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ABSTRACT: This project presents the comprehensive design, implementation, and verification of a custom Reduced 

Instruction Set Computing (RISC) processor architecture using Verilog HDL, with an emphasis on advanced 

verification techniques using SystemVerilog. The processor features a modular architecture optimized for performance 

and scalability, incorporating key components such as the ALU, register file, instruction decoder, and control logic. The 

design process follows industry-standard digital design methodologies, from RTL modeling to synthesis and timing 

analysis.A robust System Verilog-based verification environment was developed to validate the processor's 

functionality, employing constrained-random test benches, coverage-driven verification, assertions, and functional 

coverage metrics. The test environment also includes scoreboard and monitor modules to support self-checking 

capabilities. Simulation results confirm the correct operation of all instruction types, including arithmetic, logic, 

branching, and memory operations, under a variety of edge cases and input scenarios. This work demonstrates the 

effectiveness of combining Verilog for hardware description with System Verilog for advanced verification, 

showcasing a methodology suitable for academic research, prototyping, or industrial application in embedded systems 

and digital processor design. 
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I. INTRODUCTION 

 

In the ever-evolving landscape of digital system design, the need for efficient, reliable, and highperformance processors 

remains a cornerstone of modern computing systems. Among various processor design paradigms, the Reduced 

Instruction Set Computing (RISC) architecture has emerged as a dominant approach due to its simplicity, scalability, 

and performance efficiency. RISC architectures focus on a limited set of instructions, enabling faster execution, easier 

pipelining, and simplified control logic. This project delves into the advanced design and  rigorous verification of a 

custom RISC processor architecture, leveraging Verilog for hardware description and SystemVerilog for 

comprehensive testing and validation. The goal is to build a processor that is not only functionally correct but also 

robust under varying conditions, wit verification coverage that ensures both expected and edge-case behaviors are 

thoroughly examined. The Custom RISC Processor is designed from the ground up, starting with an architectural 

specification that defines a clean instruction set and data path. The processor includes essential components such as a 

32-bit Arithmetic Logic Unit (ALU), general-purpose register file, control unit, instruction decoder, program counter, 

and memory interface. Special care is taken in designing the instruction set to support essential operations—arithmetic, 

logical, branching, and memory access—while maintaining architectural simplicity. To facilitate instruction execution, 

a multistage datapath is constructed, with considerations for future enhancements such as pipelining, forwarding, and 

hazard detection. The architectural model emphasizes modularity and reusability, making the processor suitable for 

educational, research, and embedded system development purposes. 

 

. 
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II.PROPOSEDSYSTEM 

 

The Custom RISC Processor is a simplified, yet fully functional processor core designed to execute a 

predefined instruction set with high efficiency and accuracy. It is implemented in Verilog HDL, adhering to a modular 

design approach that separates the processor’s core functionalities into manageable and reusable blocks. The primary 

components of the processor include the Program Counter (PC), Instruction Memory, Control Unit, Register File, 

Arithmetic Logic Unit (ALU), Data Memory, and various multiplexers and adders to facilitate instruction flow. The 

Program Counter holds the address of the next instruction to execute, which is fetched from the Instruction Memory. 

The instruction is then decoded by the Control Unit to generate control signals that guide data movement and operation 

execution. The Register File supplies the source operands to the ALU, which performs arithmetic and logical 

operations based on the instruction opcode. The results can be stored back into the Register File or written to Data 

Memory, depending on whether it is a computational or memory access instruction. Each module is carefully 

interconnected to allow a seamless flow of instructions through a single cycle datapath, though the architecture can be 

scaled into a pipelined version in future enhancements 

. 

