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Abstract: The power management has become the major
constraint while designing VLSI circuits as parameters like Area,
Speed, etc. are critical to be optimized. In thiswork, a low power
16-bit ALU is designed to perform all arithmetic and logic
operations. The present day super computers, mobile gadgets,
calculatorsetc. areusing low power ALU systemsto perform their
tasks. Especially, leakage power occupies major portion of power
consumption in the CMOS circuits, as the process technology
progresses. The objective of the research work isto reduce leakage
power in maximum extent to run the ALU with low power. The
proposed model has used 1VC based |leakage power reduction
technique in standby mode by using Gravitational Search
Algorithm (GSA). Input Vector Control (IVC) techniqueisfound
to be a better alternative in achieving low leakage asit is based on
the effect of transistor stacking and it is highly preferred because
of its independency over other technological parameters without
performance overhead. The GSA locates MLV (Minimum
Leakage Vector) in vector combinations of input test circuits of
ALU. And then IVC forces the other vector combinations into
MLV mode of a test circuit to reduce leakage power. The
comparison study has been carried out with Genetic Algorithm
(GA) and Particle Swarm Optimization (PSO) algorithm with
various test circuits. Power analysis is conducted with GSA to
ascertain better leakage reduction and also it locates MLV in less
number of iterations. GSA takes only 13 iterations to reach its
global space, whereas, PSO takes 62 iterations and GA takes 96
iterationsto reach their global space. Thesimulationsarecarried
out using the Xilinx platform with Verilog coding using PSPICE
and MATLAB tools.

Keywords: Input Vector Control, GSA, GA, PSO, MLV.

. INTRODUCTION

I n Deep sub-micron technology, power has turned to be

the most important factor in VLS| system design. With recent
developments and demands of customers, designers and
researchers are trying to fulfill the needs of the present day
requirements, such as multi-tasking, parallel operations, high
speed [1], etc. In addition to it Area (compactness), Cost,
Performance, Reliability are also major constrains in VLS
system design and they all need more power consumption.
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Hence, low power techniques are very much needed,
while designing the VLSl circuits, to fulfil the above
constraints.

Leakage power is progressively place avital rolein low
power VLS| design. Leakagesin VVLSI circuits depend mostly
on Scaling and Transistor count. As more advanced features
are added in the VLS| design, the transistor count on chip
increases accordingly, leading to more leakage power.
Leakage power predominantly changes its scenario as it
dominates dynamic power as process technology progresses
to 65 nm, because it hasincreased from 30 to 50% of the total
IC power utilization. According to International Technology
Road map for Semiconductors (ITRS), for any optimal
design, leakage power control is very much desirable; so
designers must emphasize on this factor and apply various
minimization techniques to reduce it [2][3]. Most of the
battery operated devices require more power. During idle
mode, most of the power is drained very quickly due to
leskages in CMOS circuits. Those are source/drain junction
leakage current, gate direct tunneling leakage, sub threshold
leakage current through the channel of an OFF transistor.
Among the above leakage currents in CMOS technologies,
the major portion of leakage arise with sub-threshold leakage
current [4]

Different approaches and techniques are considered to
reduce the leakage power. One good technique is ‘Input
vector control’, which is not dependent on process technology
anditis built ontransistor stacking that gives awful reduction
in leakage power without compromising to its performance
[51[6].

There are severa algorithms used in this aspect to locate
the minimum leakage vector (MLV) of test circuits to
minimize leakage power. These heuristic search algorithms
are genetic algorithm, particle swarm optimization algorithm,
linear search algorithm, fast heuristic algorithm, etc.

Genetic algorithm is used with input vector control
method and developed test patterns to evaluate the design in
terms of minimum leakage power [7]. The minimum leakage
vector is optimized with fitness function as Circuit Status
Difference (CSD) to achieve better |eakage power reduction
with runtime [8].

Particle Swarm Optimization (PSO) agorithm has been
deployed in the field of Low Power VLS| circuits to evaluate
the key parameters such as area, delay and power
consumption, in designing single bit full subtractor with
different process technologies [9]. The study used BS1IM4
parameter tool for the analysis and the results obtained with
90 nm technology are better when compared to other
conventional full subtractor
methods.
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L eakage Power Minimization using I VC based GSA

In this work, another optimization algorithm called GSA
is employed for tracing the minimum leakage vector. The
leakage powers for al input combinations of test circuits are
obtained by using PSPICE tool and specially designed ALU
model is analyzed for the purpose of power saving.

