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Abstract— Real world problems have been effectively modeled
using fuzzy logic that gives suitable representation of real-world
data/information and enables reasoning that is approximate in
nature. It is quite uncommon that the inputs captured by the
fuzzy models are 100% complete and determinate. Though,
humans can take intelligent decisions in such situations but fuzzy
models require complete information. Incompleteness and
indeterminacy in the data can arise from inherent non-linearity,
time-varying nature of the process to be controlled, large
unpredictable environmental disturbances, degrading sensors or
other difficulties in obtaining precise and reliable measurements.
Neutrosophic logic is an extended and general framework for
measuring the truth, indeterminacy and falsehood-ness of the
information. It is effective in representing different attributes of
information like inaccuracy, incompleteness and  ambiguous,
thus giving fair estimate about the reliability of information. This
paper suggests extending the capabilities of fuzzy representation
and reasoning system by introducing Neutrosophic
representation of the data and Neutrosophic reasoning system.

Keywords— Fuzzy logic data representation; Neutrosophic
logic data representaion; Neutrosophic logic reasoning system

I. INTRODUCTION

Real world information is full of uncertainties, gaps and
inconsistent information. This uncertainty can be encountered
in varied forms like uncertainty in outcome of tossing a coin;
whether it will be a head or tail is an example of classical
bivalence where uncertainty disappears on the completion of
event. Or else accurate description of the statement “Rose is
red”; has fuzzy uncertainty associated with it as it is difficult
to define red colour due to various possible shades of the same
colour applicable. Similarly during information fusion,
multiple tools and sources like sensors, databases, humans,
and intelligent sources; are employed for deriving synergy in
the information from multiple sources; in which every
component has its own individualistic limitation and
constraint, thus gaps or inconsistency in the information
derived is very much expected. Vagueness and ambiguity in a
dynamic distributed environment requires generalized
computational effort, conflicting with requirements of

Ranjit Biswas
Department of Computer Science
Jamia Hamdard (Hamdard Univ.)

New Delhi, India
ranjitbiswas@yahoo.com

Swati Aggarwal "

Department of Computer Science
ITM University
Gurgaon, India

swatil 178@gmail.com
*Corresponding author

immediate response. So, in nutshell real world modelling is a
challenging problem due to heterogeneity of uncertainty in
sources, their models and characterization. Human beings are
able to deal with this uncertainty because of their capability to
compose uncertain facts and knowledge into an analysis
structure that is inexact in nature.

Fuzzy logic proposed by Prof. L.A. Zadeh [1] has been
widely used in various decision making models proposed by
different researchers [2],[3].[4].[5],[6].[7], [8], [9], [10], [11].
This paper suggests using neutrosophic logic which is an
extension to the already existing fuzzy logic, for modeling real
world data and information.

Section II, briefly summarizes popular logics given by
different researchers right from the inception of fuzzy logic,
that are used for representing uncertainties and ambiguities in
the real data and information. Section III is dedicated to the
basic understanding of neutrosophic logic and its components.
Underlying principles of neutrosophic geometry, it’s relation
to other logics and their corresponding mathematical
correlation is discussed in section IV. Simple example of
obstacle avoidance by robot is dealt in section V, where fuzzy
logic representation is compared with neutrosophic logic
representation. As neutrosophy is relatively a nascent concept,
so its possibilities of future exploration and future work are
discussed in section VI & VII.

II.  CHRONICLE OF DIFFERENT LOGICS

This section gives the short review of the commonly used
logics that are used to represent the fuzziness, imprecision and
uncertainty in the data acquired. The treatment here explores
the relationship between them, citing other works where
relevant.

Prof. Zadeh had revolutionized the field of logics by
proposing a novel multi-valued logic, Fuzzy logic in 1965
where each element in fuzzy set had a degree of membership
[1]. Decision framework using fuzzy logic uses type-1 fuzzy
sets that represent uncertainty by numbers in the range [0,
1].Since its inception, fuzzy logic has emerged as a powerful



representation method in handling vague estimates [2], [3],
[11],12].

Interval-valued fuzzy set (IVFS) treats the set membership
as an interval and were proposed as a natural extension to
fuzzy sets. These were introduced independently by Zadeh
[13], Grattan-Guiness [14], Jahn [15], Sambuc [16], in the
seventies, in the same year. According to Prof. Zadeh
imperfect information is information that is imprecise,
uncertain, incomplete, unreliable, vague or partially true [17]
can best be described by type-2 fuzzy sets [7], and it has also
found extensive applications in information system models
[18], [19], [20], [21].

Belnap in 1977 defined four-valued logic [22] to cope
with multiple information sources, with parameters truth (T),
false (F) , unknown (U), and contradiction (C). Belnap’s logic
has also fascinated researchers and several works have been
reported [23], [24], [25].