The Control Unit plays a vital role in decoding instructions and generating precise control signals for multiplexers, 

register write enables, memory read/write, and ALU operation codes. ALU control logic is derived from instruction 

function fields and opcode combinations, enabling support for a variety of operations such as addition, subtraction, 

bitwise AND/OR/XOR, shift operations, and comparisons. The processor also supports branch instructions, where 

control logic evaluates branch conditions and appropriately updates the Program Counter to enable conditional or 

unconditional jumps. To manage hazards and ensure correct data access, the design ensures that no two stages interfere 

destructively in a single cycle. Although the current implementation does not feature forwarding or stalling 

mechanisms, it is built with architectural foresight that allows such mechanisms to be integrated later.Verification of 

the processor is conducted using SystemVerilog, where a comprehensive testbench simulates real-world execution and 

thoroughly checks the processor’s behavior. The verification environment includes test generators, drivers, monitors, a 

scoreboard, and reference models. Constrained random testing is used to simulate thousands of instruction sequences, 

each varying in input values and execution paths.Assertions are embedded within the testbench to check for protocol 

adherence and to immediately catch illegal states or invalid outputs.A scoreboard mechanism compares the actual 

output from the DUT (Design Under Test) against expected results generated from a golden reference model, ensuring 

accuracy. Additionally, functional coverage points are defined to track which instruction types, registers, branches, and 

edge cases are exercised during simulation. This helps identify gaps in test coverage and refine test cases accordingly. 

 

The processor is validated through a mix of directed and random test cases that confirm correct instruction 

execution, proper memory access, accurate data routing, and error detection. For instance, load and store instructions 

are verified by writing specific data to memory and reloading it into registers to check consistency. Branching logic is 

tested under various conditional inputs to verify the correctness of PC updates. Arithmetic operations are validated 

against expected outcomes across positive, negative, and overflow scenarios. The verification environment is modular, 

allowing unit testing of each core component (like the ALU or Register File) as well as system-level integration tests. 

Simulation results are analyzed using waveform viewers and log files to confirm the internal signal transitions, data 

path integrity, and timing behavior. 

 

Finally, the verified RTL design is synthesized using FPGA tools to ensure that the design is not only functionally 

correct but also synthesizable and resource-efficient. Synthesis reports provide information on area utilization, 

maximum clock frequency, and power estimates, all of which guide future optimization. The entire processor design, 

including the testbench, is developed with scalability and clarity in mind, enabling further enhancements such as 

pipelining, exception handling, or interrupt support. The project demonstrates the complete lifecycle of processor 

development—from architecture definition and Verilog implementation to SystemVerilog-based functional 

verification—making it a strong example of practical digital design using modern hardware description and verification 

languages 
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A custom RISC processor typically follows a streamlined architecture designed for simplicity, efficiency, and speed. 

Its core components include the Instruction Memory, where program instructions are stored, and the Program Counter 

(PC), which keeps track of the current instruction address. The processor operates in several stages: Instruction Fetch 

(IF) retrieves the instruction from memory; Instruction Decode (ID) interprets the instruction and accesses the required 

data from the Register File. The Execute (EX) stage performs operations using the ALU (Arithmetic Logic Unit), such 

as arithmetic or logic functions. If needed, the Memory (MEM) stage accesses Data Memory for load or store 

instructions. Finally, the Write Back (WB) stage stores the result back into the register file. A Control Unit coordinates 

all these operations by generating appropriate control signals. This modular and pipelined design allows RISC 

processors to execute instructions efficiently and is widely used in embedded systems and custom hardware solutions 

 

III. EXPERIMENTAL RESULTS 

 

 
Fig.1.DUT Results 
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I.  

 

IV. CONCLUSION 

 

The successful design and verification of a custom RISC processor architecture demonstrate the powerful synergy 

between efficient hardware description using Verilog and robust functional verification through SystemVerilog. This 

project highlights the complete lifecycle of processor development—from instruction set design, datapath creation, and 

control unit integration, to comprehensive testing and validation of the processor’s functionality. The RISC architecture 

implemented provides a simplified yet powerful core capable of executing arithmetic, logical, branching, and memory 

operations, making it ideal for embedded and educational applications. The use of Verilog allowed for a clean and 

modular RTL design, ensuring the processor is easily extendable for future enhancements such as pipelining, hazard 

detection, and interrupt handling. On the verification front, SystemVerilog enabled the creation of an intelligent 

testbench architecture with self-checking capabilities, constrained-random testing, and functional coverage analysis. 

These verification strategies significantly increased confidence in the correctness and robustness of the processor 

design, minimizing the risk of undetected logic errors. Furthermore, this project reinforces the importance of 

verification as a critical phase in hardware development, showcasing how simulation-based methods and assertions can 

help catch subtle bugs and edge cases early in the design process.  
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