The organization of the paper isasfollows:

The importance of the leakage power and the sources of
the leakage power with various algorithms associated to
reduce leakage power is described in Introduction Section-I.
The Problem statement or Objectives, scope of the paper and
Problem Methodol ogy with System Model are presented with
ablock diagram in Section-Il. Specially designed ALU with
test circuit construction is illustrated in Section-I11. Section
IV describes the previous algorithms which are worked with
the same |V C technique to reduce leakage power. Section V
is about the theoretical background of Gravitational Search
Algorithm.  Section VI envisages the importance of the
leakage power in motivation. By taking 3-bit test circuits
(AND and ADD) in Section VII, leakage power reduction
analysis is carried out. In Results and Comparative section
(Section-VIIl), GSA results are compared with other
Algorithms and found better resultsin terms of |eakage power
reduction and the time required to locate minimum leakage
vector. Finally, Sections IX and X present the Conclusion
followed by Limitations and Future Scope of this design.

[I. PROBLEM METHODOLOGY

The proposed work isto design aLow power 16-bit ALU
model using PSPICE tool. A basic arithmetic and logic unitis
designed to perform all the mathematical and bit manipulation
operations as per the requirement of the customer.

The basic objective of this work is to reduce leakage
power with specialy designed ALU model test circuits. For
effective reduction of leakage power, GSA is used.

Minimum leakage vector (MLV) is identified by using
gravitational search agorithm. The worst case and the best
case of test circuit in input combinations were identified.
Based on the best caseg, i.e., least |eakage state, al other input
combinations of test circuits are forced into the minimum
leakage state so as to reduce the total |eakage power.

The Single-input test circuits are constructed using
PSPICE tool. Based on that, 2-input, 4-Input, 6-1nput,
8-Input and 10-Input NAND gate test circuits are constructed
for comparison. Similarly, 16-bit ALU is designed and
various operations are performed with different test circuits
that are explained in the following sections.

Construction &
Implementation '\
of 1- bit & 2- inpul |

| MAND gatotost
circuit through
Pl

Nﬁ
— i —
Foreing all other ){jgn of 16-bit
combinations of / ALU using
Input Vectors I/

1-Input & 2-Input
into MLV NAND gate
cireuits.

&

\ \ ﬁ\\\ /AYQ

Locating the ﬁukag_e Power ™\
MLV using GSA calcula.tlon_cf all
\ Test circuits of
\\ 16-bit Inputs
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Fig. 1. Leakage Power Reduction System M odel

Retrieval Number: B6128129219/20190BEIESP
DOI: 10.35940/ijitee.B6128.129219
Journal Website: www.ijitee.org

213

The above block diagram explains the methodology, how
the leakage power is reduced with the use of Low Power Test
circuits of ALU model.

In this paper, maximum 16-bit test circuits are constructed
todesign aLow Leakage ALU Model. Further, 32-bit, 64-bit
test circuits can be constructed in the same way.

[1l. ARITHMETIC AND LOGICAL UNIT (ALU)

Arithmetic and Logic Unit (ALU) is the brain of the
processor, which performs various operations. A simple
16-hit ALU block diagram is represented below.

6 —F— X Cout
6 ¥ ALU .

G
4 —F— S 7 Cutput

Fig. 2. 16-bit ALU Block diagram

This ALU is designed with 4 selection lines and the truth
tablewould have 2* = 16 input combinations. We encapsulate
the complete circuit in a “black box” so as to reuse for any
number of bits.

Here, ‘X’ represents the Arithmetic Unit, where 16-bit
Arithmetic operations are performed like ADD, SUB, INC,
DEC, etc. Here C;, isalso included in ‘X’ to produce Coy for
addition operation and borrow for subtraction operation.

‘Y’ represents the logical unit, where bit-wise operations
are performed with individual 16-bit test circuits of AND,
OR, XOR, XNOR, NAND, NOR, etc.

‘S’ represents the 4-bit select lines($ S; S, S5) to select the
operations, whether it could be arithmetic (or) logical, that are
performed as shown in Table 1. It isused asacontrol signa
that selects the specific operation to be performed. G
represents the 16-bit output, which depends upon the
operation selected.

Tablel. Operationsof ALU
OPCODE OPERATIONS
S

&

Clear (Default output ‘0’
ADDITION
ADDITION with CARRY
SUBTRACTION
SUB with Borrow
AND
OR
XOR
NOT (complement)
NAND
NOR
XNOR
Buffer (same as Input)
INC
DEC
Settoall I’s

Rl rlkP| R Rk rlo|lo|lolo|lo|o|lo|o|¥
RlRr|r|lr|lololo|lo|r|r|r|lr|lolololol®

RPIRP OO IFPIO|IOIRFRIFP OO O|O
RP|IO|FRPIO|IFRIOIR|IO|FRP|IO|FR|O(FR|O|F|O
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A. Test Circuit Design
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Fig. 3. Test circuitsrepresentation in ALU Model.

