UNIT 2 - CPU Scheduling

1. Explain the FCFS, preemptive and nen preemptive versions of Shortest-Job-First and Round Rabin {time
slice = 2) scheduling aigorithms with
around and waiting time. {i2)

Gaett Charts for the four processes given. Compare their

average miimi
{May 2015}

Process | Arrivaliime | Burst time
Pi g- 10
Pz 1 &
£3 : -12.
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1) Gantt Chart

FEEF

Arectangle marked off hc—-t:jzﬂnmlly in ime units, marked off ar end of each job or job segment. It shows the

distribution of time-burs

formulating various scheduling algorithms ow it.

a) First Come First Serve (FCES)

% The process that requests the CPU first is allocated the CPU first.
{ P1 | P2 I p3 1 P4 1
0 ' 10 16 28 . 43
b) Preemptive Shortest Job First {or) Shortest Remaining Time First(SRTF}

»>

in time. It is used to determine total and average statistics on precesses, by

‘Preemptive SIF algorithm will preempt the currently running process if the burst time of newly

“arrived process(NAP) is smaller than the remaining burst time of currently running process{(CRP).
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Stop CRP if BT of NAP < Remaining BT of CRP
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¢) Non Preemptive Shortest Job First
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d) Round Robin{time slice = 2 ms) \
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Non Preemptive SIF algorithm will allow the currently running process even though the burst time
of the newly artived process is smaller than the burst time of the currently running
P3

TX‘OCESS.

~

& Itis similar to FCFS scheduling, but preemption is added to switch between processes.
< A small unit of time called a time slice or time quantum is defined.
PI{10) | 2 | 2 [ 2|22
P2(6) | 2 |2 12} | |
P3(12)} 2 |2 |2/2/2}2
Pa(15) | 2 [ 2.(2(2]|2|2(2]|1
(PLPz|P3[Pa|Pi]pe P3[PriPa]P2z]P3jps [Prlps{rapPripr3{ra] p;a'r_T'ﬁ;g}‘ P4 | P4 |
0 2 & 6 8 10 i2 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 4z
2) Turparound time (TAT)
| Turnaround dme = Completed time ~ Arrival time. |
) . PP —
T Process ¥CFS Px:cémptive SJr Non Preemptive SJF Round Robin d
P1 10-0= 10 _ 16-0=16 10-0=10 32-0=32 |
P2 16-1='15 b 7-1=6 16-1=15 L20-1=19 |
P3 28-2-26 28-2=26 28-2=26,\__ | 38-2-36 |
P4 43-3=40 - |  43-3=40 43-3=40 f $3-3=40 I
~Total TAT 91 ms " B8ms 91 ms S 15 .
| Average TAT | 91/4=2275ms | 8/4=22ms 91/4=22.75ms ' | 127/4=3175ms |




3) Waiting time (WT)

[ Waiting time = Turnaround time ~ Bugst time |

Process FCFS Preemptive SJF Non Preemptive SJF Round Robin
P1 10-10=0 16-10=6 10-10=0 32-10=22
P2 15-6=9 6-6=0 {5-6=9 19-6=13
P3 Z26-12=14 26-12=14 26-12=14 36-12=24 |
P4 40-15=25 40-15=25 40-15=25 40-15=25 |
Tatal WT 48ms 45 ms 48 ms 84 ms
Average WT | 48/4=12ms_ | 45/4=11.25ms 48/4 =12 ms 84/4=21ms
4) Result
Algorithm Average Turnaround Time(ms) | Average Waiting Time{ms) |
FCES 22.75 12 '
Preerptive SIF 22 11.25
Non Preemptive SIF 22.75 12
Round Robin 3175 | 21

It can be noted that Preemptive Shortest Job First gives minimum average waiting time(11.25 ms) and is opti

mal
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2. Consider the following set of processes, with the length of the CPU burst time given in milliseconds

1)

Process Burst Time Priority
P1 10 3
P2 1 1
P3 2 3
P4 . 1 4
P5 5 2
The processes are arrived in the order P1, P2, P3, P4, P5 all at time 0. (May 2012, Nov 2015)

a)
b) .

c)
dj

e)

What is 2 Gantt chart? Explain how it is used. {4)

Draw four Gantt charts illustrating the execution of these processes using FCFS, SJF, Non preemptive
priority(a smaller priority number implies a higher priority), and RR(quantum = 1) scheduling. (3}
What is the turnaround time of each process for each of the scheduling algorithms in partb? (3)

What is the waiting time of each process for each of the scheduling algorithms in part b ? {(3)

Which of the scheaules in part b results in the minimal average waiting time(over all processes) ? {3}

A rectangle marked off horizontally in time units, marked off at end of each job or job segment. It shows the
distribution of time-bursts in time. It is used to determine total and average statistics ou processes, by

formulating various scheduling algorithms on it.

a) First Come First Serve (ECFS)

b}

<)

& The process that requests the CPU first is allocated the CPU first.
[ P1 [P2] P3 [Pa | P5 |
0 10 11 13 14 19

Shortest Job First

& Allocates the CPU to the process that has the smallest burst time.
& If two processes have the same next CPU burst, then FCFS algorithm s used.

[Pz | Pa | P3 | P5 [ P1 ]
0 1 Z 4 9 19

*

>

Non Preemptive Priority

< A priority is associated with each process and the CPU is allocated to process with highest priority.
4 Non Preemptive priority will allow the currently running process to finish its work even though the
priority of the newly arrived process is higher than the priority of the currently running process

[Pz ] _P5 | P1 | p3 | Pa |
o 1 6 16 ' 18 19




d) Round Robin(time quantum = 1 ms)
% Itis similar to FCFS scheduling, but preemption is added to switch between processes.
% Asmallunit of time called a time slice or time quantum is defined.

Prao) 14 |4 [E{F|F[A[d[T a1
P2(1j | i
P3(2) |3 |4 |
ORE ]
SO EEREIEIE

[P1]P2 [P3[P4[P5[Pi P3| F5 | PL|P5]|P1[P5|P1{p5 [PL]PL|PL][PL|PL]

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18 19
2) Turnaround fime {YAT)
| Twnaround time = Completed time - Arrivai time J
Process FCFS SJF Non Preemptive Priority Round Robin
P1 16-0 =10 19-0=19 16-0=16 19-0=19
P2 11-0=11 1-0=1 1-0=1 2-0=2 4
P3 13-0=13 4-0=4 18-0=18 7-0=7
P4 14-0=14 2-0=2 19-0=19 4-0=4
P5 19-0=19 9-0=9 6-0=6 14-0=14
Total TAT 67 ms 35 ms 60 ms 46 ms
Average TAT | 67/5=134ms 35/5=7 ms 60/5=12ms 46/5 = 9.2 ms

3} Waditing time (WT)

[ Waiting time = Turnaround time - Burst time ]

