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“The Banker's algorithm, sometimes referred to as the detection algorithm, is a resource allocation
and deadlock avoidance algorithm developed by Edsger Dijkstra that tests for safety by
simulating the allocation of predetermined maximum possible amounts of all resources, and then
makes an "s-state”" check to test for possible deadlock conditions for all other pending activities,

before deciding whether allocation should be allowed to continue.”

—WIKIPEDIA



The key concept is to find a ‘safe

sequence’ in which after satis{:ying a
process needs the system still maintain

the ability to satisfy every other.

Purpose?

To prevent deadlock in a system multiple instances or resources.

How does it work?

Check one by one for a possible resource allocation then if safe, execute
and release resource for other; else move on to other resource and check

for a safe state.

Who came up with the algorithm?

Edsger Wybe Dijkstra - a Dutch computer scientist and an early pioneer

in many research areas of computing science.



Using Kotlin

via Eclipse Java Neon




To code

Banker’s Algorithm




B BankersAlgo.kt X [N Process.kt B Resourcekt
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reslist: MutablelList:

proclist: Mutablelist o __l:_;__:__:_ We will need to imitate the OS process and
sum: MutablelList: > = mutableListOf resource hence I created 2 lists:

nProcess = @

args: :
print(“Available Resource:
i @ until reslist.size) {
print("${reslist[i].available}

L



[ BankersAlgokt X 8 Processkt B Resourcekt

banker
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m

reslist: MutableList«
proclist: MutablelList:«
sum: MutableList: > = mL
nProcess = @

print(“Available Resource: ™)
(i @ until reslist.size) |
print("${resiist[i].available} "

resList - containing resource object

intIne) procList -> containing process object

rintln()

x| BankersAlgo.kt B Process.kt B Resourcekt X

. I DANKers

] ( name: y available: = @, Max: =@ {

B BankersAlgo.kt B Process.kt X [ Resourcekt

panker

=

o

= ( name :
taken: Mutablelist: F =
need: MutableList:- > = ML




[ BankersAlgokt X A Processkt [ Resourcekt

&} BankersAlgo.kt X B Process.kt B Resource.kt

resList: MutableList
proclist: Mutablelist
sum: Mutablelist<Int> = mu
nProcess - &

Number
nResource

B Bankerstigokt B Processkt B Resourcekt X

. nane: available max

BankersAlgo.kt Processkt X [ Resourcekt

print("Enter Maximum instances for each resource:\n"
g 1 nResource
I - 65 + i).toChar .toString
i % reslist.size
print{"%{ [i].name}’s max : ™
inputMaximumResource = re e()!!.toInt
reslist[i].max = inputMaximumResource
ul "Enter ocated instances of resource for each process:\n”
i B U 1 proclist.size) {
print("%{procList[i].name}'s a 3
inputAllocatedRes = read !
j 8 until inputAlloc i
procList[i].taken.add(inputAllocatedRes[j].toInt

instances of resource required for each process:\n
I proclist.size
t iproclist[i].name}’'s needed : "
inputNeedRes = ine()!!.split(”
J 8 until inputNeedRes.size

proclist[i].need.add(inputleedRes[j].toInt

Allocated Resource:
reslist.size

[n]

Q

c

3

r+
|

3 8 until proclist.size

count += proclist[j].taken[i]

int("Available Resource:

i until reslist.size) {
resiist[i].available = resiist[i].max - sum[i
"${reslist[i].available}




[ BankemsAlgo.kt 3

B BankersAlgokt X [§ Process.kt M Resourcekt

reslis
procti
Zum:
nProce
printc umper oT resources;
o nResource = eadLine . TOLNT
B oeiook B pPrint iUmper oT processes:t
m 0

H nProcess = readline « TO

i @ until nProcess
proclist.add '

BankersAlgo.kt

(23]
.|_-“

_ . . -
o E I AV g T T
print CNT S LML STanNCES C EeacC ESOUrCE .

