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Abstract - Because of its capability to extraordinarily quicken a wide variety applications, reconfigurable computing has 
turned into a subject of a lot of research. Its key component is the capacity to perform calculations in equipment to build 
execution, while holding a great part of the adaptability of a product arrangement. In this design of 8-bit RISC processor 
using Harvard architecture, we give a review of the architecture of reconfigurable computing machines, and the software that 
objectives these machines, code for the modules and underscore on execution improvement  pipelining procedure. At long 
last, we test the speed of the processor by running all kind of instructions. 
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I. INTRODUCTION 
The two primary techniques in the traditional 
computation for the execution of algorithms are one is 
ASIC(Application Specific Integrated Circuit) and 
Microprocessors. ASICs are used to perform some 
specific application or can be manufactured as per 
customer needs. The main drawback of this microchip 
is its static architecture. The architecture remains 
same throughout its life cycle. Hence the second 
technique i.e Microprocessors came into picture. They 
execute instructions to perform the task of 
computation. The architecture of this system is not 
static since we can alter the system functionalities, 
through software coding, without touching the 
hardware. But the drawback with this technique is that 
each time processor has to fetch the instructions 
stored in the memory, and executes only after the 
prior understanding of what operation it must do with 
those instructions. Hence this results overhead in the 
execution. So reconfigurable computing came into 
existence which is intended to fill the gap between 
hardware and software by making architecture of the 
system dynamic and reducing the execution overhead. 
 
The performance of a machine becomes determined 
by way of three key elements: clock cycles per 
instruction (CPI), clock cycle time and instruction 
count. The instruction set architecture and the 
compilers which determine the instruction count are 
required for a given program. However, each the 
clock cycle time and the wide variety of clock cycles 
in step with preparation are determined through the 
implementation of the processor. On this we construct 
the control unit and data path for single cycle 
implementation scheme of the RISC instruction set. 
This paper emphasizes on architecture of the proposed 
RISC processor, succeeding with examining each 
building blocks of the architecture, Instruction 
formats and types of instructions. Finally we conclude 

it with checking frequency of the proposed processor 
and its simulation results. 
 
II. RELATED STUDIES 
In outlining a chip, there are a few parameters that 
must be considered. Some of these parameters 
include:  speed review, throughput, number of bits 
that the microchip manages at once, number of 
instructions the chip can execute, and different 
contemplations that contributes for the execution of 
the chip. Too, factors that incorporate multifaceted 
nature, possibility for usage, configuration structure, 
and capacity to be actualized in the accessible 
apparatuses were likewise considered. So as to deliver 
and to know the contemplations for these parameters, 
the accompanying investigations also, chip designs 
were looked into and examined. 
 
1) Pipelined vs Non-pipelined: Normally pipeline 
implemented processors are faster than Non-pipelined 
processors. In Non-Pipelined processors one 
instruction is executed per clock cycle but in pipeline 
implemented processor every part of it is kept busy. 
Many instructions are executed per clock cycle in 
pipelining technique by dividing a single instruction 
into many number of instructions. 
 
Pipelining increases the CPU throughput but increases 
the latency due to overhead of the pipelining process 
itself. Hardware or software implementation of 
pipeline technique is possible. Pipeline is a series of 
stages where some work is done at each stage and 
work is not completed until it has passed through all 
the stages. 
 
2) Architecture Comparison - RISC vs CISC: RISC 
stands for Reduced Instruction Set Computer whereas 
Complex Instruction Set Computer is an abbreviation 
of CISC.CISC had large number of instructions 
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wherein some instructions for special tasks where 
used infrequently. Compilers became more prevalent. 
RISC whereas is designed to perform smaller number 
of types of computer instruction so it is able to operate 
at a higher speed than CISC. RISC has less number of 
instructions may be 128 or less and hence few 
addressing modes. Memory access instructions were 
limited to LOAD and STORE. All operations were 
done within the registers of the CPU. The most 
important feature of RISC compared with that of 
CISC is Single cycle Instruction execution i.e done by 
overlapping fetch, decode and execute phases of two 
or three instructions known as pipelining. 
 
III. PROPOSED ARCHITECTURE 

 

 
Figure 1 RISC architecture 

 
The proposed architecture is shown in figure 1. It is 
based upon the Harvard architecture which has 2 
different storage and 2 different pathways for the 
instructions to be executed and the corresponding data 
to be fetched. It consist of eight 8-bit general purpose 
registers for data saving purpose. It also consists of 
ALU(Arithmetic Logic Unit) which performs 
Arithmetic and Logic tasks on the operands which are 
present in the instructions. The proposed system also 
consist of RAM(Random Access Memory) for the 
purpose of storing the transitional outcomes and 
ROM(Read Only Memory) to store the instructions. It 
also consist of CU(Control Unit) that assists the 
processor what operation to be performed during 
subsequent execution of the instruction. For the 
current instruction to be executed it has PC( Program 
Counter) which acts as a counter and its related enlist. 

IV. PERFORMANCE ENHANCEMENT 
TECHNIQUE 

 

 
Figure 2 Pipeline technique 

 
Pipelining is a general execution change strategy in 
which with the aid of the tasks various instructions are 
set aside a few minutes. At a given immediate, every 
direction is in a stand-out stage or venture of the 
calculation. Everything about advances are alluded to 
as a pipe degree or a pipe area as shown in Figure 2. 
The execution of a pipeline is estimated in 
expressions of the parameter IPC or "Instruction per 
Cycle". This sort of parameter is known as a 
device(system) outline metric. 
 
