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Abstract— RISC or Reduced Instruction Set Computer is a 

design philosophy that has become a mainstream in 

Scientific and engineering applications. Increasing 

performance and gate capacity of recent FPGA devices 

permits complex logic systems to be implemented on a 

single programmable device. The most important feature of 

the RISC processor is that this processor is very simple and 

support load/store architecture. The important components 

of this processor include the Arithmetic Logic Unit, Shifter, 

Rotator and Control unit. In this paper, we propose a 16-bit 

non-pipelined RISC processor, which is used for signal 

processing applications. The processor consists of the 

blocks, namely, program counter, clock control unit, ALU, 

IDU and registers. Also compare it with another proposal of 

16-bit pipelined RISC processor using VLIW architectures. 

This processor is especially used for both D.S.P applications 

and general purpose applications. Reduced instruction is the 

main criteria used to develop in this processor. 

Advantageous architectural modifications have been made 

in the incrementer circuit used in program counter and carry 

select adder unit of the ALU in the RISC CPU core. 

Key words: RISC, Arithmetic and Logical Unit (ALU), 

Program Counter (PC), Load/store architecture, Pipeline, 

VLIW. 

I. INTRODUCTION 

Nowadays, computers are indispensable tools for most of 

everyday activities. With the rapid development of the 

silicon technology and the decreasing cost of the integrated 

circuit, RISC processor is increasing widely used in every 

field. RISC is an extension of the architecture principles of 

the Reduced Instruction Set Computer (RISC). The simple 

design provides exceptional performance and is ideal for use 

in a broad family of cost-effective, compatible systems. 

Some typical applications include: commercial data 

processing, computation-intensive scientific and engineering 

applications, and real-time control.  

The main features of RISC processor are the 

instruction set can be hardwired to speed instruction 

execution. No microcode is needed for single cycle 

execution. All instructions are one word (fixed bit) in length. 

This simplifies the instruction fetch mechanism since the 

location of instruction boundaries is not a function of the 

instruction type. The processor has small number of 

addressing modes. Only load and store instructions access 

memory. There are no computational instructions that access 

memory; load/store instructions operate between memory 

and a register. Control hardware is simplified and the 

machine cycle time is minimized. The instructions were 

designed to be easily divisible into parts. This and the fixed 

size of the instructions allow the instructions to be easily 

piped. RISC provides a flexible and expandable architecture 

that maximizes performance from any given semiconductor 

technology. RISC includes extensions to RISC concepts that 

help achieve given levels of performance at significantly 

lower cost than other systems. With FPGA based core 

design any set of task can be configured. It is also capable of 

employing any control algorithm. It sustains any system 

level change without costly hardware replacement and thus 

the design process is very fast and cost effective.  

In the present work, the design of an 8-bit data 

width Reduced Instruction Set Computer (RISC) processor 

is presented; it was developed with simplicity and 

implementation efficiency in mind. It has a complete 

instruction set, program and data memories, general purpose 

registers and a simple Arithmetical Logical Unit (ALU) for 

basic operations. In this design, most instructions are of 

uniform length and similar structure, arithmetic operations 

are restricted to CPU registers and only separate load and 

store instructions access memory. The Instruction cycle 

consists of three stages namely fetch, decode and execute. 

After every instruction fetch, Control Unit generate signals 

for the selected Instruction. The architecture supports 16 

instructions to support Arithmetic, Logical, Shifting and 

Rotational operations. 

II.  ARCHITECTURE OF RISC PROCESSOR 

Architecture describes a computer as seen by the 

programmer and the compiler designer. It specifies the 

resources, i.e. the registers and memory and defines the 

instruction set. (possibly implying data types). Processors 

consist of two parts, the arithmetic/logic unit (ALU) and the 

control unit. The former performs arithmetic and logical 

operations, the latter controls the flow of operations. In 

addition to the processor there is memory. Our RISC 

consists of a memory whose individually addressable 

elements are bytes (8 bits). 

The ALU features a bank of 16 registers with 32 

bits. 32-bit quantities are called words. Arithmetic and 

logical operations, represented by instructions, always 

operate on these registers. Data can be transferred between 

memory and registers by separate load and store 

instructions. This is an important characteristic of RISC 

architectures, developed between 1975 and 1985. It 

contrasts with the earlier CISC architectures (Complex 

instruction set): Memory is largely decoupled from the 

processor. A second important characteristic is that every 

instruction takes one clock cycle for its execution, perhaps 

with the exception of access to slower memory. More about 

this will be presented later. This singlecycle rule makes such 

processors predictable in performance. The number of 

cycles and the time required for executing any instruction 

sequence is precisely defined. Predictability is essential in 

all real-time applications. 

