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Parametric Solutions of Fermat’s Equation

Sudhangshu B. Karmakar

Abstract- The values of the variables of the equation, a” + b" = ¢", are first obtained in terms of two parameters g and h.
By substituting these values in the equation it is verified that these parametric solutions as obtained indeed satisfy the
Fermat’s Equation.

L. [NTRODUCTION

Ever since the French mathematician Pierre de Fermat[1] stated the conjecture in 1630 that
the equation, a" + b" = c", cannot have any solutions if a, b, ¢ are non-zero integers each > 0
and n is an integer > 2, the equation has been a subject of intense and often heated discussions
amongst mathematicians and aspirants alike. This conjecture is known as Fermat’s Last
Theorem. The fact that Fermat claimed to have a proof but never wrote it down has put the
researchers in a quandary since nobody has yet been able to duplicate the proof the way Fermat
originally claimed. Perhaps, the strong appeal of the problem is the simplicity and elegance of
its statement contrasted with apparent hopelessness [2] of an elementary way to establish it.
Finally, in around 1995 Wiles [3, 4] offered a proof of the Theorem. His paper incorporates by
reference [5 ,6] a vastly larger body of mathematical work developed over the last several
decades. And it requires an extraordinary arsenal [7] of mathematical tools to understand
Wales’s complex and very lengthy proof. Consequently, the quest for a simple and short proof
continues. In this paper, based on elementary principles, simple parametric solutions of the
equation are presented.

[I. THE THEOREM

Fermat asserted [6,7,8] that if a, b, ¢ are nonzero positive integers and n is an
integer > 2 then there is no solution of the equation (1).

a" + b" = " 1)
This paper offers a simple proof of the theorem based on elementary principles.
[II.  SIMPLIFICATION OF THE THEOREM

It is enough to prove [ 1,7 ] the theorem when the variables are relatively prime integers
designated as (a, b, ¢) = 1, 2|b and the exponent is a prime k > 3.
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[V. STRATEGY OF THE PROOF

Lemma-1 2
To be candidates for integer solutions of (1) the variables a, b, ¢ must form the three sides of an
acute angled triangle ABC under the given conditions.

ak+ bk = ck 1)

Notes

Conditions: (a, b,c)=1,c>a> b, 2|b, prime k > 3.

Proof-

Case-1: a+ b <= c then ak+ b* + M < c¥, M > 0. So a* + b¥ = cX is impossible.
Case-2: a + b > c. Therefore, a, b, ¢ must form the three sides of the triangle ABC.

If ABC is a nonacute triangle then a®+ b? <=c? then ¢ ¥? a? + ¢ ¥? b? <=c
Since ¢ >a > b . Obviously, a“+ b*< c*. Hence a+ b*c* is impossible.

Therefore, ABC must be an acute angled triangle.

This proves Lemma-1
Proof of the Theorem.

To prove the theorem an auxiliary equation (1.1) is introduced:
X2k + y2k - ZZk (11)

By comparing (1) and (1.1) it is seen that a =x?, b = y? and ¢ = z?
Therefore, by obtaining solutions of (1.1) solutions of (1) can be obtained.

The variables are first assumed to be integers each > 0.

Under these assumptions parametric solutions of (1.1) are obtained.

To prove the theorem the variables are first to be nonzero integers and a parametric solution of
the equation is obtained. And then it is argued that these parametric solutions cannot lead to
integer solutions of the equation.

Parametric Solutions of the Equation:
V.  HypPOTHESIs-1

There exist integers g and h such that (2) and (3) are satisfied [10,p-536] for integers such that
X=x2Y=Vy?% (x,y)=1(g,h) =1, 2h.

X +iY = (g+ih) 2) X—iY = (g-ih)X (3)

By multiplying the corresponding sides of (2) and (3) one gets (4) where tan H = h/g,
O0<H< n/2.

X2 + Y2 = (g? + h?)X [(cos kH)? + (sin kH)?] )

2021 Global Journals
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Since (cos kH)? + (sin kH)? = 1 one gets (5).
X2 + Y2 = (92 + h2)k (5)
By comparing (4) and (5) (6) is obtained.
g*+h* =22 (6)

Therefore, the variables g, h, z are the three sides of a right triangle ZGH where z is the
hypotenuse. Since all the sides and the area of the triangle are rational it is a rational[11] right
triangle. Therefore, one gets (7) and (8).

x = z(cos kH) (7)

y = z(sin kH)*X ®)
It is verified that (7) and (8) are indeed the parametric solutions of (1.1)

Now by noting that a = x?, b =y?, ¢ =22 (7.1) and (8.1) are obtained.
a=c(cos kH)?* (7.1) b =c(sin kH)¥ (8.1)

By substituting these values of a, b in (1) it is verified that a, b, c as given by (7.1) and (8.1) are
indeed the parametric solutions of (1).

Next challenge is to prove that given c is an integer > 0, (a, b) = 1 is impossible in (7.1) and (8.1)
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Forecasting of Fog by using Fuzzy
Interference Systems

Md. Anisur Rahman

Abstract- In this study the method of fuzzy interference systems are used to evaluate fog forecasting. Input variables
used in this study included the situation of fog parameters dew point, dew point spread, rate of change of dew point
spread wind speed and sky coverage. The membership functions are generally trapezoids, although simpler functions
such as friangles and rectangles and even delta functions are often used. The degrees of membership of the system
inputs are also examined. The strength of a rule has been derived from the corresponding degrees of membership of
the system inputs. Only 16 rules of the entire set of 144 would have non-zero values, or strengths. The techniques
indicate some preliminary results using real data. The final system output is then calculated as the weighted average of
the centroid of each membership function with the area of the enclosed set used as the weighting factor. These
centroids and weighting areas of the current values were calculated to find the forecasting of fog. The result of this study
would hopefully help the planners and program managers to take necessary actions and to development air, marine,
and road traffic etc.

Keywords: fuzzy logic, membership function, parameter, forecast, fog.

l. INTRODUCTION

Fog forecasting is one of the most important and demanding operational
responsibilities carried out by meteorological services worldwide. It is a difficult process
that includes numerous specialized technological fields. Fog is a type of weather
phenomenon that reduces the atmospheric horizontal visibility to below 1 km due to the
suspending of ice or water droplets in the atmosphere near the surface [1]. Fog is an
observable aerosol consisting of little water droplets or ice crystals floating in the air at
or near the Earth’s surface. It can be considered a type of low-lying cloud generally
similar to stratus, and is seriously influenced by nearby bodies of water, topography and
wind conditions. In turn, fog has affected many human activities, such as shipping,
travel, aircraft communication and warfare [2]. The effect of fog on human life was
recognized in the early ages of mankind but its impact has significantly increased during
recent decades due to increasing air, marine, and road traffic. In fact, the financial and
human losses connected to fog and low visibility became similar to the losses from other
weather events, e.g., tornadoes or, in some situations, even hurricanes. Moreover, when
the fog contains heavy pollutants, it is also harmful to human health [3].

