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= Shared integer lock initialized to O;

= Solution:
while (true 4 { C:;>
while /(compare_and swap [ & 0o, 1) '= 0)
£ o nothing */\\d)'/ S

/* critical section */

ICQQV D )

lock = O;

/* remainder section */

}

= Does it solve the critical-section problem?
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while (true) {
acquire lock

ol bas G busy washme— | adioll slo
critical section (3/\ d_;\-@tf(; G ) Lbu)l L\; > 9h o0

release lock

remainder section

}

mubex LocR = _SP[n LocK
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= Solution to the CS Problem
* Create a semaphore ‘mutex” initialized to 1
wait (mutex);
CS
signal (mutex) ;

= Consider P, and P, that with two statements S;and S, and
the requirement that S, to happen before S, /_;

* Create a semaphore “synch’ initialized to 0 |
Pl- M[}WWF&SZ alc;-uﬂikg

S
Si/ 'g o
-3 et N ool (e
5;29— woaet  Lus bi-
wast (synch )s
wait (synch); JOR
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signal (synch) ;
P2:
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signal (semaphore *S) {
S->valuett; > Increamd

if (S->value <= 0) {
remove a process P from S->list;
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in the bubfer, since | inckially all gloks are empty.

Q—EuH , A COUM.HV\)E QevmaPl’lofG whose indked vodue 1€ 0

. m (mutex), a binary semaphore which is used to acquire and release the lock.

. empty, a counting semaphore whose initial value is the number of slots in the

buffer, since, initially all slots are empty.

. full, a counting semaphore whose initial value is 0.

Producer Consumer

wait (empty); wait (full);

wait (mutex); wait (mutex);
/* add data to buffer */ /* remove data from buffer */
signal (mutex); signal (mutex);

signal (full); signal (empty);
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To ensure tak these ditbiculbies do wob onse, we require that the wriders
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#*Soludion )70 e lQeacJe_s — rikers Problem U.S\‘vg 8€maP%ore o-
we will malke uge o Lwo Ssmaf]’mm and o inkeger Uarible 3-

| muwkex , o Semaplnor@ w\MC\A iS U\&eJ bo enswre mukinol
exclvsipn whea is UPo‘c&eJ t.e. when oy reader enkers or
ot Bom the enbical Ceckion .

Q. wrlk 1S a SWF\/IO{@ Commen ko Yot reac}er‘ amé
Whter Proc:zss.

2 _reed Coun b, gn inkeger Varible Hial Hegjo braclh
ol how many Process ofe Cwtenbly reading the objeck .

Writer Process Reader Process

wait (mutex);
readcnt++;

if (readcnt==1)
wait(wrt);
wait (wrt);
/* performs the write */
signal (mutex);

signal(wrt);
/* current reader performs reading here */
wait (mutex);
readcnt--;

if (readcnt == 0)

signal (wrt);
signal (mutex);
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Section A: Multiple Choice Questions (10 marks)

1.

Which of the following conditions is NOT a requirement for a solution to the

critical-section problem?

A) Mutual Exclusion

B) Progress

C) Race Condition

D) Bounded Waiting

What is the primary issue with interrupt-based solutions to synchronization?
A) They do not guarantee mutual exclusion.

B) They can lead to deadlock in single-CPU systems.

C) They are not scalable for multiprocessor systems.

D) They require Peterson’s solution to work.

In Peterson’s solution, the turn variable:

A) Indicates if the system is in a critical section.

B) Specifies which process can enter the critical section.
C) Prevents instruction reordering.

D) Holds the flag values for all processes.

/Ww

Section B: Short Answer Questions (20 marks)
4. Define the term race condition and provide an example from the slides where
a race condition could occur. (5 marks)
5. Discuss the limitations of Peterson’s solution in modern architectures. Why is
a memory barrier required to ensure correctness? (5 marks)
6. Explain the difference between strongly ordered and weakly ordered memory
models and their implications for synchronization. (5 marks)

7.

How does a binary semaphore differ from a counting semaphore? Provide a

use case for each. (5 marks)
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Section A: Multiple Choice Questions (10 marks)

1. Which of the following conditions is NOT a requirement for a solution to the
critical-section problem?

« A) Mutual Exclusion
- B) Progress
. @Race Condition
- D) Bounded Waiting
2. What is the primary issue with interrupt-based solutions to synchronization?
« A) They do not guarantee mutual exclusion.
« B) They can lead to deadlock in single-CPU systems.
. @ They are not scalable for multiprocessor systems.
- D) They require Peterson’s solution to work.
3. In Peterson's solution, the turn variable:
+ A) Indicates if the system is in a critical section.
. pecifies which process can enter the critical section.
- C) Prevents instruction reordering.

- D) Holds the flag values for all processes.

Section B: Short Answer Questions (20 marks)

4. Define the term race condition and provide an example from the slides where a
race condition could occur. (5 marks)

5. Discuss the limitations of Peterson’s solution in modern architectures. Why is a
memory barrier required to ensure correctness? (5 marks)

6. Explain the difference between strongly ordered and weakly ordered memory
models and their implications for synchronization. (5 marks)

7. How does a binary semaphore differ from a counting semaphore? Provide a use
case for each. (5 marks)

Section C: Code Analysis (20 marks)
+ ¢ @
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4. Define the term race condition and provide an example from the slides where a

race condition could occur. (5 marks)
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3. Explain the difference between strongly ordered and weakly ordered memory
models and their implications for synchronization. (5 marks)
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. How does a binary semaphore differ from a counting semaphore? Provide a use
case for each. (5 marks)
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models and their implications for synchronization. (5 marks)

7. How does a binary semaphore differ from a counting semaphore? Provide a use
case for each. (5 marks)

Section C: Code Analysis (20 marks)

8. The following code is a synchronization solution using the test_and_set
instruction:

c & Copy
boolean lock = false;
void critical_section() {
while (test_and_set(&lock)) {
; /* busy wait *x/
b

// critical section
lock = false;

- ldentify one potential issue with this solution. (3 marks)

- Suggest a modification to improve fairness. (3 marks)

9. Given the following wait and signal semaphore operations:

NZ

c ) Conv
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