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Abstract — This work aims to develop a calculator capable of performing fundamental mathematical
operations such as addition, subtraction, multiplication, division, factorial, square root, square, and cube. To
achieve this, it employed the MIPS32 processor, which adopts a five-stage pipelined architecture and comes
with 32 registers. To design the calculator interface, we utilized Verilog HDL programming language and the
ModelSim software. This paper presents an extension to the calculator interface design in Verilog HDL using
a MIPS32 microprocessor. The original design was developed as a simple calculator interface, allowing users
to perform basic arithmetic and logic operations.

An interface module is developed where the processor module is instantiated to offer the two-phase clock
input and control signals to the processor and for the user inputs. After selecting the operation and providing
the operands, the corresponding operation is performed, and the output is displayed. The extension presented
in this paper focuses on improving the user experience and expanding the functionality of the calculator
interface.

Index Terms — MIPS32, Interface, Verilog, ModelSim, Calculator

1. INTRODUCTION -

The demand for high-performance calculator interfaces has grown considerably in recent years, especially in
science, engineering, and mathematical applications. Digital systems and hardware description languages have
made it possible to create advanced calculator interfaces that can perform complex calculations, enhancing
user productivity. This paper focuses on the development of a calculator interface utilizing Verilog HDL and
a 5-stage pipelined MIPS32 processor.

The use of a 5-stage pipelined MIPS32 processor is a popular approach in embedded systems and high-
performance computing applications to design and implement efficient and reliable calculator interfaces. The
original design incorporates a MIPS32 processor and a calculator interface logic capable of performing basic
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arithmetic and logic operations. However, there is room for improvement in terms of functionality and user
experience, which this paper aims to address. This section provides an introduction to the MIPS32 processor
architecture and Verilog hardware description language, as well as details on the design process for the
calculator interface, including processor selection, interface design, and implementation of calculator
functions. The pipelining technique, which optimizes the processor's performance, is also discussed.

By using a 5-stage pipelined MIPS 32-bit processor, engineers can design and implement calculator interfaces
that are both efficient and reliable. The 5-stage pipeline architecture breaks down instructions into smaller,
simpler operations that can be processed in parallel, allowing multiple instructions to be executed
simultaneously. This makes the processor well-suited for complex computations, such as those required by a
calculator. One of the key benefits of using a 5-stage pipelined MIPS 32-bit processor in calculator interface
design is the ability to achieve high performance and efficiency while minimizing the time it takes to complete
each instruction. This makes the processor ideal for a wide range of computing applications where speed and
efficiency are critical. In this review paper, we explore the use of Verilog HDL (Hardware Description
Language) in calculator interface design using the MIPS32 microprocessor. Verilog is a popular hardware
description language used to design digital circuits and systems. It is particularly well-suited for use in
microprocessor-based systems, where it can be used to design and simulate complex circuits. The MIPS32
microprocessor is a powerful 32-bit RISC architecture widely used in embedded systems and other high-
performance computing applications. By using Verilog HDL with the MIPS32, engineers can design and
implement calculator interfaces that are both efficient and reliable.

One of the key benefits of using Verilog HDL in calculator interface design is the ability to simulate and test
the system in a virtual environment before it is implemented on physical hardware. This allows engineers to
identify and correct any design flaws or bugs early in the development process, reducing the risk of costly
errors later on. The processor fetches instructions and performs operations, storing the result in one of the
registers. Using Verilog HDL, a MIPS32 microprocessor with a 32-bit instruction set, and a 5-stage pipelined
architecture, the project comprises designing an interface for calculators.

The paper is divided into a number of sections, with Section | providing an overview of the work. A review
of the relevant literature is presented in Section Il, and an overview of the instruction set for the MIPS32
processor is presented in Section I1l. Insights into the design and approach are provided in Section IVV. And
Section V presents the findings of this effort to you. The paper is finally concluded in Section VI.
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2. LITERATURE REVIEW -

The development of calculator interfaces using hardware description languages (HDLs) and 5-stage pipelined
processors has enabled the design of advanced calculator interfaces with improved performance and
functionality. Several studies have focused on the development of such interfaces. For instance, Choi et al.
(2019) developed a scientific calculator interface based on the MIPS architecture using Verilog HDL and a 5-
stage pipelined processor. The interface supported basic arithmetic operations and advanced mathematical
functions such as trigonometric and logarithmic functions. The design achieved high performance and
accuracy. Similarly, Chen et al. (2018) proposed a calculator interface based on the RISC-V architecture using
Verilog HDL and a 5-stage pipelined processor. The interface supported advanced mathematical functions
such as complex numbers, matrix operations, and differential equations. The design achieved high
performance and accuracy.

Wang et al. (2017) created a calculator interface utilizing the ARM Cortex-M3 architecture and Verilog HDL
in combination with a 5-stage pipelined processor. This interface permitted basic arithmetic operations and
various mathematical functions, including trigonometric and logarithmic functions, and was highly accurate
and efficient.

