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Abstract— The implementation of 32 bit RISC processor with 

microprocessor without interlocked pipeline stages (MIPS) is 

presented. It was implemented in VHDL so as to reduce the 

instruction set present in the programmable memory. As the 

result the processor will contain the necessary logics for the 

implementation that requires fewer gates to be synthesized in 

the programmable matrix and has the capability to increase 

the speed of the target processor. 
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I. INTRODUCTION 

Nowadays, embedded microprocessors are used in a variety 

of electronic gadgets such as personal computers, cell phones, 

and robots. These microprocessor includes millons of 

components which does the memory transfer from one to the 

other. The microprocessor transforms the logic design into 

software design which is the reason of the inclusion in the 

design. With the ever-increasing size and less cost of FPGA 

devices, it is now possible to implement a complete system 

on a single chip s(SOC). Today the largest FPGA from 

XILINX is the VirtexE. It contains 150 million transistors, 

resulting in 3 million equivalent gates. SOC is of special 

interest for Information Appliances such as PDAs and Mobile 

Phones. The idea of this project was to create a 

microprocessor without interlocked pipeline stages (MIPS) as 

a building block in which can be later included in larger 

design. This can be implemented to the system where a 

problem is easy to solve in software but hard to solve with 

control logic. A Finite state machine is designed in such a 

way to reduce the computation problems. However, at a high 

level of complexity it is easier to implement the function in 

software.[1][3][4] FPGAs are usually slower than ASICs but 

have the ability to be re-programmed in the field Where the 

errors need to be corrected and upgraded, flexibility, and low-

cost. Therefore, they combine many advantages of ASICs and 

DSPs. The use of hardware description languages (HDLs) 

allows FPGAs to be more suitable for different types of 

designs where errors and components failures can be limited. 

The reduced instruction set computer, or RISC, is a 

microprocessor CPU design philosophy that favours a smaller 

and simpler set of instructions that all take about the same 

amount of time to execute. The most common RISC 

microprocessors are ARM, DEC Alpha, PA-RISC, SPARC, 

MIPS, and IBM's PowerPC. The idea was inspired by the 

discovery that many of the features that were included in 

traditional CPU designs to facilitate coding were being 

ignored by the programs that were running on them. Also 

these more complex features took several processor cycles to 

be performed. Additionally, the performance gap between the 

processor and main memory was increasing. This led to a 

number of techniques to streamline processing within the 

CPU, while at the same time attempting to reduce the total 

number of memory accesses. When the controller design 

become more complex in CISC and the performance was also 

not up to expectations, people started looking on some other 

alternatives. It had been found that when a processor talks to 

the memory the speed gets killed. So the one improvement on 

CPI was to keep the instruction set very simple. Simple in not 

the way it works but the way it looks.[8][11][14] That’s why 

we have very few instructions in any typical RISC 

architecture where processor asks data from memory 

probably not other than Load and Store. We avoid keeping 

such addressing modes. The complexity of controller design 

has been overcome with the help of operands and Opcode bits 

fixed in instruction register. At the end the pipelining added 

a new dimension in the speed just with the help of some 

additional registers. Now what pipeline does is it increases 

throughput by reducing CPI. The instruction can be executed 

effectively in one clock cycle. The pipelining in any kind of 

architecture took birth from the inherent parallelism and the 

idle states of components. The pipelined architecture could be 

further enhanced with the concepts known as super-scaling. 

There we provide more than one execution unit. The time 

when one unit is busy with the current execution task, the 

fetch unit can probably fetch he next instruction which would 

be executed with the help of some other execution unit 

present in system. Features which are generally found in 

RISC designs are[2][10][9] 

 Uniform instruction encoding (for example the op-code 

is always in the same bit position in each instruction, 

which is always one word long), which allows faster 

decoding; 

 A homogeneous register set, allowing any register to be 

used in any context and simplifying compiler design. 

