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There are Infinitely Many Fibonacci
Primes

Fengsui Liu

Absiract- We invent a novel algorithm and solve the Fibonacci prime conjecture by an interaction
between proof and algorithm. From the entire set of natural numbers successively deleting the
residue class 0 mod a prime, we retain this prime and possibly delete another one prime retained,
then we invent a recursive sieve method, a modulo algorithm on finite sets of natural numbers, for
indices of Fibonacci primes. The sifting process mechanically yields a sequence of sets of natural
numbers, which converges to the index set of all Fibonacci primes. The corresponding cardinal
sequence is strictly increasing. The algorithm reveals a structure of particular order topology of the
index set of all Fibonacci primes, then we readily prove that the index set of all Fibonacci primes is
an infinite set based on the existing theory of the structure. Some mysteries of primes are hidden in
second order arithmetics.

Keywords and phrases. Fibonacci prime conjecture, recursive sieve method, order
topology, limit of a sequence of sets.

[.  INTRODUCTION
Fibonacci numbers F,, are defined by the recursive formula
= 1,
=1,
Foipin = Fo+Foq.

The first few Fibonacci numbers are:

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 2584,
4181, 6765, 10946, 17711, 28657, 46368, ... (OEIS A005478)

A Fibonacci prime is a Fibonacci number that is prime.

The first few Fibonacci primes are:

2, 3, 5, 13, 89, 233, 1597, 28657, 514229, 433494437, 2971215073, ... .
(OEIS A005478).

The first few indices x, which give Fibonacci primes are:

3,4,5,7, 11, 13, 17, 23, 29, 43,47, 83, 131, 137, 359, 431, 433, 449, 509,
569, 571, 2971, 4723, 5387, ... (OEIS A001605).

Author: Zhe Jiang University, alumnus, China. e-mail address: fensliu@126.com
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The study of Fibonacci primes has a long history. At present, Fibonac-
ci primes with thousands of digits have been found. For example, 33-th
Fibonacci prime is Fgig39, with 17103 digits. We do not repeat those stories.

From the aspect of primality, like the Mersenne numbers [7], we have an
open problem and a conjecture.

There are infinitely many Fibonacci composites with prime indices.

There are infinitely many Fibonacci primes[12][1].

In another paper, we had discussed the open problem [7].

In this paper, we prove the Fibonacci prime conjecture by a recursive
sieve method or algorithm.

In order to be self-contained we repeat some contents in papers [7].

II. A SIFTING PROCESS FOR PRIMES

For expressing a recursive sieve method by well-formed formulas, we
extend both operations addition and multiplication +, X into finite sets of
natural numbers. We introduce several definitions and notations.

We use small letters a, x,t to denote natural numbers and capital letters
A, X, T sets of natural numbers except for F,.

For arbitrary both finite sets of natural numbers A, B we write
A={ay,ag,...,0;...,04,), a1 < ag < -+ <a; <+ < ay,
B = (by,bg,....bj,..., by), by <by<---<bj <--- < by,
We define
A4+ B= (a1 +bi,as+by,....a; +bj...,an_1+ by, an+ bp),
AB = (a1by, asby, ..., a;bj ... an_1by, anby).
For example:
(1,5) +(0,6,12,18,24) = (1,5,7,11,13,17,19, 23, 25, 29),
(6)(0,1,2,3,4) = (0,6, 12, 18, 24).

For the empty set ) we define ) + B = () and 0B = (.
We write A\ B for the set difference of A and B.
Let

X =A={(ay,aq,...,a;...,a,) mod a,
be several residue classes mod .

We define the solution of the system of congruences
X =A=(ay,aq,...,a;...,a,) mod a,

XEB:<b1,b2,...,bj,...,bm> mod b

© 2020 Global Journals
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to be
X=D= <d11, dgl, ce ,dz‘j, ce adn—lma dnm) mod Clb,

where x = d;; mod ab is the solution of the system of congruences

r = a; mod a,
x = b; mod b.

If ged(a, b) = 1, the solution X = D mod ab is computable and unique by
the Chinese remainder theorem.
For example, X = D = (5,25) mod 30 is the solution of the system of

congruences
X = (1,5) mod 6,
X = (0) mod 5.

We known that the residue class ¢; mod a is the set of natural numbers
{z :x=a; mod a}, several residue classes A mod a is the union of several
sets. Thus we may write the relation x € A mod a and set operation BU(A
mod a).

Except extending +, x into finite sets of natural numbers, we continue
the traditional interpretation of the formal language 0, 1, +, X, €. The reader
who is familiar with model theory may know, we have found a new model

or structure of the second order arithmetic by a two-sorted logic
(P(N),N,+,x,0,1,€),
and we have found a formal system
(P(N),N,+,x,0,1,€) = PAUZF,

where N is the set of all natural numbers, and P(N) is the power set of N;
PA is the Peano theory and ZF is the set theory.

We denote this model by P(N).

In the traditional first order arithmetics N, we have computed out 33
Fibonacci primes, but the numerical evidence does not provide theoretically
information about infinitude.

In the second order arithmetics P(N), we may construct a recursive
function on sets of natural numbers by arithmetical operations +, x and
set-theoretical operations U,N,\, its inputs and outputs are sets of natu-
ral numbers, it expresses our intuitable idea: we delete all indices of non-
Fibonacci primes and retain all indices of Fibonacci primes. Then we obtain
a sequence of sets of natural numbers (77), which converges to the set 7T, of
all indices of Fibonacci primes. We reveal an exotic structure of the set T,

© 2020 Global Journals
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in second order arithmetics. The existing theory of those structures, order
topology, allows us to prove the conjecture.

First we repeat the recursively sifting process for primes.

Let p; be the i-th prime, py = 2. Let

1
Mmip1 = Hpj-
0

From the entire set of natural numbers we successively delete the residue
class 0 mod p;, i.e., the set of all numbers x such that the least prime factor
of x is p;. We leave the residue class T;,1 mod m;,;. Then the left residue
class T; 11 mod m;,q is the set of all numbers x such that x does not contain
any prime p; < p; as a factor ged(z, m;11) = 1.

Let T;,1 be the set of least nonnegative representatives of the residue
class T;1; mod m;;1, the reduced residue system modm;,;. We design a
primitive recursive formula for the set T;,; and the prime p; ;. This formula

expresses a recursive sieve method for primes.

T = (1),
o= 3,
Tivi = (Ti4+ (m)(0,1,2,...,pi — 1)) \ (pi) T3,
pit1 = g(Tiv1), (2.1)

where X = (p;)T; mod m;; is the solution of the system of congruences
X =T, mod m;,
X = (0) mod p;,

and ¢(7T) is a projective function

9(T) = g((t1,ta, ..., tn)) = to.

The cardinality of the set T, is
Tiga| = H(pj - 1). (2.2)
0
For example:

o= (1),

o= 3,

T = ((1)+(2){0,1,2)) \ (3) = (1,5),

p2 = 5,

Ty = (1,5)+(6)(0,1,2,3,4))\ (5,25) = (1,7,11,13,17, 19, 23, 29).

~

ps =

© 2020 Global Journals
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10. M. D. Sautoy, The Music of the Primes, HarperCollins Publishers,
(2003), p.6.

It is easy to prove this primitive recursive formula by mathematical in-
duction.

Look through a list of primes, the sequence of primes seems chaotic and
random. It offers no clues as to how to determine the next number.

Randomness and chaos are anathema to the mathematician [10].

Despite over two thousand years one pursues an order, pattern, structure,
and finds a formula that generates all primes exactly and without exception,
our endeavour is in vain.

In the second arithmetics the prime formula 2.1 reveals the recursive
structure of each primes. Now primes do not appear randomly. They are
computed one after the other by +, x. They are governed by a recursive
rule. Recursion opens new theoretical windows onto our understanding of
the primes. It seems this is a prime conspiracy.

Gauss prime number theorem 7(x) &~ z/Inz is an explicitly approxima-
tion for the recursive formula 7(p;) = 7. The prime number theorem provides
a heuristic model. Due to parity problem, we ought to reflect whether or
not the heuristic model describes the sequence of primes enough accurately.

The prime formula is a reformulation of Eratosthenes sieve method.

In contrast with Eratosthenes sieve, which does not automatically yield
theoretical information, the recursive sieve method itself mechanically yields
a constructive proof that there are infinitely many primes[7].

We can not directly extend this constructive proof to Fibonacci primes.

Below we will refine and modify formula 2.1 to invent a recursive sieve
for Fibonacci primes. A recursive formula on the sets of naturel numbers

reveals a secret of the patterns of Fibonacci primes.

III. A RECURSIVE SIEVE FOR FIBONACCI PRIMES

Based on the recursive sieve method for primes, formula (2.1), we suc-
cessively delete all numbers  such that x contains the least prime factor p;,
we delete all composites together with the prime p;. The sifting condition

or ‘sieve’ is
=0 mod p; Ap; < x.
We refine the sifting condition to be
=0 mod p; Ap; <. (3.1)

According to this new sifting condition or ‘sieve’, we successively delete
the set C; of all numbers = such that x is composite with the least prime

© 2020 Global Journals
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factor p;,
Ci={z:xe€ X =T, mod m; A\x =0mod p; Ap; <z},

but save the prime p; as a survivor.
We delete all sets C of composites with 0 < j < ¢ from the entire set N

of natural numbers and leave the sifted set

The end-sifted set, the set of all primes T, is
T.= N\ JC.
0

Let A; be the set of all survivors less than p;,
Ai = <27 3, 5, 7, . 7pi—l>-

From the recursive formula (2.1), we deduce that the sifted set L; is the

union of the set A; of survivors and the residue class T; mod m;,
Li = A; | J(Ti mod m;) (3.2)

We slightly modify the above sifting process for primes to invent a re-
cursive sieve for indices of Fibonacci primes.
We know that the Fibonacci sequence is a divisibility sequence. In fact,

the Fibonacci sequence satisfies the stronger divisibility property[13]

ng(qu Fn) = Fgcd(m,n)'

In other words, for n > 3, F,, divides F},, iff n divides m. It follows that
except for the case n = 4, Fy = 3, every Fibonacci prime have a prime index,
but not every prime is the index of a Fibonacci prime.

We discuss indices of Fibonacci primes and their infinitude in the set of
indices of all Fibonacci numbers.

If we only consider Fibonacci numbers as factors of Fibonacci numbers
within the Fibonacci divisibility system, then the set of all primes 7T, is
the set of indices of all Fibonacci primes except for Fr, = 1, F, = 3. But
some Fibonacci numbers with prime index contain normal prime factors
that are not Fibonacci numbers. For example Fig = 4181 = 37 x 113, F3; =
1346269 = 557 x 2417.

We must remove every prime index ¢ such that F| is a Fibonacci com-
posite with a normal prime factor.

One uses the rank of a prime p to discuss prime factors of Fibonacci

composites with prime index.

© 2020 Global Journals
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Definition: The rank of a prime p, denoted «a(p), is the least positive
integer k such that p|Fj.

The first few ranks of primes are:

3,4,5,8,10, 7,9, 18, 24, 14, 30, 19, 20, 44, 16, 27, 58, 15, 68, 70, 37,
78, 84, 11, 49, 50, 104,36, 27, 19, 128, 130, 69, 46, 37, 50, 79, 164, 168, 87,
178, 90, 190, 97, 99, 22, 42, 224, 228, 114, 13, 238, 120, 250, 129, 88, 67,
270, 139, 28, 284, 147, 44, 310,...... (sequence A001602 in the OEIS).

We exhibit some simple facts about normal prime factors of Fibonacci

composites with prime index.

(1) A prime number divides at most one Fibonacci number with prime
index due to the stronger divisibility property.

(2) If ¢ > 4 is a prime, then every prime p that divides F} is congruent
to 1 mod 4 [8].

(3) Let p > 5 be a prime, if p = +1 mod 10, then a(p)|p — 1; if p
+3 mod 10, then a(p)[p + 1 [5]. We have a(p) < ZEL.

(4) if p > 7 is a prime such that p = 2,4 mod 5, and 2p—1 is also prime,
then 2p — 1|F, [14].

It follows that we only need to modify the set A; of survivors for each
prime p; to obtain a new set A;; of survivors, such that if ¢ € A;; then
F, contains neither normal prime p < p; nor Fibonacci prime F), < F},, as a
factor except itself.

Given any prime p; > 5, suppose that we have a modified set A;, then
we obtain the next set A;, 1 by the following rules.

