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1. Turn Around Time = Completion Time - Arrival Time

2. Waiting Time = Turnaround time - Burst Time

Process Arrival Burst Completion Turn Around Waiting
ID Time Time Time Time Time
PO 0 2 2 2 0
P1 1 6 8 7 1
P2 2 4 12 10 6
P3 3 9 21 18 9
P4 4 12 33 29 17
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Avg Waiting Time=31/5

PO P1 P2 P3 P4

(Gantt chart)
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The Convoy Effect, Visualized Starvation

Shorter Jobs

o @ @ @

In the Example, We have 3 processes named as P1, P2 and P3. The Burt Time of process
P1 is highest. The Turnaround time and the waiting time in the following table, are
calculated by the formula:

Example

Turn Around Time = Completion Time - Arrival Time

Waiting Time = Turn Around Time - Burst Time
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Process Arrival Burst Completion = Turn Around Waiting
ID Time Time Time Time Time
P1 0 40 40 40 0
P2 1 3 43 42 39
P3 1 1 44 43 42

P1 P2 P3
0 40 43 44

Avg waiting Time = 81/3
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Process Arrival Burst Completion  Turn Around = Waiting
ID Time  Time Time Time Time
1 1 40 44 43 3
2 0 3 3 3 0
3 0 1 4 4 3
P1 P2 P3
0 3 4 44

Avg Waiting Time = 6/3
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Example

In the following example, there are five jobs named as P1, P2, P3, P4 and P5. Their arrival time

and burst time are given in the table below.

Arrival Burst Completion  Turn Around

PID Time Time Time Time Waiting Time
p1 1 7 8 7 0
p2 3 3 13 10 7
p3 6 2 10 4 2
p4 7 10 31 24 14
p5 9 8 21 12 4
P1 P3 P2 P5 P4
0 1 8 10 13 21 31

Avg Waiting Time = 27/5
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Shortest Remaining Time First (SRTF) Yi e cid g yuabi 4 gan 40 ) 53
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In this Example, there are five jobs P1, P2, P3, P4, P5 and P6. Their arrival time and burst time
are given below in the table.

Process Arrival Burst Completion  Turn Around Waiting Response
ID Time Time Time Time Time Time
p1 0 8 20 20 12 0
p2 1 4 10 9 5 1
p3 2 2 4 2 0 2
p4 3 1 5 2 1 4
p5 4 3 13 9 6 10
p6 5 2 7 2 0 5
P1 P2 P3 P4 P5 P6 P7 P8 P9
0 1 2 3 4 5 6 7 8

Avg Waiting Time = 24/6
The Gantt chart is prepared according to the arrival and burst time given in the table.

Llaadl 2 028 8 43S yall dadlaall 3an g ¢ lanil 5 an PT (o daliall 3o ) dolaal) (8 ¢ 0 gl 845y 15k ]
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Aalladll sas 5 e P2 Aleall ) gan Caai ol oy ilan 54 g P2 Aileal) ki 5 a5 7 g8 P1 i) )
Al Al G 5 4 3 5l

JE ld Lalaal) b ol iy P3 Aleall 2885 a5 ¢ gl 10 D Aia 3l sas 5l ) P3 A dleal) S 4
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Aal 33 sa ge 2 ol Lk P3 Aleall el ¢ Bl 1aa s 4 die )l sas 0 ) P A Adeall Josi 6
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Example: Given the arrival time and burst time of 3 jobs in the table below. Calculate the
Average waiting time of the system.

Process Arrival Burst Completion  Turn Around Waiting
ID Time Time Time Time Time
P1 0 9 13 13 4
P2 1 4 5 4 0
P3 2 9 22 20 11

A Adeall Jgem s in sl 3 Yl adl gan i € 0 A3l Bassl) 3 P1 Jeay P3. 5 P2 5 P1 ity S a5
L@jﬁ;eﬁye’jmj_)&ﬁ\ﬂu\éggﬁ&jl\Q..gdﬁ‘\ﬂ}aja\h}4}guw&}.zh\}@jzhj%jngj‘q
Op n ) i g lan s 3 5 P2 Y sl Sl iy o s 9 35 0y s P e ¢ 2 sl Ay b g
Gl eloal iy ol ¢ cliay 8 il gl aaa (Y 15k ANS) s o2l 3 el e & (e Aaliall cailhs )

SIF. d &5 LV i Cailds sl apen 2855 s 5 ()Y A8l Cile) jal

P1 P2 P3 P4 P5
0 1 2 5 13 22

Avg Waiting Time = (4+0+11)/3 = 5 units

Dr. Ahmed Khudhair Abbas
Computer Department



Operating System Scheduling Algorithms
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Process | Arrival Time | Execute Time
PO 0 5
P1 1 3
P2 2 8
P3 3 6
Quantum=3
PO P1 P2 P3 PO P2 P3 P2
0 3 () 9 12 15 18 21