The congregation of all the test circuits in ALU model is
represented in Fig. 3. Simulation and calculation of leskage
powers of test circuits are carried out using PSPICE tool.

At first, a single bit NAND gate structure is formed by
using CMOS transistors. The 16-hit test circuits are framed
by using the sub-module of this single bit NAND gate
structure. The other test circuits are also designed in the same
way to form this ALU model.
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Fig. 5. 16-bit ALU AND operation. ?F ' r Fr r Eﬁr ' T F F
The designs of individual test circuits are presented herein 1

Fig. 5 to Fig. 12. All the circuits are integrated to form a
single ALU model. The operations are controlled by

providing opcode to the multiplexer. Fig. 10. 16-bit ALU NOT Operation.
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Fig. 6. 16-bit ALU Addition Operation.
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Fig. 13. 16-bit ALU Multiplexer Operation.

Fig. 4 showsthe block diagram of 1 bit NAND gate and the
sameisused as abase model for the ALU and selected as sub
module. By using the same sub module, the main ALU
module is developed as shown in Fig. 5, 6, 7, 8, 9, 10, 11 and
12, which contain 16-bit AND, ADD, XOR, NAND, NOR,
NOT, SUB and XNOR test circuits respectively. In the
similar process, the Mux module is also developed to
integrate the designed sub modulesinto a 16 bit ALU circuit
and is further processed to calculate the |leakage power of the
circuit.

IV. PREVIOUSWORK

A. Genetic Algorithm (GA):

A genetic agorithm is a metaheuristic algorithm used in
computing and to find true (or) approximate solutions for
optimization and search problems, based upon the algorithm
termination. It is based on the important issues in Biology,
such as mutation, cross over, inheritance and selection. The
key edements of GA are chromosomes or genotypes or
phenotypes, which are used in computer simulations where in
the generations, are produced. The better generations will be
evolved by combining the key elements to achieve optimal
solution.

Genetic Algorithm steps:

Genetic Algorithm is used to reach the global space, i.e., to
find the minimum leakage vector of various test circuits to
reduce the leakage power.

- Choose the initial population, i.e., al combinations of 3-
input test circuits.

- Compute leakage power for al input combinations.

- Determinethefitnessfunction for each vector in the swarm.

- Use various heterogeneous methods of selection,
crossover, mutation to find out the best case, i.e,
minimum leakage power vector.

- Declare the optimal solution as MLV.
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B. Particle Swarm Optimization (PSO) Algorithm;

Particle Swarm Optimization is an advanced search
algorithm and it best suits to Non-linear problems. Itisnot a
random search technique, as the particles in the population
move according to their previous best position and their
velocities. Each particle compares its present position with
the other particle’s better position and moves towards final
best position. Same way, al other particles also move
towardsfinal best position. That positioniscalled Global Best
Position (g(t)).

Similarly, each particle movesin aglobal spaceto reachits
goa. Those movements are called as iterations. How best
each particle attains its goa depends on its number of
iterations. More number of iterations means the particle needs
more time to reach its final position.

&
gbesr

Fig. 14. PSO representation

Fig. 14 represents the graphical model of PSO where the
current position of particle is X;(t) and the velocity is V;(t).
With the influence of swarm, ‘i’ particle moves towards its
local best and global best positions.

V. GRAVITATIONAL SEARCH ALGORITHM (GSA)

GSA is a swarm intelligence search agorithm. In the
gravitational global space, the masses (heavier/ lighter) are
inclined to move towards each other. As per the Newton’s
law of gravity, “Each particle attracts every other particle with
a gravitational force. The gravitational force between two
particlesisdirectly proportional to the product of their masses
and inversely proportional to the square of the distance
between them”.

F=Gt
“F = magnitude of gravitational force
G= gravitational constant
M1, M, = the mass of the first and second particles
R = the distance between the two particles”
Acceleration (a) is defined in terms of force and mass of the
particle as,

-
Fiy

& =5

“My4 = Active gravitational mass of object j
M, = passive gravitational mass of object i
M;i = inertiamass of object i"
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Every object accelerates towards the resultant force that
acts on it from the other objects. The lighter mases move
quickly in the gravitational space when compared to the
heavier ones and merges into heavier masses. Thus, they
converge into one global solution.