Recently, many studies revealed that when stern fog formed, it generally showed
obvious volatile features, including sudden surge of fog drop number density, obvious
increase in the fog drop scale and water content, sharp plunge of visibility from several
hundred meters to below 50 meters, and fast changing from heavy fog to severe fog
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within a very short time period (about 30 min) [4]. With the improvement of temporal
resolution of droplet spectrometer, [5] analyzed microphysics processes and macroscopic
situation of fog droplet spectrum widening. He pointed out that the former stage of fog
droplet spectrum widening mainly occupied nucleation and condensation processes,
while the latter stage mainly involved coagulation and concentration processes.
Turbulence not only plays a significant role in heat, momentum, and moisture vertical
transfers but also is the necessary condition for coagulation and increase of fog droplet.
Radioactive cooling alone cannot produce large fog droplets, while greater super
saturation and turbulence can promote the formation of large droplets [6]. Although fog
and haze are different weather phenomena, their formations have similarity. They all
form under breeze, high humidity, and static stability condition [7]. The haze aerosols
can be transformed to fog droplets under certain conditions [8]. With the increasingly
heavy traffic, there has been a recent increase in demand for accurate fog forecasting.
However, fog forecasting is currently still challenging. Current performance of fog
forecasting is much lower than that of precipitation forecasting from the same
operational prediction systems at the national centers for environmental prediction [9].
Beside model resolutions, fog forecasting has also shown to be highly sensitive to initial
conditions [10]. With the rapid evolving technologies in the field of meteorology, it is
desirable to merge the experience of many forecasters with algorithms that may aid in
difficult forecasting situations [11]. One such method is called fuzzy logic. Fuzzy logic is
a simple yet powerful problem solving technique with widespread capabilities. It is
currently used in the fields of business, systems control, electronics and traffic
engineering. The technique can be used to generate solutions to problems based on
vague, ambiguous, qualitative, incomplete or imprecise information [12].

There are many weather forecasting difficulties that fit the previous description
where precise, analytical solutions do not exist. How precise the culturally built original
climate knowledge of extreme climatic events is, and how acquiescent it is to fuzzy logic
[13]. Fuzzy set theory is a tool for modeling the kind of uncertainty associated with
ambiguity, feeling and/or with a lack of information regarding particular element of the
problem in hand [14]. Developed fuzzy logic model is made up of two functional
components; the knowledge base and the fuzzy reasoning or decision making unit [15].
Fuzzy inference is the actual procedure of mapping with a given set of input and output
through a set of fuzzy systems [16]. Two operations were performed on the fuzzy logic
model; the fuzzification operation and defuzzification operation. Fuzzy logic based
forecasting method by using the Mamdani fuzzy inference system may be successively
used for different environmental problem assessment to moderate unexpected
meteorological problems [17]. Hence the study is based on the application of Mamdani
fuzzy inference system in one of the meteorological procedure, which is fog in order to
get forecasting of the region. The aim of this study is to develop a fuzzified model for
fog forecast and explores the use of fuzzy logic in fog forecasting.

[I. METHODOLOGY

Fuzzy logic is a methodology to delicacy uncertainty in systems whose variables
are rather qualitative, imprecise or ambiguous. Over the past few years, this
methodology has been increasingly adopted as a constructive technique in a variety of
environmental issues but has restricted applications in weather prediction. The
appropriateness of fog occurrence for conduct with fuzzy logic has been tested with
hopeful results [18, 19]. More recently, a fuzzy logic is system for the analysis and
prediction of cloud ceiling and visibility [20]. Also reports on the use of such a
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forecasting system to forecast ceiling and visibility and concludes that the fuzzy system
outperforms persistence-based forecasts [21]. Fuzzy sets are the collection of objects
with the same properties, and in crisp sets the objects either belong to the set or do not.
In practice, the characteristic value for an object belonging to the considered set is
coded as 1 and if it is outside the set then the coding is 0. In crisp sets, there is no
ambiguity or vagueness about each object belongs to the considered set. So uncertainty
always arises concerning the assessment of membership values 0 or 1. In order to
assuage such situations generalized the crisp set membership degree as having any value
continuously between 0 and 1 [22]. An object with membership function 1 belongs to
the set with no doubt and those with 0 membership functions again absolutely do not
belong to the set, but objects with transitional membership functions partially belong to
the same set. Fuzzy set theory has been examined in hydrological modeling such as fog
forecasting, inflow prediction and reservoir operation. Several reservoir operation
techniques based on fuzzy systems and fuzzy control systems for reservoir operations
can be found in the literature along with the use of genetic algorithms. These models
include fuzzy optimization techniques, fuzzy rule based systems and hybrid fuzzy
systems. In these models, fuzzy rules were created using expert knowledge or observed
data. In fuzzy logic, values of variables are expressed by linguistic terms, the
relationship is defined in terms of IF-THEN rules and the outputs are also fuzzy subsets
which can be made crisp using defuzzification techniques [23]. Finally, it is expected
that the findings of the study will support fog observing and the outcomes will
demonstrate weather forecasting in the future.

[1I.  Fuzzy SET

Let X be a universal set. Then A is called a (fuzzy) subset of X if Ais a set of
ordered pairs.

A={(% (X)) : X X, 1 (¥) €[04}

where £, is the membership function of Aand g,(X) is the grade of the membership
of xin A.

The linguistic expression for the variables and their membership functions are
evaluated from the following triangular membership functions and it is defined by a
lower limit @, an upper limit b and a value M, where a<m<b. The value of the
membership function x(x), ranges from 0 to 1, with 0 denoting no membership, 1 for
full membership and values in between has partial membership as shown in figure 1.
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Figure 1: Basic graph of Fuzzy membership function
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The methodology employed is referred to as the centre-of-gravity method of
trapezoidal diagram in which the area of all applicable output sets, limited in height by
the applied rule strength, are evaluated and a weighted mean value of the output is
calculated.

Therefore the fog forecastingzziclp*, where C = weighted average of the
A
centroid of each membership function and A = area of the trapezium enclosed set used
as the weighting factor.

IV.  Fuzzy INTERFERENCE SYSTEMS

The fuzzy inference system is an important part of the fuzzy logic system.
Decision-making is the main work of it performs. It makes use of the rules of IF and
THEN along with the AND and OR connectors which represent some essential rules for
decision making. It is a framework which depicts the actual procedure of converting an
input into an output using fuzzy logic. Fuzzification, defuzzification, membership
function are the building blocks of fuzzy inference system. Employing fuzzy IF-THEN
rules to express input—output relationships and model the qualitative inputs and logic
procedure for creating the output. The fuzzy inference systems include a set of
precursor and consequential fuzzy membership functions as well as a set of Fuzzy IF-—
THEN rules which considered a firm basis for developing the core of any system which
strength be used for making decisions in vague and inaccurate situations. A fuzzy
inference system is impersonating human intelligence for quantify the ambiguity in real
world situation through proper modeling of the fuzziness of real world data by suitable
rule bases. The IF portion of a rule refers to the degree of membership in one of the
fuzzy sets. The THEN portion refers to the consequence, or the associated system
output fuzzy set which is discussed below. One rule could be stated:

IF (dry AND unsaturated AND drying AND light AND cloudy) THEN (low
probability of fog).

The rules must be constructed for each system and must rely on the experience
of the forecaster. The total number of rules is the product of the number of fuzzy sets
characterizes the system.

