t philosopher;
11 // BEBUMOE TR, ATRERS IR A R T, @Rt
12 // ==="mniid===
13
14 void* eat_think(void* arg) {
15
16 [/ === ===
17 // int phi = (int)arg;
18 [/ e
19 int phi = (long)arg;
20 // === iG===
21
22 while (1) {
23
24 // === ===
25 sem_wait(&philosopher);
26 /] THEFRERE 2R B philosopherfs 58, WEESE
DS, TGk Sl 22t IR 1
27 [/ ===TmE ===

N
oo
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29
30
31
32
33
34
35
36

37
38
39

40

41
42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

75
76
77
78
79

// === ===

// sem_wait(&chopstick[phil); // &k

// sem_wait(&chopstick[(phi + 1) % 51); // Eh

// printf("Philosopher %d fetches chopstick %d\n", phi, phi);

// pr1ntf("Ph11osopher %d fetches chopstick %d\n", phi, phi + 1);
// Tedededededede el

sem_wait(&chopstick[phil); // &/

printf("Philosopher %d fetches chopstick %d\n", phi, phi); // Jchi

HiERER

sem_wait(&chopstick[(phi + 1) % 51); // 4
printf("Phi'Iosopher %d fetches chopstick %d\n", phi, phi + 1);
[/ EHEFAEERIRIUE DA DS, 23 5l%f Mchopstick [phi]fl

chopstick[(phi + 1) % 5].

// USRI TR RE SRS (chopstick[philfichopstick[(phi + 1) % S1HIMEN

L, WERRA AR .

// ===BSHhS===

// === ===

// sleep(5); // WZhR
// pr'lntf( Philosopher %d is eating...\n", phi);

// Tedededededede R

printf("Philosopher %d is eating...\n", phi); // ZeéiiviRais
sleep(5); // Wik

/] ===EERHR ===

sem_post(&chopstick[phil);
sem_post(&chopstick[(phi + 1) % 5]);
[/ Wasela, PR AR (43R5t M chopstick[phi]fichopstick[ (phi

+ 1) % SIHMEND

printf("Philosopher %d release chopstick %d\n", phi, phi);
printf("Philosopher %d release chopstick %d\n", phi, phi + 1);

/] ===TEMEARIG===
sem_post(&philosopher);

// F&jiphilosopherfs'5 &, FnH AT H TR
// === ===

// %
sleep(3);

int main(Q) {

// ZfEid
pthread_t tid[5];
for (int i = 0; i < 5; ++i) {
sem_init(&chopstick[i], 0, 1);
}
// BHWEA TR F R BT, VIMGERNL. I RAEERN &R T, IR

AT, BRI

[/ ===Umi ===

sem_init(&philosopher, 0, 4);

[/ G TENYIIRE NE, X2 A AN =50 DLR I 2R 1.
[/ === ===



80

81 for (int i =0; 1 < 5; ++i) {

82 pthread_create(&tid[i], NULL, eat_think, (void*)i);

83 }

84 while (1) {

85 char c¢ = getchar(Q);

86 if (c=="q" || c=="0Q") {

87 for (int i =0; 1 < 4; ++i) {

88 pthread_cancel (tid[i]);

89 }

90 break;

91 }

92

93 // ===Fm ===

94 else if (c == "1" || c == "L") {

95 int chop_vals[5];

96 for (int i =0; 1 < 5; ++i) {

97 sem_getvalue(&chopstick[i], &chop_vals[i]);

98 3

99 printf("chops sem_t value: [%d, %d, %d, %d, %d]l\n",

100 chop_vals[0], chop_vals[1l], chop_vals[2], chop_vals[3],
chop_vals[4]);

101 }

102 // WE—AED, EUTEC LR IRES

103 // === M E===

104

105 }

106 for (int i =0; 1 < 5; ++i) {

107 sem_destroy(&chopstick[i]);

108 }

109

110 // === ===

111 sem_destroy (&philosopher);

L1172 // === ===

113

114 return 0;

115 | }

2.1.3. ReaderWriter

1  # include <stdio.h>

2  # include <pthread.h>

3 # include <semaphore.h>

4  # include <unistd.h>

5

6 // HiFE9E wnutex AT SeBU SO R A

7 // rmutex HTXfreadCountZ (I H fFijja

8 sem_t wmutex, rmutex;

9 // wnutexFSEHTXAMNEREHEF. 55 HFUiN
10 // rmutex{E5 &M TXfreadCount L& M HFIiiH, #HRZANEE AR ES readCount
11
12 // ===InF % i===
13  int readCount = 0;

14 // O AETA LSRR AR U i) SO
15 // ===Infi5tH===
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16
17
18
19
20
21
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25
26
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37
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67
68
69
70

/] W
void* Reader(void* param) {
Tong threadid = (long)param; //HFEid
while (1) {
sem_wait(&rmutex) ;
// RE BRI, e rmutexF 5 &, HIR{EEI readCount B & %A H
Sz E B U E
if (readcount == 0) { //F—1iE&zbk
sem_wait(&wmutex) ;
// WRRE—AEEIPR, 3E SR wnutex 558, WRNA SEES M
// EXBikE T SENEGHEE M, RIE T RS B fF
}
readCount++;
sem_post(&rmutex) ;
// VilRlE S EIRESH, Bl rmutex(s 55
printf("Thread-%1d: is reading...\n", threadid);
sleep(l);
printf("Thread-%1d: ends reading.\n", threadid);
sem_wait(&rmutex) ;
// HEFHIER IR readCount, FUGRI rmutex(s 5 &
readCount--;
if (readCount == 0) { //FrfHu&ilse, RS H
sem_post(&wmutex) ;
// WRREBE—NEEEIT, SR wnutexF 58, VFEHE VN
}
sem_post(&rmutex);
// VilllE SRS R, Bilrmutex(E 5 &
}
3
/] 5F
void* wWriter(void* param) {

Tong threadid = (long)param;
while (1) {

sem_wait(&wmutex) ;

// SERLBEAES MR, B wnutex 555, WIREA HAh S 8UE 3 7R Y7 i S
printf("Thread-%1d: is writing...\n", threadid);

sleep(2);

printf("Thread-%1d: ends writing.\n", threadid);

sem_post (&wmutex) ;