 Simple addressing modes (complex addressing modes 

are replaced by sequences of simple arithmetic 

instructions)[12][14][6] 

 Few data types supported in hardware (for example, 

some CISC machines had instructions for dealing with 

byte strings. Others had support for polynomials and 

complex numbers. Such instructions are unlikely to be 

found on a RISC machine). Over many years, RISC 

instruction sets have tended to grow in size. Thus, some 

have started using the term "load-store" to describe RISC 

processors, since this is the key element of all such 

designs. Instead of the CPU itself handling many 

addressing modes, load-store architecture uses a separate 

unit dedicated to handling very simple forms of load and 

store operations. CISC processors are then termed 

"register-memory" or "memory-memory". Today RISC 

CPUs (and microcontrollers) represent the vast majority 

of all CPUs in use. The RISC design technique offers 

power in even small sizes, and thus has come to 

completely dominate the market for low-power 

"embedded" CPUs. Embedded CPUs are by far the 

largest market for processors. RISC had also completely 

taken over the market for larger workstations for much 

of the 90s. After the release of the Sun SPARCstation the 

other vendors rushed to compete with RISC based 
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solutions of their own. Even the mainframe world is now 

completely RISC based. 

A. The MIPS Processor 

The MIPS instruction set architecture (ISA) is a RISC based 

microprocessor architecture that was developed by MIPS 

Computer Systems Inc. in the early 1980s. MIPS is now an 

industry standard and the performance leader within the 

embedded industry. Their designs can be found in Canon 

digital cameras, Windows CE devices, Cisco Routers, game 

consoles, and many more products used in our everyday lives. 

By the late 1990s it was estimated that one in three of all 

RISC chips produced was a MIPS-based design [5]. MIPS 

RISC microprocessor architecture characteristics include: 

fix-length straightforward decoded instruction format, 

memory accesses limited to load and store instructions, 

hardwired control unit, a large general purpose register file, 

and all operations are done within the registers of the 

microprocessor. Due to these design characteristics, 

computer architecture courses in university and technical 

schools around the world often study the MIPS architecture. 

One of the most widely used tools that helps students 

understand MIPS is SPIM (MIPS spelled backwards) a 

software simulator that enables the user to read and write 

MIPS assembly language programs and execute them. 

[9][10][13][4] 

II. MIPS SINGLE-CYCLE PROCESSOR VHDL 

IMPLEMENTATION 

The initial task of this project was to implement in VHDL the 

MIPS single-cycle processor using Xilinx. Also helped in the 

overall design of the VHDL implementation. The first part of 

the design was to analyze the single-cycle data path and take 

note of the major function units and their respective 

connections. The MIPS implementation as with all 

processors, consists of two main types of logic elements 

combinational and sequential elements. Combinational 

elements are elements that operate on data values, meaning 

that their outputs depend on the current inputs. Such elements 

in the MIPS implementation include the arithmetic logic unit 

(ALU) and adder. Sequential elements are elements that 

contain and hold a state. Each state element has at least two 

inputs and one output. The two inputs are the data value to be 

written and a clock signal. The output signal provides the data 

values that were written in an earlier clock cycle. State 

elements in the MIPS implementation include the Register 

File, Instruction Memory, and Data Memory .While many of 

logic units are straightforward to design and implement in 

VHDL, considerable effort was needed to implement the state 

elements. It was determined that the full 32-bit version of the 

MIPS architecture would not fit onto the chosen .includes 

nine embedded array blocks (EABs) each providing only 

2,048 bits of memory for a total of 2 KB memory space. The 

full 32-bit version of MIPS requires no less than twelve EABs 

to support the processors register file, instruction memory, 

and data memory. In order for our design to model that in [1], 

Even though the data width was reduced, the design has 

minimal VHDL source modifications from the full 32-bit 

version, thus not impacting the instructional value of the 

MIPS VHDL model. With our new design, the register file is 

implemented to hold thirty-two, 8-bit general purpose 

registers amounting to 32 bytes of memory space. This easily 

fits into one 256 x 8 EAB within the FPGA. The full 32-bit 

version of MIPS will require combining four 256 x 8 EABs 

to implement the register file. The register file has two read 

and one write input ports, meaning that during one clock 

cycle, the processor must be able to read two independent 

data values and write a separate value into the register file. 

The MIPS register file. 

III. PROPOSED ARCHITECTURE 

The RISC processor presented in this paper consists of three 

components as shown in Figure .1To develop a structural 

mod l (Architecture) for a 8-bit RISC processor chip capable 

of performing all general operations of a processor such as 

arithmetic, logical, memory communications, conditional and 

unconditional jumps etc. To test the structural model of the 

embedded processor using simulator and verifying the 

results. 

