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Abstract - This paper is an indicative for making RNS comparison possible without the need of back conversion and simpler 
hardware implementation. The arithmetic operations like addition and multiplication were an easier implementation but 
comparison process was not a safe bet. This made the RNS algorithms to be structured without use of comparison. Now 
since the paper has shown easier and better ways to implement comparison, RNS algorithms can be made much efficient . 
The comparator is designed using a 4:2 compressor and new design of compounded adder using Han Carlson speculative 
architecture. The design is synthesized using 45nm technology and shown that it works faster than the previous designs. 
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I. INTRODUCTION  

 
Any number system will have process of calculating 
the value from the sequence of digits which form the 
number . There are usually two sort of representations 
that are used for a numbers, fixed point and floating 
point representation. The placement of the radix point 
which differentiates between integral and fractional 
part , determines the value of a floating point number. 
Fixed point will have a one to one mapping with 
representation and value. RNS numbers are 
represented using the fixed point representation. 
RNS numbers have a are increasing in their 
popularity because of the ease they have intoduced in 
arthemtic operations. With this representation 
addition and multiplications tend to become a carry 
free operations. To make the most use of this 
advantage most algorithms tried a shift in 
representation to RNS. But the along with addition 
and multiplication all of the algorithms also include 
operations like sign-detection, comparison, division 
etc. All these operations were not easily 
implementable with RNS. This gave a major setback 
to the usage of RNS numbers . To overcome this , 
many researchers started working on implementing 
those operations with ease in RNS. The search lead to 
development of many algorithms each implementing 
different kind of procedures. 
 
Several techniques were modeled for comparing two 
RNS numbers. Initially the options chosen were 
changing the RNS form back to binary and perform 
the comparison. For this process two theorems were 
used highly since they proved to be extremely 
precise. The first of this theorem is chiniese 
remainder theorem. But since this procedure involved 
operations with larger moduli operations , which 
could be implemented through ROM look up table. 
The second theorem was mixed radix which proved 
to be a very slow process due to its sequential nature.  
A new approach a developed using the conversion 
algorithm , a subtractive based method. The 
difference of numbers under comparison is converted 

to determine the relation between the numbers. Parity 
technique were also implemented , where based on 
the parity of the operands and the difference the 
relation between the operands was determined. But 
due its cost and complexity of hardware 
implementation , as well as intoduction of redundant 
moduli the process did not show much of success.  
Theroritical technique of diagonal mapping was 
extended into the comparison process. The finite 
elements within the dynamic range are arranged into 
rows and colums. A number is used to represent each 
of the diagonal , based on the diagonal to which the 
operands belong to determine the relationship among 
them. This concept was extended to form of divide 
the dynamic range , the divided slots are used for 
comparison. This paper the concept of divide and 
conquer of the dynamic range of RNS is used for 
comparison with modification in the implementation 
of the hardware VLSI units which would lead to 
faster results. 
 
II. BACKGROUND 

 
This section helps in understanding the concepts used 
behind the implementation part. Mathematical 
theorems are used to come to conclusions which are 
mentioned below. 
 
A. Dynamic Range Division Theorems 
For two RNS numbers (푗 , 푗 , 푗 ) and (푘 ,푘 ,푘 ), the 
values required for comparison are 푁 ,푁 ,푀 ,푀 . 
Based on the values found, the final conculsion of the 
comparison result is determined. The calculations for 
the required are based on the following results of the 
theorems: 

푁 = 			
|퐿| 	,푓표푟	푗 ∈ [0, 2 − 1], 푗 > 푗

|퐿 − 1| ,푓표푟	푗 ∈ [0, 2 − 1], 푗 < 푗
퐿′ ,푓표푟	푗 = 2

 

 
Where 퐿 = 	 푇 + 푇 + 푇 , 푇  is one bit shifted 
version of 푗  , 푇 	 is complement of the 푗 , 푇  is one 
bit shifted version of 푗 .  
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II. DESIGN AND IMPLEMENTATION 
 
