Peterson Solution

Peterson's solution is widely used solution to critical section problems. This
algorithm was developed by a computer scientist Peterson that's why it is
named as a Peterson's solution.

In this solution, when a process is executing in a critical state, then the other
process only executes the rest of the code, and the opposite can happen. This
method also helps to make sure that only a single process runs in the critical
section at a specific time.

Bounded Buffer Problem

The bounded buffer problem or the producer-consumer problem is one of
the classical problems of synchronization.

What is the Bounded Buffer Problem?

In the bounded buffer problem, there is a buffer of n slots, and each slot is
capable of storing one unit of data. Producer and Consumer are the two
processes operating on the Buffer.

The producer tries to enter data in an empty slot, and the consumer tries to
remove it. When the processes are run simultaneously, they will not give
the expected results.

There is a need for the producer and the consumer to run independently.
One solution to the Bounded Buffer problem is to use Semaphores.

A semaphore S is an integer variable that can be accessed only through two
standard operations wait() and signal().

The wait() operation reduces the value of semaphore by 1 and the signal()
operation increases its value by 1.



wait(S)

{

while(S<=0); // busy waiting
S--;

by

signal(S)
{

S++;

}

Semaphores are of two types:

1. Binary Semaphore — This is similar to mutex lock but not the same
thing. It can have only two values — 0 and 1. Its value is initialized to 1. It
Is used to implement the solution of critical section problem with multiple
processes.

2. Counting Semaphore — Its value can range over an unrestricted domain.
It is used to control access to a resource that has multiple instances

The Semaphores that are used are as follows:
1. m, a Binary Semaphore.
2. empty, a Counting Semaphore.
3. full, a Counting Semaphore.

Production Operation:

The producer operation waits until there is at least one empty slot, then it
decrements the Semaphore, as there will be one less empty slot. Then it



places the data in the empty slot. Hence, the buffer locks. After the data is
inserted the value of full is incremented as the producer has filled a slot.

Solution for Producer
Do

{ //produce an item
wait(empty);
wait(mutex);

/Iplace in buffer
signal(mutex);
signal(full);
}while(true)

Consumer Operation:

The consumer operation waits until there is one full slot in the buffer.
Then it decreases the value of the full Semaphore as the value will
decrease after the completion of the consumer operation. The consumer
locks the buffer, then it removes the data from one slot. Following which it
releases the lock. Then the empty Semaphore is incremented by one as
there is one more empty slot.

Solution for Consumer

Do

{

wait(full);

wait(mutex);

/l remove item from buffer

signal(mutex);

signal(empty);



[l consumes item

}while(true)

Readers and Writers Problem

The readers and writers problem is based on a situation where there are a
number of readers and writers trying to access the same data, the reader is
reading the data, and the writer is trying to write into it.

For example, a file that numerous people have access to.

If one person tries to edit the file, no other person should be reading or
writing in the same file. As it may lead to faulty data, and the changes will
not be visible to the person.

However, if one person is reading a file, other people who have access to it
can read it.

Solution:

1. When the reader has a priority over the writer.
Priority implies that no reader should wait if the file is open elsewhere for
reading.
To implement the solution three variables are used.

o readcnt

e Mmutex

o Wrt

Functions for Semaphore:
o wait()
« signal()

e 1()
» signal()



Writer process:

Step 1: The writer will have to request access for entry in the critical
section.

Step 2: It will have to wait until and unless wait() gives a true value.
Step 3: The writer exits the critical section.

The code that defines the writer process is given below:

wait(wrt);
WRITE INTO THE OBJECT .
signal(wrt);

Reader process:
Step 1: The reader requests access to the critical section.
Step 2: When allowed, it will:

 Increase the number of readers.
« Lock the wrt semaphore, so as to stop any editing.
« Then it will signal the mutex that other readers are allowed while existing readers

are reading.
Step 3: After completion, it exits the critical section and will signal wrt
semaphore to allow writers.

The code that defines the reader process is given below:
wait (mutex);

rc ++;
if (rc==1)
wait (wrt);

signal(mutex);

.. READ THE OBJECT
wait(mutex);

rc --;
if (rc==0)
signal (wrt);

signal(mutex);



Dining Philosophers Problem

Dining philosophers’ problem is one of the classical problems of
synchronization,

In this problem, there are five philosophers sitting around a circular table
with one chopstick in between each of them. If they want to eat they will
have to pick the chopsticks adjacent to them first. This problem deals with
allocating limited resources to multiple processes.

Solution:

We can take five semaphores, stick[5], signifying the five chopsticks.
When the philosopher wants to eat he will have to pick the chopstick from
his left and right, he will wait for them if they are not available. After
eating he will put the chopstick down.

The problem arises if all of the philosophers are hungry at once and takes
one chopstick each, then there will be a situation of deadlock, as the
philosophers will never get the second chopstick.

The possible solutions can be:
1. The chopsticks should be picked only when there are two of them available at the
same time.
2. Only four philosophers are allowed at the table, that way there will be four
chopsticks. One philosopher can start eating, and still, there will be two chopsticks

left, and the situation of the deadlock can be solved.
A solution of the Dining Philosophers Problem is to use a semaphore to
represent a chopstick. A chopstick can be picked up by executing a wait
operation on the semaphore and released by executing a signal semaphore.

The structure of the chopstick is shown below:

semaphore chopstick [5];



Initially the elements of the chopstick are initialized to 1 as the chopsticks
are on the table and not picked up by a philosopher.

The structure of a random philosopher i is given as follows: do
{

wait( chopstick[i] );

wait( chopstick[ (i+1) % 5] );

... EATING THE RICE .

signal( chopstick[i] );

signal( chopstick[ (i+1) % 5] );

.. THINKING .

} while(1);

In the above structure, first wait operation is performed on chopstick[i]
and chopstick[ (i+1) % 5]. This means that the philosopher i has picked up
the chopsticks on his sides. Then the eating function is performed.

After that, signal operation is performed on chopstick[i] and chopstick|
(i+1) % 5]. This means that the philosopher i has eaten and put down the
chopsticks on his sides. Then the philosopher goes back to thinking.

The above solution makes sure that no two neighboring philosophers can
eat at the same time. But this solution can lead to a deadlock. This may
happen if all the philosophers pick their left chopstick simultaneously.
Then none of them can eat and deadlock occurs.

Some of the ways to avoid deadlock are

e There should be at most four philosophers on the table.

e An even philosopher should pick the right chopstick and then the left
chopstick while an odd philosopher should pick the left chopstick and then
the right chopstick.

o A philosopher should only be allowed to pick their chopstick if both are
available at the same time.
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