Process FCES SJF Nou Preemptive Priority Round Robin
P1 10-10=0 19-10=9 16~-10=6 19-10=9
P2 i1-1=10 1-1=0 1-1=0 2~-1=1
P3 13-2=11 4-2=2 i8-2=1a 7-2=5
P4 14-1=13 2-1=1 19-1=18 4-1=3
PS5 19-5=14 9-5=4 6-5=1 14-5=9 |
Total WT 48 ms 16 ms 41 ms 27 ms
Average WT 48/5 =9.6 ms 16/5=3.2ms 41/5=8.2 27/5=5.4ms
4} Result
- Algorithm Average Turnaround Time{ms) | Average Waiting Time(ms) |
FCFS 134 9.6 |
SIF 7 3.2 :
| Non Preemptive Prionity i2 8.2 - k
Round Robin _» 9.2 54 il

it can be noted that Shortest Job First{SJF} gives the minimum average waiting time{3.2 me) ar

nd is optimal

DU ST ST S PSRRI S S TR PP T P o U S T S S S S ST SR S R R L S S R S

3. fixplaiv the FCFS, preemptive and non preemptive versions of Shortest-Job-First and Round Robin(time
slice = 2} scheduling algorithms with Gantt Charts for the four processes given. Compare their average turn
around and waiting time. {12}

{Nov 2012}
. .

Process | Arrival time Burst time |
P1 0 8 ‘;
P2 1 i

4
P3 2 9
P4 7 _ & 5




1) Gantt Chart

A rectangle marked off horizontally in time units, marked off at end of each job or job segment. It shows the
distribution of time-bursts in time. It is used to determine total and average statistics on processes, by

formulating various scheduling algorithms on it

aj FirstCome First Serve (FCES)

<&

% The process that requests the CPU first is allocated the CPU first.

[ e ] P2 l P3 l P4 |
0 8 1z 21 26
b) Preemptive Shortest Job First {or} Shortest Remaining Time Fi TF

.‘

’
R

% Preemptive SJF algorithm will preempt the currently running process if the burst time of newly

arrived process(NAP) is smaller than the remaining burst time of currently running process(CRP).
Stop CRP if BT of NAP < Remaining BT of CRP

P | P2
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©) NonPreemptive Shortest Job First
‘ %+ Non Preemptive SJF algorithm will allow the currently running process even though the burst time
of the newly arrived process is smaller than the burst time of the currently running process.

17

~

P1 |

P2 l
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[ P3|
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d) Ro
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time slice=2

12
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s Itis 51m11ar to FCFS schedulmg, but preemption is added to sthch between processes
*» A small unit of time called a time slice or time e quantum is defined.

PI8)[ 2 |2 [2]2
P2)| Z | 2
P3(9)[2 |2 [212[F
Pas) | Z | Z |1

ﬁIP2[P3IP4|P1]*|93|P4|91[P3im[mlpzlpsl

0 4 6 8

2} I_ma:gmgm_[mn
| _Turnaround time = Completed time — Arrival time |

10 12 14 16

18 20 21 23 25 26

Process FCFS Preemptive SIF Non Preemptive SJF Round Robin
P1 8-0=8 17-0=17 8-0=8 23-0=23
- P2 12-1=11 5-1=4 12-1=11 12-1=11
P3 21-2=19 26-2=24 26-2=24 26-2=24
P4 26-3=23 10-3=7 17 -3=14 21-3=18
Total TAT 61ms 52 ms 57 ms 76 ms |
Average TAT | 61/4=15.25ms | 52/4=13ms 57/4 ="14.25 ms 76/4=19ms

3) Waiting time (WT)

| Waiting time = Turnaround time - Burst time |

Process

FCFS Preemptive SJF Non Preemptive SJF Round Robin
PL 8-8=0 17-8=9 8-8=0 23-8=15
P2 11-4=7 4-4=0 11-4=7 11-4=7
P3 19-9=10 24-9=15 24-9=15 24~9=15
P4 23-5=18 7-5=2 14-5=9 18-5=13
Total WT 35 ms 26 ms 31 ms 50 ms
| Average WT | 35/4=8.75ms | 26/4=6.5ms 31/4 =775 ms BN/A =125 me




4) Result

Algorithm Average Turnaround Time(ins} | Average Waiting Time{ms) |
YCFS - 1525 8.75
Preempiive SIF 13 6.5 B
Nou Preemptive SIF 1425 7725 i
Round Robin ) 19 12.5 N

it can be noted that Preeraptive Shortest Job First gives minimum average waiting time{6.5 ms) and is optimal
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4. Consider the following five processes, with the length of the CPU burst time given in milliseconds.

Process Burst time
P1 10
P2 29
P3 3
P4 7
P5 12

Consider the First Come First Serve{FCFS), Non Preemptive Shortest Job First(SIF), and Round Robin{RR)
(quantam = 10 milliseconds) scheduling algorithms. Hlustrate the scheduling using Gantt chart. Which
algorithm will give the minimum average waiting time? Discuss. (16) (Nov 2007, May 2006)

EFEF
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1) Gantt Chart N
a) First Come First Serve (FCFS)
- % The process that requests the CPU first is allocated the CPU first.

[ pr1 [ P2 T 7 p3 | rae | P5 |
0 10 39 42 49 61

b) Non Preemptive Shortest Job First(SJF)
< Non Preemptive SJF algorithm will allow the currently running process even though the burst time

of the newly arrived process is smaller than the burst time of the currently running process.

[ r3 | P4 | P1 | P5 T P2 N
o 3 10 20 32 61,
) Round Robin(quantum=10ms) o

# 1tis similar to FCFS scheduling, but preemption is added to switch between processes.

»

% A small unit of time called a time slice or time quantum is defined,

P1(10) | 16
" P2(29) 110 |10 |9
P3(3) | 3 /
P4(7) | 7
1 P5(12) (10| 2
e 2| ®s | pe | b5 [ P2 [ws [ p2 |
5 10 20 23 30 40 50 52 61

2} Turnaround time {TAT}
| Turnaround time = Completed time ~ Arrival time |

Process FCFS Non Preemptive SJF Round Robin |
P1 10-0=10 20-0=20 10-0=40
P2 39-0=39 61-0=61 |  61-0=61
P3 42-0= 42 3-0=3 23-0=23
P4 49 -0 =49 10-0=10 ' 30-0=30 |
P5 61-0=61 32-0=32 52-0=52 |
Total TAT 201 ms ; 126 ms o 176 ms
Average TAT | 201/5=40.2ms | 126/5=25.2 ms 176/5=35.2ms |




3) Waiting time (WT)

Waiting time = Turnaround time - Burst time J

Process FCFS Nen Preemptive SJF Round Robin |
P1 10-10=0 26-10 =10 10-10=0 _‘
P2 39--29=10 61-29=132 651-2%=32
P3 42-3=39 3-3=0 23-3=20
P4 42-7=42 10-7=3 30~-7 =23 ]
P5 61-12=49 32-12=20 52-12=40
Total WT 140 ms 65 ms 115 ms
Average WT 140/5 =28 ms 65/5=13 ms 115/5=23 ms
4) Result
Algorithm Average Turnaround Time(ms} | Average Waiting Time{ms)
FCFS 40.2 28
Non Preemptive SJF 25.2 i3
Round Robin 35.2 23

It can be noted that Non Preemptive Shortest Job First gives minimum average waiting time(13 ms) and is optimal
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5. Assume the following workload in a system. All jobs arrive at time 0 in the order given.

