[bookmark: _Toc500076507][bookmark: _GoBack]5.3.2 Shortest-Job-First Scheduling 
A different approach to CPU scheduling is the shortest-job-first (SJF) scheduling algorithm. This algorithm associates with each process the length of the process’s next CPU burst. When the CPU is available, it is assigned to the process that has the smallest next CPU burst. If the next CPU bursts of two processes are the same, FCFS scheduling is used to break the tie. Note that a more appropriate term for this scheduling method would be the shortest-next-CPU-burst algorithm, because scheduling depends on the length of the next CPU burst of a process, rather than its total length. We use the term SJF because it is the term most commonly used to refer to this type of scheduling. 
As an example of SJF scheduling, consider the following set of processes, with the length of the CPU burst given in milliseconds: 
[image: ]
Using SJF scheduling, we would schedule these processes according to the following Gantt chart: 
[image: ]
The waiting time is 3 milliseconds for process P1, 16 milliseconds for process P2, 9 milliseconds for process P3, and 0 milliseconds for process P4. Thus, the average waiting time is (3 + 16 + 9 + 0)/4 = 7 milliseconds. By comparison, if we were using the FCFS scheduling scheme, the average waiting time would be 10.25 milliseconds.
The SJF scheduling algorithm is provably optimal, in that it gives the minimum average waiting time for a given set of processes. Moving a short process before a long one decreases the waiting time of the short process more than it increases the waiting time of the long process. Consequently, the average waiting time decreases. 
The real difficulty with the SJF algorithm is knowing the length of the next CPU request. For long-term (job) scheduling in a batch system, we can use as the length the process time limit that a user specifies when he submits the job. Thus, users are motivated to estimate the process time limit accurately, since a lower value may mean faster response. (Too low a value will cause a time-limit-exceeded error and require resubmission.) SJF scheduling is used frequently in long-term scheduling. 
Unfortunately, the SJF algorithm cannot be implemented at the level of short-term CPU scheduling. With short-term scheduling, there is no way to know the length of the next CPU burst. One approach is to try to approximate SJF scheduling. We may not know the length of the next CPU burst, but we may be able to predict its value. We expect that the next CPU burst will be similar in length to the previous ones. By computing an approximation of the length of the next CPU burst, we can pick the process with the shortest predicted CPU burst. 
[image: ] [image: ]
The next CPU burst is generally predicted as an exponential average of the measured lengths of previous CPU bursts. We can define the exponential average with the following formula. Let tn be the length of the nth CPU burst, and let n+1 be our predicted value for the next CPU burst. Then, for , 0 ≤ ≤ 1, define 
n+1 = tn +(1− ) n. 
The value of tn contains our most recent information;  n stores the past history. The parameter controls the relative weight of recent and past history in our prediction. If α = 0, then τn+1 = τn , and recent history has no effect (current conditions are assumed to be transient). α = 1, then τn+1 = tn, and only the most recent CPU burst matters (history is assumed to be old and irrelevant). More commonly, α = 1/2 , so recent history and past history are equally weighted. The initial 0 can be defined as a constant or as an overall system average. Figure 5.3 shows an exponential average with α = 1/2 and τ0 = 10. 
To understand the behavior of the exponential average, we can expand the formula for τn+1 by substituting for τn, to find 
τn+1 = αtn + (1 − α)αtn−1 + ⋯ + (1 − α)jαtn−j + ⋯ + (1 − α)n+1τ0. 
Since both α and (1 − α) are less than or equal to 1, each successive term has less weight than its predecessor. 
The SJF algorithm can be either preemptive or nonpreemptive. The choice arises when a new process arrives at the ready queue while a previous process is still executing. The next CPU burst of the newly arrived process may be shorter time 

[image: ] 

Figure 5.3 Predicting the length of the next CPU burst. 
than what is left of the currently executing process. A preemptive SJF algorithm will preempt the currently executing process, whereas a nonpreemptive SJF algorithm will allow the currently running process to finish its CPU burst. Preemptive SJF scheduling is sometimes called shortest-remaining-time-first scheduling. 
As an example, consider the following four processes, with the length of the CPU burst given in milliseconds: 
Process Arrival Time Burst Time 
P1 0 8 P2 1 4 P3 2 9 P4 3 5 
If the processes arrive at the ready queue at the times shown and need the indicated burst times, then the resulting preemptive SJF schedule is as depicted in the following Gantt chart: 
[image: ]Process P1 is started at time 0, since it is the only process in the queue. Process P2 arrives at time 1. The remaining time for process P1 (7 milliseconds) is larger than the time required by process P2 (4 milliseconds), so process P1 is preempted, and process P2 is scheduled. The average waiting time for this example is [(10 − 1) + (1 − 1) + (17 − 2) + (5 − 3)]/4 = 26/4 = 6.5 milliseconds. Nonpreemptive SJF scheduling would result in an average waiting time of 7.75 milliseconds.
image1.emf
Process Burst Time

Py 6
P, 8
P; 7
Py 3









190 Chapter 5 CPU Scheduling that has the smallest nextCPUburst.IfthenextCPUbursts of two pr ocesses ar e the same, FCFS schedulingisusedtobreakthetie.Note that a mor e appr opriate term for this scheduling methodwouldbetheshortest-next- CPU -burst algorithm, because scheduling d ependsonthelengthofthenext CPU burst of a pr ocess, rather than its total length.WeusethetermSJFbecause most people and textbooks use this term torefertothistypeofscheduling. As an example of SJFscheduling,considerthefollowing set of pr ocesses, with the length of the CPUburstgiveninmilliseconds: Process BurstTime

