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Ret  Quantum Computer as Analog Computer on
GPU

Alexander Soiguine’

Abstract- The geometric algebra lift of conventional quantum mechanics qubits is the game-changing quantum leap
forward potentially kicking from the quantum computing market big fishes (IBM, Microsoft, Google, dozens of smaller
ones) investing billions in elaborating quantum computing devices. It brings into reality a kind of physical field spreading
through the whole three-dimensional space and values of the time parameter. The fields can be modified instantly in all
points of space and time values. All measured observable values are simultaneously available all together, not through
looking one by one. In this way the new type of quantum computer appeared to be a kind of analog computer keeping
and instantly processing information by and on sets of objects possessing an infinite number of degrees of freedom. As
practical implementation, the multithread GPUs with the CUDA language functionality allow creating of software
simulating that kind of fields processing numbers of space/time discrete points only restricted by the GPU threads
capacity.

[. MAXWELL EQUATION IN GEOMETRIC ALGEBRA TO SIMULATE COMPUTING DEVICE OF
ANALOG COMPUTER

An analog computer is generally a type of computing device that uses the
continuous variation aspect of physical phenomena to model the problem being
solved[1]. One special type of physical phenomenon to model problems is considered
below.

The circular polarized electromagnetic waves following from the solution of
Maxwell equations in free space done in geometric algebra terms,[2], [3],are the
electromagnetic fields of the form:

F = Fyexpl|ls(wt — k - 7)] (1.1)

which should be the solution of

Global Journal of Science Frontier Research ( F) Volume XXIII Issue VII Version I H Year 2023

1. B. Ulmann, Analog Computing, Oldenbourg: De Gruyter , 2022.

0, +V)F=0 (1.2)

Solution of (1.2) must be the sum of a vector (electric field e) and bivector H
(magnetic field I3h):

Author: "Website: https://soiguine.com. e-mail: alex@soiguine.com
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F=e+ 13 h,
with some initial conditions:
e + I3hli—or=0 = Fo = eli=o=0 * I3hli=07=0 = €y + I3hg
For a given plane S in (1.1),the solution of the three-dimensional Maxwell
equation (1.2) has two options:
o F=(ey+ Lhyexplls(wt — ky -1)], with k, = I;I;,éhk, = I3, and the triple{é, h, k, }

is right hand screw oriented, that’s rotation of éto h by m/2 gives movement of right
hand screw in the direction of k, = |k|l;1s;

o F = (ey+ I3hyexplls(wt—k_-7)], with k_ = —Ll,éhk_= —I;, and the triple
{é, h, IE_} is left hand screw oriented, that’s the rotation of & to h by m/2 gives
movement of left-hand screw in the direction of k_ = —|k|I5ls or, equivalently,

movement of right-hand screw in the opposite direction, —k_;

where ey and h, initial values of eand h, are arbitrary mutually orthogonal vectors of
equal length, lying on the planeS. Vectors k, = ilki|1315 are normal to that plane. The
length of the “wave vectors” |kJ_r| is equal to angular frequency @.

Maxwell’s equation (1.2) is a linear one. Then, any linear combination of F, and
F_ saving the structure of (1.1) will also be a solution.

Let’s write:

{F+ = (eg + Izho)expllsw(t — (I315) - r)] = (ey + Igho)exp[lga)t]exp[—lg[(1315) . 7‘]] (1.3)
F_ = (e + Ishg)expllsw(t + (I315) - )] = (eq + Isho)expllswtlexp|Is[(s1s) - 7]] '
Then, for arbitrary (real®) scalars A and u:

AF, + uF_ = (ey + I3hy)els®t (Ae—ls[(hls)'r] + ‘uels[(hls)'r]) (1.4)

is also solution of (1.2). The item in the second parenthesis is a weighted linear
combination of two states (wave functions, g-qubits[4], [5]) with the same phase in the
same plane but the opposite sense of orientation. The states are strictly coupled,
entangled if you prefer, because the bivector plane should be the same for both, no
matter what happens with that plane.

Arbitrary linear combination (1.4) can be rewritten as:

/’lell_"—lane (P+ + 'uell;lane 2 (15),
with

p* = cos™! (%cos w(t F [(51) -r])),

2 Remember, in the current theory scalars are real ones. “Complex” scalars have no sense.

© 2023 Global Journals
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sinw(t F [(I515) - r]) cosw(t F [(515) - r])
5 \/1 + sin2w(t F [(515) - r]) 5o \/1 + sin?w(t ¥ [(I515) - r])

Ii

Plane —

sinw(t ¥ [(I315) - r])

ey \/1 + sin2w(t F [(515) - r])

The triple of unit value basis orthonormal bivectors {15,1 BorIEo} comprises the Ig
bivector, dual to the propagation direction vector; I, is dual to the initial vector of

magnetic field; I, is dual to the initial vector of electric field. The expression (1.5) is a
linear combination of two geometric algebra states, g-qubits.

Linear combination of the two equally weighted solutions of the Maxwell
equation F, and F_, AF, + uF_ with 1 = u = 1 reads:

AFy + pF_|y—y =1 = 2cosw[(I315) - 7] (% cos wt + Ig %sin wt + Ip, % cos wt + I, %sin wt)
(1.6)

where cos¢@ = %cos wt and sing = % 1+ (sinwt)?. It can be written in standard
exponential form cos ¢ + sing Iy = e8¢ ?

