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In the realm of digital systems and hardware design, arbiter circuits are
essential components that manage multiple requests for shared resources,
ensuring orderly and fair access. Designing an arbiter that efficiently
grants access to one of three requesters requires careful consideration of
priority schemes, fairness, and implementation complexity. This article
explores the principles, design methodologies, and practical considerations
involved in creating an arbiter capable of handling three simultaneous
requests, optimized for performance and reliability.

---

Understanding Arbiter Circuits and Their
Importance

What Is an Arbiter?
An arbiter is a hardware component used in digital systems to control access
to shared resources like buses, memory units, or communication channels. When
multiple agents or requesters simultaneously request access, the arbiter
determines which requester gets priority and grants access accordingly,
preventing conflicts and data corruption.

Why Are Arbiters Critical in Digital Systems?
Arbiters are fundamental for:
- Ensuring data integrity when multiple devices compete for resources
- Maintaining system stability
- Facilitating fair access among requesters
- Optimizing throughput and system efficiency

Common Types of Arbitrers
- Fixed Priority Arbiter: Assigns a fixed priority to requesters.
- Round Robin Arbiter: Rotates priority among requesters to ensure fairness.
- Combination Arbiter: Uses a hybrid approach to balance priority and



fairness.

---

Design Requirements for a Three-Requester
Arbiter

Key Features and Goals
Designing an arbiter for three requesters involves ensuring:
- Mutual exclusion: Only one requester gets access at a time.
- Fairness: No requester should be perpetually denied.
- Priority handling: Ability to assign fixed or dynamic priorities.
- Low latency: Minimal delay in granting access.
- Scalability: Ease of extending to more requesters if needed.

Inputs and Outputs
- Inputs:
- R1, R2, R3: Request signals from three requesters
- Outputs:
- G: Grant signal indicating which requester has access
- Grant signals may be encoded (e.g., one-hot or binary)

---

Design Approaches for a Three-Requester Arbiter

1. Priority-Based Arbiter
In a priority arbiter, each requester is assigned a fixed priority:
- Requester 1 has highest priority
- Requester 2 has medium priority
- Requester 3 has lowest priority

Advantages:
- Simple implementation
- Fast decision-making

Disadvantages:
- Possible starvation of lower-priority requesters



2. Round Robin Arbiter
Ensures fairness by rotating priority among requesters:
- Keeps track of the last granted requester
- Grants access in a cyclic order, e.g., R1 → R2 → R3 → R1...

Advantages:
- Prevents starvation
- Fair resource distribution

Disadvantages:
- Slightly more complex logic
- Slightly increased latency

3. Dynamic Priority Arbiter
Priorities change based on system conditions or request patterns.

---

Implementing a Priority-Based Three-Requester
Arbiter

Hardware Architecture
The typical architecture involves:
- Priority encoders
- Logic gates to resolve conflicts
- Flip-flops or registers to store grant states

Logic Design Using Combinational Circuits
The core logic involves:
- Decoding request inputs
- Applying priority rules
- Generating grant signals

Sample Logic:
- If R1 is high, grant R1 regardless of others.
- Else if R2 is high, grant R2.
- Else if R3 is high, grant R3.
- Else no grants.



Truth Table for Priority-Based Arbiter
| R1 | R2 | R3 | G1 | G2 | G3 |
|----|----|----|----|----|----|
| 0 | 0 | 0 | 0 | 0 | 0 |
| 1 | 0 | 0 | 1 | 0 | 0 |
| 0 | 1 | 0 | 0 | 1 | 0 |
| 0 | 0 | 1 | 0 | 0 | 1 |
| 1 | 1 | 0 | 1 | 0 | 0 |
| 1 | 0 | 1 | 1 | 0 | 0 |
| 0 | 1 | 1 | 0 | 1 | 0 |
| 1 | 1 | 1 | 1 | 0 | 0 |

Note: The logic prioritizes R1 over R2, R2 over R3.

---

Implementing a Round Robin Arbiter for Fairness

State Machine Approach
A finite state machine (FSM) is used to track which requester was last
granted access. The logic involves:
- Maintaining a current state representing the last granted requester
- Transitioning to the next requester in sequence when multiple requests are
active

Hardware Components
- Flip-flops for state storage
- Priority logic to compare request signals
- Logic to determine next grant based on current state and request inputs

Flow Diagram of Round Robin Arbiter
1. Check request signals R1, R2, R3
2. Based on current state, select the next requester with an active request
3. Update state to reflect granted requester
4. Assert corresponding grant signal

---



Design Optimization and Practical
Considerations

Reducing Latency and Power Consumption
- Use combinational logic for fast response
- Minimize logic gates
- Optimize for low switching activity

Handling Multiple Requests Simultaneously
- Decide on priority scheme (fixed or round robin)
- Implement conflict resolution logic
- Ensure only one grant signal is active at a time

Ensuring Fairness and Avoiding Starvation
- Incorporate round robin or weighted priority
- Periodically reset or adjust priorities