Job | Bursttime(ms) | Priority
Al 8 2
B 4 i
C 5 4
D 2 2
E 1 3

i) Draw a Gantt chart illustrating the execution of these jobs using FCFS, RR (quantum = 4) and

non preemptive priority(a smaller priority number implies a higher priority) and SJF CPU scheduling (8)
ii) Calculate the average waiting time and average turnaround time for each of the above scheduling
algorithm. (8) {Nov 2006)
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1) Gantt Chart
A rectangle marked off horizontally in time units, fnarked off at end of each job cr job segmerit. it shows the
distribution of time-bursts in time. It is used to determine total and average statistics on processes, by
formulating various scheduling algorithms on it. .
a) First Come First Serve (FCFS) , -
% The process that requests the CPU firstis allocated the CPU first.
[ A | B | C | D | E |
0 B ' 12 17 19 20

b} Round Robin{quantum=4ms}]  *

< {tis similar to FCFS scheduling, but preemption is added to switch between processes
< A small unjt of time called a time slice or time quantum is defined.

Ak S

FhkRERE

A8) |4 |4

B(4) |4
i C(5) ’ﬁg L

D(2) |2

E(1) |1
[ a [ B8 | ¢ [ o [JE].A Tc]
0 4 8 12 14 15 19 20



€) Non Preemptive Priority

*,

%

?

% A priority is associated with each process and the CPU is allocated to process with highest priority.
= Non Preemptive priority will allow the currently running process to finish its work ¢ven though the

priority of the newly 2irived process is higher than the priority of the currently runuing precess

l

B |

&

4

d) Shodest.lab Fiist
%+ Allccates the CPU to the process that has the smallest burst tme.
» Iftwo processes have the same next CPU burst, then FCFS algorithm is used.

A

12 14

LE] D |

| C

A |

0

i 3

2} Turnaround time (TAT)
{__Turnaronnd time = Completed time - Arrival time |

7

20

Process FCES Round Robin Non Preemptive Priority SIF
A 8-0=8 19-0=19 12--0=12 20-0=20
B 1Z2~-0=12 8-0=8 4-0=4 7-0=7
C 17-0=17 20-0=20 20-0=20 12-0=12
D 19-0=19 14-0=14 14-0=14 3-0=3
E 20-0=20 15-0=15 15-0=15 i-0=1
Total TAT 76 ms 76 ms 65 ms 53 ms
Average TAT | 76/5=15.2 ms 76/5=15.2ms 65/5=13ms 53/5=10.6 ms
3} Waiting time (WT)
{ Waiting time = Turnaround time -~ Burst time |
Process FCFS Round Robin Non Preemptive Priority SJF
P1 B-8=0 19-8=11 12-8=4 20-8=12
P2 12-4=8 8-~-4=4 4-4=0 7-4=3
P3 17-5=12 20-5=15 20-5=15 12-5=7
P4 19.-2=17 14-2=12 14-2=12 3-2=1
PS5 20-1=19 15-1=14 i5-1=14 1-1=0
Total WT 56 ms 56 ms 45 ms 23 ms
Average WT 56/5=11.2Z ms 56/5=11.2 ms 45/5=9 ms 23/5=4.6 ms
4) Besult
] Algorithm Average Turnaround Time{ms} | Average Waiting Time(ms)
FCFS 152 11.2
Round Robin 15.2 112
Non Preemptive Priority 13 9 o
— SIF 106 4.6 S

It can be noted that Shortest Job First{$JF) gives the minimum average waiting time(4.6 ms} and is optimal.
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6. Assume the following processes arrive for execution at the time indicated and also menticr with the length

of the CPU burst time given in milliseconds.

" Job Burst time(ms) | Priority | Arrival time(ms)
Pl 6 1 'z 0
| \p2 z 2 1
P3 3 4 1
P4 1 1 2
T - '3 2




i) Give a Gantt chart illustrating the execution of these processes using FCFS, Round Robin{quantum = 1)
and Priority(Preemptive and Non Preemptive). 1) :
if) Calculate the average waiting time and average turnaround time for each of the above scheduling -
algorithm, (12). {Nov 2008)
**t#tt******#*t*-H::.ﬁark**#4**#*******##4***#it**t***#&#t**#«i'*t*t***:**'«*‘3****#:*uw******#tt***?-#***k#****t****#*
1} Gantt Chart
Arectangle inarked off horizontally in tine units, marked oi¥ at end of each job or job segment. It shows the
distribution of time-bursts in time. It is used to determine total and average statistics on processes, by

formulating various scheduling algorithms on it,

a) First Come First Serve{FCFS)

% The process that requests the CPU first is allocated the CPU first.

v

| p3

pa ] Pps |

P1 L
6

0
b} Round Robin(quantum = 1ms)

>, ()
0.0 0“0

8 ii

12 i4

P1(6})

P2(2)

=X¢
;.;:_

P3(3}

P4(1)

P5(2)

[P1[P2[P3[P4[pP5[P1]P2 P3| P5]P1]P3]|PL]PL]|PI]|

0

2 3 4

¢) Preemptive Priority

5

6 7 8

16 11 12

Itis similar to FCFS scheduling, but preemption is added to switch between processes.
A small unit of time called a time slice or time quantum is defined.

13 14

% A priority is associated with each process and the CPU is allocated to process with highest priority.

