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In digital systems, resource sharing among multiple requesters is a common
scenario. To efficiently manage access to shared resources, arbiters are
employed. An arbiter ensures that only one requester gains access at a time,
following predetermined priority or fairness policies. Designing a robust
arbiter using VHDL (VHSIC Hardware Description Language) is essential for
FPGA and ASIC designs. This article provides a comprehensive guide on
creating a VHDL code for an arbiter that grants access to any one of three
requesters, along with a detailed testbench for simulation and verification.

Understanding the Need for an Arbiter in
Digital Systems

In systems where multiple modules or devices request access to a shared
resource such as memory, bus, or communication channel, conflicts can occur.
An arbiter manages these conflicts by deciding which requester gets access at
any given time. The main goals of an arbiter include:

e Fairness: Ensuring each requester gets a chance to access the resource

e Priority Handling: Optionally assigning priority levels to requesters

e Throughput Optimization: Maximizing resource utilization

e Minimizing Latency: Reducing wait time for requesters

Types of Arbiter Designs

Depending on the system requirements, different arbiter architectures can be
implemented:



1. Fixed Priority Arbiter

- Assigns static priority based on requester ID or other criteria
- Higher priority requesters are granted access first
- Simpler but may cause starvation of lower-priority requesters

2. Round Robin Arbiter

- Cycles through requesters fairly in a round-robin manner
- Ensures each requester gets equitable access over time

3. Priority with Fairness

- Combines priority schemes with fairness policies to prevent starvation

For this guide, we will focus on a simple fixed priority arbiter for three
requesters, which is common in many embedded systems.

Design Specifications

Before diving into the VHDL code, let's define the system's specifications:

- Request Inputs: "reql’, ‘reg2, "req3" (each a std logic signal)

- Grant OQutputs: “gntl’, “gnt2’, "gnt3" (each a std logic signal)

- Arbiter Behavior:

- If multiple requests are active simultaneously, the arbiter grants access
based on fixed priority order: "reql” > "reg2 > "req3 .

- Once granted, the arbiter maintains the grant until the request is
deasserted.

- Only one grant line is high at a time, corresponding to the highest
priority active request.

VHDL Code for the Arbiter

" vhdl
library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity ThreeRequesterArbiter is
Port (

clk : in std logic;

reset : in std logic;



reql : in std logic;

reg2 : in std logic;

req3 : in std logic;

gntl : out std logic;

gnt2 : out std logic;

gnt3 : out std logic

);

end ThreeRequesterArbiter;

architecture Behavioral of ThreeRequesterArbiter is

begin

process(clk, reset)
begin

if reset = '1' then
gntl <= '0';

gnt2 <= '0';

gnt3 <= '0';

elsif rising edge(clk) then
-- Grant priority: reql > req2 > req3
if reql = '1' then

gntl <= '1";

gnt2 <= '0';

gnt3 <= '0';

elsif req2 = '1' then
gntl <= '0"';

gnt2 <= '1";

gnt3 <= '0';

elsif req3 = '1' then
gntl <= '0';

gnt2 <= '0';

gnt3 <= '1"';

else

gntl <= '0';

gnt2 <= '0';

gnt3 <= '0';

end if;

end if;

end process;
end Behavioral;

This code creates a simple fixed-priority arbiter. It checks requests on each
rising clock edge and grants access accordingly.

Creating a Testbench for the Arbiter

A testbench is essential to verify the correctness of the arbiter design. It



stimulates the inputs and observes the outputs to ensure the system behaves
as expected.

"7 vhdl
library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity TB ThreeRequesterArbiter 1is
-- Testbench does not have ports
end TB ThreeRequesterArbiter;

architecture Behavioral of TB ThreeRequesterArbiter is
-- Component declaration
component ThreeRequesterArbiter
Port (

clk : in std logic;

reset : in std logic;

reql : in std logic;

reg2 : in std logic;

req3 : in std logic;

gntl : out std logic;

gnt2 : out std logic;

gnt3 : out std logic

);

end component;

-- Signals to connect to the arbiter

signal clk : std logic := '0';

signal reset : std logic := '1"';
signal reql : std logic := '0';
signal req2 : std logic := '0';

signal req3 : std logic := '0';
signal gntl : std logic;
signal gnt2 : std logic;
signal gnt3 : std logic;

-- Clock period definition

constant clk period : time := 10 ns;
begin

-- Instantiate the arbiter

UUT: ThreeRequesterArbiter

Port map (

clk => clk,
reset => reset,
reql => reql,
req2 => reqz2,
req3 => req3,
gntl => gntl,
gnt2 => gnt2,

gnt3 => gnt3
);



-- Clock generation
clk process :process
begin

while True loop

clk <= '0"';

wait for clk period/2;
clk <= '1"';

wait for clk period/2;
end loop;

end process;

-- Stimulus process
stim proc: process
begin

-- Initialize requests
wait for 20 ns;

reset <= '0';

-- Test case 1: reql active
reql <= 'l'; req2 <= '0'; reg3 <= '0';
wait for 20 ns;