// BESRXME, Biwmutex (5 5E, vFHANL S 8BS U5 R S0 .

int main() {
// 55 EYIE
sem_init(&rmutex, 0, 1);
sem_init(&wmutex, 0, 1);
pthread_t tid[4];
// PIANEE . WAEE
pthread_create(&tid[0], NULL, Reader, (void*)0);
pthread_create(&tid[1], NULL, Writer, (void*)1);
pthread_create(&tid[2], NULL, Reader, (void*)2);
pthread_create(&tid[3], NULL, Writer, (void*)3);



71 / /N QEQIE H

72 while (1) {

73 char c = getchar(Q);

74 if (c=="q" || c=="0Q") {

75 for (int i =0; 1 < 4; ++i) {
76 pthread_cancel (tid[i]);
77 }

78 break;

79 }

80 }

81 /] BIBETE

82 sem_destroy(&rmutex) ;

83 sem_destroy (&wmutex) ;

84 return 0;

85 | }

86

2.2. MitE=&-HEEHB

B5cHTFDeepind gcc (Uos 8.3.0.3-3+rebuild) 8.3.0 45!, A # include <pthread.h> 3
BERENAINSE -pthread (XEL—IRCROIREFIRE]) . BEATHE, KEREE -pthread &
#5 gec 4BrE, BME{TLAT RS

1 alias gcc="gcc -pthread"
B TRXREH T,
2.2.1. —MEFEE-NEEE

£ main BEPRBEFEMERE DIRE T MR,
HRR1NETE, SGAR0NBEE.

1 // INAEFE, INERE
2 pthread_create(&tid[0], NULL, consumer, (void*)0);
3  pthread_create(&tid[1], NULL, producer, (void*)1);

UTIES Y

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./producer-
consumer.c -o producer-consumer

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./producer-consumer
3  Thread-1 : Producer produce product 0
4 Thread-1 : Producer produce product 1
5 Thread-1 : Producer produce product 2
6 Thread-1 : Producer produce product 3
7  Thread-1 : Producer produce product 4
8 Thread-0 : Consumer consume product 0
9 Thread-0 : Consumer consume product 1
10 Thread-0 : Consumer consume product 2
11  Thread-0 : Consumer consume product 3
12 Thread-0 : Consumer consume product 4
13  Thread-1 : Producer produce product 5
14  Thread-1 : Producer produce product 6
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15  q

AJLAESR, £-ELEMERELIERITARENT, REREL.
1EFEEEVEFTSNER [0, 1, 2, 3, 4], HAELRBISHFEEHEEEUE,
2. HEEHEOHE TSMNUE [0, 1, 2, 3, 4], AFEHBE 1 SEERE LR ETETEUE,
3 BRI A T2 R [5, 6] , iIBBERIR0F ST B LR =R,
4. RqIHEREAZIRE

2.2.2. BNMNEFEESNMEERSE

£ main REPIBEFEITEHEE D IIRE2 NI,
HF21. IAETE, Z&FE0. 2HBEE.

1 /) 2445, 2V HTE

2 pthread_create(&tid[0], NULL, consumer, (void*)0);

3  pthread_create(&tid[1], NULL, producer, (void*)1);

4  pthread_create(&tid[2], NULL, consumer, (void*)2);

5 pthread_create(&tid[3], NULL, producer, (void*)3);
RIFIEAT.

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./producer-
consumer.c -o producer-consumer

2 (base) keJ1ngfan@KJF Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./producer-consumer
3  Thread-1 : Producer produce product 0
4 Thread-1 : Producer produce product 1
5 Thread-1 : Producer produce product 2
6  Thread-1 : Producer produce product 3
7  Thread-0 : Consumer consume product O
8 Thread-0 : Consumer consume product 1
9 Thread-0 : Consumer consume product 2
10 Thread-1 : Producer produce product 4
11 Thread-1 : Producer produce product 5
12  Thread-1 : Producer produce product 6
13  Thread-0 : Consumer consume product 3
14 Thread-0 : Consumer consume product 4
15 Thread-0 : Consumer consume product 5
16 Thread-2 : Consumer consume product 6
17  Thread-1 : Producer produce product 7
18 | g

HHERRE, BFRPESNEFES/NEEEESEEREL.
1. EFFBER1ETTTAMNGE [0, 1, 2, 3], &7EEE3ERES, HHRERR0. 255478
AR R,
2. BHBEHEOHEET3INIRE [0, 1, 2], HESZHE2ERSE, £78#E1. 3EHEHSEE
TEZRTEE;

3. &AFFEGRRINEFT T3NEEE [4, 5, 6], £F-BAIE3ERES, HBEBHR0. 25(FEE%
RS sRE,
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4. BHEHEOEE T3MEUE [3, 4, 51, BHEHE2ERSERF, £ HiEl. 3EHFEREEE
TEZRCEE;

5. HBERIE2EB TINEEE (6] , BEESHBOERES, £-8HR1. 3 HEBEAE eSS
i,

6. £ EELIR1EFTIMNEUR (7], £ %IE3ERFET, HHEEBLE0. 25 rEEEEr =%
1=,

7. IRqQEER TR

2.2.3. X EERSIRERS

2.2.3.1. Wit EEEFFHRESESEmutex
ERRBRIRREESE mutex , RIRBESE empty #1 full,
RIFIEIT,

1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./producer-
consumer.c -o producer-consumer

(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./producer-consumer
Thread-3 : Producer produce product 0

Thread-1 : Producer produce product 0

Thread-0 : Consumer consume product 0O

Thread-2 : Consumer consume product 0O

q

N O v AW N

ERIEFRFIR 1d iREEARPERAE,

EFFBLAZ 1 FBENR— M EFXET id HORVEHE, HBBLAZ0FM2ENE—MRIPXIEZE T id
ZI0RIEE.

2.2.3.2. i EigF FEREES=empty, full
EREREERSESE enpty Fl full , RIFBESE nutex,

1824 buffer BIFIIRILILEE S

1 int buffer[n] = { 4, 3, 2, 1, 0 };
LERiEEE R P XAIER.
WIFIE1T.