Rough set theory that represents imprecision by a
boundary region of a set, and not by a partial membership, like
in fuzzy set theory was proposed by the Pawlak [26]. Rough
set representation has also found decision making applications
in different domains [27], [28], [29], [30].

Fuzzy logic was extended by K. Atanassov [31] to
Intuitionistic fuzzy sets (IFS) where each element of the
universe has both a degree of membership ¢ and one of non
membership v such that 4 + v </. Modelling of imprecision in
real world using intuitionistic fuzzy set representation has also
found profound application in different decision making
models [32], [33], [34], [35]. To allow more degree of
freedom and flexibility in representing uncertainty, interval
valued intuitionistic fuzzy sets (IVIFS) were proposed
[36].Different domains have been experimented for modeling
uncertainty using IVIFS [37], [38], [39].

Vague sets defined by Gau and Buehrer in 1993 [40] are
characterized by a truth and false membership functions.
Vague set is a set of objects, each of which has a grade of
membership whose value is a continuous subinterval of [0, 1].
Similarity of vague sets to IFS has been proved by Bustince
and Burillor [41].

A. Neutrosophic Logic

Quite recently, Neutrosophic Logic was proposed by
Florentine Smarandache [42] which is based on non-standard
analysis that was given by Abraham Robinson in 1960s.
Neutrosophic Logic was developed to represent mathematical
model of uncertainty, vagueness, ambiguity, imprecision,
incompleteness, inconsistency, redundancy and contradiction.
All the factors stated are very integral to human thinking, as it
is very rare that we tend to conclude/judge in definite
environments, imprecision of human systems could be due to
the imperfection of knowledge that human receives
(observation) from the external world.

III. PRELIMINARIES

In this section, we now present basic definition of the
theory of Neutrosophic logic and Neutrosophic sets (NS).

A. Neutroosphic Logic

A logic in which each proposition is estimated to
have the percentage of truth in a subset 7, the percentage of
indeterminacy in a subset /, and the percentage of falsity in a
subset F', where:

T, I, F are standard or non-standard real subsets of 0, 17,

with sup T'=t¢ sup, inf T=1¢ inf, (1)
sup / =i sup,infl=i inf, 2)
sup F'=f sup, inf F=f inf, and 3)
n_sup =t _sup+i_sup+f sup, 4)
n_inf'=t inf+i_inftf inf. &)

is called Neutrosophic Logic [42].

The sets 7, I, F are not necessarily intervals, but may be
any real sub-unitary subsets: discrete or continuous; single-
element, finite, or (countable or uncountable) infinite; union or
intersection of various subsets; etc. They may also overlap.
We use a subset of truth (or indeterminacy, or falsity), instead
of a number only, because in many cases we are not able to
exactly determine the percentages of truth or of falsity but
approximate them: for example a proposition is between 30-
40% true and between 60-70% false, even worst: between 30-
40% or 45-50% true (according to various analyzers), and
60% or between 66-70% false. A subset may have one
element only in special cases of this logic [43], [44], [45],
[46].

B. Neutrosophic logic is a generalized logic

The existing information representation and decision
theories gives decent results, but the problem is that these
theories work with dataset/information having specific
attributes. Now there is a need in generation of more
generalised representation techniques and reasoning theories
that should work with all kinds of data whether precise or
imprecise, complete or incomplete, clear or ambiguous;
certain or uncertain. This section elaborates on the fact that
Neutrosophic logic is a generalized logic with other prominent
logics as its subsets.

When the sets are reduced to an element only respectively,
then ¢ sup =t inf=1t i sup =i inf=1i, f sup =f inf=f and
n_sup =n_inf=n = t+i+f

Hence, the neutrosophic logic generalizes:

i.  Boolean Logic (forn=1andi=0, with¢, f=0/1)
il.  Multi Valued Logic (for 0 <t 1, f< 1)
iii.  Fuzzy Logic (forn=1andi=0,and 0<¢t i, f<1)
iv.  Intuitionistic Fuzzy Set, for (t+i+f=1 and 0<i<l)

IV. NEUTROSOPHIC SETS AND THEIR GEOMETRY

A neutrosophic set is defined on a universe of discourse
(UOD) and maps the elements of the UOD into a set of real



numbers which denotes the truth, indeterminacy and falsity
membership of UOD elements in the set. In other words it is a
function mapping UOD elements to triplet membership values
of x (¢,i, f), where ¢, i and f corresponds to values given by
truth, indeterminacy and falsity membership functions. This is
similar to the definition of membership function employed for
fuzzy sets, but with a difference. Fuzzy sets admit a
continuum of memberships between 0 and 1, we therefore
have, u(x):X->[0,1], where X is the universe of discourse.