I will call such kind of g-qubits spreons (or sprefields.) They spread over the
entire three-dimensional space for all values of time and, particularly, instantly change
under Clifford translations over the whole three-dimensional space for all values of time,
along with the results of measurement of any observable.

[I. CUDA GPU SIMULATION OF THE ANALOG MODELING COMPUTER

In classical mechanics, states are identified by vectors in three-dimensional space
[6]. Infinitesimal transformation of a state, vector, in classical mechanics is:

- - a -
X(t+At) = X(t) + aX(t)At

X(t + At) — X(b) 9,

At Ex(t)

In our torsion mechanics [7] states, wave functions, are identified by points on
three-sphere $3.A state'there is, see[5], Sec.2.5:

els®9(®).

where [ is a unit value bivector.

% Good to remember that the two solutions F, and F_ differ only by the sign of I5I;, which is caused by the orientation of I; that, in
its turn, defines if the triple {E, a, i1315} is right-hand screw or left-hand screw oriented.

1“State” and “wave function” are synonyms in the current formalism and particular one is used when it is necessary to stress the
meaning.

© 2023 Global Journals
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If we take a Hamiltonian H(t) = a + I3(8B; + yB, + 6B3) in some orthogonal
bivector basis, see[2], then for infinitesimal transformation we have:

els(to+A)p (to+At) — oIy (to)|H (to)IAt 515 (to)e (to)

and

Aels o) (to) els(to+At)p(to+At) _ ols(to)e(to)
lim —— = lim
At-0 At At—0 At

y (1 — Iy (to) |H(ty) | At) els 09 (to) — gls(to)p (to)
= AtS0 At

= =1y (to) |H (ty)]e’s o) o)

We received the Schrodinger equation for the state esM?®  That means that
the Schrodinger equation governs the evolution of operators, states, which act on
observables.

While in classical mechanics, measurement of observable X(t)(action by a state)
is a shift by a state:

(1) - (1) + X (),
in the torsion mechanics it is:

C = e s else®)

that’s rotation in the plane of bivector Is by angle ¢.
Take the general case of observable as a g-qubit: C = Cy + C;B; + C,B, + C3B;.
Its measurement by a state a + 1B, + BB, + B3 Bsis [4]:

+f1B1+B2B2+L3B
C0+C1B1+C2B2+C3B3a Sl 3C0:

+ (Ci[(a? + B2) — (B2 + BD] + 2C,(B1 By — af3) + 2C3(aPy + B1B3)) By
+ (2C,(aBs + B1f2) + Col(a? + B2) — (BE + B2)] + 2C3 (B2 — afy)) B,

Global Journal of Science Frontier Research (F) Volume XXIII Issue VII Version I H Year 2023

+ (2C1(B1B3 — aPy) + 2C,(aPy + B2B3) + C3[(a® + BF) — (Bf + BB

When the state is (1.6) we have:

1

O By =1I, By=1Ip, B3=Ig, a=2coswl[(l) 'T]ﬁ

coswt, P =2cosw[(zls)-

7] %sin wt, By =2 cosw|(I3l5) - 7] %cos wt, B3 = 2 cosw[(3ls) - r]%sin wt

© 2023 Global Journals
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Notes

And the measurement result is Gi element spreading through the three-dimensional
space for all values of time parameter t:

4cos’w[(Iz1g) - 7] [CO + G315 + (Cy sin 2wt + C; cos 2wt)Ip, + (C; sin 2wt — C; cos Zwt)IEO] (2.1)

Geometrically, that means that the measured observable is rotated by % in the

Ip, plane, such that the C;Iscomponent becomes orthogonal to plane Is and remains
unchanged. Two other components became orthogonal to Ip, and Iz and continue

rotating in Ig with angular velocity 2wt. The factor 4cos?w[(I5l) - 7] defines the
dependency of that transformed values through all points of the three-dimensional
space.

The hardware creating sprefields may require special implementation as a
photonic/laser device that does not exist yet. Instead, we have a very convenient
equivalent simulation scheme where the amount of simultaneously available space/time
points of observable measured values is only restricted by the overall available Nvidia
GPU number of threads.

The case of measuring C = Cy + C;B; + C,B, + C3B3by the sprefield is processed
by using the following kernel function in the CUDA code:

__global  void quant Kernel(float4* output, int dimx, int dimy, int dimz, float t)
{

floatC1 = 1.0//optional components of the observable

floatC2 = 1.0;
floatC3 = 1.0;
float omega = 12560000.0; // variant of angular velocity in the sprefield

float tstep = 1.0f;
float factor = 0.0;

int qidx = threadldx.x + blockIdx.x * blockDim.x;
int qidy = threadIldx.y + blockIdx.y * blockDim.y;
int qidz = threadldx.z + blockIdx.z * blockDim.z;

size’t oidx = qidx + qidy*dimx + qidz*dimx*dimy;

outputfoidx]|[0] = oidx*tstep;
factor =4*(cosf(omega * output|oidx][0]))
output[oidx][0] += factor * C3;
output|oidx]|[1] = oidx*tstep;
output|oidx][1] += factor * (C; sin(2 * omega * t) + C, cos(2 * omega * t));
outputfoidx][2] = oidx*tstep;
[
]

* (cosf(omega * outputoidx][0]));

output|oidx][2] += factor * (C, sin(2 * omega * t) —C; cos(2 * omega * t));
output|oidx][3] =factor;

}

© 2023 Global Journals
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More flexibility can be achieved by scattering the sprefield wave function before
applying it to observables.