 To synthesize the designed embedded processor and 

verifying the results by analyzing the synthesis reports 

generated. To generate a test environment to test the 

embedded processor chip in real time environment. 

 
Fig. 1: Proposed Architecture 

IV. LITERATURE SURVEY 

Agineti Ashok et.al.[1]ASIC design of MIPS based RISC 

processor for high performance-The main aim of this paper is 

to implement 32Bit MIPS (Microprocessor Interlocked 

Pipeline Stages) RISC (Reduced Instruction Set Computer) 

Processor using Verilog HDL (hardware description 

language). Methods/Statistical analysis: The proposed 

algorithm analyzes the different stages of instruction 

decoding such as Instruction fetch module, Decoder module, 

Execution module and design theory based on 32Bit MIPS 

RISC Processor. In addition to that the algorithm uses 

pipelining concept which involves Instruction Fetch, 

Instruction Decode, Execution, Memory and Write Back 

modules of MIPS RISC processor based on 32Bit MIPS 

Instruction set in a single clock cycle. Findings: RISC is a 

processor which is intended to perform a tiny set of 

operations, to expand the rate (speed) of the processor. In 

general, the processor works with a huge number of 

instructions every second by bringing the information from 

the memory. In the event that the processor speed does not 

coordinate with memory access speed then hardware 

interlocks happen. In concurring with this there is one more 

issue called stalls because of instruction pipelining in the 

CPU design. The primary desire of this paper is to design and 

synthesize the MIPS processor by making utilization of 

register files and to insert the ALU forwarding unit in order 
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to avoid the stalls and hardware interlocks. 

Application/Improvements: Based on the literature survey, 

the proposed method brings significant power efficiency 

improvements with enhanced performance and reduced 

power dissipation due to not only technology scaling but also 

a great deal of design efforts. 

 Neha Dwivedi  et.al[2].Power mitigation in high-

performance 32-bit MIPS-based CPU on Xilinx FPGAs The 

purpose of this work is, to introduce design of a 32-bit MIPS 

(Million Instruction Per Second) based CPU containing five 

stages of the pipeline, to incorporate power optimization 

techniques for the processor. The functionality of design is 

verified by writing Verilog Modules on Xilinx 14.5 choosing 

the target FPGA device. Synthesis and simulation results 

have been taken from Model-Sim 6.2c. Analysis of the design 

floor plan of 32-bit CPU and study of the detailed net list has 

been achieved on Plan Ahead tool, which was giving accurate 

results. From the performance viewpoint, FPGA-based 

implementation of processor is totally centred on the 

designing of processor architectures in Verilog HDL and 

increasing the overall speedup with power mitigation at 

Spartan class (45nm and 90nm) FPGAs. The significant 

features of this work are; increased number of instructions, 

enhanced performance and low power consumption with 

HDL modification techniques. The design has consumed less 

than 119mW of power with the maximum frequency of 

operation at 70.413MHz for Spartan-6. Optimized power 

observed was about 22.72% after applying power reduction 

techniques, which make this work useful for low power 

FPGAs. 

 Mohammad Zaid, et.al. [3]Design And Application 

of RISC processor -This paper presents the design of multi-

cycle 32-bitReduced Instruction Set Computer (RISC) 

processor for better performance and higher speed of 

operation. The processor is capable of executing more 

number of instructions with simple design and less critical 

path delay. The designed processor was simulated and 

synthesized using Xilinx 14.7 ISE design suite The processor 

executes each and every instruction in more than one cycle 

that’s why the term multi-cycle .Each instructions divided 

into three main states namely the Fetch state, the Decode state 

and the Execution state. The first two sates remain the same 

for all the instruction the last state, however dependson the 

type of operation performed in that instruction. 

