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AVOIDANCE ALGORITHMS
BANKER'S ALGORITHM

® Used with Multiple instances of resources

® Each process must a priori claim maximum use

® When a process requests a resource it may have to wait

® When a process gets all its resources it must return them in a finite

amount of time
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Data Structures for the Banker’s Algorithm
Banker 4w )l sa Sy Al

Let 7= number of processes, and /m = number of resources types.
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® Available: A vector of length m indicates the number of available resources

of each type. If Available [j] = k, there are k instances of resource type Rj are

available.
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® Max: An n ¥ m matrix defines the maximum demand of each
process. If Max[i][j] =k, then process Pi may request at most k
instances of resource type R j.
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Data Structures for the Banker’s Algorithm Cont.

® Allocation: An n X m matrix defines the number of resources of each type

currently allocated to each process. If Allocation[i][j] = k, then process Pi is

currently allocated k instances of resource type R j.
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® Need: An n X m matrix indicates the remaining resource need of each

process. If Need([i][j] equals k, then process Pi may need k more instances of
resource type R j to complete its task.
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Need [i][j] = Max [i][j] — Allocation [i][j]



Data Structures for the Banker’s Algorithm

® To simplify the presentation of the banker’s algorithm, we next establish some

notation.

® Let X and Y be vectors of length n. We say that X <Y if and only if X[i] < Y[i]

foralli= 1, 2,..., n.
® For example,if X =(1,7,3,2) and Y = (0,3,2,1), then Y < X. In addition, Y < X if
Y<Xand Y # X
eyl Al Jidl apass @
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Data Structures for the Banker’s Algorithm

® We can treat each row in the matrices Allocation and Need as vectors and

refer to them as Allocation i and Need i .
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® The vector Allocation i specifies the resources currently allocated to process
Pi
process Pi. L5 jsaaall 3)/9all I wds Allocation i 4x3all ©

® The vector Need i specifies the additional resources that process Pi may still

request to complete its task.
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6.5.3.1. Safety Algorithm

We can now present the algorithm for finding out whether or not a system is in a safe

state. This algorithm can be described, as follows:
Unsafe s Safe dlla . alaill o)) Ja alag) 8 a2iind 4 ) ) sall o2a

|. Let Work and Finish be vectors of length m and n, respectively. Initialize:

1oLl oS Al Y agadd | n Jshll Finish 4asiall s | m Jshll Work 4aiall lual (il
Work = Available and
Finish [i] = false fori=0,1,...,n- |

2. Find an i such that both:
(@) 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

4.1If Finish [i] = true for all i, then the system is in a safe state



6.5.3.2. Resource-Request Algorithm

We now describe the algorithm which determines if requests can be safely granted.
N g Adlea (S5 process ! (e ) sell llall IS 1Y) Lad 030l A ) )l Al 238 a0d00S
Let Request i be the request vector for process Fr.

If Request i [J] == k, then process PJ, wants k instances of resource type AYJ.

When a request for resources is made by process Pi the following actions are taken:
-aalldl)l <l gladldl a8 Pj 2 process ! (w2 g4l clb dlita 5 &S Laie

|. If Request i < Need i, go to step 2. Otherwise, raise an error condition, since the process
has exceeded its maximum claim.

2.  If Request i <= Available, go to step 3. Otherwise, Pi must wait, since the resources are
not available.

3. Pretend to allocated the requested resources to process Pi by modifying the state as
follows:

Available = Available — Request i
Allocation i= Allocation i + Request i

Need i = Need i- Request i

oIf safe = the resources are allocated to P;
oIf unsafe = P; must wait, and the old resource-allocation state is
restored



Example of Banker’s Algorithm

A system with:

-5 processes P, through P,;

-3 resource types (A, B, C).

-A (10 instances), B (5instances), and C (7 instances)

Snapshot at time T,:
# Bl Process | Allocation | Max | Available

ABC ABC ABC
PO 010 753 332
Pl 200 322
P2 302 902
P3 211 2272
P4 002 433

Answer the following questions using banker algorithm:

|. What is the content of the need matrix?