Neutrosophic set: Let X be a space of points (objects), with a
generic element in X denoted by x. A neutrosophic set 4 in X
is characterized by a truth-membership function T, a
indeterminacy-membership function 7/, and a falsity-
membership function F,. T,(x); I4(x) and F,(x) are real
standard or nonstandard subsets of | -0,1+[ . That is

Ty(x).X>]70,1"]

L(x): X>170,1"T

Fu(x): X101 (6)
( Ja,b] represents the set of numbers that are either less than

or equal to a, or greater than or equal to b)

As shown in fig: 1, a neutrosophic set can be given an
interesting geometrical interpretation. Considering a universe
defined by neutrosophic set comprising of truth function,
indeterminacy function and falsity function; geometrically it
can be represented using three axis representations, where
each axis represents one subset. To represent three functions,
RGB (red, blue, green) colour scheme is used; x- axis
represents truth membership function values denoted by red
colour, y- axis represents falsity membership function values
denoted by green colour and z- axis represents indeterminacy
membership function value. Though there is no restriction on
the sum of T(x), I,(x) and F4(x) so "0 < T,(x) + Ly(x) + Fy(x) <
3", but for practical purposes, the limit of each 7,(x), Z,(x) and
F,(x) is restricted to standard interval of [0, /]. Considering
this interval, an imaginary unit cube can be constructed using
these three axes as shown in fig: 1.

A. Analytical comparison of neutrosophic logic to other
logics
This unit cube representation is capable of representing the
fact that neutrosophic logic is a generalized representation of
the representation given by other logics.

If we consider the vertices of the cube in figure 1,
following generalizations can be derived:

Vertex 1: (t=0, i=0, f=0) represents determinate paradox

Vertex 2: (t=1, i=0, f=0) represents tautologies in classical set
which have the truth value

Vertex 3: (t= 1, i=0, f= I) represents dialetheism which are
true contradictions, some paradoxes can be denoted this way

Vertex 4: (t= 0, i= 0, f=1) represents classical set with /=1 and
=0

Falsity Membership function

Y- axis

Y
>

X-axis

Truth Membership function

Fig. 1. Neutrosophic geometry
Vertex 5: (1= 0, i=1, f=I) represents contradictions which
have the value indeterminacy and falsity, both set to 1.

Vertex 6: (=0, i=1, f=0) represents complete indeterminate
world, in which nothing can be ascertained about truth or

falsity of any proposition

Vertex 7: (t= 1, i= 1, f=0) represents contradictions which
have both truth and indeterminacy value set to 1.

Vertex 8: (t=1, i= 1, f=1 ) represents paradox, which have
truth value (=1 , i= 1, f~=1 ). Indeed paradox is the only
proposition true and false in the same time in the same world,
and indeterminate as well.

Next the six planes bounded by the cube are discussed:
Assuming n=t+i+f

Plane 1: 3-4-5-8: (0<t<I, 0<i<I, f=I)
Plane 2: 1-4-5-6: (t=0, 0<i<I, 0<f<I)
Plane 3: 1-2-7-6: (0<t<I, 0<i<I, f=0)
Plane 4: 2-3-8-7: (=1, 0<i<I, 0<f<I)

Plane 1,2,3,4 represents the pseudoparadoxist logic, based on
pseudoparadoxes (0 <i< [, t+f> 1)

Plane 5:1-2-3-4: (0<t<l, i=0, 0<f<I) represents intuitionistic
set, which supports incomplete set theories and incomplete
known elements belonging to a set. (for 0<n</ and
i=0,0<t,i,/<1)

It also represents fuzzy set (for n=1, and i=0, 0<t,i,/<1)

Also it represents the paraconsistent logic sets (for » > [ and i
= (0, with both ¢, f< I)



Plane 6:5-6-7-8: (0<¢t<I, i=1, 0<f<I): represents extreme
faillibilism set where i=1, which says that uncertainty belongs
to every proposition (for i > 0).

In general points in the 3-D cube space represents the
multi-valued logic (for 0 < t, i, f < 1); in which the
propositions may take many values beyond simple truth and
falsity values which are functionally determined by the values
of their components; like Lukasiewicz considered three values
(1, 1/2, 0) [47] Post considered m values and they varied in

between 0 and 1 only [48].

Also the faillibilism set can also be represented within the
cube, which says that uncertainty belongs to every proposition
(for i > 0).