We prompt for inputs

==

@ until reslist.size
1

print("§{reslist[i].name}'s max :

a1

inputMaximumResource = readline .tolnt
reslist[i].max = inputMaximumResource
print({“Enter Allocated instances of resource for each process:\n

&

until proclist.
print("${proclist[i].na
inputAllocatedRes = readline split(”

J @ until inputAllocatedRes.size) {
proclisi[i].taken.add{inputAllocatedRes[j].toInt

- , -
o N I R P
print CEes EsQurce equirea ¥ =i pracess.;

print("§{proclisE[i].na s needed :
inputNeedRes = readLine .split

] @ until inputMeedRes.s
proclList[i].need.add(inputie




[ BankemsAlgokt 3

reslis 2 . -_
=
. print(“Enter Allocated instances of resource for each process:\n
i 3 until proclist.size) {
print("§{proclist[i].name}'s allocated :
inputfAllocatedRes = readline split(™
j @ until inputAllocatedRes.size) {
Do O proclList[i].taken.add{inputAllocatedRes[j].tolnt
BankersAlgo.kt
I. printl
take
need
1
print(“Enter Maximum instan required for each process:\n
i 8

until proclist.
nrint / [1].n

We prompt for inputs

print proclist
inputNeedRes = read

J @ until input
proclisi[i].need.add(inputie

print({“Allocated Resource:

J @ until proclist.size) {
count += proclist[j].taken[i]

1A
-
§5l)

i count

print (" F{sum[i]

o - I i
print Available Resource:

=
until reslist.size) {
[i].available = reslist[i].max - sum[i]
print("§{reslisf[i].available}




[ BankersAlgokt X B Processkt

&} BankersAlgo.kt X B Process.kt B Resource.kt

print({"Number of resources:
nResource = readline .toInt
print(“Number of proces
nProcess = r ine .tolInt
i @ until nProcess) {
proclist.add "PE{i}"
B BankersAlgokt B Processkt B Resourcekt X . . 4
C a X
,,,,,,,,,,,,,,, - o
" ] - L - -

BankersAlgo.kt Proc

Mumber of resources: 4
I’ =% Number of processes: 3

Enter Maximum instances for each resource:
A's max : 6

B's max : 5
C's max : 7
D's max : 6

Enter Allocated instances of resource for each process:

P8's allocated = 1 2 2 1
Pl's allocated : 1 & 3 3
P2's allocated : 1 2 1 @&

Enter Maximum instances of resource required for each process:
P8@'s needed : 2 1 8 1
Pl's needed : &8 2 8 1
P2's needed : @ 1 4 &

sum.add( count

pri S{sum[i

print({"Available Resource: ™
i @ until reslist.size

resiist[i].available = resiist[i].max - sum[i]
print({“${reslist[i].available} "




[ BankersAlgokt X [ Processkt  [@ Resourcekt

bankers
resList: MutableList<
proclist: Mutablelists
sum: Mutablelist<Int> =
nProcess - &

(args: < S

B Bonkerstlgokt [ Processikt

B Resourcelt X

. nane: svailable: Int = o

[ BankersAlgokt [ Processkt X [ Resourcekt

bankers

L am
taken: MutableList<Int> = mutabl:
need: MutableList<Int> = mutable!

B Borkersaigoie X [ Processit [ Rescurcet

nRescurce

Then we execute the program

Number of resources: 4
Number of processes: 3

Enter Maximum instances for each resource:
A’s max : 6

B's max : 5
C's max : 7
D's max : 6

Enter Allocated instances of resource for cach process
P8's allocated 1221

P1's allocated 1833

P2's allocated 12180

Enter Maximum instances of resource required for each process
P8's needed 21

P1's needed 8261
P2's needed 81486



L Allocated Resource: 3 4 6 4
T Available Resource: 3 1 1 2
l | e e E e t i n g FI rocess F. E|'