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./producer-
consumer.c -o producer-consumer

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./producer-consumer
3  Thread-0 : Consumer consume product 4

4 Thread-0 : Consumer consume product 3

5 Thread-0 : Consumer consume product 2

6 Thread-0 : Consumer consume product 1

7  Thread-0 : Consumer consume product 0

8 Thread-0 : Consumer consume product 4

9 Thread-0 : Consumer consume product 3
10 | g


af://n81
af://n82
af://n88

EINEFFFIR buffer AIEFKIRBRRIFERIAIA,

%A full (FSENRIP, EEZETHER, BERELIE2MESTIRNNETXIREETE, BIiEZE
RSB T A REEER.

EIE, I2F empty (FESENRI, £ &L NERESEHETXIIA/N, BEEIRETRIREH
HBE R AR,

2.2.4. PibiSHA IR EAIFEA waitiERI B R
FERR BRI AP M wal B F B .

RNTEFNREEERBR, Emain BELIf (c == 'q" || c == 'Q) FEIl—else if (c = '1"
Il c == 'L") BFRIEFEESSERESEO.

1 else if (c == '1" || c == "L") {

2 int mutex_value, full_value, empty_value;
3 sem_getvalue(&mutex, &mutex_value);

4 sem_getvalue(&full, &full_value);

5 sem_getvalue(&empty, &empty_value);

6 printf("mutex=%d, full=%d, empty=%d\n",

7 mutex_value, full_value, empty_value);
8

FERZRNE, HIA TSR
1. HBETEHTIHE

1 (base) kej1ngfan@KJF Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./producer-consumer
2  Thread-3 : Producer produce product 0

3  Thread-3 : Producer produce product 1

4 Thread-3 : Producer produce product 2

5 Thread-3 : Producer produce product 3

6 Thread-3 : Producer produce product 4

7|1

8 mutex=0, full=5, empty=0

914

MBI EF-EREIKIERE, BHERELEHE,

LRHSSE empty 790, EF-BTEBHITE, (BHIHMESE nutex B0, EF-BTIEEERR
BEFENIEFRX,
PTLAR AT FE8,

2. EFFE TR TER"

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./producer-consumer
2 (1

3 mutex=0, full=0, empty=5

41 q

WRERERF—FHRIE T, Er-amiRaETE.
HEAHSSE mutex H0, EF-EFIEBREEHAREHNIRFRX.
I TS
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1. mutex (SEEBFSSHBEREN, REEEEZRE full (5282, LAY full A0, [RERIEE
HNERR, TEEANRRK,
2. {BIHEAT mutex (EEEH0, £-E&tELEHNIERX.,
RETIEH,
e A Ay s B A -
2.3. M F S =R
NEFRABPEINT™ER:
o HINAHESERTHEELE, BN UHIIEIRAHESERES,;
o RER—NRFHHMIBIRRER, MAREEMRARFEABHERER.
AR EEZREEE.

PRIFIEIT.

=

(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./PhD.c -o ./PhD
./PhD.c: In function ‘main’:
./PhD.c:88:50: warning: cast to pointer from integer of different size [-

w N

wint-to-pointer-cast]
pthread_create(&tid[i], NULL, eat_think, (void*)i);
A
(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./PhD
Philosopher 1 fetches chopstick 1
Philosopher 4 fetches chopstick 4
Philosopher 0 fetches chopstick 0
10 Philosopher 3 fetches chopstick 3
11 Philosopher 2 fetches chopstick 2

© 00 N O v b

12 | 1
13  chops sem_t value: [0, O, O, 0, O]
14 q

KRETH.

[RERAE, HFK (1, 4, 0, 3, 2] REERTHAFONSEF, MAFLNRFREMEFRLE
T, AR EZFRETEHE,

2.3.1. (B HE1
I RESR, REFTEFHEERENTS.

1EHES, &E2MAHE402.1.2. PhDARABRPIERTZR, 1% AUISREEIRIEHL, (EIERFIERIETT.

2.3.2. (B2

FEAmutexEFESE, —RRB—WET.
HEPEHETESRIENIERER, —RRATF— MEFREIENR.

ERRE, MEEFRESE, Filnutex FSR, BEREFHHTHRIEIE wait(nutex) 7

signal(mutex) A,

1 sem_t mutex;
2 // WEAINIESE, HTLFREEWRARTRITAN
3
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4 void* eat_think(void* arg) {

5 int phi = (long)arg;

6 while (1) {

7 sem_wait(&nutex);

8 sem_wait(&chopstick[phil); // &=k

9 printf("Philosopher %d fetches chopstick %d\n", phi, phi);

10 sem_wait(&chopstick[(phi + 1) % 51); // &4

11 printf("Philosopher %d fetches chopstick %d\n", phi, phi + 1);
12 sem_post(&mutex) ;

13

14 printf("Philosopher %d is eating...\n", phi);

15 sleep(5); // %

16 sem_post(&chopstick[phil);

17 sem_post(&chopstick[(phi + 1) % 5]1);

18 printf("Philosopher %d release chopstick %d\n", phi, phi);

19 printf("Philosopher %d release chopstick %d\n", phi, phi + 1);
20 sleep(3); // B
21 }
22  }

RFs(T (BREEESER)

1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./PhD_1l.c -o
./PhD_1

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./PhD_1
3 Philosopher 2 fetches chopstick 2
4 Philosopher 2 fetches chopstick 3
5 Philosopher 2 is eating...

6  Philosopher 1 fetches chopstick 1
7|1

8 chops sem_t value: [1, 0, 0, 0, 1]
9 Philosopher 2 release chopstick 2
10 Philosopher 2 release chopstick 3
11 Philosopher 1 fetches chopstick 2
12 Philosopher 1 is eating...
13 Philosopher 3 fetches chopstick 3
14 Philosopher 3 fetches chopstick 4
15 Philosopher 3 1is eating...
16 | 1
17 chops sem_t value: [1, 0, 0, 0, O]

=
o

Philosopher release chopstick

=
(e}

1
Philosopher 1 release chopstick
20  PhiTosopher 3
21  Philosopher 3 release chopstick
22 Philosopher 4 fetches chopstick
4
4

1

2

release chopstick 3

4

4

23  Philosopher 5

fetches chopstick

24 Philosopher 4 is eating...

25 | 1

26 chops sem_t value: [0, 1, 1, 1, O]
27 | q

IRBERETH, EFIERIET.