If the prime p; is congruent to 1 mod 4, and if there is an odd prime
q < ”Z'TH in the set A; such that

pi < Fy Na(p;) = q,

then Fj is a Fibonacci composite, which contains the least normal prime
factor p;. We add the prime p; into the set A; and remove the prime ¢ from
the set A; U (p;) to obtain the set A;;1.

Ai+1 == (Az ) <pl>) \ <q>

If there is no such a prime ¢, then for every number x in the sifted set L;
the Fibonacci number F, does not contain the normal prime p; as a factor.
We add the prime p; into the set A;

A1 = A U (pi).

© 2020 Global Journals
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Now for every number x in the sifted set L;. 1, the Fibonacci number F,
does not contain Fibonacci number M,, ¢ < p; as a factor, and does not
contain the normal prime p; < p; as a factor except itself.

After modification the first few set A; are

As = (3,4,5,7.11),

(3,4,5,7.11,13, 17, 19), Notos
Ay = (3,4,5,7.11,13,17,23,29, 31, 37),

(3,4,5,7.11,13,17, 23,29, 31,37, 41),

(3,4,5,7.11,13, 17, 23,29, 31, 37, 41, 43),

(3,4,5,7.11,13,17, 23,29, 31, 37, 41, 43, 47).
The sifting condition formula (3.1) is converted into

(x=0mod p; Ap; <x)V (F, =0 mod p; \p; < F,). (3.3)

According to this sifting condition or ‘sieve’, we successively delete the
set C; of all numbers x, such that F, is composite with the least factor F},,,
or F, is composite with the least normal prime factor p; > 5,

Ci={z:2xe(AUX =T, mod m;)) A ((Fz =0 mod p; Ap; < F)
V(z =0 mod p; Ap; <))},
but remain the survivor x if p; = x or p; = F,.

We delete all sets C; with 0 < j < ¢ from the set N of all indices of
Fibonacci numbers and leave a sifted set

i—1
Li=N\lJc
0

The sifted set L; is descending
LlDLQD"‘DLiD ...... .

The end-sifted set, the set T, of all indices of Fibonacci primes, is
T.=N\|JC.
0

We easily verify that the primes 3,4,5,7.11,13,17,23,29,43,47 all are in-
dices of Fibonacci primes by the above algorithm.

The set A; of survivors is a set of indices of Fibonacci primes or probable
primes, the candidates.

Obviously, we have

|Ai| < |Aisa]-

© 2020 Global Journals



From the recursive formula (2.1), we deduce that the sifted set L; is the

union of the set A; of survivors and the residue class T; mod m;.
Li = A; | J(T; mod m). (3.4)

We intercept the initial segment 7] from the sifted set L;, which is the
union of the set A; of survivors and the set T; of least nonnegative repre-

Notes sentatives, then we obtain a new recursive formula
T = A UTZn (3.5)

Except remaining all survivors x less than p; in the initial segment 77,
both sets T/ and T; are the same.

For example

Ay = (3,4,5).
T, = (3,4,5)U(1,7,11,13,17,19,23,29)
= (3,4,5,1,7,11,13,17,19, 23, 29).

Let |A;| be the number of survivors less than p;. Then the number of

elements of the initial segment 77 is
T = | Al + T3] (3.6)

From formula (2.2) we deduce that the corresponding cardinal sequence

(|T!]) is strictly increasing
T < T4l
Based on cardinal arithmetics we have
lim 7} = | J T} = No.
Based on order topology we have
lim |T}| = N. (3.7)

Next section we will prove that the set of all indices of Fibonacci primes is

an infinite set.
IV.  THE INFINITUDE OF FIBONACCI PRIMES

We call an index of Fibonacci prime a F-index.
Let A} be the subset of F-indices in the initial segment 77,

Al ={x €T/ : xis a F-index}. (4.1)
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For example:
4 = (3.4.5)
A, = (3,4,5,7.11,13,17,23,29),
A, = (3,4,5,7,11,13,17,23,29,43,47,83,131,137).

We consider the properties of both sequences of sets (77) and (A}) to
prove the conjecture.

Theorem 4.1. The sequence of the initial segments (T}) and the sequence
of its subsets (A}) of F-indices both converge to the set of all F-indices T..

First from set theory [2], next from order topology [6] we prove this
theorem.

Proof. For the convenience of the reader, we quote a definition of the set-
theoretic limit of a sequence of sets [2].

Let (F},) be a sequence of sets, we define lim sup,,_ ., F;, and liminf,_, F,
as follows

limsup F,, = ﬁGFnH,

n=00 n=0i=0
o0 o0
liminf F, = () Foss
n=oo
n=01i=0

It is easy to check that limsup,,_ . F), is the set of those elements x which
belongs to F;, for infinitely many n. Analogously, x belongs to liminf,_., F},
if and only if it belongs to F), for almost all n, that is it belongs to all but
a finite number of the F,.

If

limsup F}, = liminf F},,

n=00

we say that the sequence of sets (F},) converges to the limit

lim F,, = limsup F,, = lirrlinf F,.

We know that the sequence of sifted sets (L;) is descending
LlDLQD"'DLiD ...... .

According to the definition of the set-theoretic limit of a sequence of sets,

we obtain that the sequence of sifted sets (L;) converges to the set 7T,
lim L; = () Li = T..
The sequence of subsets (A}) of F-indices is ascending

ASCA,QC"'CA;C ...... ’
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we obtain that the sequence of subsets (A}) converges to the set Tt,
lim A} = | J A} = T..
The initial segment 77 locates between two sets A} and L;
A, CT! C L.

It is easy to prove that the sequence of the initial segments (7}) converges
to the set T,

Im T =T..

According to set theory, we have proved that both sequences of sets (77)
and (A}) converge to the set of all F-indices T..

lim 7, =lim A, = T,.

In general, for any sequence of finite sets (G;), if G; locates between two
sets A} and L;,

A; C G; C L;,
then we have

limsup G; C lim L;,

liminf G; D lim A;.
Thus
lim Gz = Te,

Even T, = () the limit of set theory is valid too.

We can not use analytic techniques for limits of set theory so that we
try to endow them with an order topology, and prove that both sequences
of sets (T) and (A}) converge to the set of all F-indices 7.

We quote J.R.Munkres’s definition of the order topology [4][6].

Let X be a set with a linear order relation; assume X has more one
element. Let B be the collection of all sets of the following types:

(1) All open intervals (a,b) in X.

(2) All intervals of the form [ag, b), where aq is the smallest element (if
any) in X.

(3) All intervals of the form [a,by), where by is the largest element (if
any) in X.

The collection B is a base of a topology on X, which is called the order
topology.

The empty or singleton is not a linear order < set. There is no order
topology on the empty set or sets with a single element. For example a
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constant function f(n) = 0 has a limit lim f(n) = 0 in real analysis, but it
has no limit in order topology, as n — oc.

The recursively sifting process formula (3.5) produces both sequences of
sets together with the set-theoretic limit point 7T..

Xy: T, Ty ..., T . ... T,

Xo: ALAL, .. AL T

We further consider the structures of sets X; and X, using the recur-

sively sifting process (3.5) as an order relation
i<j— T <Tj, Yi(T] < T.),
i< j— A< Al Vi(A; < To).

The set X has no repeated term. It is a well ordered set with the order
type w + 1 using the recursively sifting process (3.5) as an order relation.
Thus the set X; may be endowed an order topology.

In general, the set X5 may have no repeated term, or may have some
repeated terms, or may be a set with a single element Xy = {(}.

We have computed out some patterns of the first few F-indices. The set
X, contains more than one element, may be endowed with an order topology.
using the recursively sifting process (3.5) as an order relation.

Obviously, for every neighborhood (¢, T¢] of T, there is a natural number
ig, for all i > iy, we have T} € (¢, T.] and A} € (¢, T.], thus both sequences
of sets (T) and (A}) converge to the set of all F-indices 7.

limA, = T,
imT = T..

According to the order topology, we have again proved that both se-
quences of sets (T7) and (A}) converge to the set of all F-indices T.. We also
have

lim 7} = lim AL (4.2)

If T, = (), the set X5 = {0} only has a single element, which has no
order topology. In this case formula (4.2) is not valid and we prove nothing
by the order topology.

Theorem (4.1) reveals a particular order topological structure of the set
of all F-indices built into the sequences of sets. Now we easily prove that

the cardinality of the set of all F-indices is infinite.

Theorem 4.2. The set of all F-indices is an infinite set.
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We give two proofs.

Proof. A. We consider the cardinalities |T7| and |A}| of sets on two sides
of the equality (4.2), and the order topological limits of cardinal sequences
(IT}]) and (|A%|) with the usual order relation <, as the sets 7/ and A both
tend to T..

From general topology, we know that if the limits of both cardinal se-
quences (|T!]) and (] A}]) on two sides of the equality (4.2) exist, then both
limits are equal; if lim |A]| does not exist, then the condition for the exis-
tence of the limit lim |77| is not sufficient [3].

For F-indices, the set T, is nonempty T, # ), the formula (4.2) is valid,
obviously, the order topological limits lim |A}| and lim |T| on two sides of

the equality (4.2) exist, thus both limits are equal
lim |Al| = lim |T7|.
From formula (3.7) lim |T}| = Xy we have
lim |A]| = N. (4.3)

Usually, let w(n) be the counting function, the number of F-indices less
than n. Normal sieve theory is unable to provide non-trivial lower bounds
of m(n) due to the parity problem. Let n be a natural number. Then the
number sequence (m;) is a subsequence of the number sequence (n), we

obtain
lim7(n) = lim 7 (m;).

By formula (4.1), the A} is the set of all F-indices less than m;, and the
|Af| is the number of all F-indices less than m;, thus m(m;) = |A}|. We have
lim 7 (m;) = lim | A}].
From formula (4.3) we prove
lim7(n) = N,. (4.4)
Next, we give another proof by the continuity of the cardinal function.

Proof. B. Let f : X — Y be the cardinal function from the order topological
space X to the order topological space Y such that f(T") = |T.

X : T.LT, .. T

IR

Y ’T{’,‘Tﬂ,?’ﬂ/l, ----- ;NO-

It is easy to check that for every open set [|T}],|d|), (|¢l,|d]), (||, No] in
Y the preimage [17,d), (¢,d), (¢, T,] is also an open set in X. So that the
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cardinal function |T'| is continuous at T, with respect to the above particular
order topology.

Both order topological spaces are first countable, hence the cardinal func-
tion |T'| is sequentially continuous. By a usual topological theorem [6] (The-
orem 21.3, p130), the cardinal function |T'| preserves limits

|lim 77| = lim |T7]. (4.5)

Order topological spaces are Hausdorff spaces. In Hausdorff spaces the
limit point of the sequence of sets (77) and the limit point of cardinal se-
quence (|T!|) are unique.

We have proved theorem 4.1, lim 7} = T, and formulas (3.7), lim |T}| =

Ny. Substitute, we obtain that the set of all F-indices an infinite set,
|Te| - z\20‘ (46)

Without any estimation or statistical data, without the Riemann hypoth-
esis, with the recursive sieve, we well understand the recursive structure, set
theoretic structure and order topological structure of the set of all F-indices
on sequences of sets. The theory of those structures allows us obtain an
elementary proof of the conjecture.

We prove that the set of indices of all Fibonacci primes is a infinite set.

In other words we have proved the theorem

Theorem 4.3. There are infinitely many Fibonacci primes.
V.  DISCUSSION

In general, we can not prove that the cardinal function on sequences of
sets is continuous. There is a counterexample, the Ross-Littwood paradox
9] [11].

For example: consider the limit of the sequence of sets, which have no

pattern

Ty=(i+1,i+2,...,106).

From set theory we know lim7T; = T, = (), thus |T.| = 0. But we also
have lim |T;| = oo from real analysis. If the cardinal function is continuous,
then there is a contradiction in real analysis, the empty has an infinite
cardinality. In this case, one can only get up the continuity and says that
there is no relation between the cardinality of the end sifted set |T.| = 0

and the limit lim |T;| = oc.
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By the recursive sieve method, we have revealed that the set T, of all
F-indices has the structure of a particular order topology

ImT! =T,

So that we consider the conjecture in the particular order topological space,
which is generated naturally by the recursively sifting process (3.5), rather
than in real analysis, a metric space.

We consider all sequences of finite sets (G;), such that A, C G; C L;,
and they converge to the end sifted set T, from set theory

lim Gl = Te-

We try to endow all set-theoretical convergence lim G; = T, with an order
topology using the recursively sifting process (3.5) as an order relation, then
construct a particular order topological space G.

Here we must be careful about the existence of order topological limits.

First according to the definition, there exists no order topology on the
empty set or sets with a single element[4] [6].