2. Is the system in safe state or unsafe state! if it safe show the sequences with
details?

3. If process P1 request one additional instance of resource type A and two

instances of resource type C, so Request i = (1,0,2). can the result be granted
Immediately?



Example (Cont.)
|- The content of the matrix Need is defined to be Max — Allocation
Max - Allocation p/tiiul Need 44siasl o aly
PO 2753 -010=743,P1 = 322-200= 122,...

Need

ABC
P, 743
P, 122
P, 600
P, Ol
P, 431

2- The system is in a safe state since if we follow this sequence
< P,, P;, P, P,, P,>
Which satisfies safety criteria
Al 8 odle ) Juludll Lagl 131 Safe dla 8 HUaill
« We can't start with PO, because it needs (7 4 3) which is greater than
available resources (3 2 2).
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e So, we start with P1 because Need (1 2 2)<= Available (332), P1 get
its need resources, start execute, after finished return back all
resources (new available + allocation(Pi))
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So, the New available = 332

200 +

e We can't select P2 because Need (6 0 0) > new available (5 3 2).
new available ¢« »Si Need (6 0 0) 4131 0¥ process P2 JI jlial ppkiwi ¥ La)l @
(53 2)
.new available (5 3 2) gsd 5l JpalNeed (0 1 1) A ¥ P3 Juss el o
For this we select P3 because Need (0 1 1)<= new available (5 3 2).
P3 get its need resources, start execute, after finished return back all
resources (new available + allocation(Pi))
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e Then select P4 because Need (4 3 1)<= new available (7 4 3).

new available (7 4 3) ¢l 5l palNeed (4 3 1) A Y P4 5 o
P4 get its need resources, start execute, after finished return back all
resources (new available + allocation(Pi))
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So, the New available = 743
002+

e Then select P2 because Need (6 0 0)<= new available (7 4 5).

new available (7 4 5) ¢ss 5l yoal Need (6 0 0) A Y P2 )5S o
e P2 get its need resources, start execute, after finished return back

all resources (new available + allocation(Pi)).
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e Then select PO because Need (7 4 3)<= new available (10 4 7).
new available (10 4 7) ¢ s 5l al Need (743) A oY PO Juss
e PO get its need resources, start execute, after finished return back
all resources (new available + allocation(Pi)).
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Note: No. of all resources in the system (Allocation for all resources +

Available)
010
200
302 +
211
002
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3- If process P1 request one additional instance of resource type A
and two instances of resource type C, so Request i = (1,0,2).

can the result be granted immediately?
. To decide whether the request of 27 (1,0,2) can be immediately granted, we

use Resource-Request Algorithm in section 6.5.3.2.
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. To decide whether the request of 27 (1,0,2) can be immediately granted, we
use Resource-Request Algorithm in section 6.5.3.2.

1-If Request i < Need i, so P1 request (1,0,2) < (3,3,2) which
is True. The go to step 2. If it is false raise an error condition,
“the process has exceeded its maximum claim”
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2- Check that Request < Available (that is, (1,0,2) < (3,3,2)
= true, and allocated the requested resources to process P1
by modifying the state as follows:
<8 (available) 2l sell (e 8 siall (55l 5l sraal YIS 1A Qllall (o o3 400 3 gladl)
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 Available = Available - Request 1
« Allocation i= Allocation i + Request I
* Needi = Need i- Request i

ABC ABC ABC
PO 010 743 230(332-102)
Pl 302(200+102) 020
P2 302 600
P3 211 011
P4 002 431
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We must determine whether this new system state is safe.
To do so, we execute our safety algorithm and find that the

sequence <P,, P;, P,, P,, P,> satisfies the safety requirement.
Hence, we can immediately grant the request of process P;.
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Can request for (3,3,0) by P4 be granted?
Can request for (0,2,0) by PO be granted?



End of Part 4