The core of the data processing unit consisting of 

ALU and registers is shown in Figure1. Evidently, data 

cycle from registers into the ALU, where an operation is 

performed, and the result is deposited back into a register. 
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Fig. 1: Architecture of 8-bit RISC processor 

The control unit contains a register holding the 

instruction currently being under execution. This is called 

the instruction register (IR). It also features a register 

holding the address of the instruction being fetched from 

program memory. This is traditionally called the program 

counter (PC). The control unit computes the address of the 

next instruction. As this is mostly the one in sequence, i.e. 

with address PC+1, the control unit also holds an 

incrementer. Branch instructions take the next address from 

the instruction register. External devices are mapped into the 

address space of memory. This means that a certain range of 

addresses is reserved for access to input and output devices. 

The design of different modules line control unit, ALU, 

Universal shift register, barrel shifter register and general 

purpose registers: 

A. Control unit: 

Control unit is designed using finite state machine as 

depicted in Figure (2).The state machine is designed to 

perform the logical, arithmetic, shifting and rotate 

operations. For example, if the instruction bit is 0010 the 

operation performed is NOR operation and the next 

consecutive opcode is 1001 then it remains in the same state 

or else it will have a transition to the next state depending on 

the opcode it receives. The control unit consists of two 

decoders in which the first decoder performs logical and 

arithmetic opcode generation and the second decoder 

performs shifting and rotating opcode generation.  

 
Fig. 2: State Diagram of Controller and top block controller 

 

B. Arithmetic and Logic unit:  

The arithmetic and logic unit (ALU) performs arithmetic 

and logic operations. It also performs the bit operations such 

as rotate and shift by a defined number of bit positions. The 

proposed ALU contains three sub-modules, viz. arithmetic, 

logic and shift modules as shown in fig 3. 

 

Fig. 3: Block diagram of ALU unit 

The arithmetic unit involves the execution of 

addition operations and generates Sign flag and Zero flag as 

per the result shown in the process. In order to reduce the 

complexity of the adder circuits used in the arithmetic unit 

of the RISC CPU, a very fast and low power carry select 

adder circuit has been introduced. The ALU also consists of 

a modified multiplier, which uses compressor circuits to 

achieve low power and improved speed of operation. The 

multiplier is designed to execute in a single cycle. Hence, it 

satisfies the requirement of the RISC design, to execute 

single cycle instructions the shift module is used for 

executing instructions such as rotation and shift operations. 

The shift module is mandatory for signal processing 

applications, which needs division by 2.This is achieved by 

a single right shift operation. The logic unit is used to 

perform logical operations, such as, Ex-or, OR, and AND. 

The Data out of each ALU operation is written back into the 

corresponding destination register, along with the flags 

updated. In order to maintain simplicity of the design, the 

carry out of the ALU is not taken into consideration. 

C.  Register File: 

 The register file consists of 8 general purpose registers of 

16-bits capacity each. These register files are utilized during 

the execution of arithmetic and data-centric Instructions. It 

is fully visible to the programmer. It can be addressed as 

both source and destination using a 3-bit identifier. The 

register addresses are of 3-bit length, with the range of 000 

to 111. The load instruction is used to load the values into 

the registers and store instruction is used to retrieve the 

values back to the memory to obtain the processed outputs 

back from the processor. The Link register is used to hold 

the addresses of the corresponding memory locations. 

D. Instruction Decoder Unit: 

Our instruction set is limited yet comprehensive. Since our 

data bus is only 5 bits wide, it was decided to keep the 

number of instructions supported within 32 for easier 

implementation. At present, only 27 instructions have been 

implemented. The rest have been reserved for porting digital 

processing applications into our processor. The decoder 

units decodes the instruction and gives out the 3-bit source 

and destination addresses respectively, depending on the op-
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code’s operation and it also decides whether the write back 

circuit has to be enabled or not. 

