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Abstract 

The proposal outlines key contributions and innovations, specifically the implementation of a single-

level carry save adder (CSA) to eliminate carry propagation in expansion operations, along with operand 

precomputation and configuration transformation. This method yields a reduced hardware expense and 

a minimized critical path delay; however, it necessitates an increased number of clock cycles to achieve a 

single duplication. To mitigate the problem of increased clock cycles, a configurable carry-select adder 

(CCSA) is proposed, which has the potential to substantially decrease the additional clock cycles required 

for operand precomputation and configuration transformation. A mechanism is introduced to identify 

and bypass unnecessary carry save expansion operations in the one-level CCSA design. This approach 

ensures a short critical path delay while concealing the additional clock cycles required for operand 

precomputation and configuration transformation. This optimization results in increased throughput and 

enhanced performance. The experimental results indicate that the proposed Montgomery modular 

multiplier exhibits enhanced performance and a notable improvement in area-time product relative to 

earlier designs. The proposed approach provides an efficient solution for Montgomery multiplication by 

balancing hardware cost, critical path delay, and throughput. 
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1. Introduction 

This work presents a fundamental and 

efficient method for Montgomery duplication 

calculation, aimed at enabling the 

implementation of a low-cost and high-

performance Montgomery modular multiplier 

as required. The proposed multiplier acquires 

and produces information through paired 

representation and employs a single-level carry 

save adder (CSA) to prevent carry propagation 

during each addition operation. This CSA is also 

utilized for operand precomputation and 

configuration changes from the convey spare 

organization to the binary representation, 

resulting in reduced hardware costs and 

minimized critical path delay, albeit at the 

expense of additional clock cycles required to 

complete a specific multiplication. To address 

the limitation, a configurable CSA (CCSA) is 

proposed, which can be implemented as either 

one full-viper or two serial half-adders, 

significantly reducing the additional clock cycles 
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required for operand precomputation and 

arrangement transformation. Additionally, a 

component is developed that can identify and 

eliminate unnecessary convey spare expansion 

operations in the one-level CCSA design, while 

maintaining a minimal critical path delay. 

Subsequently, the extra clock cycles required 

for operand precomputation and organization 

transformation can be masked, resulting in 

increased throughput. The trial results indicate 

that the proposed Montgomery secluded 

multiplier achieves superior performance and 

significant area-time product improvements 

compared to previous designs.  

In the SCS strategy, the information and yield 

operands (i.e., A, B, N, and S) of the 

Montgomery multiplication are addressed in 

twofold. However, widely appealing eventual 

outcomes of moving measured additions are 

maintained in the die save arrangement to 

avoid die propagation. The arrangement 

transitions from the pass on save association of 

the final specific item into its double 

representation, which is necessary at the 

conclusion of each MM. This modification can 

be achieved through an additional pass on the 

spread snake (CPA) or by iteratively reusing the 

pass on the save wind (CSA) plan. In contrast to 

the SCS strategy, the FCS method maintains the 

data and yield operands A, B, and S in the pass 

on save association, designated as (AS, AC), (BS, 

BC), and (SS, SC), respectively, to avoid design 

alterations, resulting in fewer clock cycles 

required for completing a matrix multiplication. 

This methodology indicates that the number of 

operands will increase, necessitating additional 

CSAs and registers to manage these operands 

effectively. The FCS-based Montgomery isolates 

multipliers may exhibit increased gear 

complexity and extended fundamental routing 

compared to the SCS-based multipliers, as 

required.  

Kuang et al. have introduced a significant FCS-

based multiplier, referred to as the FCS-

MMM42 multiplier, in which the redundant 

operations of the four-to-two-level carry-save 

adder (CSA) architecture are minimized to 

reduce power consumption and enhance 

throughput. The FCS-MMM42 multiplier 

continues to experience high region versatility 

and extended critical path delay. Diverse 

techniques, such as parallelization, high-radix 

count, and systolic array setup, can be 

integrated with the CSA configuration to further 

enhance the performance of Montgomery 

multipliers. These strategies likely result in a 

significant increase in equipment complexity 

and power/energy distribution, which is 

unfavorable for efficient systems with limited 

resources.  

 

2. Modular Multiplication Algorithms 

A. Montgomery Multiplication 

The Montgomery secluded item 𝑆 of A and B 

can be gotten as 𝑆 = 𝐴 × 𝐵 × 𝑅 − 1 (mod N ), 

where 𝑅 − 1 is the converse of 𝑅  modulo 𝑁 . 

That is, 𝑅 ×  𝑅 − 1 =  1 (mod N). Note that, 

the documentation 𝑋𝑖  in Fig. 1 demonstrates 

the 𝑖𝑡ℎ  bit of X in parallel portrayal. 