Next, we quote topologist L.D. Kudryavtsev’s ‘The existence of limits of
a function’ for lim |G;|.

If the space X satisfies the first axiom of countability at the point T, and
the space Y is Hausdorff, then for the existence of the limit lim |G;| of the
cardinal function |G}| , it is necessary and sufficient that for any sequence
(G;) , such that lim G; = T, , the limit lim |G;| exists. If this condition holds,
the limit lim |G;| does not depend on the choice of the sequence (G;) , and
the common value of these limits is the limit of (|G;|) at T, [3].

If the end sifted set is empty 7., = (). Since the sequence of subsets
(A?) is ascending, it converges to the set T, based on the recursively sifting
process (3.5), from set theory we know that the set of sets of patterns
Xo: AAL AL ,T.. only have a single element () and the cardinal
set Yo o |AL]|AS], ... |4, ... ... ,|Te|. only have a single element 0, both
sets have no order topology, both sequences(A?), (] A%|) have no limit of order
topology.

Note, we consider the set sequences, the empty ) is as an element. If we
find out at least one prime pattern, then the set sequence (A}) has more
one element.

Only if the end sifted set is empty T, = (), the limits lim A} and lim | A}
have no existence. The existence of all other limits lim |G| is not sufficient
from the above general topology. Thus at the point 7, = () there is no
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“continuous” or “non-continuous”. There is no contradiction. In this case,
one needs no order topology.

If the end sifted set is not empty 7, # (), since the inclusion relation
G; D AL, the sequence (A}) has more one element, every sequence (G;) has
more one element, every limit of set theory lim G; may be endowed with
an order topology. Every lim GG; has existence; every lim |G;| has existence.
The condition of existence of lim |77, lim 77 and lim | A}|, lim A/ is sufficient.
Thus our proof of theorem 3.1 and 3.2 is correct.

In the formal system P(N) we deal with the Ross-Littwood paradox and
find out a proof of the Fibonacci prime conjecture in the particular order
topological space.

The Ross-Littwood paradox shows that the restricted definition for order
topology, assume X has more one element, is necessary.

In fact, we consider the set of various prime patterns 7., in advance, we
have known at least one prime pattern, and in advance, we have known that
the end sifted set is not empty T, # 0.

By the same paradigm, we may prove another prime conjecture, including

the twin prime conjecture.
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Abstract-In response to the global COVID-19 pandemic, this work aims to understand the early time evolution and the
spread of the disease outbreak with a data driven approach. To this effect, we applied Susceptible- Infective-
Recovered/Removed (SIR) epidemiological model on the disease. Additionally, we used the Machine Learning linear
regression model on the historical COVID-19 data to predict the earlier stage of the disease. The evolution of the
disease spread with the Mathematical SIR model and Machine Learning regression model for time series forecasting of
the COVID-19 data without, and with lags and trends, was able to capture the early spread of the disease.
Consequently, we suggest that if using a more advanced epidemiological model, and sophisticated machine learning
regression models on the COVID-19 data, we can understand, as well as predict the long time evolution of the disease
spread.

Index Terms: COVID-19, mathematical model, SIR model, machine learning, linear regression, time-series,
forecast.

L. [NTRODUCTION

An outbreak of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
2) which was first reported in Wuhan, China in December 2019 [1], [2], has led to 3,
910, 738 confirmed cases, 272, 778 death cases, with 2, 352, 811 active cases, and 1, 306,
204 recovered cases as of May 8, 2020, and has spread to 215 countries of the world, [3],
[16], [17], [18]. Coronaviruses are a large family of viruses that may cause respiratory
illnesses in humans, ranging from common colds to more severe conditions such as
Severe Acute Respiratory Syndrome (SARS) and Middle Eastern Respiratory Syndrome
(MERS). People that are infected may be sick with the virus for 1 to 14 days before
developing any symptoms, [19], [20]. The most common symptoms of coronavirus
disease (COVID-19) are fever, tiredness, dry cough, and in severe cases difficulty in
breathing [28]. From the statistics given above, it suggests that about 33% of the people
infected with the virus will recover from the disease without going through special
treatment.

Thus, “Novel Coronavirus” is a new, previously unidentified strain of
Coronavirus. This novel coronavirus that is involved in the current outbreak has been
named Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) by the
International Committee on Taxonomy of Viruses on 11 February, 2020 [28]. While the
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disease it causes has been named “Coronavirus Disease 2019” (or “COVID-19" in short)
by World Health Organization (WHO) [29]. As a world, we now have a critical
situation on our hands with the spread of pandemic COVID-19 which has posed a huge
threat to global public health. Economic of the world is also suffering greatly as a result
of several measures been put in place including total lock-down of cities in order to curb
the spread of the disease. It has also had social, environmental and financial
consequences, [18], [21], [22], [23], [30].

Understanding the early transmission dynamics of infectious diseases and
evaluating the effectiveness of control measures is crucial for assessing the potential for
sustained control when occurring in new areas. Preliminary investigation has suggested
that the key influencing factor for the rise in cases across the globe is the disease spread
by the infectious people. This means that those with the virus can unknowingly infect
others before symptoms appear, some as soon as two days after infection. It is assumed
that infected individuals are able to spread the infection until they recover, [24], [25],
[26]. As a consequence, several measures have been put in place by the governments
and health authorities in order to reduce the spread among the populace. There has
been a regular campaign to encourage taking personal measures that will help in
reducing the spread. These are the practicing of regular hands-washing, observing social
distancing, the use of face masks, disinfection, isolation, among others, [27].

As a new infectious disease, the transmission dynamics of COVID-19 is still
under investigation. Al- though SARS-CoV-2 is a kind of coronavirus that is similar to
Severe Acute Respiratory Syndrome Coron- avirus (SARS-CoV) and the Middle
Eastern Respiratory Syndrome Coronavirus (MERS-CoV), many studies are still
underway to understand its infectious characteristics.

Since the outbreak of the disease, several study have been made by researchers
to understand the COVID-19 disease, to model and to predict the spread with the help
of scientific tools such as mathematical models, predictive analytics using machine
learning algorithms, and time series forecasting.

In [9], the author presented a comprehensive under- standing of various
pathological mechanism of COVID- 19, which can potentially influence the vulnerable
development of the disease. In [10], the author build SARS-CoV-2 computed
tomography (CT) scan dataset, consisting of 2482 CT scans for both infected and non-
infected patients of SARS-CoV-2 (COVID-19). The data which was collected from Sao
Paulo in Brazil is publicly available online to encourage research and implementation of
artificial intelligent methods, able to identify an individual infected by COVID-19
through analysis of patient’s CT scan. In [11], the authors designed a 3- dimensional
structure for 2019-nCoV. To elucidate the 3D structure, a computational modeling
approach was applied to give insight into the domain architecture of nspl2. In [12] the
authors reviewed the characteristics, origin, pathogenicity, genome structure, and
replication of SARS-CoV-2, with the goal of explaining how each remedy strategy could
act on slowing down or preventing viral infection. Summary of recently investigated
treatments (drugs) were presented. In [13], the authors evaluated the safety and efficacy
of 2 chloroquine diphosphate (CQ) dosages in patients with critical SARS-CoV-2. The
preliminary findings in this study suggest that higher CQ dosage should not be
recommended for patients with critical case of the viral infection because of its potential
safety hazards. In [14], a set of novel molecular structures of SARS-CoV-2 3C- like
protease inhibitors were presented using the Insilico medicine generative chemistry
pipeline. 10 representative structures for likely development with 3D representation
were presented. [15] in their work, using the data provided by [6], describes the time-
line of a live forecasting exercise, and provides objective forecasts for the confirmed
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cases of COVID- 19. They discussed also in their work that forecasting of COVID-19
has good potential implications for planning and decision making.

Motivated by [5], [26], [15], the goal of this paper is to study and understand the
early-stage evolution of the disease spread with a data-driven approach using
Mathematical SIR model and Machine Learning regression model for time series
forecasting of the COVID-19 disease, with and without lags and trends.

The rest of the paper is structured as follow: the formulation and application of
SIR model to COVID-19 are presented in section II, Data analysis and Time series
forecast in section III and section IV give the conclusion to this work.

II.  THE SIR MODEL

In this section, we formulate and analyze SIR mathematical model which is the
most basic mathematical model for a directly transmitted infectious disease as COVID-
19 which is caused by a virus. The transmission of the disease occurs through
respiratory droplets, and spread by individual-to-individual contact which happens
through a sneeze or cough, through skin-skin contact, or through indirect contact with
surfaces in the immediate environment or with objects used on the infected person [4].

a) Mathematical Formulation of SIR Model

The model partitioned the total human population at a particular time into three
sub-populations to explains the transmission of the disease in the human population.
The total human population which we denoted N(%), is divided into sub-populations of
Susceptible class S(¢), Infective compartment /(¢) and Recovered/Removed class R(%)
So that the total population, V(%) is given as:

N(t) = S(t) + I(t) + R(t). (1)

Susceptible class represent individuals who are at risk of contracting the infection
if they had contact with infected individuals. Infective compartment consists of
individuals that may not or showing the symptoms of the disease and can infect others.
The recovered/removed human compartment are the individuals who have recovered or
diseased from the disease. Figure 1 shows flow diagram of COVID-19 disease in a

deterministic population. The model variables and their meaning are presented in table
L.

BSI ~I

Fig. 1: Flow Diagram of COVID-19 Disease in a Population

Table 1: State variables used and their meanings

Variable Meaning

S(t)  The number of susceptible individuals at a given time, t
I(t) The number of infective individuals at a given time, t
R(t)  The number of recovered individuals at a given time, t

The SIR COVID-19 disease transmission model is formulated by assuming the
following assumptions as used in [5].
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1) There is a large and homogeneously mixing population.

2) The outbreak of the disease is short lived.

3) The model assumed that there is no natural births or natural deaths that occur.
4)

The infection has zero latent period. This means that an individual can spread the
disease as soon as they become infected with the disease.

5) Recovering from infection may not necessary confers lifetime immunity since there is
no vaccine yet to cure the disease.

6) There is an assumption of the mass-action mixing of individuals. By mass action
mixing it is assumes that the rate of an encounter between Susceptible and Infective
individuals is directly proportional to the product of the population sizes. By this we
mean, doubling the size of either Susceptible or Infective population will result in
twice as many new infection cases per unit time. This requires that the individuals
of both populations are homogeneously distributed in space and thus do mix either
in any smaller subgroups or larger. Understandably, every individual will encounter
every other individual per unit time with equal probability. Readers
should, however, keep it in mind that the SIR model is a deterministic model and
there are no probabilities assumptions involved in the formulation of the model.

In the formulation of the model, we do not consider the effect of the natural
death or birth rate. This is because the model assumes the effective period of the
disease is much shorter than the lifetime of the human. The model lets us know the
importance of knowing two parameters, namely § and 7. We will consider also that
people develop immunity (in the long term, immunity may be lost and the COVID-19
may come back within a certain seasonality such as also find in the case of common flu
disease), and there is no transition from recovered to the remaining two classes.

With the model flow diagram and assumptions above, the differential equations
that governed the system are now given below:

ds
= —psI 2)
% = BST -1 (3)
R 4

Where 3 is the contagion rate of the disease and 7 is the recovery rate. The disease
transmission rate 8 is > 0 and the recovery rate 7 is > 0 also (that is, the duration of
infection denoted D is equal %) The incidence term 2SI for the number of new infected
individuals per unit time corresponds to homogeneous mixing of the infected and
susceptible sub-populations.

It can be easily verified that % =0, and N =S+I+R is therefore constant.
That is, the total population is constant. This easily follows from the SIR system above
that the sum of the left hand sides of the three equations is the derivative of the total
population size and the sum of the right hand sides is zero. Where the total population
size is denoted by N. Since R(t) = N—-S(t)—I(t), the system can thus be reduced to a
system of two ODEs namely (2) and (3).

Now, Suppose that each infective individual has C contacts that will potentially
be from the susceptible class and provided that each infective individual is capable of
transmitting the disease per unit time, where C is independent of the population size,
then, C x % of these contacts are with other susceptible individuals. If the fraction,
denoted 7, of adequate contacts result in transmission of the disease, then it follows that

each infected individual infects C*7x % susceptible individuals per unit time. Thus,
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we have that 8 = &, where b= Cx7. The parameter 7 is called the transmissibility of
the COVID-19 disease.

b) Analysis of the SIR Model

1) The Long Term Limits Existence: We show that the long term limits of the SIR
model exist.

Now, since the right hand side of (2) is negative and the right hand side of (4) is
positive, this implies that % <0 and & > .

