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CHAPTER 6 

DISCUSSION OF RESULTS 

 

In this chapter describes the attained 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 HDL codes. Moreover, the 

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

outcomes than other conventional approaches. Moreover, it attained high outcomes 

for the performance values such as power, area and delay. Also, it provides high 

secure to the AES model and proposed approaches. Hence, the observed results of the 

proposed methodologies are detailed as following. 

 

6.1 Results for DPFPM Using FPGA Accelerator 

 

The FPM model is most useful method for attaining high output performance in the 

factors of area, power and delay. Also, it has lower leakage power and attained high 

output power than other conventional approaches. The attained results are mentioned 

in Table.6.1. 

Table.6.1 performance metrics 

 

Parameters Normal FPM  Karatsuba FPM 

Cells 11,125 9,144 

Leakage Power (nW) 515.57 412.88 

Dynamic Power (nW) 6079.66 1362.81 

Total Power (nW) 6595.23 1775.7 

 

 



125 
 

 

Fig: 6.1 Performance analysis of DPFPM based Karatsuba 

The proposed DPFPM based Karatsuba process obtained better outcomes when 

comparing other techniques that is shown in Fig: 6.1. Also, it utilized very smaller 

area than other models as 9144 as well as it reduced the leakage power as 412.88nW. 

Hence, it achieved high power utilization than normal multiplication process.  

 

6.2 Results for SPFPM Based SSA 

The proposed FPM based SSA model attained high performance and simulated using 

the tool as Xilinx Spartan 3A DSP FPGA model. Here, the outcome of the projected 

manner is better and the values for device utilization are detailed in Table.6.2. 

Table.6.2. Device Utilization summary for FPM based SSA 

Summary of Device Utilization 

Logic Utilization Used Available Utilization 

(%) 

No. of Slice Latches 56 33,280 1 

No. of 4 input LUTs 2,180 33,280 6 
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No. of occupied Slices 1,282 16,640 7 

No. of Slices enclosing only related logic 1,282 1,282 100 

No. of Slices enclosing unrelated logic 0 1,282 0 

Total no. of 4 input LUTs 2,428 33,280 7 

Quantity of used logic 2,180 - - 

Quantity of route-thru 248 - - 

No. of bonded IOBs 80 519 15 

No. of DSP48As 46 84 54 

Average Fanout of Non-Clock Nets 1.65 - - 

 

Moreover, this SPFPM based SSA calculated the performance values at power and 

area and the observed values are mentioned is Table.6.3. 

Table 6.3 Power and Thermal Analysis  

 

Hence, this model attained the power and area values than the other conventional 

models. 

6.3 Results for DPFPM using SSA  

Many mechanisms are developed in DPFP for reducing multiplication and the SSA 

mechanism is one of the most necessary method in DPFP. Hence, lower area is 

achieved using this innovative model when compared with other models. This model 

is executed using Xilinx tool in the Virtex -5 xc5vlx20T FPGA device platform. Here, 

the CU of the FPGA is used for searching the arithmetic functions in CPU. 
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Table.6.4 Performance metrics of DPFPM based SSA 

Approaches Cells 

Leakage 

Power 

(nW) 

Dynamic 

Power 

(nW) 

Total 

Power 

(nW) 

Normal FPM 11125 515.57 6079.66 6595.23 

Karatsuba FPM 9144 412.88 1362.81 1775.7 

Schonhage – Strassen FPM 5314 153.349 6592.238 6745.588 

 

Hence, the proposed model outcomes are mentioned in Table.6.4.  

 

Fig: 6.2 Comparison graph for Area 
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Fig: 6.3 Comparison graph for Leakage power 

Also, the values are compared with recent FPM models. The comparison results are 

represented as graphically and the parameters are area, leakage power, dynamic 

power and total power. Moreover, the comparison value for area is represented in Fig: 

6.2 and leakage power is represented in Fig: 6.3, dynamic power values are shown in 

Fig: 6.4, and finally, the total power value of the proposed model is shown in Fig: 6.5. 
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Fig:  6.4 Comparison graph for Dynamic power 

 

 

 

Fig: 6.5 Comparison graph for Total power 

Hence, the comparison of device utilized parameters in FPGA is mentioned in table. It 
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details the values about the model of FPGA device using, Slices, FF, Frequency, and 

LUT. The proposed SSA-FPGA model is processed using the FPGA devices are 

Virtex 4,5,6,7 models and provides the performance, which is detailed in Table.6.5. 