-- Test case 2: reg2 active, reql inactive
reql <= '0'; req2 <= '1l'; req3 <= '0';
wait for 20 ns;

-- Test case 3: req3 active, reql and req2 inactive
reql <= '0'; req2 <= '0'; req3 <= 'l1';
wait for 20 ns;

-- Test case 4: multiple requests active
reql <= 'l'; req2 <= '1'; reg3 <= '1';
wait for 20 ns;

-- Deactivate all requests
reql <= '0'; req2 <= '0'; req3 <= '0';
wait for 20 ns;

-- End simulation
wait;

end process;

end Behavioral;

Simulation and Verification

To verify the correctness of your arbiter design, follow these steps:



1. Compile the VHDL files in your simulation environment (e.g., ModelSinm,
Vivado Simulator).

2. Run the simulation and observe the waveforms.

3. Check the outputs ('gntl’, "gnt2°, "gnt3') against the input requests
based on the priority scheme.

4. Verify the behavior for different request combinations, especially
multiple simultaneous requests.

5. Ensure that only one grant line is active at any time and that grants are
assigned following the fixed priority.

Conclusion

Designing an arbiter in VHDL is a fundamental skill in digital system design.
The fixed priority arbiter provided here is straightforward and suitable for
systems where certain requesters need guaranteed access over others. The
testbench helps verify the design's correctness through various scenarios,
ensuring robustness before deployment on hardware.

For more advanced requirements, consider implementing round-robin or fair
arbitration schemes. Additionally, integrating features such as request
acknowledgment, preemption, or dynamic priorities can enhance the arbiter's
functionality.

Additional Tips for VHDL Arbiter Design

- Use processes judiciously to separate combinational and sequential logic.
- Register grant signals if timing synchronization is critical.
- Include

Frequently Asked Questions

What is the primary function of an arbiter in VHDL
when managing multiple requesters?

An arbiter in VHDL manages access to a shared resource by granting access to
one requester at a time based on a defined priority or fairness scheme,
ensuring orderly and conflict-free access among multiple requesters.

How can I design a simple VHDL arbiter that handles



three requesters with equal priority?

You can design a combinational process that checks the request signals and
grants access to the first active request in a fixed order, or implement a
round-robin scheme using internal state variables. The code typically
includes request inputs, grant outputs, and a process to determine the grant
based on requests.

What components should be included in the testbench
for validating the three-requester arbiter?

The testbench should generate various request patterns for the three
requesters, monitor the grant outputs, and include assertions or checks to
verify that only one requester is granted at a time, along with timing
scenarios to test arbiter responsiveness.

Can you provide a sample VHDL code snippet for a
three-requester arbiter with a testbench?

Yes. A typical VHDL code includes an entity for the arbiter with request and
grant signals, a behavioral architecture implementing the grant logic, and a
testbench that stimuli the request signals and observes the grant outputs to
validate proper operation. Exact code can be tailored to specific arbitration
policies.

What are common challenges faced when writing a VHDL
arbiter with a testbench, and how can they be
addressed?

Common challenges include ensuring correct priority handling, avoiding race
conditions, and verifying fairness. These can be addressed by thorough
testing with diverse request scenarios, using assertions, and implementing
well-defined priority schemes like fixed priority or round-robin in the
design.

Additional Resources

Need VHDL Code With Testbench: Design An Arbiter That Grants Access To Any
One Of Three Requesters

In digital system design, especially in complex SoCs and embedded systems,
managing multiple requests for shared resources is a critical task. This is
where an arbiter comes into play — a hardware component that controls access
to a resource by granting permission to one requester at a time based on
specific arbitration policies. When designing such systems, especially in
FPGA or ASIC development, having reliable VHDL code with testbench for an
arbiter that can handle multiple requesters becomes essential. This guide



aims to walk you through the process of designing an arbiter that grants
access to any one of three requesters, providing a comprehensive
understanding of the VHDL implementation, testbench creation, and best
practices.

Understanding the Need for an Arbiter in Digital Systems

In multi-user or multi-process environments, multiple modules or components
might simultaneously request access to a common resource — such as memory, a
bus, or an I/0 port. Without proper control, such concurrent requests can
lead to contention, data corruption, or system instability. An arbiter acts
as the decision-making logic that ensures orderly, fair, and efficient
granting of resource access.

Why Design an Arbiter for Three Requesters?

- Fairness: Ensuring all requesters get access over time without starvation.
- Priority Handling: Assigning priorities to requesters based on system
requirements.

- Simplicity: Handling a fixed number of requesters simplifies the hardware
and logic design.

- Scalability: Modular design allows easy extension to more requesters if
needed.

Core Concepts and Functionality of the Arbiter

An arbiter typically takes multiple request signals as input and produces a
grant signal indicating which requester has access. The core features of a
three-requester arbiter include:

- Input Request Lines (REQ1l, REQ2, REQ3): Signals from each requester
indicating a request.

- Output Grant Lines (GNT1, GNT2, GNT3): Signals from the arbiter indicating
which requester is granted access.

