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REVIEW: TICKET LOCK

REVIEW: TICKET LOCK




LOCK EVALUATION

lock unlock loi:k

no yield:

0 20 40 60 80 100 120 140 160
lock unlock lock

yield:

0 20 40 60 80 100 120 140 160

Why is yield useful?
Why doesn’t yield solve all performance problems?
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LOCK IMPLEMENTATION:

BLOCK WHEN WAITING

RUNNABLE: A,B,C,D
RUNNING: <empty>
WAITING: <empty>

0 20 40 60

80 100 120 140 160
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RUNNABLE: B,C, D
RUNNING: A
WAITING: <empty>

lock

0 20 40 60 80 100 120 140 160
RUNNABLE: C,D, A
RUNNING: B
WAITING: <empty>
lock
B
0 20 40 60 80 100 120 140 160
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RUNNABLE: C,D, A
RUNNING:
WAITING: B

try lock
lock  (sleep)

o-

0 20 40 60 80 100 120 140 160

RUNNABLE: D, A
RUNNING: C
WAITING: B

try lock
lock  (sleep)

0 20 40 60 80 100 120 140 160




RUNNABLE: A, C
RUNNING: D
WAITING: B

try lock
lock  (sleep)

AHC

0 20 40 60 80 100 120

140 160
RUNNABLE: A, C
RUNNING:
WAITING: B,D
try lock try lock
lock  (sleep) (sleep)
-0
0 20 40 60 80 100 120 140 160
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RUNNABLE: C
RUNNING: A
WAITING: B,D

try lock try lock
lock  (sleep) (sleep)

0

08
20 40 60 80

100 120 140 160
RUNNABLE: A
RUNNING: C
WAITING: B,D
try lock try lock
lock  (sleep) (sleep)
-0
0 20 40 60 80 100 120 140 160
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RUNNABLE: C
RUNNING: A
WAITING: B,D

try lock try lock
lock  (sleep) (sleep)
100 120 140 160
RUNNABLE: B, C
RUNNING: A
WAITING: D
try lock try lock
lock  (sleep) (sleep) unlock
100 120 140 160
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RUNNABLE: B,C

RUNNING: A
WAITING: D
try lock try lock
lock (sleep) (sleep) unlock
100 120 140 160
RUNNABLE: C, A
RUNNING: B
WAITING: D
try lock try lock
lock  (sleep) (sleep) unlock lock

IIIIIIWI:IIIIIIIIIIIIIIIIIIIIIIIIIIIIII!II[:::::

100 120

140

160
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LOCK IMPLEMENTATION:

BLOCK WHEN WAITING

RACE CONDITION
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BLOCK WHEN WAITING:

FINAL CORRECT LOCK

SPIN-WAITING VS
BLOCKING
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WHEN TO SPIN-WAIT?

WHEN TO BLOCK?

TWO-PHASE WAITING
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CONDITION VARIABLES

CONCURRENCY
OBJECTIVES
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ORDERING EXAMPLE:
JOIN

CONDITION VARIABLES
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CONDITION VARIABLES

JOIN IMPLEMENTATION:
ATTEMPT 1
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JOIN IMPLEMENTATION:
ATTEMPT 1

RULE OF THUMB 1
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JOIN IMPLEMENTATION:
ATTEMPT 2

JOIN IMPLEMENTATION:
ATTEMPT 2
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JOIN IMPLEMENTATION:
CORRECT

PRODUCER/CONSUMER
PROBLEM
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EXAMPLE: UNIX PIPES

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

write!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

write!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

read!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

write!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

read!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

read!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

read!

EXAMPLE: UNIX PIPES

read!
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EXAMPLE: UNIX PIPES

EXAMPLE: UNIX PIPES

write!
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EXAMPLE: UNIX PIPES

EXAMPLE: UNIX PIPES

write!
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EXAMPLE: UNIX PIPES

EXAMPLE: UNIX PIPES

write!
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EXAMPLE: UNIX PIPES

write!

EXAMPLE: UNIX PIPES
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EXAMPLE: UNIX PIPES

read!