Also, since 0< S(t) < S(0) <N and 0<R(0) < R(t) < N, this implies that the limits
S(00) = limyeo S(t), R(00) = limioR(t), and thus I(co) = limeo I(t) = N — S(00)
— R(o0) exist.

2) The Disease Always Dies Out: It is also easy to prove that the disease always dies
out. Now,I(o0) =0 for all initial conditions, without formulating a formula for I(¢).
Suppose now that the disease will not dies out, (4) implies that for sufficiently large
t, % > @ > (0 and this implies that R(co) = oo, this is a contradiction. Hence,
the disease will dies out.

3) Theorem of Epidemic Threshold: We define the effective reproductive number,

which we denoted R, = % *% and the basic reproduction number denoted, Ro= %.

Now, if the entire population is initially susceptible, with one infective case, that
is, S(0)= N—1, I(0) =1, R(0) =0 and large (see the model assumptions), then R, =
Nol *% is approximately equal to Ry. Hence, to modify formula involving Ry, we

N
shall assume that the quantity % is equal to 1. We now show that R. is the

threshold parameter that determines whether the infectious disease will quickly die out
or whether it will permeate the population and cause an epidemic.

Theorem 1.
1. If Re < 1, then I(t) decreases monotonically to zero as t— oo
2. If Re > 1, then I(t) starts increasing, reaches its maximum, and then decreases to

zero as t — oo. The scenario of increasing numbers of infected individuals is called
an epidemic. It follows that an infectious disease can get into a population and cause

an epidemic in an entirely susceptible population if Ry> 1 or b > ~.

Proof.
Equation (3) and the discussion in Section 2.2.1 imply that 4 = (8S5—4)7 <

(BS(0) =v)I =~v(R.—1)I <0 for R. < 1. This observation together with I(co)=0 (see
Section 2.2.2) proves the first statement.

Equation (3) implies (%:(0) = (R —1) I1(0) > 0 for R. > 1. Thus I(t) is
increasing at + = 0. Equation (3) also implies that I(t) has only one non-zero critical
point. These observations, together with I(co) = 0imply the second statement is true.
This end the proof.

¢) FExistence and Uniqueness of Solution for the SIR Model
The first-order ODE is generally in the form:

o' = f(t,x), x(to) =0 (5)
In order to established the existence and uniqueness of solution of (5), we are
interested in answering the following questions:
(I) Under what conditions can we say solution to equation (5) exists?
(II)Under what conditions can we say there is a unique solution to equation (5)?
£n order to answers these questions:
et:
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fi = —=pSI,

fo=BST —~I,
and

fs=~1

We use the following theorem to established the existence and uniqueness of
solution for our SIR model.

Theorem 2 (Uniqueness of Solution)
Let D denotes the domain:

it —to| < a, ||z —xol| < b,z = (21,22, ..., %), o = (T10,T20, -+, Tno) (6)
and suppose that f{t, x) satisfies the Lipschitz condition:
LS (E,21) = f(E,z2)]] < Kllzy — @2, (7)

and whenever the pairs (t, x,) and (t, x,) belong to the domain D, where k represents a
positive constant.

Then, there exist a constant § > 0 such that there exists a unique (exactly one)
continuous vector solution x(t) of the system (5) in the interval [t — t,] < §. It is
important to note that condition (2.12) is satisfied by requirement that:

ofi
. WI=12mm
J

be continuous and bounded in the domain D.
Lemma 1: f(t,x) has continuous partial derivative g—j:;ﬁ ona of real bounded closed
convex domen R (i.e, convex set of real numbers) where R is used to denotes real

numbers, then it satisfies a Lipschitz condition in R. Qur interest is in the domain:
1<e<R (8)
So, we look for a bounded solution of the form
0<R<o0.
We now prove the following existence theorem.

Theorem 3: (Existence of Solution)

Let D denote the domain defined in (6) such that (7) and (8) hold. Then there
exist a solution of model system of equations (2)-(4) which is bounded in the domain
D.

Proof. Let:
fi=-BSI, (9)
fo = BSI =1, (10)
and
fa=~1 (11)

We shows that:

ggf’_, i,7=1,2,3 are continuous and bounded. That is, the partial derivatives are
continuous and bounded. We explored the following partial derivatives for all the model
equations:

From equation (9);

oh
oS

:‘—ﬁl‘<oo,
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N

of

aT% = |0] < .
Similarly, from equation (10) we also have that:

0

el =t <,

= |ps 1| <

of

87; = 0] < o0
Finally we have from equation (11);

% = 10| < o0,

0

87"? = [yl <o,

i;g = 0] < o0

We have clearly established that all these partial derivatives are continuous and
bounded, hence, by Theorem (1), we can say that there exist a unique solution of (9) to
(11) in the region D.

d) Implementing the SIR Model Numerically

The SIR model can be implemented in many ways. It can be implemented from
the differential equations governing the system, that is within a mean-field ap-
proximation. Also, it can be implemented running the system dynamics in a social
network (i.e. graph). We will choose the first option and will run a numerical method
(with 4th order Runge-Kutta method) to solve the differential equations system.

We define the functions governing the differential equations (2)-(4) using the
python programming language. The functions are given below:

# Susceptible equation
def fa(N, a, b, beta):
fa = -betaxaxb

return fa

# Infected equation

def fb(N, a, b, beta, gamma) :
fb = betaxaxb - gammaxb
return fb

# Recovered/Deceased equation
def fc (N, b, gamma):

fc = gammaxb

return fc

Where a=S,b=1 and c = R.

In order to solve the differential equations system, we develop a 4th order
Runge-Kutta (RK4) numerical method using python programming language. Details of
RK4 are discussed in [7].
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The results obtained for N = world population, with one initial infected case
(that isI(0) = 1), 8 = 0.7, v = 0.2 and a time step 8t = 0.1 are shown in the figure 2.

SIR model

Fraction of population

0 200 400 600 800 1000
time

Fig. 2: SIR Model when g = 0.7 and 7= 0.2

From the simulation result depicted in the figure 2, the following observations was
made:

e The number of infected cases increases for a certain period of time, and then
eventually decreases, given that individuals will recovered/deceased from the
disease.

e The susceptible compartment of the population de- creases as the virus is
transmitted and eventually drop to the absorbent state 0

e However for the recovered/deceased case, the opposite happens.
Readers should however, note that different initial conditions and parameter
values will lead to other scenarios from the simulation.

1) Fitting the SIR model to the Real Data: Since the beginning of the COVID-19
pandemic, efforts have been put in place to collate live updates of the disease across
the globe. For the purpose of our analysis in this paper we are using the data
provided by the Center for Systems Science and Engineering (CSSE) at Johns
Hopkins University [6] which provide daily updates on the COVID-19 cases that are
curated from different official sources.

The SIR model we modeled relied heavily on theoretical assumptions, and we are
interested into real approximation of the COVID-19 expansion in order to extract
insights and understand the transmission of the virus. Hence, there is need for us to
extrapolate the values of 8 and v parameters for each case if we hope to be able to
predict the evolution of the system.

We considered selected country of interest and fitted the model with the real
COVID-19 data of the country and observed how the evolution of the system looks like

with the optimal parameters values of 5 and 7 for the country. See figure 3 below.

Fit of SIR model for Spain Infected Cases
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Fig. 3: The Fit of SIR Model for Spain Infected Cases
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The optimal parameters extrapolated for the model fit in the figure 3 above are

v = 9.27 and g = 9.45. The yellow line indicates the SIR model while the blue dots
represent the data points.

I1I.  DATA ANALYSIS AND TIME SERIES FORECASTING OF CoviD-19 DATA

Analyzing the SIR model and the simulations given in the section 2 was meant
to understand a model that approximately resembles the transmission mechanism of the
COVID-19 virus. However, there are alternative methods that prove to be equally
useful both to predict and to understand the pandemic evolution, namely ma- chine
learning methods. Many of the popular machine learning methods rely on having rich
data to extract conclusions and allow algorithms to extrapolate patterns in data. On
the COVID-19 data, we will be considering the machine learning regressions approach
under this section.

The COVID-19 dataset we used in the analysis includes dates from January 22
to April 14, 2020, totalling 84 days. This dataset covers 184 countries affected by the
disease. Countries with Province/State informed are Australia, Canada, China,
Denmark, France, Netherlands, the US, and the United Kingdom. Since the data is
close to 3 full months from 2020, this is enough data to get some clues about the
pandemic. We give the description of the dataset in Table II below:

Table I1I: Description of COVID-19 Dataset Used

Feature Description Type
Id Unique ID Integer
Province_State Province/State in Country/Region  Character
Country_Region Country/Region with COVID-19 Cases Character
Date Date of case reported string
ConfirmedCases Number of Confirmed Cases float
Fatalities Number of Fatalities Cases float

We performed some preprocessing to prepare the dataset for training. This
consist of filtering of dates to remove Confirmed Cases and Fatalities post-March 12,
2020 for the short term forecasting purpose, we created additional date columns,
analyzed and fixed missing values from the data, and also did data transformations.

Understanding the evolution of the disease spread is vital for the early forecast,
so we plot some visuals to understand the evolution of the disease.

Fig. 4: Evolution of Global COVID-19 Confirmed and Fatalities Cases
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Figure 4 show the global COVID-19 curve. It shows a rich fine structure, but
these numbers are strongly affected by the vector zero country-China. We called China
vector zero country due to the fact that the COVID-19 disease pandemic started there.
Now, during the initial expansion of the virus in China, there was no reliable
information about the real infected cases. In fact, the criteria that was used to consider

as 'infectious cases’ in the COVID-19 dataset was modified around February 11, 2020.
This strongly perturbed the curve, this is evidence as can seen in the figure 4.

It was observed in figure 5 that the global COVID-19 general behaviour looks
cleaner, and in fact, the curve resembles a typical epidemiology model like SIR. We
recalled that the SIR mathematical model presents a large increase in the number of
infections cases that, once the infectious cases reaches the maximum of the contagion,
will then decrease with a lower slope.

Fig. 5: Evolution of Global COVID-19 Confirmed and Fatalities Cases Excluding China

a) Linear Regression Versus Log-Linear Regression Models

Since we are interested in predicting the future time evolution of the pandemic,
our first approach in the paper was to use Machine Learning Linear Regression model
for the prediction of the earlier spread of the disease. However, we realized that the
evolution is not linear but exponential (this has been discovered from the beginning of
the disease spread) so that a preliminary log transformation will be required on the data
in order to trained linear model.

The figure 6 below shows a visual comparison of both Confirmed Cases and log
Confirmed Cases cases for Spain and with the data information from the last 10 days,
beginning from March 1, 2020:

Spain ConfirmedCases Between Days 39 and 49 Spain Log ConfirmedCases Between Days 39 and 49

________
p—

Fig. 60: Spain Confirmed Cases and Log Confirmed Cases

As can be seen in figure 6, the log transformation results in a fancy straight-like
line, which is impressive for Linear Regression. However, some important points need to
be clarified. This "roughly exponential behaviour” of the curve is only true for the initial
disease spread of the COVID-19 pandemic (that is the initial increase of infections on
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the SIR model). But that is exactly the point where most countries are at as at the
time of writing this paper. In our analysis, we only extract the last 10 days of data in
order to capture exactly the very short term component of the evolution to prevent the
effects of certain variables that have been impacting the transmission speed, for
instance, the effect of quarantine in comparison to when there is free circulation, etc,
and also to prevent differences on criteria when confirming new cases.

We follow the steps below in training the linear regression model:

Features Selection. We select features for the training.
Dates filtering. We filtered the train data from March 1 to March 18, 2020.

Application of Log transformation. We applied log transformation to Confirmed
Cases and Fatalities features.

Handled infinities. We Replace infinities from the logarithm with 0 values. Given the
asymptotic behaviour of the logarithm for log(0), this implies that when applying
the inverse transformation (exponential) a 1 will be returned instead of a 0. This
problem does not impact many countries. In our subsequent work, we intend to
address this issue in order to obtain a cleaner solution.

train/test split. Split the data into train/validation/test sets

Prediction. Apply Linear Regression, and trained the model country by country
after which the results was joined together.

Figures 7 to 10 shows the results for some of the countries after training the model.

