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ABSTRACT

The logarithmic approach of arithmetic operation shows the ease method of computation. This papers deals with
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the design of leading one detector, which forms the basic building block for this logarithmic computational approach.
First, the design of leading one detector using basic logic gates without multiplexers results in the increased computational speed with sig-
nificant reduction in gate count and power dissipation. Second, leading one position detector design reports the position of leading one bit
without encoder or ROM as in the case of leading one detector. The leading one position detector obtained by this method is efficient in terms
of frequency and gate count when compared to the conventional approach. Also the logarithmic convertors designed by using the evolved
blocks results in increased performance. The evolutionary implementation of these blocks is carried out using genetic algorithm approach.

LINTRODUCTION

Logarithm is used for analysing the quantity which varies over a
wide range. Also to simplify the complex arithmetic operations
(multiplication, division, square root, square etc.,) logarithm
is used. For example, multiplication and division operation is
reduced to simple additions and subtractions. The binary loga-
rithmic convertor in Mitchell's method consists of leading one
detector and a logarithmic shifter [1]. Logarithmic shifter alone
is used in antilog convertors. Due to approximations, the results
obtained have some amount of error and these types of circuits
are used in real time applications such as digital filtering, fast
Fourier transforms and other image processing applications
which need faster results with acceptable error level and the er-
ror can be reduced using the eight sub regions approach[6].

In this paper, binary logarithmic convertors are designed by us-
ing the evolved leading one detectors and the delay in the loga-
rithmic shifting operation is also minimized. Section II shed
some light on genetic algorithm and section III presents the re-
view of earlier design and the proposed method of leading one
detector. Section IV concludes the discussion of the proposed
design of leading one position detector, with results comparison.
Section V deals with the logarithmic shifter design. Section VI
analyses the results and section VII includes conclusion.

Fig 1. Explains the process flow of Mitchell’s binary logarith-
mic convertor.
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Fig 1: Approximate Mitchell’s logarithmic convertor

II.GENETIC ALGORITHM
Genetic algorithm is an adaptive search technique which has
been proved effective in solving combinatorial optimisation

problem. This search samples the large solution space to find
the global maxima or the minimum position based on the fit-
ness measure. An initial random population which represent the
part of the solution is chosen. This search continues to visit the
various parts of the fitness surface by generating offspring us-
ing the convergence and the mutation operations. This kind of
genetic evolution is based on the concept that two fittest indi-
vidual will generate offspring of more fitness. Finally leads to a
better optimum solution after finite number of generations [2].

A. Chromosome encoding;:

The chromosome pattern defines the interconnections of the
circuit. Each chromosomes give different types of circuit. The
chromosome is the array of variable size depending upon recon-
figurable array [2]. This array is a string of the integers which de-
fines the connections between the elements i.e. the internal con-
nections to gates. The evolution array of programmable nodes is
done at both interconnection level and gate level.

The result can be easily converged by using the coarse grained
architectures instead of using the fine grained architectures. So
for the evolution of the large circuits with coarse grained archi-
tecture is easy compared to the fine grained type. In this type
both the coarse and fine grained structures are used.

Table 1: Gate utilisation for the design

TYPE INPUTS STRUCTURE

1 A NOT

2 AB AND

3 AB OR

4 AB NAND

5 AB NOR

6 AB AND(NOT(A),B

7 AB,C OR(AND(A,B),C)
B.FITNESS FUNCTION

The fitness function is the required design to be obtained. For
each chromosome the fitness function is calculated. The fitness
measure is a measure between the fitness of the each chromo-
some with the required fitness. The chromosome with the the
better fitness is chosen for the next generation and the process
is repeated until the desired chromosome is obtained with the
required fitness.

C. GENETIC OPERATORS
The mutation and crossover operators are the genetic operators.
The mutation operator is used in this paper instead of crossover
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operator because the convergence of the result is faster in muta-
tion process and it is easier when compared to the crossover op-
erator. At sometimes the convergence of the result also depends
upon the mutation rate.

III. LEADING ONE DETECTOR

In binary logarithmic circuits, the primary operation is to de-
termine the integer and the fractional parts. The position of the
leading one bit represents the integer part of the logarithm. The
fractional part is obtained by shifting the input using the out-
put from the LOD. So it is necessary to design a circuit which
detects the leading one bit position with less hardware and con-
sumes low power with fast speed. The LOD produces bit one at
the output, while keeping its position, and circuit sets all other
output bits to zero. The LOD is evolved using the genetic algo-
rithm.

