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Abstract— An Operating System (OS) is an interface 

between computer user and computer hardware. It is 

software which performs all the basic tasks like file 

management, memory management, process management, 

handling input and output, and controlling peripheral 

devices such as disk drives and printers. Operating System 

primarily provides services for running applications on a 

computer system. The primary need for the OS arises from 

the fact that user needs to be provided with services and OS 

ought to facilitate the provisioning of these services. The 

central part of a computer system is a processing engine 

called CPU. A system should make it possible for a user’s 

application to use the processing unit. A user application 

would need to store information. The OS makes memory 

available to an application when required. Similarly, user 

applications need use of input facility to communicate with 

the application. In this paper we have discussed about 

execution of concurrent programming problems and 

increasing the reliability and efficiency of this programs 

using synchronization primitive tool called the semaphore 

with various applications. It is an integer valued variable 

which can take only non- negative values. It uses two 

operators called Wait(s) and Signal(s).Wait(s) If S>0 then 

S:=S-1 Else suspend the execution. Signal(S) If there are 

processes that have been suspended on this semaphore wake 

one of them else S:=S+1. 
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I. INTRODUCTION 

A semaphore is a synchronisation tool to execute the critical 

section one by one. A semaphore is a non-negative integer 

with two access primitives, called P(wait) in Fig 2 and 

v(signal) in Fig 3operations, which are the only way for 

processes or threads to access the semaphore. The V 

operation is to increment the value of the semaphore by 1 

and the P operation is to decrement the value of the 

semaphore by 1 as soon as the resulting value would be non-

negative. The two operations are indivisible or atomic. For 

the V operation to be indivisible its execution must not be 

interrupted by any P or V operations executed by other 

processes on the same semaphore. For the P operation, there 

are two separate execution branches based on the condition 

to be checked. In Fig 1 is indicates the pictorial 

representation of synchronization problems. 

 
Fig. 1: Classification of synchronization problems 

A. Implementation of p(wait)operation: 

 
Fig. 2: wait operation 

 
Fig. 3: Signal Operation 
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II. CLASSICAL SYNCHRONIZATION PROBLEM 

A. Reader’s writers problem: 

 It is a synchronisation problem that ,when a writer is 

accessing a shared object  no other readers or writers 

should access the same object 

 Two or more readers can access the shared object at a 

time 

1) Variables: 

 Here two semaphores read and write ,both are 

initialised to 1 

 The integer variable count initialised to 0 

B. Functions of Semaphores: 

The count variable is used to count the number of readers 

currently reading 

 Enters or exits the critical section the count is updated. 

 The read semaphore is used to provide mutual exclusion 

to the readers when count is being updated 

 The write semaphore is used to provide mutual 

exclusion to the writers, it is accessed by all the writers 

and only the first or last reader that enters or exits its 

critical section 

C. Structure of Reader Process: 

Wait(read); 

Count++; 

If(count==1) 

Wait(write); 

Signal(read); 

…… 

Reading contents of shared object 

…… 

Wait(read); 

Count--; 

If(count==0) 

Signal(write); 

Signal(read); 

Structure of Writer Process:  

Wait(write); 

… 

Updating the shared object 

… 

Signal(write); 

D. Explanation: 

1) Readers: 

 In Fig 4. the mutual exclusion for readers is provided 

and reader is allowed to access the shared object. 

 The count for readers is incremented or updated. 

 If it is the 1st reader then don’t allow any writers to 

access the shared object since it causes synchronization 

problem. 

 The mutual exclusion for other readers is provided and 

they can also access the shared object. 

 After accessing the shared object the count of readers is 

decremented accordingly as they leave. 

 If it is the only reader then give signal to exit. 

 
Fig. 4: Readers Problem 

2) Writers: 

 In Fig5, the mutual exclusion for writers is provided. 

 The writer can update the shared object. 

 The signal for writer is provided. 

 
Fig. 5: Writers Problem 

E. Dinning philosophers problem 

 In dinning philosophers problem each philosopher need 

two chopsticks to perform eating while there are only 5 

chopsticks and 5 philosophers are there 

 A solution to this problem is to represent each chopstick 

as a semaphore and philosopher grab or release the 

chopsticks by executing the wait and signal operations 

is shown in Fig 6. 

