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Introduction to Bankers Algorithm

The Bankers Algorithm is a fundamental method used in operating systems to avoid deadlock during
resource allocation. It is a safety algorithm that helps determine whether a system is in a safe state,
meaning that all processes can finish without leading to deadlock, given the current resource allocation
and requests. The algorithm is named after its originator, Edsger Dijkstra, and is widely employed in

managing multiple resource types in concurrent systems.

Understanding the Two Resource System

In a two-resource system, there are specifically two different resources that processes may request
and allocate. For instance, consider resources R1 and R2, with total instances available for each, and

a set of processes with their respective maximum demands, current allocations, and remaining needs.

This setup simplifies the problem compared to systems with multiple resource types but still provides

valuable insights into resource management and deadlock avoidance.



Key Concepts and Definitions

Before implementing the algorithm, it is essential to understand some key terms:

Available resources: The number of instances of each resource currently available.

Maximum demand: The maximum number of resources each process may request.

Allocation: The number of resources currently allocated to each process.

Need matrix: The remaining resources each process needs to complete, calculated as Maximum

demand minus Allocation.

Input Data Required

To implement the Bankers Algorithm, the following data must be specified:

¢ Total instances of resources R1 and R2

¢ Allocation matrix for all processes

¢ Maximum demand matrix for all processes

Based on this input, the available resources and needs are computed, and the safety check is

performed.



Step-by-Step Implementation of Bankers Algorithm for a Two

Resource System

Step 1: Gather Input Data

Suppose we have the following data:

e Total resources: R1 =10, R2 =5
¢ Processes: P1, P2, P3

¢ Allocation matrix:

Pl: Rl =1, R2 =0
P2: R1 =2, R2 =0
P3: R1 = 3, R2 = 2

e Maximum demand matrix:

Pl: R1 = 3, R2 =
P2: R1 = R2 =
P3: R1 =4, R2 =3
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Using this data, we can proceed to compute the available resources and need matrix.



Step 2: Calculate Available Resources

The total available resources are calculated as:

Available R1 = Total R1 - Sum of allocations of R1

=10-(1+2+3)=10-6=4

Available R2 = Total R2 - Sum of allocations of R2
=5-0+0+2)=5-2=3

Thus, the initial Available vector is: [4, 3]

Step 3: Calculate the Need Matrix

Need for each process is computed as:
Need = Max Demand - Allocation
| Process | Need R1 | Need R2 |

I | | |
|P1]3-1=2]|2-0=2]

|P2|6-2=4|1-0=1|
|P3|4-3=1|3-2=1]

So, the Need matrix is:

-P1:[2, 2]

- P2: [4, 1]
- P3: [1, 1]



Step 4: Safety Algorithm Execution

The safety algorithm determines whether the system is in a safe state by attempting to find a

sequence of processes that can finish with the current available resources.

Initialize:
- Work = Available = [4, 3]
- Finish = [False, False, False] (for P1, P2, P3)

Process P1:

- Need P1 =[2, 2] <= Work [4, 3] ? Yes

- Allocate resources to P1, process completes:

- Work = Work + Allocation P1 =[4, 3] + [1, 0] =[5, 3]
- Finish P1 = True

Process P2:

- Need P2 = [4, 1] <= Work [5, 3] ? Yes

- Allocate resources to P2, process completes:
- Work =[5, 3] + [2, 0] = [7, 3]

- Finish P2 = True

Process P3:

- Need P3 =[1, 1] <= Work [7, 3] ? Yes

- Allocate resources to P3, process completes:
- Work = [7, 3] + [3, 2] = [10, 5]

- Finish P3 = True

Result:

- All processes can finish in some sequence, indicating the system is in a safe state.



Conclusion on Safety

Since all processes can complete without leading to deadlock, the system is in a safe state, and

resource allocation can proceed safely.

Handling Different Inputs and Scenarios

Example 1: Insufficient Resources

Suppose the total resources are R1 = 5, R2 = 2, and the same allocation and maximum demand
matrices are used. Recomputing available resources and applying the safety algorithm may reveal an
unsafe state, meaning not all processes can complete simultaneously. In such cases, resource

requests should be denied or delayed.

Example 2: Dynamic Resource Requests

In real systems, processes may request resources dynamically. The Bankers Algorithm can be applied
each time a request is made to verify whether granting the request keeps the system in a safe state. If

it does, the request is granted; otherwise, it is denied to prevent deadlock.

Implementing the Algorithm Programmatically

While the explanation above is conceptual, the algorithm can be implemented in various programming

languages, such as Python, Java, or C++. The core steps involve:

1. Input reading: Total resources, Allocation, and Max matrices.

2. Computing Available resources.



3. Calculating the Need matrix.

4. Executing the safety check loop as described.

5. Outputting whether the system is in a safe state or not.

Below is a high-level pseudocode outline:

plaintext
Initialize total_resources = [R1_total, R2_total]
Initialize Allocation matrix for all processes

Initialize Max matrix for all processes

Compute Available = total_resources - sum of Allocation for each resource

Compute Need matrix = Max - Allocation

Initialize Finish array = [False, False, ..., False]

Initialize Work = Available

while not all processes finished:

for each process P:

if not Finish[P] and Need[P] <= Work:
Work = Work + Allocation[P]

Finish[P] = True

Record process P as safe to finish

if no process finished in an entire pass:

break

if all Finish are True:



System is safe
else:

System is unsafe

This pseudocode can be translated into actual code for automation.