2.3.3. €A 3

RENTHEZ R AL ELFONRTFEZNEEFUNRT, FENBHIIEFZE=NEEGTF
BHSEFEEAEEFORET,

XEHABENMIBNMIESET .
EED, MEmutex (FSE, EXTREEFHRS:

phi 330,
phi J9{&HT,

(phi + 1) % 281, First3(phi + 1) % 5; phi % 2340,

(phi + 1) % 280, firstgphi; phi % 2791, second H (phi + 1) % 5;

second ¥ phi ;

1  void* eat_think(void* arg) {

2 int phi = (long)arg;

3 while (1) {

4 int first = (phi + ((phi + 1) % 2)) % 5, second = (phi + (phi % 2))

% 5;

5 sem_wait(&chopstick[first]);

6 printf("Philosopher %d fetches chopstick %d\n", phi, first);
7 sem_wait(&chopstick[second]);

8 printf("Philosopher %d fetches chopstick %d\n", phi, second);
9
10 printf("Philosopher %d is eating...\n", phi);
11 sleep(5); // Wi
12 sem_post(&chopstick[phil);
13 sem_post(&chopstick[(phi + 1) % 5]1);
14 printf("Philosopher %d release chopstick %d\n", phi, phi);
15 printf("Philosopher %d release chopstick %d\n", phi, phi + 1);
16 sleep(3); // B
17 }
18  }

¥z (BREFESER)
1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./PhD_2.c -o
./PhD_2

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./PhD_2

3 Philosopher 2 fetches chopstick 3

4 Philosopher 2 fetches chopstick 2

5 Philosopher 2 1is eating...

6 Philosopher 4 fetches chopstick 0

7  Philosopher 4 fetches chopstick 4

8 Philosopher 4 is eating...

9 Philosopher 0 fetches chopstick 1

10 1

11  chops sem_t value: [0, 0, O, 0, O]

12 Philosopher 2 release chopstick 2

13  Philosopher 2 release chopstick 3

14 Philosopher 3 fetches chopstick 3

15 Philosopher 3 fetches chopstick 4

16 Philosopher 3 1is eating...

17 Philosopher 4 release chopstick 4

18 Philosopher 4 release chopstick 5

19 Philosopher 0 fetches chopstick 0
20 Philosopher 0 is eating...
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21 | 1
22  chops sem_t value: [0, O, 1, 0, O]
23 1 q

REREFH, BFIEFEIET.
2.4. MifiEEE SE R
2.4.1. MisiReaderWriter.c[5{Xt3

RRRAR ((NEX: mEETAERERHRTER) - WFET, LIRS
1. ZFEGE—EROERESE, HESEHELTENGREX.

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc
./Readerwriter.c -o ./Readerwriter

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter
3  Thread-0: is reading...
4  Thread-2: is reading...
5 Thread-0: ends reading.
6 Thread-0: 1is reading...
7 Thread-2: ends reading.
8 Thread-2: is reading...
9 Thread-0: ends reading.
10 Thread-0: is reading...
11 Thread-2: ends reading.
12 Thread-2: is reading...
13 q

2. BEEE-EFFOGERGESE, BESELELTEHNGRKX.

(base) kejingfan@kIF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter
Thread-1: is writing...

Thread-1: ends writing.

Thread-1: is writing...

Thread-1: ends writing.

Thread-1: is writing...

Thread-1: ends writing.

Thread-1: 1is writing...

q

OW 00 N O U1 A W N B

HI EARENRRZIES T A TRE, BRRNE, EREEITAERG sleep(2) LUBMESTT
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1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter.c -
0 ./Readerwriter

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter
3  Thread-0: is reading...

4 Thread-2: 1is reading...

5 Thread-0: ends reading.

6 Thread-2: ends reading.

7  Thread-1: is writing...

8 Thread-1: ends writing.

9 Thread-3: 1is writing...
10 | g

MEA AT, ESIRFEET .
2.4.2. I3iEESEMNITFEMK
BEEEES |, LSRR AEIRTE, a0

1 # include <sys/time.h>
2 typedef struct timeval tv;

BEUEERE, iR whileO B, BNEEERER, OIT:

1 /) ¥

2 void* Reader(void* param) {

3 Tong threadid = (long)param;

4 tv reach_t;

5 gettimeofday(&reach_t, NULL);

6 printf("Thread-%1d reached at time %1d\n", threadid, reach_t.tv_usec);
7 sem_wait(&rmutex) ;

8 if (readcCount == 0) {

9 sem_wait(&wmutex) ;
10 }
11 tv exec_t;
12 gettimeofday(&exec_t, NULL);
13 printf("Thread-%1d starts executing at time %1d, waited %ldus\n",

threadid, exec_t.tv_usec, exec_t.tv_usec - reach_t.tv_usec);

14 readCount++;

15 sem_post(&rmutex) ;

16

17 printf("Thread-%1d: is reading...\n", threadid);

18 sleep(l);

19 printf("Thread-%1d: ends reading.\n", threadid);
20
21 sem_wait(&rmutex) ;
22 readCount--;
23 if (readCount == 0) {
24 sem_post (&wmutex) ;
25 }
26 sem_post (&rmutex) ;
27 | }

b

SHMEERE, FiEwhileO B, BMEENEERE—X, 0T
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1 // 5%

2 void* writer(void* param) {

3 long threadid = (Tong)param;

4 tv reach_t;

5 gettimeofday(&reach_t, NULL);

6 printf("Thread-%1d reached at time %1d\n", threadid, reach_t.tv_usec);

7 sem_wait(&wmutex) ;

8 tv exec_t;

9 gettimeofday(&exec_t, NULL);

10 printf("Thread-%1d starts executing at time %1d, waited %ldus\n",
threadid, exec_t.tv_usec, exec_t.tv_usec - reach_t.tv_usec);

11 printf("Thread-%1d: is writing...\n", threadid);

12 sleep(2);

13 printf("Thread-%1d: ends writing.\n", threadid);

14 sem_post (&wmutex) ;