000 {

Fig. 7 1st Predictions for Confirmed Cases based on Log- Linear Regression for Spain

From the regression results, some of which were depicted in the figure 7 to 10,

the following general observations were noticed:

100000 {

0 il [ o

5 10 15 5 1 5
Day count (from March 22 to March 25thi Day count {from March 22 to March 30th]

Fig. 8 2nd Predictions for Confirmed Cases based on Log-Linear Regression for Spain.
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ConfirmedCases predictions based on Log Lineal Regression for Italy
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Fig. 9: 1st Predictions for Confirmed Cases based on Log- Linear Regression for Italy
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Fig. 10: 2nd Predictions for Confirmed Cases based on Log-Linear Regression for Italy

ConfirmedCases Predictions based on Log Linear Regression for Nigeria
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ConfirmedCases Predictions based on Log Linear Regression for Nigeria
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Fig. 12: 2nd Predictions for Confirmed Cases based on Log-Linear Regression for
Nigeria

e The general evolution of the disease spread is captured despite the simplicity of the
model.
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e The cumulative infected cases have been changing since March, so that using the
whole month data for training the model will result in overestimated predictions.
When we reduced the training set to only a few days prior to the testing region,
results are better. This is capturing the problem of the exponential behaviour that is
only true for the early stages of the disease spread. The stage we are now, the
disease spread behaviour is more complex, and in order to predict the evolution with
large portions of the historic data, alternative and better models will be required
(e.g sigmoid, ARIMA, etc.).

e Estimations are increasingly worse as time passes (getting harder to extrapolate).

e Countries that recently confirmed their first contagions are difficult to predict (i.e,
countries with fewer data points)

e (Countries with 0 cases in the whole training dataset are predicted as non-infected
(countries with no data points).

b) Linear regression with Lags and Trends

With the results obtained in the previous subsection, we can deduce that the
Linear Regression Model is a good model for predicting the early stages of the
COVID-19 spread. That is, Linear regression model can predict the initial outbreak of

the disease from the data we are analyzing, and there’s no way our model could predict
when the number of new infections is going to decrease. But for short-term prediction
purposes, everything is fine. We will now try to improve the results obtained previously
in this subsection.

Time series data possess specific properties such as trend and structural break,
common methods used to analyze other types of data may not be appropriate for
the analysis of time series data [8]. So, enriching time series data is key to obtain good
results, therefore, we applied two different transformations to the COVID-19 data in
this subsection, namely lags and trends. For example, on Confirmed Cases column, lags
can be seen as a way to compute the previous value of the column so that the /ag, for
Confirmed Cases would inform this column from the previous day. By definition, the
lag;of a feature X is given by the formula:

Kiagy (1) = X(t — 3) (12)

Transforming a column into its trend gives the natural tendency of this column,
which is different from the raw value. The definition of trend we applied is given by:
X(t)—X(t—-1)

X(t—1)

Trendx = (13)
The backlog of Lags we will apply is 14 days while for Trends is 7 days both for
Confirmed Cases and Fatalities.

In order to apply lags in the model, there is a problem to solve: If we use our dataset to
predict the next following days of contagions, for the first day, all the lags will be
reported (from the previous days), but for the next days, many of the lags will be
unknown (and will be flagged as 0), since the number of Confirmed Cases is only known
for the training subset. We take the following simple approach to overcome this
problem:

(i) We begin with the train dataset, with all cases and lags reported
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(ii) We forecast only for the next day through the Linear Regression

(iii) We set the new prediction as a Confirmed Cases and Fatalities

(iv

Fig. 13: Predictions for Confirmed Cases of Log-Linear Regression with Lags for Spain

)
)
)

We recompute lags
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ConfirmedCases predictions based on Log-Linear Regression with Lags for Spain

(v) We then repeat from step (ii) to step (iv) for all the remaining days.

— Fresicted cases 5 — Fredcted cases =
Actual cans Actusl cacet e
[ p——— S -
/ = i
/ ki “s
/ £
i 3
5 /
i 8
Tt = g % *

0 I 0 %
Day count (starting en March 10}}

10 1 2% =
Day count [starting on March 10}

Fatalities predictions based on Log Linear Regression with Lags for Spain

25000 1

20000

5000 {

— Pkt e
Actusl cases
Yain e szie

— Predtind canes
Actusl canes

Tn 2et epin "

Fig. 14: Predictions of Fatalities of Log-Linear Regression with Lags for Spain

160000

140600

120000

0000

20000

20000

Fig. 15: Predictions for Confirmed Cases of Linear Regression with Lags for Italy

000

Day count (starting on March 10}

Day count (starting en March 10)

ConfimmedCases predictions based on Log-Linear Kegression with Lags for Italy

EY

E3

—— Predicted cases 120 | = Predicted cases
Actual canes Actual cade e
Taimtest spi uinse spit —
i s
/‘(’-
/ 4 a
- Zue /
- 5
£
Fus
e 4
.
o T S 0 3 » %

Day count (starting on March 1)}

Day count [starting on March 10)

Fatalities predictions based on Log Linear Regression with Lags for Italy

— Predxted eaes.
Actusl can

Tain s s
ysao |
=
15000 el
e
§ 1oson | i
& oo ‘
) )
7500 d
P
p
o0 | y
i F 4
2500 i

Fig. 16: Predictions of Fatalities of Linear Regression with Lags for Italy

© 2020 Global Journals

100 | — presictnd cases
Actusl cases

T test st —

1 15 n » 0
Dey count [starting on March 10)

5

10 15 o
Day count (starting on March 10}

S

EY

EA

Notes



Notes

ConfirmedCases predictions based on Log-Linear Regression with Lags for Nigeria
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Fig. 185: Predictions of Fatalities of Linear Regression with Lags for Nigeria

Figure 13 to 18 shows some of the regression results with the addition of lags.
Two full weeks of the data was used for the training (from February 26th to March
11th), with their previous 14 lags. With the addition of the lags, the following
observations were made:

1. Countries with enough data: For countries with several Confirmed Cases and
Fatalities (For ex- ample, Spain, Italy) in the train dataset (prior to March 11th),
predictions are very precise and similar to actual data points.

2. Countries with poor data: Countries with a small number of data points (e.g.
Nigeria) in the train dataset show a potentially disastrous prediction. Given the
small number of cases, the log transformation followed by a Linear Regression is not
able to capture the future behavior of the disease spread.

3. Countries with no data: When the number of con- firmed cases in the train dataset
is 0 or negligible, the model predicts always no infections.

IV. CONCLUSION

Understanding the evolution of the spread of a disease like COVID-19 will
ultimately play a major role in prevention measure that can be taken by relevant
authorities to flatten the curve. The aim of this paper was to explore and understand
the early time evolution of the spread of COVID-19 disease with a data-driven
approach. Therefore, we modelled and applied COVID- 19 disease to the SIR
epidemiological model. Also, we use the machine learning linear regression model on the
COVID-19 data that is publicly available for early-stage time series forecasting of the
COVID-19 cases, considering when there is no lags and trends, and with the application
of lags and trends. With these approaches, we are able to capture and understand the
early spread of the disease. Hence, we suggest that if using a more advanced
deterministic epidemiological model, and sophisticated machine learning regression
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models on the COVID-19 data, it is possible to understand, as well as predict the long
time evolution of the disease spread.
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Mixed Value Problem for a One-Dimensional
Nonlinear Nonstationary Twelve Moment
Boltzmmann's System Equations with the

Maxwell-Auzhan Boundary Conditions

Sh. Akimzhanova

AbefaCf— B pa60Te AO0KAa3aHO CylIeCTBOBAHHE H €AMHCTBEHHOCTb PpeEIICHUSA Haqanbﬂo-xpaenoﬁ 3agjaua it
HeCTALMOHAPHOI HeJIMHEelHOI 0JHOMEpPHOii ABeHAIATH MOMEHTHOM cucTeMbl ypaBHeHMii BosibiMaHa npu rpaHUYHBIX
ycaoBusax MakcBesuia-Ay:kaHa B IPOCTPaHCTBe (PYHKIUI, HelPePbIBHBIX 110 BpeMeHH U CYMMHPYeMBbIX B KBaJpaTte 1o
NPOCTPAHCTBEHHON MepeMeHHOi (PACCMOTpPEH CJIy4ail YHCTO 3ePKATILHOI0 OTPaKeHHsI OT TPAHMIbI).

Kiiouesvie c106a: 00HOPOOHOE 0OHOMEPHOE YPasHeHue O0TbYMAaHd, CUCeMAa MOMEHMHbIX YPasHeHul 60IbymMana,
MUKPOCKONUYECKOe cpaHUdHOe YClo8Ue MAKCBELIAd, MAKPOCKONUYeCKoe cpaHudnoe yCciloe6ue.

Abstract- It is proved existence and uniqueness of solution of the problem with initial and boundary conditions of
Maxwell-Auzhan (we consider pure specular reflection from the boundary) for the nonstationary nonlinear one-
dimensional Boltzmann’s twelve-moment system equations in space of functions continuous in time and summable in
square by spatial variable.

Keywords: Boltzmann's homogeneous one-dimensional equation, Boltzmann’s moment system equations,
Microscopic Maxwell boundary condition, Macroscopic, boundary conditions.

[. [NTRODUCTION

Many problems of the rarefied gas dynamics require the solution of one or
another problem for the Boltzmann equation.The prediction of aerodynamic
characteristics of aircraft at very high speeds and at high altitudes is an important
problem in aerospace engineering. It is impossible to determine the aerodynamic
characteristics of aircraft at high altitudes. The interaction of gas molecules with the
surfaces of real bodies has been little studied. The aerodynamic characteristics of
aircraft at very high speeds and at high altitudes can be determined by the methods of
the theory of a rarefied gas [1]. To analyze the aerodynamic characteristics of aircraft in
the transient regime, the complete integro-differential Boltzmann equation is used with
appropriate boundary conditions. The determination of the boundary conditions on the
surfaces that are streamlined with a rarefied gas is one of the most important questions
in the kinetic theory of gases. In high-altitude aerodynamics, the interaction of gas with
the surface of a streamlined body plays an important role [2]. The aerothermodynamic
characteristics of bodies to the gas flow are determined by the transfer of momentum
and energy to the surface of the body, that is, the connection between the velocities and
the energies of the molecules incident on the surface and the molecules reflected from it,
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which is the essence of the kinetic boundary conditions on the surface. Maxwell’s
boundary condition for solving specific problems more accurately describes the
interaction of gas molecules with the surface. One of the approximate methods for
solving the initial-boundary value problem for the Boltzmann equation is the moment
method. With the help of the moment method, it is possible to determine the
aerodynamic characteristics of aircraft, such as atmospheric parameters, flight speed,
geometric parameters, and the like. We note that in work [3] two new models of
boundary conditions were proposed: diffusive-moment and mirror-moment, generalizing
the known boundary conditions of Cherchinyani, and in [4] aerodynamic characteristics
of space vehicles were studied by the method of direct static modeling (Monte Carlo
method) and various model of the interaction of gas molecules with the surface and
their effect on aerodynamic characteristicc. Moment methods are different from each
other as sets of various systems of basic functions. For example, Grad in works [5] and
6] received moment system through decomposition of particles distribution function by
Hermitte polynomials near the local Maxwell's distributions. Grad used Cartesian
coordinates of velocities and Grad’s moment system contained unknown hydrodynamic
characteristics as density, temperature, average speed, etc. In [7] obtained the moment
system which differs from the system of equations of Grad. In this case was used the
spherical coordinates of velocity and distribution function is decomposed into a series by
the eigenfunctions of the linearized collision operator [1], [8], which is the product of the
Sonin polynomials and spherical functions. The expansion coefficients, the moments of
the distribution function are defined differently from Grad. The resulting system of
equations corresponding to the partial sum of the series, which was call the

Boltzmann’'s moment system equations, is nonlinear hyperbolic system relative to the
moments of the particles distribution function. Differential part of the resulting system
is linear and quadratic nonlinearity is shaped as moments of the distribution function.

Quadratic forms — the moments of the nonlinear collision integrals — are calculated in
[9] and are expressed in terms of coefficients Talmi [10] and Klebsh-Gordon [11].

In [12] - [13], moment systems for the spatially homogeneous Boltzmann equation
and the conditions for the representability of the solution of the spatially homogeneous
Boltzmann equation in the form of the Poincare series were obtained. The method
proposed in [12] (application of the Fourier transform with respect to the velocity
variable in the isotropic case) greatly simplified the collision integral and, hence, the
calculation of the moments from the collision integral. In [13] the result of [12] is
generalized for the case of anisotropic scattering.

In work [14] presented a systematic nonperturbative derivation of a hierarchy of
closed systems of moment equations corresponding to any classical theory. This paper is
fundamental work where closed systems of moment equations describe a transition
regime.

The Boltzmann equation is equivalent to an infinite system of differential
equations relative to the moments of the particle distribution function in the complete
system of eigenfunctions of linearized operator. As a rule, limited study to finite
moment system equations as solving the infinite system of equations does not seem to
be possible.