As there is no restriction on the sum of T (x), I,(x) and
F4(x) s0 0 < Ty(x) + L(x) + F4(x)< 3", neutrosophic logic let
each component ¢, i, /' be even boiling over 1 (overflooded) or
freezing under 0 (underdried): thus is able to make distinctions
between relative truth and absolute truth, and between relative
falsity and absolute falsity. For example: tautology where ¢ >
1, it is called "overtrue". Similarly, a proposition may be
"overindeterminate" (for i > [, in some paradoxes),
"overfalse" (for f > 1, in some unconditionally false
propositions); or '"undertrue" (for ¢ < 0, in some
unconditionally false propositions), "underindeterminate" (for
i < 0, in some unconditionally true or false propositions),
"underfalse" (for f < 0, in some unconditionally true
propositions). This is because we should make a distinction
between unconditionally true (¢ > /, and /< 0 or i < 0) and
conditionally true propositions (t</, and f< [ or i</).Also
neutrosophic logic generalizes the paradoxist logic, based on
paradoxes where i > / and the tautological logic, that is based
on tautologies where i < 0 & ¢t > 1.

Neutrosophic logic is far better representation of real world
data/executions due to the following reasons:

a. Fuzzy logic though ensures multiple belongingness of a
particular element to multiple classes with varied degree
but capturing of neutralities due to indeterminacy is
missing, further data representation using fuzzy logic is
limited by the fact that membership and non-membership

value of an element to a particular class should sum up to
L.

b. Similarly other allied logics like Lukasiewicz logic [47]
considered three values (1, 1/2, 0), Post [48] considered m
values, etc, but all are constrainted that values can vary in
between 0 and 1 only. No extension beyond 1 or value less
than 0 is permitted.

c. Intuitionistic fuzzy logic though deals with indeterminacy
parameter related to a particular element, but this fact is
still limited with the condition that, for any element x,
indeterminacy value (x)=1 — [membership value(x)+ non-
membership value(x)]. Also there is no provision of
distinguishing ~ between  relative and  absolute
truth/indeterminacy/falsity.

d. In a rough set, an element x that is on the boundary-line
can be classified neither as a member of a particular class
nor of its complement with certainty but this element can
be very well represented by neutrosophic logic , x (T,1F)
with T,[F being standard or non-standard subsets of the
nonstandard interval 10, 1.

V.  REPRESENTATION AND REASONING BASED ON
NEUTROSOPHIC LOGIC VS. FUZZY LOGIC VS. BOOLEAN LOGIC

This section deals with a simple example of obstacle
avoidance by robot from the field of mobile robotics and two
representations and reasoning types, one using fuzzy logic and
other using neutrosophic logic.

Suppose that the goal of our experiment is to control a
mobile robot as shown in fig. 2 using simple algorithm. Here
the robot is equipped with single sensor that estimates the
distance between robots current position and obstacle. The
controller coordinating the movement of robot; would take
distance between the current position and the obstacle (d) as
the input and outputs (a) which is the steering angle of the
robot’s wheel. So essentially this problem reduces to one
input/one output controller, in which inputs and output would
be defined as linguistic variables.

Fig. 2. Mobile robot

A. Fuzzy representation and reasoning

If fuzzy logic approach is followed then following
linguistic rules would be formed:

Rule 1: IF the distance between the robot and the obstacle is
less than 10 cm, THEN turn to the left (o is negative)

Rule 2: IF the distance between the robot and the obstacle is
more than 10 cm, THEN turn to the right (a is positive)

Rule 3: IF the distance between the robot and the obstacle is
nearly 10 cm, THEN keep the direction (o is around 0)

So for input linguistic variable distance: three values are
defined: more than 10 cm, nearly 10 cm and less than 10 cm.
For the steering angle also three values are defined: negative
for negative angles, zero for keeping direction i.e going
straightforward and positive for positive angles.

The universe of discourse for the distance and the steering
angle is shown in fig. 3.The chosen input and output
membership functions have triangular and monotonous
shapes.
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10cm cm 10em Negative Zero
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Fig. 3. Universe of discourse for the distance and the steering angle

With fuzzy controller, intelligent behaviour is expected.
Control value 1s obtained by applying fuzzy implication [49].

For example, suppose that the sensor judges 6 cms for the
distance, so 6 cms belongs to fuzzy set ‘less than 10 cms’ with
truth degree of 0.7 (70%) and has truth degree of 0.2 (20%)
for the fuzzy set ‘nearly 10 cm’, as shown in fig. 4.

Lessthan Nearly 10 More than
10cm cm 10cm

Fem  10cm

Fig. 4. Fuzzification step

Once the input is captured and truth degree in various
fuzzy sets is found, rules are applied:

The antecedent part of Rule 1 and Rule 3 is satisfied with
degree 70 % and 20 %. Rule 2 would not be used as its
premise is not satisfied.

Rule 1 has firing strength 70 %, meaning that the steering
angle has to be negative 70 % and Rule 3 has firing strength
20 %, indicating that robot has to keep the direction with this
degree of truth.

Modulation techniques like centre of gravity (linear
modulation) or mean of maxima (modulation by clipping), can
be applied on the two generated output fuzzy sets for
generating the crisp value of the command. Centre of gravity
method is shown in fig. 5.

