Shortest Job First (SJF) Scheduling in OS

Shortest Job First is a Preemptive or Non-Preemptive algorithm. In the
shortest job first algorithm, the job having shortest or less burst time will
get the CPU first. It is the best approach to minimize the waiting time. It is
simple to implement in the batch operating system because in this CPU
time is known in advance.

Characteristics of Shortest Job First Scheduling
e SJF algorithm is helpful in batch operating where the waiting time
for job completion is not critical.
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e SJF improves the throughput of the process by ensuring that the
shorter jobs are executed first, thus the possibility of less turnaround
time.

e SJF enhances the output of the job by executing the process, which
Is having the shortest burst time.

Advantages of Shortest Job First (SJF) Scheduling
The advantages of Shortest Job First scheduling are:
e SJF is basically used for Long Term Scheduling.
e The average waiting time of Shortest Job First (SJF) is less than
the FCES (First-Come, First Serve) algorithm.
e For a particular set of processes, SJF provides the lowest average
waiting
¢ Interms of the average turnaround time, it is optimal.

Disadvantages of Shortest Job First (SJF) Scheduling
e |n SJF process completion time needs to be known earlier. Although
prediction is difficult.
e Sometimes the problem of starvation occurs in SJF.
¢ SJF needs the knowledge to know how long a process will run.
e |tis not easy to know the upcoming CPU request length.

Types of Shortest Job First (SJF) Scheduling
There are two types of Shortest Job First Scheduling.


https://en.wikipedia.org/wiki/Batch_processing
https://www.tutorialandexample.com/fcfs-first-come-first-serve-scheduling/

¢ Non-Preemptive SJF
e Preemptive SJF
If the processor knows the Burst time of the processes in advance, the
scheduling of the process can be implemented successfully. But
practically it's impossible.
When all the processes are available at the same time, then the Shortest
Job Scheduling algorithm becomes optimal.
e Non-Preemptive SJF: — In Non-Preemptive Scheduling, if a CPU is
allocated to the process, then the process will hold the CPU until the
process enters into the waiting state or terminated.

Example of Non-Preemptive SJF Scheduling:

In the following example, we have 4 processes with process Id PO, P1,
P2, and P3. The arrival time and burst time of the processes are given in
the following table.

Process ID Burst Time Arrival Time
PO 8 0
P1 6 1
P2 12 2
P3 10 3
Process ID Burst Time Arrival Time
PO 8 5
P1 5 0
P2 9 4
P3 2 1
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The waiting time and turnaround time are calculated with the help of the
following formula.
Waiting Time = Turnaround time — Burst Time

Turnaround Time = Completion time — Arrival time

Process waiting time:

PO= 16-8=8

P1=5-5=0

P2=12-9=3

P3=6-2=4

Average waiting time= 8+0+3+4/4

P0=21-5=16

P1=5-0=5

P2=16-4=12

P3=7-1=6

=15/4
=3.75
Process turnaround time:

Average turnaround time=16+5+12+6/4

Gantt Chart
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Example of Preemptive SJF Scheduling:



2. Consider the below processes available in the ready queue for
execution, with arrival time as 0O for all and given burst times.

Process Burst Time
P1 6
P2 8
P3 7
P4 3

verage waiting time: (0+3+16+49)/4 =7

With FCFS: (0+6+(6+8)+(6+8+7))/4 = 10.25




3. Consider the below processes available in the ready queue for
execution, with arrival time as Ofor all and given burst times.

PROCESS BURST TIME
P1 21
P2 3
P3 6
P4 2

In Shortest Job First Scheduling, the shortest Process is executed first.

Hence the GAMNTT chart will be following :

P4 | P2 P3

P1

0 2 b 1

Mow, the average waiting time will be = {0+ 2+ 5+ 11)/4=45ms

4. SJF (preemptive)

Process Arrival Time
P1 0

P2 2

P3 4

P4 5

Exec. Time

Average waitingtime=(9+1+0+2)/4=3

Average response time=(16+5+1+6)/4=7

32



Process Burst Time Arrival Time
P1 8 0
P2 4 1
P3 9 2
P4 5 3

Average waiting time: ((10-1)+(1-1)+(17-2)+(5-3))/4=6.5

Given the processes below draw a gantt chart for the execution if processes using
SJF and find waiting time as well as turn around time for each process.



P1 0 4

P1 is the first process to arrive in the ready queue with arrival time of 0 so it will
be executed first for complete 4ms.

Now, the process with the shortest burst time will be executed first. Since P3 has
the shortest burst time thus it will be executed for 1ms.

The next process with the shortest burst time is P4 which will execute for 2ms.
The next process with the shortest burst time is P2 so it will execute for 3ms.
Now, the last process P5 will be executed for 6ms.

The gantt chart for the table is:

Gantt Chart
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Non-Preemptive SJF
In non-preemptive scheduling, once the CPU cycle is allocated to process, the
process holds it till it reaches a waiting state or terminated.