)

process is higher than the priority of the currently running process
*» Stop CRP if priority of NAP > priority of CRP

¢ Preemptive priority will stop the currently running process if the priority of the newly arrived

TPl [Pa] p1 [ ez | »5 | P3|
6 | 2 3 7 9 11 14

d) Non Preemptive Priority

<+ A priority is associated with each process and the CPU is allocated to proceés with highest priority.
+ Non Preemptive priority will allow the currently running process to finish its work even though the

© © priority of the newly arrived process is higher than the priority of the currently ranning process
| p |Pa| P2 | P5 | P3|
0 6 7 - 9 11 14

2) Turnaround time (TAT)

| Turnaround time = Completed time - Arrival time ]

Process FCFS Round Robin Preemptive Priority | Non Preemptive Priority
A 6-0=6 14-0=14 7 =-0=7 6 -0=6
B 8-1=7 7-1=6 9-1=8 9 -1=8
C 11-1=10 11-1=10 14-1=13 1-1-13
D 12-2=10 4-2=2 3-2=1 7-2=5
E 14-2=12 9-2=7 11-2=9 11-2-9
Total TAT 45 ms 39 ms 38 ms 41 ms
Average TAT 45/5=9ms 39/5=78ms 38/5=7.6 ms 41/5=8.2 ms




3) Waiting time (W)

|___ Waiting time = Turnaround time - Burst time _|

Process FCFS Round Robin Preemptive Priority Non Preemptive Priority
P 6 -6=9 14-6=8 7-6=1 6-6=0___ |
b2 7 ~2=5 6-2-4 8226 TTT8-2=5 B

v3 {‘.“ 10-3=71 10-3=7 12-3-10 13 - 3= 10 !
Pd 10-1=9 2-1=1 1-1=0 S-1=2 |
___P§ 12-2=10 7-2=5 g-.2=7 9-2=7
Total WT 31 s 25 ms 24 ms 27 ms i
Average WT 31/5=6.2 ms 25/5=5ms 24/5=4.8ms 27/5=54ms
4) Result
B Algorithm Average Turnarvund Time{ins) Average Waiting Timefms)
FCFS 9 6.2
Reund Robin 7.8 5
Preemptive Priority 7.6 A8
Non Preemptive Priority 8.2 54

[t can be noted that Preemptive Priority gives the minimum average waiting time(4.8 ms) and is optimal.
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7. Suppose that the following processes arrive for execution at ti.e times indicated. Each process will run the
listed amount of time.

Process | Arrival time Burst time
P1 0.0 8
P2 0.4 4
P3 1.0 1

a) Whatis the average turnaround time for these processes using FCFS and SJF scheduling?
b} Compute what the average turnaround time will be if the CPU is left idle for the firsi 1 unitand then SJF

scheduling is used.
® ok Rk kbR Rkt folck dogo b kb ko kK

1} First Come First Serve(FCES]

The process that requests the CPU first is allozated the CPU first.

ThFFRFF

a) Ganttchart

! P1 [ p2 | pP3 |
] 8 1z 13
b) durnaround time{TAT)}
Process Completed - Arrival TAT
38 ¢ 8-0 8
P2 12 -0.4 11.6
P3 13-1 12
_ TAT=316

Allocates the CPU to the process that has the smallest burst time.

s o T S T B

Turn Around Tiine = 31.6 ms
Average Turn Around Time = 31.6/3 = 18,53 ms

2} Shortest Job First {SJF) {assuming time from 0}

a) Ganttchart

0

=1
M



b) Turnaroumnd time(TAT)}

Process Completed - Arrival TAT
P1 8§-0 8
P2 13-0.4 125
. P3 9-1 8
TAT = 28.6

Turn Around Time = 28.6 mis
Average Turn Around Time = 28.6/3 = 9.53 ms

3) Shortest Job First assuming CPU idle during first 1 ms
Allocates the CPU to the process that has the smallest burst time.
a) Ganttchart
[ 1dle [ P3 | P2 1 P1 ]
(4] 1 2 6 14
b) Turnaround time(TAT)
Process Completed - Arrival TAT
P1 14-0 14
P2 6-0.4 5.2
P3 2-1; 1
' TAT = 20.6

Turn Around Time = 20.6 ms
Average Turn Around Time = 20.6/3 = 6.86 ms
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8. Consider the following set of processes, with the length of the CPU burst time given in milliseconds

Process | Burst Time | Priority
P1 8 3
P2 3 1
P3 4 4
P4 2 2
P5 6 5

The processes are assumed to have arrived in the order P1, P2, P3, P4and PS all at time 0.

a) Draw four Gantt charts illustrating the execution of these processes using FCFS, SJF, Non preemptive
priority(a smaller priority number implies higher priority), and RR(Quantum = Z} scheduling.

b} What is the waiting time and turnaround time for each of the scheduling algorithms?

¢} Which of the schedules in part (a) results in the minimal average waiting time (over all processes)?
e S S ; Pree I T T e s s s S ERE s =222 nd

1) Gantt Chart

A rectangle marked off horizontally in time units, marked off at end of each job or job segment It shows the
distribution of time-bursts in time. It is used to determine total and average statistics on processes, by
formulating various scheduling algorithms on it.

a) First Come First Serve (FCFS})
% The process that requests the CPU firstis allocated the CPU first.
[ P1 P2 ] P3 [ Ps | PS5 ]
0 8 11 15 17 23

b) ShortestJob First(SJF]

Allocates the CPU to the process that has the smallest burst time.
If iwo processes have the same next CPU burst, then FCFS algorithm is used.

[P | P2 | P3| P5 [ P1 ]
o 7 5 9 15 23

<
..

L/

>




d} Non Preemptive Priority

6
X

% A priority is associated with each process and the CPU is allocated to process with bighest priority.
Non Preemptive priority will allow the currently running pracess to finish its werk even though the

priority of the newly ar rived process is higher than the priority of the currently ninning process
| P2 T pa PL e ] P5 B
3 5 i2 17 23

) Round Robin(guantum = 2 ms)
Itis similar to FCFS scheduling, but preemption is added to switch between processe
A small unit of time cailed 2 time slice or time quantun is defined.

Q

.‘
.
>

Pi(8) {2 |7 [7[2
P2(3) 12 11
 P3H 12 12
P4(2) | 2

Ps(6) |2 12 |2

[m}pz!ps P4{P5S|P1[P2[P3[P5[PL|P5]P1]

6 8 10 12 13 15 17 19 21 23
2) Turnaround time (TAT)

| Turnaro<nd time = Completed time - Arrival time |

Process FCFS SJF Non Preemptive Priority Round Robin
P1 8-0=8 23-0=23 13-0=13 23-0=23
P2 11-0=11 5-0=5 3-0=3 13-0=13
P3 15-0=15 9-0=9 17-0=17 15-0=15
P4 17-0=17 2-0=2 5-0=5 8-0=8
P35 23-0=23 15-0=15 23-0=23 21-0=21
Total TAT 74 ms 54 ms 61 ms 80 ms
Average TAT | 74/5=148ms 54/5 =108 ms 61/5=12.2 ms 80/5=16ms

3} Waiting time (WT}

r Waiting time = Turnaround time - Buyrst time i

| Process FCFS SJIF Non Preemptive Priority Round Robin
P1 8-8=0 23-8=15 13-8=5 23-8=15
P2 11-3=8 5-3=2 3-3=0 13-3=10 |
P3 15-4=11 9-4=5 17-4=13 15-4=11 _j
P4 17-2=15 2-2=0 5-2=3 4-2=5 |
P5 23-6=17 15-6=9 23-6=17 21-6=15 |
Total WT 51 ms 31ms 38 ms 57ms
Average WT | 51/5=102ms | 31/5=6.2ms 38/5=7.6ms 57/5=114ms _ |
4} Result
i Algorithm Average Turnaround Time(ms} | Average Waiting Time{ms])
FCFS 148 10.2
B SIF 108 6.2
Non Preemptive Priorty 122 o 7.6 |
Round Robin 16 i 114

