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1. Managing concurrency
2. Mutexes
3. Condition variables
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1. Producer/consumer example:

2/14/24. 11:12AM
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"bgger" stores BUFFER_SIZE items
count™ is number of used slots. a variable that lives in memory
"in" is next empty buffer slot to fill (if any)
out" is oldest filled slot to consume (if any)
*/

void producer (void xignored) {
for (55) {
/* next line produces an item and puts it in nextProduced x*/
nextProduced = means_of_production(); <
while (count == BUFFER_SIZE)
; // do nothing 6t 2 y 4
[ o

buffer [in] = nextProduced; <
u

in = (in_+ 1) % BUFFER_SIZE;
count++™N \{
y 2 Sxi=H

} 6760

oid consumer (void xignored) {
for (;;) {
while (count == 0)
; // do nothing
nextConsumed = buffer[out];
out = (out + 1) % BUFFER_SIZE;
count——;
/* next line abstractly consumes the item x/
consume_item(nextConsumed);

} .
Count =Clouwnt +4

what count++ probably compiles to:
§ regl <—- count # load

jwvaviant
————

regl <—— regl + 1 # increment register
count <—- regl # store

7
l/.‘o(&"—(

what count-- could compile to:
reg2 <—— count # load
reg2 <—— reg2 - 1 # decrement register
count <—— reg2 # store

*/ Tl PYuo{uC.eAr// Count++
T2 ¢ Cowva §urex(
What happens if we get the followiﬁg interleaving? ('tuu.[--—)‘

(a4 T2
234 rceﬁ ) Count

T= "7 count <—- regl [53 [j@

fs_:hcount <—— reg2 ¥

T~ 3

To— regl <—— count
- _5regl <— regl + 1

reg2 <—— count
sz reg2 <—- reg2 - 1

Count == #'tr-fem.s
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58 2. Producer/consumer revisited [also known as bounded buffer]

59
60 2a. Producer/consumer [bounded buffer] with mutexes
61
62 Mutex mutex;
63
64 void producer (void xignored) {
65 for (;;) {
66 /* next line produces an item and puts it in nextProduced */
67 C . nextProduced = means_of_production();
68 -
69 acquire(&mutex); ]
70 L"I while (count == BUFFER_SIZE) { Count == :#'”[?w_g
71 release(&mutex); 7
72 yield(); /% or schedule() */
73 acquire(&mutex);
74
75 :
76 buffer [in] = nextProduced;
77 in = (in + 1) % BUFFER_SIZE [ o [ ~f: /H’Q«op_(
78 count++; .
79 release(&mutex) ; A
80
81 ([}
82 /6 (4] 5
83 void consumer (void xignored) { X
84 for (;;) A{
85
86 Ea-cquire(&mutex) ; o
87 while (count == 0) { / /
88 release(&mutex); o
89 yield(); /% or schedule() */
90 acquire(&mutex);
91
[
92 of 3
93, nextConsumed = buffer[out]; busj WQ"‘hg?
9 out = (out + 1) % BUFFER_SIZE;
9 count——;
9 release(&mutex) ;
97|
98 /* next line abstractly consumes the item x/
99 consume_item(nextConsumed) ;
100 }
101 }

102 { ? PI-FQ
— buﬁ-ek/
T — \5
71 7
gwlﬂl e chne
A [=sas
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61 2. Protecting the linked list...

3 1. Some concurrent programs. What is the point of these? 62

4 63 Mutex list_mutex;

5 [From S.V. Adve and K. Gharachorloo, IEEE Computer, December 1996, 64 ‘H‘T

6 66-76. http://sadve.cs.illinois.edu/Publications/computer96.pdf] 65 insert(int data) {

7 66 List_elemx 1 = new List_elem; ’
8 a. Can both "critical sections" run? 67 1->data = data;

9 68

10 int flagl = 0, flag2 = 0; 69 ac uire(&list_mutex);?

11 ’ ’ 70 g head 74 MullL
12 int main () { 71 C.s. 1->next = head; &—

13 tid id = thread_create (p1, NULL); 72 head = 1; &£ HERE

14 p2 (); thread_join (id); 73 L

15 74 — release(&list_mutex);

16 75 ¥

17 void pl (void *xignored) { 76

18 flagl = 1; 77

19 if (!flag2) {

20 critical_section_1 ();

21 ¥ A]\

2 ; 2. WuteX

24 void p2 (void *ignored) { -_

25 flag2 = 1;

26 if (!flagl) {

27 critical_section_2 ; -

2z ) - -2 0 nwikfex € WG

29 } . N
% hoaet@X_ it C st %D 3
31 b. Can use() be called with value @, if p2 and pl run concurrently?

32

gz int data = @, ready = 0; ’% hwmteX — ac‘{“)VQ(MRK_é * ))
35 void p1l .
36 dhta's éooe; mutex_ Ve lease Cumnet )
37 ready = 1;

38 +

39 int p2 () {

40 while (!ready) {}

41 use(data);

42 +

43

44 c. Can use() be called with value 07

45

46 int a=0, b =0;

47

48 void pl (void xignored) { a = 1; }

49

50 void p2 (void xignored) {

51 if (a == 1)

52 b =1;

53 +

54

55 void p3 (void xignored) {

56 if (b == 1)

57 use (a);

58 +

59

60

Page 1 of 2 Page 2 of 2




handout w06b

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

Cheng Tan, CS3650

2b. Producer/consumer [bounded buffer] with mutexes and condition variables
Mutex mutex; Z;/
Cond nonempty;
Cond nonfull;
void producer (void xignored) {
for (;;) {

/* next line produces an item and puts it in nextProduced */
nextProduced = means_of_production(); C°Y\$“m

% ~
3—\5@
;’TQQ?VMq

© nlock wm, §{qu on “C " ol ﬂ?hq/a,

® ﬂ‘%"’e “MF”) reSuime ety

while (count == BUFFER_SIZE)
LEpnd_wait(&nonfull, &mutex);

R

buffer [in] = nextProduced;
C.G.in = (in + 1) % BUFFER_SIZE;
count++;

cond_signal(&nonempty. g ) ;

whyle (count == 0)

.
Weert S &nd_wait(&nonempty, &mutex);

IHERE

nextConsumed = buffer[out];
out = (out + 1) % BUFFER_SIZE;
count——;

cond_signal(&nonfu um) ;

release(&mutex);

/* next line abstractly consumes the item */
consume_item(nextConsumed);

Question: why does cond_wait need to both release the mutex and
sleep? Why not:

while (count == BUFFER_SIZE) {
release(&mutex);
cond_wait(&nonfull);
acquire(&mutex);

}
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Condition variable interfaces: ~
Grd S
2,V0id cond init (Cond *, s

%
cel)s: .
Cond /szc;m(/
void cond wait(Cond *c, Mutex* m); g é”"ﬁaﬂcQS+

void cond_signal(Cond* c); o .
© Unlock W 6{62f on ¢ wtd( Shnaf
void cond broadcast(Cond* c); ~)
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