Arbitrary Clifford translation e'®c’ = cosy + sin y(y115 + va2lp, + ]/3150) acting
on spreons (1.6) gives:

2 cosw|(I53l5) - 7] [%(cos y cos wt —y; siny sin wt — y, siny cos wt — y3 siny sin wt) +

% (cosy sin wt + y; siny cos wt —y, sin y sin wt + y5 siny cos wt)Is +

% (cosy cos wt+y; siny sin wt + y, siny cos wt — y5 siny sin a)t)IBO +

% (cosy sin wt—y; siny cos wt + y, siny sin wt + y3 siny cos wt)IEO] (2.2)

This result is defined for all values of t and r, in other words, the effect of
Clifford translation instantly spreads through the whole three dimensions for all values
of the time.

The instant of time when the Clifford translation was applied makes no
difference for the state (2.2) because it is simultaneously redefined for all values of t.
The wvalues of measurements O(CO,Cl,CZ,C3,IS, Ig,, Igy, ¥V, Y1, V2, V3, 0, L, r) also get
instantly changed for all values of time of measurement, even if the Clifford translation
was applied later than the measurement. That is an obvious demonstration that the
suggested theory allows indefinite event casual order. In that way, the very notion of
the concept of cause and effect, ordered by time value increasing, disappears.

The result of the measurement in general case is a bit tedious. Let us take as an

example the bivector components with y, =1, y; =y3 = 0.

In that case, the result of measurement of Cy + Cils + Cylg, + C3lg,can be
calculated as its measurement by cosy + sinylp:

cos y+sin yI
CO + 6115 + CZIBO + C3IE0 —BO) CO + (Cl CoS 2]/ + Cg sin 2]/)15 + CZIBO + (Cg CosS 2]/ -
Cy sin 2y)Ig,
followed by measurement by

1 1

2 cosw([(I515) - 7]) (\/7 cos wt + \/715 sin wt + %130 cos wt +%IE0 sin a)t) that gives:

4(cos w [(I315) - 71)?[Cy + (C3 cos 2y — Cy sin 2y)(cos 2y Is — sin 2y IEO)
+ ((C; cos 2y + C5 sin 2y) sin 2wt + C, cos Za)t)IB0
+ (C; sin 2wt — (C; cos 2y + C5 sin 2y) cos Zwt)(cos 2y I, + sin 2y 15)]
If we take the new orthonormal bivector basis:
{cos 2y Is — sin 2y Ig, sin 2y Is + cos 2y Iy, IBO} = {11],, Iy, IBO}

the result of the measurement reads:
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4(cos w [(I315) - FD?[Co + (C3 cos 2y — €y sin 2Y)I;,
+ ((Cy cos 2y + C5 sin 2y) sin 2wt + C, cos Zwt)IBO
+ (C; sin 2wt — (C; cos 2y + C5 sin 2y) cos Zwt)lzy]

that has constant value in plane I;, plus rotation in planes Iz, and I, with angular
velocity 2w.

In that way, we can get an7-dependent variety of constant components of the
results of measurements:

4(cos w [(I5]5) - F])Z[CO + (C3 cos 2y — C; sin 2y)(cos 2y I — sin 2y IEO)]

[I1.  ExampLEs OF APPLICATIONS OF THE GPU SIMULATING QUANTUM COMPUTER
a) Circulation of flow of a fluid

Assume that fluid in 3D is a field of point-dependent values of vector field
¥(P).Consider a volume element T containing within it a point P, and denote the
bounding surface of T by o. Then, the flux of ¥ over oper unit volume is

[ ¥ -7ido

T

where the integral is taken over the surface o and 71 is the exterior unit normal to o.
Similarly, we can define:

v X ndo
curl v(P) = lirr(}f—

Let C is simple closed curve bounding a plane area A. At a given point P of A
construct unit normal Vv so directed that v points in the direction of an advancing right-
hand screw when C is traversed in the positive sense.

Take T as a cylinder with base A and a small height parallel tov. The cylinder
surface is 0. The definition of curl v(P)yields:

V.U X1do v-dr
v-curl v(P) = lir%ff = Lirr(l)f 1
> -

where the second integral is along the curve C, and d7 is the differential of the position
vector on C.

The line integralf ¥ - d7 is called the circulation of ¥ along C.

If ¥ represents the velocity of a fluid, then ¥ - d7 takes account of the tangential
component of velocity ¥ and, a fluid particle moving with this velocity circulates along
C. A particle moving with velocity ¥ - 71 normal to C, on the other hand, crosses C. That
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is, it flows either into or out of the region bounded by C. Hence v - curl ¥(P) provides a
measure of the circulation per unit area at point P.

Suppose a fluid is given in a three-dimensional region by continuously differential
vector field ¥(P), the fluid velocity. At every point P we have a value curl ¥(P)that can
be identified by C = Cy+ C;B; + C,B;, + C3B3 = Re!sM¢®with geometrically known
entities[2]-[5]. The curl ¥(P) is the infinitesimal volume density of the net vector
circulation, that is magnitude and spatial orientation of the field around the point.