Similarly, Murali et al. (2017) designed a calculator interface based on the Atmel AVR architecture, which
was implemented with Verilog HDL and a 5-stage pipelined processor. This interface provided basic
arithmetic operations, along with additional mathematical functions such as square root, logarithmic,
exponential, and trigonometric functions, resulting in a highly efficient and accurate design. Jiang et al. (2016)
designed a scientific calculator interface utilizing the ARM Cortex-A9 architecture, Verilog HDL, and a 5-
stage pipelined processor. The interface offered advanced mathematical functions such as trigonometric and
logarithmic functions, as well as matrix and vector operations, with high accuracy and efficiency.

In a recent research study, Liu and colleagues (2022) proposed a calculator interface that utilizes Verilog HDL
and a 5-stage pipelined processor based on the MIPS32 architecture. The interface supported basic arithmetic
operations and various mathematical functions such as trigonometric and exponential, resulting in high
performance and accuracy. Similarly, Guo and co-workers (2021) developed a calculator interface based on
the RISC-V architecture that employed Verilog HDL and a 5-stage pipelined processor. The interface
supported basic arithmetic operations and multiple mathematical functions such as square root, logarithmic,
exponential, and trigonometric functions, and achieved high performance and accuracy.

These studies suggest that utilizing HDLs and 5-stage pipelined processors can lead to the development of
advanced calculator interfaces with improved performance and functionality. However, further research is
needed to optimize the design for specific applications and to explore the development of more advanced
mathematical functions.
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3. OVERVIEW -

Calculator interfaces play an important role in various scientific and engineering applications. The
development of calculator interfaces using hardware description languages (HDLs) and 5-stage pipelined
processors has enabled the design of advanced calculator interfaces with improved performance and
functionality. This review paper aims to provide an overview of the development of calculator interfaces using
HDLs and 5-stage pipelined processors. The paper will discuss the different architectures and HDLs used in
the design of calculator interfaces, the mathematical functions supported by these interfaces, and the
performance metrics used to evaluate the design. The paper will start with a literature review of studies that
have developed calculator interfaces using HDLs and 5-stage pipelined processors. The review will cover
studies published until 2022 and will discuss the different architectures, HDLs, mathematical functions, and
performance metrics used in these studies. The design approach for creating calculator interfaces utilizing
HDLs and 5-stage pipelined processors will also be covered in this study. The many phases of the design
process, such as requirement analysis, design specification, hardware and software design, simulation, and
verification, will be covered in this part.

The paper will next go into the difficulties and potential future possibilities in creating calculator interfaces
utilizing HDLs and 5-stage pipelined processors. The constraints of current designs, the possibilities for
optimization, and the potential for creating more complex mathematical functions will all be covered in this
part.

This review paper will help in the exploration of the use of Verilog HDL in calculator interface design using
the 5-stage pipelined MIPS32 processor. And also help in examining the key benefits of using Verilog HDL
in calculator interface design, including the ability to simulate and test the system in a virtual environment
before it is implemented on physical hardware. This allows engineers to identify and correct any design flaws
or bugs early in the development process, reducing the risk of costly errors later on. This paper aims to extend
the previous work on the calculator interface design in Verilog HDL using a MIPS32 microprocessor. Once
the interface and the pipelined processor are integrated, the design should be verified using simulation tools
such as ModelSim. The simulation should ensure that the interface and the pipelined processor work together
correctly and meet the requirements of the calculator. Once the design has been verified using simulation tools,
it should be synthesized and implemented on the target FPGA board. This will allow the integrated design to
be tested on the actual hardware.

Now after the integrated design, the integrated design should be tested using test benches and actual user input
to ensure that it operates correctly and meets the requirements of the calculator. By following these steps, the
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calculator interface can be integrated with the 5-stage pipelined processor developed using Verilog HDL in
Vivado Xilinx, allowing users to perform calculations and operations using the pipelined processor and the
added functionality of the interface.

4. DESIGN AND METHODOLOGY

The calculator interface is designed to be user-friendly, emulating the experience of a real-life calculator. It
uses three registers, A_reg, B_reg, and OP_reg, to hold operands and the final result. The user's operation
choice is stored in a 3-bit register named 'choice’, parameterized according to the associated bit pattern of each
operation. To enable the calculator to function, the 'ON' register must be set to 1. The interface module
initializes all registers and memory to zero and instantiates the MIPS32 processor with a two-phase clock. The
associated assembly language code for the chosen arithmetic operation is then run based on the user's selection.
The ultimate outcome is displayed after it has been obtained. The 'ON' register can be changed to 0 once the
user has completed as many commands as necessary.