V. Fuzzy SYSTEMS INPUT

The meteorological observable fact select here to reveal this method is that of
the occurrence of fog. Several techniques have been developed and used over the years
to assist in the forecasting of the beginning of the fog. Although no analytic method has
yet been discovered, the basic physical principles involved in fog forecasting are thought
to be well understood. Perspective of the current model of fog forecasting, general terms
associated with fuzzy logic will be introduced. In general, a problem to be solved is
referred to as a system. System inputs are those substantial variables that are thought
to completely determine the solution to the problem, or system outputs. In the current
model the system output is the probability of the occurrence of fog within the next
(approximately) six hours. System inputs to be used in this study are the situation of
fog parameters dew point, dew point spread, rate of change of the dew point spread,
wind speed and sky coverage. These system inputs are readily available, and their
values are naturally measured when a forecaster decides if or when fog will develop. It is
understood that there are other substantial variables that forecasters may judge
important in the formation of fog. Fuzzy inference is the actual procedure of mapping
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with a given set of input and output through a set of fuzzy systems. The system inputs
are categorized into actually significant domains called fuzzy sets. Fuzzy sets are simply
qualitative descriptions of the selected domains of the inputs, each of which is thought
to have a specific effect on the output. Table 1 show the fog parameters which used in
this study.

Table 1: Situation of fog parameters

Dew Point Spread | Rate of change of
Dew Point (DPS) the DPS Wind Speed Sky
Dry Very Saturated Drying Light Cloudy
Moderate Saturated Saturating Excellent Clear
Moist Unsaturated Strong
Very Moist

The interpretation of the qualitative description of these fuzzy sets, and the
substantial effect on the probability of occurrence of fog should be apparent. Dew point
is closely associated to relative humidity, which is the ratio of the pressure of water
vapor in a parcel of air relative to the saturation pressure of water vapor in that same
parcel of air at a specific temperature. Relative humidity is expressed as a percentage.
The value of the current dew point is categorized into one of four fuzzy sets: dry,
moderate, moist and very moist. Similarly, the value of the dew point spread is
described as unsaturated, saturated or very saturated. The rate of change of the dew
point spread (flC/hour) is only characterized by one of two categories, whether the
atmosphere is drying (a positive rate) or shows a saturating trend (a negative rate).
The wind speed effect upon the probability of fog formation is described as either strong
or excellent or light, whose are unfavorable conditions, or being in the range that is
favorable for fog formation. Similarly the sky conditions are classified into either cloudy
or clear. The determination of the fuzzy sets is derived solely from experience. A
developer of a fuzzy system must sensibly decide these categories such that logical
systems outputs will be obtained. The fuzzy sets are quantitatively defined by
membership functions. These functions are typically very simple functions that cover a
specified domain of the value of the system input. The functions are generally
trapezoids, although simpler functions such as triangles and rectangles and even delta
functions are often used. The fuzzy sets of the fog parameters in this study are shown in
Figures 2 through 6.
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Figure 2: Graph of the membership function of dew point and corresponding fuzzy
levels (dry, moderate, moist, very moist)
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Figure 3: Graph of the membership function of dew point spread and corresponding
fuzzy levels (very saturated, saturated, unsaturated)
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Figure 4: Graph of the membership function of the rate of change dew point spread and
corresponding fuzzy levels (saturating and drying)
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Figure 5: Graph of the membership function of wind speed and corresponding fuzzy
levels (light, excellent and strong)

100
80

60
40

20

n(x)

Figure 6: Graph of the membership function of sky condition and corresponding fuzzy
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Each value of system input will belong to at least one fuzzy set and more than
one fuzzy set. This is possible because during construction the adjacent fuzzy sets are
made to overlap. A rule of thumb is to ensure that the sets overlap by approximately
25 percent. This is the foundation of the technique of fuzzy logic. Dew point value as
indicated of 13°C is seen to be both a member of the moist and the very moist sets in
Figure 2. The membership function associated with each fuzzy set provides a
quantitative value of the degree of membership of the input into each fuzzy set. In
Figure 2 a value of 13lC is a 32% member of the moist set, a 68% member of the very
moist set. Otherwise dew point spread value surround 0.5°C is seen to be both a
member of the saturated and unsaturated sets. In Figure 3, the value of 0.5°C is 75%
member of the saturated set and 25% member of the unsaturated set. Whereas the rate
of change of dew point spread value contains -1°C/hour is a show to be both a member
of the saturating and drying sets. In Figure 4, the value of -1°C/hour is 72% member of
the saturating set and 28% member of the drying set. Similarly, the wind speed value
indicated 10 kts is a demonstrated to be a member of the light, excellent and strong
sets. In Figure 5, the value of 10 kts is 72% member of the excellent set and 28%
member of the strong set. The sky condition value indicated 3 oktas is to be a member
of the clear and cloudy sets. In Figure 6, the value of 3 oktas is 100% member of the
clear set and 0% member of the cloudy set.

The degrees of membership of the system inputs are evaluated as discussed
above. The determination of the system outputs (probability of fog formation) follows
from the evaluation of a set of predefined rules. The strength of a rule is derived from
the corresponding degrees of membership of the system inputs. Since an input can be
member of multiple fuzzy sets, then different rules involving these sets can be applied.
The higher degrees of membership result in corresponding rules which have more
strength in the final estimated procedure. In other words, the number of rules equals all
possible permutations of categorized system inputs. Here there are four sets associated
with the dew point, three with the dew point spread, two with the rate of change of the
spread, three with the wind speed and two with the sky condition. The total number of
rules that completely define the set then is 4x3x2x3x2=144. It is easy to see how the
number of rules rapidly expands with each system input and related fuzzy sets. The
strength of a rule is the value of its least true antecedent, or IF portion, which is simply
the degree of membership of each system input in the corresponding fuzzy sets. More
than one rule can lead to the same consequence. In this case, the rule with the highest
strength is used.

VI.  SysTEmM OUTPUTS

The system outputs are also defined by membership functions similar to the
inputs. The sets for the present pattern are given in Figure 7.
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” Figure 7: Graph of output membership function of the probability of fog formation
B The output membership functions assist in determining a final value of the
= system output. The procedure is basically the inverse of the evaluation of the degrees of
7 membership. The methodology in use is referred to as the centre-of-gravity method of
> trapezoidal diagram in which the area of all appropriate output sets, limited in height
~ by the useful rule strength, are evaluated and a weighted mean value of the output is
= calculated.
> VIL.  RESULTS
o
o In this section will demonstrate an explicit case of the technique as well as
= indicate some preliminary results using real data. It is indicate the procedure as
~  applied to the current forecast of the probability of fog. The membership assignment
- above: the dew point, dew point spread, rate of change of the dew point spread and
—  wind speed each involve two fuzzy sets while the sky coverage only involves one set
é (2x2x2x2x1)=1 . There are only 16 rules of the entire set of 144 will have non-zero
7 values, or strengths. The antecedents of all applicable rules along with the predefined
f corresponding output sets are:
Z 1. IF (moist AND unsaturated AND drying AND strong AND clear) THEN (low
£ probability of fog)
o 2. IF (moist AND unsaturated AND drying AND excellent AND clear) THEN
§ (medium probability of fog)
“ 3. IF (moist AND unsaturated AND saturating AND strong AND clear) THEN
s (medium probability of fog)
¢ 4. IF (moist AND unsaturated AND saturating AND excellent AND clear) THEN
3 (high probability of fog)
_: 5. IF (moist AND saturated AND drying AND strong AND clear) THEN (medium
- probability of fog)
6. IF (moist AND saturated AND drying AND excellent AND clear) THEN (very
high probability of fog)
7. IF (moist AND saturated AND saturating AND strong AND clear) THEN (very
0 high probability of fog)