15 | }

2.4.2.1. 501k
BRUTINEELAE, ARHPITIMEELE.

main ERELZITAT:

1 dint main(Q {

2 sem_init(&rmutex, 0, 1);

3 sem_init(&wmutex, 0, 1);

4 pthread_t tid[10];

5 int num_pthread = 10;

6 pthread_create(&tid[0], NULL, Writer, (void*)0);

7 for (int i = 1; i < num_pthread; ++i) {

8 pthread_create(&tid[i], NULL, Reader, (void*)i);
9

3
10 while (1) {
11 char c = getchar();
12 if (c=="q" || c=="Q") {
13 for (int i = 0; i < num_pthread; ++i) {
14 pthread_cancel (tid[i]);
15 }
16 break;
17 }
18 }
19 sem_destroy(&rmutex) ;
20 sem_destroy(&wmutex) ;
21 return 0;
22 }
IFEITAT

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_l.c
-0 ./Readerwriter_1

2 ./Readerwriter_1l.c: In function ‘main’:

3 ./Readerwriter_1l.c:64:41: warning: cast to pointer from integer of different
size [-Wint-to-pointer-cast]

4 pthread_create(&tid[i], NULL, Reader, (void*)i);
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O 00 N O wvn

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A

(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ # first execution
(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_1l
Thread-1 reached at time 381669
Thread-1 starts executing at time 381726, waited 57us
Thread-5 reached at time 381729
Thread-5 starts executing at time 381736, waited 7us

Thread-5: 1is reading...
Thread-6 reached at time 381740
Thread-6 starts executing at time 381747, waited 7us

Thread-6: 1is reading...

Thread-1: is reading...

Thread-4 reached
Thread-0 reached
Thread-9 reached
Thread-3 reached
Thread-7 reached
Thread-8 reached

Thread-4 starts executing at time

at
at
at
at
at
at

time
time
time
time
time
time

Thread-4: 1is reading...

Thread-9 starts executing

Thread-9: is reading...

Thread-3 starts executing
Thread-8 starts executing

Thread-8: is reading...

Thread-3: 1is reading...

Thread-7 starts executing

Thread-7: is reading...
Thread-2 reached at time 381751

Thread-2 starts executing at time

Thread-2: is reading...
Thread-5: ends reading.

Thread-1: ends reading.

Thread-7: ends reading.
Thread-3: ends reading.

Thread-8: ends reading.

Thread-9: ends reading.

Thread-6: ends reading.
Thread-4: ends reading.

Thread-2: ends reading.
Thread-0 starts executing at time 381937, waited 265us
Thread-0: is writing...

Thread-0: ends writing.

q

381713
381672
381780
381681
381757
381765

at time

at time
at time

at time

waited 69us

waited 28us

waited 130us

waited 48us

waited 60us

waited 94us

(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ # second execution
(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_1l

Thread-0 reached at time 742894
Thread-0 starts executing at time 742941, waited 47us
Thread-0: 1is writing...

Thread-1 reached
Thread-2 reached
Thread-3 reached
Thread-4 reached
Thread-5 reached
Thread-6 reached
Thread-7 reached

at
at
at
at
at
at
at

time
time
time
time
time
time
time

742901
742930
742961
742982
743000
743017
743031



61 Thread-8 reached at time 743046

62 Thread-9 reached at time 743061

63 Thread-0: ends writing.

64 Thread-1 starts executing at time 743130, waited 229us
65 Thread-1: is reading...

66 Thread-2 starts executing at time 743144, waited 214us
67 Thread-2: is reading...

68 Thread-3 starts executing at time 743153, waited 192us
69 Thread-3: is reading...

70 Thread-4 starts executing at time 743161, waited 179us
71 Thread-4: is reading...

72  Thread-5 starts executing at time 743171, waited 171us
73  Thread-5: is reading...

74 Thread-6 starts executing at time 743182, waited 165us
75 Thread-6: is reading...

76 Thread-7 starts executing at time 743194, waited 163us
77 Thread-7: is reading...

78 Thread-8 starts executing at time 743202, waited 156us
79 Thread-8: is reading...

80 Thread-9 starts executing at time 743210, waited 149us
81 Thread-9: is reading...

82 Thread-3: ends reading.

83 Thread-7: ends reading.

84  Thread-1: ends reading.

85 Thread-5: ends reading.

86 Thread-2: ends reading.

87 Thread-8: ends reading.

88 Thread-4: ends reading.

89 Thread-9: ends reading.

90 Thread-6: ends reading.

91 ¢

Al
o HEELENWEEXRESLHAT nutex EREEE, IPAGSEMSEBEIEEAEEREREIT
IFRX, W 1RPITERFAR,
o REHFLEEFELESLOAT utex EREEE, IBAETEHESTEZEEHEEREIT,
WS 2RI TEERF.
BD: sEET.
EEEXREZE, PUTIFBARIRREFZCIZEREL pthread_create O BIHITIRFHRITHY. ZiZ89€1
2. IENTIRFAEREMETAY. FRENT:

EE1RWITIERES, 582117 Thread-7 reached at time 381757 ¥055221F Thread-8 reached at
time 381765 EB/RaR/NMERE (I£E) LLSESNEE (1£8) ZARER, {B252817 Thread-8
starts executing at time 381813, waited 48us F1&311T Thread-7 starts executing at
time 381817, waited 60us BB/ ML (IEF) LLESNERE (£F) HTHIEG. BUEERSH
1TlmFFan T :

1. [Thread-7] printf("Thread-%ld reached at time %ld\n", threadid, reach_t.tv_usec);

2. [Thread-8] printf("Thread-%ld reached at time %ld\n", threadid, reach_t.tv_usec);

3. [Thread-8] sem_wait(&rmutex);

4, [Thread-7] sem_wait(&rmutex);



2.4.2.2. F5I2;m5s

BEHITINEESE, ARHRITINEELE.

main BREL pthread_create() ZPOIEHIT:

1 pthread_create(&tid[0], NULL, Reader, (void*)0);
2 for (int i = 1; i < num_pthread; ++i) {
3

4

pthread_create(&tid[i], NULL, Writer, (void*)i);
}

RFSTUOT: (SBmFESER)

