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Abstract

Fuzzy logic is one of the main branches of artificial intelligence as
a representative of the theories and techniques used fuzzy groups and
groups that are no definite boundaries, and is considered by this logic to
describe and represent the human experience as it is through the
development of practical solutions to various problems.

In this research was to use Fuzzy logic in matching images, as it
has been working with images, where the gray level images have been
lowered,, and inserting two images in each state, the implementation and
then find the proportion of matches and the percentage difference
between them, as well as the calculated some statistical variables that
helped to find certain characteristics to match the images.

Matlab language program (version 6.5) has been made to
implement the suggested algorithm, where it considers a high efficiency
language.
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1. Introduction

Fuzzy logic (FL) is a superset of conventional (Boolean) logic, was
initiated in 1965, by Lotfi A. Zadeh, professor for computer science.
Basically, FL is a multi valued logic, that allows intermediate values to be
defined between conventional evaluations like true/false, yes/no,
high/low, etc. Notions like rather tall or very fast can be formulated
mathematically and processed by computers, in order to apply a more
human-like way of thinking in the programming of computers. Fuzzy
systems is an alternative to traditional notions of set membership and
logic that has its origins in ancient Greek philosophy. [1] [2]

FL is a simple yet very powerful problem solving technique with
extensive applicability. It is currently used in the fields of business,
systems control, electronics and traffic engineering.[3] It provide an
appropriate technique for describing the behavior of systems which are
too imprecisely or ill defined to be amenable to formal mathematical
analysis. It allows non liners input/output relationship to be expressed by
a set of qualitative if then rules. It is easy to setup and provide accurate
responses to ambiguous data. [4]

2. Crisp set and Fuzzy set

Classical sets are also called crisp sets so as to distinguish them
from fuzzy sets. In fact, the crisp sets can be taken as special cases of
fuzzy sets. Let A be a crisp set defined over the universe X. Then for any
element x in X, either x is a member of A or not. In fuzzy set theory, this
property is generalized. Therefore, in a fuzzy set, it is not necessary that x
is a full member of the set or not a member. It can be a partial member of
the sets. [5] The generalization is performed as follows: For any crisp set
A, it is possible to define a characteristic function p x = {0,1}. i.e. the
characteristic function takes either of the values 0 or 1 in the classical set.
For a fuzzy set, the characteristic function can take any value between
zero and one. [6] [7]

3. Fuzzy Set
3.1 Membership function (MF)

MF is the mathematical function which defines the degree of an
element's membership in a fuzzy set. MF is a curve that defines how each
point in the input space is mapped to a membership value (or degree of
membership) between 0 and 1. The input space is sometimes referred to
as the universe of discourse. [8]

If X is the universe of discourse and its elements are denoted by x,
then a fuzzy set A in X is defined as a set of ordered pairs as shown in
equation (1):

A={X Ha(X) | X€EX}  --mmmmmmemeeee- (1)
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Ha(x) is called the MF of x in A. The MF maps each element of X to a
membership value between 0 and 1. [9]

3.2 Type of MFs
The type of MFs is:
1-  Numerical definition (discrete MFs) as shown in equation (2):

A= ZIUA(Xi)/Xi """""""" (2)

X eX
2- Function definition (continuous MFs) as shown in equation (3)
Including of S function, Z Function, Pi function, Triangular shape,
Trapezoid shape, Bell shape. [10] [11]

A= ()1 e (3)

(1) S function: monotonical increasing MF, shown in figure (1)
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Figure (1): S function

(2) Z function: monotonical decreasing MF, shown in figure (2)
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Figure (2): Z function

(3) Pi function: combine S function and Z function, monotonical
increasing and decreasing MF, shown in figure (3)
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Figure (3): Pi function
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(4)Trapezoidal MF, shown in figure (4)
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Figure (4): Trapezoidal function

(5) Triangular MF, shown in figure (5)
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Figure (5): Triangular function

(6) Bell-shaped MF, shown in figure (6)
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Figure (6) Bell-shaped function

3.3 Fuzzy set Operators
Some of the most important FL operators are given below. [1] [4] [12]

1- Union
The union is the maximum degree of membership of sets A and B.
as shown in equation (4):
Boap () =g (Zvpg (x)
=mazfy (Zpglx)) (4)