8. IF (very moist AND saturated AND saturating AND excellent AND clear) THEN
(very high probability of fog)

9. IF (very moist AND unsaturated AND drying AND strong AND clear) THEN (low
probability of fog)
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10. IF (very moist AND unsaturated AND drying AND excellent AND clear) THEN
(low probability of fog)

11. IF (very moist AND unsaturated AND saturating AND strong AND clear) THEN
(low probability of fog)

12. IF (very moist AND unsaturated AND saturating AND excellent AND clear)
THEN (medium probability of fog)

13. IF (very moist AND saturated AND drying AND strong AND clear) THEN (low
probability of fog)

14. IF (very moist AND saturated AND drying AND excellent AND clear) THEN
(high probability of fog)

15. IF (very moist AND saturated AND saturating AND strong AND clear) THEN
(very high probability of fog)

16. IF (very moist AND saturated AND saturating AND excellent AND clear) THEN
(very high probability of fog)

Determine the rule strengths are the value of its weakest or least valued
antecedent. In the first applicable rule above the value of its antecedents are, in order:
68% (moist dew point), 25% (saturated spread), 28% (drying rate), 28% (excellent wind
speed) and 100% (clear sky). The rule strength is then 25. In a similar way, the other
rule strengths are evaluated and are listed below

Table 2: Rule Strengths in the current value

Rule Value Rule Value
6) %5 ) 25
6) % ®) %5
(i) 75 €5) %
i) 75 (i) %5
™) 78 (xifi) 28
(vi) 28 (xiv) 28
(vii) 28 (xv) 28

(viil) 68 (xvi) 32

This is the applicable rules of the system output for probability of fog formation.
The several sets of rules above share the same consequence, or system output. The
value of the output is assigned the value of the "most true”, or strongest, rule. To
illustrate, rules one and two above have as their consequence a low probability of fog
formation. Table 2 shows that rules one and two both have a strength of 25, and
consequently then the limiting value associated with a low probability of fog is assigned
25. It will be seen next how this limiting value is working. Table 3 shows the values for
each of the system output fuzzy sets.

Table 3: Limiting values for each of the system output fuzzy sets

Very Low Low Medium High Very High
0 25 28 32 68

Figure 7 denotes how these limiting values for each output fuzzy set are used. An
individual output membership function is restricted in height by its corresponding
limiting value. Then the remaining area of the membership function is calculated. The
final system output is then calculated as the weighted average of the centroid of each
membership function, with the area of the enclosed set used as the weighting factor.
Table 4 shows centroids and weighting areas of the current values.
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Table 4: Centroids and weighting areas of output fuzzy sets

Output fuzzy set very low low medium high very high
Centroid (C,) 15 30 45 60 75
Area(A,) 0 625 800 1700 1875

Hence the final system output

>.CA

=59.5 which value represents the

A

probability of fog. Finally in this study the fog forecasting is 60%.

XVII. CONCLUSION

In this study obtained five input variables are dew point, dew point spread, the
rate of change of the dew point spread, wind speed and sky condition at a particular
time and output variable is the probability of fog. These five input variables are
selected because which is the main factors of the influence the occurrence of fog. Within
the context of the current model of fog forecasting, general terms associated with fuzzy
logic introduced. The main work that it performs is decision-making. It makes use of
the rules of IF and THEN along with the AND connectors which in turn lets it draw
some essential rules for decision making. It is a framework which depicts the actual
process of converting an input into an output using fuzzy logic. The fuzzy sets are
quantitatively defined by membership functions. These functions are typically very
simple functions that cover a specified domain of the value of the system input. The
functions are generally trapezoids, although simpler functions such as triangles and
rectangles and even delta functions are often used. The graphs of the membership
function are shown in Figures 2 to 6. The output membership functions assist in
determining a final value of the system output. The methodology employed is referred
to as the centre-of-gravity method of trapezoidal diagram in which the area of all
applicable output sets, limited in height by the applied rule strength, are evaluated and
a weighted mean value of the output is calculated. There are only 16 rules of the entire
set of 144 will have non-zero values, or strengths. The technique as well as indicate
some preliminary results using real data. It is indicate the procedure as applied to the
current forecast of the probability of fog. In figure 6, the limiting values for each output
fuzzy set are used. An individual output membership function is restricted in height by
its corresponding limiting value. Then the remaining area of the membership function is
calculated. The final system output is then calculated as the weighted average of the
centroid of each membership function, with the area of the enclosed set used as the
weighting factor (Table 4). These centroids and weighting areas of the current values
are calculated to find the probability of fog. Finally, this study attempted to forecast
the fog based on Situation of fog parameters and fuzzy logic.
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Estimating the Proportion of True Null
Hypotheses: A Likelihood Approach

Hualing Zhao * & Hanfeng Chen °

Abstract- Many estimators for the proportion 7 of the true null hypotheses in a multiple testing problem have
been proposed in literature. Motivated from the work on the histogram approach, in this article we propose a
new estimator based on the likelihood function with an approximating alternative histogram. AIC is used to
select the number of bins for the histogram. Simulation study demonstrates that the new estimator outperforms
and substantially improves existing methods including Storey estimators, convex density estimator, and
histogram estimator. The new method is applied to a real-life data set of breast cancer.

Keywords: akaike information criterion; false discovery rate; finite mixture model; multiple

comparisons.

[. [NTRODUCTION

Consider the problem of estimating the proportion 7y of true null hypotheses in a collection of m
tests, given the observed p-values py, - - - , py, for the collection of m tests. This problem has at-
tracted a lot of attentions in statistical literatures, attributing to its important role in dealing with
multiple testing procedures, since the nominal paper Storey (2002). It has naturally arisen in as-
sessing or controlling an overall false rejection rate, i.e., the false discovery rate (FDR) proposed
by Benjamini and Hochberg (1995) in multiple null hypothesis testing problems and multiple com-
parisons. Benjamini and Hochberg proved that if pq, - - - , p,,, are independent with continuous dis-
tributions, the popular Sime ’s multiple testing procedure (Sime 1986), where a null hypothesis is
rejected whenever the observed p-value is less than «, results in an FDR controlled by mga. There-
fore, a reliable estimate is essential to control the FDR in the Sime’s multiple testing procedure
and improve its testing power. On the other hand, the proportion 7y is a quantity of interest in
its own right. For example, researchers may wish to estimate the proportion of genes that are not
differentially expressed in DNA microarray experiments (Parker et. al. 1988).

