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CHAPTER 5 

EXPERIMENTAL RESULTS 

 

In this chapter details the experimental results for all methodologies used in the study. 

The simulation of these methods is done with the use of various tools like Xilinx, 

Cadence based on virtex-4, virtex-5, virtex6 using Verilog codes. Moreover, the 

simulation results prove the effectiveness of the research works and providing better 

outcomes than other conventional approaches. The experimental and simulation 

results of proposed methodologies are explained as following. 

 

5.1 Simulation for KS DPFPM using FPGA Accelerator 

The proposed DPFPM model is designing is done with the use of Cadence RTL 

compiler and Cadence NC Launch is utilized for simulating the current process. 

Moreover, the processing elements and the DPFP multipliers and adders are simulated 

with the use of Karatsuba FP method. Moreover, the attained outcomes are validated 

with conventional approach. Furthermore, the interior structure of Karatsuba DPFPM 

is demonstrated in Fig: 5.1.  
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Fig: 5.1. Interior Structure of the Karatsuba DPFPM 

 

In this, A, B are represented as the inputs and these inputs are utilized for 

processing so it given to the control unit multiplier. Initially, the 32 bits input is 

processed in the Karatsuba multiplier and subsequently another 32 bits is given to the 
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multiplier, here the input bits are 64 bits. Moreover, the attained results from 

Karatsuba multiplier is specified to the combinational circuits. Subsequently, the 

results from combinational circuits are passed through the XOR gate. The overall 

simulation of the proposed KDPFPM model is exemplified in Fig: 5.2. 
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Fig: 5.2 Overall KS Multiplication Internal Blocks 

The overall working process of DPFPM approach is detailed in below. 

 The FPGA accelerator-based control unit is simulated for accessing the 

arithmetic functions from CPU. 
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 Moreover, the adder and multiplier blocks are utilized for the processing 

element of the proposed approach. 

 These blocks are associated in the structure of pipeline. 

 In this FPGA automatically develops the several numbers of PEs based on the 

exterior tasks. 

 Also, the new model DPFPM based on Karatsuba algorithm is simulated for 

reducing the area and power. 

 For attaining best performance results, FPGA sources like slices, embedded 

DSP48 blocks are used. 

 The proposed blocks of embedded multiplier provide 33% reduction. 

 With the use of balance pipelining, the best frequency value is attained. 

 

5.1.1 Analysis of Area and Power  

The proposed KFPM approach is developed for attaining better results for power and 

area. Hence, it attained lower power and efficient area than other conventional 

approaches. Moreover, this approach Karatsuba FPM is compared with normal FPM 

or conventional FPM for analyze the efficacy of the method. The attained values for 

Karatsuba FPM is given in Table.5.1 

Table.5.1 Performance Metrics 

 Parameters Karatsuba FPM 

Cells  9144 

Power loss (nW) 412.88 

Dynamic Power (nW) 1362.81 

Total utilized Power (nW) 1775.7 

 

Moreover, the proposed DPFPM based FPGA attained high results for the 

parametrises like area, power and delay. Also, it attained best outcomes using the 

multiplication module that is Karatsuba FPM. These can be provides the lower 

leakage, high dynamic and reduced the total power, which are represented in Fig:  5.3. 
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Fig: 5.3 Performance metrics DPFPM KS using FPGA  

Thus, the proposed DPFPM based FPGA using Karatsuba is achieved high 

outcomes than other conventional approaches. Also, it reduced the power value for 

performing this complete process.  

 

5.2 Simulation for SPFPM Based SSA 

FPM based SSA considered the 32 bit input and the simulation process is explained in 

the Fig: 5.4. moreover, the 32 bit input for the 1st set is considered as 0.2132 and 

0.4323 that is mentioned as A={3,2,3,4,0,0,0,0} and B={2,3,2,1,0,0,0,0}. Moreover, 

the attained result is mentioned in Fig: 5.4 that value is 0.09216636. Additionally, the 

next set of input is considered as the values at 0.1233 and 0.5677 that is measured 

using SSA and mentioned as A={3,3,2,1,0,0,0,0} and B={7,7,6,5,0,0,0,0}. Moreover, 

the attained result is mentioned as 0.06999741, which is shown in the SDFP structure. 
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Fig: 5.4: Simulated result for SPFP-SSA using the ModelSim Software 

The area is calculated using the tool for Xilinx and the RTL view is mentioned 

in the Fig: 5.5. The proposed FPGA based on SSA attained lower power as 0.114W 

using this simulation. 
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Fig: 5.5. RTL view for SPFP-SSA in FPM 

5.3 Performance Results for DPFPM using SSA 

DPFPM USING SSA is simulated using tool as Xilinx ISE 14.5 with Virtex 5 

xcvlx20T that is used the Verilog code. Hence, the innovated SSA model is utilized 

for designing FPGA for increasing the validation outcomes and effectiveness. It 

improve the outputs at LUT, Flip-flop, slice, and frequency that obtained by SSA-

