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ABSTRACT: In today’s fast paced growing embedded 

industry, design’s complexity has increased and hence 

designers must have extensive knowledge of various design 

and modeling aspects. In this paper these features and 

approach has been elaborated using the example of DLX 

ALU at a basic level. The ALU is designed using Verilog 

HDL and a model has been extracted with the help Xilinx 

System Generator.   The proposed methodology mainly 

focuses on the design of 32-bit pipelined RISC processor 

based on the DLX architecture to perform fast convolution 

and correlation operations. 
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1 INTRODUCTION 

Nowadays, computers and mobile phones is indispensable 

tool for most of everyday activities. This places an 

increasing burden on the embedded microprocessor to 

provide high performance while retaining low power 

consumption and small die size, which increase the 

complexity of the device . 

However, as products grow in complexity more processing 

power is required while the expectation on battery life also 

increases. With the rapid development of silicon technology 

RISC includes extensions to RISC concepts that help 

achieve given levels of performance at significantly lower 

cost than other systems. The main features of RISC 

processor are the instruction set can be hardwired to speed 

instruction execution. With reconfigurable devices such as 

FPGAs based core design any set of task can be configured. 

It sustains any system level change without costly hardware 

replacement and thus the design process is very fast and 

cost effective. 

The DLX Microprocessor is a RISC Processor designed by 

John L. Hennessy and David A.  

Patterson, the principal designers of the MIPS and the 

Berkeley RISC designs (respectively), the two benchmark 

examples of RISC design. The DLX is essentially 

simplified MIPS with simple 32-bit load/store architecture. 

The DLX design is widely used in university-level 

computer architecture courses to help students to get 

knowledge about the RISC processor in  terms of 

instruction encoding & decoding, pipelined operations, 

functions of each component within the processor, types of 

instruction set and operations etc. It is based on classic 

Harvard architecture of Separate instruction and data 

memories to allow simultaneous instruction fetching and 

data memory transactions. It supports 3 types of instruction 

formats (I, R & J) & uses immediate & displacement 

addressing modes. In non-pipelined execution, each 

instruction takes 5-clock cycles. 

II ARCHITECTURE AND DESIGN 

In RISC architecture, the instruction set of processor is 

simplified to reduce the execution time. It uses small and 

highly optimized set of instructions which are generally 

register to register operations. The speed of the execution is 

increased by using smaller number of instructions .This uses 

pipeline technique for execution of any instruction. 

The figure shown below is the architecture of RISC 

processor, which uses separate instruction and data caches 

and their access paths also different. There is one 

instruction per machine cycle in RISC processor 

 

Fig 1; Risc processor 
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The pipelining technique allows the processor to work on 

different steps of instruction like fetch, decode and execute 

instructions at the same time. Below is image showing 

execution of instructions in pipelining technique. Generally, 

execution of second instruction is started, only after the 

completion of the first instruction. But in pipeline 

technique, each instruction is executed in number of stages 

simultaneously. When the first stage of first instruction is 

completed, next instruction is enters into the fist stage. This 

process continuous until all the instructions are executed. 

 

The architecture of 16 bit RISC processor has been shown 

in the figure . It comprises of Control unit, general purpose 

register, ALU, Barrel shifter, universal shift register and 

accumulator. The control unit consists of two registers i.e 

instruction register and instruction decoder. Instruction and 

data are fetched sequentially in order to reduce the latency 

in   the machine cycle. Pipeline structure has been 

incorporated that further utilizes three execution cycle fetch, 

decode and execute. This pipeline structure helps in 

enhancing the speed of operation. In fetch cycle, instruction 

and relevant data are inferred from the memory while in 

decode cycle, instruction and data drawn from the memory 

are bifurcated to activate component and data path for 

execution and in the execution cycle instruction is executed, 

data is manipulated and result is stored in the accumulator. 

 

Fig 2; Architecture of RISC processor 

The control unit accept the opcode and generate the signal 

that triggers the components and data path to work 

accordingly and perform the desired function. The control 

unit has two instruction decoders. These two decoders 

decode the instruction bits and direct the signal to either 

into ALU, universal shift register or barrel shift rotator. The 

operands are received from register A or register B. Upon 

receiving the operands from registers and the decoded 

instruction bits arithmetic and logical unit perform 

arithmetic and logical functions. Universal shift register and 

barrel shift rotator receives the input from register A and 

depending upon the decoded  

information perform the desired operation of either shifting 

or rotation and the result is stored in the accumulator 

register. 
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Fig 3: State diagram 

A)   Memory:  

• Memory of 32 locations depth and 32 bit width  

• Receives address from operand1 which is give to the 

instructions decoder  

• If r/w is high it will assign the data to DATA_OUT  

• The memory block will get activated only when CHIP_SE 

is high.  

