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I. INTRODUCTION 
 

Modern CPUs have moved toward techniques such 

as SIMD because of the demand for higher 

performance through processing. In SIMD, a single 

instruction operates on multiple data 

simultaneously. Workloads that could be parallelized 

thus significantly benefit in terms of performance 

boosts. In this project, we focus on designing a 

packed SIMD instruction set customized for the 

RISC-V architecture, making use of the P-extension 

to support fixed- point operations on integer 

registers. 

 

The RISC-V P-extension is known for compact, low- 

power implementations; hence, it perfectly fits the 

use case in embedded and real-time systems where 

efficiency is at stake. Our design will seamlessly 

incorporate the P- extension-based SIMD 

instructions into the prevalent RISC-V framework, 

allowing parallel data processing with no additional 

hardware overhead. 

 

As part of this work, we also investigate how data 

flows through the CPU data path to support these 

new SIMD operations; this includes looking at how 

the functional units process packed data as well as 

how the new operations introduced by the P-

extension are executed. 

Along with the data path, there is an important 

control path whose role is also carefully defined in 

managing instruction fetching, decoding, execution, 

and data flow. Extra attention has been given to how 

the control unit manages the extra functionality and 

complexity introduced by the P-extension 

instructions. 

  

Finally, the design details the processor's timing 

requirements in terms of clock speed and cycle 

counts to specify how much time will be required by 

the execution of all standard RISC-V instructions as 

well as new packed SIMD operations. 

These elements collectively serve to form a 

complete, efficient packed SIMD instruction set for 

the RISC-V architecture with P-extensions: ISA 

design, data path integration, control logic, and 

timing analysis. 

 

Objectives 

1. Study and Survey: 

 Conduct an in-depth study and survey of 

existing SIMD instruction sets across different 

architectures. 

 Analyze their strengths, weaknesses, and 

applicability to the RISC-V architecture. 

 Identify common data types and operations 

used in data-intensive tasks across various 

application domains. 
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2. Design: 

 Design a Packed SIMD Instruction set for the 

RISC-V architecture. 

 Design efficient instruction formats and 

encoding schemes for high instruction density. 

 Ensure the instruction set supports a wide range 

of data-intensive applications, including imaging 

processing, multimedia encoding/decoding, 

scientific computing, and machine learning 

algorithms. 

3. Analysis: 

 The performance and efficiency of the designed 

instruction set will be evaluated by simulation. 

 Measure the benefit in terms of instruction 

density, power consumption, and execution 

throughput against existing solutions. 

 Analyze its compatibility and integration with 

the existing RISC-V software ecosystem 

The paper is organized as follows. Section II 

describes the working of the basic SIMD operation. 

Section III describes the methodology for 

implementing the single instruction multiple data-

based RISC-V processor. Section IV discusses the 

simulation result. Conclusion is briefly explained in 

Section V. 

 

II. WORKING 
 

In this project we have implemented single 

instruction multiple data, which consists of two main 

components: the control unit and the processor 

array. 

a. Program Counter (PC): This is a register within a 

processor that holds the address of the succeeding 

instruction that is to be executed. When an 

instruction is fetched from memory, it increments the 

PC so that it points to the succeeding instruction, 

which, in turn, assures orderly program execution. 

b. Instruction Memory (IM): Stores all program 

instructions in ROM or flash memory. The PC sends 

an address to the IM, which gives output as a 

corresponding instruction to be executed by the 

processor. 

c. Decoder: A decoder can be described as a device 

that is very significant in both digital electronics and 

computing. It selects one out of multiple outputs by 

using an input signal, which is determined by the 

configuration at the input. 

d. Register File: It is a collection of registers within 

a computer processor that store data temporarily 

during program execution. These registers are small, 

high-speed storage units. It holds operands, 

intermediate results, and control information 

needed for executing instructions efficiently. 

e. Arithmetic Logic Unit (ALU): It is the major 

building block of a computer's central processing 

unit that takes on most of the workload in executing 

arithmetic and logical operations on input data. It 

performs various operations like addition, 

subtraction, multiplication, division, and bitwise 

AND, OR, and XOR. 

 

 
Fig 1. Microarchitecture of SIMD 

 

The detailed description of the working of SIMD 

based RISC-V processor is shown below stepwise: 

In this micro-architecture of the SIMD, the control 

unit and the array of processors can cooperate to 

perform one instruction on different data 

simultaneously. The first action that the Program 

Counter (PC) performs is to save the memory 

address of the next instruction that is going to be run 

and pass it through Instruction Memory (IM). This is 

then given as an IM instruction and the 

corresponding instruction is given to the Decoder. 

The Decoder recognizes the direction and creates 

the control necessary signals to the processor array. 

Every processor is made of his or her Register File 

and Arithmetic Logic Unit (ALU).  