- Arbitration Policy: The logic determining priority — for example, fixed
priority, round-robin, or priority encoder.

- Mutually Exclusive Grants: Only one grant active at a time, ensuring
exclusive access.

Designing the VHDL Code for the Arbiter
Step 1: Define the Entity

Start by defining the entity with request inputs and grant outputs.



"7 vhdl

entity three requester arbiter is

Port (

clk : in std logic;

reset : in std logic;

req : in std logic vector(2 downto 0);
gnt : out std logic vector(2 downto 0)
);

end three requester arbiter;

Step 2: Architecture and Arbitration Logic

Implement the core logic inside the architecture. For simplicity, we’ll use a
fixed priority scheme where:

- Requester 1 has the highest priority.
- Requester 2 has medium priority.
- Requester 3 has the lowest priority.

" vhdl
architecture Behavioral of three requester arbiter is
begin
process(clk, reset)
begin
if reset = '1' then

gnt <= (others => '0');
elsif rising edge(clk) then
if req(@) = '1' then

gnt <= "001"; -- Grant to Requester 1
elsif req(l) = '1' then

gnt <= "010"; -- Grant to Requester 2
elsif req(2) = '1' then

gnt <= "100"; -- Grant to Requester 3
else

gnt <= (others => '0'); -- No requests
end if;

end if;

end process;
end Behavioral;

Step 3: Consideration for Fairness and Other Policies

While fixed priority is simple, other arbitration policies such as round-
robin or priority-based with aging can be implemented for fairness. For
example, a round-robin arbiter would rotate grants among requesters to
prevent starvation.



Developing the Testbench for the Arbiter

A testbench is essential for verifying the correctness of your VHDL code
before deployment. It stimulates the inputs and observes the outputs,
checking for expected behavior.

Step 1: Define the Testbench Entity

" Tvhdl
entity tb three requester arbiter is
end tb three requester arbiter;

Step 2: Instantiate the Under-Test Module

" vhdl
architecture Behavioral of tb three requester arbiter is
-- Signal declarations
signal clk : std logic := '0';
signal reset : std logic := '1"';
signal req : std logic vector(2 downto 0);
signal gnt : std logic vector(2 downto 0);
begin
-- Instantiate the arbiter
uut: entity work.three requester arbiter
port map (
clk => clk,
reset => reset,
req => req,
gnt => gnt
);

-- Clock generation
clk process : process
begin

while True loop

clk <= '0';

wait for 10 ns;

clk <= '1';

wait for 10 ns;

end loop;

end process;

-- Stimulus process
stim proc: process

begin
-- Initialize request signals
req <= "000";

wait for 20 ns;

-- Reset system



reset <= '1';
wait for 20 ns;
reset <= '0"';

-- Test case 1: Requester 1 active
req <= "001";
wait for 20 ns;

-- Test case 2: Requester 2 active
req <= "010";
wait for 20 ns;

-- Test case 3: Requester 3 active
req <= "100";
wait for 20 ns;

-- Test case 4: Multiple requests (Requesters 1 and 2)
req <= "011";
wait for 20 ns;

-- Test case 5: No requests
req <= ||0®0||;
wait for 20 ns;

-- End simulation
wait;

end process;

end Behavioral;

AN

Step 3: Observing Results
Use waveform viewers to monitor "req  and "gnt signals. Verify that:

- The arbiter grants access according to priority.
- Only one grant line is active at any time.
- No unexpected grants occur in idle states.

Best Practices for VHDL Arbiter Design and Testing

- Prioritize Simplicity: Start with fixed priority schemes; they are easier
to implement and verify.

- Ensure Mutual Exclusivity: Only one grant should be active at a time to
prevent conflicts.

- Implement Fairness: Consider round-robin or weighted schemes for systems
requiring fairness.

- Use Reset Conditions: Initialize the system to a known state at startup.
- Test Exhaustively: Cover all combinations of requests, including
simultaneous requests.



- Document Your Code: Clear comments help future maintenance and
understanding.

- Validate Timing: Check for setup and hold times to ensure reliable
operation.

Extending the Design
Once the basic arbiter is functional, consider enhancements:

- Priority Levels: Assign different priorities to requesters.

- Dynamic Priority: Change priorities based on system state.

- Timeouts: Implement request timeouts to prevent requesters from waiting
indefinitely.

- Multiple Grants: For systems that allow sharing, modify for multiple
simultaneous grants.

Final Thoughts

Designing an arbiter that grants access to any one of three requesters is
fundamental in managing resource contention within digital systems. Using
VHDL provides a flexible and portable way to implement and simulate such
hardware components. Coupling the design with a thorough testbench ensures
robustness before integration into larger systems. Whether you’re developing
FPGA-based solutions or ASICs, mastering arbiter design and verification is a
key skill that enhances system reliability and performance.

By following the structured approach outlined here — from understanding core
concepts, designing modular VHDL code, creating comprehensive testbenches, to
considering future enhancements — engineers and designers can confidently
incorporate efficient arbitration mechanisms into their digital projects.
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