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	Answer one from each Either-Or type of Question. 
Each Question carries 10 Marks     ( 3 × 10M = 30M)

	1    a)
 
	List the different types of system calls provided by Operating System and provide an example for each type.
Process Control
Used to create, terminate, or manage processes.
Example: fork() (creates a new process).
File Management
Deals with file operations like creation, deletion, reading, and writing.
Example: open(), read(), write().
Device Management
Used to request and release devices, or perform I/O operations.
Example: ioctl() (control device), read() from a device.
Information Maintenance
Provides system information or sets attributes.
Example: getpid() (get process ID), alarm().
Communication
Enables inter-process communication (IPC) through message passing or shared memory.
Example: pipe(), shmget() (shared memory allocation).
Protection
Ensures access rights and permissions for resources.
Example: chmod() (change file permissions).

	      b)
	Assume the Operating System supports two modes of operation user and kernel mode. Consider the following C program 
1. #include<stdio.h>
2. #include<stdlib.h>
3. int main(int argc , char *argv[]){
4.               int *p= malloc(sizeof(int)* 5);
5.               read_element(p);
6.               for(int i=0;i<5;i++)
7.                    printf(“%d\t”, *(p+i));
8.                return 0;
9. }
10. void read_element(int *p){
11.              for(int i=0;i<n;i++)
12.                     scanf(“%d”,(p+i));
13. }
When the user is executing the above program, identify the places (line numbers) in the program that a mode switch takes place from user mode to kernel mode.


Line 4: malloc(sizeof(int)*5); → Internally, malloc() may invoke system calls (like brk() or mmap()) to request memory from the OS. This causes a switch to kernel mode.
Line 12: scanf("%d",(p+i)); → scanf() uses system calls (like read()) to get input from the keyboard. This also triggers a switch to kernel mode.
Line 7: printf("%d\t", *(p+i)); → printf() eventually calls system calls (like write()) to send output to the terminal. This again causes a switch to kernel mode.

	

	2.   
	List and explain the services provided by the Operating system from user and system perspective
Services from the User Perspective
These services make the computer convenient and efficient for users:
User Interface → Provides CLI (Command Line Interface) or GUI (Graphical User Interface) for interaction.
Program Execution → Loads programs into memory and runs them.
File System Manipulation → Allows creation, deletion, reading, and writing of files.
I/O Operations → Handles input from devices (keyboard, mouse) and output to devices (monitor, printer).
Communication → Enables inter-process communication (IPC) via message passing or shared memory.
Error Detection → Identifies and reports errors in hardware or software.
Security & Protection → Ensures authorized access and protects data. 
Services from the System Perspective
These services help the OS manage resources and maintain efficiency:
Resource Allocation → Distributes CPU, memory, and I/O devices among processes.
Accounting → Keeps track of resource usage (CPU time, memory, I/O operations).
Protection → Prevents unauthorized access to resources and ensures process isolation.
Scheduling → Decides the order in which processes run for optimal performance.
System Monitoring → Tracks system performance and logs activities. 

	

	3. 
	Consider a system running ten I/O-bound tasks and one CPU-bound task. Assume that the I/O-bound tasks issue an I/O operation once for every millisecond of CPU computing and that each I/O operation takes 10 milliseconds to complete. Also assume that the context-switching overhead is 0.1millisecond and that all processes are long-running tasks. Describe the CPU utilization for a round-robin scheduler when: 
a. The time quantum is 1 millisecond 
b. The time quantum is 10 milliseconds

10 I/O-bound tasks → Each uses 1 ms CPU, then issues an I/O taking 10 ms.
1 CPU-bound task → Always ready to use CPU.
Context switch overhead = 0.1 ms.
Round-robin scheduling.
Time Quantum = 1 ms
· Each I/O-bound task runs for 1 ms, then immediately requests I/O (blocking for 10 ms).
· After each 1 ms slice, a context switch (0.1 ms) occurs.
· So, CPU executes 1 ms, then wastes 0.1 ms switching.
· For 10 I/O-bound tasks: 
· They all quickly go to I/O after their 1 ms slice.
· CPU-bound task then gets CPU continuously.
· CPU utilization: 
· CPU is busy almost all the time (since CPU-bound task is always ready).
· But overhead is significant: every 1 ms of useful work → 0.1 ms lost.
· Utilization ≈ 1/(1+0.1) = 90.9%.
Time Quantum = 10 ms
Each I/O-bound task only needs 1 ms CPU, but scheduler gives them 10 ms quantum.
They run for 1 ms, then block for I/O → CPU idle for remaining 9 ms of that quantum.
Context switch overhead still 0.1 ms, but happens less frequently.
CPU-bound task runs for full 10 ms slices, keeping CPU busy.
CPU utilization: 
When I/O-bound tasks are scheduled, CPU wastes ~9 ms each time.
With 10 I/O-bound tasks, that’s a lot of idle time.
Utilization drops significantly compared to case (a).
 (a) Time quantum = 1 ms → CPU utilization ≈ 90% (high, but overhead heavy).
(b) Time quantum = 10 ms → CPU utilization much lower due to wasted time when I/O-bound tasks block early.
This illustrates the classic trade-off: small quantum → high utilization but more overhead; large quantum → less overhead but poor utilization with I/O-bound tasks.