1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_1l.c
-0 ./Readerwriter_1

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_1
3  Thread-1 reached at time 591009

4  Thread-0 reached at time 591009

5 Thread-2 reached at time 591026

6 Thread-3 reached at time 591041

7 Thread-4 reached at time 591051

8 Thread-1 starts executing at time 591055, waited 46us

9 Thread-7 reached at time 591084

10 Thread-6 reached at time 591072

11 Thread-1: is writing...

12 Thread-5 reached at time 591061

13  Thread-8 reached at time 591095

14 Thread-9 reached at time 591107

15 Thread-1: ends writing.

16 Thread-0 starts executing at time 591371, waited 362us
17  Thread-0: is reading...

18 Thread-0: ends reading.

19 Thread-2 starts executing at time 591553, waited 527us
20  Thread-2: 1is writing...
21  Thread-2: ends writing.
22 Thread-3 starts executing at time 591650, waited 609us
23  Thread-3: is writing...
24 Thread-3: ends writing.
25 Thread-4 starts executing at time 591789, waited 738us
26  Thread-4: 1is writing...
27 Thread-4: ends writing.
28 Thread-7 starts executing at time 591876, waited 792us
29 Thread-7: 1is writing...

30 Thread-7: ends writing.

31 Thread-6 starts executing at time 592060, waited 988us
32 Thread-6: is writing...

33  Thread-6: ends writing.

34  Thread-5 starts executing at time 592292, waited 1231us
35 Thread-5: is writing...

36  Thread-5: ends writing.

37 Thread-8 starts executing at time 592461, waited 1366us
38 Thread-8: is writing...

39 Thread-8: ends writing.
40 Thread-9 starts executing at time 592694, waited 1587us
41 Thread-9: 1is writing...
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42  Thread-9: ends writing.
43 ' q

i, AEGRELESIIT, M ESEIRSELEHTRZRMEMT, BiEE k.
2.4.2.3. F513kst
REPTSNBE LA MEE LR,

main BRZEL pthread_create() EPOIEHIIT:

for (int i = 0; i < num_pthread / 2; ++i) {
pthread_create(&tid[2 * i], NULL, Writer, (void*)(2 * 1i));
pthread_create(&tid[2 * i + 1], NULL, Reader, (void*)(2 * i + 1));

A oW N R

WFTAT: (BREFESEER)

1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_1l.c
-0 ./Readerwriter_1

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_1l
3  Thread-1 reached at time 338262

4 Thread-5 reached at time 338314

5 Thread-6 reached at time 338327

6  Thread-3 reached at time 338262

7 Thread-4 reached at time 338280

8 Thread-0 reached at time 338307

9 Thread-2 reached at time 338268
10 Thread-1 starts executing at time 338314, waited 52us
11  Thread-1: is reading...
12 Thread-8 reached at time 338353
13  Thread-7 reached at time 338340
14 Thread-5 starts executing at time 338360, waited 46us
15 Thread-5: is reading...
16  Thread-9 reached at time 338365
17 Thread-3 starts executing at time 338381, waited 119us
18 Thread-3: is reading...
19 Thread-7 starts executing at time 338397, waited 57us
20  Thread-7: 1is reading...
21  Thread-9 starts executing at time 338410, waited 45us
22  Thread-9: is reading...
23  Thread-1: ends reading.
24  Thread-9: ends reading.
25 Thread-5: ends reading.
26 Thread-7: ends reading.
27 Thread-3: ends reading.
28 Thread-6 starts executing at time 338589, waited 262us
29 Thread-6: 1is writing...

30 Thread-6: ends writing.

31 Thread-4 starts executing at time 338797, waited 517us
32 Thread-4: is writing...

33 Thread-4: ends writing.

34  Thread-0 starts executing at time 339102, waited 795us
35 Thread-0: is writing...

36 Thread-0: ends writing.
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37 Thread-2 starts executing at time 339415, waited 1147us
38 Thread-2: is writing...

39 Thread-2: ends writing.

40 Thread-8 starts executing at time 339989, waited 1636us
41  Thread-8: 1is writing...

42  Thread-8: ends writing.

43 g

THTIRFRR: RETEESESHIT, Mol TE BT, MitE
k.

2.4.2.4. 54

HUT10MBELERE,

main BREL pthread_create() ZPOIEIHIT:

1 for (int i = 0; i < num_pthread; ++i) {
2 pthread_create(&tid[i], NULL, writer, (void*)i);

WFTAT: (BREFEEER)

1 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_1l.c
-0 ./Readerwriter_1

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_1l
3  Thread-4 reached at time 493308

4 Thread-4 starts executing at time 493362, waited 54us

5 Thread-4: is writing...

6 Thread-3 reached at time 493302

7 Thread-8 reached at time 493379

8 Thread-1 reached at time 493390

9 Thread-5 reached at time 493334

10 Thread-6 reached at time 493353

11  Thread-0 reached at time 493307

12 Thread-7 reached at time 493367

13  Thread-9 reached at time 493391

14 Thread-2 reached at time 493331

15 Thread-4: ends writing.

16 Thread-3 starts executing at time 493608, waited 306us
17  Thread-3: is writing...

18 Thread-3: ends writing.

19 Thread-8 starts executing at time 493828, waited 449us
20  Thread-8: 1is writing...
21  Thread-8: ends writing.
22  Thread-1 starts executing at time 494108, waited 718us
23  Thread-1: 1is writing...
24 Thread-1: ends writing.
25 Thread-5 starts executing at time 494346, waited 1012us
26 Thread-5: 1is writing...
27 Thread-5: ends writing.
28 Thread-6 starts executing at time 494664, waited 1311lus
29 Thread-6: 1is writing...

30 Thread-6: ends writing.

31  Thread-7 starts executing at time 495280, waited 1913us
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32  Thread-7: is writing...