Finite system of moment equations for a specific task with a certain degree of
accuracy replaces the Boltzmann equation. It's necessary, also roughly, to replace the
boundary conditions for the particle distribution function by a number of macroscopic
conditions for the moments, i.e. there arises the problem of boundary conditions for a
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finite system of equations that approximate the microscopic boundary conditions for the
Boltzmann equation. The question of boundary conditions for a finite system of moment
equations can be divided into two parts: how many conditions must be imposed and
how they should be prepared. From microscopic boundary conditions for the Boltzmann
equation there can be obtained an infinite set of boundary conditions for each type of
decomposition. However, the number of boundary conditions is determined not by the
number of moment equations, i.e. it is impossible, for example, take as much boundary
conditions as equations, although the number of moment equations affects the number
of boundary conditions. In addition, the boundary conditions must be consistent with
the moment equations and the resulting problem must be correct.

Grad in [5] described the construction of an infinite sequence of boundary
conditions without the consent of the order of approximation for the decomposition of
the boundary conditions and the expansion of the Boltzmann equation. Boundary
conditions, even a one-dimensional Grad’s moment system equations is a very difficult
task, because Grad’s moment system of equations is a hyperbolic system and this
system of equations contains as coefficients unknown parameters like density,
temperature, average speed, etc. In such case the characteristic equation is also
dependent on the unknown parameters and thus appears to be very difficult to
formulate the boundary conditions for the moment system. In work [15] had been
discussed the boundary conditions for the 13-moment Grad system.

In work [7] had been shown approximation of the homogeneous boundary
condition for the particle distribution function and proved the correctness of the initial-
boundary value problem for nonstationary nonlinear Boltzmann's moment system
equations in a three-dimensional space. More precisely, was proved the existence of a
unique generalized solution of the initial-boundary value problem for the Boltzmann’s
moment system equations in the space of functions that are continuous in time and
square summablein the space of variables. In addition, the same study shows the
approximation of the microscopic boundary conditions for the Boltzmann equation. The
boundary condition can be formulated as follows: determine the mirrored half of the
distribution function from the known half, corresponding to the falling particles. The
boundary condition is specified as an integral relation between particles falling to the
boundary and particles reflected from the boundary (assuming that we know the
probability of an event that a particle falling to the boundary with velocity V, reflects
with velocity V, ).

In this article it is proved existence and uniqueness of solution of the problem
with initial and boundary conditions of Maxwell-Auzhan (we consider pure specular
reflection from the boundary) for the nonstationary nonlinear one-dimensional
Boltzmann’s twelve-moment system equations in space of functions continuous in time
and summable in square by spatial variable.

FEXxistence and uniqueness of the solutions of initial and boundary value problem for
twelve-moment one-dimensional Boltzmann's system of equations with boundary
conditions of Maxwell-Auzhan

In this section we prove existence and uniqueness of solutions of the initial and
boundary value problem for twelve-moment one-dimensional Boltzmann's system of
equations with boundary conditions of Maxwell-Auzhan in space of functionscontinuous
in time and summable in square by spatial variable. Theorem of existence of global in
time solution of the initial and boundary value problem for 3-dimensional nonlinear
Boltzmann equation with boundary conditions of Maxwell proved in work [16].
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Statement of the problem: Find the solution of initial-boundary value problem for a
homogeneous one-dimensional Boltzmann equation

of of v
E+|v|cos¢9&=\](f, f) te(0,T] xe(-a, a),veRY, (1)

fl_,=f(xv) (xv)e[-aa]xRy, (2)

f+(t’X1V1’V21Vs)=ﬂf(t’X’Vsz,—Vs)+(1—ﬁ)nexp(_%}

v, =Mcosd,(n, v) = (n, Mcosd)> 0, x=-a or x=a, (3)

where f = f (t,X,V) is a particle distribution function in space of velocity and time;

f °(x,v)is distribution of the particles at the initial time (fixed function);
J(f, f)= .[ [ (V) f(W)- f(v) f(w)]o(cosx)dwdvnonlinear collision operator, recorded

for Maxwell molecules, n is external unit normal vector of the boundary. Condition (3)
is a natural boundary condition for the Boltzmann equation, which makes it possible to
determine the reflected half of the distribution function £ if we know the half
corresponding to the falling particles. According to (3), some part of falling particles
reflected specularly, and other particles are absorbed into the wall and emitted with the
Maxwell distribution with corresponding wall temperature Ty.

Formula (3) refers to the case of a wall at rest; otherwise vmust be replaced by
V-U,, U, being the velocity of the wall. #, Ty, U, may vary from point to point and
with time [8].

For one-dimensional problems of the Eigen functions of linearized operator are

[1], [8]:
Jen(@+1) |7 ap]) gt < e
= 0
Gn(av) (2F(n+l+3/2) J2 R(cost),
2n+1=012,...
At | | | |
where S, 2 5 is Sonin polynomials, R(COSG) is Legendre polynomials, I" is

Gamma function.

To find an approximate solution of the problem (1) -(3) we apply the Galerkin
method. We define the approximate solution of one-dimensional problem (1)-(3) as
follows:

o(t,%,V)= an,tx g, ( (4)

2n+l=0
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o o +hdeoso 22 a(1, )i (aviav=o,

2n+1=01..5 (t,x)e(0,T]x(-aa), (5)
IR; [fs(o’ X, V)_ f50(x1v)] fO(a|V|)gnl (O‘V)dv =0,
2n+1=01..5 xe(-aa), (6)

[ ) ) el ()l s (xv)g, (kv

e, ol oo

2(n+1)=0,24, x=-a orx=-a, (7)

where N= (0,0,1) with x=aand N= (0,0 - l) with x=-a
f, (a|\/|) is the global Maxwell distribution;

fo (t. %)= [ f5(t, x V)fo(aM)g, (av)av,

Ry

fe(x,v) = Z fo (X)gn (av)dv,

1260 = [, 120 v)ToleM)gn (av)av. ®

In the general case, the approximation of the boundary condition (3) depends on
the parity or oddness of the approximation of the Boltzmann’s moment system of
equations [17]. When approximating a microscopic boundary condition, we took into
account the approximation of the Boltzmann equation by moment equations
corresponding to the fifth approximation (the twelve moment system of equations).

Thus, the approximation orders for the expansion of the boundary condition and
the expansion of the Boltzmann equation are consistent. Macroscopic conditions (7)
were called Maxwell — Auzhan boundary conditions [17].

Boltzmann’s system of moment equations (5), corresponding to the
decomposition (4) can be written in expanded form

li| 2n+|+% 2An+1 . .
a Ox (2l M

@A) M @@ 4 D)

2n+|+/2
+1) nl+l —ll+l
2I+1 2I+3 2I+1 2I+3

2n+1 = (9)
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where the moments of the collision integral can be expressed in terms of coefficients
Talmi and Klebsh-Gordon as follows [6]

Ly = 3 (NgLgnly 1110100 1Y NLgnd, | [y, :1)(1,01,0/10)(0, = )f, Fo s

(NsLgnly:lIndinl, i1} is generalized Talmi coefficients, (1,01,0/10)is Klebsh-Gordon
coefficients.

If in (9)2n+ 1 is from 0 to 5, we get the system of equations, corresponding fifth
approximation of Boltzmann’s moment system equations or twelve-moment

0

Boltzmann's system equations.

The initial and boundary value problem for twelve-moment Boltzmann’s system
equations with boundary conditions of Maxwell-Auzhan (7) can be written in vector-

matrix form [18] (we consider pure specular reflection from the boundary g =1): %)

=

ML A J,(u, w) %3;

ot OX ij

ou ou =k

- i _ 10 =

S A J,(u, w),te(0, T], xe(-a, a), (10) i

o

U, =Up(X) W_,=w,(x) xe(-a, a) (1)

(@34

(Aw -Bu") =(Aw +Bu)  tefoT], (12) €
(AW+ + Bu*)xz :(AW‘ - Bu‘] ., telo, 7], (13)

where A’ is transpose matrix; uo(x):(fO%(X), fo(x), fo(x), fa(x), f3(x), fz%(x)),,
Wo(x):(foi(x)’ foos(x)’ fo%(x)' flg(x)’ f
u:(foo’ foz' fo4' flO’ f12! fzo)’ W:(fov f03, f05' fll’ f13’ le)’

Jl(u’v) :(0’ |o4’ 0, |12’ |20)’ Jz(u’V) :(O’ |03’ |05’ |11’ |13’ |21)’

0 0 0 0
242

- 0 0

N

0

2(x), fz(i(x))' are given initial vector functions,

Noﬁdmp
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RN N A I T SR S O
3 105 J3 W21 2415
2 26 2 1
R T A
2 26 4 5 13 1
g1 | Vs 3/70 72 3/3 245 247
ar| 1 T R - 3 .o
V3 33 2 V14 2,10
1 2 13 3 34 232
J21 V7 J245s J1a 712 43
1 1 1 5 232 15
215 25 27  2J10 4/35 2

The matrices A and B are degenerated. Required to find a solution to the system
of equations (10) satisfying the initial condition (11) and boundary conditions (12) and
(13).Before we prove the existence and uniqueness of the solution of the problem (10) -
(13).

For the problem (10) -(13) following theorem takes place.

Theorem: 1f U, = (Uy(X),W, (X)) € L* [— a, a], then problem (10)-(13) has unique
solution in domain [-a,a]x[0,T] belonging to the space C([O,T]; L*[-a, a]), moreover

C|u

”U ||C([O,T];L2[—a,a]) E oflL2[-a,a] (14)

0flL2[-a, a])
Proof: LetU, e LZ[— a, a]. Let’s prove estimation (14). We multiple first equation of
system (10) by uz and second equation by w, and integrate from —a to a:

(R g | G Ry | I CRUNCRT S

24t :

where C, is constant independent from U = (u,w) andT ~0 (HU

After integration by parts we receive

1d J'[(u u)+ (W,W)hX-F(U_,AW_IX:a—(U_,AW_}X:_a = T[(Jl,u)+(J2,w)bX, (15)

20t ’

Taking into account boundary conditions (12)-(13) we rewrite equality (15) in
following form

2dtI[uu Ww}jx+(Bu u] (Bu‘,u‘}x_ ((AW Bu) )Xf_a+

+((Aw + Bu") = _[ [(3,(u, w),u)+ (3, (u, w), w)ix. (16)
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Let’s use spherical representation [19] of vectorU (t, X) = I‘(t )a)(t, X), where
alt,x) = (@,(t, %), @, (t, X)), r(t) = U ()] 2oy |0

Substituting the valuesU = r(t)a)l(t, X), W= r(t)a)z (t, X)into (17) we have that

L?[-a,a] -

% 'P(t) = r°Q(t) (17)

where
P(t) = (Ba)l_ L, ) Lt (Ba)l_ L0, ) Lot [(Aa)2+ L, 1 X:a+(Ba)l+ L, ) T
+ (BC‘)l+ ’ 501_ ) x=—a (Aa); ' a)l_ ) x=-a ]’

Q(t) = _T[(‘Jl(a)l' W, )’ wl)"' (JZ(a)l’ 0, )1 0, )}:IX

—-a

Let’s study equation (17) with initial condition

(0)=[Vo] = U

12[-a,a]" (18)

Solution of the problem (17) -(18) has following form

(t)= {exp[j; P(r)erhU—lOHj([Q(r)exp(jP(é)dfjdr}l.

0

If R(t) = JQ(T)EXP[—j P(g)ngdT <0,V then r(t)is bounded for V1 € [0,+OO).

0 0

Let R(t) > 0. We denote by T1 the moment of time at which
1 ¢ :

= Q(r)exp[— | P(g)dgjdf = 0.
Yol g

Then r(t) is bounded for Vte[0,T], where T <T,, moreover T, ~O(“UO||_1), since
integrand Q(T)eXp[_jP(f)d‘fj is bounded. Hence Vt e [O,T] takes place a priori estimation
(14). °

Now we prove the existence of a solution for (10) -(13) with help of Galerkin
method. Let us {V| (X)}Zlbe a basis in spacel,[-a,a] where dimension of vector v, (x)is
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Notes

equal to dimension of vector U. For each m we define an approximate solution Um of
(10)-(13) as follows:

U, = chm(t)vj (X)1 (19)
=

Tﬂ@; ) jdx f V(X)X i =1 m.t e (0,T] (20)

U m|t:0 = UOm(X)’ xeR,

(21)
+ +
(Aw. +Bu_] .. = (Aw; +Bu: ) ., (22)
where U, is the orthogonal projection in L%of functionU yon the subspace, spanned by

Vi, V.
J (um) = (Jl(um’wm)’ ‘]Z(um'wm))‘
We represent v;(x) in the form V (Vl Vi )1 where

V(l) (V111V12’V13) V() (V14’V15’VJ6)

The coefficients C jm(t)are determined from the equations

3 e (VR R NV

—-a

+ (Bvi‘(l),vj‘(l)} ot (Bvi‘(l) + vj‘(l)) ot ((Av}(z) +BvY ) vj‘(l)} o

(A @ By ) v+ (A 4 B @)y ) -

(2) (1)
oV ,V}] N [ A oV, ’VEZ)DdX} _
X OX

x=—a

(A -8 ), 1 [(A
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where O;,is £th component of Uy,

We multiply (21) by Cim(t) and sum over 7 from 7 to m:

i((a;m +A agxmj,umjdx = T(J (U, U, ix

—a

With help of above shown arguments now we prove that rm(t)is bounded in some time

interval [O, Tm] , where

Ut X) = 0 (6, X0, = U ) T = T,

||U || c(oT]L?[-aa]) = C2||U0||L2[—a,a]’ (25)

whereC,is constant and independent from m.Then solvability of system equations (19) -
(22) or (23) -(24) follows from estimation (25).