The procedure for developing gravitational search
algorithmis as follows,

- Recognition of search space

- Derivation of initial population

- Evaluation of fitness function for every individual
population

- Regularly update the gravitationa fitness function
value

Let us consider an object with ‘M’ masses. The position of
the " agent is given by,
X =K e X e

where, n=1, 2,...... M;

Jad

x2 represents the position of n™ agent in the dimension d.

For a particular period of time, the force acting on the mass

‘n’ from the mass ‘k’ is given by,
i M (EeM ) . -
Faie() = 60 =2——2=+ (xf(0) - 27 (1))

where,
“M,; = active gravitational mass with respect to agent ‘k’.
Mpy, = Passive gravitational mass with respect to ‘n’
G(t) = gravitational constant.
‘e’ = small constant.

R.:(t) =Euclidean distance amongst the agents ‘n” & ‘k’”.

Further, to apply stochastic character to the developed
algorithm, it is assumed that the entire force acting on the
agent ‘n’ in a dimension ‘d’ is a random weighted sum of d"
components with forces exerted from other agents which is
given by,

-Fr!d':.r:' = E?‘:I:L F;:r.'Rm:r‘rF;'Frfk':.r:'

where, the random number is given through Rand, with the
limit [0,1].

Furthermore, the inertial mass and the gravitational mass
are calculated through the fitness evaluation step. More
efficient results can be obtained through higher mass values.
By assuming the values of equality of inertial and
gravitational masses, individual mass values are calculated
through the fitness map which is given by,

fitness, (L) -Worst o0

m.it) =
n(E) BESE g corm—WOFEE - gcor
- my, (2]
’!f |: t | — 1 5
4 £ id -
n TH m; )

Optimal function can be achieved with number of iterations
until it reachesits global solution.

VI. MOTIVATION

Previoudy, dynamic power conservation is the highest
priority in Low Power VLSI design, as it consumes 90% of
the total power. The leakage power prominence increases as
the process technology is moving towards thinner nano
technology. It is depending on many more factors like,
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Circuit geometry, Temperature, Doping and Processing. It is
becoming complicated and worthy of being controlled.
Otherwise, one can meet al complex features but the VLSI
design is prone to vulnerability. Finally it endangers the
circuit performance.

Now, the scenario has changed and designers are moving
towards 180 nm to 90 nm technology and further to 65 nm
technology, which greatly increased the burden of static
power. Based on ITRS report, sub threshold leakage power
dominates the dynamic power in 65 nm size chip.

There are several techniques available for leakage power
reduction in active mode. But, in this work, we want to
control the leakage power in standby mode. In the battery
operated devices, power gets wasted by means of leakages, as
it drains out in idle mode. Hence one must identify such
leakages and find the ways to minimize.

VIl. LEAKAGE POWER ANALYSIS

In thiswork, leakage power analysisis carried out by using
3-input AND rate and ADDITION gate with the test circuits
by considering all input combinations of leakage powers.
Gravitational search agorithm locates the Minimum leakage
state. By using 1VC method, leakage powers of al other
combinations of test circuits are reduced with respect to
MLV.

Tablell describesthe AND operation with AND test circuit.
All the input vector combinations of leakage powers are
measured using MATLAB tool. Among them, 001 input
combination is having lowest leakage power (2.4538 nW),
and hence, it is the minimum leakage vector (MLV). It is
considered as the best case and all the other input vectors are
forced into this state to minimize the Total leakage power. In
this, theworst case is the highest leakage state which is placed
with 011 input combination.

TABLE Il. 3-Input AND Operation for Leakage
Power estimation using GSA

Select Line ABC L eakage Power (W)
000 3.7521n
001 2.4538n (best)
010 27.339m
011 26.544m (worst)
o101 100 18.318m
101 18.107m
110 16.902m
111 16.876m
100000
= 10000 - = == . O
S
g 1o
3
E, 100 —
L . N N NN N
1
§ & S e s s F
Input combinations

Fig. 15. Leakage powersfor AND operation.
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The above graph plotted between input vector
combinations with |eakage power consumption in logarithmic
scale. The least leakage power is in nano-watts range and
highest leakage is in micro-watts range and the difference is
very high. According to 1V C technique, that much power is
chopped off.

TABLE I11: 3-Input ADDITION operation for Leakage
Power estimation using GSA

Select Line ABC L eakage Power (W)

000 3.1632n
001 2.7189n (best case)
010 27.242m (worst case)
011 26.873m

0001 100 18.209m
101 18.117m
110 15.863m
111 15.956m

Table Il displays al the 3-input test circuit combinations
of ADDITION operation. The least leakage vector identified
is ‘001’ input combination. And the highest leakage power
consumption corresponds to the input combination of ‘010°.