Negative Zero Positive

a min 0 @ max

centre of gravity

Fig. 5. Fuzzy inference and defuzzification

B. Neutrosophic representation and reasoning

Proposed neutrosophic representation and reasoning
system would be a special system which would be more
generalized and indeterminacy tolerant in it’s working as
compared to fuzzy counterparts. These Neutrosophic
reasoning systems would differ substantially according to the
nature of the control problems that they are supposed to solve.
Here we are restricting ourselves to the explanation of
neutrosophic reasoning for the simple problem from the field
of mobile robotics.

The advantage of using neutrosophic logic in reasoning
system is that it is very uncommon that the data acquired by
the system would be 100% complete and determinate.
Incompleteness and indeterminacy in the data can arise from
inherent non-linearity, time-varying nature of the process to be
controlled, large unpredictable environmental disturbances,
degrading sensors or other difficulties in obtaining precise and
reliable measurements. Humans can take intelligent decisions
in such situations. Though this knowledge is also difficult to
express in precise terms, an imprecise linguistic description of
the manner of control can usually be articulated by the
operator with relative ease.

Neutrosophic reasoning systems similar to their fuzzy
counterparts would be capable of utilizing knowledge obtained
from human operators. So to deal with such situations wherein
there is possibility of indeterminacy and incompleteness in the
data acquired, neutrosophic representation and reasoning
system is proposed. It is suggested to extend the capabilities of
fuzzy representation and reasoning system by introducing
neutrosophic representation and reasoning system.

The universe of discourse for the distance and the steering
angle in neutrosophic reasoning system is shown in fig. 6.
Here, the difference is that apart from truth membership
functions for various sets as in fuzzy logic, it also supports the
designing of indeterminacy and falsity membership functions;
that helps to capture the percentage of the indeterminacy in the
data captured and also the non-membership to a particular set.
The incompleteness and indeterminacy in the data acquired
could arise from poor vision of the sensor due to insufficient
light or in general it could be due to inherent non-linearity,
time-varying nature of the process to be controlled, large
unpredictable environmental disturbances, degrading sensors
or other difficulties in obtaining precise and reliable
measurements.

The chosen input and output truth/ indeterminacy and
falsity membership functions have triangular and monotonous
shapes.

For the current robot problem: following are the input
membership functions defined:

a. less than 10 cm —truth membership function, less than 10
cm —indeterminacy membership function, less than 10
cm —falsity membership function



b. nearly 10 cm—truth membership function, nearly 10 cm—
indeterminacy membership function, nearly 10 cm-—
falsity membership function

c. more than 10 cm—truth membership function, more than
10 cm— indeterminacy membership function, more than
10 cm— falsity membership function

And following are the output membership function
defined:

a. Negative —truth membership function, Negative -
indeterminacy membership function, Negative —falsity
membership function

b. Zero—truth membership function, Zero — indeterminacy
membership function, Zero — falsity membership
function

c. Positive—truth membership function, Positive -
indeterminacy membership function, Positive— falsity
membership function

Algorithm of the proposed neutrosophic reasoning system
is as stated below:

Stepl: Record the measurements of all the variables that
represent relevant conditions of the controlled process in this
case it is the distance ‘d;” between the robot and the obstacle.

Step2: The acquired measurements are then converted to
appropriate neutrosophic sets to capture the measurement
truth, falsity and indeterminacy using truth, falsity and
indeterminacy membership functions respectively. This step is
called as neutrosophication step. Same has been shown in
part-a of fig. 6.

If the captured distance is d;, then it is mapped to the input
neutrosophic sets. As shown in part-a of fig. 6, so distance d;
belongs to neutrosophic set:

a. less than 10 cm-- truth membership function by ¢,%,
nearly 10 cm-- truth membership function by #,%, where
L=

b. less than 10 cm-- indeterminacy membership
function by i,%, nearly 10 cm-- indeterminacy
membership function by i,%, where i, > i,

c.  less than 10 cm-- falsity membership function by f;%,
nearly 10 cm-- falsity membership function by f,%, where

fi>1e.

Step3: Neutrosophied measurements are then used by the
reasoning system to evaluate the control rules stored in the
neutrosophic rule base. This evaluation will result in a
neutrosophic set or several neutrosophic sets which would be
defined on the universe of possible actions.

If the neutrosophic approach is followed then for input and
output truth membership functions, the neutrosophic rules will
be of the form:

Rulel: IF the distance between the robot and the obstacle is
less than 10 cm-truth membership function, THEN negative-

truth membership function.

Input linguistic variable -d Output linguistic variable - a

lessthan  hearly 10 More than
10cm on Dom Negative Zero

10em @ min £|; o o max
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Fig. 6. Universe of discourse for the (a) distance and (b) the steering angle

Rule 2: IF the distance between the robot and the obstacle is
more than 10 cm- truth membership function, THEN positive-
truth membership functions.