 

 
Fig 4: Memory block 

 

B)  ALU  

Arithmetic and logical unit is a digital circuit that performs 

arithmetic and logical operations. The proposed design 

performs seven logical functions and two arithmetic 

functions. The logical operations to be executed are AND, 

NAND, OR, NOR, XOR, XNOR and NOT while two 

logical operations are performed Addition and Subtraction. 

ALU will receive instruction bits from control unit and will 

execute the desired operation. For example, if input to 

control unit is 0000, the decoded bits will be 10000000 and 

after receiving the instruction bits from the decoder AND 

operation is performed by ALU according to the operands 

from register A and register B.  

ALU Instructions: 

 

C)Control Unit:  

The control unit is based on state diagram as depicted in the 

figure. The state machine performs the functions of 

arithmetic, logical, shifting and rotating functions. If bit 

instruction is 0100 then OR operation is performed as soon 

as next instruction is received then appropriate operation is 

performed. The control unit consists of two decoders. The 

first decoder performs arithmetic and logical function and 

the second decoder performs shifting and rotating 

operations. 

D)Barrel Shifter: 

Barrel shifter is shown in the figure. It is a digital circuit 

that shifts the number of bits by specified times. It will 

receive the decoded instruction bits from the second 

instruction decoder inside the control unit and performs the 

desired operation depending upon operand from register A 

and select lines. 
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Fig 5: Barrel shifter 

E)   Universal Shift Register  

The architecture is shown in the figure. This architecture 

performs four main functions as follows loading the value, 

left shift and right shift and no change. If s4 and s5 both are 

low while z is equal to 01000000 the value is loaded. If s4 

is low and s5 is high with decoded output z as 00100000 

left shift operation is performed. 

 

Fig 6: universal shift register 

F) Accumulator Register:  

Accumulator register top block is shown in the figure .The 

result from ALU or universal shift register or barrel rotator 

is stored in the accumulator register. If reset is set to high 

then accumulator register is cleared otherwise 8 bit result is 

stored in the accumulator register. 

 

III DLX PROCESSOR 

The proposed method mainly concentrates on the design of 

32-bit pipelined RISC processor based on the DLX 

architecture to perform fast convolution and correlation 

operations, which is most required for almost all signal 

processing applications. The processor is designed to handle 

both integer and IEEE-754 floating point data formats 

making it effective for any application requiring floating 

point operations, namely graphics and scientific. 

Additionally, many modern multimedia applications 

requires the use of concurrent data calculations, which it 

can handle smoothly because of three pipeline stages. The 

processor design follows classic Harvard architecture of 

separate instruction and data memories to allow 

simultaneous instruction fetching and data memory 

transactions. The processor is designed by a powerful and 

flexible hardware descriptive language VERILOG. 

VERILOG model of the DLX microprocessor consists of 

various functional units which were created as components. 

These components were coded as separate modules which 

were composed, simulated and then instantiated in the main 

entity. This microprocessor contains the following 

functional modules as shown in fig. 
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Fig 7: Model of DLX processor 

 

Implementation of DLX Processor  

 

Assembler: This module converts the assembly code 

written in text editor into equivalent binary instructions by 

following dlx instruction formats.  

 

Counter Unit: Functions as instruction fetching module. 

Once it fetches one instruction from ROM the program 

counter is automatically incremented to fetch further 

instructions from the instruction memory.  

 

Instruction decoding and control unit: Instruction fetched 

is decoded based on I-type or R-type format. The controller 

then fetches operands from the RAM(data memory) if data 

is reside in register specified in register fields of the 

instruction otherwise 16- bit immediate data is sign 

extended to make 32- bit data and issues command to ALU 

as per the opcode decoded by decoder.  

 

ROM(Program Memory): General purpose ROM memory 

module for instruction storage, in which instructions are 

downloaded from the in binary form by following the DLX 

instruction format. 

 

RAM (Data Memory): Data memory is also called register 

file that contains all the 32-bit general purpose registers and 

32-bit floating point registers of the microprocessor. The 

register file is not containing any reserved registers, such as 

the PC, the status register, or other special registers so that 

all register can be used for all operation.  

 

ALU: Arithmetic and logic unit, performs particular 

operation on the given operators and operands. Various 

command operations that can be performed are Addition, 

Subtraction, AND, OR, XOR, logical comparisons, shift 

(left / right), divide, multiply Increment, decrement etc. 

 

1V   RESULTS 

BLOCK DIAGRAM 

 

RTL SCHEMATIC 
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TECHNOLOGY SCHEMATIC 

 

SIMULATION RESULTS 

 

V  CONCLUSION 

The primary objective of coding DLX processor using 

Verilog HDL language was successfully completed. The 

designed architecture is examined by running both integer 

and floating point instruction. Finally the correlation and 

convolution algorithms were written and results are 

obtained by simulation as well as by realizing the code on 

vertex 7 FPGA board. On future the performance of the 

proposed design is to be embedded for signal processing 

applications involving convolution and correlation, 

optimizing its speed of operation. 
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