Thus, the sequence {U,} of approximate solutions of problem (10)-(13) is
uniformly bounded in function space C([O,T]; L?[-a, a]). Moreover, homogeneous system of

1
equations rE+—A¢& with respect to 7,& has only trivial solution. Then it follows from
a

results in [20] that U,—U is week inC(0T}L2[-aal)andJ(U,)—>IU)is week in

C([O,T]; LZ[—a,a])as m— oo. Further, it can be shown by standard methods that limit

element is a weak solution of the problem (10) -(13).
The theorem is proved.

[I. CONCLUSION

We prove the theorem of existence and uniqueness of the local solution of the
initial and boundary value problem for twelve-moment one-dimensional Boltzmann’s
system of equations with boundary conditions of Maxwell-Auzhan in space of
functionscontinuous in time and summable in square by spatial variable, because the
solution existence time depends on the norm of the initial vector function at the power
minus one. Therefore, the smaller the norm of the initial vector function, the longer the
solution existence time of the initial and boundary value problem for six-moment one-

dimensional Boltzmann’s system of equationsand vice versa.
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Properties

Leena Rani

Absiract- A homogeneous, thermally conducting cubic crystal, elastic half-plane subjected to normal, tangential force
and thermal source under the effect of dependence of reference temperature on all elastic and thermal parameters is
investigated. The interaction due to two types of loading: instantaneous and continuous has been considered. The
Laplace and Fourier transforms technique has been used to obtain the components of displacement, stresses and
temperature distribution for Lord and Shulman (L-S), Green and Lindsay (G-L), Green and Naghdi(G-N) and
Chandrasekharaiah and Tzou (CTU) theories of generalized thermoelasticity. The concentrated and distributed loads
have been taken to illustrate the utility of the approach. particular case is also deduced. The numerical inversion
technique has been used to invert the integral transforms. The comparison of Linear case, quadratic case and
exponential case, respectively, are depicted graphically for thermal source for L-S theory.

Keywords: generalized thermoelasticity, cubic crystal, relaxation time, laplace and fourier transforms.

[. [NTRODUCTION

In anisotropic bodies, it is necessary to study the response of thermally induced
disturbances, which may happen during the manufacturing stages. For example, during
the curing stages of filament bound bodies, thermal disturbances may be induced by the
heat buildup and cooling processes. The level of these disturbances may exceed the
ultimate strength of the material. In the last century, a considerable interest is
developed in the theory of thermoelasticity that includes such thermal disturbances.
After studying the second sound effect in materials as solid helium, bismuth, and
sodium fluoride, a systematic research get started.

The classical dynamical coupled theory of thermoelasticity has been extended to
generalized thermoelasticity theories by Lord and Shulman (1967) and Green and
Lindsay (1972). Dhaliwal and Sherief (1980) extended the generalized theory of
thermoelasticity (1967) to anisotropic media. Green and Naghdi (1993) proposed a new
theory of thermoelasticity without energy dissipation and presented the derivation of a
complete set of governing equations of the linearized version of the theory for
homogenous and isotropic materials in terms of displacement and temperature fields.

Chandrasekharaiah (1998) and Tzou (1995) proposed another generalization to
coupled theory is known as dual-phase-lag thermoelasticity, in which Fourier law is

Author: Dept. of mathematics, School of Basic and Applied Sciences, Galgotias university, Greater Noida, U.P, INDIA.
e-mail: Leena_kuk@rediffmail.com
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replaced by an approximation to a modification of the Fourier law with two different
translations for the heat flux and temperature gradient. Lin (2004) studied
thermoelastic problems in anisotropic half-plane. Kumar and Rani (2007) discussed
disturbances due to thermomechanical sources in orthorhombic thermoelastic
material. Beom (2013) considered thermoelastic in-plane problems in linear anisotropic
solid. Valés et al. (2016) studied determination of heat source dissipation from infrared
thermographic measurements. Bockstal and Marin(2017) discussed recovery of a space
dependent vector source in anisotropic thermoelastic system. Rani and Singh (2018)
studied thermal disturbances in twinned orthotropic thermoelastic material. Zhang et
al. (2019) discussed thermo-mechanical coupling analysis of the orthotropic structures
by using element-free Galerkin method. Zhou et al. (2020) solved transient heat
conduction problems in general anisotropic media and derived three-dimensional

Green's functions in bimaterial.

Nowinski (1959,1960,1962) developed thermoelasticity of bodies with temperature
dependent properties. Noda (1991) considered thermal stresses in materials with
temperature dependent properties. Ezzat et al. (2001) solved a problem of generalized
thermoelasticity with two relaxation times in an isotropic elastic medium with
temperature-dependent mechanical properties. Othman and Kumar (2009) studied the

reflection of magneto-thermoelastic waves with temperature dependent properties in
generalized thermoelasticity. Kalkal and Deswal (2014) adopted normal mode technique
to investigate the effect of phase lags on three-dimensional wave propagation with
temperature-dependent properties. Matysiak et al. (2017) studied temperature and
stresses in a thermoelastic half-space with temperature dependent properties. Zhang et
al. (2019) studied the effect of temperature dependant material properties on
thermoelastic damping in thin beams.

To the best of my knowledge the problem of homogeneous, thermally conducting,
cubic crystal material under the effect of dependence of reference temperature on all
elastic and thermal parameters has not yet been investigated. In the present problem
the component of displacements, stresses and temperature distribution are determined
due to mechanical and thermal sources. The solutions are obtained by using Laplace
and Fourier technique. The comparison of Linear case, quadratic case and exponential
case, respectively, are shown graphically for thermal source for L-S theory.

[I. FORMULATION OF THE PROBLEM

We consider a homogenous, thermally conducting cubic crystal, elastic half-space
in the undeformed state at uniform temperature T,. The rectangular Cartesian co-
ordinate system (x,y,z) having origin on the plane surface z=0 with z-axis pointing
vertically into medium is introduced. A concentrated and uniformly distributed
mechanical or thermal source is assumed to be acting at the origin of the rectangular
Cartesian co-ordinates. Here we consider plane strain problem parallel to xz-plane
with displacement vector U = (u,0,w) and temperature T(x, z, t), then the field
equations and constitutive relations for such a medium in the absence of body forces

and heat sources can be written, by following the equations given by Lord-Shulman
(1967), Green and Lindsay (1972) and Dhaliwal and Sherief (1980) as

o%u
ot?’

o%u o%u W d T45 aT,
Cll@xz +C44822 +(012+C44)%'B&( + 2kT1§)—P

(1)
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o*w o*w 0°u R

8 Cu +(ClZ 44)%',3_ (T + 0,1, ) P—7 o2 (2
. . 0),0T azT or | T 0 " (ou, ow
K(n +tlaj(a 2 ) pce (n t 7 8t2)+ ﬂ(nla +nOTo 5lk atz)( ox j (3)
and
ou oW oT ow odu
=C,— —-p(T+o,7,—) , t,, —+—), 4
Cp ax"'cu o7 B(T+ 0,1, 5t) 44(8X aZ) (4
where

B:(C11+2C12)a

and c; are isothermal elastic parameters, p,Cgandtg,t; are, respectively, the density,
specific heat at constant strain and thermal relaxation times. a is the coefficient of
thermal expansion, &,,d, are Kroneck er deltas, K is the coefficient of thermal
conductivity. u and w are displacement components along x and z directions
respectively, t is time, T is temperature change, t,, and t, are stresses. Lord-
Shulman (L-S) theory, t,=7,= 0, 1,>0k =1, n'=n,=n,=1, and for Green and
Lindsay (G-L) theory, t,=0, 1, >1,>0, n,=0, n =n,=1. For Green and Naghdi
theory(G-N) (type II) ' >0,n =0, n,=1 t, =7, =0, 7, =1. where n"=constant has the
dimension of [1/s], and n'K=K'= Cecly is a  characteristic constant this theory.

For Chandrasekharaiah and Tzou (CTU) theory is such a modification of
classical thermoelasticity model in which Fourier law is replaced by an approximation of
the equation

q(Xt+7,)=-KT;(xt+7,), (4a)

where @, is the heat flux vector. The model transmits thermoelastic disturbances in a
wave like manner (1986) if Eq. (4a) is approximated by

0 0
(L+7, E)Qi =-K(+7, a)T,i’

*

where 0<7,<7,.and t,=7,>0 andz,=7,>0, n =n,=n=1, 0<7,<7,, 7,=0.

Cij satisfies the (Green) symmetry conditions:
Cijki = Cxiij = Cijik = Cijiki -
The initial and regularity conditions are given by

u(x, z,0)=0=u(x, z,0),

w(x,2,0)=0=WXx,z0),

© 2020 Global Journals

Frontier Research (F) Volume

Global Journal of Science



Global Journal of Science Frontier Research (F) Volume XX Issue V Version I E Year 2020

T(x,20)=0=T(x,z0) for z>0, —c0<x<w, (5)
and u(x zt)=w(x zt)=T(x,zt)=0 fort>0 when z -, (6)

For dependency of all elastic and thermal parameters on reference temperature
we have taken three cases (i) Linear case (ii) quadratic case (iii) Exponential case
The material constants are given as (2016, 2001)
For Linear case

Ci=Cpd-a'T), B =p0-aTy), K =Kjd-a'T), v, =v,(1-a'Ty),

C, =Cy(1- a*TO). (7)
For quadratic case

C;=Cil-aT))?, B =f1-aTy)? K =K,1-a'Ty)? v, =v,(1-a'T,)?,

C,=C,(l-a'T,)>. (8)

For exponential case
G = Cijoea *, B = Boe” *, K = Koe” ", Vp = Vyp€” o, Ce = Ceo€” . (9)

where Cyy, 5,,K,V,,Cy are considered as constants, o is called empirical material
constant. In case of the system independent of reference temperature,

a =0.
[II.  SoLuTION OF THE PROBLEM

We introduce dimensionless quantities as

@, X oA \ V, @, V, 0,
X=—=, z=—"2= t=ot, =Ly w20y
Vl Vl ﬂOTO IBOTO
2
* C = Cas _ Gt Gy @ BT,
To=WTg, C=—", 2= ’ = ST o
Ciio Ciio @, P CeoVp
. ® a T P
T, =1 a=—"—, T'=— p'= (10)
Vi To BoTo
t t hv,
tep gede.weD (11)
olo olo 1

E . CuC . . :

where v :(ﬁ] and w, =—2° are, respectively, the velocity of compressional
Yy 0

waves in x-direction and characteristic frequency of the medium.

Equations (1)-(3) with the help of equations (7)-(9), can be written in non-
dimensional form as (dropping the dashes for convenience)
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o%u o%u W 9 oT , 0°u
+C > -—(T+8,1,—) = 2 (12)
NG 0z ® 0xdz O ot ot
. o*w  0°w . o’u 9 T+ aT) A o*w 13)
+ + - + T —)= 1
Yox? 0z ‘oxdz oz ot ot?
a2 (azT aZT) (n aZT) 2 +ng, - YRR P
+t,— |(—+—5 +e +N,T —+—
tot) ox? Fro g TS Mgy Tt Sl 5ty
For linear case A" =————, forquadratic case A’ ;2
(1-o ) 1-aT,)
and for exponential case A" = %T
S
Applying the Laplace and Fourier transforms
f(x z p)=j f(x,zt)e™dt and
0
f(& 2z p)=] f(x z p)ax (15)
on equations (12) — (14) and eliminating U, VTI,'~|' from the resulting expressions, we
obtain
6 4 2 ~ o~ =
(V'+ Qv +NV'+ 1) (0,W,T)=0 (16)
where

Q= _Ci [ Cl{(1+ PTi6, ) (P+ 7061kp2) € +(p+ Topz) +E2+(p*+ &201) }

1

+(p?+E%)+ &%k |,

N=2 [ ) 0748+ (e (7 427 )47 (0742

+(P2 £ £72C){ (p+1p?) +E2 €, + (14 PT,d, ) (P+ TduP?) &

{(p*+87)- 287, +&2)] |

| :ci[{(p+rop2)+ E}+(p* +8%¢)(p" +£°) — & (1+ P18, )(P+ 760y P°)

x €, (p°
=123). Using regularity condition (6),the

The roots of Eq. (16) are xA; (i
solutions of Eq. (16) may be written as

+ azcl)].