A. New Proposed Comparator 
The dynamic range is divided into parts L1 and L2 
with the help of the following equations: 
   
The above equations are implemented merely with 
least amount of hardware units such as a compressor 
unit, compound adder, regular adder structure and 
mux units. The compound adder structure 
implemented here is implemented with the help of 
speculative Han Carlson structure. 
The n- bits of data from the input operands and given 
to the compressor units. Hence bits of  푇 ,푇 ,푇  are 
feed as input to the compressor unit.  
In the previous implementation where a stage of 
ripple carry adder were implemented for reducing the 
size of inputs. These stages were replaced by a 
compressor unit, where each of the unit is 
independent of the other in its operations. This proves 
to take the operation at a much faster level. The 
second division partition was L2 is implemented in 
parallel with first partition L1. This implements the 
parallelism for this operation. 
Each of the compressor unit designed is modified 
further using a special 3-way XOR gate, which again 
reduces the gate count for the implementation of the 

compressor unit. The design requires around eight 
compressor units each one with inputs as defined in 
the table. The top structure of the block diagram 
implements either L or L' based on the input given to 
the multiplexer . The output of the compressor units 
is given to a compounded adder. A compounded 
adder helps addition of multiple operands at a time 
without the need of additional adder units. The output 
of the compound adder is either L+1 and L or L' and 
L'+1. The required output is chosen by the mux 
whose input is the carry from the adder computing 
the second partition. For calculation of L’ from L a 
modulo decrementer unit is used which is 
implemented just by a cascade of multiplexers. The 
overall delay of the operation includes the delay of 
eight compressor units, two multiplexer units , a 
modulo decrementer unit , a compound adder and a 
regular adder unit. 
 
The equations are an exception to the prescribed 
specifications of this template. You will need to 
determine whether or not your equation should be 
typed using either the Times New Roman or the 
Symbol font (please no other font). To create 
multileveled equations, it may be necessary to treat 
the equation as a graphic and insert it into the text 
after your paper is styled. 

 
Fig1: Block Diagram 

 
B. Newly Structured Compound Adder 
A speculative Han Carlson unit is the one the predicts 
a rough value of sum by cutting down on the 
calculation of Group Propagate signals. Even though 
it's a just a rough estimation of the result, the previous 
studies have proved that its exact for most of the 
conditions. A error prediction units is used for 
determining if there is any miscalculation of the 
result.  The above described unit is modified to make 
a compound adder. A compound adder requires a set 
of flagged bits for determining if the results of 
addition have to be inverted if an extra operand in 
added. These flagged bits are calculated from the 
group propagate signals. An extra two rows of cells 
are added for calculating group propagate signals. 
These extra rows give a two way advantage for the 

design, firstly if the output of the speculative addition 
is erroneous the propagate signals used here can be 
used for calculating the exact output. Secondly these 
rows help in determining the flag bits. The overall 
architecture speculative Han Carlson adder is as 
shown below: 
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 The delay generated using the speculative 
compounded structure will be lesser as compared to 
the regular compounded structure. 
 
III. RESULTS 

 
In this part of the paper we will be explaining the 
various results observed on simulating and 
synthesizing the design. According to equations 
generated using the gate-count and gate- delay model 
one can see that the comparator works faster than the 
earlier mentioned comparators.  
Gate-delay: 8(5+2 log n)+6n+(21 n-3) 
 
A. Sythesize Result 
The proposed design was synthesized using 45nm 
gpdk library provided by cadence and compared with 
two other previously designed comparator. The 
design is synthesized for n=8bits. The results 
obtained are tabulated as shown 

 

Design Comparison Parameter 
Area(µm) Power(mW) Delay(ns) 

[1] 31,336 19.535 17.89 
[2] 21,609 17.45 12.281 
Proposed 21,879 16.410 10.59 

Table 1: RESULTS 
 
CONCLUSION 
 
By looking at the above tabulation of results, we 
notice that for there is a slight increase in the area 
which we observe due to implementation of an error 
detection circuit for the speculative addition. 
Otherwise the proposed comparator performs well for 

both in terms of power and delay. The delay 
mentioned here is the switching delay.  
 
The result leads to a conclusion that the 
implementation which involves the usage of 
speculative adder architecture generates the results at 
a much faster rate and switching power con 
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