The leading one detector proposed in paper [4] uses the multi-
plexers as the major component. In case of using the multiplex-
ers, one input is always grounded and the other input only con-
nected. For example mux (A, 0) is equivalent to AND operation
of input A with complement of the control word. In proposed
method the additional AND gate and OR gate gets reduced and
the critical path time also gets reduced.Therefore the use of logic
gates in the leading one detector is efficient in terms of speed, is
and power consumption.
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Fig 2: Evolved four bit LOD
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Fig 3: Evolved four bit LOD

It is necessary to decode the position of the leading one detector
to obtain the integer part. So the ROM is needed or the encoder
is used to encode the position of the leading one bit. To avoid
this complexity the leading one position detector is designed
which gives the position of the leading one bit and having the
advantage of ROM free operation [5].

Table 2: Gate count and frequency
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4 BIT LOD(1) 120 336Mhz
l6BIT |4 BITLOD(2) 120 480Mhz
4 BIT LOD(3) 117 502Mhz
8 BIT LOD 9% 478Mhz
32BIT |16 BIT LOD 183 325Mhz

The higher order LODs are designed using the four bit LODs and
final output is combined by using the AND gates. First stage is
grouping of input bits into four and gives it to the LOD. Then
group the two LOD outputs and this process continues till the
final output is reached.

The results obtained for the LODs of different size are shown in
the table. The result shows that the gate count and critical path
time also decreases in the proposed method compared to the
earlier method. Thus the frequency of operation also increases in
the proposed method.

IV LEADING ONE POSITION DETECTOR:

To obtain the integer part of the logarithmic value, the position
of the leading one bit must de detected.The position of the lead-
ing one bit gives the integer part of the logarithmic convertor. So
it is necessary to design a leading one position detector [5] with
high speed and reduced gate structure because this integer part
serves as a control word to shift the input to get the fractional
part. The flag bit is generated by doing OR operation of all the
input bits. If the flag bit is zero then the input values contain no
zeros in it otherwise it contains one and the position of the lead-
ing one id detected by the LOPD.

The leading one position detector is evolved by using the genetic
algorithm and many number of different structures are obtained
for the same function and the circuit with less number of gates
and less critical path time are chosen for the logarithmic circuits.
The leading one position detector gives the position of the lead-
ing one bit and the circuits obtained by the process of evolution
are shown below.

The Y2 represents the MSB of the output and is given by
Y2=X7+X6+X5+Xb.

The evolved structures for Y1 are,

Y11=(X7+X6) + (X5+X4)(X3+X2)

Y12=(X7+X6+X5+X4)(X7+X6)

+ (X7+X6+X5+X4) (X3+X2)

Y1P=(X7+X6+X3+X2) + ((X7+X6+X5") (X7+X6+X4))

where Y11, Y12 are the evolved structures and Y1P is the con-
ventional structure.

The evolved structures for YO are,

LoD GATE YO1=(X7+X6+X5+X4)(X7+X5(X7+X6))
Typg  |GATES USED count |FREQUENCY +(X7+X6+X5+X4)" (X3+X1(X3+X2))
LMUX 18 787Mhz Y02=X7+X6'(X5+X4'(X2'X1+X3))
4BIT  |2.AND,NOT 18 2.85Ghz . . )
Y03=X7+(X7+X6) (X5+X4’(X3+X1(X2+X3)"))
3.AND,OR,NOT 18 2.85Ghz
SBIT  IMUX 69 584Mhz YOP=X7+(((X5+X4) (X3+X2) +(X1+X3))(X5)
(X7'+X6))
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where Y21, Y22, Y23 are the evolved structures and Y2P is the
conventional structure.

The results obtained from the evolved equation shows that the
performance of the evolved structure increases as the number of
input bit increases and it shows better performance when com-
pared to the conventional methods. The results of the structures
are listed in the table and this shows that in higher order LOP-
Ds, the evolved design is more efficient when compared to the
conventional method. In the table for each structure, the first
row represents the critical path time or the maximum combina-
tional delay and the second represents the gate count for each
structure.

For example, the table shows the results of different structures
for the 8 bit LOPD and there is mild difference between the con-
ventional and the proposed method. But in table, the results are
for 16 bit, 32 bit, 64 bit for different structures are there. These
results reveal that the performance of higher order LOPDs is
better compared to the conventional method.