Store (2002) proposed to approach the estimating problem from a Bayesian point of view by
treating p1, - - - , Pm as a random sample of size m from a mixture distribution of a uniform distribu-
tion and a non-uniform distribution with mixing proportion 7. Specifically, consider a population
consisting of all outcomes of the p-values p1, - - - , pp, in testing m null hypotheses. There are two
types of p-values: true-null p-values and false-null p-values. Following Tong, Feng, Hilton and

Zhao (2013)’s terminology, by true-null p-value we mean the p-value is observed from a true null
hypothesis and by false-null p-value we mean it is observed from a false null hypothesis. Thus, the

population distribution can be described as a finite mixture with mixing proportion 7y of the uni-
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form distribution on [0, 1] and another non-uniform distribution with the pdf, say h(x), with respect
to the Lebesque measure dx. Denote the mixture by f(x|mg, h), i.e.,

f(z|mo, h) =m0+ (1 —mo)h(z), 0<ax<I. (1)

By Storey’s approach, the observed p-values are considered to be a random sample of size m from
f(x|mo, h). As a consequence, the mixing proportion 7 in the mixture model (1) represents the
proportion of true-null p-value subpopulation and an estimate for 7y based on a random sample from
(1) thus yields an estimate for the proportion of true null hypotheses among the m null hypotheses
in the multiple testing problem.

The first well-studied estimator for my was proposed by Storey (2002) as follows:

To(A) = W) /{m(1 = A)},

where \ is an appropriately chosen value close to 1 and W () is the total number of the p-values
greater than A. This estimator is motivated by the fact that false-null p-values are typically small
so that with A close to 1, 1 — A is close to the expected proportion of true-null p-values falling into
(A, 1]. Since the proportion of the p-values falling into (A, 1] is a mixture of 1 — X and [ ; h(z)dx
with mixing proportions mg, 7 is obtained mathematically by simply setting the proportion of
false-null p-values falling into (A, 1] to be zero, i.e., [ /\1 h(x)dxz = 0. As a consequence, 7§ tends to
overestimate 7, as . )\1 h(z)dz is typically positive. The biasedness can be too great to be acceptable
when 7 belongs to the lower part of [0, 1]. Storey (2002) proposed a bootstrap procedure to choose
A that minimizes an upper bound of the mean square error of the resulting positive FDR estimator
Q(\) = arf(N)/R(e) where R(a) = #{p; < a}. See more discussion and some other work on
how to select A, see Storey, Taylor and Siegmund (2004), and Nettleton, Hwang, Caldo and Wise
(2006).

Since the publication of Storey (2002), the mixture model approach described above has been
adopted widely and many other estimators have been proposed. They include: Langaas, Lindqvist
and Ferkingstad (2005)’s by a histogram approach, Wu, Guan and Zhao (2006)’s polynomial-
type estimator, Jiang and Doerge (2008)’s estimator averaging over different \-values with Storey
(2002)’s estimator, Zhao, Wu, Zhang and Chen (2012)’s estimator in exponential mixture model,
Cheng, Gao and Tong (2015)’s estimator with reduction of estimating bias and standard deviation.
For more references and discussion, see Cheng, Gao and Tong (2015), and Tong, Feng, Hilton and
Zhao (2013) that deals with possibly dependent p-values. Nevertheless, when these estimators are
intended to improve some aspects of Storey’s estimator, the biasedness remains significant even
with m as large as 2,000, especially when 7 is not close to 1. Motivated by the histogram approach
(see Mosig et al. 2001 and Nettleton et al. 2006), a new estimator is proposed in this paper via a
likelihood approach with h being approximated by a modified histogram pdf. Akaike information
criterion is used to select the number of categories in histogram construction. Simulation study
demonstrates that the new estimator significantly improves popularly cited existing methods such
as Storey (2002), Langaas, Lindqvist and Ferkingstad Langaas (2005), Jiang and Doerge (2008) and
Nettleton et al.(2006).

The paper is organized as follows. The new method along with discussion of computing issues
is presented in Section 2. Simulation results are reported in Section 3. A real-life example is given
in Section 4.
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[I[. MEeTHOD

Let p1, ..., pm be a random sample of size m from the pdf f(z|m, h) defined in (1). We propose g
to be estimated by the MLE when £ is subject to a histogram-type approximation. We shall proceed
with a study on the identification problem in the mixture model.

a) Identification
Let © be the parameter space consisting of all (7o, h)’s with 7y € (0, 1) and h being a probability
density function on [0,1] and continuous in a neighborhood of 1with hA(1—) = 0, where

h(1-) = lim h(x).

r—1—

For convenience and confirmation, when a pdf is used as a parameter throughout the paper, we
should refer to the probability distribution, say the CDF specified by the pdf.

Lemma 1 The distribution f(x|mg, h) in the model (1) is identifiable in (my, h) € ©.
Proof. Let two parameter sets (71, h1) and (72, he) in © define the same distribution, i.e., for any

x € [0,1],

7T11‘—|—(1—7T1)H1(:L‘) :7T22E—|—(1—7T2)H2(:L‘), 2)

where H; is the CDF of h;, i = 1, 2. Since h; and hy are continuous in a common neighborhood of
1, (2) implies that for any x in a neighborhood of 1,

™ + (1 — 7T1>h1(x) = o + (1 — ﬂg)hg(l‘).

So m = my because hy(1—) = ha(1—) = 0. This in turn implies H; = Hs in (2) because m; < 1
and m < 1. The lemma is proved.

Remarks.
(a) First of all, note the simple fact that h(1—) = 0 implies that & is non-uniform. Of course,
identification of the parameter 7 of interest requires that A is non-uniform.
(b) When 7wy = 1, f is un-identifiable in h.
(c) The assumption that & is continuous in a neighborhood of 1 with h(1—) = 0 is critical.

Without it, the lemma can fail. For a counterexample, let 7; = 1/3 and hy(x) = 1/4 +
(3/2)x, and o = 1/2 and ho(z) = 2x. We have

1 1
/ hi(x)de =1/4+3/4=1, / ho(x)dx =1,
0 0

and for any z in [0, 1]

m 4 (1 —m)hi(x) =1/3+ (2/3)[1/4+ (3/2)x] = 1/2 + =,
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and
mo + (1 —ma)ho(z) =1/24 (1/2)(22) = 1/2 + x.

That is, 7[‘1—|—(1—7[‘1)h1(:1?) = 7T2+(1—7T2)h2(:1)) for all z in [0, 1],but7r1 7é 7o and hq 7'5 ha.

b) A histogram approximation to h
Motivated by the histogram approach (see Mosig et al. (2001), a histogram approximation to the N
alternative pdf h(x) is proposed as follows. Let & > 2 be an integer. Define otes

() kq;, if (j—1)/k<xz<j/k, 1<j<k-1
€Tr) =
Bg1(1—2), if(k—1)/k<z<1

where 0 < ¢; < 1,---,0 < gx—1 < 1 satisfying g1 + ... 4+ qx—1 + qx—1/2 = 1. The linear
modification over the right most subinterval (1 — 1/k,1] warrants h € © so that f(z|mo, h) is
identifiable in mp and ¢ = (g1, - ,qr—2). As Storey(2002) and Tong et al. (2013) remarked, the
false-null p-values that follow the distribution h are typically small. In other words it is often the
case in application that the alternative pdf A is highly skewed to the right. Therefore, with the linear
modification on the rightmost subinterval (1 — 1/k, 1], the effect on the accuracy of the estimate
for Storey (2002), Jiang and Doerge (2008) and some other methods assume that h is zero in a
neighborhood of 1.