Furthermore, the documentation 𝑋𝑖:𝑗  

demonstrates a portion of 𝑋 from the 𝑖𝑡ℎ bit to 𝑗𝑡ℎ  bit.Since the union scope of SCS-MM 

calculation is 0 ≤  𝑆 <  2𝑁, an extra operation 𝑆 = 𝑆 − 𝑁 is required to expel the larger than 

usual deposit if 𝑆 ≥ 𝑁 . To kill the last 

examination and subtraction in step 6 of Fig. 1, 

Walter changed the quantity of emphases and 

the estimation of 𝑅  to 𝑘 + 2 and 2𝑘 + 2  mod 𝑁, individually. All things considered; the long 

convey spread for the extensive operand 

expansion still limits the execution of MM 

calculation. 
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Figure 1. SCS-MM-1 multiplier 

 

B. SCS-Based Montgomery Multiplication 

To keep up a key separation from the long 

pass on spread, the transitional result S of 

moving detached extension can be kept in the 

pass on save depiction (SS, SC). Note that the 

amount of cycles in Fig. 2 has been changed 

from k to k + 2 to remove the last examination 

and subtraction. In any case, the setup change 

from the pass on save plan of the last measured 

thing into its parallel association is required, as 

showed up in step 6 of Fig. 3 exhibits the plan of 

SCS-based MM estimation proposed in 

(demonstrated as SCS-MM-1 multiplier) made 

out of one two-level CSA architecture and one 

game plan converter, where the dashed line 

implies a 1-bit signal. In a 32-bit CPA with 

multiplexers and registers (implied as CPA_FC), 

which incorporates two 32-bit sources of info 

and produces a 32-bit yield at each clock cycle, 

was grasped for the course of action change. 

Therefore, the 32-bit CPA_FC will take 32 clock 

cycles to complete the association con-

adjustment of a 1024-piece SCS-based 

Montgomery duplication. The extra CPA_FC no 

doubt develops the range and the essential 

method for the SCS-MM-1 multiplier.  

 

3. Proposed Montgomery Multiplication 

In this area, we propose another SCS-based 

Montgomery MM calculation to decrease the 

basic way postponement of Montgomery 

multiplier. Likewise, the disadvantage of more 

clock cycles for finishing one duplication is 

additionally enhanced while keeping up the 

upsides of short basic way postponement and 

low equipment many-sided quality. 

3.1. Critical Path Delay Reduction 

The fundamental path deferral of SCS-based 

multiplier can be reduced by solidifying the 

upsides of FCS-MM-2 and SCS-MM-2. That is, 

we can precompute D = B + N and reuse the 

one-level CSA configuration to perform B + N 

and the plan change. Fig. 7(a) and (b) shows the 

changed SCS-based Montgomery growth 

(MSCS-MM) estimation and one possible 

hardware plan, exclusively. The Zero_D circuit in 

Fig. 7(b) is used to recognize whether SC is 

proportionate to zero, which can be refined 

using one NOR operation. The Q_L circuit picks 

the qi regard as demonstrated by step 7 of Fig. 

7(a). The pass on causing extension operations 

of B + N and the setup change are performed by 

the one-level CSA designing of the MSCS-MM 

multiplier through on and on executing the pass 

on save development (S, SC) = SS + SC + 0 until 

SC = 0. 

The multiplexer M3 in cycle i . In this manner, 

the fundamental path deferral of the MSCS-MM 

multiplier can be diminished into TMUX4 + TFA. 

In any case, despite playing out the three-input 

pass on save increases [i.e., step 12 of Fig. 7(a)] 

k + 2 times, various extra clock cycles are 

required to perform B + N and the course of 

action change through the one-level CSA 

building since they ought to be performed once 

in every MM. Moreover, the extra clock cycles 

for performing B + N and the association change 

through more than once executing the pass on 

save alternative (SS, SC) = SS + SC + 0 are 

dependent on the longest pass on causing chain 

in SS + SC. In case SS = 111… 1112 and SC = 
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000… 0012, the one-level CSA outline needs k clock cycles to complete SS + SC. 

 
Fig. 2. MSCS-MM multiplier. 
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Fig. 3. (a) Conventional FA circuit. (b) Proposed CFA circuit. (c) Two serial HAs. (d) Simplified 

multiplexer SM3. 

The calculation procedure is appeared in Fig. 

4. At the point when Ai = 0 and qi = 0, x is 

equivalent to 0 and SS[i ]0 must be equivalent 

to SC[i ]0 in light of the fact that the entirety of 

SS[i ]0 + SC[i ]0 + x0 is equivalent to 0. That is, if 

Ai = 0 and qi = 0, at that point SS[i ]0 = SC [i ] 0. 

In light of this perception, we can presume that 

the total of the convey proliferation expansion 

SS[i + 1]k+1:0 + SC[i + 1]k+1:0 is equivalent to 

the entirety of the convey spread expansion SS[i 

]k+1 :1 + SC [i ]k+1:1 when An i = qi = 0 and SS[i 

]0 = SC[i ]0 = 0. Accordingly, the calculation of 

(1) in cycle i can be skipped on the off chance 

that we straightforwardly right move the yields 

of one-level CSA design in the (i − 1)th emphasis 
by no good positions (i.e., separated by 4) 

rather than one piece. 

 
Fig. 4.SCS-MM-New multiplier. 

4. Conclusion 

FCS-based multipliers keep up the 

information and yield operands of the 

Montgomery MM in the convey spare 

arrangement to escape from the organization 

change, prompting less clock cycles however 

bigger region than SCS-based multiplier. To 

upgrade the execution of Montgomery MM 

while keeping up the low equipment many-

sided quality, this paper has altered the SCS-

based Montgomery duplication calculation and 

proposed a minimal effort and superior 

Montgomery measured multiplier. The 

proposed multiplier utilized one-level CCSA 

engineering and skirted the pointless convey 

spare expansion operations to a great extent 

decrease the basic way delay and required clock 

cycles for finishing one MM operation. Test 

comes about demonstrated that the proposed 

approaches are for sure equipped for improving 

the execution of radix-2 CSA-based 

Montgomery multiplier while looking after low 

equipment unpredictability. 
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