Table 6.5: Experimental results of FPGA  

 

Circuit 
FPGA 

Device 

Slices / 

Slice 

registers 

LUT 

FF/ FF-

LUT  

Pairs 

SSA-

FPGA 

Accelerator 

Virtex4- 

xc4vfx12 
645/5472 819/10944 760/10944 

Virtex5-

xc5vlx20t 
1014/12480 9754/12480 463/10305 

Virtex6–

xc6vcx75t 
884/93120 2299/46560 579/2604 

Virtex7–

xc7vx330t 
884/408000 2299/204000 579/2604 

 

 

 

Fig: 6.6. Synthesis parameters of the DPFPM SSA-FPGA model 

The execution validation of the proposed SSA-FPGA model values are 

mentioned in table. Moreover, this model is executed using the simulation tools like 
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Xilinx and it is designed using the FPGA devises like virtex-4, 5,6,7. Also, the devise 

utilized the input value as double 53-bit that is given to the FPGA and attained the 

output value as 106 bits. Additionally, the proposed designing in the FPGA device 

using various models, which are providing the results for flip flop, slices and LUT. 

These values are calculated and mentioned in Fig: 6.6. 

DPFP_SSA
Multiplication
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xR[52:0]

clk

en

rst

y[105:0]

done

 

Fig: 6.7. Pin Diagram of 64-bit SSA multiplier 

 

Also, the proposed model using SSA multiplication using the 64 bit multiplier, 

which provides the RTL schematic diagram, which is mentioned in Fig: 6.7. 

Moreover, it is used the inputs bits based on XL-53bits and RL-53 bits also the 

attained output is represented as 105 bits.  

Furthermore, the interior clock diagram of the proposed SSA model is 

illustrated in Fig: 6.8. In this, the blue colour wires are utilized to SSA circuit for 

interconnecting the wired networks. Also, this schematic of SSA is connected with 

wires for developing the original circuit. 
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Fig: 6.8 Internal schematic diagram for SSA 

 

Moreover, the RTL representation of the proposed model is obtained using the 

Xilinx tool. Here, the FPGA model is used the input bits as 16-bit address and 32-bits 

data for write, which are utilized for processing and attained 64-bit output value. 

Moreover, the interior blocks and process of the proposed FPGA is explained in Fig: 

6.9. This SSA is employed to use the HDL coding part for transforming the DPFP 

integers. The DPFP output value us obtained when 2 integers are multiplied with the 

format integers.  Moreover, the SSA algorithm includes the convolution model with 2 

sequences as N=8 length that is achieved based on NTT manner.  
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Fig: 6.9. Pin Diagram of the FPGA Accelerator 

 

 

Initially, the values of 2 DP are transformed into the numbers of 2 decimal 

floating. These decimal floating values are organized to double 8 valued 

corresponding integers subsequently the integer values are worked using NTT 

approach. Moreover, the attained integer equivalences are utilized in the sequence 

order of the NTT algorithm. Moreover, the sequence (s) order of the FFT is denoted 

as the non-negative integer value of the approach. 

The interior structure of the process is shown in Fig: 6.10 that details how 

these components are connected in the interior. Also, details the original arrangement 

of the FPGA connections in this model.  
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Fig: 6.10 Interior structure of the SSA model 

 

FPM based SSA considered the 32 bit input and the simulation process and the results 

are calculated. Moreover, the 32 bit input for the 1st set is considered 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 

0.09216636. Additionally, the next set of input is considered 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. Moreover, the outputs obtained from Virtex 5 

FPGA in the Xilinx tool is detailed in Table.6.6, which is utilized for verification. 
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Table.6.6 Virtex-5 FPGA results 

 

 

The device utilization results are detailed in the above table and the schematic 

structure of the proposed model in the form of RTL is taken from the simulation.The 

gadget use results in the above table and the schematic structure of the proposed 

model as RTL is taken from the reproduction. The 32-bit input regard accommodates 

the counter. A counter is a contraption which is stores the events a particular has 

occurred, normally in relationship to a clock cycle. The counter yields are taken care 

of in the register. Next, the xR and xL bits are related into evacuate digit module. That 

expel digit regard accommodates the mux module. The FFT is applied to the mux 

yield which worth is taken care of in the RAM. Find the mod of the RAM yield after 

that IFFT estimation is applied. At the last stage, by then incorporate all 

characteristics based the recombination technique. This work is also kept on 

delivering GDS-II record using Encounter tool gpdk 90nm development. In Fig: 6.11 

shows the RTL schematic diagram of the SSA-FPGA system, which is taken from the 

reproduction apparatus. 
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Fig: 6.11 RTL schematic structure of SSA-FPGA model 

In this system, SSA module is reproduced using NC Launch tool. We have made net-

list record using musicality RTL compiler using gpdk 90nm advancement. 