¢) The new estimator with fixed k

Suppose that £ > 2 is specific for now (a selection procedure will be described later). When h
is approximated by or restricted to h, with a random sample p1, - -+ , Pm, the log-likelihood of the
parameter 7y of interest and the new nuisance parameter g becomes

l(mo,q) = Zlog f(pilmo, h)

=1
m k—1

= Y log { mo + (1 — mo){ [ (kay)s Hk2an-1(1 — pi) 1} 5, 3)
i=1 j=1

where §;; is the indicator whether p; falls into the j-th category of the histogram with k bins or not,
ie.,

0, otherwise

§ij = 4)

fortr=1,--- m,j=1,--- k.

Let (7o(k), ¢) be the MLE of (o, ¢) with the log-likelihood function (3), subject to 0 < mp < 1
and0 < ¢p < 1,---,0 < qx—1 < 1, ¢k = qx—1/2 such that Z?zl q; = 1. This defines the new
estimator 7o (k) for 7y with specified k. A direct application of the standard theory of MLE yields
the following theorem and hence a theory of consistency of the new estimator.
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Theorem 1 For any (mg, h) € © and k > 2, let

forj =1, k—2 Putq= (q1, " ,qx—2) and 0 = (mo,q). Then /m(7o(k) — 70,4 — q)

Notes converges to N (0, X) in distribution, as m — oo, where
o2 -A\17!
Y=—|F I X .

d) Computation of Ty(k)

Maximizing the nonlinear log-likelihood function (3) can be complicating. However, the EM algo-
rithm can be used to obtain an approximation to the MLE 7y (k) easily. To do so, introduce a latent
Bernoulli variable w indicating the component-ship of the p-value in the finite mixture distribution.
That is, let w be a binary random variable with P(w = 1) = mp and P(w = 0) = 1 — 7o, and
let a random variable p follow the distribution as follows. Given w = 1, p follows the uniform
distribution on [0, 1] and given w = 0, p ~ h. Tt is clear that p follows the mixture distribution

f(z|mo, i~z) Thus P = {p1,--- ,pm} can be viewed as the incomplete data of a random sample
(p1,w1), -+, (Pm, Wy,) from (p, w) with missing values wy, - - - , Wy,
Note that with the complete data (p1,w1), - , (Pm, wn ), the likelihood function of (g, q) is
m k—1 1-w;
[T76" S (0 =mo) ] ] (kay) )k qr—1 (1 = pi)) ; )
i=1 j=1

where ;;’s are defined in (4), and the log-likelihood function is thus

k—1 m
(70, q) = wlogmo+(m—w)log(1 —m)+ Y _ &5 log(kg)+>_ & logk? g1 (1—py)], (6)
i=1 i=1

where §F; = (1 —w;)&ij, w. = Y10 wi,and £ = 770, EF.

The EM algorithm can be easily implemented as follows. Let (77(()5), q(s)) be the current ap-
proximations to the MLE (7 (k), ¢) with the log-likelihood function [ given in (3). The next ap-
proximation (W(()S+1), q(”l)) is given by the EM algorithm in two steps, the so-called E-step and
M-step.

FE~Step: Compute the conditional expectation of the log-likelihood function

Q(mo,q) = E (5 o, {I*(m0,9)|P}
T4
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= Eﬁ)s)ﬂq(s) (w.|P)log(mo) + (m — E,Tés>,q<s> (w.|P))log(1 — 7o)

+YE 29 400 (€51P)) 1og (kg;) + 3L { G, log [k g1 (1 = pi)][P}-

Note

Notes

Ewgs),qw)(wi!P) =wp = P(s) g0 (Wi =1|P)

o

mi -+ (1w I )5 H2a (= e}

We have
m m k—1 m
Qo q) = (O i)logmo) + (m— Y wbi)log(l—mo) + Y |D (1- @i)fij] log(g;k)
i=1 i=1 j=1 Li=1

m
+ D (1 —1@y)éix log [ ge—1(1 — py)).
i=1
M-Step: In the M-step, Q (7, q) is maximized to yield the next approximation 7T(()S+1) and g(s+1).

Setting 0Q) /0wy = 0, we immediately have

m ~
L5+ _ Do W
{otl) _ swi=1 70

m
By Lemma 2 in Appendix,
1 m
1 . .
4" = = (=), =1, k=2
i=1
m
1
ot = Z — @) (i1 + &in)
1 1
ot = oY),

The formulas in the EM algorithm above are similar to to those developed by Oluyemi (2016)
and Oluyemi and Chen (2016) where there are some algebraic errors.

where

m m

k
mzzz wléz]—m—zwi.

]:1 =1 =1

© 2021 Global Journals



Notes

e) Selection of kvia AIC

In this subsection, we discuss about selection of k. As a histogram-type approximation to h(x),
the value of k can reveal different features of the data. Since k is the number of categories of
the histogram fitting h, a larger value of k does a better fitting job and hence is expected to result
in a more accurate estimate of my. However, a larger value of k causes a greater standard error
in estimating 7 because there are more nuisance parameters to handle. As the estimate 7o (k) is
based on the likelihood function, the Akaike information criterion (AIC) can be a nature choice of
criteria for selection of an appropriate value of k. Let 1, be the maximum value of the log-likelihood
function [ defined in (3), i.e., [, = (70 (k), G). Noting that we have total of k — 1 free parameters in
computing [y, the AIC selection of k is to choose k such that 2[;, — 2(k — 1) is maximized, i.e.,

k = argmax{2l, — 2(k — 1)}.
The final estimate 7 for m is 7o = frg(l%).

[II.  SIMULATION STUDY

Simulation studies are conducted with the p-values based on one-sided z-test in finite normal mix-
ture models to evaluate the performance of the new estimator g and compare it with some existing
method. Specifically, consider the finite normal model moN (0, 1) + (1 — 79) N (1, 1) with five grid-
ing values of m: 0.2, 0.35, 0.50, 0.65 and 0.8 . The p-value is computed by p = 1 — ®(z). Four
sample sizes, m = 500, 1000, 1500 and 2000 are consider. With each combination, 2000 Monte
Care trials are used.

In the simulation studies, the EM algorithm is used to approximate the MLE’s and a linear
algorithm is used to search for the AIC selection k.

Four existing estimators popularly cited in the literature are considered for purpose of compar-
ison. They are Storey’s estimator with bootstrap method 7, the convex density estimator 7 by
Langaas, Lindqvist and Ferkingstad (2005), the averaging Storey estimator 71§ by Jiang and Doerge
(2008) and the histogram estimator 7%6‘ by Nettleton, Hwang, Caldo, and Wise (2006). The R pack-
age cpdp is used for computations of these estimates; all the computations are done with default
settings of the R package.

Simulation results are reported in Table 1. The following findings from the simulation studies
are immediate:

1. The new estimator 7y performs very well. A clear converging pattern is demonstrated in each
simulation model, as m increases. The convergence with lower values of 7 is faster than
with higher values.

2. The new estimator performs substantially better than all other four existing estimators. It is
noted that the Storey’s 7 performs somewhat better than the other three existing estimators
in general and its best performance is on the higher values of 7wy as expected. See Storey
(2002).