Let us apply the spreon (1.6) to the curl v(P) at some point P. According to
(2.1), the result is:

4Rcos?w[(I315) - T1[Cy + C3ls + (Cy sin 2wt + C, cos 2wt)Ip,
+ (C; sin 2wt — C; cos 2wt)Ig, ]

In the current scheme any number of test observables can be placed into the
continuum of the (t, ") dependent values of the spreon state, thus fetching out any
amount of values O(CO,Cl,CZ,Cg,IS,IBO,IEO,]/, Y1, Y2, V3, @, t,r)spread over three-
dimensions and at all instants of time not generally following cause/effect ordering]8].

While the Schrodinger equation governs infinitesimal transformations of a wave
function by Clifford translations, a finite Clifford translation moves a wave function

along a big circle of §2 by any Clifford parameter.

In GFmultiplication is:

9192 = (a1 + Is, B1) (a2 + I5, ;) = ayaz + Is, a2y + Is, @1 By + Is, Is, B1 Ba

It is not commutative due to the not commutative product of bivectors Ig, Is,.

Indeed, taking vectors to which Is and I, are dual: s; = —Izls,, s, = —I3l;,, we have:
Is,Is, = =1+ 53 — I3(s1 X 52)
Then:

9192 = iy — (s1-52)P1B2 + Is a2 81 + Is, a4 7 — I3(s1 X 53) 1 B2

and
9291 = a1z — (s1-52)P1B2 + Is a2 81 + Is, a4 B, + I3(s1 X 52) 1 B2
I the case when both elements are of exponent form:
e's1?1 = a; + I By = ay + B1bi B, + P1b B, + P1bi B3

e's292 = a, +I5, B, = @ + B2b3 By + Bob5 B, + B2b3 B3,
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with
(@)? + (B2 + (3?2 + (b)D) = (a))? + (B)? =1
()% + (B)?((B)? + (b2 + (b)H) = (a)* + (B)? =1,

N as in the case of a wave function and Clifford translation, we get:
otes

els2P2¢l5191 = cos @1 €0S @y + (51 + 3) Sin @4 sin @, + I35, cos @1 sin @, + 1351 cos @, Sin @,
— I3(s; X s1) sin@q sin @,

Then it follows that two wave functions are, in any case, connected by the
Clifford translation:

eISZ(PZ — (9152(p29_151(p1)9151(p1 = Cl(SZI(pZIS]J(pl)eISl(pl}

where

CL(Sy, 02,51, 1) = e's292¢715191 = cos ¢ cos @, + (51 * 53) sin @ sin @, + I35, cos @ sin @, +
I351 cos @, sin @y + I3(s; X s1) sin @y sin@,.

From knowing Clifford translation connecting any two wave functions as points
on S3, it follows that the result of measurement of any observable C by wave function
els191 for example,e™5191C 5191 = C(S;, ;), immediately gives the result of (not

made) measurement by e’s2%2:

e 15202 els2¥2 = 7152920151910 15191 Cels 1917 1519P1pl5202 = o7 15292015191 C(Sl,<p1)e_151‘p1e152‘p2

= CI(SZ: —@2, Sl: _(pl)C(S]J (Pl)Cl(SZ; —@2, Sl: _(pl)

When assuming observables are also identified by points on S and thus are
connected by formulas as the above one, we get that measurements of any amount of
observables by arbitrary set of wave functions are simultaneously available.

b) Application to block chain schemes
Let us briefly consider the basics of how the block chain scheme generally works
in the suggested spreon formalism.

Take a block of transactions stored at some value of time:
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The next block is assumed to include transaction Trnsct'ql of the part of the
measurement result of the observable Cy + C;B; + C,B, + C3B3; by the state, that is
Clifford translation by cosy + I siny of the spreon

iy (1 1 . 1 1 .
2 cosw([(I515) - 7]) (5 cos wt + 515 sin wt + 5130 cos wt + 51,50 sin wt),
namely, the part which exists and is constant for all values of time before the

transaction and after the transaction. The transaction is a set of elements of G3. The
hypothetical quantum channel should transfer sequences of such elements, comprised of

factors 4(cosw [(I315) - 7,,])?> with predefined values of 7, sufficient for enough
information about the result of measurement; scalar values C3 and C; of the observable;
basis bivectors Is and I ; scalar y used in creating of a state which acted on the

observable, along with the length of wave vector |k| = w.
Since Trnsct_ql exists for all values of time it will be automatically included in
all previous blocks and in all blocks transacted in the future.

Block N-2 k: (’ Block N-1 \ (" Block N )
- Trnsct_gl r Trnsct_ql | 4 Tmsct_ql |t
\. S . T A i

When in future transactions of observable measurement result is transferred, new
Trnsct _q2 is placed in all blocks in the same way as above for Trnsct_ql.