	

	4. 
	Consider the following set of processes, with the length of the CPU burst time and arrival time given in milliseconds:
	Process
	Arrival time
	Burst time

	P1
	0
	3

	P2
	1
	1

	P3
	2
	2

	P4
	2
	8

	P5
	4
	4





a) Draw the Gantt chart for execution sequence of above process using 
i. First Come First Serve(FCFS)
ii. Shortest Job First(SJF) (non preemptive)
iii. Shortest Remaining Time First (SRTF) or premptive-SJF 
b) Find the average waiting time and average turnaround time for FCFS, SJF, SRTF algorithms.

[bookmark: _GoBack](a) Gantt Charts
i) FCFS (First Come First Serve)
· Order: P1 → P2 → P3 → P4 → P5
· Gantt Chart:
0    3    4    6   14   18
| P1 | P2 | P3 | P4 | P5 |

ii) SJF (Non-preemptive)
· At time 0: P1 (3 ms).
· At time 3: P2 (1 ms), P3 (2 ms), P4 (8 ms) are ready → shortest is P2.
· Next: P3 (2 ms).
· Then: P5 (4 ms).
· Finally: P4 (8 ms).
· Gantt Chart:
0    3    4    6   10    18
| P1 | P2 | P3 | P5 | P4 |
iii) SRTF (Preemptive SJF)
· At time 0: P1 starts.
· At time 1: P2 arrives (shorter burst → preempts).
· At time 2: P3 and P4 arrive. P3 (2 ms) is shortest.
· After P3 finishes, P1 resumes (remaining 2 ms).
· At time 6: P5 arrives (4 ms). Compare with P4 (8 ms) → P5 runs first.
· Finally P4 runs.
· Gantt Chart:
0    1    2    4    6    10   18
| P1 | P2 | P3 | P1 | P5 | P4 |

(b) Average Waiting Time (WT) and Turnaround Time (TAT)
FCFS
· P1: WT = 0, TAT = 3
· P2: WT = 2, TAT = 3
· P3: WT = 2, TAT = 4
· P4: WT = 4, TAT = 12
· P5: WT = 10, TAT = 14
· Avg WT = (0+2+2+4+10)/5 = 3.6 ms
· Avg TAT = (3+3+4+12+14)/5 = 7.2 ms
SJF (Non-preemptive)
· P1: WT = 0, TAT = 3
· P2: WT = 2, TAT = 3
· P3: WT = 2, TAT = 4
· P5: WT = 2, TAT = 6
· P4: WT = 8, TAT = 16
· Avg WT = (0+2+2+2+8)/5 = 2.8 ms
· Avg TAT = (3+3+4+6+16)/5 = 6.4 ms
SRTF (Preemptive SJF)
· P1: WT = 3, TAT = 6
· P2: WT = 0, TAT = 1
· P3: WT = 0, TAT = 2
· P5: WT = 2, TAT = 6
· P4: WT = 8, TAT = 16
· Avg WT = (3+0+0+2+8)/5 = 2.6 ms
· Avg TAT = (6+1+2+6+16)/5 = 6.2 ms

	Algorithm
	Avg Waiting Time
	Avg Turnaround Time

	FCFS
	3.6 ms
	7.2 ms

	SJF
	2.8 ms
	6.4 ms

	SRTF
	2.6 ms
	6.2 ms




	

	5 a)
	Demonstarate the different computing environments that operating system operates with suitable example.

Traditional Computing
Mobile Computing
Client–Server Computing
Peer-to-Peer Computing
Cloud Computing
Real-Time Embedded Systems

	  b)
	i)What are the issues to be considered for design and implementation of Operating system? 
The requirements can, however, be divided into two basic groups: user goals and system goals.

ii) Why is the separation of mechanism and policy desirable?

One important principle is the separation of policy from mechanism. 
Mechanisms determine how to do something; policies determine what will be done.