 

The input data and intermediate values together 

with final result are stored in the Register File 

whereas the arithmetic and logical operations such 

as addition, subtraction, multiplication, bitwise 

operations among others are done in the ALU. As it 
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is a SIMD system, the same control signals are 

presented to all the ALUs so that they are performing 

the same operation simultaneously but on the 

different data which is stored in their respective 

registers. Through this, SIMD enhances processing 

speed and efficiency by allowing a number of data 

operations at once to be executed on a single 

instruction. 

 

III. METHODOLOGY 
 

The ASIC (Application-Specific Integrated Circuit) 

design flow shown in fig 3.0 which involves several 

stages from concept to fabrication, encompassing 

both front-end and back-end processes. Here, we 

will focus on the front- end design flow, which 

primarily deals with the conceptualization and 

logical design of the chip. 

 

Fig 2. ASIC Design Flow 

 

The designed processor is designed upon the RISC-

V specification, specifically RV32I base ISA, and 

includes support of the P-extension instructions of 

packed-SIMD operations. The base PCI/ISA has 

arithmetic, logical, memory access, control transfer, 

and shift instructions that assign fixed 32-bit 

opcodes and defined operand fields to each 

including rd, rs1, rs2, immediate values and funct 

bits. The P-extension adds functionality to the 

architecture by having instructions operating on 

sub-word managed data explosion packed into a 32-

bit register packed add, subtract, multiply, and 

saturating arithmetic are tested with efficiency to 

perform computations on a DSP or multimedia 

system. These instructions also use RISC-V encoding 

rules but they need to have extra functional units 

within the ALU to allow parallel operations on several 

pieces of data within a single instruction. 

 

CIU datapath of the CPU is altered to continue with 

the base functions and at the same time perform 

parallel SIMD type computations. It is made up of 

program counter, instruction memory, register file, 

ALU, P-extension functional unit, data memory and 

internal buses that enable the free flow of data 

between blocks. When a P-extension instruction is 

found encobbling is spilled onto a special section of 

the ALU which process packed arithmetic and 

saturation logic. The output is then back written into 

the destination register in a packed form. To 

guarantee the right path and destination channels 

are chosen dynamically, a multiplexing structure is 

used so that based on the type of instruction, the 

appropriate path to the source and destination is 

chosen. 

 

The control path consists of a control unit which 

receives the instructions, decodes them, executes 

them, accesses and manipulates the memory, and 

provides a write-back. Instruction decoder also 

determines the region of the base ISA as operating 

or P-extension group by checking the fields of 

opcode and funct. According to such a classification, 

the control unit produces the corresponding signals 

to either turn on the normal ALU or the P-functional 

unit. Hazard detection and pipeline control is also 

provided to ensure the right execution flow and 

prevent erroneous use of data. Branch instructions 

and jump instructions American and change the 

program counter without choosing the packed- 

operation data-path. 
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The timing of the CPU is configured to allow each 

base RISC-V aspire to be filled in a small number of 

clock cycles based on the pipeline stage 

implementation. When an RV32I pipeline has a 5-

stage pipeline structure, most of its instructions take 

a single cycle to complete, and one instruction takes 

a single clock to complete in perfect circumstances. 

Nevertheless, the extra internal cycles might be 

incurred by P-extension instructions due to parallel 

arithmetic checks as well as saturation checks, as 

comprising 1-3 extra cycles, depending on the 

difficulty of the packed operation. The clock 

frequency may be selected over a realistic range like 

200 to 300 MHz of implementation on FPGA, and so 

the additional SIMD hardware will not cause timing 

violations. 

  

IV. RESULTS 
 

The results section highlights the functional 

verification and performance evaluation of the 

designed SIMD-based RISC-V processor. The 

analysis demonstrates that the implemented 

architecture performs reliably and meets the 

intended design objectives. The fig below shows t 

the simulation of the top module, respectively. 

 

 
 

Fig 3. Simulation result of top module 

 

The area and time synthesis reports for top module 

as shown in the below figures fig9, fig10. 

 
Fig 9. Area synthesis report for the top module 

 

 
Fig 10. Time synthesis report for the top module 

  

V. CONCLUSION 
 

There are some obvious benefits to the use of a 

SIMD processor on the RISC-V architecture in the 

current applications of parallel processing. Owing to 

its open-source and extensibility, the RISC-V can be 

extended and hardened to generate targeted SIMD 

instructions to suit the needs of a particular 

workload. This flexibility therefore allows an 

individual operation to be efficiently run in parallel 

on large numbers of data, and performance 

improvements are observable in classes of tasks like 

multimedia processing, scientific computation, and 

machine learning. Being designed to have a V in 

RISC-V, the modular architecture of RISC-V and the 

natural support of operations in a vector- like style, 

RISC-V is naturally compatible with SIMD extensions; 

in other words, it can easily be extended to support 

additions.  

 

Combined, the combination of SIMD methods using 

the RISC-V platform is a powerful and scalable 
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solution to run data-intensive tasks and enjoy the 

limits of the parallel processing performance. 
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