2- Intersection
The intersection is the minimum degree of membership of sets A
and B. as shown in equation (5):
Barp (E) = o (Z) ~pp(x)
=min s (x).pplE)) (5)

D=



Shahla Hazim Ahmad Karruffa

3- Complement
The complement of the membership of set A shown in equation
(6):

pa) =l-pa(x) (6)

4- Product of two fuzzy sets

The product of two fuzzy sets in the same universe of discourse is
the new fuzzy set A-B with a MF that equals product of the MF of A and
the MF of B. as shown in equation (7):

Has(X) = Ha(X)-HB(X) -mmmmmeeeeee- (7)

5-Multiplying a fuzzy set by a crisp number
When a fuzzy set is multiplied by a crisp number, then its MF is
shown in equation (8):
Haa(X) =@ HA(X) ~  mmmmmmmmooeees (8)

6-Equality of fuzzy sets
The fuzzy sets A and B are equal if the fuzzy set of A is equal to
the fuzzy set B. as shown in equation (9):

T ©)

7-Normal fuzzy set
The fuzzy set is called normal if there is at least one element X, in
the universe of discourse X where the MF equals 1.shown in equation 10

Ha(X)=1 s (10)

3.4 If-Then rules

Fuzzy sets and fuzzy operators are the subjects and verbs of fuzzy
logic. Usually the knowledge involved in fuzzy reasoning is expressed as
rules in the form:

If xisAThenyisB

where x and y are fuzzy variables and A and B are fuzzy values. The if-
part of the rule "x is A" is called the antecedent or premise, while the
then-part of the rule "y is B" is called the consequent or conclusion. [13]
Statements in the antecedent (or consequent) parts of the rules may well
involve fuzzy logical connectives such as ‘AND’ and ‘OR’. In the if-then
rule, the word "is" gets used in two entirely different ways depending on
whether it appears in the antecedent or the consequent part. [14] [15]

3.5 Fuzzy Number

If a fuzzy set is convex and normalized, and its MF is defined in R
and piecewise continuous, it is called as fuzzy number. So fuzzy number
(fuzzy set) represents a real number interval whose boundary is fuzzy.
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Fuzzy number is expressed as a fuzzy set defining a fuzzy interval in the
real number R. Since the boundary of this interval is ambiguous, the
interval is also a fuzzy set. Generally a fuzzy interval is represented by
two end points al and a3 and a peak point a2 as (al, a2, a3) (Figure 7).
[16] Fuzzy numbers are used in statistics, computer programming,
engineering, and experimental science. The arithmetic operators on fuzzy
numbers are basic content in fuzzy mathematics.

$ 14(x)

e
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Figure (7): Fuzzy Number A=(al, a2, a3)

3.6 Fuzzy Inference Systems

Fuzzy inference is the actual process of mapping from a given
input to an output using FL. Figure (8), The process involves MFs, FL
operators, and if-then rules. there are five parts of the fuzzy inference
process: [10] [12] [17]

1- Fuzzification of the input variables

The first step is to take the inputs and determine the degree to
which they belong to each of the appropriate fuzzy sets via membership
functions. The input is always a crisp numerical value limited to the
universe of discourse of the input variable and the output is a fuzzy
degree of membership (always in interval between 0 and 1).

2- Application of the fuzzy operator (AND or OR) in the antecedent

If the antecedent of a given rule has more than one part, the fuzzy
operator is applied to obtain one number that represents the result of the
antecedent for that rule. This number will then be applied to the output
function. Any number of well-defined methods can fill in for the AND
operation or the OR operation.

3- Implication from the antecedent to the consequent

The implication method is defined as the shaping of the consequent
(a fuzzy set) based on the antecedent (a single number). The input for the
implication process is a single number given by the antecedent, and the
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output is a fuzzy set. Implication occurs for each rule. Two built-in
methods are supported, min (minimum) which truncates the output fuzzy
set, and prod (product) which scales the output fuzzy set.