It can be noted that Shortest Job First(SJF) gives the minimum average waiting time(6.2 ms) and is optimal.
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UNIT 2 - Bankers Algorithm

1) An operating system contains 3 resources namely R1, R2 and R3. The number of instances of each resource
typeare 7, 7,10. The currentresource allocation stats is shown below,

s

Current Allocation | Maximum Need

Process w11 Rz | R3 Rl | X2 | R3
P i 2 2 3 3 6 a8
P2 2 0 3 4 3 3

P3 1 2 4 3 4 4

a) Is the currentaliocation in a safe state?  (4)

b) Can the request made by process P1(1,1,0)begranted. (Nov 2015, May 2008)
FRBRRE IRk Rk SR ok b ; FhhdkkEs * - FERRE RS hitad
Solution
2} 1) Available | Current Allocation

21 | R2 | Rr3

2 2 3

2 o 3

1 2 4
Sum=| § 4 10

Available = Number of instances - Sum of Allocation
=(7,7,10) - (5,4, 10) = (2,3,0) :

. ii) The contents of need matvix are

Need = Max - Allocation
Process Ri RZ R3
P1 1 4 5
P2 2 3 0
P3 2 2 0

- iii) Safe Sequence
~ 1) If Need < Availabie, then allocate the resources to that process.

New available = Prev Available + Allocation
2) If Need > Available, move to nextprocess.

Process | Need (N) | Available(a) Copr;dslgon New Av::xilzd:»leT
P1 (1,4,5) {2,3,0) False
p2 {2,3,0) (2,3,0) True (4,3,3)
P3 (2,2,0) (4.3,3) True (5.57)
P1 (1,4,5) (5,5,7) ~ True ~ (7,7,10)

Safe sequence is <P2, P3, P1>. So the system is in a safe state if it can allocate resources in the
seguence <P2, P3, P1>. :

b) Process P1 New request (1.1, 0) ,
Since P1 raquest (1, 1, 0) < P1 Need (1, 4, 5) and P1 request {1, 1, 0) = Available (2,3, 0), pretend that this
request can be granted immediately.

P1 Need = Previous P1 Need ~ P1 New Request |

P1 Allocation = P1 Allocation + P1 New Request
Available = Available - P1 New Request

Need Allocation Available
Process |'R1 | Rz [R3 |R1| Rz [ R3 | Ri|R2 | K3
Pa_| 2 | 3 |o|2| 03
P3 2 | 2 Jo 1] 24




Safe Sequence

L

1) If Need < Available, then allocate the resources to that process. ‘

New available = Prev Available + Allocation
2} If Need > Available, move to next process.

|

| Process | Need(N) | Availablefd) | Condiion NSA
PO 1 {0,3.5) (1.200 | False

P1 (2,3,0) (1,2,0) [ False

P2 (2,2, 0) {1,2,0) False

t New Avé;l*&bw )

—
]

Since the request from process P1{1, 1, 0) results in an unsafe state, it cannot be granted immediately.
i.e} System is in an unsafe state and process P1 must wan. for request (1,1,0).
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2) Consider the following snapshot cf a system:

¥

Kk RA

**

f Allocation Max Availabie j
jfrocess "3 T B ¢ | D | A Bl T D AlB . € D
PO 0 0 1 2 0 0 1 2 1 5 2 0 .
P1 i [t 0 G 1 7 5 0
P2 1 3 5 4 2 3 5 6
P3 0 6 3 2 4] 6 5 2
P4 G ] 1 4 0 6 5 6
Answer the following questions based on the banker’s algorith (May 2014)

a) Whatis the content of Need matrix?

(6)

b) Is thesystem in a safe state? (2}
c) Which processes may cause deadlock if the system is not safe. {3}
d) Ifarequest from process P1 arrives for (0, 4, 3, 1) can the request be granted immediately? Justify. {5)

The contents of need matrix are

b) Safe sequence
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a) Need matrix

Process Need = Max - Allocation
L A B C D
PO 0 0 0 ¢

Pi 0 7 B 0
P2 1 0 0 2
P3 0 0 y/ 0
P4 0 6 4 2

1) If Need < Available, then allocate the resources to that process.

New availabie = Prev Available + Allgcation

2} If Need > Available, move to next process.

T T TR R e

Process | Need {Nj Available(A) CQ;‘?E;OU New Available
PO (0, 90,0, O} (1r 5: 2, 0) True. (1' S' 3, ‘?‘J_._..
P1 (0,7,5 0) (1,53,2) False .
P2 (1,6,0,2 {(1,5.3,2) True (2,8,8,6) ‘
P3| {0,0,2,0) (2,8,8,6) True (2,14,11,8)
P4 (0,6, 4, 2) (2,14, 11, 8) True (2, 14,12, 12)
Pt (0,7,5,0) {2,14,12,12) True (3,14, 12, 12}

Safe sequence is <P0, P2, P3, P4, P1> Yes the systemisina

sequence <P0, P2, P3, P4, P1>

The system is in a safe state if it can allocate resources in the sequence <P, P2, P3, P4, P1>. if no suc

safe state if it can allocate re

SOUrces ¢

v}
i Lhe

sequence exists, then the system state is said to be unsafe. A safe state is not a deadlock state. Provess ¥
may cause deadlock if the systarn is not safe.



Safety algoritl
% The algorithm for finding out whether or notasystemisina safe state
1. Let Work and Finish be vectors of length m and n, respectively. Initialize:
Work = Available
Finisii[i] = false for i=1,2,...,n.
2. Findan isuch thatbhoth:
(a) Finishji] = false
(b) Need, < Work
If no such i exists, go to step 4.
3. Work = Work + Allocation;
Finish[i] = true Go to step 2.
4. if Finish{i] == true for alli, then the system is ip a safe state.
d) PiNewrequest (0.4 3, 1)
P1 request (G, 4, 3, 1) > P1 Need (0, 7, 5, ), raise an error condition, since the process P1 has exceeded its
maximum claim. So a request {0, 4,3, 1) from process P1 cannot be granted immediately.
0 - it Algori
1. IfRequest; < Need;go to step 2. Otherwise, raise error, since process has exceeded its maximum claim.
2. IfRequest; < Available, go to step 3. Otherwise P; must wait, since the resources are not available.
3. The system pretend to have allocated the reques<ted resources to process P; by modifying
Available = Available - Request;
Allocation, = Allocation,; + Request,
Need; = Need,; - Request;
%+ If the resulting resource-allocation state is safe, the resources are allocated to process Pi.
< If the new state is unsafe then P; must wait, and the old resource-allocation state is restored.