1

Leakage Power (W)

My (n] il (=] My

o
§ & & 9 3

030

Input combinations

Fig. 16. Leakage powersfor ADDITION operation.

The above figure shows the leakage powers consumed with
different input vectorsfor three input-ADDITION operation.
The difference between highest and lowest leakage vectorsis
in the range of 92%.

The average power consumption of 3-input NAND gate of
al input combinations is 1.5027E-05; and the minimum
leakage power consumption is 2.0255E-09.

Psaing (%0) = (1-minimum leakage power / Average leakage
power)* 100

Here, by using 1V C based GSA model, 99.98% of leakage
power is saved; that means only 0.002% of power is being
wasted, shown in Table-1V.

For the rest of the test circuits, average leakage power and
minimum leakage power of all input combinations are
calculated and tabulated in Table IV and Individual leakage
powers or other circuits are not tabulated here due to space
constraint.

TABLE IV. Percentage of Power saved of 3-Input Test

OR 0110 1.53E-05 6.09E-10 | 99.9960
XOR 0111 1.49E-05 167E:09 | 99.9888
NOT (complement) 1000 151E-05 474E-10 | 99.9969
NAND 1001 L150E-05 2.035:00 | 99.9865
NOR 1010 157E-05 8.08E-10 | 99.9949
XNOR 1011 150E-05 321600 | 99.9786
Buffer (same as Input) 1100 151E-05 5.25E-10 | 99.9965
INC 1101 L54E-05 130E-09 | 99.9916
DEC 1110 1.49E-05 471E-10 | 99.9968
Settoall I’s 111 L153E-05 2.19:09 | 99.9857

Circuits
. Average Minimum %

Operation Seﬁion Leakage Leakage Power

Power (W) Power (W) saved
Clear (Default output "0") 0000 1.22E-05 5.01E-10 99.9959
ADDITION 0001 1.53E-05 2.72E-09 99.9822
ADDITION with CARRY 0010 1.59E-05 7.97E-10 99.9950
SUBTRACTION 0011 1.46E-05 2.81E-09 99.9807
SUB with borrow 0100 1.50E-05 5.88E-10 99.9961
AND 0101 1.55E-05 2.45E-09 99.9842
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In the above table, the different selection lines select
different test circuits according to the ALU design; and by
considering the different input combinations of leakage
vectors, average leakage powers and minimum leakage
powers are calculated and obtained the percentage of power
saving and the values are graphically represented as below:

100

99.995
9999 -

99985 ~ a

V

Lo L oS
& FEP
QJ-:D

% Power Saved

0
po
io
@

99.975

#

¢ & » o v e 9 F 5 90 &
T
& B 5y SO F O 0 & ':.9

*,1,0

Fig. 17. 3-bit Circuits Power Saving using I VC based
GSA.

From the above figure, whatever is the test circuit, the
power saved is amost 99% (saved through the input vector
control based GSA agorithm).

A. Leakage Power Analysiswith timevarying graph

Leakage power is analyzed with 16-bit data input of X and
Y is carried out with PSPICE platform shown in Fig. 14 and
Fig. 15. The smulation output of 16-bit data of AND
operation is shown in Fig. 16. Fig. 17 shows the Leakage
Power analysis obtained with Time varying graph.

Co — = —
—1 e e e e e
e 1 | 1 —1
: e — e e e
— I = o
—1 — e
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Fig. 19. Y-input of 16-bit data
1

Fig. 20. 16-bit data Output

Fig. 21. Leakage Power Analysisvs. Timeplot.
TableV. MLP with GSA with AND 16-bit test circuit

Test Circuit Input Vector MLP with GSA (pico
watts)
AND X =0110111001000110 20.13

Y =0110011100100110

TableV contains the results acquired from the 16-bit AND
test circuit of ALU. Theleakage power analysisis carried out
with random X, Y vector input combinations of data as shown
in Fig. 21. Gravitational Search Algorithm is employed for
the test circuit inputs and the minimum leakage power is
determined. The MLP achieved with AND test circuit is
20.13pW with input vectors of X=0110111001000110 and Y
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=0110011100100110, asindicated in the above table. Hence,
X and Y are the minimum leakage vectors determined by
GSA. Moreover, the optimal iteration is achieved through
GSAisat 16.

VIIl. RESULTSAND COMPARATIVE ANALYSIS

By using Verilog HDL coding, minimum leakage vector
(MLV) isidentified through Gravitational Search Algorithm.
Xilinx 9.2i tool and PSPICE tool are used in this regard to
determine leakage power. Based on those |eakage powers of
different test circuits and input vector combinations, MLV is
determined.