Rule 3: IF the distance between the robot and the obstacle is
nearly 10 cm--truth membership function, THEN zero-truth
membership functions.

Similarly rules will be formed for indeterminacy and
falsity input-output membership functions. To keep the
discussion relatively simple, here we are giving explanation
for deriving output value for the truth component; output
indeterminacy and falsity component values can be derived in
the same way.

According to the captured d,, the antecedent part of Rule 1
and Rule 3 is satisfied with degree #,% and ¢, % respectively.
Rule 2 would not be used as its premise is not satisfied.

Rule 1 has firing strength ¢, %, it means that the steering
angle has to be negative ¢, % and Rule 3 has firing strength ¢,
%, indicating that robot has to keep the direction with this
degree of truth.

Modulation techniques like centre of gravity (linear
modulation) or mean of maxima (modulation by clipping), can
be applied on the two generated output neutrosophic sets for
generating the crisp true value component of the command.
This process is called as de-neutrosophication.

In the same way, indeterminacy and falsity values can also
be obtained. Final output generated is represented as Negative
(¢, i, f), where ¢ corresponds to the truth value generated and i
and f for indeterminacy and falsity values.

For the results generated by neutrosophic reasoning
system, a confidence value can be set for the truth component.
For example if for truth component the confidence value set>=
50%, then for the truth exceeding the confidence threshold, the



associated indeterminacy and falsity values should be
considered insignificant; else the result generated for the given
instance has significant proportion of indeterminacy and/or
falsity associated with it and would call for human expert
intervention for final interpretation.

Insignificant if >=50%

iff=

Significant  if <50%

Though trivial, this example is introduced to give a general
idea of neutrosophic reasoning.

The importance of using Neutrosophic logic in reasoning
systems is its effective representation of information.
Neutrosophic data representation not only reflects the degree
of truthness and falsity of information but also conveys the
degree of indeterminacy associated, because of which it gives
a clear picture about the reliability of the data. Also the three
parameters of truthness, indeterminacy and falsity are
independent of each other that further augment to the freedom
of expression. Besides this, the reasoning system generates the
output by taking into consideration the falsity and
indeterminacy associated with the input data captured, unlike
fuzzy systems.

VI. POSSIBLE APPLICATION AREAS AND CONCLUSION

Whenever the object descriptions are vague or the data
acquired about the object is imprecise; precise mathematical
representations of such objects is not possible. So this paper
explores the geometric representation of various worlds in
section IV, which have varying degree of preciseness,
inexactness and indeterminacy infused in them; all represented
by generalized logic: Neutrosophic logic. This representation
may further be extended to provide a foundation framework for
the development of neutrosophic geometric modelling which
will be useful for both creative design and computer vision
applications.

Section V compares neutrosophic representation and
reasoning system with the fuzzy representation and reasoning
system by explaining the simple robot problem, which
correctly justifies that neutrosophic logic is an extension to the
existing fuzzy systems in their working and are much more
capable of representing and processing ambiguities and
indeterminacies infused in the real world.

As it is clear that all theories that proposes logical
interpretations cannot ever be freed of paradoxes [56], it
becomes utter mandatory and clear that a generalized logic is
required that represents two extremes (true and false) and is
also capable of encompassing continuous spectrum of
neutralities, that can happen due to various levels of
overlapping imprecision and misunderstandings; which as of
date is best represented by Neutrosophic logic.

Since as revealed in the section III that Neutrosophic logic
includes varied range of logics, so there seems a possibility of
potential conversion of logic specific systems to more
generalized and indiscriminate logical systems that can exhibit
different logical behaviors depending on the nature of the
problem being solved; which is possible by integrating
neutrosophic logic in systems.

So definitely neutrosophic logic holds its chance to be
experimented and utilized for real world executions and human
psychology simulations. Neutrosophic logic can find
application in the areas like Web intelligence, medical
informatics, bioinformatics, decision making, relational
databases, image processing, preference structures, expert
systems, soft computing techniques etc. where the information
is very commonly inconsistent, incomplete, uncertain and
imprecise.

VII. FUTURE WORK

Neutrosophic logic is an extended and general framework
to measure the truth, indeterminacy, and falsehood-ness that
closely resembles human psychological behaviour. This paper
discusses the theoretical aspects of applying neutrosophic
logic in real world problems, practical aspects of the same can
be tried in different domains. Also to augment the capabilities
of this generalized logic, the hybridization with other soft
computing techniques like evolutionary computing- genetic
algorithm, neural networks, can be tried and experimented.

REFERENCES

[1] L. A. Zadeh, “Fuzzy sets,” Inf. Control,vol. 8, pp. 338-353, 1965.