1) Variables 

We use an array chopstick of size 5where each one is 

initialised to 1 

STRUCTURE OF CODE FOR PHILOSOPHER I IS 

Do 

{ 

…. 

Thinking 

… 

Wait(chopstick[i]); 

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

…. 

Eating 

…… 

Signal(chopstick[i]); 

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

….. 

Thinking 

…… 

}while(1); 
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Fig. 6: Dinning Philosophers Problem 

2) Explanation: 

 The solution ensures that no two neighbours are eating 

at the same time  

 Suppose all the philosophers attempt to grab the 

chopstick at the same time then number of chopstick 

available is 0 

 So each philosopher must either pick both the chopstick 

and no chopstick at all 

F. Producer Consumer Problem: 

 There will be a common buffer in which both producer 

and consumer can access the buffer 

 The producer can produce until the buffer is full 

 The consumer can consume until the buffer is empty is 

represented in Fig 7. 

 
Fig. 7: Producer Consumer Problem 

1) Variables: 

 The mutex semaphore is initialised to 1 which is used to 

provide the producer and consumer processes the 

mutually exclusive access to the buffer. 

 This semaphore ensures that exactly one process either 

consumer or producer must access the common buffer 

at a time. 

 The full semaphore is initialised to 0,is used to count 

the number of full buffers this semaphore ensure that 

producer stop producing  when buffer is full. 

 The empty semaphore is initialised to size value is used 

to count the number of empty buffers it ensures that the 

consumer stop consuming when buffer is empty. 

a) Structure of Producer Process: 

Do 

[ 

Item-produced =produce-item(); 

Wait(empty); 

Wait(mutex); 

Buffer[in]=item-produced; 

In=(in+1)%size; 

Signal(mutex); 

Signal(full); 

}while(1); 

b) Structure of Consumer Process: 

Do 

{ 

Wait(full); 

Wait(mutex); 

Item-consumed=buffer[out]; 

Out=(out+1)%size; 

Signal(mutex); 

Signal(empty); 

}while(1); 

G. Explanation: 

1) Producer: 

 The mutual exclusion for the producer for accessing 

the1st empty buffer is produced 

 The item produced is placed into the buffer pointer in 

 Then the pointer in is incremented by 1 

 After all the buffers are filled then the signal for exiting 

of the producer is given 

2) Consumer: 

 The mutual exclusion for the consumer for accessing 

the 1st full buffer is provided 

 The item is consumed from the buffer pointer out 

 The out pointer is incremented by 1 

 After consuming from all the buffers then the signal for 

consumers is given to go out 

H. Barber Shop Problem: 

 This problem consists of  a single barber with single 

access seat and many customers to approach the barber 

 At a time only one customer can occupy the access seat 

and other customers must wait in the waiting free seats 

1) Variables: 

 The two semaphores customer and barber are initialized 

to 0 

 The semaphore mutex access seat is initialized to 1 

 The integer n denotes the number of free waiting seats 

2) Functions: 

 When the semaphore barber or access seat is initialized 

to 0 means then the barber or access seat is available 

 When initialised to 1 means then the barber and the 

access seat is not available 

a) Structure for Barber: 

While(1) 

{ 

Wait(customer); 

Wait(access seats); 

Number of free seats++; 

Signal(barber); 

Signal(access seats); 

} 

While(1) 

b) Structure of Customers: 

While(1) 

{Wait(access seats); 
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If(number of free seats >0) 

{ 

Number of free seats --; 

Signal(customers); 

Signal(access seats); 

Wait(barber); 

}Else 

{Signal(access seats); 

Go out; 

}}While(1) 

I. Explanation: 

1) Barber: 

 The first customer is allowed to access the access seat.  

 Then the number of free seats is incremented by 1. 

 After completing the signal to leave the access seat is 

given. 

2) Customer: 

 In Fig 8, if there is a seat in waiting free seats then the 

customer is allowed to access it. 

 The number of free seats is decremented by 1. 

 Then they are allowed to access the barber 

 If there is no free waiting seats the customer is given 

the signal to go out Semaphores are a convenient 

mechanism for implementing this, because they 

remember what elements are on the table. 