Testing and Verification
- Use simulation tools to verify logic correctness
- Test with all possible request combinations
- Check for mutual exclusion and fairness

---

Extending the Arbiter Design

Scaling to More Requesters
- Use hierarchical design approaches
- Implement scalable priority encoders and FSMs
- Manage increased complexity with modular design

Integrating with System-Level Components
- Connect arbiter with bus controllers
- Interface with requestor modules
- Ensure compatibility with system protocols



---

Conclusion
Designing an arbiter that grants access to one of three requesters is a vital
task in digital system design, ensuring resource sharing is efficient, fair,
and conflict-free. Choosing the appropriate arbitration scheme—whether
priority-based, round robin, or a hybrid—depends on system requirements such
as fairness, latency, and complexity. By understanding the underlying
principles, employing robust logic design techniques, and considering
practical constraints, engineers can develop reliable arbiters that enhance
system performance. Whether for simple embedded systems or complex multi-core
architectures, the principles outlined in this guide provide a solid
foundation for creating effective arbiter circuits for three requesters.

---
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Frequently Asked Questions

What is the primary purpose of designing an arbiter
with three inputs?
The primary purpose is to manage and grant access to a shared resource among
three requesters, ensuring that only one requester is granted access at a
time based on a defined arbitration policy.

What are common arbitration schemes used in a three-
input arbiter?
Common schemes include priority-based arbitration, round-robin arbitration,
and fixed-priority arbitration, each determining how access is granted when
multiple requesters request simultaneously.

How can fairness be ensured in a three-input arbiter
design?
Fairness can be ensured by implementing schemes like round-robin arbitration
or adding mechanisms to prevent starvation, ensuring each requester gets
equitable access over time.



What are the key design considerations when
implementing a three-input arbiter?
Key considerations include minimizing latency, preventing race conditions,
ensuring fair access, handling simultaneous requests efficiently, and
maintaining scalability for additional inputs if needed.

How does a priority-based arbiter differ from a
round-robin arbiter in this context?
A priority-based arbiter grants access based on predefined priority levels,
which can lead to starvation of lower-priority requesters, whereas a round-
robin arbiter cycles through requesters to ensure fairness regardless of
priority.

What are potential challenges in designing an
arbiter with three inputs and how can they be
addressed?
Challenges include handling simultaneous requests, avoiding priority
inversion, and ensuring fair access. These can be addressed by implementing
synchronized control logic, using fairness algorithms like round-robin, and
designing robust state machines.

Additional Resources
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In modern digital systems, resource sharing among multiple requesters is a
common challenge. Whether in microprocessors, communication systems, or
multi-core architectures, it’s essential to manage access to shared resources
efficiently and fairly. An arbiter serves as the decision-making unit that
grants control to one requester at a time, avoiding conflicts and ensuring
smooth operation. This article delves into the design of an arbiter tailored
for three requesters, focusing on creating a robust, fair, and efficient
mechanism that handles three distinct inputs and grants access to one
requester per cycle.

---

Understanding the Need for an Arbiter

Before diving into the design specifics, it’s crucial to understand why
arbiters are integral components in digital systems.

The Role of an Arbiter



An arbiter acts as a control logic that:

- Resolves Conflicts: When multiple requesters simultaneously request access
to a shared resource, the arbiter determines who gets priority.
- Ensures Fairness: Prevents starvation of any requester by implementing fair
arbitration policies.
- Maintains System Integrity: Guarantees that only one requester accesses the
resource at a time, preventing data corruption or conflicts.

Common Applications

- Memory Access Control: Multiple processors requesting access to shared
memory.
- Bus Arbitration: Controlling access to a communication bus among several
masters.
- Resource Allocation in Network Devices: Managing access to buffers or
processing units.

Challenges in Designing a 3-Requester Arbiter

- Fairness vs. Priority: Balancing between giving priority to certain
requesters and ensuring others are not starved.
- Handling Simultaneous Requests: Determining which requester to grant when
all request simultaneously.
- Implementation Complexity: Designing a hardware-efficient and reliable
logic circuit.

---

Fundamental Concepts in Arbiter Design

Designing an arbiter involves understanding several core concepts that
influence how requests are managed and granted.

Request and Grant Signals

- Input Requests (R1, R2, R3): Signals from each requester indicating the
desire to access the resource.
- Grant Outputs (G1, G2, G3): Signals sent by the arbiter to grant permission
to a specific requester.

Priority Schemes

- Fixed Priority: Assigns a static priority (e.g., R1 highest, R3 lowest).
The highest priority request is always served first.
- Round Robin: Cycles through requesters fairly, preventing starvation.
- Dynamic Priority: Adjusts priorities based on system state or past grants.

Fairness and Starvation Prevention

Ensuring that no requester is indefinitely denied access is key. Fair schemes



like round robin are often preferred in multi-requester systems to ensure
equitable access over time.

---

Designing the Arbiter: Step-by-Step Approach

The goal is to create a hardware logic design that takes in three request
signals and outputs corresponding grant signals, adhering to the chosen
arbitration policy.

