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ABSTRACT 
The main objective of project is to design and verify different operations of Arithmetic and Logical Unit (ALU). 

We have designed an 32 bit ALU which accepts two 32 bits numbers and the code corresponding to the operation 

which it has to perform from the user. The ALU performs the desired operation and generates the result 

accordingly. The different operations are arithmetical, the coding was written in VHDL and verified in I-Sim. The 

waveforms were obtained successfully. After the coding was done, the synthesis of the code was    performed 

using Xilinx-ISE.    

 

KEYWORDS: logic unit, arithmetic unit, shift unit, arithimatic and logic unit. 

 

INTRODUCTION 
The Arithmetic Logic Unit (ALU) is a fundamental building block of the Central Processing Unit (CPU) of a 

Computer. Even one of the simplest microprocessor contains one ALU for purposes Such as maintaining timers. 

We can say that ALU is a core component of all central processing unit within in a computer and is an integral 

part of the execution unit. ALU is capable of calculating the results of a wide variety of basic arithmetical and 

logical computations. The ALU takes as input the data to be operated on (called operands) and a code from the 

control unit indicating which operation to perform. The output is the result of the computation. The ALU 

implemented will perform the following operations: Arithmetic operations (addition, subtraction increment, 

decrement, transfer) Logic operations (AND, NOT, OR, NAND, NOR, EX-OR, EX-NOR) The output of the 

circuit is calculated from ALU. 

 

Microprocessors/Microcontrollers have a single module that performs arithmetic operations on integer values. 

This is because many of the different arithmetic and logical operations can be performed using similar (if not 

identical) hardware. The component that performs the arithmetic and logical operations is known as the Arithmetic  

Logic Unit, or ALU. The ALU is one of the most important components in a microprocessor, and is typically the 

part of the Processor that is designed first. Once the ALU is designed, the rest of the microprocessor is 

implemented to feed operands and control codes to the ALU. 

 

FUNCTION TABLE OF ALU 

In our project “Design and Implementation of a 32-bit ALU on Xilinx using VHDL” we have designed and 

implemented a 32 bit ALU. Arithmetic Logic Unit is the part of a computer that performs all arithmetic 

computations, such as addition and subtraction, increment, decrement, shifting and all sorts of basic logical 

operations. The ALU is one component of the CPU (Central Processing Unit). The Table Gives Below show The 

Various Function Perform By The ALU In This Project 
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Table 1.1 functions of ALU 

 
The ALU performs the desired operation and generates the result accordingly. The different operations are arithmetical, 

logical and relational. Arithmetic operations include arithmetic addition, subtraction, multiplication and division. 

Logical operations include AND, OR, NAND, XOR, NOT and NOR. These take two binary inputs and result in output 

logically operated. To implement ALU, the coding was written in VHDL and verified in I-Sim. The waveforms were 

obtained successfully. After the coding was done, the synthesis of the code was performed using Xilinx-ISE.  Circuit 

we will first design 32 bit Adder, Subtractor, OR, AND, NOT, XOR, LEFT Shift, Right Shift Unit. These bit-slices can 

then be put together to make a 32-bit Adder, Subtractor, OR, AND, NOT, XOR, Left shift, right shift unit Fig. 1 Show 

RTL view of ALU.  

 

 
Fig. 1 Show RTL view of block diagram ALU. 

 

32-BIT LOGIC UNIT 
A Logic unit does the following task: Logical AND, Logical OR, Logical XOR and Logical NOT operation. We 

will design a logic Unit that can perform the four basic logic micro-operations: OR, AND, XOR and Complement, 

because from these four micro-operations, all other logic micro-operations can be derived. A one-stage logic unit 

for these four basic micro-operations is shown in the Fig. 2. The logic unit consists of four gates and a 4:1 

multiplexer. The outputs of the gates are applied to the data inputs of the multiplexer. Using to selection lines S0 

and S1 one of the data inputs of the Multiplexer is selected as the output. For a logic unit of 32-bit, the output will 

be of 33-bit with 33th bit to be High-impedance. The common selection lines are applied to all the stages.fig.1 

shown RTL view of 32 bit ALU logic unit which represent OR Gate NOT Gate , OR Gate, NOR Gate 
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Fig.1 shown RTL view of 32 bit ALU logic unit 

 

32-BIT ARITHMETIC AND LOGICAL UNIT 
32-bit Arithmetic and Logical Unit The approach used here is to split the ALU into three modules, one Arithmetic, 

one Logic and one Shift module. The arithmetic, logic and shifter units introduced earlier can be combined into 

ALU with common selection lines. The shift micro-operations are often performed in a separate unit, but 

sometimes the shifter unit made part of overall ALU. Since the ALU is A particular arithmetic or logic or shift 

operation is selected according to the selection inputs S0 and S1. The final output of the ALU is determined by the 

set of multiplexers with selection lines S2 and S3. The function table for the ALU is shown in the Table. 1. 

 

 
Fig. 2 shown RTL view of 32 bit ALU logic unit 

 

The table lists 14 micro-operations: 8 for arithmetic, 4 for logic and 2 for shifter unit. For shifter unit, the selection 

line S1 is used to select either left or right shift micro-operation. 

 

32-BIT SHIFTER UNIT 
Shifter unit is used to perform logical shift micro-operation. The shifting of bits of a register can be in either 

direction- left or right. A combinational shifter unit can be constructed as Fig. 7. The content of a register that has 

to be shifted first placed onto common bus. This circuit uses no clock pulse. 

 

For a shift unit of 32-bit, the output will be of 33-bit with 33th bit to be the outgoing bit. The circuit of shift unit is 

shown in Fig. 8.  

When S1= 0: RESULT= Shift Right A. 

When S1= 1: RESULT= Shift Left A. 
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When the shifting unit is activated the register is shifted left or right according to the selection unit. 

 

 
Fig. 3 shown RTL view of 32 bit ALU shifting logic unit 

 

SIMULATION & RESULT  
Once the all VHDL modules are prepared, they should be simulated before they are put in actual Hardware chip. We 

can generate a test counter waveform from the Project, New Source menu of ISE and it will support in setting up the 

simulation. Once we simulate our design and feel it is functioning properly, and then we can 

 

 
Fig. 5 Shown Simulation of 32 bit ALU 

 

 
Fig. 6 Shown Simulation of 32 bit ALU 
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Fig. 6 Shown Simulation of 32 bit ALU 

 

Move on to generating the data needed to essentially program 

 

COMPARISON TABLE 

 

 
 

CONCLUSION  
In our project “Design and Implementation of a 32-bit ALU on Xilinx Fusing VHDL” we have designed and 

implemented a 32 bit ALU. Arithmetic Logic Unit is the part of a computer that performs all arithmetic 

computations, such as addition and subtraction, increment, decrement, shifting and all sorts of basic logical 

operations. The ALU is one component of the CPU (Central Processing Unit). Here, using VHDL we have 

designed a 32 bit ALU which can perform the various arithmetic  
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