Genetic Algorithm and Particle Swarm Optimization
simulations are carried out in H-spice tool for calculating
overall leakage power and MLV. The results are checked by
CADANCE tool. The Gpeg value with minimum leakage
power is further processed with PSPICE simulation platform
for calculating the total |eakage power.

Input Vector control is the best technique to minimize the
leakage power by using the minimum leakage vector. It does
not depend on process parameters and it considers only
stacking effect. For a set of input vectors, leakage powers are
measured. And then, MLV can be identified with different
Algorithm techniques. Subsequently, 1VC forces all other
input vectors of test circuit to MLV in standby mode to
minimize the leakage power.

TABLE VI. Resultsobtained from GSA algorithm for
different test circuits

. Leakage
Test Circuit Popu_latl on MLV . N(.)' of Power
Size iterations
(pW)
1
C17 280 1
Benchmark 20 00101 1 28.56
circuit
50 1
8 1
4 Input circuit 20 1
20 000000 1 10.79
50 1
8 1
6 Input circuit 20 1
20 000000 1 21.58
50 1
1!
8 Input 280 75
Circuit 30 00000000 > 21.735
50 2
1
10 Input 280 12
circuit 30 0000000000 11 48.58
50 7

Table VI shows the results of various test circuits (C17
bench mark circuit, 4-input, 6-input, 8-input, 10-input NAND
gate circuits). For different population sizes (8, 20, 30, 50),
MLVs are identified. Number iterations to locate MLV for
various test circuits and their corresponding leakage powers
are shown in the table for gravitational search algorithm.
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For different population sizes 8, 20, 30 and 50 of different
bit sizesof NAND gate test circuits, acomparative analysisis
carried out. Various test circuits vs. number of iterations to
reach MLV are as shown in the above figure.

TABLE VII. Resultsobtained from various Algorithms

Test Circuit[10] | No. of Number of Iterations
Populat Genetic PSO Gravitation
-ions Algorith Algorith al Search
m m Algorithm
C17 circuit 8 1 1 1
4 input circuit 8 1 1 1
6 input circuit 8 15 5 1
8 input circuit 8 34 26 10
10 input circuit 8 96 62 13

Table VIl and Fig. 23 show the number of iterations taken
by GA, PSO and GSA to reach their global space. Here,
comparison analysis is carried out with swarm size 8, to
evaluate the algorithms, by using different test circuits.

120 -

HGA
mPsO

Number of iterations
T

GSA

C17 circuit 4 input
circuit

10input
circuit

Ginput
circuit
Test Circuits

Sinput
circuit

Fig. 23. Algorithms Comparison graph

C17 input test circuit MLV isidentified as 00101for GSA,
10100 for PSO and 01000 for GA. However, according to the
Table VI, at swarm size 8 for 10-input NAND gatetest circuit,
GA converges at 96 iterations, PSO converges at 62
iterations, whereas, GSA converges early in global space at
13 iterations as shown in the Fig. 24.

GA, PSO and GSA
- GA = PSO GsA
25

20 ———

Best Value
-

o

|
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Fig. 24. Algorithm Conver gence graph
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In the comparative study (at population size 8) with other
two algorithms: Genetic Algorithm and Particle Swarm
Optimization Algorithm, GSA gives the better results as it
consumes less leakage power and reaches its globa space
quickly. These results are shown in Table VII and Fig. 24.

The 16-bit input data is processed through the devel oped
ALU circuit model and the simulation results are shown in
Table VIII.

TableVI11. 16-bit Test Circuit MLP with GSA

Test Input Vector in MLP with 'r\]/luarﬁlbgugf]
Circuit Binary Format GSA (pW) iterations
AND A= 0110111001000110 20.13 16

B=0110011100100110
A= 0000000000000000
OR B= 0000000000000000 179 16

A= 0000000000000000

Adder B= 0000000000000000 2381 18
NAND | 5= oooooooooooooon0 | 248 | 13
T P P
XoR | 5 owoorniomoncoro0 | 2% | B
XNOR | % ointomoorooonr | 28| 18
NOT | B coomonoaoosons | 445 | 10
UB A= 0000000000000000 52 -

B= 0000000000000000

A= 0000000000000000
INC B= 0000000000000000 8.51 1

Table VIII represents the different input vector
combinations of Test circuits with minimum leakage powers
obtained with maximum number of iterations. For example,
XOR test circuits with input vectors A, B considered in the
above table achieved MLP with GSA is20.15 pW attained in
15 iterations.

IX. CONCLUSION

A low power 16-bit ALU is designed with different Test
circuits using PSPICE tool and leakage powers are obtained.