	

	6  a)
	Consider the following set of processes with burst time and arrival time given in milliseconds	
	Process
	Arrival time
	Burst time

	P1
	0
	4

	P2
	1
	3

	P3
	2
	2

	P4
	3
	4

	P5
	4
	4






1) Apply the following algorithms 
i. RR with time quantum(q) 2 milliseconds and 
ii. RR with time quantum(q) 5 milliseconds.
2) Find which of the above mentioned algorithms are best for the above set of process and give appropriate reason for it. Mention the parameters used to choose best for the scenario.

i) RR with Time Quantum = 2 ms
· Execution order (with arrivals considered):
0-2: P1 (remaining 2)  
2-4: P2 (remaining 1)  
4-6: P3 (finished)  
6-8: P4 (remaining 2)  
8-10: P5 (remaining 2)  
10-12: P1 (finished)  
12-13: P2 (finished)  
13-15: P4 (finished)  
15-17: P5 (finished)
· Completion Times (CT):
· P1 = 12, P2 = 13, P3 = 6, P4 = 15, P5 = 17
· Turnaround Time (TAT = CT – AT):
· P1 = 12–0 = 12
· P2 = 13–1 = 12
· P3 = 6–2 = 4
· P4 = 15–3 = 12
· P5 = 17–4 = 13
· Waiting Time (WT = TAT – BT):
· P1 = 12–4 = 8
· P2 = 12–3 = 9
· P3 = 4–2 = 2
· P4 = 12–4 = 8
· P5 = 13–4 = 9
· Averages:
· Avg WT = (8+9+2+8+9)/5 = 7.2 ms
· Avg TAT = (12+12+4+12+13)/5 = 10.6 ms
ii) RR with Time Quantum = 5 ms
· Execution order:
0-4: P1 (finished)  
4-7: P2 (finished)  
7-9: P3 (finished)  
9-13: P4 (finished)  
13-17: P5 (finished)
· Completion Times (CT):
· P1 = 4, P2 = 7, P3 = 9, P4 = 13, P5 = 17
· Turnaround Time (TAT = CT – AT):
· P1 = 4–0 = 4
· P2 = 7–1 = 6
· P3 = 9–2 = 7
· P4 = 13–3 = 10
· P5 = 17–4 = 13
· Waiting Time (WT = TAT – BT):
· P1 = 4–4 = 0
· P2 = 6–3 = 3
· P3 = 7–2 = 5
· P4 = 10–4 = 6
· P5 = 13–4 = 9
· Averages:
· Avg WT = (0+3+5+6+9)/5 = 4.6 ms
· Avg TAT = (4+6+7+10+13)/5 = 8 ms
Best Algorithm & Reason
· RR with q = 2 ms → Higher responsiveness (fairer sharing), but higher waiting and turnaround times due to frequent context switches.
· RR with q = 5 ms → Lower average waiting time (4.6 ms vs 7.2 ms) and turnaround time (8 ms vs 10.6 ms). Less overhead, better efficiency.
Best Choice: RR with time quantum = 5 ms
· Reason: It reduces waiting and turnaround times, minimizes context-switch overhead, and improves overall CPU utilization.
Parameters considered: Average Waiting Time, Average Turnaround Time, Context-switch overhead, Responsiveness.

	    b)
	What is user-level and kernel-level thread? Compare and contrast many-to-many and one-to-one multithreaded models.
User-Level Threads (ULT)
· Definition: Managed entirely by a user-level thread library, not by the OS kernel.
· Characteristics: 
· Faster to create and manage (no kernel involvement).
· Scheduling is done in user space.
· If one thread makes a blocking system call, the entire process may block.
· Example: POSIX Pthreads implemented in user space. 
Kernel-Level Threads (KLT)
· Definition: Managed and scheduled directly by the operating system kernel.
· Characteristics: 
· True parallelism on multiprocessor systems.
· Kernel handles scheduling and synchronization.
· More overhead due to kernel involvement.
· Example: Windows threads, Linux kernel threads. 
Comparison of Multithreaded Models
	Model
	Description
	Advantages
	Disadvantages
	Example

	One-to-One
	Each user thread maps to one kernel thread.
	True concurrency, blocking of one thread doesn’t block others.
	Higher overhead, limited number of threads.
	Windows, Linux

	Many-to-Many
	Many user threads mapped to a smaller or equal number of kernel threads.
	Efficient resource use, scalable, flexible scheduling.
	Complex implementation, less common in practice.
	Solaris (older versions)


Key Contrast
One-to-One: Simpler, widely used, better performance on multiprocessors.
Many-to-Many: More flexible, but harder to implement and less common today.
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