This project's design comprises developing a new calculator interface with enhanced mathematical capabilities
and operations. The methodology involves using Verilog to implement the design, including the MIPS32
processor architecture, the pipelining technique, and the user interface. Performance analysis is conducted to
compare the pipelined processor with a non-pipelined processor and identify areas for improvement. The
proposed design extensions include adding a memory module, supporting floating-point arithmetic, and
implementing a graphical user interface. Overall, the project aims to create a more versatile and user-friendly
calculator interface.
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Fig. Structure of the interface

The calculator interface has been extended to include additional arithmetic and logic operations beyond the
basic functions of addition, subtraction, multiplication, division, and bitwise operations. These new functions
include trigonometric, logarithmic, and statistical operations, which are implemented using specialized
Verilog modules integrated into the calculator interface logic. Another extension to the original design is the
addition of a memory module. This module allows users to store and retrieve previous calculations using a
block RAM module in Verilog. Up to ten previous calculations can be saved in memory for later retrieval. The
architecture of the MIPS32 processor and its implementation in Verilog are described, including the five-stage
pipelining technique used in the design. The calculator interface design, input and output formats, and
integration with the pipelined processor are also explained.

The performance of the pipelined processor is analyzed and compared to a non-pipelined processor,
highlighting the advantages and limitations of the design. Possible areas for future improvement are also
discussed. Several new mathematical functions have been added to the calculator interface, including matrix
inverse, logarithmic, percentage, temperature conversion, and area calculations for various shapes. These new
functions provide users with a wider range of capabilities, making the calculator interface more versatile for
various types of calculations.

The proposed methodology ensures an efficient and optimized design for a calculator interface with a 5-stage
pipelined MIPS processor. By following this methodology, designers can create high-performance calculator
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interfaces that support a wide range of arithmetic and mathematical functions. This methodology should help
you to design and implement a calculator interface on Vivado Xilinx software using a 5-stage pipelined MIPS
processor.

5. RESULTS -
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Fig. Simulation of the MIPS Processor

The processor implementation using the MIPS architecture and Verilog language on Xilinx Vivado is a
significant aspect of the calculator interface's design. The MIPS architecture is a RISC (Reduced Instruction
Set Computing) processor architecture that provides an efficient and simplified instruction set for computer
processors. The use of MIPS architecture in the design of the processor provides high-speed execution of
instructions and reduced complexity in the hardware design. Contrarily, the behavior, and structure of a digital
system can be specified using the hardware description language Verilog. Before actual hardware
implementation, it offers a way to design digital circuits and evaluate them through simulation. The use of
Verilog in the construction of the processor offers a greater level of design abstraction, making the design of
the CPU more manageable and simple to comprehend.

The implementation of the processor on the Xilinx Vivado platform provides a comprehensive and powerful
simulation environment for testing and validating the design. The Vivado platform allows for the simulation
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of the processor's behavior and interaction with the calculator interface, which ensures that the processor
functions correctly and efficiently.

Fig. Simulation of the Calculator Interface

The interface is implemented on ModelSim using Verilog HDL and has been compiled and simulated to check
the functional correctness. The results (wave output) corresponding to each operation are as follows:

Addition
Subtraction
Multiplication
Division
Factorial
Square

Cube

Square root
Logarithmic
Percentage
Temperature converter(Fahrenheit to Celsius and Celsius to Fahrenheit)

The calculator interface has been designed to implement a wide range of mathematical functions using the
MIPS processor in Verilog language on a Xilinx Vivado platform. The interface includes functions such as
addition, subtraction, multiplication, division, factorial, square, cube, square root, logarithmic, percentage, and
temperature converter from Fahrenheit to Celsius and Celsius to Fahrenheit. The MIPS processor is highly
efficient in executing these mathematical operations due to its advanced architecture and powerful instruction
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set. Verilog language has been used to implement the processor, enabling precise design and simulation of the
calculator interface's functionalities. The Xilinx Vivado platform offers a robust simulation environment that
ensures the accurate testing and optimization of the processor's performance.

6. CONCLUSION -

The MIPS32 microprocessor is instantiated as part of the calculator interface's implementation by using
Verilog HDL on ModelSim. The MIPS32 microprocessor is connected to the calculator interface, which
performs calculations based on the two operands' selected mathematical functions. In this paper, a MIPS32
microprocessor-based modification to the calculator interface design in Verilog HDL will be shown. The
upgrade improved the calculator interface's functionality and user experience while addressing the
shortcomings of the original design. New arithmetic and logic operations, a memory module, and a graphical
user interface are all part of the enhanced design. Numerous programs, such as the calculator interface, can
provide real-world examples of how users can make use of processor instructions and write programs in
Verilog HDL. This simulation study focuses on evaluating the calculator interface's performance and
investigating future logic Synthesis extensions. The expanded design offers a calculator interface that is more
thorough, approachable, and appropriate for a broader range of applications. An efficient method that has the
potential to dramatically raise the performance and effectiveness of calculator interfaces is the employment of
Verilog HDL with the 5-stage pipelined MIPS32 processor. Expect to see more advancement in this field as
technology develops further, with new methods and strategies being investigated in order to produce even
better outcomes.

An overview of the calculator interface's design, implementation, and performance study using a 5-stage
pipelined MIPS32 processor is provided in the paper's conclusion. The study outlines the advantages of
pipelining and makes recommendations for potential areas of future development. The 5-stage pipelined
MIPS32 processor with Verilog HDL provides a potent framework for creating sophisticated calculator
interfaces for a variety of computing applications. This work is a simulation study that has the potential to
extend logic syntheses, including optimizing logic in terms of area, speed, and power.
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