In this work, Gravitational search algorithm is used to
locate the minimum leakage vector (MLV) and then, IVC
technique is used to force all the other input vector
combinations into minimum leakage state, so as to reduce
leakage power. The main objective of leakage power
reduction is carried out successfully by using IVC based
GSA.Power analysisis done for 3-input test circuits to show
the optimal power saving. Leakage power anaysis is aso
carried out with AND test circuit with time varying graph.
Finally, by using 4 input NAND gate, 6 input NAND gate,
8-input NAND gate, 10-input NAND gate and C17 bench
mark circuits, acomparison study isdone and it is proved that
GSA gives better resultsin terms of minimum leakage power
and number of iterations to converge into optimal solution,
than GA and PSO.

GSA took 13 iterationsto reach its global solution, whereas
PSO took 62 iterations, and GA took 96 iterations.
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X. FUTURE SCOPE AND LIMITATIONS

In this paper, 16-bit test circuits are constructed to form an
ALU model so as to reduce the leakage power. Similarly,
32-bit and 64-bit test circuits can be constructed using the
same PSPICE tool.

But the limitation to construct 32-bit or 64-bit ALU model
islocating of MLV. For 16-bit test circuits, each test circuit
has 65,536 (2'°) input combinationsto find MLV. For 32-bit
ALU moddl, for 4,29,49,67,296 input combinations— one has
to verify to find MLV. Itisatedious processto locate MLV.
Hence, random but judicial selection of input combinationsis
suggested to trace MLV, though it is not an exact solution.

REFERENCES:

1. R.E.Bryant,K.T. Cheng, A.B. Kahng, K. Keutzer, W. Maly, R. Newton
L. Pileggi, JM. Rambaey, and A. Sangiovanni-Vincenteli,
“Limitations and challenges of Computer-Aided Design Technology for
CMOS VLSL,” Proceedings of the IEEE, 2001, 89 (3), pp. 341-365.

2. M. Geetha Priya, Dr. K Bhaskaran, and D. Krishnaveni, “Leakage Power
Reduction Techniques in Deep Submicron Technologies for VLS
applications,” Elsevier Procedia Engineering. 2012, vol. 30, pp.
1163-1170.

3. C. Philip Jose, S. Karthikeyan and K. Batri, “Coignof vantage of
Transistor Stack and Input Vector Control Method in Leakage Current
Reduction,” IOSR Journal of VLS and Signal Processing, 2014, 4 (6),
pp. 23-27.

4. A. Abdollahi, F. Fallah, and M. Pedram,”Leakage current reduction in
CMOS VLS circuits by input vector control,” IEEE Transactions on
Very Large Scale Integration (VLS) Systems, 2004, 12 (2), 140-154.

5. B.Deepikaa, and D. Umamaheswari, “Leakage reduction using Genetic
algorithm,” |EEE International conference on Engineering and
Technology, 2016, pp. 1160-1165.

6. Xiaotao Chang, Dongrui Fan, Yinhe Han, and Zhimin Zhang, “SoC
Leakage Power Reduction Algorithm by Input Vector Control (IVC),”
IEEE, 2005.

7. X.Zhao,J. Yi, D. Tong and X. Cheng, “Leakage power reduction for
CMOS combinational circuits,” In Solid-State and Integrated Circuit
Technology, ICSICT'06. 8th International Conference, |IEEE, October
2006, pp. 1621-1623.

8. S. Meera, and D. Umamaheswari, “Genetic Algorithm for Leakage
Reduction through 1IVC using Verilog,” International Journal of
Microel ectronics Engineering, 2015, 1(1), 51-62.

9. M. Mahaboob Basha, Dr. K. Venkata Ramanaiah, Dr. P. Ramana
Reddy, “Area-Delay—Power Efficient PSO based One Bit Full
Subtractor at Different Technologies,”

10.V. Ledarani and M. Madhavilatha, “Particle Swarm Optimization
Algorithm for Leakage Power Reduction in VLS| Circuits,”
International Journal of Electronics and Telecommunications. 2016,
62(2), pp. 179-186.

