I) synch.c:
Define a semaphore structure similar to this:

struct semaphore {

 tas_lock_t lock;    /* test-and-set locks.  */

 int count;

 queue_t semaphore_queue;

 };

1- semaphore_create(): Allocates a new semaphore.

· Allocate memory for the semaphore.

· Assign an empty queue to the semaphore queue.

· Set the count to zero.

· Clear the lock.
2- semaphore_destroy(semaphore_t sem): Deallocate a semaphore.
· Just free the semaphore queue.

3- semaphore_initialize(semaphore_t sem, int cnt): Initialize the semaphore data structure.

· Check for the availability of the lock (Use the atomic_test_and_set function defined in machineprimitives.h).

· When available assign the cnt to the sem count.

· Clear the lock.

4- semaphore_P(semaphore_t sem): [similar to sim_wait()]
· Check for the availability of the lock (while (atomic_test_and_set(&sem -> lock) == 1);).

· Decrement the count.

· If count less than or equal to zero then suspends execution of the calling thread until the semaphore becomes available to the caller. (Append the minithread to the semaphore queue).
· If count is greater than zero then just returns to the caller. (use: atomic_clear(&sem -> lock); )
5- semaphore_V(semaphore_t sem): [similar to sim_post()]
· Check for the availability of the lock. 

· Increment the count.

· If the new count value is less than or equal to zero, makes the next thread waiting at the semaphore runnable.

· Clear the lock. 

II) Sample output of the barber shop problem:

Customer < 0 > Entering Waiting Room

Customer < 0 > Sitting in the barber's chair

<Barber> Ready

Customer < 1 > Entering Waiting Room

Customer < 2 > Entering Waiting Room

Customer < 3 > Entering Waiting Room

Customer < 4 > Entering Waiting Room

Customer < 5 > Entering Waiting Room

Customer < 6 > Entering Waiting Room

Customer < 7 > Entering Waiting Room

Customer < 8 > Entering Waiting Room

Customer < 9 > Entering Waiting Room

<--- < Barber> Cutting Hair --->

Customer < 0 > Getting up from the barber's chair

Customer < 0 > Leaving Waiting Room

Customer < 1 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber > Done Cutting Hair --->

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 1 > Getting up from the barber's chair

Customer < 1 > Leaving Waiting Room

Customer < 2 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 2 > Getting up from the barber's chair

Customer < 2 > Leaving Waiting Room

Customer < 3 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 3 > Getting up from the barber's chair

Customer < 3 > Leaving Waiting Room

Customer < 4 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 4 > Getting up from the barber's chair

Customer < 4 > Leaving Waiting Room

Customer < 5 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 5 > Getting up from the barber's chair

Customer < 5 > Leaving Waiting Room

Customer < 6 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 6 > Getting up from the barber's chair

Customer < 6 > Leaving Waiting Room

Customer < 7 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 7 > Getting up from the barber's chair

Customer < 7 > Leaving Waiting Room

Customer < 8 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

Customer < 8 > Getting up from the barber's chair

Customer < 8 > Leaving Waiting Room

Customer < 9 > Sitting in the barber's chair

<Barber> Ready

<--- < Barber> Cutting Hair --->

<--- < Barber > Done Cutting Hair --->

No more customers, going to sleep

Customer < 9 > Getting up from the barber's chair

Customer < 9 > Leaving Waiting Room