33 Thread-7: ends writing.

34  Thread-9 starts executing at time 495533, waited 2142us
35 Thread-9: is writing...

36 Thread-9: ends writing.

37 Thread-0 starts executing at time 495772, waited 2465us
38 Thread-0: is writing...

39 Thread-0: ends writing.

40 Thread-2 starts executing at time 496053, waited 2722us
41  Thread-2: 1is writing...

42  Thread-2: ends writing.

43 | q

E58RK, BSNHEIREHIER,
2.4.2.5. 515
HAT10NEE AR,

main BREL pthread_create() ZPOIEIHIT:

1 for (int i = 0; i < num_pthread; ++i) {
2 pthread_create(&tid[i], NULL, Reader, (void*)i);

WFTAT: (BREFESEER)

1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_1l.c
-0 ./Readerwriter_1

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_1l
3  Thread-1 reached at time 875992

4 Thread-1 starts executing at time 876030, waited 38us
5 Thread-1: is reading...

6 Thread-4 reached at time 876047

7  Thread-4 starts executing at time 876054, waited 7us
8 Thread-4: 1is reading...

9 Thread-2 reached at time 876011
10 Thread-2 starts executing at time 876068, waited 57us
11  Thread-2: is reading...
12  Thread-5 reached at time 876059
13  Thread-5 starts executing at time 876076, waited 17us
14 Thread-5: is reading...

15 Thread-3 reached at time 876030

16 Thread-3 starts executing at time 876088, waited 58us
17  Thread-3: is reading...

18 Thread-0 reached at time 875991

19 Thread-9 reached at time 876102
20 Thread-6 reached at time 876069
21  Thread-0 starts executing at time 876102, waited 11llus
22  Thread-7 reached at time 876080
23  Thread-8 reached at time 876091
24  Thread-0: is reading...
25 Thread-9 starts executing at time 876118, waited 16us
26 Thread-9: is reading...
27 Thread-6 starts executing at time 876142, waited 73us
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28 Thread-6: is reading...

29 Thread-7 starts executing at time 876149, waited 69us
30 Thread-7: is reading...

31 Thread-8 starts executing at time 876158, waited 67us
32 Thread-8: is reading...

33 Thread-2: ends reading.

34  Thread-1: ends reading.

35 Thread-5: ends reading.

36 Thread-3: ends reading.

37 Thread-4: ends reading.

38 Thread-0: ends reading.

39 Thread-9: ends reading.

40 Thread-6: ends reading.

41  Thread-7: ends reading.

42  Thread-8: ends reading.

43 q

HEAER, EEFARNE, EFIERIET.

2.5. TMHNMASEMFSNEEEETE

2.5.1. Fi&ci
ERBIESIE TR

1 # dinclude <stdio.h>

2  # include <pthread.h>

3  # include <semaphore.h>

4 # include <unistd.h>

5

6  sem_t wmutex, rmutex, wmutex_1l, rmutex_1;

7 // wmutex{E SR TR MRS Bx. 55 EFU

8 // rmutex{s 5 &M TXtreadCountZ & H xVilE, HifEE NMa ALE &M readCount
9 // wmutex_1{E5 &M TXwriteCountZ &M H x5, MHREZEANSEASFRESwriteCount
10 // rmutex_LESEH TXAREEN LIRS B F
11
12 1int readCount = 0;
13 // WWsREFAE JUABEERRAE S i S
14 1int writeCount = 0;
15 // s HEa LA SR V) iR S0

16

17 // ¥

18 void* Reader(void* param) {

19 Tong threadid = (long)param; / /iR id
20 while (1) {
21 sem_wait(&rmutex_1);
27 // B H rmutex_LESE, WIREAEE LTINS,
23 sem_wait(&rmutex);
24 if (readcount == 0) {
25 sem_wait(&wmutex) ;
26 }
27 readCount++;
28 sem_post(&rmutex) ;
29

30 printf("Thread-%1d: is reading...\n", threadid);
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

sleep(l);
printf("Thread-%1d: ends reading.\n", threadid);

sem_wait(&rmutex);

readCount--;

if (readCount == 0) {
sem_post (&wmutex) ;

}
sem_post(&rmutex) ;
sem_post(&rmutex_1); // Birmutex_1{5 5 &
sleep(2);
}
3
/] 5

void* writer(void* param) {
long threadid = (long)param;
while (1) {
sem_wait(&wmutex_1);
// B Bwnutex 155 &, WAE SR wri teCount R %A HA S HEBSE
if (writeCount == 0) {
sem_wait(&rmutex_1);
// WMRRFE-ANEHEER, SHSFNrmutex_UE5E, BREEEES T
// EXPik TERERENEHNEEMAN, RIE TS LF
}
writeCount++;
sem_post(&wmutex_1);
// BiRwmutex_ 155 &

sem_wait(&wmutex) ;

printf("Thread-%1d: is writing...\n", threadid);
sleep(2);
printf("Thread-%1d: ends writing.\n", threadid);

sem_post (&wmutex) ;
sem_wait(&wmutex_1);
// FEHBwmutex_ 1155 &, Hi{RfeiLiwriteCount s B %A H'S E BN E
writeCount--;
if (writeCount == 0) { //IifA5&5E%, BG4
sem_post(&rmutex_1);
// MRRBE—NEHEAT, SHESBERrmutex_LESE, ARVFEE T4
}
sem_post(&wmutex_1);
// Biwmutex_l{E5&
sleep(2);

int main(Q) {
// 55 EYIEL
sem_init(&rmutex, 0, 1);
sem_init(&wmutex, 0, 1);
sem_init(&rmutex_1, 0, 1);
sem_init(&wmutex_1, 0, 1);
pthread_t tid[4];
// PANEE. WA EE



87 pthread_create(&tid[0], NULL, Reader, (void*)0);

88 pthread_create(&tid[1], NULL, Writer, (void*)1);
89 pthread_create(&tid[2], NULL, Reader, (void*)2);
90 pthread_create(&tid[3], NULL, wWriter, (void*)3);
91 / /5N qERQIB
92 while (1) {
93 char c = getchar(Q);
94 if (c=="q" || c=="Q") {
95 for (int i =0; i < 4; ++1) {
96 pthread_cancel (tid[i]);
97 }
98 break;
99 }
100 }
101 // BEiE TR
102 sem_destroy (&rmutex) ;
103 sem_destroy (&wmutex) ;
104 sem_destroy(&rmutex_1);
105 sem_destroy (&wmutex_1);
106 return 0;
107 | }
WIFEIT:

1 (base) kejingfan@kJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_2.c
-0 ./Readerwriter_2

2 (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_2
3  Thread-3: is writing...
4  Thread-3: ends writing.
5 Thread-1: is writing...
6  Thread-1: ends writing.
7 Thread-3: is writing...
8 Thread-3: ends writing.
9 Thread-0: is reading...
10 Thread-0: ends reading.
11  Thread-2: is reading...
12 Thread-2: ends reading.
13  Thread-1: is writing...
14 Thread-1: ends writing.
15 Thread-3: is writing...
16  Thread-3: ends writing.
17  Thread-1: is writing...
18 | g

5k, EFIEHSEER.