Summary and Final Remarks

Implementing the Bankers Algorithm for a two-resource system involves understanding key resource
management concepts, accurately computing available resources and needs, and systematically
checking for a safe sequence. The example provided demonstrates how to perform these steps
manually, which can then be extended into programmatic implementations for more complex scenarios

or dynamic systems.

In summary, the Bankers Algorithm provides a robust framework for deadlock avoidance, ensuring that
resource allocation decisions do not compromise system safety. For a two-resource system, the
process simplifies but remains fundamentally the same, emphasizing the importance of careful
calculation and logical verification. Proper implementation helps operating systems maintain stability

and prevent deadlock situations, thereby ensuring efficient process execution and resource utilization.

Frequently Asked Questions

What is the purpose of implementing the Bankers Algorithm in a two-
resource system?

The Bankers Algorithm is used to avoid deadlock by determining whether resource allocation is safe,

ensuring that the system can allocate resources without entering an unsafe state.



How do you represent the initial state when implementing the Bankers
Algorithm for two resources?

The initial state is represented using matrices or arrays that specify the total resources, available

resources, maximum demand, current allocation, and need for each process.

What are the key steps involved in implementing the Bankers
Algorithm for a two-resource system?

The key steps include calculating the need matrix, checking if a process's needs can be satisfied with

current available resources, allocating resources if safe, and updating the system state accordingly.

Given an example input of processes, resources, and allocations, how
do you determine if the system is in a safe state?

By applying the Bankers Algorithm: iteratively check if any process's needs can be met with current
available resources, simulate its execution to release resources, and determine if all processes can

complete without deadlock.

What does it mean if the Bankers Algorithm determines the system is
in an unsafe state?

It means that allocating resources as requested could lead to a deadlock scenario, and the system

should deny the request to maintain safety.

How do you handle resource requests that cannot be safely granted in
the Bankers Algorithm?

Requests that cannot be met without risking an unsafe state are rejected or postponed until the system

state changes and becomes safe.



Can the Bankers Algorithm be applied to systems with more than two
resources? How?

Yes, the Bankers Algorithm can be extended to multiple resources by using additional matrices for

each resource type, but the implementation becomes more complex.

In the context of a two-resource system, what is the significance of
the 'need' matrix?

The 'need' matrix indicates the remaining resources each process requires to complete, calculated as

maximum demand minus current allocation, and is crucial for safety checks.

Given a set of processes, maximum demands, and current allocations,
how do you determine if a specific resource request can be granted
safely?

Simulate granting the request by temporarily updating allocations and available resources, then run the

safety check to see if all processes can still complete safely.

What are common pitfalls when implementing the Bankers Algorithm
for a two-resource system?

Common pitfalls include incorrect calculation of the need matrix, improper updates to available
resources after allocation, and failing to check system safety after each request, leading to potential

deadlocks or unsafe states.

Additional Resources

Implement Bankers Algorithm For A Two Resource System is a fundamental exercise in understanding

deadlock avoidance in operating systems. The Bankers Algorithm, devised by David G. Bobrow and



popularized by Edsger Dijkstra, offers a systematic method for ensuring that resource allocation
requests do not lead the system into a deadlock state. When applied to a system with two resource
types, the algorithm simplifies but still provides valuable insights into resource management and safety
checks. This article offers a comprehensive overview of implementing the Bankers Algorithm in a two-
resource system, analyzing given inputs to determine whether the system is in a safe state or at risk of

deadlock.

Understanding the Bankers Algorithm in a Two Resource

System

What is the Bankers Algorithm?

The Bankers Algorithm is a deadlock avoidance algorithm that simulates resource allocation for
multiple processes in a system with multiple resource types. Its core principle is to ensure that a
system always remains in a safe state—a state where processes can complete without leading to

deadlock—even if it grants a specific resource request.

In a two-resource system, the algorithm's logic simplifies because only two resource types need to be

considered, often labeled as Resource A and Resource B. The key components involved include:

- Available Resources: The total number of each resource currently free.

- Maximum Demand: The maximum number of resources each process might request.

- Current Allocation: The current number of resources allocated to each process.

- Need Matrix: The remaining resources each process needs to complete, calculated as "Maximum

Demand - Current Allocation’.



Why Use The Bankers Algorithm?

The main advantage of the Bankers Algorithm is its ability to prevent deadlocks proactively by only
granting resource requests that keep the system in a safe state. It is particularly useful in systems
where resource requests are dynamic and unpredictable, such as database systems or multi-user

operating systems.