4- Aggregation of the consequents across the rules
Unify the outputs of each rule

5- Defuzzification

Input for defuzzification phase is unified fuzzy set formed by
aggregation of consequents and output is crisp number. If there are more
than one output variables, final output for each variable is a crisp number.
The most popular defuzzification method is the centroid calculation,
which returns the center of area under the curve

Input || > Output

Rules (if-then)
If <antecedent> then <consequent>

— ~N

Input terms (interpret) Output terms (assign)

Figure (8): Fuzzy inference system — A general case

4. Image matching

The process of image matching plays an important role in the
number of the modern application related to process digital images in the
scientific modern fields such as: (multi modularity medical imaging) and
(multi spectral image analysis). [18] [19] [20] The process of image
matching needs a scanning for the images to make sure of matching and
the degree of matching between the two images. [21] [22] As well as can
be used in areas of science and technology various related branches of
knowledge different physics and engineering s well as images in the
geological and biological comparisons of microscopic images to
determine the levels of matching and difference between them. [23] [24]
[25]

5. Suggested Algorithm
The suggested algorithm is:
1- Start
2- Read imagel, image?2
3- The size of each image is (75 row and 75 column) (75*75=5625)
4- Show imagel, image2
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5- Find the membership function of each image (image
normalization) by divide each pixel in the two images to 255.
(Fuzzification of the input variables)

6- Calculate the parameters (sum, mean, median, max, min, range
(range = max-min)) of imagel and image2

7- Check the matching case:

(Application of the fuzzy operator (AND or OR) in the

antecedent), (Implication from the antecedent to the consequent)

and (Aggregation of the consequents across the rules)

a- If each pixel in imagel is equal the pixel in image2 in the
same location then the result is the array that name resfm (75
row and 75 column) take the value 1 else the array that name
resfm take the value zero. go to 8

b- if the parameters (sum, mean, median, max, min, range) of
imagel is equal the parameters (sum, mean, median, max,
min, range) of image2 and each pixel in imagel is equal the
pixel in image2 (imagel is equal image2 after rotate 90
degree) then the result is the array that name resfm take the
value 1.goto 8

c- if the parameters (sum, mean, median, max, min, range) of
imagel is equal the parameters (sum, mean, median, max,
min, range) of image2 and each pixel in imagel is equal the
pixel in image2 (imagel is equal image2 after rotate 180
degree) then the result is the array that name resfm that take
the value 1. goto 8

d- if the parameters (sum, mean, median, max, min, range) of
imagel is equal the parameters (sum, mean, median, max,
min, range) of image2 and each pixel in imagel is equal the
pixel in image2 (imagel is equal image2 after rotate 270
degree) then the result is the array that name resfm take the
value 1.

8- Find the number of ones in resfm and put in the variable z.

9- Find the number of zeros in resfm and put in the variable X
(x=5625-2).

10- Find the Matching Rate MR(MR=(z/5625)*100)

11- Find the Difference Rate DR(DR=100-MR)

12- If MR=100 then print very high matching else if MR between 55
to 99.9 then print high matching else if MR between 50 to 74.9
then print medium matching else if MR between 25 to 49.9 then
print low matching else if MR between 0.1 to 24.9 then print very
low matching else if MR=0 then print no matching

13- end

6. Execution of Suggestion Algorithm
In this research, the suggested algorithm has been applied in thirty
cases, in each case, two gray level images have been inserted to find the
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matching rate and difference rate between them as it shown in Figure (9),
Table (1) and Table (2). Sixty gray level images is used, that performed
in simple of execution and calculation.
Table (1) represents the results obtained after implementation of
the program and shows the values of matching and the values of the
difference between the two images and find a matching type depending
on the suggested algorithm.