2.5.2. f9iEMITEHME

HANEXNEIEBIEER2.4.2.3. F5I3 (REPITSNBEELIENSMEELIE) T, REIAREAHNITHS
[EFNEITRER.

REBBUTF:

1 # include <stdio.h>
2 # include <pthread.h>
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# include <semaphore.h>
# include <unistd.h>
# include <sys/time.h>

typedef struct timeval tv;

sem_t wmutex, rmutex, wmutex_1l, rmutex_1;

int readCount = 0, writeCount = 0;

/]
void* Reader(void* param) {
Tong threadid = (long)param;
tv reach_t;
gettimeofday(&reach_t, NULL);
printf("Thread-%1d reached at time %1d\n", threadid, reach_t.tv_usec);
sem_wait(&rmutex_1);
sem_wait(&rmutex) ;
if (readCount == 0) {
sem_wait(&wmutex) ;
3
tv exec_t;
gettimeofday(&exec_t, NULL);
printf("Thread-%1d starts executing at time %1d, waited %ldus\n",
threadid, exec_t.tv_usec, exec_t.tv_usec - reach_t.tv_usec);
readCount++;
sem_post (&rmutex) ;

printf("Thread-%1d: is reading...\n", threadid);
sleep(l);
printf("Thread-%1d: ends reading.\n", threadid);

sem_wait(&rmutex) ;

readCount--;

if (readCount == 0) {
sem_post (&wmutex) ;

3

sem_post(&rmutex) ;

sem_post(&rmutex_1);

/] BF

void* wWriter(void* param) {
long threadid = (Tong)param;
tv reach_t;
gettimeofday(&reach_t, NULL);
printf("Thread-%1d reached at time %1d\n", threadid, reach_t.tv_usec);
sem_wait(&wmutex_1);
if (writeCount == 0) {

sem_wait(&rmutex_1);

}
writeCount++;
sem_post(&wmutex_1);
sem_wait(&wmutex) ;
tv exec_t;
gettimeofday(&exec_t, NULL);



58 printf("Thread-%1d starts executing at time %1d, waited %1dus\n",
threadid, exec_t.tv_usec, exec_t.tv_usec - reach_t.tv_usec);

59 printf("Thread-%1d: is writing...\n", threadid);
60 sleep(2);

61 printf("Thread-%1d: ends writing.\n", threadid);
62 sem_post (&wmutex) ;

63 sem_wait(&wmutex_1);

64 writeCount--;

65 if (writeCount == 0) {

66 sem_post(&rmutex_1);

67 }

68 sem_post(&wmutex_1);

69 1}

70

71 1int main(Q {

72 sem_init(&rmutex, 0, 1);

73 sem_init(&wmutex, 0, 1);

74 sem_init(&rmutex_1, 0, 1);

75 sem_init(&wmutex_1, 0, 1);

76 pthread_t tid[10];

77 int num_pthread = 10;

78 for (int i = 0; i < num_pthread / 2; ++i) {

79 pthread_create(&tid[2 * i], NULL, Reader, (void*)(2 * 1i));
80 pthread_create(&tid[2 * i + 1], NULL, Writer, (void*)(2 * i + 1));
81 }

82 while (1) {

83 char ¢ = getchar(Q);

84 if (c=="q" || c=="Q") {

85 for (int i = 0; i < num_pthread; ++i) {
86 pthread_cancel (tid[i]);

87 }

88 break;

89 }

90 }

91 sem_destroy(&rmutex) ;

92 sem_destroy(&wmutex) ;

93 sem_destroy (&rmutex_1);

94 sem_destroy (&wmutex_1);

95 return 0;

9% | }

RFSTUOTR: (BBmIFESER)

1  (base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ gcc ./Readerwriter_3.c
-0 ./Readerwriter_3

(base) kejingfan@KJF-Huawei-PC:~/CodeDir/0S_Lab/Lab2$ ./Readerwriter_3
Thread-0 reached at time 325598

Thread-0 starts executing at time 325635, waited 37us

Thread-0: is reading...

Thread-2 reached at time 325603

Thread-3 reached at time 325623

Thread-1 reached at time 325598

Thread-4 reached at time 325649

Thread-5 reached at time 325683

Thread-6 reached at time 325696

O 00 N O Ui A W N

el
=



12 Thread-7 reached at time 325708

13  Thread-8 reached at time 325720

14 Thread-9 reached at time 325734

15 Thread-0: ends reading.

16 Thread-2 starts executing at time 325720, waited 117us
17 Thread-2: is reading...

18 Thread-2: ends reading.

19 Thread-3 starts executing at time 325844, waited 221us
20  Thread-3: is writing...

21  Thread-3: ends writing.

22  Thread-1 starts executing at time 325923, waited 325us
23  Thread-1: 1is writing...

24 Thread-1: ends writing.

25 Thread-5 starts executing at time 326187, waited 504us
26  Thread-5: is writing...

27 Thread-5: ends writing.

28 Thread-7 starts executing at time 326272, waited 564us
29 Thread-7: 1is writing...

30 Thread-7: ends writing.

31 Thread-9 starts executing at time 326365, waited 631lus
32  Thread-9: is writing...

33  Thread-9: ends writing.

34  Thread-4 starts executing at time 326564, waited 915us
35 Thread-4: is reading...

36 Thread-4: ends reading.

37 Thread-6 starts executing at time 326878, waited 1182us
38 Thread-6: is reading...

39 Thread-6: ends reading.

40 Thread-8 starts executing at time 327463, waited 1743us
41  Thread-8: 1is reading...

42  Thread-8: ends reading.

43 | q
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