[V. CONCLUSIONS

In the suggested theory, all measured observable values get available all together,
not through looking one by one. In this way, quantum computer appeared to be a kind
of analog computer, keeping and instantly processing information by and on sets of
objects possessing an infinite number of degrees of freedom. The multithread GPUs
with the CUDA language functionality allow to simultaneously calculate observable
measurement values at a number of space/time discrete points, forward and backward
in time, the number only restricted by the GPU threads capacity. That eliminates the
challenging hardware problem of creating vast and stable arrays of qubits, the basis of
quantum computing in conventional approaches.
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An Object-Oriented Finite Element
Programming Approach to Analyze
Structural Discontinuities of a Bracket Plate
Section

Kazi Naimul Hoque *&Md. Shahidul Islam *

Abstract- Structural discontinuities, arising from abrupt changes in the cross-sectional shape of structural sections, pose
challenges in various scenarios within structural sections. Analyzing stress distributions in these situations often
necessitates resource-intensive and time-consuming methods. This paper presents an object-oriented programming
(OOP) approach for analyzing two-dimensional plane stress problems, focusing on a bracket plate section. The
developed program accurately estimates siress values at four integration points and offers significant advantages in
terms of efficiency and accuracy. Validation of the program's results against commercial Finite Element Analysis (FEA)
software demonstrates minimal error percentages, attesting to its precision. Additionally, a mesh viewer program
enhances visualization capabilities, accommodating both quadrilateral and triangular meshes. This study employs OOP
techniques to address structural discontinuity challenges, contributing to a deeper understanding of structural issues
and enabling more effective analysis and solutions.

Keywords: plane stress, structural discontinuities, finite element analysis, von-mises stress, shear stress,

object-oriented programming.

Nomenclature
Q global displacement vector oy yield stress
F global load vector o; normal stress along x-direction
q element displacement vector o, normal stress along y-direction
&, n natural coordinates Ty shear stress

D stress strain displacement matrix Omisses  VON-Mises stress

B element strain displacement matrix Uy displacement along x-direction
K element stiffness matrix U, displacement along y-direction
E modulus of elasticity ) Poisson'’s ratio

i potential energy o stress

[. INTRODUCTION

A structural discontinuity emerges whenever there is a sudden change in the
cross-sectional shape of a structural section. This can occur in various scenarios, such as
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Central Road, Dhaka-1000, Bangladesh. e-mails: kazinaim@name.buet.ac.bd*, shahid777@name.buet.ac.bd

© 2023 Global Journals

2023

Year

Issue VII Version I [

XXIII

Research ( F) Volume

Frontier

Global Journal of Science


mailto:kazinaim@name.buet.ac.bd
mailto:shahid777@name.buet.ac.bd

Global Journal of Science Frontier Research (F) Volume XXIII Issue VII Version I E Year 2023

when there are openings in decks, hatches, and machinery, access points on sidewalls,
cutouts in web plates, or holes in crankshafts, among other instances. These
irregularities in the structure can alter how stress is distributed within it, leading to the
introduction of stresses around the edges of holes or at the ends of cracks. Professionals
from various fields, including hydrodynamic experts, mathematicians, offshore and
ocean engineers, as well as naval architects, have conducted extensive research to
understand the consequences of these structural discontinuities. Typically, assessing
stress in these situations involves either analytical or experimental methods, which can
be resource-intensive and time-consuming, especially when dealing with complex
configurations of structural discontinuities. The intricate nature of these discontinuity
configurations often makes it extremely challenging to find a suitable solution.

[3] Bea et al. (Bea et al., 1995) embarked on an extensive exploration into the
significance of fatigue cracks and corrosion in tankers. [2] Baumann (Baumann, 1997),
employing finite element modeling, scrutinized the structural integrity of a hull girder
penetration and a short longitudinal bulkhead. It’s worth noting that research
addressing the influence of corrosion and fatigue cracking on ship hull structural
integrity was relatively scarce, as highlighted by [19] Soares and Garbatov (Soares and
Garbatov, 1998). [15] Niu (Niu, 1998) conducted an exhaustive examination of stress
analysis within the context of an airframe structure. Given the substantial uncertainties
associated with these failure modes, modeling the effects of corrosion and fatigue
cracking on ship hull structural integrity presents a formidable challenge.

The investigation delved into the applicability of OOP techniques to enhance the
efficient and comprehensible organization of data in numerical analysis codes. [1] Baugh
and Rehak (Baugh and Rehak, 1990)addressed the excessively sequential and
excessively restrictive nature of traditional algorithm implementation, also introducing a
more flexible data flow structure. Early efforts to devise finite element software
architecture were presented by [8] Forde et al., [21] Zimmermann et al., and [5] Dubois-
Pelerin et al. (Forde et al., 1990; Zimmermann et al., 1992; Dubois-Pelerin et al., 1992),
while [7] Fenves, [14] Miller, [4] Desjardins, and Fafard contributed to further
advancements (Fenves, 1990; Miller, 1991; Desjardins and Fafard, 1992). The work of
[12] Mackerle (Mackerle, 2000) brought object-oriented principles to the forefront of
finite element programming, gaining considerable attention. [13] Martha (Martha, 2002)
conducted an in-depth exploration of the object-oriented framework for finite element
programming, demonstrating that fundamental concepts applied to the finite element
method (FEM) yielded a highly modular, comprehensible, and extensible codebase. [9]
[11] Hoque (Hoque, 2016) conducted a comprehensive study on the two-dimensional
plane stress and plane strain analysis of structural discontinuities associated with ship
structures. Multiple research studies [17] (Presuel-Moreno et al.,, 2022, 2018; [1§]
Presuel-Moreno and Hoque, 2019; [10] Hoque, 2020) investigated crack and corrosion
propagation in marine structures constructed with marine materials. [20] Thohura and
Islam (Thohura and Islam, 2013) employed the finite element method (FEM) to explore
the impact of mesh quality on the stress concentration factor for plates with holes. [6]
Edholm (Edholm, 2013), utilizing the Python programming language, executed finite
element analysis to visualize quadrilateral and triangular mesh structures.