[2] L.A. Zadeh, “Fuzzy logic = computing with words,” [EEE Trans. on
Fuzzy Syst.,vol. 4, pp. 103—111, 1996.

[3] L.A. Zadeh, “Toward a theory of fuzzy information granulation and its
centrality in human reasoning and fuzzy logic,” Fuzzy Sets and Syst.,
vol. 90, no. 2, pp. 111-127, 1997.

[4] R.R. Yager, “Decision making with fuzzy probability assessments,”
IEEE Trans. on Fuzzy Syst., vol. 7, pp. 462-467, 1999.

[51 R.R. Yager, “A general approach to uncertainty representation using
fuzzy measures,” in Proc. 14" Int. Florida Artificial Intelligence
Research Society Conf. (FLAIRS-01), 2001, pp. 619-623.

[6] J.J. Buckley, “Fuzzy probability and statistics,” Series: Studies in
Fuzziness and Soft Computing, vol. 196, Springer, 2003.

[71 L.A. Zadeh, “Generalized theory of uncertainty (GTU) — principal
concepts and ideas,”, Computational statistics & Data Analysis, vol. 51,
pp. 1546, 2006.

[8] L.A. Zadeh, “Computation with imprecise probabilities,” in Proc. 7"
Int. Conf. on Applications of Fuzzy Systems and Soft Computing (ICAFS
2008), 2008, pp. 1-3.

[91 R.A. Aliev, “ Modelling and stability analysis in fuzzy economics,”
Applied and Computational Mathematics an International Journal, vol.
7, no. 1, pp. 31-53, 2008.

[10] L.A. Zadeh et al., “ Decision theory with imprecise probabilities, ” in
Contract on Application of Fuzzy Logic and Soft Computing to
Communications, Planning and Management of Uncertainty, Berkeley,
Baku, 2009.

[11] R.A. Aliev et al., “Unprecisiated information-based approach to decision
making with imperfect information,” in Proc.9" Int. Conf on
Application of Fuzzy Systems and Soft Computing (ICAFS-2010), 2010,
pp. 387-397.



[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

(21]
[22]

(23]

(24]

[25]

[26]

[27]

(28]
[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

S.G. Tzafestas et al., “Fuzzy Logic Applications in Engineering
Science,” Microprocessor based and Intelligent Systems Engineering,
vol. 29, Springer, Netherlands, 2006, pp. 11-30.

L. Zadeh, “The concept of a linguistic variable and its application to
approximate reasoning-1,” Inform. Sci.,vol. 8, pp. 199-249, 1975.

1. Grattan-Guiness, “Fuzzy membership mapped onto interval and many-
valued quantities,” Z. Math. Logik. Grundladen Math, vol. 22, pp. 149-
160, 1975.

K. U. Jahn, “Intervall-wertige Mengen,” Math.Nach, vol. 68, pp. 115-
132, 1975.

R. Sambuc, “Fonctions ®-floues. Application 1I’Aide au Diagnostic en
Pathologie Thyroidienne,” Ph. D. Thesis, Univ. Marseille, France, 1975.

L.A. Zadeh, “Computing with words and perceptions—a paradigm
shift,” in The 2009 IEEE Int. Conf. on Information Reuse and
Integration, 2009.

R. R. Yager, “Fuzzy subsets of type Il in decisions,” J. Cybern., vol. 10,
pp. 137-159, 1980

J. L. Chaneau, M. Gunaratne, and A. G. Altschaeftl, “An application of
type-2 sets to decision making in engineering,” in Analysis of Fuzzy
Information, vol. 2, Artificial Intelligence and Decision Systems, J. C.
Bezdek, Ed. Boca Raton, FL: CRC, 1987.

R. L. John, “Type 2 fuzzy sets: An appraisal of theory and applications,”
Int. J. Uncertainty, Fuzziness, Knowledge-Based Syst., vol. 6, no. 6,
pp.563-576, Dec. 1998.

J. M. Mendel, “Advances in type-2 fuzzy sets and systems,” Inf.Sc., vol.
177, no. 1, pp. 84-110, 2007.

N. Belnap, “A Useful Four-Valued Logic,” in Modern Uses of Multiple-
Valued Logics, D.Reidel, ed., pp. 8-37, 1977.

Y. Kaluzhny, A. Y. Muravitsky, “A knowledge representation based on
the Belnap's four-valued logic,” Journal of Applied Non-Classical
Logics, vol. 3, no. 2, pp. 189-203,1993.

S.Chopra, R. Parikh, “An inconsistency tolerant model for belief
representation and belief revision,” Proc.16™ Int. joint confon Artifical
intelligence, vol.1, Morgan Kaufmann Publishers Inc., 1999.