[V. ReaL DATA ANALYSIS

In this section, we apply the new estimate method to the real life data from Hedenfalk et al.
(2001)where 3226 genes were studied with n; = 7 BRECALI arrays and no = 8 BRCA2 arrays.
The example is to test with each gene the null hypothesis that there is no differential gene expres-
sion between BRCA 1-mutation-positive tumors and BRCA2-mutation-positive tumors by using a
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Table 1: Empirical average of the estimates for the proportion 7y with their empirical standard
deviations in parentheses. The true model for the p-value of one-sided test is: p = 1 — ®(z) with
x ~ moN(0,1) + (1 —mo)N(1, 1). Each of the entries is based on 2,000 Monte Carlo trials.

2021 Global Journals

m 7 7o 7§ 7 #a b
500 020 0.194 0339 0324 0357 0378
(0.101)  (0.059) (0.061) (0.068) (0.593)
500 035 0327 0454 0569 0488  0.507
(0.116)  (0.066) (0.066) (0.067) (0.096)
500 0.50 0457 0586 0.583  0.618  0.644
(0.130)  (0.067) (0.065) (0.066) (0.086)
500 0.65 0605 0710 0712 0.746  0.773
(0.123)  (0.069) (0.064) (0.060) (0.068)
500 0.80 0749 0826 0.834 0.864  0.885
(0.113)  (0.066) (0.059) (0.052) (0.051)
1000 0.20 0202 0328 0308 0322 0314
(0.082) (0.044) (0.047) (0.057) (0.085)
1000 035 0336 0455 0445 0462  0.468
(0.095) (0.049) (0.051) (0.060) (0.086)
1000 0.50 0.480 0583 0578 0599  0.615
(0.093) (0.052) (0.050) (0.055) (0.074)
1000 0.65 0.624 0701 0707 0729  0.750
(0.089) (0.052) (0.049) (0.052) (0.065)
1000 0.80 0.777 0.829 0.834 0.886  0.875
(0.084) (0.050) (0.044) (0.041) (0.042)
1500 0.20 0206 0292 0291 0298  0.294
(0.072) (0.042) (0.040) (0.051) (0.071)
1500 0.35 0348 0423 0433 0440  0.449
(0.079) (0.049) (0.044) (0.056) (0.074)
1500 0.50 0.480 0.553 0569  0.581  0.579
(0.081) (0.053) (0.043) (0.054) (0.070)
1500 0.65 0.636  0.684 0703 0721  0.741
(0.075) (0.055) (0.043) (0.048) (0.055)
1500 0.80 0.788  0.801  0.829  0.848  0.870
(0.068) (0.050) (0.040) (0.039) (0.042)
2000 020 0206 0295 0290 0292  0.284
(0.066) (0.038) (0.035) (0.045) (0.062)
2000 0.35 0348 0425 0434 0435 0436
(0.071) (0.042) (0.037) (0.050) (0.067)
2000 0.50 0496 0556 0571 0579  0.585
(0.065) (0.047) (0.038) (0.051) (0.065)
2000 0.65 0.636 0.683 0700 0.713  0.731
(0.071)  (0.050) (0.038) (0.047) (0.056)
2000 0.80 0.798 0.812 0.831  0.847  0.865
(0.056) (0.047) (0.035) (0.035) (0.038)
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ESTIMATING THE PROPORTION OF TRUE NULL HYPOTHESES: A LIKELIHOOD APPROACH

density

0.0 0.2 0.4 0.6 0.8 1.0

p-value

Fligure 1:Histogram of the available 2752 p -values for detection of differently expressed genes with
the data in Hedenfalk et al.(2001). The solid line has the intercept of 79 = 0.523 and the dash line
has the intercept of 7' = 0.677.

two-sample ¢-statistic. It was also analyzed by Storey and Tibshirani (2003). Following their in-
structions, we were able to download the p-values from http.://www.genomine.org/qvalue/results.txt.
Removing missing values left with m=2752 p-values.

The estimates for the proportion 7 of true null hypotheses by the new estimator and the other
four existing estimators are listed in Table 2. The AIC selection of & for the new estimator is k= 41.
In Figure 1 for the histogram of the 2752 available p-values with data in Hedenfalk et al. (2001),
the solid horizontal line would be the expected bottom of the graph of the density function of the
p-value under assumption inf i (z) = 0 if the real value of 7y were equal to the estimate 7 (0.523),
whereas the dash line would indicate the expected bottom of the graph of the density function if the
real value of my were equal to the histogram estimate fr(’)‘ = 0.677. It is evident from Figure 1 that
the existing estimators overestimates 7.

Table 2: Estimates for the proportion 7y of not differentially expressed genes with the break cancer
data in Hedenfalk et al. (2001)

T

0.523 0.689 0.682 0.704 0.677
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Appendix: Computation for the estimate of q

In M-step of the EM iteration algorithm, we compute the update for the estimate of g based on the
following result.

Lemma 2 Let g(q) = Zf;ll xjlog q;, where x; > 0 are constant and 0 < q; < 1 such that

Zq] (3/2)gr-1 = 1.

Then the maximum of g is attained at §1 = x1/m, -+ ,qk—2 = Tk—2/M, Gk—1 = (2/3)zK—_1/M,
where
k—1
m= Z l'j.
j=1
PROOF. Let
G(q,\) = g(q) + \[1 — ( qu (3/2)qk-1)].

We have 0G/0X =1 — (Z] 16 + (3/2)gi—1) and

dg . 0g
2 —=x:lgi—-N1=1.- k-2 —2  — _ L —(3/2))\.
aq] I']/q] sJ ’ ’ aaqk_l Tk 1/Qk 1 (/)

Setting all the partial derivatives to be zero yields
gA=xj,j =1, k=2;(3/2)qr—1A = zp_1.

Adding all the equations above gives the solution of A = 712 and so the solutions for ¢;. The lemma
is proved.
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A Modification to the Shannon Formula

J. Ladvanszky

Abstract- Most recently, an experiment was published that cannot be described by the Shannon formula. We will give
the details to the reader to check the deviation between the Shannon formula and the experiment. Then we derive a
modification of the formula. Consequences of the modification is extended generality, and clear bounds for the
average rate of reliable information transfer on a noisy channel of finite bandwidth.

Keywords: digital communications, noise, shannon formula.

[. [NTRODUCTION

It is a crucial problem in theory of communications if the average speed of information transfer over a noisy
channel of finite bandwidth is bounded. That was a seminal result by Shannon (Shannon, 1948) 72 years ago. It is
high time, however, to take this result under a magnifying glass, while all kinds of appreciations are given. The
long-elapsed time since its discovery proves that the result is robust, it is not easy to find anything to refine.

This almost impossible task is the goal of our paper. Our motivation is to explain the deviation between the
Shannon formula and our Matlab/Simulink experiment with a noise insensitive circuit (Ladvanszky, 2020).

[[. PROBLEM STATEMENT

In this Section an experiment is described that cannot be characterized by the Shannon formula.

Let us start with the Shannon formula (Shannon, 1948).
C =Wlog, (1+3) (1)

where C is said to be channel capacity, W is the so-called channel bandwidth, S and N are signal and noise
average power.