U=A, e+ A, e + A e 17
wW=-(@A, e +a,A, e’ +a,A,e’¥), (18)
T=bA, e +b,A,e" +b,A, e’ (19)
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where
A (-Q A2 +R") ] VW

R = (i=1,2,3),
P22 +N

a;

* b

32 -S
P =(1-c), N =(-p°-&%), R =(i&c,-M),

(1+ pT162k)(p+T081kp2) =1 C,

S =[{&" +(p+1p")}+ ] Q=2
C, 1§
., C +1,0,p° \ 2y’
_4as (IO ToOw P ), v =—(|O+1051kp2) [ & —ige],
@ig)c, icc,
2 2
and M’ :_[p .+§ )
IS
with A,(¢/=1273) being arbitrary constants.
[V.  APPLICATION
a) Instantaneous Load
i. Mechanical boundary conditions
t,,(X,z,t) =—Py(x)o(t), t, (X,z,t) =—-PL(x)d(t), Z—T+ hT=0atz=0, (20)
z

where 6(t) is the Dirac’s delta function and w(Xx), {(X) specify the vertical and
horizontal source distribution functions, respectively, along x-axis. h is heat transfer
coefficient.

Using equations (4),(10)-(11),(15), in the boundary conditions given by Eq. (20)
and with the help of Egs. (17) - (19), we obtain the expressions for displacement
components, stresses and temperature distribution as

ozl e 8% 8,0 fhe -0 e )
W=PR [\]}(&) {alAle‘xlz —a,A, 87 +a,Ae™ }+ () {alA L7 —a,A 8 +aAe }]
T, =-PX [F©){iea, -1, )Ae™ —(iEa, -1, A8 +(iEa, — 1y )A,e™ |
+2E) g, — 1 )AL — (2R, — 1, )AGE™ + (iEa, -y )Ae ™ | ]
t,=-P [\|7(§) {|01Ale‘”1Z —P,ALE + A’ }— '(;'(c’;){plAAe‘MZ —P,AET +pAET }],

T=P[iE)bAe™ —b,A,8 +bae™ 1+ (&) Ae™ —b,AE* +bae™ || (21)

where

A= A7 +hA,
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Ay= X [-p{bs(iEay —Ay)—by (i ag —hg)} +pa{bs (iEay —Aq) -
Notes b1 (i€as—A3)} -P3{b2 (ifa; —Aq1)—by (i€az —A2)}H,

Ay = X [lbghlicag - 15)-bgglizay -, )
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8 = X [{bpylitag - 25)- by sliza; - )
+ hibglizay ~1)- b (iEag ~.5)} 1.
A= X lbgiglcay -15)-byplcey 1)
+fofizay ~1y )b iEa, <2, ) |
A, =X"[(Psby2, = P,b315) +h (p,b; — psb,)],

Ag = X’ [(Psb, Ay —p,bsA ;) +h(p by —psb,)]

Ag= X [(pzblxl - plbz}hz) +h (ple - pzbl)] '

* C440
X' =40 P=—

JA'A A

1 .
Pn = 7 (_ 1EC,, + CllOanbn)_an (1+Ptdy),(n=123) .
pVi

Case I Concentrated Force
In this case, we take

y(X) = 5(x), ¢(x)=4(x), (22)
in equation (20).
Using the Laplace and Fourier transforms defined by equations (15) in equation
(22), we get
w($)=1 () =1 (23)
where 0(X) is the Dirac delta function having the property
[s(ax=1 (24)

© 2020 Global Journals

Global ]()urnal of Science Frontier Research (F) Volume XX Issue V Version I E Year 2020



Global Journal of Science Frontier Research (F) Volume XX Issue V Version I E Year 2020

Case II: Uniformly Distributed Force
The solution due to uniformly distributed force applied on the half-space surface

is obtained by setting
if |[x|<a,
if [x>a,

1
{v(x),¢(3} ={0

in equation (20). Taking Laplace and Fourier transforms with respect to the pair (x,§),

we obtain
T . [ &c,a
{l//(f),é”(f)}{ZSm[ J/S} §#0. (25)

o,

The expressions for  displacement components, stresses and temperature
distribution are obtained for concentrated force, and uniformly distributed force by

replacing v/ ,~ from equations (23),(25) respectively, in equation (20).
placing v ($),¢($) q : p y, in eq

b) Thermal boundary conditions

tZZ:O, tZX:O’ aIZZO
oT _
e =n(x)o(t) atz=0, for the temperaturegradient boundary,
Z
or
T=n(x)8(t) atz=0, for the temperatureinput boundary,. (26)

Using equations (4), (10)-(11),(15), in the boundary conditions given by Eq. (26)
and with the help of Egs. (17) - (19), we obtain the expressions for displacement
components, stresses and temperature distribution as

T=ROR(A; e - A + A
W = T(E)R(ad; e —a,nE +a e,
1, (620 =RE)PX [(ga, -1, A - (iga, - 1, )ALE"
+(Ea, - nge
t,(6.2.t)=AE)P(p, AjE™ —p,AE" +p,ALE™),
T, 2,1 =7(E)P,(b, A, +b,A &7 + b,AE7) . (27)
where
Ay =X [py(iga, = 2,) - p,(iEa = 14)],
Ay =X [psliga, —2y) - piiga; —As)],

A; =X [pz(i&a1 _7‘1)_ pl(iE.'aZ _7‘2)]'
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On replacing A by (T,o,/v,)A, and T,A,in Eq. (27), we obtain the expressions
for temperature gradient boundary and temperature input boundary, respectively.

For temperature gradient boundary we replace and for temperature input
boundary we take in Eq. (27).
Case I: Thermal Point Source
In this case

n(x) = &(x),
with

n()=1 (28)

Case II: Uniformly Distributed Thermal Source

Here
- 1 if |x|<a,
X) =
n 0 i

if [x>a,
nE) = {25”{

j/i} £#0. (29)

Replacing 77(£) from equations (28)-(29) in equation (27), we obtain the
corresponding expressions for thermal point source and uniformly distributed thermal
source, respectively.

with

¢) Continuous Load

i. Mechanical sources on the surface of halt-space
The boundary conditions in this case are

t,(X,z,t) =Py (x)H(t), t, (X,z,t) = —PC(X)H(t), 2—Z+ hT =0atz=0, (30)

where H(t) is the Heaviside unit step function, P is the magnitude of the force,
y(x), C(x) specify the vertical and horizontal source distribution functions,
respectively, along x-axis. h is heat transfer coefficient.

Adopting the same procedure of previous section (4.la), using the boundary
conditions (30), replacing A, (¢=123....,.8) with ﬂ((: 1,2,3......,8),respectively, in equation
(21), we obtain the corresponding expressions for the components of displacement,
stresses and temperature distribution.

The corresponding expressions for concentrated force and uniformly distributed
force are obtained by replacing w(£),¢ () and A, (£=123......8) with ﬂ(€=ZI.,2,3 ...... 8),
from equations (23), (25) in equation (21), respectively. P

ii. Thermoelastic Interactions due to Thermal Source
The boundary conditions in this case are
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t,=0 t,=0 az=0

Z—T (X,z=0)=n(x)H(t), for the temperature gradient boundary,
z

or

T(X,z=0)=n(x)H(t), for the temperature input boundary, (31)

Adopting the same procedure of previous section (4.1b), using the boundary
conditions (31) and replacing A'(/=123.....,.8) with A(€=],2,3 ...... 8), respectively, in

equation (27), we obtain the corresponding expressions for the components of
displacement, stresses and temperature distribution.

Replacing mM(E) from equations (28)-(29), in equation (27) we obtain the
corresponding expressions for thermal point source and uniformly distributed thermal
source respectively.

Sub-case 1: If h — 0, Eq. (21) yield the considered variables for the insulated
boundary.

Sub-case 2:  If h >, Eq. (21) yield considered variables for the isothermal boundary.

Particular Case
Taking

Cy=A+2p, Cp, = A, Cu =H
we obtain the corresponding expressions for the isotropic thermoelasic material.
V.  INVERSION OF THE TRANSFORMS

To obtain the solution of the problem in the physical domain, we must
invert the transformed equations (21) and (27), for the four theories, i.e., L-S, G-
L, G-N and CHT by using the method of inversion described by Kumar and
Rani(2007).

VI. NUMERICAL RESULT AND DISCUSSION

Following Dhaliwal and Singh (1980), we take the case of magnesium crystal-like
material for numerical calculations. The physical constants used are:

e = 0.0202, c¢; = 5.974 x 10" Nm?, ¢p= 2.624 x 10" Nm? p = 1.74 x 10° kgm™,
¢y = 3.278 x 10" Nm?, c¢,= 1.04 x 10* J kg'degree ' @, = 3.58x10" s, K = 1.7 x 10’
Wm'degree”, B= 2.68 x 10° Nm™ degree”, P=1, P,=1 T, = 298 ° K.

The variations of normal boundary displacement w and boundary temperature
field 7" with distance x at non-dimensional time t = 1.0 are shown graphically in figures

1-4, for L-S, for non-dimensional relaxation times t,=0.02. The computations were

carried out for time t=1.0 and o =0.00051 at z=1.0 in the range 0<x <10. The solid

lines ( —), the small dashed lines (------—-- ) and the long dashed lines (— - ——), in
graphs represent the variations for Linear case, quadratic case and exponential case,
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respectively for L-S theory. The results for distributed thermal source are presented for
dimensionless width a=1. The figures (1)-(4) are depicted for thermal source.

a) Instantaneous Load
i. Thermal source on the surface of half-space (Temperature gradient boundary)
a. Thermal point source

Figure 1. shows the variation of normal displacement ‘w’ with distance x. The
values of normal displacement starts with sharp increase and then become oscillatory in
the whole range for Linear case, quadratic case and exponential case. The values of
normal displacement for linear and quadratic case are more than the exponential case in
the whole range 0< x <10.

Figure 2. depicts the variation of temperature distribution 7" with distance x.
Initially the values of T start with sharp decrease and then become oscillatory about
zero in the whole range for Linear case, quadratic case and exponential case. The values
of ‘T’ shows appreciable effect for all the three cases.

b.  Uniformly Distributed Thermal Source

Figure 3. depicts the variation of normal displacement w with distance x .The
values of normal displacement in all the three cases start with sharp increase, the values
show very small variation about zero in the whole range for linear and quadratic case.
The values of normal displacement for exponential case are more than linear and
quadratic case in the range 0< x <10, which shows the appreciable effect of exponential
case.

Figure 4. depicts the variation of temperature distribution 7" with distance x. At
the point of application of source, the values of 7' decrease sharply for all the three
cases. The values of T for linear and quadratic case are more than exponential case in
the range 0.5< x <6. In range 6< x <10, the values of ‘1" for quadratic case shows
opposite oscillatory pattern in comparison to linear and exponential case.

VII. CONCLUSION

1. The comparison of linear and quadratic and exponential case has been depicted for
L-S theory for temperature gradient boundary.

2. As ‘x’ diverse from the point of application of source the components of normal
displacement and temperature are observed to follow small variations about zero in
the range 1< x <10 for instantaneous load.

3. The variations of normal displacement and temperature distribution for uniformly
distributed thermal source are same as those of Thermal point source with
difference in their magnitude for all the three cases.
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DEFORMATION DUE TO VARIOUS SOURCES IN A THERMALLY CONDUCING CUBIC CRYSTAL MATERIAL WITH REFERENCE
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Figure 1: Variation of normal displacement w with distance x. Figure 3: Variation of Normal displacement w with distance x.
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Figure 2: Variation of Temperature T with distance x. Figure 4: Variation of Temperature T with distance x.
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submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.
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Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
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AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
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PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
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.
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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 dafter 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.

© Copyright by Global Journals | Guidelines Handbook .

XVII



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.

O 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.
O 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.

0 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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