Available Resource: 4 3 3 3

Getting this result

Executing process P2
Available Resource: 5 5 4 3

g Executing process Pl
Available Resource: 6 5 7 6

Safe Sequence:
< P@ P2 P1 >




[ BankersAlgokt X A Processkt [ Resourcekt

resList: MutableList
proclist: Mutablelist
sum: Mutablelist

nProcess - &

args:

resList size

Allocated Resource: 3 4
1

4
Available Resource: 3 2

6
1
Executing process P@

Available Resource: 4 3 3 3

Executing process P2
Available Resource: 55 4 3

Executl B BankersAlgo.kt X [M Processkt [ Resourcekt

Availab

esList[i].available
safe Sel
< P@ P2 safeSequence: Mutablelist: > = T
done = £
B BankersAigokt B Processkt B Resourcekt X
| ==
. = e
B Bankersalgont Processkt % | B Resourcekt i < proclist.size && proclist.size != @
L] name
taken: MutableList
I Mutablelist: > =
1
Tl L R sufficient =
j reslist.size) {
" proclist[i].need[j] - proclist[i].taken[]] > resList[j].available
- ( sufficient =
sufficient) {
k @ until reslist.size) {
reslist[k].available += proclist[i].taken[k]
pri ${procList[i].name}"
safeSequence
proclList.rem
i-o
i+
1 - - count++
proclist.size == @ count »>= 2 * nProcess
done =
2 * mProcess
Number of resources: 4 " T
Number of processes: 3
Enter Maximum instances for each resource: print
A's max 6
B's max 5
C's max r il
D's max 6
Enter Allocated instances of resource for each process . -
PO's allocated : 12 2 1 1 safeSequence
P1's allocated : 18 3 3 " 1o
P2's allocated : 121 8 e
Enter Maximum instances of resource required for each process "

PO's needed : 216 1
P1's needed 201
P2's needed 140

1 by 1 the program will try and look for a

safe state




[ BankersAlgokt X [§ Processkt 8 Resourcekt

Allocated Resource:

3464
Available Resource: 3 112

[ BankersAlgo.kt X [N Process.kt M Resourcekt

safeSequence: Mutablelist

done = :
count =
done
i-¢
i« proclist.size && proclist.size !=
sufficient =
j @ until reslist.size) {
proclist[i].need[j] - preclist[i].taken[j]
sufficient =
sufficient) {
k @ until reslist.size) {
reslist[k].available += proclist[i].taken[k]
intln ; ' E f{proclist[i].name}”
safeSequence.add(proclist[i]
proclist.removeAt(i
i:
i+
count++

(!
m
1}
[}

proclist.si count =

done =

count >= 2 * nProcess

nProcess

reslist[j].available

If the safe state is found for all the process

demanding the resource




Iz

i < proclist.size B& proclist.size !=

sufficient =

' @ until reslist.size) {
proclist[i].need[j] - proclist[di].taken[]]
sufficient =

sufficient) {
k @ until reslist.size

reslist[k].available += pruclist:i:.taken:k:

println(“Executing process ${proclist[i].name}”

safeSequence.add({proclist[i]

i =
i+
counti++
proclist.size == @ count >= 2 * pProcess
done =
count »>= 2 * nProcess

safeSequence

"${i.name} "

reslist[j].available

The program execute that state and release

the resource
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for (j in @ until reslist.size) {
it (preclist[i].need[]j] - preclist[i].taken[j] » reslist[j].available) {
sufficient = false
break

}
h
it (sufficient) {
for (k in @ until reslist.size) {
reslist[k].available += proclist[1i].taken[k]
}

println{"Executing process ${proclist[i].name}")
availableResource()
safeSequence.add({proclist[1i])
proclist.removeAt (1)

i=0

}

i+
count++

}

if (proclList.size == @ || count »*= 2 * nProcess) {
done = true

}
h
it (count >= 2 * mProcess) {

println({“"No possible solution™)
println{"Deadlock occur™)



Bankers/
B Ban a

(j @ until reslist.size) {

(proclist[i].need[j] - proclist[i].taken[j] > reslist[j].available) {
sufficient =

=] i LM

= & W G4

| N T T Y
=] i LM

[ I B 4

i+
count++

lad fa =

Fa--
FE

S
H 55
Xz

5§ oo

(preclist.size == @ || count »>= 2 * nProcess) {
done =

S
5 e

w 88
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SREY

(count >= 2 * nProcess) {
& 0

println{“No possible solution™)
println{"Deadlock occur™)
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Bankers/
B Ban a