FPGA and the attained values are mentioned in Table.5.2 

Table 5.2: Device utilization comparison 

 

FPGA 

Target 

device 

Techniques Slice LUT 
Flip Flop 

(FF) 

Frequency 

(MHz) 

Virtex5 

xc5vlx20T 

Karatsuba 390/7200 1456/28800 1613/28800 154.2 

Vedic 373/7200 617/28800 684/28800 198.54 

SSA-FPGA 97/7200 327/28800 16/28800 230.14 
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The above table details the values about the slices, flip flop, LUT and frequency that 

is compared with other multiplies such as Karatsuba and vedic. Here, the SSA-FPGA 

model used double 53 bits for input value and attained 106 bits for results. Also, the 

attained outcomes for LUT, Flip Flop, and slices are compared with recent prevailing 

models and the proposed FPGA attained high outcomes.  Moreover, these 

performance metrics are represented in Figures. The area value is increased due to the 

drops of the FPGA parameters and the SSA-FPGA values are calculated. Moreover, 

the proposed model attained high operating frequency than other models which shown 

in Fig: 5.6. Additionally, the results obtained from Cadence RTL compiler simulation 

tool and that is mentioned in Table.5.3 Moreover, the power and area values are 

plotted in Fig: 5.7 for various multiplication modules. 

Table.5.3. Parameters Analysis  

 

Parameters Schonhage – Strassen FPM 

Cells 5314 

Power loss (nW) 153.349 

Dynamic Power (nW) 6592.238 

Total utilized Power (nW) 6745.588 

 

 

Moreover, the performance result of the proposed model is illustrated in 

figure. It attained high power value as 6745.588 nW than other conventional 

approaches. It achieved lower leakage power as 153.349 nW, which all are detailed 

using the Fig: 5.6. 
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Fig: 5.6 Performance Analysis of SSA-DPFPM model 

Moreover, the attained values are compared with other conventional 

approaches which proves the performance of the proposed model that is represented 

in Fig: 5.7. 

 

Fig: 5.7 Performance analysis comparison 
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5.4 Simulation Results for DPFPM Based FTCM 

The simulation of this model is done with the use of Xilinx ISE 14.5 that has improve 

the efficacy of the innovative model. Also, to improve the confidentiality of the 

information is calculated in AES model using DPFP method based on the 

multiplication module as furer toom cook. Moreover, the working process of the 

proposed manner like CWM, FFT, decomposing and composing is detailed using 

pseudo-codes. 

Fig: 5.8 Internal Structure of Furer Toom Cook 

Hence, these techniques attained the high performance with the usage of 

multiplication module that is generally matched to the formats of IEEE 754. 

Additionally, IEEE 754 format of this process can be utilized to save or store the 

information in the particular devices. The interior structure of the proposed FTCM is 

represented in Fig: 5.8 based on the logic gates of the FTCM model.  The collection 



119 
 

of registers is called as the slices and it is named as blocks of logic gate otherwise it is 

called logic circuit memory unit. 

Table.5.4 Device Utilization   

 

 

The process used LUT can approve the execution of multiplication and 

rationale points is modified using the sign experiences of CMOS circuits. Around 

then the vitality is depleted from the conveyed capacity to energize the yield handle. 

Consequently, the dynamic force is diminished by lessening the voltage, heap storage, 

power gracefully & exchanging likelihood. The structured multiplication process is 

divergent from the calculation of regular multiplication in light of the fact that here 

the last measured multiplication manners are handled by the premise of the FTC 

technique in this way it accomplished high productivity and diminished vitality 

utilization additionally the recurrence accomplished by the created model is 563MHz. 
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Fig: 5.9 Comparison Result for Performance 

The important limitation of the proposed model is it utilized high power during 

process based on integer multiplication. For reducing these types of issues, DPFP 

model is developed and simulated in this work. Therefore, this model attained as high 

performance results in the power value and the FTC model is attained 1263nW power 

that is shown in Table.5.5. 

Table.5.5 Comparison of Logic Utilization with existing works 

Approaches Slice LUT Flip flop  Frequency 

(MHz) 

% of 

Improvement 

Normal 

FPM 

373/7200 617/28800 684/28800 154.2 - 

Karatsuba  390/7200 1456/28800 1613/28800 198.54 
28.75 

SSA-FPGA  97/7200 327/28800 16/28800 230.14 
49.25 

FTC 2337/12480 773/2492 926/2492 563 
265.11 
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Here, 1450 cells are utilized in the multiplication to finish the procedure which 

is point by point in Fig:  5.9. It implies the created model needs 1450 cells to finish 

the procedure. Additionally, the proposed FTC gives high dimension reduction after 

the main degree of recursion structure, for example to *n to )(log0 *n . Consequently, 

the handling particular period for multiplication technique is diminished so as to

)(log0 *n . 