In our Matlab/Simulink experiment (Ladvanszky, 2020), a noisy 4QAM signal is recovered by a modified Costas
loop. W =4 MHz, %z —13 dB, and the 2 MS/s signal is recovered at SER < 0.001 (symbol error rate).

Substituting these data into (1), the result is C = 282 kS/s, and that roughly deviates from the speed of the
recovered signal. As a conclusion, the Shannon formula is not valid for this case.

[II. A PossiBLE SoLuTioN: A NEw FORMULA

In this Section, we gather some facts in connection with the Shannon formula. After some criticism, a new formula
is derived that can characterize the experimental fact mentioned in the previous Section.

We start with the classical model of communications, (Shannon, 1948), Figure 1:
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Figure 1. Schematic diagram of a general communication system (Shannon, 1948)

At the center of Figure 1, the small square is the channel. In this paper, we define the channel as a broad-band
system block that represents propagation of electromagnetic waves from the transmitter to the receiver. Examples
for channel in this sense is a piece of coaxial cable or optical fiber.

The channel in Figure 1 does not contain any filters. Filters are parts of the transmitter and the receiver.

‘We have three bandwidths in consideration. W is the channel bandwidth, we mean the bandwidth of the channel
defined above. In case of coaxial cables, its value is some hundreds of MHz or in the GHz range.

Bg is the signal bandwidth. It is determined by the transmitted signal in the baseband. Its meaning is clarified in

Figure 2, its value is 4 MHz in our experiment.

dBm /s Hz

Frequency (MHz)

Figure 2: Definition of signal bandwidth on the spectrum of the transmitted baseband signal before transmitter
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Bg = 4 MHz, By, is the noise bandwidth, Figure 3. In our experiment, it is 200 MHz.

dBm /i Hz

=200 -150 -100 -50 0 a0 100 150 200
Frequency (MHz)

Figure 3: Definition of noise bandwidth on the spectrum of the receiver input signal. By = 200 MHz

Equation (1) is valid for the case when signal and noise bandwidths are identical (Shannon, 1948).

Our first objection is that C is not a characteristic of the channel alone. For example, S is signal power, a
characteristic of the transmitter and not the channel, and W is also questionable. We call here C as upper bound
of average speed of information transfer, it is a characteristic of the whole communication system consisting of a
transmitter, a channel, and a receiver.

Original explanation for C is (Shannon, 1948), Theorem 12; (Shannon, 1949), (1).

C = limy_,p, 225 @

where log, M is the maximum number of correctly transferred bits. Averaging time is exceptionally long. Name
of upper bound for average bitrate is correct.

In (Shannon, 1948), signal bandwidth Bs and noise bandwidth By are identical and it is called as channel
bandwidth W:

B = By = W 3)
where spectra are defined as follows:

s =" )
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PDNif 0< f <By

VO =0 p 5)
where PDS and PDN are power densities, assumed frequency independent.
In the original papers (Shannon, 1948, 1949), the following assumption is hold:
Bs = By (6)
However, in the model of Figure 1, in general,
As Bg > By is not reasonable, Bg < By. Signal to noise ratio is:
=3
SNR =~ ®)
Combining (4, 5, 6, 8)
PDS
SNR = — )
In general,
SNR = £DS*Bs (10)
PDN+By
If (7) holds, then
s
C # B *log, (1+3) (11)
We introduce a new quantity C’ That is the formal extension of (1) for the case of non-identical bandwidths:
) s
C' = Bs+log, (1+3) (12)

In order to extend (1) for the case of non-identical bandwidths (7), let us start from the Shannon formula for
colored noise (Shannon, 1949), Equation (32):

B S
G = [} log, (1+353) af (12)
By combining (4, 5, 12), we obtain
PDS
C,=Bs+log, (1+1) (13)

It is exploited that PDS and PDN do not depend on f. (13) is valid for the case of non-identical bandwidths (7),
while (1) is not valid.

If By > Bg, then C; > C', as we realized it in a Matlab/Simulink experiment with our version of the modified
Costas loop (Ladvanszky, 2020).

So, C; > C'. C' is the formal extension of the Shannon formula, C; is our formula. Can we say now if the
Shannon formula is exceeded? Author’s opinion is yes if also a physical circuit realization is produced. The circuit
should operate with low symbol error rate at a SNR negative in dB. This experiment is coming soon.
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[V. CONSEQUENCES: BOUNDS FOR THE AVERAGE SPEED OF COMMUNICATIONS

Lower bound for operation of the circuit is:

PDS

05 5 1 (14)
From (12) and (14):

C, = B (15)

Average speed of information transfer is bounded from below by the signal bandwidth. That is natural and obvious.
Considering (12) for fixed Bg and PDS, we see that C; is bounded from above by the smallest possible PDN
only. That is the cosmic background radiation (Bucher, 2015) or the thermal noise (Kerr & Randa, 2010), which is
greater. At the moment, we can see another limiting factor.

Carrier frequency f. In order to be able to reconstruct the carrier,

G <fe (16)

This is because the lower edge of the lower sideband around f,, should be at a positive frequency.
In our 4QAM experiment, actual transfer speed is 2 MS/s and the carrier frequency is 10 MHz.

Now we substitute (16) back into (13):

fc
PDS =
max (ﬁ) =285 — 1 (17)

Meaning of (17) is that a % value greater than that in (17), cannot be exploited for further increasing the bitrate.

For control, we read the power density values from Figure 3. PDS = —52 dBm/Hz, PDN = —72 dBm/Hz, and
fc
we also know that By = 4 MHz, f. = 10 MHz. Thenin (17), —— = 100 and 275 — 1 ~ 4.66 so in this case f,

limits the maximum bitrate that can be achieved with increasing PDS.

We can calculate how much it is. Substituting these values in (13), C; = 26.6 Mb/s, and due to the limitation by
fc» €1 = 10 Mb/s could be achieved in ideal case.

V. CONCLUSIONS

We discussed some concepts in connection with the Shannon formula. We derived a modification of the original
formula and concluded that speed of communications can be higher than that we believed.

If the reader checks the keyword “digital communications pdf” in an internet browser, then it gives more than 20
choices (Proakis & Salehi, 2015). Most of them consider W as channel bandwidth and make signal and noise
bandwidths identical. So, our present discussion is timely.

Our derivation is valid if the channel signal is real. The relations are easy to extend for the case of complex signals,
however.

It can be clearly recognized that the whole thing depends on the definition of bandwidths. Author’s experience is
that the typical misunderstanding is as follows. The channel bandwidth is limited to the signal bandwidth and thus
a part of the noise spectrum is neglected in calculation of SNR. This error occurs if one considers the receiver filter
as part of the channel.

We call the attention of the reader to a fine moment in derivation of (13). The same equation can also be achieved
when we substitute equal bandwidths (6) in (1a). But what we do is different. We consider different bandwidths (7)
and the result in (13) is the consequence of the fact that the upper limit of integration is lower than By in (12).
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We are aware, by comparison of Figure 2 and Equation (4), that Equation (4) is an approximation. However,
considering the exact value of S(f) is straightforward.

The author is also available on ResearchGate, LinkedIn and Facebook.
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paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.

© Copyright by Global Journals | Guidelines Handbook .

XII



Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dfter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e  Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

O Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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