Consider the following five processes each having its own unique burst time and
arrival time.

Process Queue Burst time Arrival time
P1 6 2
P2 2 5
P3 8 1
P4 3 0
P5 4 4

Example-1: Consider the following table of arrival time and burst time for five
processes P1, P2, P3, P4 and P5.

Process Burst Time Arrival Time



Process Burst Time Arrival Time

P1 6 ms 2ms
P2 2ms 5ms
P3 8 ms 1ms
P4 3ms 0 ms
P5 4 ms 4 ms

The Shortest Job First CPU Scheduling Algorithm will work on the basis of
steps as mentioned below:

At time =0,
« Process P4 arrives and starts executing

Initial Remaining
Time Arrival ~ Waiting  Execution  Burst Burst
Instance  Process Time Table Time Time Time
0-1ms P4 Oms 1ms 3ms 2ms

At time= 1,
o Process P3 arrives.
« But, as P4 has a shorter burst time. It will continue execution.
o Thus, P3 will wait till P4 gets executed.

Initial Remaining
Time Arrival  Waiting  Execution  Burst Burst
Instance  Process Time Table Time Time Time
P4 Oms 1ms 2ms 1ms

1-2ms P3 1ms P3 Oms 8ms 8ms



At time =2,
o Process P1 arrives with burst time = 6
o As the burst time of P1 is more than that of P4
o Thus, P4 will continue its execution.

Initial Remaining
Time Arrival  Waiting  Execution  Burst Burst
Instance  Process Time Table Time Time Time
p4 Oms 1ms ims Oms
P3 1ms Oms 8ms 8ms
2-3ms P1 2ms P3,P1 Oms 6ms 6ms

At time = 3,
« Process P4 will finish its execution.
o Then, the burst time of P3 and P1 is compared.
« Process P1 is executed because its burst time is less as compared to P3.

Initial Remaining
Time Arrival ~ Waiting  Execution  Burst Burst
Instance  Process Time Table Time Time Time
P3 1ms Oms 8ms 8ms
P3
3-4ms P1 2ms 1ms 6ms 5ms

At time = 4,
o Process P5 arrives.
o Then the burst time of P3, P5, and P1 is compared.
» Process P5 gets executed first among them because its burst time is lowest,
and process P1 is preempted.

Initial Remaining
Time Arrival  Waiting  Execution  Burst Burst
Instance  Process Time Table Time Time Time
P3 1ms Oms 8ms 8ms

P3,
4-5ms P1 2ms P1 Oms 5ms 5ms
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o Process P2 arrives.
« The burst time of all processes are compared,

« Process P2 gets executed as its burst time is lowest among all.
« Process P5 is preempted.
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« Process P2 will keep executing.
o It will execute till time = 8 as the burst time of P2 is 2ms
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« The process P2 finishes its execution.

« Then again the burst time of all remaining processes is compared.
o The Process P5 gets executed because its burst time is lesser than the others.

Initial
Time Arrival  Waiting  Execution  Burst
Instance  Process Time Table Time Time
P3 1ms Oms 8ms
P1 2ms Oms 5ms
7-10ms p5 4ms P3, P1 3ms 3ms
At time = 10,

o The process P5 will finish its execution.
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Burst
Time
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5ms

Oms

o Then the burst time of the remaining processes P1 and P3 is compared.

o Thus, process P1 is executed as its burst time is less than P3

Initial
Time Arrival  Waiting  Execution  Burst
Instance  Process Time Table Time Time
P3 1ms Oms 8ms
10-15ms P 4ms P3 4ms S5ms
At time = 15,
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« The process P1 finishes its execution and P3 is the only process left.

o P3 will start executing.

Initial
Time Arrival  Waiting  Execution  Burst
Instance  Process Time Table Time Time
15-23ms P3 ims 8ms 8ms
At time = 23,

o Process P3 will finish its execution.
« The overall execution of the processes will be as shown below:
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Time Arrival  Waiting
Instance  Process Time Table
P1 2ms P1
P5 4ms
P2 bms
P3 1ms
P1 2ms
7-10ms P5 4ms P3, P1
P3 1ms
10-15ms Pl Ams P3
15-23ms P3 ims

Gantt chart for above execution:

P4 P1 P5 P2
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e Turn Around time = Completion time — arrival time
o Waiting Time = Turn around time — burst time

Process  Completion Time  Turn Around Time

P1 15 15-2=13

P2 7 7-5=2

Waiting Time

13-6=7

2-2=0

Remaining
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Sms
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sms

8ms

P3

15 23



Process

P3

P4

P5

Now,

Completion Time  Turn Around Time  Waiting Time

23 23-1=22 22-8 =14
3 3-0=3 3-3=0
10 10-4 =6 6-4 =2

Average Turn around time=(13+2+22+ 3 +6)/5=9.2
Average waiting time=(7+0+ 14+ 0+ 2)/5=23/5=4.6
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