In this study, an OOP approach was employed. When tackling the development
of extensive and intricate software systems, such as Finite Element Models (FEMs)
designed to handle a multitude of element types, constitutive models, and analysis
algorithms, OOP proves exceptionally advantageous. In this study, four integration
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points, commonly referred to as gauss points, were employed to delve into stress
aspects, including normal stress, shear stress, and von-Mises stress, specifically within a
bracket section associated with structural components.

To investigate structural discontinuity issues, an OOP technique was employed
to develop a finite element program for four-node quadrilateral elements. To validate
this study’s findings concerning stress distribution at gauss points for bracket section, a
comparison was conducted with the results obtained from the commercial FEA

software, referred to as SIMULIA ABAQUS.

[I.  BASIC FORMULATION

The FEM stands as the predominant technique for discretizing problems in
structural mechanics. Its fundamental premise revolves around dividing a region into
distinct, non-overlapping components of simple geometric shapes known as finite
elements, often abbreviated as elements. In the context of two-dimensional modeling,
the most used elements are linear or quadratic triangles and quadrilaterals.

In two-dimensional scenarios, each node possesses the freedom to displace in two
directions, resulting in two degrees of freedom for each node. Consequently, the
displacement components of node ”j” are designated as Q. for displacement in the x-
direction and Q, for displacement in the y-direction. This configuration allows to
represent the global displacement vector as follows:

{Q} = [Ql'QZI .......... ,QN]T (].)
and global load vector,
{(FY=1[F,Fs..cvonn.... JFy]T 2)

Here, N signifies the number of degrees of freedom (d.o.f.), a measure
representing the nodes’ ability to move in specified directions. In the context of a two-
dimensional problem, where nodes are allowed to move both in the *x and *y
directions, this leads to the assignment of two degrees of freedom to each individual
node.

A general quadrilateral element is considered as shown in Figure 1(a), which has
local nodes numbered as 1, 2, 3 and 4 in a counterclockwise fashion and (x; y;) are the
coordinates of node i The vector {q}= [g, qs ....... gy represents the element
displacement vector. To develop the shape functions, a master element is considered
(Figure 1(b)) having a square shape and being defined in &, n- coordinates (or natural
coordinates). The Lagrange shape functions, where i = 1, 2, 3 and 4, are defined such
that N, is equal to unity at node i and is zero at other nodes. In particular:

1, at node 1l
Ny = {O, at node 2, 3 and 4 (3)

The requirement that N, = 0 at nodes 2, 3 and 4 is equivalent to requiring that
N, = 0 along edges & = +1 and 1 = +1 (Figure 1(b)).
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Figure 1:a) Four-node quadrilateral element; b) The quadrilateral element in & n space
(master element)

All the four shape functions can be expressed as follows:

1 1
N == N =71+

1 1
Ny =21+ +m) Ny =7 (1= +m) (4)

When addressing the appropriate boundary conditions and formulating the
equilibrium equations, the penalty approach was employed. As a result, the equilibrium

equations can be derived by minimizing the potential energy I1 with respect toQ, while

subjecting to the boundary conditions. These boundary conditions typically take the
form of:

Qpl = aq, QpZ = Az e ) Qpr =ar (5)

where, P, P,, ...... , P, are denoted to be the degrees of freedom and r is judged to be

the number of supports in the structure. The requirement that the potential energy II
takes on a minimum value is obtained from the equation.

=0i=23,......,N (6)

By applying these specified boundary conditions and utilizing Equation (6), the
finite element equations can be presented in matrix form as follows:

[K1{Q} = {F} (7)

where, [K] and{F}are the modified stiffness and load matrices. For matrix solving,
conjugate gradient method was used.

Equation (7) can be resolved for the displacement vector {Q}through Gaussian
elimination. Given that the [A] matrix is nonsingular, the boundary condition can be
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considered of specified properly. Once {Q} has been determined, the element stress can
be evaluated using the equation derived from Hooke’s law,

{o} = [E][B]{q} (8)

where [B]is the element strain-displacement matrix and {q}is the element displacement

vector for each element, which is extracted from {Q}, using element connectivity
information.

The von-Mises stress offers a unified depiction of various stresses, encompassing
normal stress in two directions and the corresponding shear stress, present at a
particular point in case of a two-dimensional problem. When the von-Mises stress
exceeds the material’s yield strength, it results in yielding at that location. Likewise, if

the von-Mises stress surpasses the ultimate strength, it leads to material rupture at that
point. According to the failure criterion, the von-Mises stress (o,,.,) must be less than

the material’s yield stress (oy). This criterion can be expressed in an inequality form as
follows:

Omises < Oy

The von-Mises stress 0,,s.s is given by,

Omises = \/(O‘x + O'y)2 - B(O-xo-y - TJ%y

[1I. MESH GENERATION

An integral phase of the finite element method in numerical computation entails
the process of mesh generation. Mesh generation involves creating a polygonal or
polyhedral mesh that closely approximates a given geometric domain. In this procedure,
the task is to take a domain, which can be a polygon or polyhedron (in more intricate
scenarios, even domains with curved boundaries), and partition it into simple
“elements” that interconnect in clearly defined manners. While striving for a minimal
number of elements, certain regions within the domain may require smaller elements to
enhance computation accuracy. Additionally, all these elements should possess
characteristics that render them ”well shaped,” though the precise definition of this
term may vary depending on the specific context and often relates to constraints on
element angles or aspect ratios. Figure 2 provides some illustrative examples of mesh
generation.