Subsequently, we have done floor planning, included power rings strips, and 

coordinating using Encounter Tool. We have cleared out negative slack by picking 
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proper clock repeat. The SSA-FPGA Accelerator chip group diagram is taken 

experience instrument showed up in Figure.6.11.  

6.4 Results for Security Improvement in AES Using DPFPM Based FTCM 

Likewise, the recurrence is assessed dependent on postpone cell and sub circuits. 

Table.6.7 Power Analysis evaluation with existing works 

Technique  Area % of 

Improvem

ent 

Power (nW)  % of 

Improvem

ent 
Leakage  Dynamic  Total  

Normal FPM 11125 - 515.57 6079.66 6595.23 - 

Karatsuba FPM 9144 17.80 412.88 1362.81 1775.7 73.076 

Schonhage-

Strassen FPM 

5314 52.23 153.349 6592.238 6745.58

8 

-2.2798 

Furer Toom Cook 

Multiplication 

1450 86.96 121.431 1251.238 1263.5 80.8422 

 

 

 

Fig: 6.12 Comparison of Area and Power 
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The limit of spillage current upgrades as for the edge downsized voltage and 

temperature alongside the force flexibly for the better execution. The time utilization 

of FPM is assessed dependent on the proportional of recurrence additionally the 

execution time is approved when the consistent recursion esteem is expelled in this 

manner the postpone measure accomplished by the ebb and flow inquiry method. 

One depends on the interleaved multiplication of modular calculation where 

processed the multiplier from the most advanced position. Depends on the 

Montgomery calculation where the process of multiplier is from some of the least 

position. The methods for accelerating these two methodologies have been grown 

independently. In the residue of new system is performed for modular multiplication. 

The new qualities for the change consistent empower the split of the multiplier into 

two sections which would then be able to be process independently, in equal. The top 

part and the low portion of the multiplier can be prepared utilizing by the algorithm of 

interleaved and the Montgomery calculation, individually. Whenever applied to 

calculations with comparable execution and the multiplier is part into halves, it is 

hypothetically conceivable to accomplish the greatest speed of twice that of these two 

calculations when performed separately. Two different use of this new strategy are: 

Firstly, contrasted with the Montgomery technique, transformation speed between the 

first number set and the new build-up framework is conceivably multiplied; and 

Second, pre determination of constants is not, at this point essential. Because of the 

equal preparing, the proposed technique is reasonable for equipment execution and 

furthermore for programming usage in a multiprocessor domain. Change from the 

representation original to the new build-up framework is accomplished by performed 

to the customary secluded multiplication between the numbers. The opposite change 

from the new framework back to the first represents can be performing by multiply of 

both the pictures with the consistent in modulo, which should be possible utilizing the 

Montgomery calculation as clarified toward the finish of this segment. A multiplier of 

modular is dependent on the calculation introduced in the past area comprises of six 

registers, an interleaved secluded multiplier, a digit-sequential Montgomery 

multiplier. Different executions of the interleaved multiplier of modular and the 

Montgomery multiplier are conceivable relying upon the strategies utilized for 

accelerating the count. The higher portion of these methods utilize excess portrayal 

and increment the radix, and the various mixes of the multipliers take into account a 

wide scope of compromises among speed and equipment necessities. Change from the 
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customary whole number set to the new build-up class portrayal can be performed 

with a similar equipment gave that the equipment module which processes the 

interleaved measured duplication emphasizes one additional cycle contrasted with that 

required for secluded augmentation. Opposite change from the residue of new system 

back to the first represents can be perform by utilizing the equipment module that 

processes the Montgomery increase. In cryptographic apps, i.e., in RSA, this 

methodology is significantly more alluring than actualizing two measured multiplier 

processors independently on the grounds that it has the benefit of delivering the yields 

consecutively. Another build-up class portrayal which empowers the Bipartite 

Modular Multiplication splits the multiplier into two sections which can be process by 

utilizing the interleaved secluded augmentation calculation and the Montgomery 

calculation in equal, possibly multiplying the speed. Changes to and fro between the 

first number set and the new build-up framework can be performed at a limit of 

double the speed of the Montgomery technique without the requirement for pre-

computed constants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