(j @ until reslist.size) {

(proclist[i].need[j] - proclist[i].taken[j] > reslist[j].available) {
sufficient =
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i+
count++

lad fa =
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(preclist.size == @ || count »>= 2 * nProcess) {
done =

S
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(count >= 2 * nProcess) {
& 0

println{“No possible solution™)
println{"Deadlock occur™)
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i < proclist.size B& proclist.size !=

sufficient =

' @ until reslist.size) {
proclist[i].need[j] - proclist[di].taken[]]
sufficient =

sufficient) {
k @ until reslist.size

reslist[k].available += pruclist:i:.taken:k:

println(“Executing process ${proclist[i].name}”

safeSequence.add({proclist[i]

i =
i+
counti++
proclist.size == @ count >= 2 * pProcess
done =
count »>= 2 * nProcess

safeSequence

"${i.name} "

reslist[j].available

Other wise if safe state is not found




sufficient) {
k @ until reslist.size) {
reslist[k].available += proclist[i].taken[k]

xecuting process ${proclist[i].name}"

. proclist. removeAt(1
i=8

|
1 count++
proclist.size == @ count 3= 2 * nProcess) I It states the result as deadlock occur
done =
count »>= 2 nProcess
println{“No possible solution
srintln({"Deadlock occur
println(“Sate Sequence:
i safeSequence
print({"${i.name} "

Enter Maximum instances for each resource:
A’s max : 6

B's max : 5

C's max

D's max : 6

Enter Allocated instances of resource for cach process
P8's allocated 122

P1's allocated 18

P2's allocated 12

Enter Maximum instances of resource required for each process
P8's needed 21

P1's needed
P2's needed

01
140



[ BankersAlgokt X [ Processkt [ Resourcekt L
ke Available Resource: 3 11 2
restist: MutableList< )
procList: MutableLists ) Executing process P@
sum: Mutablelist<Int> = <
2 Available Resource: 4 3 3 3
{ Executing process P2
Available Resource: 55 4 3
Executing process P1
6576

Available Resource:

! Safe Sequence:
< P8 P2 P1 >

B Bankerstigokt B Processkt B Resourcekt X

. nane: available

[ BankersAlgokt [ Processkt X [ Resourcekt

It states the result as deadlock occur

taken: MutableList:
MutableList<

need

B Borkersaigoie X [ Processit [ Rescurcet

nRescurce

Number of resources: 4
Number of processes: 3

Enter Maximum instances for each resource:

A’s max
B's max : 5
C's max : 7
D's max : 6

Enter Allocated instances of resource for cach process

P@'s allocated : 12 2 1

P1's allocated 1833
P2's allocated 12180
Enter Maximum instances of resource required for each process

PO's needed : 216 1
P1's needed : 2 6 1
6140

o
P2's needed a



B BankersAlgo.kt X [N Process.kt B4 Re

nResource = readlLine LLoln

[ BankersAlgokt X [ Process.kt B Rescurce.kt

reslist: MutablelList = mutablelListof
proclist: Mutablelist = blelListOf

sum: MutableList = mutableListC
nProcess =

args:
Deadlock Avoidance

( i @ until reslist.size) {
print("${reslist[i].available} " Lit(”

dReé:j:.i:Z'f

proclist.removes i @ until proclist.size
i=a@o print("${proclist[i].name}’
inputNeedRes = readline 1it

3j @ until inputNeedRes.size) {

. proclist[i].need.add(inputNeedRes[j].toInt

i @ until reslist.size

count = @

j @ until proclist.size) {
count += proclist[j].taken[i]

count >= 2 * nProces
' i d({ count

e _ I ' print (" ${sum[i]]

S an o 1Nt

cafes ; i @ until reslist.size) {
u f? _? = 'JEUC? L reslist[i].available = reslist[i].max - sum[i]
Printi +iq1l.name print("%{reslist[i].available} "




Deadlock Avoidance
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Aappy Coding
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