Figure 2: Some examples of mesh generation
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a) Structured mesh

A structured mesh, as depicted in Figure 3, is characterized by a uniform
distribution of adjacent elements around all interior nodes. Typically, such meshes are
produced using structured grid generators, resulting in meshes composed entirely of
quadrilateral or hexahedral elements. The algorithms employed in this process often
incorporate intricate iterative smoothing methods, aimed at aligning elements with
domain boundaries or physical structures. In cases where complex boundaries are
involved, ”block structured” techniques can be employed, allowing users to divide the
domain into topological blocks. Structured grid generators find prominent application in
the field of Computational Fluid Dynamics (CFD), where precise element alignment is
often a requirement imposed by the analysis code or essential for capturing specific
physical phenomena.

Figure 3: Structured mesh

b) Mesh generation techniques

In this section, techniques for generating meshes are considered, using triangular
elements (with three nodes) and quadrilateral elements (with four nodes), specifically
focusing on two-dimensional linear elements. While the analysis primarily employs a
quadrilateral mesh, it’s worth noting that triangles can be further subdivided into
quadrilaterals, as illustrated in Figure 4. Consequently, understanding the generation of
triangular elements holds significance and relevance, as it offers the possibility of
transforming a triangular mesh into a quadrilateral one.

Figure 4: A triangular element is converted into three quadrilateral elements

Iv.  OBjecT-ORIENTED CONCEPTS

In recent years, there has been a growing interest in incorporating object-
oriented concepts into finite element programming. One of the primary benefits of
embracing an object-oriented approach is the simplicity and naturalness with which
programs can be expanded, with minimal impact on existing code. This greatly
enhances the reusability of code. Additionally, in comparison to traditional structured
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programming, the utilization of OOP facilitates a closer alignment between theoretical
principles and their computer implementation. OOP proves especially advantageous
when developing extensive and intricate programs, such as finite element systems
designed to accommodate diverse element types, constitutive models, and analysis
algorithms.

Nevertheless, to fully leverage the advantages of the object-oriented approach, it
is imperative to have a comprehensive understanding of the methodology employed and
to invest substantial effort in organizing the program effectively. The objective of this
research is to introduce an ongoing initiative aimed at developing a finite element
analysis system based on object-oriented programming, known as FEMOOP, which
encompasses the system’s overall architecture.

V. FINITE ELEMENT PROGRAMMING

Prior to delving into the organizational structure of the FEMOOP program, it is
essential to grasp that nonlinear finite element analysis involves computations on three
distinct levels: the structural level, the elemental level, and the integration point level.

At the structural (or global) level, a range of algorithms is applied to address the
problem, including linear static, linearized buckling, linear dynamic, nonlinear path-
following, and nonlinear dynamic analyses. These algorithms are executed using global
vectors and matrices and are not reliant on the specific types of elements and materials
employed in the analysis.

The elemental level primarily concentrates on the calculation of elemental
vectors and matrices, such as the internal force vector and stiffness matrix. These
calculations are crucial for assembling the global vectors and matrices that the analysis
algorithms use. Importantly, the computation of these elemental vectors and matrices
remains entirely independent of the chosen analysis algorithm.

The interconnection between the global and elemental levels functions in two
directions. In the upward direction, global vectors and matrices are computed by
amalgamating contributions from individual elements. In the downward direction,
element displacements are extracted from the global displacement vector. These
communication tasks are based on nodal degrees of freedom and element connectivity.

Finally, at the integration point level, the computation of stress vectors and
tangent constitutive matrices occurs. These quantities are utilized in the computation of
elemental vectors and matrices. However, they do not depend on the specific element
formulation if the essential input data for stress computation, such as strain
components, are provided.

Previous research has extensively investigated the convergence properties of two-
dimensional solutions for elastic continuum problems using both quadrilateral and
triangular elements. Those studies have identified several key factors that influence the
convergence characteristics of finite element solutions. These factors encompass the
fundamental shape of the elements, element distortion, polynomial order of the
elements, completeness of polynomial functions, integration techniques, and material
incompressibility.

The flow chart of the developed program is shown in Figure 5.
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Create Node and Element Classes
For each element, element stiffness matrix
is evaluated numerically (using gauss
quadrature)
Create array of objects (nodes and l
elements) of the created Classes (Node
and Element) Global stiffness matrix is assembled
Read data from input file and filling up Reading the loads and boundary
the member data of the object’s nodes conditions from input file in terms of
l degree of freedoms

q—

Assign nodes to the elements

Global stiffness matrix is updated for
penalty approach of handling boundary
conditions
Read data from input file and filling up

the member data of the object’s elements
(id number, thickness, modulus of

elasticity and poisons ratio) Global displacement vector is evaluated in

l terms of degrees of freedoms

Evaluating different properties of

elements (area, Jacobian matrices, Global load vector is evaluated in terms of
determinants of the Jacobian matrices, A degrees of freedoms

matrices, G matrices and B matrix) l

=

—

l Nodal displacements (U,and U,) are
evaluated usina matrix solver
The D matrix of elements are evaluated
depending on analysis type (plane stress l
or plane strain)
Element stresses (o, 6, Ty, aNd Gjsyes) are
evaluated at four gauss points of each
element

Figure 5: Flow chart of the developed program

In general, it is widely recognized that quadrilateral elements outperform simplex
triangular elements. Quadrilateral elements are favored for two-dimensional meshes due
to their higher accuracy and efficiency, while hexahedral elements are preferred for
three-dimensional meshes. This preference is evident in structural analysis and extends
to various engineering disciplines.