EXAMPLE: UNIX PIPES
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PRODUCER/CONSUMER

PROBLEM

PRODUCE/CONSUMER
EXAMPLE
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numfull=0

[RUNNABLE]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
_} while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);

} printf(“%d\n”, tmp);
} H
H
numfull=0
[RUNNABLE] [RUNNING]
void *producer(void *arg) { void *consumer(void *arg) {
for (inti=0; i<loops; i++) { while(1) {
Mutex_lock(&m); Mutex_lock(&m);
while(numfull == max) while(numfull == 0)
Cond_wait(&cond, &m); Cond_wait(&cond, &m);
do_fill(i); int tmp = do_get();
Cond_signal(&cond); Cond_signal(&cond);
Mutex_unlock(&m); Mutex_unlock(&m);
} printf(“%d\n”, tmp);
} H
H
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numfull=0

[RUNNABLE]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=0

[RUNNABLE]

void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m); ==

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

Cond_wait(&cond, &m);
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numfull=0

[RUNNABLE]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=0

[RUNNING]

void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=0

[RUNNING]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=0

[RUNNING]
void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=0

[RUNNING]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

—) do_fill(i);

Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=1

[RUNNING]

void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);

—} Cond_signal(&cond);

Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=1

[RUNNING]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);

_> Mutex_unlock(&m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=1

[RUNNING]

void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=1

[RUNNING]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=1

[RUNNING]
void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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—)

numfull=1

[RUNNING]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

Cond_wait(&cond, &m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=1

[SLEEPING]
void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=1

[SLEEPING]
void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=1

[SLEEPING]
void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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void *producer(void *arg) {

—p

numfull=0
[SLEEPING]

for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)
Cond_wait(&cond, &m);
do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

=

[RUNNING]

void *consumer(void *arg) {

while(1) {
Mutex_lock(&m);
while(numfull == 0)
Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

void *producer(void *arg) {

—)

numfull=0

[RUNNABLE]

for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)
Cond_wait(&cond, &m);
do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

—)

[RUNNING]

void *consumer(void *arg) {

while(1) {
Mutex_lock(&m);
while(numfull == 0)
Cond_wait(&cond, &m);
int tmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=0

[RUNNABLE]

void *producer(void *arg) {

—p

for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)
Cond_wait(&cond, &m);
do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {

while(1) {
Mutex_lock(&m);
while(numfull == 0)
Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=0

[RUNNABLE]

void *producer(void *arg) {

—)

for (int1=0; i<loops; i++) {

Mutex_lock(&m);
while(numfull == max)
Cond_wait(&cond, &m);
do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {

_} while(1) {

Mutex_lock(&m);
while(numfull == 0)
Cond_wait(&cond, &m);
int tmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=0

[RUNNABLE]
void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=0

[RUNNABLE]
void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

10/15/15

45



numfull=0

[RUNNABLE]
void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m); —}

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[RUNNING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

Cond_wait(&cond, &m);

numfull=0

[RUNNABLE]
void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=0

[RUNNING]
void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);

—} while(numfull == max)
Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=0

[RUNNING]

void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

—) do_fill(i);

Cond_signal(&cond);
Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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numfull=1

[RUNNING]

void *producer(void *arg) {
for (inti1=0; i<loops; 1++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);

—} Cond_signal(&cond);

Mutex_unlock(&m);

[SLEEPING]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

inttmp = do_get();
Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);

numfull=1

[RUNNING]

void *producer(void *arg) {
for (int1=0; i<loops; i++) {
Mutex_lock(&m);
while(numfull == max)

Cond_wait(&cond, &m);

do_fill(i);
Cond_signal(&cond);

—} Mutex_unlock(&m);

[RUNNABLE]

void *consumer(void *arg) {
while(1) {
Mutex_lock(&m);
while(numfull == 0)

Cond_wait(&cond, &m);

int tmp = do_get();

Cond_signal(&cond);
Mutex_unlock(&m);
printf(“%d\n”, tmp);
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WHAT ABOUT 2

CONSUMERS?

void *producer(void *arg) { void *consumer(void *arg) {
for (inti=0; i<loops; i++) { while(1) {
Mutex_lock(&m); // pl Mutex_lock(&m); // cl
while(numfull == max) //p2 while(numfull == 0) // 2
Cond_wait(&cond, &m); //p3 Cond_wait(&cond, &m); // c3
do_fill(i); // p4 inttmp = do_get(); // c4
Cond_signal(&cond); //p5 Cond_signal(&cond); // ¢5
Mutex_unlock(&m); //p6 Mutex_unlock(&m); // c6
) printf(“%d\n”, tmp); // c7
¥ } ¥
wait() wait() signal() wait()  signal()
Producer: l I pl p2 p4 p5 p6 pl p2 p3
Consumeri: cl c2 c3
Consumer2: cl ¢2 c3 c2 c4 o5

does last signal wake producer or consumer2?
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HOW TO WAKE THE

RIGHT THREAD?

WAKING ALL WAITING
THREADS
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EXAMPLE NEED FOR

BROADCAST

HOW TO WAKE THE
RIGHT THREAD?
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PRODUCER/CONSUMER:

TWO CVS

GOOD RULE OF THUMB 3
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PRODUCER/CONSUMER:

TWO CVS AND WHILE

SUMMARY:
CV RULES OF THUMB
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