e R ¥ PTEEE FEEEE FEEEPERRRE R R R R R R
3) Consider the following snapshot of a system: 2 {May 2013)
Process Migeation _Max Available
AlB[cla|BlclalB]C

PO 0 1 0 7 3 3 3 3 2

P1 2 0 0 3 2 2

P2 3. 0 2 9 0 2 /

P3 2 1 1 2 2 2

P4 i 0 2 4 | 3 3

Answer the following guestions based on banker’s algorithm
a) Whatis the content of NEED matrix? (2)
h} 'Is the system in a safe state? {3)
c) Ifarequest from process PQ arrives for {0, Z, 0} can the request be granted immediately? (3)

T T LT T L e L R T e g R T T T T T T run

a} Need matrix

The contents of need matrix are

r Need = Max - Allocation
Process A B C
PO i 4 N3
P1 1 2 2
P2 6 0 0—.
P3 0 1 1
P4 4 3 1

b) Safe sequence

1) 1If Need < Available, then allocate the resources to that process.
New available = Prev Available + Allocation
2) If Need > Available, move to next process.




rl’mcess Need {N) Available(A) Cogtiit;on New Available
PO (7:4,3) (3,3,2) False e
|__P1 (1L,2,2) (3.3,2) True (53,2)
N P2 - &? 0’ 0) (51 3) 2] False — —— oo
P2 (0,1, 1) 532 | Trge (7 4o
P4 (4,3.1) (7.4,3) True (745 |
PO (7,4,3) (7,45 True (7.55)
P2 (6,0,0) (7,5,5) True (10,5, 7 i

Safe sequence is <P1, P3, P4, PG, P2>. Ves the system is in a safe state if it can allocate resources in the
sequence <P1, P3, P4, PO, P2
<) P0 New request (0, 2, 0) -
Since PO request (0, 2, 0) s PO Need {7.4,3) and PO reguest (0, 2, 0} < Available (3, 3. 2}, pretend that this
request can be granted immediately.
P0 Need = Previous PO Need - PQ New Request

PO Allocation = PO Allocation + PG New Request
Available = Available - PO New Request

Need Allocation Available
Process " A 1 B [c|a]B | ¢l alRTC
PO 7 2 3 0 3 O 3 1 Y/
P1 1. 2 2 2 ] 1]
P2 6 | 0 0 3 0 2
2 P3 0 1 1 2 1 1
K P4 4 3 1 0 0 2
" Safi ce
. Condition =
Process Need(N) Available{A} N <A New Available
PO (7. 2,3) {3,1,2) False
T P1 (1.2,2) (3,1,2) False B
P2 (6, 6, 0) (3.1,2) False 1
P3 (0,1, 1) (3,1,2)  True (5,2, 3)
P4 {4,3,1) (5,2,3) False ﬂ
PO (7,2, 3) (5.2.3) False ]
P1 (1,2,2) (5,2,3) True (7,2,3)
p2 (6,0,0) (7,2, True {10, 2, 5
P4 {4,3,1) (16,2, 5) False

Since the request from process PO(0, 2, 0] results in an unsafe state, it cannotbe granted immediately.

i.e) System is in an unsafe state and process PO must wait for request (0, 2, 0).
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4} Consider the following snapshot of a system: {May 2012, Nov 2010)
Allocation  » Max | Available
Process A | B ] c [ D | A|B | c | Bl a]rlc | b

PO |0 |6 1 2l0ofo 121115772 %3

P1 1 0 1ol ol 11715 1w

P2z 1 3 5 | 4 2 3 15 1 6 |

F3 0 & 3 2 0 6 | 5 2

P4 0 0 i 4 0 6 5 1.6 . SN

Answer the following questions based on ihe banker's algorithm

a) Define safety algorithm. {4)

b) What is the content of the matrix Need? (2)

) Isthesystem in a safe state? (5)

(i} ifa request from process P1 arrives far (0 4. 2. 0) ran tha reanect ho aranted immediarale? 2



a) Safety algorithm

“ A state is safe if the system can allocate resources to each process in some order and stll avoid a
deadlock. More formally, a system is in a safe state only if there exists a safe sequence. If no such

sequence exists, then the system state is said to be unsafe.

¢
<%

% The algovithm for finding out whether or not a system is in a safe state
1. Let Work and Finish be vectors of length m and n, respectively. Initialize:
Work = Available
Finish{i] = false for i=1,2,....n.
2. Find an isuch thatboth:
(a) Finish[il = false
(b) Need;< Work
If no such i exists, go to step 4.
3. Work =Work + Ailocation;
Finish[i] = true Go to step 2.
4. IfFinish[i] == true forall i, then the system is in a safe state.

b) Need matrix

The contents of need matrix are

c) Safe sequence

Need = Max ~ Allocation
Process A B C D
PO 0 0 0 0
P1 0 7 5 0
P2 1 0 0 2
P3 0 0 2 0
P4 0 6 4 2

A safe state js not a deadlock state. Conversely, a deadiock state is an unsafe state.
* Notall unsafe states are deadlocks. An unsate state may lead to a deadiock

1) If Need s Available, then allocate the resources to that process.

New available = Prev Available + Allocation

2) If Need > Available, move to next process.

Process | Weed (N) Available(A) Cog(ilgon New Available
PO (0,0,0,0) (1,5,2,0) True (1,5, 3, 2)
P1 (0,7,5,0) (1,5,3,2) False
P2 (1,0,0,2) (15,3, 2) True (2,8,8,6)
P3 (0,0,2,0) (2,8, 8, 6) True (2,14,11, 8)
P4 (0,6, 4,2) (2,14,11,8) True (2,14,12,12)
P1 --} (0,7,5,0) (2,14,12,12) True (3,14, 12,12)

Safe sequence is <P, P2, P3, P4, P1>. Yes the system is in a safe state if it can allocate resources in the

sequence <PO, P2, P3, P4, P1>
d) P1Newrequest({0,4.2, 0)

Since P1request (0,4, 2,0) < P1 Need (0,7, 5, 0) and P1 request {0, 4, 2, 0) £ Available (1, 5, 2, ), pretend

that this request can be granted immediately.