III. PIPELINED RISC PROCESSOR USING VLIW 

RISC, or Reduced Instruction Set Computer. is a type of 

microprocessor architecture that utilizes a small, highly 

optimized set of instructions, rather than a more specialized 

set of instructions often found in other types of 

architectures[3]. A RISC processor pipeline operates in 

much the same way, although the stages in the pipeline are 

different [4] While different processors have different 

numbers of steps, they are basically variations of these five, 

used in the MIPS R3000 processor: 

 fetch instructions from memory 

 read registers and decode the instruction 

 execute the instruction or calculate an address 

 access an operand in data memory 

 write the result into a register 

The length of the pipeline is dependent on the 

length of the longest step. Because RISC instructions are 

simpler than those used in pre-RISC processors (now called 

CISC, or Complex Instruction Set Computer), they are more 

conducive to pipelining. While CISC instructions varied in 

length, RISC instructions are all the samelength and can be 

fetched in a single operation. Ideally, each of the stages in a 

RISC processor pipeline should take 1 clock cycle so that 

the processor finishes an instruction each clock cycle and 

averages one cycle per instruction (CPI)[5],[6].  

The RISC pipelining can be done by using various 

pipelining techniques. The existing technique is super scalar 

pipelining and it has only single execution 

The VLIW approach, on the other hand, executes 

operations in parallel based on a fixed schedule determined 

when programs are compiled. Since determining the order of 

execution of operations (including which operations can 

execute simultaneously) is handled by the compiler, the 

processor does not need the scheduling hardware that the 

three techniques described above require. As a result, VLIW 

CPUs offer significant computational power with less 

hardware complexity (but greater compiler complexity) than 

is associated with most superscalar CPUs [10]. In contrast, 

one VLIW instruction encodes multiple operations; 

specifically, one instruction encodes at least one operation 

for each execution unit of the device. For example, if a 

VLIW device has five execution units,then a VLIW 

instruction for that device would have five operation fields, 

each field specifying what operation should be done on that 

corresponding execution unit. To accommodate these 

operation fields, VLIW instructions are usually at least 64 

bits wide, and on some architectures are much wider. For 

example, the following is an instruction for the SHARC. In 

one cycle, it does a floating-point multiply, a floating-point 

add, and two auto increment loads. All of this fits into a 

single 48-bit instruction. f12=f0*f4, f8=f8+f12, 

f0=dm(i0,m3), f4=pm(i8,m9); Since the earliest days of 

computer architecture some CPUs have added several 

additional arithmetic logic units (ALUs) to run in parallel. 

Superscalar CPUs use hardware to decide which operations 

can run in parallel. VLIW CPUs use software (the compiler) 

to decide which operations can run in parallel. Because the 

complexity of instruction scheduling is pushed off onto the 

compiler, the hardware's complexity can be substantially 

reduced. 

A similar problem occurs when the result of a 

parallelizable instruction is used as input for a branch. Most 

modern CPUs "guess" which branch will be taken even 

before the calculation is complete, so that they can load up 

the instructions for the branch, or (in some architectures) 

even start to compute them speculatively. If the CPU 

guesses wrong, all of these instructions and their context 

need to be "flushed" and the correct ones loaded, which is 

time-consuming. This has led to increasingly complex 

instruction-dispatch logic that attempts to guess correctly, 

and the simplicity of the original RISC designs has been 

eroded. VLIW lacks this logic, and therefore lacks its power 

consumption, possible design defects and other negative 

features. 

In a VLIW, the compiler uses heuristics or profile 

information to guess the direction of a branch. This allows it 

to move and prescheduled operations speculatively before 

the branch is taken, favouring the most likely path it expects 

through the branch. If the branch goes the unexpected way, 

the compiler has already generated compensatory code to 

discard speculative results to preserve program semantics. 

The main block diagram of our pipelined risc 

processor using VLIW architecture along with single 

instruction and multiple execution instruction life cycle is 

shown in figure 4 

 

Fig. 4: pipelined RISC processor using VLIW and S.I.M.E 

instruction cycle 

IV. PIPELINED RISC PROCESSOR FOR DSP APPLICATIONS 

Here the proposed pipelined RISC processor is implemented 

to DSP applications like convolution and correlation. Here 

for convolution and correlation we used general 

multiplication Convolution is an integral concatenation of 

two signals. It has many applications in numerous areas of 

signal processing. The most popular application is the 

determination of the output signal of a linear time invariant 

system by convolving the input signal with the impulse 

response of the system.  