Wait time of each process is following

Process Wait Time : Service Time - Arrival Time

PO (0-0) + (12-3) =9

P1 (3-1) =2

P2 6-2) +(15-9) = 10

P3 (9-3) + (18-12) = 12

Average Wait Time: (9+2+10+12) / 4 = 8.25
RR Scheduling Example
In the following example, there are six processes named as P1, P2, P3, P4, P5 and P6. Their

arrival time and burst time are given below in the table. The time quantum of the system
is 4 units.
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Process ID = Arrival Time @ Burst Time

P1 0 5
P2 1 6
P3 2 3
P4 3 1
P5 4 5
P6 6 4

According to the algorithm, we have to maintain the ready queue and the Gantt chart.
The structure of both the data structures will be changed after every scheduling.

GANTT chart
P1 P2 P3 P4 P5 P1 P6 P2 P5
0 4 8 11 12 16 17 21 23 24

The completion time, Turnaround time and waiting time will be calculated as shown in
the table below.

As, we know,

1. Turn Around Time = Completion Time - Arrival Time

2. Waiting Time = Turn Around Time - Burst Time

Process Arrival Burst Completion Turn Around Waiting

ID Time Time Time Time Time
P1 0 5 17 17 12
P2 1 6 23 22 16
P3 2 B 11 9 6
P4 3 1 12 9 8
P5 4 5 24 20 15
P6 6 4 21 15 11

Avg Waiting Time = (12+16+6+8+15+11)/6 = 76/6 units
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Priority Scheduling 4:s!s¥) 4 gaa
CON (PN R URERS SR RS B PRV ERRON - DN 21, R ONTRRE B M OPSIS N TP SR P I PRI WA P S PP
A S el Aallaal) sas g Aaliall cililaadl (oY) A 81081 €l Alaal) slae ] oy g 40 51531 caal 3 28,01 a5 WS (5 AN
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Priority
Scheduling
|

¥
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Example

In the Example, there are 7 processes P1, P2, P3, P4, P5, P6 and P7. Their priorities, Arrival
Time and burst time are given in the table.

Process ID  Priority Arrival Time Burst Time

P1 2 0 3
P2 2 5
P3 3 1 4
P4 5 4 2
P5 7 6 9
P6 4 5 4
P7 10 7 10
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P1 P3 P6 P4 P2 P5 P7
0 3 7 11 13 18 27 37

From the GANTT Chart prepared, we can determine the completion time of every process.
The turnaround time, waiting time and response time will be determined.

1. Turn Around Time = Completion Time - Arrival Time

2. Waiting Time = Turn Around Time - Burst Time

Process Priority Arrival Burst Completion Turnaround Waiting Response
Id Time Time Time Time Time Time
P1 2 0 3 3 3 0 0
P2 6 2 5 18 16 11 13
P3 3 1 4 7 6 2 3
P4 5 4 2 13 9 7 11
P5 7 6 9 27 21 12 18
P6 4 5 4 11 6 2 7
P7 10 7 10 37 30 18 27

Avg Waiting Time = (0+11+2+7+12+2+18)/7 = 52/7 units
Preemptive Priority Scheduling 48Liuy) 43 61541 41 gan

6 AY) Clalandl Dy o) ol ae gty o o 45 5l 55 Salad) AT AGE 8 dleal) J gem g 5 & ABLALY) 4 615N A gan b
O A ) @l 6 4 58 ) Aalleall Bas g Adasd 5o L2ty Al dglandl e GlI3S 5 3 5000 UGN AE 6 53 g sall
Aalid) Clilaadl ases G 5 sl Ay s) sl Led 1) 4 S ) Aadlaall s 5 el ) Ao i gl
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Example: There are 7 processes P1, P2, P3, P4, P5, P6 and P7 given. Their respective priorities,
Arrival Times and Burst times are given in the table below.

Process Id  Priority Arrival Time Burst Time

P1 2(L) 0 1
P2 6 1 7
P3 3 2 3
P4 5 3 6
P5 4 4 5
P6 10(H) 5 15
P7 9 15 8
GANTT chart
| P1 | P2 | P3 | P5 | P4 | P2 | P7 | P6
0 1 2 5 10 16 22 30 45

The Completion Time of each process is determined with the help of GANTT chart. The
turnaround time and the waiting time can be calculated by the following formula.

1. Turnaround Time = Completion Time - Arrival Time

2. Waiting Time = Turn Around Time - Burst Time

- , . Burst C leti T d Waiti
ProcessId  Priority Arrival Time o oo ~OMPIEtion Turn aroun aiting

Time Time Time Time

P1 2 0 1 1 1 0
P2 6 1 7 22 21 14
P3 3 2 3 5 3 0
P4 5 3 6 16 13 7
P5 4 4 5 10 6 1

P6 10 5 15 45 40 25
P7 9 6 8 30 24 16

Avg Waiting Time = (0+14+0+7+1+25+16)/7 = 63/7 = 9 units
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