V. PORTRAYAL OF USEFUL MODULES 
 
The proposed RISC architecture consists of several 
functional blocks like PCU(Program Counter Unit), 
CU(Control Unit), DM(Data Memory), 
IM(Instruction Memory), ALU(Arithmetic Logic 
Unit), GPR(General Purpose Registers), Accumulator, 
Register memory. The functions of each individual 
blocks are elaborated here 
 
A. ALU (Arithmetic and Logic Unit) 
The proposed system consist of ALU that includes 
AND, OR, XOR, ADD, SUB operations. ALU will be 
connected to the Accumulator and general purpose 
registers through its buses. It consist of select line 
which determines what task to be performed. The 
result of the task will be stored in the accumulator. 
ALU consist of two outputs i.e ALU_output that gives 
the output of the task and Zero_detect which indicates 
the zero in ALU_output. 
B. GPR (General Purpose Registers) 
This processor consist of eight 8-bit registers named 
as R0,R1,R2,R3,R4,R5,R6,R7. ALU is connected to 
registers for storing the values. These register names 
can also be used in the instructions of R-type format. 
For loading and storing the records, its miles are 
connected to SYSTEM_DATABUS. 
C. PCU (Program Counter Unit) 
The PCU unit consists of PC(Program Counter), 
PCR(Program Counter Register), PCS(Program 
Counter Save) and StackPC. The address of the 
succeeding instruction to be executed is stored in PC. 
PC is just a register. As instruction is fetched , the 
stored value in PC is incremented by 1. When any 
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jump instruction is executed the address of the current 
instruction is stored in PCR. PCS stores the value of 
PC when PC SAV instruction is executed. STACKPC 
is used to keep the current pc cost at some point of the 
execution of interrupt carrier recurring. 
D. CU (Control Unit) 
This is the important block which specifies what 
operation to be performed by the processor. IR, IRX, 
tstate counter, Low energy Unit (LPU) and decoder 
are the components of the CU. IR gets the 
acknowledgement for decoding the instruction during 
fetch cycle. The IR content must be stored in IRX 
during fetching of subsequent instruction for 
execution. IR contents  are moved to IRX only 
through clock cycle. The fetch and execution cycles 
are mandatory for proper operating of processor 
which is generated by tstate counter. Pipelining 
function is implemented within the tstate counter 
module. 
E. IM (Instruction Memory) 
Instruction memory is sixteen-bit extensive and 
having 262,144  address locations. In fetch cycle, 
when the corresponding control signals are enabled, a 
16-bit data bus called IM_DATABUS transfers 
coaching reminiscence (IM) content material to 
instruction sign up (IR), if IM_ADDRBUS presents 
an address with region to IM at the equal example of 
time. 
F. DM (Data Memory) 
Memory having 4096 instructions with locations and 
is 8-bit in length. Using the reference of DM 
ADDRBUS(12-bit wide) bus it gets the specified 
location supplied from manipulate unit. 
G. Accumulator 
It is an important block in computer architecture 
where intermediate results of arithmetic and logical 
operations are stored. If the Accumulator register was 
absent then results must be stored in main memory 
which has drawback of slower access. Hence 
accumulator type register has faster access because of 
the technology. 
H. Register Memory 
It allows operation to be performed between registers 
and memory . Hence during any operation operands 
can be either in register or in memory. In general 
these type combination architecture are also called 
“register-memory architecture”. 
 
VI. INSTRUCTION SET ARCHITECTURE 
 

 
 

Figure 3 Instruction set format 
 

The proposed architecture supports 3 types of format 
i.e register type , immediate type and jump type . All 
these type instructions are incorporated in this 
processor. Fig.3 shows the format of the instruction. 
Table 1 gives the overview of all the instructions. 
 
INSTRUCTION SET SUMMARY 
 

MNEMONIC DESCRIPTION 

add 
Add the contents of specified 

registers and store it in 
specified destination 

sub 
Subtarct the contents of 

specified registers and store it 
in specified destination 

and 
AND the contents of 

specified registers and store it 
in specified destination 

or 
OR the contents of specified 

registers and store it in 
specified destination 

slt 

Slt in MIPS is used for a 
specific condition like if one 

value is less than another 
value then set the value of a 

particular register 

sw To store the value in memory 
from register 

lw To load the value from 
memory to register 

beq Branch if accumulator is zero 

addi Add immediate data with 
specified register 

Jr $t Jump to the address specified 
by $t 

slti Set if value is less than 
immediate data 

Table1 Instruction set description 
 
SIMULATION RESULTS 
 
The simulation results have been performed by 
Modelsim and synthesis using Xilinx Spartan 3E 
Starter Board FPGA. Instructions are given in the 
form of opcode. A code snippet, is taken which has 
both branching and looping instructions. The 
performance of the processor is evaluated using this 
piece of code shown below 
 

 
Opcodes are derived based on the instructions given 
above. 
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Figure 4 Simulation results of the proposed processor 
 

CONCLUSION 
 
Hence we have designed a 8-bit RISC processor 
incorporated with pipelining technique for 
performance enhancement, simulated using modelsim 
and have implemented the same on Xilinx Spartan 
series FPGAs  at speed of more than 60MHz and at a 
speed of more than 80MHz for vertex series FPGAs. 
The complete instruction set were tested individually 
and at last a code snippet is tested which consisted of 
all type of instructions. Pipelining technique had yield 
better results with respect to the speed of the 
execution of the processor. The proposed processor 
has the uplift of lower power dissipation, occupies 
lesser area and achieves faster concurrent 
programming execution. 
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