 
Fig. 8: Barber Shop Problem 

J. Cigarette Smokers Problem: 

1) Variables: 

SemaphoreTobaccoAndPaper = 0; 

SempahorePaperAndMatches = 0; 

SemaphoreMatchesAndTobacco = 0; 

SempaphoreDoneSmoking = 1; 

2) Structure of Code: 

Voidagent()  

{ 

wait(DoneSmoking); 

int r =rand %3; 

switch(r){ 

case0:signal(TobaccoAndPaper); 

break; 

case1:signal(PaperAndMatches); 

break; 

case2:signal(MatchesAndTobacco); 

break; 

}} 

voidSmokerA() 

{ 

while(true){ 

wait(TobaccoAndPaper); 

smoke(); 

signal (DoneSmoking) 

 The combinations are 1.tobacco and paper 2. Paper and 

matches 3.matches and tobacco. 

 The agent must wait for 2 ingredients 

 After the signal that we are done smoking so that the 

next in Fig 9. 

 
Fig. 9: Cigarette Smokers Problem 

III. LESS CLASSICAL SYNCHRONIZATION PROBLEM 

 In this problem there are two types of threads namely 

oxygen and hydrogen we need two hydrogen threads 

and one oxygen thread to form a water molecule 

 In order to create a complete water molecule we have to 

create a barrier such that each thread should wait until  

a complete water molecule is ready to proceed 

 If an oxygen thread arrives at the barrier when no 

hydrogen threads are present then it has to wait for two 

hydrogen threads. 

 If a hydrogen thread arrives at the barrier and no other 

threads are present then it has to wait for an oxygen 

thread and a hydrogen is shown in Fig 10. 

A. Building H2O: 

1) Variables: 

mutex = Semaphore (1) ; 

 oxygen = 0 ; 

 hydrogen = 0 ; 

 barrier = Barrier (3) ; 

 oxyQueue = Semaphore (0);  

 hydroQueue = Semaphore (0); 

oxygen code: 

mutex . wait ()  

 oxygen += 1 3; 

 if hydrogen >= 2 

hydroQueue . signal (2) ;  

hydrogen -= 2 ; 

 oxyQueue . signal () ; 

 oxygen -= 1;  

 else : mutex . signal () ; 

 oxyQueue . wait (;)  
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bond () ; 

 barrier . wait () ; 

mutex . signal (); 

2) hyrogens code: 

mutex . wait () ; 

 hydrogen += 1 ; 

 if hydrogen >= 2 and oxygen >= 1  

hydroQueue . signal (2) ; 

 hydrogen -= 2 ; 

 oxyQueue . signal ();  

 oxygen -= 1 ; 

else :  

mutex . signal () ; 

hydroQueue . wait () ; 

 bond () ; 

 barrier . wait (); 

 
Fig. 10: Building H2O 

B. River Crossing Problem: 

 In Fig 11, there is a rowboat to cross the river 

 There are two types of people hackers and employees 

waiting for the boat to cross the river 

 In order for safety purpose only four members are 

allowed to get into the boat at a time 

 Among that four neither one  hacker and others 

employees nor one  employee and three hackers 

combination is not allowed while all other combinations 

are safe allowed 

1) variables: 

barrier = Barrier (4) ; 

mutex = Semaphore (1) ; 

hackers = 0 ; 

serfs = 0 ; 

hackerQueue = Semaphore (0) ; 

serfQueue = Semaphore (0);  

local isCaptain = False; 

 
Fig.11: River Crossing Problem 

IV. NOT SO CLASSICAL PROBLEMS 

A. Baboon Crossing Problem: 

 In Fig 12, there is a deep canyon  and a single rope that 

spans the canyon 

 Baboons can cross the canyon by swinging hand over 

hand on the rope 

 But two baboons swinging in the opposite directions 

meet in the middle they will fight and lead to death 

 
Fig. 12: Baboon Crossing Problem 

 Further the rope is only strong   enough to hold only 5 

baboons 

 If there are more than 5 baboons then the rope will 

break 

 The solution is once a baboon has begun to cross it is 

guaranteed to get the other side without running into a 

baboon going on the other way there are never more 

than 5 baboon 

B. Modus Hall Problem: 

 After a heavy snowfall they created a trench like path 

for the people to walk through the snow 

 But the path is not so wide that we should not allow two 

peoples to walk at side by side 

 Similarly two of them should not cross the path at a 

time 

 Majority of people to walk in one directions are allowed 

to walk one by one and people to walk in other 

direction must wait in queue until they achieve majority 

is shown in Fig13. 

