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Abstract— ALU (Arithmetic logic unit) is a critical
component of a microprocessor and is the core
component of central processing unit.

Furthermore, it is the heart of the instruction execution
portion of every computer [1] .ALUs comprise the
combinational logic that implements logic operations,
such as AND, OR, and arithmetic operations, such as
ADD and SUBTRACT. In this an 8-bit ALU using 16:1
multiplexer is designed that is more efficient, less power
consuming, less surface area and faster as compared to
the conventional ALU.

Keywords—ALU (Arithmetic Logic Unit), Multiplexer,
XOR, AND, verilog.

1. Introduction

As the scale of integration keeps growing, more
and more sophisticated signal processing systems are
being implemented on a VLSI chip. These signal
processing applications not only demand great
computation capacity but also consume considerable
amount of energy. While performance and Area
remain to be the two major design tools, power
consumption has become a critical concern in today’s
VLS| system design [2].

A novel design of ALU using Multiplexers for all
the purpose of addition, subtraction, comparison,
shifting etc. is designed in this work. An algorithm is
devised in order to felicitate the writing of codes in
Verilog. The Verilog coding synthesis issues play a
vital role in the speed-area optimality because RTL
schematic depends heavily on how it has coded in
Verilog [3].

A novel MUX (Multiplexer) - ALU has better
performance with the less area and power
optimization on the bases of macro cells which is the
basic building block of any electronic device.

2. Conventional Arithmetic Unit

In the conventional 8-bit ALU, there are two inputs
a & b of eight bits each, and a signal ‘s’ is used to
select the operation which is to be performed, and an
output register that stores the data obtained after the
required operation. The execution happens serially
according to the select line and the output is
displayed accordingly. [4]

The demand for high speed processing has been
increasing as a result of expanding computer and
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signal processing applications. Higher throughput
arithmetic operations are important to achieve the
desired performance in many real-time signal and
image processing applications. The key arithmetic
operations in such applications are multiplication,
addition, division and subtraction.

An arithmetic and logic unit (ALU) is adigital
circuitthat performs arithmetic and logical
operations. The ALU is a fundamental building block
of the central processing unit of a computer, and even
the  simplest microprocessors contain  one  for
purposes such as maintaining timers. The processors
found inside modern CPUs and graphics processing
units (GPUs) accommodate very powerful and very
complex ALUs; a single component may contain a
number of ALUs.

The arithmetic and logic unit performs both the
arithmetic and the logic operations on the data
supplied to it. Although many functions can be
performed by ALU, the basic arithmetic operations —
addition, subtraction, multiplication, and division —
continue to be “bread and butter” operations. The
other basic operations like shifting, logical
multiplication and logical addition are also performed
by ALU.

A critical component of the microprocessor and the
core component of central processing unit is ALU.
ALU comprises the combinational logic that
implements logic operations such as AND and OR,
and arithmetic operations such as Addition,
Subtraction, and Multiplication [7].

Figure 1. displays the general block diagram of an
8-bit ALU that is connected with the output LEDs
and seven segment displays through a decoder and a
display switch. This is the implementation of ALU on
the FPGA Kkit.
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Figure 1: Block diagram of 8-bit ALU

The functionalities of the ALU include AND, OR,
addition, subtraction, less than, NOR, XOR, left shift
and right shift operations as shown in the flow
diagram in figure 2.
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Figure 2: Flow diagram of 8-bit ALU[7]

3. Novel MUX based ALU

In this Arithmetic Logic Unit, a design of an 8 bit
ALU in Verilog, using multiplexers is proposed. And
it has a Multiplexer with 9 inputs for each operation
like addition, subtraction etc. and one output.

In this technique the macro cell usage, Pterms
(product terms or output of AND gates), functional
block inputs, clock delays parameter values are
comparatively lesser than the conventional ALU.
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Figure 3: Block diagram of novel 8-bit ALU

In figure 3, 8-bit ALU outputs are connected to the
9 inputs of the 16x1 Multiplexer. The remaining
seven pins of the MUX have don't care values. The
16x1 multiplexer the n selects the appropriate input
through select lines to give the desired output.

4. Comparison of Conventional and
Novel ALU

Table 1 shows the comparison of the conventional
ALU and the ALU using MUX based of the different
characteristics like speed of operation, efficiency and
power consumption etc.

In conventional ALU maximum frequency is
115.367MHz whereas in case of novel ALU it is
136.874MHz. Number of Pterms is reduced from
181/360 to 40/180.

Table 1: Comparison Table

5.00 ALTs ALUusing | Conventional
Mux ALU
Parameters
1 Clock Delay(ns) 0.901 1.309
2 Macrocells Used 8/36(23%) 3772(52%)
3 Maxirmum frequency (MHz) 136.874 115.367
4 Pterms used 40/180(23%) 1817360 (51%)
5 Register used 1/36(3%) 0772 (0%)
] Peak memory usage forall 131 78
operations(Mega Bytes)
7 Pins Used 21/34(62%) 20134 (86%)
3 Function Block Inputs Used 3H108(31%) 128/216 (60%)




On the basis of the collected data and simulation
result it has been analyzed that proposed MUX-ALU
accepts the inputs and corresponding signal for the
operation. Multiplexer uses the registers to stores the
intermediate result which is further can be use for
selecting the corresponding output signal on the same
data with having comparatively less delay than the
conventional ALU while in case of conventional
ALU it calculates the result each time for the selected
operation and then assign it to the output signal.
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Figure 4: Comparison chart for two ALU

As can be seen in the comparison table 1, that the
proposed ALU having less delay with less surface
area on the base of macro cells used and it can also be
easily visualized in the corresponding bar graph infig
4 which shows that clock delay is less in case of
proposed ALU and also the macro cells which is the
bases of the electronic circuitry which completely
defines the comparison in b/w the two ALUs. Also
the other factors or parameters which greatly affect
the results have been shown.

5. Implementation Results

The conventional ALU and modified MUX based
ALU has been designed in Verilog HDL synthesized
in Xilinx ISE design suit 12.1b and the design is
simulated on ModelSim PE 10.1b tool. [3]

Simulation is the imitation of the operation of a
real-world process or system over time. The act of
simulating something first requires that a model be
developed; this model represents the key
characteristics of the selected physical or abstract
system or process.

In the simulation result shown in Figure 5
multiplexer uses the registers to stores the
intermediate result which is further can be use for
selecting the corresponding output signal on the same
data with having comparatively less delay than the
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conventional ALU while in case of conventional
ALU it calculates the result each time for the selected
operation and then assign it to the output signal.
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Figure 5: Simulation result of 8-bit Novel ALU

The analysis shows the great affecting results on
power consumption in low power mode in
comparison data table given in table 3, which is a
huge difference in macro cells usage.
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