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Syllabus

UNIT I   OVERVIEW AND PROCESS MANAGEMENT       9

Introduction - Computer System Organization, Architecture, Operation, Process Management – Memory Management – Storage Management – 

Operating System – Process concept – Process scheduling – Operations on processes – Cooperating processes – Inter process communication. Threads - 

Multi-threading Models – Threading issues.

UNIT II   PROCESS SCHEDULING AND SYNCHRONIZATION     10

CPU Scheduling - Scheduling criteria – Scheduling algorithms – Multiple-processor scheduling – Real time scheduling – Algorithm Evaluation. Process 

Synchronization - The critical-section problem – Synchronization hardware – Semaphores – Classical problems of synchronization. Deadlock - System 

model – Deadlock characterization – Methods for handling deadlocks – Deadlock prevention – Deadlock avoidance – Deadlock detection – Recovery 

from deadlock.

UNIT III   MEMORY MANAGEMENT         9

Memory Management - Background – Swapping – Contiguous memory allocation – Paging – Segmentation – Segmentation with paging. Virtual 

Memory - Background – Demand paging – Process creation – Page replacement – Allocation of frames – Thrashing.

UNIT IV   FILE SYSTEMS          

 8

File concept - Access methods – Directory structure – Files System Mounting – File Sharing – Protection. File System Implementation - Directory 

implementation – Allocation methods – Free-space management.

UNIT V   I/O SYSTEMS           9

I/O Systems - I/O Hardware – Application I/O interface – Kernel I/O subsystem – Streams – Performance. Mass-Storage Structure: Disk scheduling – 

Disk management – Swap-space management – RAID – Disk attachment – Stable storage – Tertiary storage. Case study: Implementation of Distributed 

File system in Cloud OS / Mobile OS.
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CPU Scheduling

• Basic Concepts
• Scheduling Criteria 
• Scheduling Algorithms
• Multiple-Processor Scheduling
• Real-Time Scheduling
• Algorithm Evaluation
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Basic Concepts

• Maximum CPU utilization obtained with 
multiprogramming

• CPU–I/O Burst Cycle – Process execution consists of a 
cycle of CPU execution and I/O wait.

• CPU burst distribution
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Alternating Sequence of CPU And I/O Bursts
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Histogram of CPU-burst Times
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CPU Scheduler

• Selects from among the processes in memory that are 

ready to execute, and allocates the CPU to one of them.

• CPU scheduling decisions may take place when a 

process:

• 1. Switches from running to waiting state.

• 2. Switches from running to ready state.

• 3. Switches from waiting to ready.

• 4. Terminates.

• Scheduling under 1 and 4 is nonpreemptive.

• All other scheduling is preemptive.
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Dispatcher

• Dispatcher module gives control of the CPU to the 

process selected by the short-term scheduler; this 

involves:

• switching context

• switching to user mode

• jumping to the proper location in the user program to 

restart that program

• Dispatch latency – time it takes for the dispatcher to stop 

one process and start another running.
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Scheduling Criteria

• CPU utilization – keep the CPU as busy as possible

• Throughput – # of processes that complete their execution 

per time unit

• Turnaround time – amount of time to execute a particular 

process

• Waiting time – amount of time a process has been waiting 

in the ready queue

• Response time – amount of time it takes from when a 

request was submitted until the first response is produced, 

not output  (for time-sharing environment)
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Optimization Criteria

• Max CPU utilization

• Max throughput

• Min turnaround time 

• Min waiting time 

• Min response time
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First-Come, First-Served (FCFS) Scheduling

•   Process Burst Time 

•   P1 24

•    P2 3

•    P3  3 

• Suppose that the processes arrive in the order: P1 , P2 , P3  

The Gantt Chart for the schedule is:

• Waiting time for P1  = 0; P2  = 24; P3 = 27

• Average waiting time:  (0 + 24 + 27)/3 = 17

P1 P2 P3

24 27 300
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FCFS Scheduling (Cont.)

• Suppose that the processes arrive in the order

•    P2 , P3 , P1 .

• The Gantt chart for the schedule is:

• Waiting time for P1 = 6; P2 = 0; P3 = 3

• Average waiting time:   (6 + 0 + 3)/3 = 3

• Much better than previous case.

• Convoy effect short process behind long process

P1P3P2

63 300
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Shortest-Job-First (SJR) Scheduling

• Associate with each process the length of its next CPU burst.  Use 

these lengths to schedule the process with the shortest time.

• Two schemes: 

• nonpreemptive – once CPU given to the process it cannot be 

preempted until completes its CPU burst.

• preemptive – if a new process arrives with CPU burst length less 

than remaining time of current executing process, preempt.  This 

scheme is know as the Shortest-Remaining-Time-First (SRTF).

• SJF is optimal – gives minimum average waiting time for a given set 

of processes.
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Example of Non-Preemptive SJF

•   Process Arrival Time Burst Time

•   P1 0.0 7

•    P2 2.0 4

•    P3 4.0 1

•    P4 5.0 4

• SJF (non-preemptive)

• Average waiting time = (0 + 6 + 3 + 7)/4 - 4

P1 P3 P2

73 160

P4

8 12
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Example of Preemptive SJF

ProcessArrival Time Burst Time

  P1 0.0 7

   P2 2.0 4

   P3 4.0 1

   P4 5.0 4

SJF (preemptive)

Average waiting time = (9 + 1 + 0 +2)/4 - 3

P1 P3P2

42
110

P4

5 7

P2 P1

16
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