Table 3: 8 bit and 16 bit LOPD

LOPD 8 BIT 16 BIT
gates Time(ns) gates Time(ns)
Y11,Y21 60 1.18 131 2.64
Y11,Y22 61 1.21 154 2.84
Y11,Y23 60 1.05 148 2.29
Y11,Y2P 57 1.05 135 1.83
Y12,Y21 48 1.78 129 3.42
Y12,Y22 48 1.64 122 1.83
Y12,Y23 48 1.64 125 2.44
Y12,Y2P 42 1.64 119 243
Y1PY21 62 1.13 139 2.13
Y1PY22 62 0.98 145 3.25
Y1PY23 61 0.98 148 1.67
Y1PY2P 58 0.98 143 2.23
Table 4: 32 bit and 64 bit LOPD
LOPD 32 BIT 64 BIT
gates Time(ns) | gates | Time(ns)
Y11,Y21 311 2.58 673 4.42
Y11,Y22 341 3.04 733 4.42
Y11Y23 348 2.73 745 4.42
Y11,Y2P 328 2.83 707 3.59
Y12,Y21 322 3.71 693 4.42
Y12,Y22 308 2.45 666 4.42
Y12,Y23 321 3.21 692 4.42
Y12,Y2P 297 3.42 642 4.42
Y1P Y21 341 2.52 733 4.42
Y1PY22 346 3.76 741 4.42
Y1P,Y23 354 2.43 758 4.42
Y1PY2P 351 2.81 753 4.42

The use of 4 to 1 multiplexers results in more number of gates
and the critical path delay is also more when compared to us-
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ing the 2 to 1 multiplexers. Thus the use of 2 to 1 multiplexers is
more efficient compared to the 4 to 1 multiplexers. For example
the 32 bit LOPD by using 2 to 1 multiplexers is better than the 4
to 1 multiplexers. The results are shown in the table for 32 bit in
table and table.

Table 5: 32 bit LOPD using 2 to 1 and 4 to 1 multiplexers

LOPD 32 BIT 64 BIT
gates Time(ns) gates Time(ns)

Y11,Y21 311 2.58 300 4.72
Y11,Y22 341 3.04 348 4.23
Y11Y23 348 2.73 318 4.18
Y11,Y2P 328 2.83 295 3.96
Y12,Y21 322 3.71 316 3.95
Y12,Y22 308 2.45 339 443
Y12,Y23 321 3.21 335 3.79
Y12,Y2P 297 3.42 309 4.69
Y1PY21 341 2.52 323 4.16
Y1P Y22 346 3.76 347 4.40
Y1PY23 354 2.43 334 3.80
YIPY2P (351 2.81 330 4.26

Fig.evolved four bit LOPD
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Fig.evolved four bit LOPD

The higher order LOPDs is obtained by using the lower order
LOPDS. The first step is grouping of eight bit and finding the
leading one position for each group. Next step is converging of
two groups by using the control bit. If the control bit is one, the
first group is selected otherwise the next and the same process is
repeated until all the groups are converged. The control bit is the
one which determines the selection of the divided input pattern.
The control bit is generated by doing OR operation for the first
half of the input.

V.LOGARITHMIC SHIFTER

The logarithmic shifter used in the logarithmic convertor con-
sists of the multiplexer based structure. There is no shift op-
eration when the control bit is ‘1’ and the shift operation takes
place when the control bit is ‘0’. The amount of shifting de-
pends upon the weighting position of the bit. The shift opera-
tion is divided into the number of stages and the output from
the present stage is given as the input to the next stage. For
the each stage the control bit is given from MSB to LSB of the
integer part. Instead of using the shifter, the input is directly
connected to the output by appending the zeros at the lower
bits. For example the eight bit number is shifted by four times
if the control word is zero then the last four bits are directly
connected to the MSB and the LSB positions are filled with ze-
ros.

VI.RESULTS AND DISCUSSION
The leading one detectors proposed in the paper is having high
speed of operation with the reduction in the gate count com-
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pared to the previous methods. The leading one position de-
tectors shows that the evolved structures are more efficient in
terms of area and speed when compared with the conventional
method. The gates get reduced in the higher order structures by
using this evolved leading one position detectors. The logarith-
mic convertors designed using these evolved structure are ef-
ficient than compared to the previous methods and the results
are shown in the table.

Table 6: Logarithmic convertors using evolved structures

Log convertors Gate count Time(ns)
8 bit 203 2.21

16 bit 487 4.43

32 bit 1297 5.25

64 bit 2973 8.05
VI.CONCLUSION

The proposed method of leading one detector and leading one
position detectors are very efficient in terms of area, power and
speed. The various structures evolved using these approaches
are synthesised using ASIC library SCLO05. The error statistics
of this proposed method comply with that of Mitchell’s method
and this concept can be further extended by using the 8 regions
approach. The logarithmic shifter does the shifting operation
at a higher speed. Logarithmic convertors designed using these
blocks has reduction in the gate count and the combinational
delay.The antilogarithmic convertors are obtained only by shift-
ing operations. Thus the evolved logarithmic blocks used in the
logarithmic convertors show better performance compared to
the conventional methods.
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