The linear convolution of two continuous time signals x(t) 

and h(t) is defined by 

y(t)= x(t)*h(t)= ∫ x(τ) h(t-τ) 
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For discrete time signals x(n) and h(n) , the integration is 

replaced by a summation 

y(n)=x(n)*h(n)= Σ x(τ) h(t- τ) 

In signal processing, cross-correlation is a measure 

of similarity of two waveforms as a function of a time-lag 

applied to one of them[13]. This is also known as a sliding 

dot product or sliding inner-product. It is commonly used 

for searching a long-duration signal for a shorter, known 

feature. It also has applications in pattern recognition, single 

particle analysis, electron tomographic averaging, 

cryptanalysis, and neurophysiology. The population 

correlation coefficient ρX,Y between two random variables 

X and Y with expected values μX and μY and standard 

deviations σX and σY is defined as: 

 
where E is the expected value operator, cov means 

covariance, and, corr a widely used alternative notation for 

Pearson's correlation. For continuous functions, f and g, the 

cross-correlation is defined as: 

 

where f * denotes the complex conjugate of f. 

Similarly, for discrete functions, the cross-correlation is 

defined as: 

 

V.  CONCLUSION 

An 8-bit RISC processor with 16 instruction set has been 

designed. Every instruction is executed in one clock cycles 

with 3-stage pipelining. The design is verified through 

exhaustive simulations. The processor achieves higher 

performance, lower area and lower power dissipation. The 

design of a single cycle 16-Bit non-pipelined RISC 

processor for its application towards convolution application 

has been presented. Novel adder and multiplier structures 

have been employed in the RISC architecture. The processor 

has been designed for executing the instruction set 

comprising of 27 instructions in total. It is shown 

expandable up to 32 instructions, based on the user 

requirements. The processor design promises its use towards 

any signal processing applications. The design of a 32-Bit 

pipelined RISC processor for its application towards 

convolution and correlation application has been presented. 

Here we are having multiple executions with single 

instructions because of VLIW architecture. Furthermore this 

design can be applicable to various general and DSP 

applications 

REFERENCES  

[1] Samiappa Sakthikumaran,S.Salivahanan and 

V.S.Kaanchana Bhaaskaran , June 2011, “16-Bit RISC 

Processor Design For Convolution Application”,IEEE 

International Conference on Recent Trends In 

Information Technology, pp.394-397.  

[2] Rohit Sharma, Vivek Kumar Sehgal, Nitin Nitin1, 

Pranav Bhasker, Ishita Verma , 2009, “Design And 

Implementation Of 64-Bit RISC Processor Using 

VHDL”,UKSim : 11th International Conference on 

Computer Modeling And Simulation, pp. 568 – 573.  

[3] Rupali S. Balpande and Rashmi S. Keote.2011, “Design 

of FPGA based Instruction Fetch & Decode Module of 

32-bit RISC (MIPS) Processor, International 

Conference on Communication Systems and Network 

Technologies pp. 409 – 413  

[4] Sivarama P.Dandamudi ,”A Guide To RISC Processor 

For Programmers And Engineers”, Springer.  

[5] Tom Wada, “Small Risc Processor (SPR) design 

specification v1.0”, 12th Design Contest In 

OKINAWA, pp. 1-17  

[6] Wayne, Peter. "Processor Pipelines." Byte, 17 (1992): 

305 

[7] Zhou & Martonosi. “Augmenting Modern Suuperscalar 

Architectures with ConfigurableExtended 

Instructions”.19 April 2004. 

[8] Sorin Cotofana, Stamatis Vassiliadis, "On the Design 

Complexity of the Issue Logic of Superscalar 

Machines",EUROMICRO 1998: 10277-10284 

[9] Steven McGeady, "The i960CA SuperScalar 

Implementation of the 80960 Architecture", IEEE 1990, 

pp. 232–240 

[10] Fisher, Joseph A. (1983). "Very Long Instruction Word 

architectures and the ELI-512" (PDF). Proceedings of 

the 10th annual international symposium on Computer 

architecture. International Symposium on Computer 

Architecture. New York, NY, USA: ACM pp. 140–150. 

doi:10.1145/800046.801649. ISBN 0-89791-101-6 

Retrieved 2009-04-27. 

[11] F.B. Chambers, D.A. Duce and G.P. Jones (1984), 

Distributed Computing, Academic Press, Orlando, 

USA, ISBN 0-12-167350-2. 

[12] Hwang, Enoch (2006). Digital Logic and 

Microprocessor Design with VHDL. Thomson. ISBN 0-

534-46593-5. 

[13] Keshab K.Parhi, VLSI Digital Signal Processing 

Systems,Wiley India Edition,1999. 

 
 