Table(1): The Result Of Suggestion Algorithm after execution to Selection

Images
Number of Number of
pixels that can | pixels that can M . Difference
; atching Types
Case be equal in not be equal - . Rate(DR=100- .
image1 and in imagel and Rate(MR=(z/5625)*100) MR) Matching
image?2 (2) image2 (x)
A 2806 2819 49.8844 50.1156 Low matching
B 1881 3744 33.4400 66.5600 Low matching
C 2016 3609 35.8400 64.1600 Low matching
D 96 5529 1.7067 98.2933 \,\ﬁ?&:ﬁ;’;
E 5625 0 100 0 \r;e;t{:r?l'r?g
Very high
matching after
F 5625 0 100 0 image?2 rotation
by 90°
Very high
matching after
G 5625 0 100 0 image?2 rotation
by 180°
Very high
H 5625 0 100 0 matching after
imagez2 rotation
by 270°
| 1422 4203 25.2800 74.7200 Low matching
Very high
matching after
J 5625 0 100 0 image2 rotation
by 90°
K 0 5625 0 100 no matching
L 3589 2036 63.8044 36.1956 r’;"a‘igﬁl‘r’%
M 4007 1618 71.2356 28.7644 r’:f;g;]‘:r’%
N 211 5414 3.7511 96.2489 \,\;Zr%h'ﬁ:’;
Very high
matching after
o 5625 0 100 0 image?2 rotation
by 270°
P 157 5468 2.7911 97.2089 \,\flzrtzh'f’r:’;
Very high
matching after
Q 5625 0 100 0 image?2 rotation
by 180°
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R 5337 288 94.8800 5.1200 high matching
medium
S 3346 2279 59.4844 40.5156 matching
Very low
T 129 5496 2.2933 97.7067 Matching
U 0 5625 0 100 no matching
Very low
\V} 26 5599 0.4622 99.5378 Matching
Very high
W 5625 0 100 0 matching
Very high
X S~ 0 100 0 matching after
imagez2 rotation
by 90°
medium
Y 4066 1559 72.2844 27.7156 matching
Very low
592 5033 10.5244 89.4756 Matching
Very high
matching after
Al 5625 0 100 0 image2 rotation
by 90°
Very high
B1 5625 0 100 0 matching
Very low
C1 44 5581 0.7822 99.2178 Matching
Medium
D1 3316 2309 58.9511 41.00489 matching

Table 2 represents the values of statistical parameters that have been
obtained and used to help get the results to match the images.

In Tablel and Table2, the cases of (F,G,H,J,0,Q,X and Al) imagel
is the same of image2 after image?2 rotation by 90°or 180° or 270°

Table (2): The Result Of Parameters (Sum, Mean, Median,

Max, Min, Rang) Of Selection Image

Parameter Of Imagel

Parameter Of Image2

Case Sum Mean | Median Max Min Rang Sum Mean Median Max Min Range
A 5583.4 | 0.9926 | 0.1686 1 0.0510 | 0.9490 5489.4 0.9759 | 0.1686 | 0.9845 | 0.0510 | 0.9333
B 3461.1 | 0.6153 | 0.0118 1 0 1 3512.3 | 0.6244 0.0941 | 0.9961 0 0.9961
C 26449 | 0.4702 | 0.0510 | 0.8314 | 0.0275 | 0.8039 2749 0.4887 | 0.0471 | 0.6353 | 0.0353 | 0.6000
D 8237.9 | 1.4645 | 0.4824 1 0.0039 | 0.9961 8380 1.4898 | 0.4706 1 0.0039 | 0.9961
E 34223 | 0.6084 | 0.6706 1 0.0824 | 0.9176 3422.3 0.6084 | 0.6706 1 0.0824 | 0.9176
F 34755 | 0.6179 | 0.6784 | 0.8431 | 0.0471 | 0.7961 3475.5 0.6179 | 0.6784 | 0.8431 | 0.0471 | 0.7961
G 34755 | 0.6179 | 0.6784 | 0.8431 | 0.0471 | 0.7961 3475.5 0.6179 | 0.6784 | 0.8431 | 0.0471 | 0.7961
H 34755 | 0.6179 | 0.6784 | 0.8431 | 0.0471 | 0.7961 3475.5 0.6179 | 0.6784 | 0.8431 | 0.0471 | 0.7961
[ 4488.1 | 0.7979 | 0.7608 1 0.1294 | 0.8706 4566.7 0.8119 | 0.8314 1 0.2549 | 0.7451
J 34223 | 0.6084 | 0.6706 1 0.0824 | 0.9176 3422.3 0.6084 | 0.6706 1 0.0824 | 0.9176
K 0 0 0 0 0 0 4488.1 0.7979 | 0.7608 1 0.1294 | 0.8706
L 14691 | 2.6117 1 1 0 1 15072 2.6794 1 1 0.3686 | 0.6314
M 11729 | 2.0851 | 0.5729 | 0.7529 0 0.7529 10906 1.9388 | 0.7529 1 0 1
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N 1133.4 | 0.2015 | 0.0078 1 0 1 1341.2 0.2384 0.1569 | 0.8275 0 0.8275
O 2604.3 | 0.4631 | 0.3059 1 0.0627 | 0.9373 2604.8 0.4631 0.3059 1 0'0562 0.9373
P 2604.8 | 0.4631 | 0.3059 1 0.0627 | 0.9373 9520.6 1.6925 0.6196 1 0 1