P

1

6

P

2

8

P

3

7

P

4

3

Using

SJF

scheduling,

we

wouldscheduletheseprocesses accor ding to the

following Gantt chart:

P

3

P

2

P

4

P

1

24 16 9 03

The waiting time is 3 millisecondsforprocess

P

1

,16 m i l l i s e c o n d s f o r p r o c e s s

P

2

,9 m i l l i s e c o n d s f o r p r ocess

P

3

,and0milliseconds f o r p r o c e s s

P

4

.T h u s ,t h e

average waiting time is

(3

+16+9+0)/4=7milliseconds. By comparison, if

we wer e using the

FCFS

schedulingscheme,theaverage waiting time would

be 10.25 milliseconds.

The

SJF

scheduling algorithmisprovably

optimal,

in that it gives the

minimum average waitingtimeforagivensetofpr ocesses. Moving a short

pr ocess befor e a long onedecreasesthewaitingtimeof the short pr ocess mor e

than it incr eases the waitingtimeofthelongprocess.Consequently , t he

average

waiting time decr eases.

The r eal dif ﬁculty withthe

SJF

algorithmisknowing the length of the n ext

CPU

r e quest. For long-term(job)schedulinginabatch system, we can use as

the length the pr ocess timelimitthatauserspeciﬁes when he submits the

job. Thus, users ar e motivatedtoestimatetheprocess time limit accurately ,

since a lower value maymeanfasterresponse.(Too low a value will cause

at i m e - l i m i t - e x c e e d e d e rrorandrequireresubmission . )

SJF

scheduling is used

fr equently in long-term scheduling.

Although the

SJF

algorithmisoptimal,itcannotbe implemented at the level

of short-term

CPU

scheduling.Withshort-termscheduling, ther e i s n o w ay to

know the length of the next

CPU

burst.Oneapproach is to try to appr oximate

SJF

scheduling. W e may not

know

thelengthofthenext

CPU

burst, but we may

be able to

pr edict

its value.Weexpectthatthenext

CPU

burst will be similar

in length to the pr eviousones.Bycomputinganappr oximation of the length

of the next

CPU

burst, wecanpicktheprocesswith

the

shortest pr edicted

CPU

burst.


image2.emf
P3

Py

16

24









190 Chapter5 CPUScheduling thathasthesmallestnextCPUburst.IfthenextCPUburstsoftwoprocessesare thesame,FCFSschedulingisusedtobreakthetie.Notethatamoreappropriate termforthisschedulingmethodwouldbetheshortest-next-CPU-burstalgorithm, becauseschedulingdependsonthelengthofthenextCPUburstofaprocess, ratherthanitstotallength.WeusethetermSJFbecausemostpeopleand textbooksusethistermtorefertothistypeofscheduling. AsanexampleofSJFscheduling,considerthefollowingsetofprocesses, withthelengthoftheCPUburstgiveninmilliseconds: Process BurstTime P1 6 P2 8 P3 7 P4 3 UsingSJFscheduling,wewouldscheduletheseprocessesaccordingtothe followingGanttchart:

P

3

P

2

P

4

P

1

24 16 9 03

Thewaitingtimeis3millisecondsforprocess

P

1

,16millisecondsforprocess

P

2

,9millisecondsforprocess

P

3

,and0millisecondsforprocess

P

4

.Thus,the

averagewaitingtimeis(3+16+9+0)/4=7milliseconds.Bycomparison,if

wewereusingthe

FCFS

schedulingscheme,theaveragewaitingtimewould

be10.25milliseconds.

The

SJF

schedulingalgorithmisprovably

optimal,

inthatitgivesthe

minimumaveragewaitingtimeforagivensetofprocesses.Movingashort

processbeforealongonedecreasesthewaitingtimeoftheshortprocessmore

thanitincreasesthewaitingtimeofthelongprocess.Consequently,the

average

waitingtimedecreases.

Therealdifﬁcultywiththe

SJF

algorithmisknowingthelengthofthenext

CPU

request.Forlong-term(job)schedulinginabatchsystem,wecanuseas

thelengththeprocesstimelimitthatauserspeciﬁeswhenhesubmitsthe

job.Thus,usersaremotivatedtoestimatetheprocesstimelimitaccurately,

sincealowervaluemaymeanfasterresponse.(Toolowavaluewillcause

atime-limit-exceedederrorandrequireresubmission.)

SJF

schedulingisused

frequentlyinlong-termscheduling.

Althoughthe

SJF

algorithmisoptimal,itcannotbeimplementedatthelevel

ofshort-term

CPU

scheduling.Withshort-termscheduling,thereisnowayto

knowthelengthofthenext

CPU

burst.Oneapproachistotrytoapproximate

SJF

scheduling.Wemaynot

know

thelengthofthenext

CPU

burst,butwemay

beableto

predict

itsvalue.Weexpectthatthenext

CPU

burstwillbesimilar

inlengthtothepreviousones.Bycomputinganapproximationofthelength

ofthenext

CPU

burst,wecanpicktheprocesswiththeshortestpredicted

CPU

burst.


image3.png




image4.png




image5.png
5 10
8
[
.
2

CPU burst (t)

‘gquess” (t)

time ——
4 B3 13 13
10 5 9 " 12





image6.emf
10

17

26