1) Variables: 

heathens = 0;  

prudes = 0;  

status = ’ neutral ’;  

mutex = Semaphore (1) ; 

heathenTurn = Semaphore (1) ; 

prudeTurn = Semaphore (1)  ; 

heathenQueue = Semaphore (0) ; 

prudeQueue = Semaphore (0); 
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Fig. 13: Modus Hall Problem 

V. NOT REMOTELY CLASSICAL PROBLEM 

A. The Child Care Problem: 

 At the child care center there is a regulation that 

there must be one adult  for every three children 

Suppose that there are three children and two adults 

then either adult should be able to 

 leave if both of the adults plan to leave at the same 

time then it creates problem and they must plan in 

such a manner that either of them should be 

available 

1) Variables: 

children = adults = waiting = leaving = 0 ; 

mutex = Semaphore (1) ; 

 childQueue = Semaphore (0) ;  

adultQueue = Semaphore (0); 

child code: 

mutex . wait () ; 

 if children < 3 * adults  

 children ++ ; 

 mutex . signal () ; 

 else  

waiting ++ ;  

mutex . signal () ; 

 childQueue . wait () ; 

 # critical section  

 mutex . wait () ; 

 children – ; 

 if leaving and children <= 3 * ( adults -1)  

 leaving – ; 

 adults – ; 

 adultQueue . signal ()mutex . signal (); 

adults code 

mutex . wait () ; 

 adults ++ ; 

if waiting   

 n = min (3 , waiting );  

 childQueue . signal (n) ; 

 waiting -= n ; 

 children += n ; 

 mutex . signal () ; 

 # critical section  

mutex . wait () ; 

 if children <= 3 * ( adults -1)  

 adults – ; 

 mutex . signal () ; 

else  

 leaving ++ ; 

 mutex . signal ()  ; 

adultQueue . wait (); 

B. Room Party Problem: 

 This problem is between the students and dean of the 

students 

 Any number of students can be in the room at the same 

time 

 The dean of the students can enter the room only when 

no students are in the room(to conduct a search)or more 

than 50 students available in the room(to break up the 

party) 

 While the dean is in the room then no additional 

students must enter the room but the students can leave 

the room 

 The dean cannot leave the room until all the students 

have left 

 But there is only one dean and multiple students 

available 

 So either the dean has to wait until 50 students are 

available or he has to not enter the room if number of 

students is between 1 to 49 

1) Variables: 

 students = 0 ; 

 dean = ’ not here ’ ; 

 mutex = Semaphore (1) ; 

 turn = Semaphore (1);  

 clear = Semaphore (0) ;  

 lieIn = Semaphore (0); 

 code of dean: 

mutex . wait () ; 

 if students > 0 and students < 50  

 dean = ’ waiting ’ ; 

 mutex . signal () ; 

lieIn . wait (); # and get mutex from the student .  

 # students must be 0 or >= 50  

if students >= 50 

 dean = ’in the room ’  ; 

breakup () ; 

 turn . wait (); # lock the turnstile  

 mutex . signal () ; 

 clear . wait () # and get mutex from the student .  

 turn . signal (); # unlock the turnstile  

else  # students must be 0  

 search () ; 

 dean = ’ not here ’ ; 

 mutex . signal (); 

code for students: 

mutex . wait ();  

 if dean == ’ in the room ’ 

 mutex . signal () ; 

 turn . wait ();  

 turn . signal () ; 

mutex . wait () ;  

students += 1; 

if students == 50 and dean == ’ waiting ’ 

lieIn . signal ()  ;    # and pass mutex to the dean  

else   

mutex . signal () ; 

party () ; 

mutex . wait () ; 

students -= 1 1; 
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if students == 0 and dean == ’ waiting ’  

lieIn . signal (); # and pass mutex to the dean  

elseif students == 0 and dean == ’in the room ’ 

clear . signal ();l # and pass mutex to the dean  

else  

mutex . signal (); 

VI. CONCLUSION  

Operating Systems play an important role in system 

performance. It is a set of programs that manage computer 

hardware resources and provide common services for 

application software. One of the main issues in operating 

system is concurrent program executions. To recover these 

problems we have proposed the synchronization tool called 

semaphore. In future we have proposed to solve the same 

problems using one more synchronization tool called 

Monitor. 
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