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Abstract—In this paper, we present a Bitwise Competition Logic 
(BCL) for the high performance and area efficient digital 
comparator. It compares two integer numbers using the location 
of the first 1 from the MSB, without arithmetic computations. 
The detail circuits to implement BCL, pre-encoder and selection 
logics are explained. The implemented BCL comparator shows 
16%, 38% and 30% improved result in propagation delay, 
transistor count, and physical area compared to the other types 
of comparators. Measurement waveforms of fabricated BCL 
comparator verify its feasibility and functionality. 

I. INTRODUCTION 
The digital comparator is one of the most basic and 

essential components in digital systems. It is widely used in 
many fundamental processes of computing and communication 
including sorting and searching data [1]-[2]. And it is heavily 
used in data intensive applications such as image processing 
and 3D graphics [3]-[4]. Therefore, a digital comparator should 
be optimized carefully to build fast and efficient system. 

A primitive way of designing digital comparator is to 
exploit a parallel adder. However parallel adder includes 
unnecessary arithmetic function over comparison, physical 
implementation becomes rather complicate. Besides, it is only 
useful when the length of comparator input is short. As another 
way, a comparator can be implemented based on the equation 
which flattens compare function directly. However, this 
approach is also suitable for comparators whose length of input 
is short. As the length of inputs increases, not only its 
implementation complexity but also required resources like 
transistor count and power are also increased dramatically. And 
the speed of comparator is saturated. To solve this, several 
works for high performance and area efficient comparators 
have been proposed recently [5]-[8]. C.-C. Wang proposed 
ANT dynamic logic for high performance [5] and high fan-in 
dynamic circuit for low transistor count [8]. C.-H. Huang 
exploited the priority encoder based algorithm and used MODL 
in circuit to decrease logic depth [6]. And S.-W. Cheng 
employed modified 1’s complement principle and conditional 
sum adder scheme for efficient implementation [7]. All above 
works design comparator based on arithmetic equations of long 
number comparison and improve performance with own 
proposed logic circuits. In this approach, the efficiency of 
comparator is dependent on conciseness of arithmetic 
expression and performance of logic circuits which build up 
the equation. Although this approach improves performance, 
the implemented comparators are still complicated because the 
arithmetic equation they rely on has a base complexity. 

Therefore, a new approach for comparing operation is required 
to achieve further improvements on designing high 
performance and area efficient comparator. 

In this paper, we propose a compact digital comparator 
based on an algorithm which has no arithmetic computation. It 
decides the larger one by detecting which has the earlier first 1 
from the MSB after pre-encoding of inputs. To implement this 
into the circuits, Bitwise Competition Logic (BCL) is newly 
proposed. As a result, implemented BCL comparator achieves 
improvements not only in transistor count, but also in 
propagation delay and physical area. BCL comparator is 
fabricated in 0.18μm CMOS process and its operations are 
verified by chip measurement.  

This paper is organized as follows. Chapter II describes a 
proposed algorithm for two integer number comparison. In 
chapter III, implementation of BCL comparator and its detailed 
circuits are explained. In chapter IV, performance comparisons 
with conventional works will be discussed. After that, the 
implementation and measurement results will be shown in 
chapter V. Lastly, conclusion of this paper will be made in 
chapter VI.  

II. PROPOSED ALGORITHM 
The size of two long binary numbers can be easily 

compared by identifying the locations of the first 1 from the 
MSB: The one that has the first 1 in more significant position is 
the larger. In case that the locations of the first 1 are the same 
in both numbers, the decision is postponed to the lower bit 
where only one input has 1 in that bit position.  

Proposed comparison algorithm exploits above easy and 
intuitive method. Fig. 1 represents the flow chart of algorithm. 
At first, pre-encoders encode two input numbers bit by bit as 
the truth tables shown in table I. Pre-encoder A makes the 
output high only when input A is 1 and input B is 0 and pre-
encoder B do encoding in the opposite way. Therefore pre-
encoding removes cases that 1s exist in the same bit position 

TABLE I. Truth tables of pre-encoders 
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