Q 3422.3 | 0.6084 | 0.6706 1 0.0824 | 0.9176 3422.3 0.6084 0.6706 1 0.0824 | 0.9176
R 11729 | 2.0851 | 0.7529 | 0.7529 0 0.7529 11476 2.0402 0.7529 | 0.7529 0 0.7529
S 10906 | 1.9388 | 0.7529 1 0 1 8405 1.4942 0.7529 | 0.7529 0 0.7529
T 97729 | 1.7374 | 0.6118 | 0.9922 | 0.0706 | 0.9216 9565.4 1.7005 0.6196 | 0.9725 | 0.0784 | 0.8941
U 0 0 0 0 0 0 323.8706 | 0.0576 0.0588 | 0.0588 | 0.0235 | 0.0353
\ 9802.1 | 1.7426 | 0.5882 0.7922 | 0.1922 | 0.6000 7262.6 1.2911 0.4039 | 0.9725 0 0.9725
W 7262.6 | 1.2911 | 0.4039 | 0.9725 0 0.9725 7262.6 1.2911 0.4039 | 0.9725 0 0.9725
X 2604.8 | 0.4631 | 0.3059 1 0.0627 | 0.9373 2604.8 0.4631 0.3059 1 0.0627 | 0.9373
Y 1655.1 | 0.2942 | 0.0275 1 0.0118 | 0.9882 1008.8 0.1793 0.0275 1 0.0118 | 0.9882
Z 14691 | 2.6117 1 1 0 1 1655.1 0.2942 0.0275 1 0.0118 | 0.9882
Al 2888.2 | 0.5135 | 0.4824 | 0.9882 | 0.1176 | 0.8706 2888.2 0.5135 0.4824 | 0.9882 | 0.1176 | 0.8706
Bl 7676.6 | 1.3647 | 0.5216 | 0.9451 0 0.9451 7676.6 1.3647 0.5216 | 0.9451 0 0.9451
Cl 4816.8 | 0.8563 | 0.9216 | 0.9882 | 0.1922 | 0.7961 3959.9 0.7040 0.8118 | 0.9843 | 0.0471 | 0.9373
D1 14691 | 2.6117 1 1 0 1 4219.9 0.7502 1 1 0 1

Statistical Parameters that can be used in algorithm

SUM: sum of elements .For vectors, SUM(X) is the sum of the elements of X

MEAN: Average or mean value. For vectors, MEAN(X) is the mean value of the elements in X
MEDIAN: Median value. For vectors, MEDIAN(X) is the median value of the elements in X
MAX: Largest component. For vectors, MAX(X) is the largest element in X

MIN: Smallest component. For vectors, MIN(X) is the smallest element in X

RANGE: The range is the difference between the maximum and minimum values
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[ 44

Imagel Image2
Matching rate=100%

B

Imagel Image?2
Matching rate=33.4400%

C

Imagel Image?2
Matching rate=35.8400%

D

Imagel Image2
Matching rate=1.7067%

Imagel Image2
Matching rate=100%(Rotate90° Image2)

-«

Imagel Image2
Matching rate=49.8844%

Imagel Image2
Matching rate=100%(Rotate90° Image2)

+ o«

Imagel Image2
Matching rate=100% (Rotate180° Image2)

H

Imagel Image2
Matching rate=100%(Rotate270° Image2)

K

Imagel Image?2
Matching rate=0%

Figure (9): The results of matching rate after execution suggestion algorithm to
some of execution cases
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7. Conclusion

Fuzzy systems, including FL and fuzzy set theory, provide a rich
and meaningful addition to standard logic. The mathematics generated by
these theories is consistent, and FL may be a generalization of classic
logic. The applications which may be generated from or adapted to FL are
wide-ranging, and provide the opportunity for modeling of conditions
which are inherently imprecisely defined, despite the concerns of
classical logicians.

In this research, image matching algorithm has been suggested by
using FL. in each case, two images has been input and find matching and
difference rate between the two images. some statistical variables (sum,
mean, median, max, min, range) have been found to use in image
matching.