The execution of cryptographic calculations is more challenging on embedded 

device than on PCs because of the limited assets. The expanded utilization of 

communication system and PC in the society has expanded the danger for restrictive 

data due to theft. Consequently, cryptographic implementers need to deliberately 

redesign or make explicit optimizations of existing calculations to fit such situations. 

In case, a light weight usage of a cryptographic calculation on embedded gadgets 

ought to fulfill the accompanying execution necessities: accomplishing superior 

performance, having little size code, and providing adaptability to a discretionary 

length. In recently, various works have improved the usage of open key cryptography 

on microcontrollers. Specifically, a light weight execution can be accomplished by 

enhanced multi-exactness increase usage and improved multi-accuracy figuring out 

execution. These techniques are significant for the sending of cryptography for 

reasonable applications. The 32-Bit ARM Cortex-M4 inserted microchips are well 

known low-end microcontrollers. The processor is chosen for benchmark target 

processor of NIST post-quantum cryptography. The 64-Bt material of a0 and b0 is 

aggregated and performed for registers of two by utilizing the UMAAL guidance. A 

short time later, the elements of a • b is identified and the result of the two words is 

included into the aggregator registers. The convey values from this activity without 

side effect can be performed. The outcome of the higher word is saved away in a 

worldly register before collection due to the overload. A novel technique for 

executing the multi-exactness squaring technique, called the "multiplying and MAC" 

strategy. For the reduce of Montgomery, we utilized an adaptable operand - filtering 

strategy. The presentation is sensible as the 32-Bit ARM Cortex-M4 microcontrollers 

bolster 168 MHz, which implies that Curve25519 and SIKEp434 can be performed 

still within a time. In multiplication of long integer, past works didn't investigate the 

usage. This implies past executions can't cover RSA usage. The single direction 
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convey catcher technique for coordinated multiplying and MAC activities presents 

further  for memory access optimizations. For cryptographic apps, the decision of 

crypto framework joined with the devoted instead of normal purpose equipment is 

critical in the utilization of reduce of energy. Although, one can utilize quick 

multiplication methods, for, Montgomery Multiplication Modular, which is utilized to 

find the Exponentiation activity; it is quick and appropriate for equipment usage. 

Montgomery Multiplication replaces the division by executing the modulus activity 

with basic right-shifts. The Montgomery Modular Multiplication calculation is more 

fit when a few Modular Multiplications regarding a similar modulus must be 

performed, as required on account of Modular Exponentiation. Along this, the 

proportion between the overhead connected with the transformations and the genuine 

measured number-crunching calculation is diminished and the binary technique, 

known as 'multiply and square’, is the easy and simple strategy to identify Modular 

Exponentiation. The capacity to create digit controls regularly empowers R-L 

exponentiation to be computed altogether quicker and in less space than left-to-right 

strategies utilizing the equivalent yet limited space. All current open key 

cryptosystems utilize Modular Multiplication (MM), and a large of them required 

Modular Exponentiation (ME).  

In this way, the exhibition of any public key cryptosystem is principally 

calculated by the proficiency of the MM calculation (augmentation and leftover 

portion activities) and its usage. Tragically, the classic technique of the complexity for 

integer of multiplication and the equivalent is valid for modulo activity. Additionally, 

for the reason of security, these calculations are applied to exceptionally enormous 

integers. This is a significant deterrent to achieving high throughput, which is an 

imperative measure in apps of network. Different strategies for integers 

multiplication. The important proficient procedures to calculated exponentiation is the 

multiply and square calculation, which is additionally called Binary Exponentiation. It 

radically diminishes both the quantity of activities. The deliberation level that we 

address is the hypothetical number of devices required actualizing an algorithm. The 

devices that we consider are simplest one (OR, XOR, AND), two- multiplexer input, 

Full Adder (FA) & Half Adder (HA), and. The directing, the deferrals, the force 

utilization, and the potential rationale repetition that based on the real usage are not 

considered at this level. The data can, in any case, be easy extrapolated to pipelined or 

practically pipelined executions whenever the situation allows. The Butterfly 
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administrator in arithmetic modular is drive on account of optimized boundaries, it is 

diminished to a steady move (from 0 to 1) and the negative qualities basically switch 

the add and subtracted assets. The HC is processed for the FFT execution devices. 

This implies each time a multiplier is included; its complex is registered by the FFT 

calculation. This calculation is hypothetically recursive of the fact that it requires 

multipliers of littler size. FPGA device fit for actualizing complex plans identical to a 

great many ways. In addition, recently FPGAs as of now contain many little 

multiplier centres that can be interconnected with custom rationale to assemble more 

device is complex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