Implementing the Bankers Algorithm: Step-by-Step Guide for

Two Resources

Implementing the algorithm involves several systematic steps, which are similar regardless of the

number of resources but become more manageable with only two resource types.

Step 1: Initialize Data Structures

- Available Vector: Contains the count of free resources for each resource type.
- Maximum Demand Matrix: For each process, the maximum resources it could request.
- Allocation Matrix: How many resources are currently allocated to each process.

- Need Matrix: Calculated as "Maximum Demand - Allocation’.

Step 2: Safety Algorithm

The core component of the implementation is the safety algorithm, which determines whether the

current state is safe:



1. Initialize a work vector as a copy of the available resources.

2. Maintain a Finish vector to track whether each process can finish.

3. Find a process whose needs are less than or equal to work and is not yet finished.

4. If such a process is found:

- Simulate the process completing: add its allocated resources back to the work vector.

- Mark the process as finished.

5. Repeat steps 3-4 until all processes are marked finished or no such process can be found.

6. If all processes can finish, the system is in a safe state; otherwise, it is unsafe.

Step 3: Resource Request Handling

When a process requests additional resources:

- Check if the request is less than or equal to the process's need.

- Check if the request is less than or equal to the current available resources.

- If both conditions are true, provisionally allocate resources and invoke the safety algorithm:
- If the system remains in a safe state, grant the request permanently.

- Otherwise, deny the request and revert to the previous state.

Applying the Algorithm to a Given Input

Suppose we have a system with two resources, Resource A and Resource B, and multiple processes.

The input data might look like:

| Process | Max Demand (A, B) | Allocation (A, B) | Need (A, B) |

I | | | I
| P11(7,9) 10, 1)[(7,4)]




|P2](3,2)1(2,0)[(1,2)]
| P31(9,6)](3,3)1(6,3)|

Available resources:

- Resource A: 3

- Resource B: 2

Using this data, we analyze whether the system is in a safe state.

Step-by-Step Safety Check for the Given Input

Initial State:

- Available: (3, 2)
- Allocation:

- P1: (0, 1)

- P2: (2, 0)

- P3: (3, 3)

- Need:

-P1: (7, 4)

-P2: (1, 2)

- P3: (6, 3)



Process Execution Analysis:

1. Identify a process whose need is less than or equal to available:
- P1 needs (7, 4) — cannot proceed (needs > available).

- P2 needs (1, 2) — can proceed (1 [l 3,2 D 2).

- P3 needs (6, 3) — cannot proceed (needs > available).

2. Simulate P2 completing:

- After P2 finishes, resources are released:

- Available becomes: (3 + 2, 2 + 0) = (5, 2).
3. Next, check remaining processes:

- P1 needs (7, 4) — still cannot proceed (needs > available).

- P3 needs (6, 3) — cannot proceed (needs > available).
4. No further processes can proceed, and not all processes have completed.

Conclusion: The system is in an unsafe state under current resource allocation; deadlock might occur

if P2 completes and P1, P3 cannot proceed.

Determining Safety and Deadlock

Based on the above, the system's safety hinges on the sequence of process completions. If the

process sequence can be arranged so that all processes finish without resource conflicts, the system



is safe. Otherwise, it is unsafe.

In this example, since P2 can proceed initially, but after its completion, no other process can proceed,

the system is at risk of deadlock.
Key points:

- The system is unsafe with the current allocation.

- The system will deadlock if the processes proceed in a way that depletes resources.

Pros and Cons of Implementing Bankers Algorithm in a Two-

Resource System

Pros:

- Simplicity: With only two resources, calculations are straightforward, making implementation easier.
- Deadlock Prevention: Ensures the system never enters an unsafe state.

- Predictability: Provides clear safety checks before resource requests are granted.
Cons:

- Overhead: Continual safety checks can add computational overhead, especially with many
processes.

- Limited Flexibility: May deny resource requests even when deadlocks are unlikely, reducing system
efficiency.

- Assumption of Known Max Demand: Requires prior knowledge of maximum resource needs, which

isn't always feasible.



Features and Best Practices in Implementation

- Maintain Accurate Data Structures: Keep maximum demand, allocation, need, and available vectors
updated.

- Implement Efficient Safety Checks: Use optimized algorithms to verify system safety quickly.

- Handle Requests Carefully: Always validate requests against need and available resources before
granting.

- Graceful Reversion: If the safety check fails, revert to the previous state to avoid inconsistent data.

Conclusion

Implementing the Bankers Algorithm for a two-resource system provides an instructive and
manageable way to understand deadlock avoidance techniques. By systematically analyzing resource
requests and simulating process completions, it is possible to determine whether the system remains
in a safe state or risks deadlock. While the approach offers clear benefits in preventing deadlocks
proactively, it also entails overhead and assumptions that may not fit all real-world scenarios.
Nonetheless, mastering this algorithm forms a foundational skill for operating system design and

resource management, especially in environments where resource contention is critical.

In sum, thoroughly understanding and correctly implementing the Bankers Algorithm ensures better
system stability and resource utilization, making it an essential tool for system programmers and OS

designers alike.
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