P1 Need = Previous P1 Need - P1 New Request

Available = Available - P1 New Request

P1 Allocation = P1 Allocation + P1 New Request

[~ Need Allocation Available |
Process T B [ c | D | A | B|] C|D | A]| B[ CID
PO 0 o lololo]ol1]2]1]1]o]o
P1 o | 3| 3]0 1| 4] 2o
P2 1 0ol o 21135 | 4
P3 o | 0| 2100 | 613 |2
P4 o |l 61 2] 210 ] 0] 1] a




Safe sequence

Process | Need (N) | Availabie {a) C“;"j‘;_‘”“ " | New Available
PC | (0.0,0,00 | (L10,0) “Troe (1,1,1,2)
P1__|(0.3,3,9) | {1,1,1,2) False ]

2 (0,63 | {1132 True Z,4,6.6)
P3 10,020 | (2.4,6,6) True [ (z,10.9,8)

P4_ | (0,642 | (2,10,58) True 1 z,10,10,12)
Pi_ | (0,2.3,0) | (2,10, 10,12 True (3,14,12,12) |

Safe sequence is <P0, P2, P3, P4, P1>. Yes the system is in a safe state if it can allocate resources in the
seyuence <PQ, P2, P3, P4, P1>
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§} Consider the following snapshat of a system: {May 2010}
Proass Allocation Max, Demand | Available
4 B |lc o | Alslciplale!laclp
Poe 0. 1 0 g | 2 0 0 1 2 2 1 0 0
P1 2 0 0 0 2 7 5 0
P2 0 0 3 4 6 6 5 6
P3 2 3 5 4 4 3 5 6
P4 0 3 3 2 ¢ 6 5 2
Write the banker’s algorithm and find out the following with the help of banker’s algorithm.
a) How many resources the system still needs? - st
b) Is the system currently safe? if it is in. a safe state, write the safe sequence.
¢) If a request from process P2 arrives for (0, 1, 0, 0) can it be granted immediately? (15)
B N R LT TS B s s T fod o ek 4 e s bk ook or gk kR R R R R R kR RE

Safety algorithm

% A state is safe if the system can allocate resources to each process in some order and still avoid a
deadlock. More formally, a system is in a safe state only if there exists a safe sequence. If no such
seguence exists, then the system state is said to be unsafe.

% A safe state is not a deadlock state. Conversely, a deadlock state is an unsafe state.

& Notall unsafe states are deadlccks. An unsafe state may lead to a deadlock

& The algorithm for finding our whether or not a system is in a safe state
1. Let Work and Finish be vectors of length m and n, respectively. Iaitialize:

Work = Available
Finishii] = false for i=1,2,...n.
2. Find an isuch that both:
(a)} Finish[i] = false
(b) Need;< Work
If ne such | exists, go to step 4.
%, Work = Worlk + Allecation;
Fiiish[i] = true Go to step 2.

4. IfFinish{i] == true forall ;. then the system is in a safe state.

a} Need matrix
The contents of need matrix are

Need = Max - Allocation *

Process A B & D W
~ o o "o |0 o ;
Pi 0 7 5 o

P2 6 6 | 2 2 “

| P3 2 0 U ‘;V w“;"—{ﬂ_‘
B 3 Z ; 0




b) Safe sequence

1) IfNeeds Available, then allocate the resources to that process.
New available = Prev Available + Allocation
2) If Need > Available, move to next process.

Process | Need(N) | Available{4) cﬁg‘i‘g‘*“ New Available
/FQ (0,0,0,0) (2,1,6,0) True (2,1 52)
Pi- | {3,7,5,0) (2,1,1,2) False ]
P2 (6,6,2,2) {2,1,1,2) False
P3 (2,6,0,2) (2,1,1,2) _ True (4,4,66)

P4 (0,3,2,0) (4, 4,6,6) True (4.7,9,8).
P1 (0,7,5,0) (4,7.9,8) True (6,7,9,8)
P2 {6,6,2,2) (6,7.9,38) True (6,7,12,12)

Safe sequence is <PQ, P3, P4, P1, PZ>. Yes the system is in a safe state if it can allocate resources in the
sequence <P0, P3, P4, {1, P2>

) B2New request(0.1,0,90)
Since P2 request (0, 1, 0, 0} < P2 Need {0, 7, 5, 0) and P2 request (9, 1, 0, 0) < Available (2, 1, 0, 0), pretend
that this request can be granted immediately.

PZ Need = Previous P2 Need ~ P2 New Request
P2 Allocation = P2 Allocation + P2 New Request
Available = Available -- PZ New Request

Process Need Allocation Available
A B C D A B C D A "B C D
PO _- 0 0 0 0 0 0 1 2 2 0 0
P1. 0 7 | 51 90 | 2 0 1 o [ o
P2 6. 5 2 2 0 1 3 4
P3 2 0 0 2 2 3 5 4
P4 0 3 | 2 0 0 3 3 2
Safe sequence %
Process | Need (N) | Available fA) Co;d;:on New Available
PO (0, 6,0,0) (2,0,0,0) True (2,0,1,2)
P1 {0,7,5,0) | (2,0,1,2) False
P2 {6,5,2,2) {(2,0,1,2) False
P3 (2,0,0,2) (2,0,1,2) True (4,3,6,6)
P4 (0,3,2,0) (4,3,6,6) True (4,6,9,8)
P1 (0,7,5,0) (4,6,9,8) False
P2 (6,5,2,2) (4,6,9,8) False

Since the request from process P2(0, 1, 0, 0) results in an unsafe state, it cannot be granted immediately.
i.e) System is in an unsafe state and process P2 must wait for request (0, 1, 0, ¢).
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{Nov 2016}
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6} Consider the following snapshot of a system:

Allocation Max Available
Process ™~ T B [ ¢ | D | A | B| C|D| A ]| BJ| C ]| D
PO 2 o [ 1] 2 2o 1] 21]21]47]2]1]
P1 1 0 0 0 2 7 5 0 o
P2 1 3 5 4 2 3 5 6
P3 0 6 3 2 0 7 5 2
P4 0 0 1 4 0 7 S 6

Execute banker's algorithm to answer the following:
a) Is the system in a safe state? If the system is safe, show how all the process could compleie their

execution successfully. If the system is unsafe, show how deadlock might occur. Explain. {6)
bl If a reguest from process P1 arrives {1, 4, 2, 0) can the requestbe granted? (10)



“ A state is safe if the system can allocate resources to each process in some order and still avoid a -
“deadlock. More formally, a system is in a safe state only if there exists a safe sequence. If ne such
sequence exists, then the system state is said to be unsafe.

@ Asafe state s not a deadlock state. Conversely, a deadiock state is an unsafe state.

% Notall unsafe states are deadlocks. An unsafe state muay lead to a deadiock

% The algorithm for finding out whether or net a aystem is in a safe state
1. tetWorkand Finish be vectors of iength m and n, respectively, Initialize:

Work = Available
Finish[i] = false fori=1,2,...n.