Step 1: Define the Inputs and Outputs

- Inputs:
- R1, R2, R3: Request signals from requester 1, 2, and 3.
- Outputs:
- G1, G2, G3: Grant signals to each requester.

Step 2: Choose the Arbitration Policy

For this design, let’s assume a fixed priority scheme with the following
order:

- R1 has the highest priority.
- R2 has medium priority.
- R3 has the lowest priority.

This choice simplifies the logic but can be extended to more complex schemes.

Step 3: Logic Implementation

The core logic determines which grant signals to activate based on the
request signals and priority.

Basic Logic Rules:

- If R1 is requesting, grant G1 regardless of R2 and R3.
- If R1 is not requesting but R2 is, grant G2.
- If R1 and R2 are not requesting but R3 is, grant G3.
- If none are requesting, no grants are issued.

Boolean Expressions:

- G1 = R1
- G2 = R2 AND NOT R1
- G3 = R3 AND NOT R1 AND NOT R2

This simple logic ensures that higher priority requests block lower priority
ones if they are active.

Step 4: Hardware Implementation



The logic expressions translate into combinational circuits:

- G1: Direct connection from R1.
- G2: R2 AND (NOT R1).
- G3: R3 AND (NOT R1) AND (NOT R2).

Implementing this with AND, OR, and NOT gates is straightforward.

Step 5: Extending for Fairness

While fixed priority is simple, it can cause starvation of lower priority
requesters. To mitigate this, designers often incorporate fairness
mechanisms, such as:

- Round Robin Logic: Using a rotating token to grant access cyclically.
- Priority Aging: Increasing the priority of requesters that have waited
longer.

Implementing a round robin arbiter involves additional registers and control
logic to track the last granted requester and cycle through requests.

---

Enhancing the Basic Arbiter: Fairness and Scalability

While the fixed priority arbiter offers simplicity, real-world systems often
demand fairness and adaptability. Here, we explore enhancements suitable for
complex systems.

Implementing a Round Robin Arbiter

A round robin arbiter for three requesters involves:

- Token Passing: A token indicating the next requester to be granted.
- Request Handling: When requests are active, the arbiter grants access to
the requester with the token.
- Token Update: After granting, the token shifts to the next requester in
sequence.

Basic Components:

- Request Inputs: R1, R2, R3.
- Grant Outputs: G1, G2, G3.
- Token Register: Stores the current token position, indicating which
requester has priority.

Logic Overview:

1. Check Requests: Determine which requesters are requesting.
2. Grant Based on Token and Requests: Grant to the requester with the token
if requesting.



3. Update Token: After granting, move the token to the next requester.

This approach ensures each requester gets fair access over time.

Scalability Considerations

Designs for three requesters are manageable, but as the number of requesters
increases, complexity grows:

- Logic Complexity: More request lines and grant logic.
- Fairness Algorithms: Need for more sophisticated algorithms like weighted
round robin or priority queues.
- Hardware Resources: Larger logic circuits and memory elements.

Designers must balance complexity, performance, and resource constraints when
scaling.

---

Practical Implementation: Example Circuit and Simulation

To illustrate, consider a practical example with logic diagrams and
simulation results.

Example Logic Diagram

- Inputs: R1, R2, R3.
- Logic gates implementing the fixed priority scheme:
- G1 = R1
- G2 = R2 AND NOT R1
- G3 = R3 AND NOT R1 AND NOT R2

Simulation Scenarios

- Case 1: R1=1, R2=0, R3=0 → G1=1, G2=0, G3=0.
- Case 2: R1=0, R2=1, R3=1 → G1=0, G2=1, G3=0.
- Case 3: R1=0, R2=0, R3=1 → G1=0, G2=0, G3=1.
- Case 4: R1=1, R2=1, R3=1 → G1=1, G2=0, G3=0.

The simulation confirms the logic behaves as expected, prioritizing requests
according to the fixed priority scheme.

---

Conclusion: Best Practices and Future Directions

Designing an arbiter for three requesters involves understanding the core
principles of conflict resolution, fairness, and efficient hardware
implementation. Fixed priority schemes are simple and effective but may lead
to starvation, making fairness mechanisms like round robin valuable
enhancements.



Key takeaways:

- Clearly define your arbitration policy based on system requirements.
- Use combinational logic for straightforward fixed priority schemes.
- Incorporate fairness algorithms when equitable resource sharing is
critical.
- Consider scalability and future expansion in your design approach.

Future directions include integrating dynamic priority schemes, implementing
adaptive arbitration algorithms, and leveraging programmable logic devices
for flexible arbiter designs. As systems grow more complex, the importance of
robust, fair, and efficient arbiters becomes even more apparent, ensuring
smooth resource sharing and system stability.

---

In summary, whether for microprocessors, network switches, or multi-core
processors, a well-designed arbiter is fundamental to system reliability and
performance. By understanding the core principles and carefully implementing
the logic, engineers can create arbitration solutions tailored to their
specific system needs, ensuring fair and efficient resource allocation across
the board.
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