FL is a very powerful tool that is pervading every field and signing
successful implementation. Although the FL is relatively young theory,
the areas of applications are very wide: process control, management and
decision making, operations research and economies

8. Reference

1)  Ravi, Jain, "A comparative study of fuzzy classification methods
on breast cancer data"”, International work conference on artificial
and natural network, P:1-6, (2003).

2)  Hanmandlu, Madasu, "An optimal fuzzy system for color image
enhancement”, IEEE Transaction on image processing Vol. 15,
No.10, P:1-11, (2006).

3)  Sobrevilla, P. and E. Montseny, "Fuzzy sets in computer vision: an
overview", Mathware & soft computing, P: 71-38, (2003).

4)  Ribens, N., "The application of fuzzy logic to the construction of
the ranking function of information retrieval systems”, Computer
modeling and new technologies, VVol. 10, No. 1, P: 1-8, (2006).

5) Kiranpreet, Kaur, "Fuzzy logic based image edge detection
algorithm in matlab", International journal of computer application,
Vol.1, No. 22, P: 1-4, (2010).

6)  Gopalan, Sasi and Madhu S., "Approximation studies on Image
enhancement using fuzzy technique”, International journal of
advanced science and technology, Vol. 10, P:1-16, (2009).

7)  Popa, Camelia and Aurel Vlaicu, "Fuzzy contrast enhancement for
images in the compressed domain”, international multi conference
on computer science and information technology, P:161-170,
(2007).

8) Polte, T. and D. Rlhfeldt, "A fuzzy logic system for process
Monitoring and quality evaluation in GMAW", Supplement to the
welding journal, P: 1-6, (2001).

=



Using Fuzzy Logic In Image Matching.

9)  Yazdi, Hadi and Jalal A., "Fuzzy image segmentation using human
interaction™, Journal of applied science research, P: 722-728,
(2009).

10) Kim, Yunseop and John F., "fuzzy logic control of a multi spectral
imaging sensor for in field plant sensing", Journal computer and
electronics in agriculture, P: 279-288, (2008).

11) Nedeljkovic, 1., "Image classification based on fuzzy logic",
International archives of the photo grammetry, Vol. 34, P:1-6,
(2006).

12) Hari, Krishnan and R. Viswanathan, "Applications of Advanced
Fuzzy logic techniques in fuzzy image processing scheme", ISSN,
Vol. 5, No. 1, P: 1-6, (2010).

13) Yeong, Jyh and chien wen, "Scene analysis system using a
Combined fuzzy logic based technique”, Journal of the Chinese
institute of engineers, Vol. 25, No. 3, P: 1-11, (2002).

14)  Chatzichristfis, Savras, "FCTH: Fuzzy color and texture histogram
a low level feature for accurate image retrival",IEEE,P:1-6, (2008).

15) Luke, R., "Fuzzy logic based image processing using graphics
process units”, IFSA, P: 1-6, (2009).

16) Jan, Longin and venugopal Rajagpal, "lImage retrieval and
reversible illumination normalization”, SPIE Vol. 5670, P: 1-12,
(2005).

17)  Alshennawy, Abdallah, "Edge detection in digital images using
fuzzy logic technique”, Academy of science engineering and
technology, P: 1-9, (2009).

18) Bajwa, Imran and M. Shahid, "Feature based image classification
by using principal component analysis”, ICGST-GVIP Journal
ISSN, P: 1-7, (2009).

19) Adnan, Awais and Muhammad Ali, "Image search by features of
sorted gray level histogram polynomial curve”, World Academy of
science, Engineering and technology, P: 1-6, (2007).

20) Olson, Clark, "Maximum likelihood image matching", IEEE,
Vol.24, No. 6, P: 1-5, (2002).

21) Gadi, Taoufik, "Fuzzy similarity measure for shape retrieval™,
Vision interface, P: 1-4, (1999).

22) Grauman, Kristen and Trevor Darrell, "Efficient image matching
with distributions of local invariant features”, IEEE, P: 1-8, (2005).

23) Jammeh, E. and Fleury, "Fuzzy logic congestion control of
Transcoded video streaming without packet loss feedback", IEEE,
P:1-15, (2006).

24)  Xioaling, Wang, "Content based image retrieval incorporating the
AHP method", International journal of information technology,
Vol. 11, No.1, P: 1-13, (2004).

25) Nair, Hema, "Lsgensys an integrated system for pattern recognition
and summar satio"”, Acadmy of science, P: 1-7, (2006).

D=