2. Find an isuch that both:
(a) Finish{i] = false
{b) Need;< Work

If o such i exists, go to step 4.
3. Work =Work + 2Bocation,
Finish[i] =true Go to step 2.
4. [IfFinishfi] == true for all i, then the system is in a safe state.
a) Need matrix

The contents of need matrix are

Need = Max - Allocation
Process A B C D
PO 0 0 0 0
P1 1 7 5 0
P2 1 G 0 2
P3 0 1 2 0
P4 0 7 4 2

b} Safe sequence

1} I Need 2 Available, then allocate the resources to that process,
New available = Prev Available + Allocation '
2} if Need » Available, move to next process.

Process | Need (N} Available{A} Co;d:t:m New Available
PO (0. 0,0,0) (2,4,2.1) True (4,4.3,3)
Pi {1,7,50) {4.4,3,3) False
P2 {1,0,0,2) {(4,4,3,3) True (57,8, 7}
P3 {0,1,2,0) {(5.7,8,7 True (5,13,11,9)
P4 (0,7,4,2) {5,13,11,9) True {5,13,12, 13)
A P1 (1,7,5,0) {5,13,12,13) True - - {6,13,12,13)

Safe sequence is <P0, P2, P3, P4, P1>. Yes the system is in a safe state if it can allocate resources in the

szquence <¥9, PZ, P3, P4, P1>
¢} Pl Newreguest{i, 4,2 0}

Since P1request (1,4, 2,0) < PiNeed (1,7, 5 0)and P1 request(1, 4,2, 0) < Available (2, 4, 2, 1), prevend

that this request van be granted immediately.

P1 Need = Previous P1 Need - P1 New Request
Pi Allvcation = P1 Allocation + P1 New Request
Available = Available ~ P1 New Request

- Meed Allocation Available ’
Process " T B ¢ 1D | A BlcID  ATBEB]c ;
P00 o | o0 | 0o | 2 6o | 1| 2 | 1 6 | 0

P1 | 0 3 0310 214! 210
P2 11 0 0 1 21 1 3 5 4
P3 ) 1 2 0 O 6 3 2
P4 1 017 a4t 2100111 a




Safe sequence

Process | Need (N) | Available (A) Co;d{nzon New Available
PO {0,0,0,0) {1,0,0,1) True (3,0,1,3)
P1 |} {0.3,3.0) (3,0,1,3} False
P2 (1,0,0,2) (3,0,1,3) True (4.2,6,7)
P3 (0,1.2,0) {4,2.6,7) True {4,9,9,9)
P4 (0,7, 4,2) {4.9,9.9) True {4,9,10,13)
P1 (0,3,3,0) | (4,9,10,13) True (6,13,12,13)

Safe sequence is <P, P2, P3, P4, P1>. Yes the system is in a safe state if it can allocate resources i the
sequence <P, P2, P3, P4, P1>
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7) Consider the following snapshot of a system: {Nov 2008}
Allocation Max Available
Process YA Tl c D aTE [ c]p | 2] 8] C 0D

PO 0 0 1 1 0 0 1 1 i 5 2 2

P1 (4] 1 0 1 1 7 5 i

P2 1 3 5 1 2 3 5 2

P3 0 5 3 1 1 6 5 2

P4 0 0 1 1 5 6 5 1

Execute banker’s algorithm to answer the following:

a) What is the content of a need matrix? {2)

b) Is the system in a safe state? If the system is safe, show how all the process could complete their
execution successfully. If the system is unsafe, show how deadlock might occur. Explain. {6)

¢) Ifarequest from process P1 arrives (0, 3, 2, 0) can the request be granted? If yes, write the sequence of
allocation. (8)
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<% A state is safe if the system can allocate resources to each process in some corder and still avoid a
deadlock. More formally, a system is in a safe state only if there exists a safe sequence. {f no such
sequence exists, then the system state is said to be unsafe.
A safe state is not a deadlock state. Conversely, a deadlock state is an unsafe state.
Not all unsafe states are deadlocks. An unsafe state may lead to a deadlock
The algorithm for finding out whether or not a system is in a safe state
1. Let Work and Finish be vectors of length m and n, respectively. Initialize:
Work = Available '
-Finish{i} =false for i=1,2,..,n.- - .
2. Find an isuch that both:
(a) Finish[i] = false
(b) Need;< Work
If no such i exists, go to step 4.
3. Work = Work + Allocation;
Finish[i] = true Go to step 2.
4. IfFinishfi] == true for all i, then the system is in a safe state.
a) Need matrix

The contents of need matrix are

B B &

Need = Max - Allocation
Process A B C D
PO 0 0 0 0
P1 1 6 5 0
P2 1 0 0 1
P3 1 1 2 1
P4 5 6 | 4 0




b} Safe sequence

1) If Need < Available, then allocate the resources to that process. !
New available = Prev Available + Allocation : 3

2) _If Need > Available, move to next process. _ .
| . : - -
{ Precess | Need (N} | Avatlable(A) Cozd’:ion New Availalsie
¥ (0,0,0,0) (1,5, 2 True (1533
[Pt | (1,650 | (1,533 False

[ {1,0,0, 1) (i,5,3,3) True (2,8,84)
P3 (L1,2 1) (2,8,8,4) True (2,13,11,5)
P4 (5640} | (2 13,11,5) False
{ Pl (1,6,5,0) (2,13, 11, 5) True {2,14,14, 6}
| P4 {(5.6,4,0) | {2,14,11, 6} False .

The system is in unsafe state. A system is in a safe state only if there exists a safe sequence. If no such
sequence 2xists, then the system state is said to be unsafe. :

¢} P1 Newrequest{@. 3, 2,0}

Since P1request (0, 3, 2, 0) < P1 Need (1, 6, 5, 0} and P1 request (0, 3, 2, 0) < Available (1, 5, 2, 2}, pretend
that this request can be granted immediately.

P1 Need = Previous P1 Need - P1 New Request
P1 Allocation = P1 Allocation + P1 New Request
Available = Available - P1 New Request

Process Need Allocation ~Available
AlB |l c]plalBlc]pla[sBs] clp
PO 0 0 ] o] o]l ool 1] 1 1 | 2 0 | 2
P1 1 3 1 31 o | o] 4 21
| P2 1 0 0 1 1 3 5 1
{ P3 1 1 2 1 o [ 5 [ 3 | 1
[ P4 5 | 6 4 0 0 0 11 1 N
Safe seguence
, Process , Need {N} | Available {4) Co;d:gon New Available
[P0 [ {0000 | (1,202 True (1,2,1,3)
[ Pi (1,3,3,0) | (1,2,1,3) False
[ P2 (1,0,0,1) (1,2,1,3) True - (2,564
| P3 (1,1,2,1) (2,5, 6,4) True (2, 10,9, 5)
| P4 (5649 | (216,95) False E
! P1 (1,3,3,00) | (2,10,9,5) True (2, 14,11, 6)
P4 | (56400 (214, 11,6) False ;

S
The system is in unsafe state, A system is in a safe state only if there exists a safe sequence f no such

sequence cxists, then the system state is said to be unsate.