A. P. Pynko, “Functional completeness and axiomatizability within
Belnap's four-valued logic and its expansions,” Journal of Applied Non-
Classical Logics, vol. 9, no. 1, pp. 61-105, 1999.

Z. Pawlak, “Rough sets,” International Journal of Computer and
Information Sciences, vol. 11, no.5, pp. 341-356, 1982.

Z. Pawlak, “Rough set approach to knowledge-based decision support,”
European journal of operational research, vol. 99, no.l pp. 48-57,
1997.

Z. Pawlak, “Rough set theory and its applications to data analysis,”
Cybernetics & Systems, vol. 29, no.7 pp. 661-688, 1998.

M. Kryszkiewicz, “Rough set approach to incomplete information
systems,” Information sciences, vol. 112, no. 1, pp. 39-49, 1998.

A. Skowron, “Rough sets perspective on data and knowledge,”
Handbook of data mining and knowledge discovery, Oxford University
Press, Inc., 2002.

K.T. Atanassov, “Intuitionistic fuzzy sets,” Fuzzy sets and Systems, vol.
20, no.1, pp. 87-96, 1986.

G. Deschrijver, E. E. Kerre, “On the position of intuitionistic fuzzy set
theory in the framework of theories modelling imprecision,” Information
Sciences, vol. 177, 1n0.8 , pp. 1860-1866, 2007.

S.K. De et al., “An application of intuitionistic fuzzy sets in medical
diagnosis,” Fuzzy Sets and Systems, vol. 117, no. 2, pp. 209-213, 2001.

D. F. Li, “Multiattribute decision making models and methods using
intuitionistic fuzzy sets,” Journal of Computer and System Sciences, vol.
70, no.1, pp. 73-85, 2005.

H.W. Liu, G. J. Wang, “Multi-criteria decision-making methods based
on intuitionistic fuzzy sets,”  European Journal of Operational
Research, vol. 179, no. 1, pp. 220-233, 2007.

K. T. Atanassov, G. Gargov, “Interval valued intuitionistic fuzzy sets,”
Fuzzy sets and systems, vol. 31, no.3, pp. 343-349, 1989.

LK. Vlachos, G.D. Sergiadis, “Intuitionistic fuzzy information—

Applications to pattern recognition,” Pattern Recognition Letters, vol.
28, no.2, pp. 197-206, 2007.

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

[49]

J. Ye, “Multicriteria fuzzy decision-making method based on a novel
accuracy function under interval-valued intuitionistic  fuzzy
environment,” Expert Systems with Applications, vol. 36, no.3, pp.
6899-6902, 2009.

Z. Wang et al., “An approach to multiattribute decision making with
interval-valued intuitionistic fuzzy assessments and incomplete
weights,” Information Sciences, vol. 179, no.17, pp. 3026-3040, 2009.

W. L. Gau, D. J. Buehrer, “Vague Sets,” IEEE Trans. Systems Man
Cybernet, vol. 23. No. 2, pp. 610-614, 1993.

H. Bustince, P. Burillo, “Vague sets are intuitionistic fuzzy sets,” Fuzzy
sets and systems, vol. 79, no.3, pp. 403-405, 1996.

F. Smarandache, “Linguistic Paradoxists and Tautologies,” Libertas
Mathematica, University of Texas fat Arlington, vol. 19, pp. 143-154,
1999.

F. Smarandache, “ A Unifying Field in Logics: Neutrosophic Logic, in
Multiple-Valued Logic,” An International Journal, vol. 8, no. 3, pp.
385-438, 2002

F. Smarandache , “ Neutrosophy, A New Branch of Philosophy, in
Multiple-Valued Logic,” An International Journal, vol. 8, no. 3,2002,
pp. 297-384.

F. Smarandache , editor Proc. I Int. Conf. on Neutrosophy,
Neutrosophic Logic, Neutrosophic Set, Neutrosophic Probability and
Statistics, University of New Mexico, Gallup Campus, Xiquan, Phoenix,
2002, pp. 147.

F. Smarandache, “Definition of Neutrosophic Logic — A Generalization
of the Intuitionistic Fuzzy Logic,” Proc.3" Conf. European Society for
FuzzyLogic and Technology, EUSFLAT 2003, Zittau, Germany;
University of Applied Sciences at Zittau/Goerlitz, 2003, pp. 141-146.

J. Lukasiewicz, “O logice tr'ojwarto 'sciowej,” Ruch Filozoficzny, vol. 5,
pp. 169-171,1920.

E.L. Post, “Introduction to a general theory of propositions,” Amer. J.
Math, vol. 43, pp. 163-185, 1921.

E. H. Mamdani, S. Assilian, “An experiment in linguistic synthesis with
a fuzzy logic controller,” Int. J. Man- Mach. Stud., vol. 7, pp. 1-13,
1975.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