 Safaa S. Omran et.al[4].Design of multithreading 

SHA-1 & SHA-2 MIPS processor using FPGA-According to 

the wide developments in the area of communications, there 

is a demand for secure system for data transmissions. In this 

paper, a Hash system SHA-1 and SHA-2Processor is 

designed using Xilinx Spartan-3AN. The implementation of 

the processor is done by using Multithreading MIPS 

(Microprocessor without Interlocked Pipelines) single cycle 

by choosing a certain number of instructions that was 

necessary to invoke the SHA-1, SHA-224, SHA-256, SHA-

384 and SHA-512 algorith 

 Tamara Vlahović  et.al.[5]Extending valgrind 

framework with the MIPS MSA support This paper presents 

an extension of Valgrind framework for dynamic binary code 

analysis to support MIPS MSA instruction set which includes 

instructions for vector (SIMD) processing of integer and 

floating-point data of different widths. First, a background on 

MIPS and its MSA extention is given. Then, Valgrind 

features for code instrumentation are described. Several 

changes have been made to Valgrind intermediate 

representation in order to support new instruction set. The 

implementation issues regarding the structures, formats, and 

functions needed for extension are discussed. Some low-level 

details and examples are also presented. Upgraded Valgrind 

tools are verified using dedicated regression test suite on the 

Linux platform. 

V. CONCLUSION 

The MIPS processor is implemented using VHDL and will be 

synthesized using Xilinx ISE. The goal was achieved and the 

processor is found to work successfully. Future work is to 

implement the processor using clock gating technique which 

mainly reduces the dynamic power consumption of the 

processor. 

REFERENCES 

[1] Agineti Ashok ; V. Ravi ASIC design of MIPS based 

RISC processor for high performance,2017 International 

Conference on Nextgen Electronic Technologies: Silicon 

to Software (ICNETS2),16 October 

2017,10.1109/ICNETS2.2017.8067945, 

[2] Neha Dwivedi  Pradeep Chhawcharia Power mitigation 

in high-performance 32-bit MIPS-based CPU on Xilinx 

FPGAs, INSPEC Accession Number: 17258563, India 

2017 IEEE International Conference on Consumer 

Electronics-Asia (ICCE-

Asia),10.1109/ICCE,ASIA.2017.8307850 ,Bangalore, 

India 

[3] Mohammad Zaid, Prof. Pervez Design And Application 

Of Riscprocessor Aligarh Muslim University, India 

,978-01-5090-6674-2-2017-IEEE,2017 International 

Conference on Multimedia, Signal Processing and 

Communication Technologies (IMPACT) DOI: 

10.1109/MSPCT.2017.8364013 Aligarh, India 2017 8th 

978-1-5090-6332-1/17/$31.00 

[4] Safaa S. Omran Design Of Multithreading SHA-1 & 

SHA-2 MIPS Processor Using FPGA, Computer 

Engineering Techniques ,Baghdad, Iraq, May 2017, 

DOI: 10.1109/ICITECH.2017.8079918,Conference 

Location: Amman, Jordan 

[5] Marko Mišić et.al. Extending valgrind framework with 

the MIPS MSA supportPublished in: 2017 Zooming 

Innovation in Consumer Electronics International 

Conference (ZINC)1 June INSPEC Accession, Number: 

17026260DOI: 10.1109/ZINC.2017.7968660,Novi Sad, 

Serbia 

[6] Bai-ZhongYing, Computer Organization, Science Press, 

2000.11. 

[7] Wang-AiYing, Organization and Structure of Computer 

Tsinghua University Press, 2006. 

[8] Wang-YuanZhen, IBM-PC Macro Asm Program, 

Huazhong 

[9] University of Science and Technology Press, 1996.9. 

[10] MIPS Technologies, Inc. MIPS32™ Architecture for 

Programmers Volume II: The MIPS32™ Instruction S 

June 9, 2003. Zheng-WeiMin, Tang-ZhiZhong. 

Computer System 

https://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Neha%20Dwivedi.QT.&newsearch=true
https://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tamara%20Vlahovi%C4%87.QT.&newsearch=true


A Review on VHDL Implementation of a MIPS RISC Processor 

 (IJSRD/Vol. 6/Issue 05/2018/237) 

 

 All rights reserved by www.ijsrd.com 1054 

[11] Structure (The second edition), Tsinghua University 

Press 2006. 

[12] Pan-Song, Huang-JiYe, SOPC Technology Utility 

Tutorial, Tsinghua University Press, 2006. 

[13] MIPS32 4KTMProcessor Core Family Software User' 

Manual, MIPS Technologies Inc. 

[14] Mo-JianKun, Gao-JianSheng, Computer Organization, 

Huazhong University of Science and Technology Press, 

1996. 