AUTHORSPROFILE

P. Indira has obtained B.E. (ECE) from
Andhra University, Visakhapatham, M. Tech.
(Instrumentation & Contral) from Jawaharlal
Nehru  Technological ~ University  (INTU),
Hyderabad. She has obtained non-engineering
degrees like M.B.A. (Production, Planning and
Maintenance and Quality Management) with Hotel
Management as an additional elective in 2004 from Annamalai University;
and pursued M.Sc. (Applied Psychology) from the same University, Tamil
Nadu with the passion in 2016. And presently pursuing Ph.D. (Low Power
VLS| Design) from CU Shah University, Wadhwan, Gujarat, India. She has
got an experience of 14 yearsin thefield of teaching, Academic and research
experience of 4 years in the field of VLS| design. She has published 14
Research/technical papers in various journals: National and International,
and participated in national and international conferences. She has organized
number of National/International conferences and workshops/seminars.
Presently working as Assistant Professor in the Department of Electronics
and Communications Engineering, GITAM University, Hyderabad. Sheisa
permanent member in ISOI technical body. Reviewed papers of Scopus

Retrieval Number: B6128129219/20190BEIESP
DOI: 10.35940/ijitee.B6128.129219
Journal Website: www.ijitee.org

220

I nter national Journal of Innovative Technology and Exploring Engineering (1JI TEE)
ISSN: 2278-3075 (Online), Volume-9 I ssue-2, December 2019

Indexed Journals. Her areas of interest in research are Low Power VLS|
Design and Architecture and Control Systems.

Dr. M. Kamaraju has obtained B.E. (ECE) and
ME (El) from Andhra University, Ph.D. (Low Power
VLS| Design) from INTUH, Hyderabad. He has an
experience of 25 years in the field of teaching, and
research experience of 5 years in the field of VLSI
design. He has been published 112
Research/technical papers in various journals:
National and International, and participated in national and international
conferences. Editorial board member of International Journal of VLS
Design and Communication Systems (IJVLSICS) and Reviewer for number
of International Journals and various IEEE international conferences
organized outside INDIA. JNTUK, Kakinada awarded “Certificate of
Appreciation” towards teaching methodologies, Research and transfer of
Knowledgeto the society on 21st August 2012. Best Lecturer Award of SGD
and PG College, Visakhapatnam for the academic year 1996-1997. A total
of 55 technical guest lecturers are delivered in the field of VLS| design,
embedded system Design and |oT at various workshops. Member of Board
of studies (ECE) (2012-2015), UCOE, INTUK, Kakinada and Swarandhra
Institute of Engineering and Technology, Narasapur and Chairman, BoS
(ECE), GEC (2014-2017). The Govt. of AP nominated him as an Executive
Council Member for INTUK, Kakinada. His Professional Memberships are
FIETE, FIE and LISTE, also MVS| and Member of |IEEE. He served as
Chairman of Institution of Electronics and Telecommunication Engineers,
Vijayawada Centre for the years 2012-2014 and as Chairman of Institution
of Engineers (India), Vijayawada Local Centre for the years 2014-2016 and
served as First Chairman of Institution of Engineers (India), Andhra Pradesh
State Centre, Vijayawada 2016-2018. He was appointed as Technical
Evaluation member for Alakananda Hydraulic Project, GVK Industries, and
Hyderabad at Uttaranchal. He received Research fund of Rs 1 Lakh for the
development of Wallace Tree Network Implementations by the IE (1),
Kolkata. Granted with an amount of Rs. 25 Lakhs by the AICTE for
modernizing Labs under MODROB scheme. Presently working as Professor
and Mentor (AS&A), Department of Electronics and Communication
Engineering (NBA Accredited), Gudlavalleru Engineering College (an
Autonomous and NAAC accredited Institute), Gudlavalleru.

Dr. Ved Vyas Dwivedi is Professor (Department of
E.C. Engineering, Faculty of Technology and
Engineering) and Vice-Provost of C. U. Shah
University. He has guided 7 Ph.D. theses, 43 M.
Tech. dissertations, examined 8 Ph.D. theses from
Indian Universities, 4 Ph.D. Theses from the United
States based Universities, published 137 research
and review articles, delivered 38 expert/resource
talks, authored/co-authored 10 books, completed 12 research/consultancy
projects, published 8 patents, chaired 16 sessions in national/international
conferences of IEEE, IETE, IE (1), ISTE and HEIs. His expertise and interest
areas are wireless-satellite-mobile-optical-RF-Microwave — systems,
sensor-energy- signal technology. Heisan excellent international orator and
psychological mentor especially on humanity oriented leadership and
motivation. He has 9746 followers on Facebook, twitter, Researchgate,
Linkedin and google scholar. His videos on Youtube and C.U. Shah
University are available. He has earned B.E (Electronics Engineering), M.E.
(Electronics and Communication Engineering), and Ph.D. (Electronics and
Communication Engineering).13 books, chaired 21 sessions. D.Litt. from
University of South America, Examined 19 Ph.D. theses, delivered 46
keynote talks, guided 9 Ph.D. theses and 2 M.Phil.

Published By:
Blue Eyes Intelligence Engineerin
& Sciences Publication