Nevertheless, it is also mentioned that triangular elements, especially those with
higher-order displacement assumptions, can deliver acceptable accuracy and
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convergence characteristics. However, a notable drawback of triangular elements is the

potential for mesh locking due to material incompressibility. This issue represents a

significant limitation when employing triangular elements in certain applications.

A brief overview of the object-oriented code utilized in this research is presented here.
The code itself is structured around the creation of two distinctive classes,

namely “Node” and “Element.” Within the ”"Node” class, a spectrum of attributes,
including coordinates, displacements, boundary constraints, and loads, is encapsulated,
and the duty of reading and computing these attributes falls upon its member

functions. Similarly, the “Element” class hosts an array of attributes, encompassing
constituent nodes, element thickness, and material characteristics. Its member functions
are thoughtfully tailored to handle the retrieval and computation of these specific
properties.

Subsequently, the code gives rise to an array of objects, each derived from these
meticulously crafted classes. This ensemble of objects harmoniously converges to enable
the creation of the global stiffness matrix and global load vector, pivotal components in
the realm of finite element analysis.

In addressing boundary conditions, the code adopts the penalty approach,
skillfully integrating these constraints into the calculations. In this manner, the code
progresses to evaluate nodal displacements and elemental stresses, completing its
comprehensive analysis.

VI. RESULTS AND DISCUSSION

In this study, the SIMULIA ABAQUS 13.3 version finite element analysis
software is employed for various aspects of a comprehensive finite element analysis.
This encompasses pre-processing tasks like modeling, the actual processing or finite
element analysis, and post-processing activities, which involve generating reports,
images, animations, and other output files. The finite element analysis software allows
for pre-processing, post-processing, and monitoring the solver’s progress. Within this
investigation, issues related to plane stress analysis, particularly concerning structural
members, were explored. These investigations were conducted with appropriate
boundary conditions and loadings using the finite element analysis software. To present
the findings, images and a report file generated by the finite element analysis program
were employed. The output file produced by the developed program was used to
analyze two-dimensional plane stress problems. The primary focus lies on examining
normal stresses, shear stress, and von-Mises stress at the four integration points, which
represent the most vulnerable areas of structural components. Consequently, the stress
data obtained from the developed program is compared with that from the finite
element analysis software. The level of accuracy or deviation in these results was also
quantified and presented.

A two-dimensional plane stress problem is shown in Figure6.In this problem, the
objective is to fabricate a basic bracket section using a steel plate with a thickness of 20
mm. The plate is fixed at the two smaller holes on the left and subjected to a load
applied at the larger hole on the right.
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BRACKET PLATE SECTION
R20
R10
+

All dimensions are in mm

E=200GPa
w=0.25
Thickness = 20mm

80

Figure 6: Bracket plate

The relevant parameters employed in this problem includes:

Concentrated force applied F=1000 N
Thickness of the plates t =20 mm

Modulus of Elasticity E =200 x 10’ N/mm’
Poisson’s ratio v =0.25

Smaller hole radius R=10 mm

Larger hole radius R,= 30 mm

(a) (b)

Figure 7: a) Application of boundary conditions and loadings (bracket plate); b)
Quadrilateral mesh (bracket plate)

Figure 7(a) depicts the illustrated boundary conditions and applied loads. In this
representation, the plate is securely fixed at the two small holes on the left, preventing
any movement in both the x and y directions (Ux = Uy = 0). Additionally, a
concentrated force of 1000 N is applied downwards at the lowest point within the larger
hole on the right. For this model, which comprises 614 nodes and 539 quadrilateral
elements, the quadrilateral mesh that has been generated is showcased in Figure 7(b).

The FEM analysis of the model in terms of o, (von-Mises stress) is illustrated
in Figure 8.1t is observed that the von-Mises stress is maximum around the region of
element no. 194 and 56, particularly near the node no. 27 which is shown in Figure 9.

© 2023 Global Journals

Notes



Notes

S, Mises

(Avg: 75%)
+1.614e+01
+1.479e+01
+1.345e+01
+1.210e+01
+1.076e+01
+9.413e+00
+8.068e+00
+6.723e+00
+5.379e+00
+4.034e+00
+2.68%e+00
+1.345e+00
+0.000e+00

Figure 5: FEM analysis of bracket plate in terms of o,

ises

Figure 9: Location of most vulnerable region of bracket plate in terms of o,

By employing the developed program designed for plane stress analysis, an
output file has been generated for the bracket plate section, which includes stress values
at the four integration points and displacement data at the nodal points. Figure 9
clearly illustrates that the maximum von-Mises stresses occur within two specific
elements: element no. 194, comprising nodes 27, 89, 204, and 231, and element no. 56,
composed of nodes 27, 88, 203, and 204. Comparison of o,,.., 0, 0,, and T, for element
no. 194 and 56 at the four integration points, and U,and U, for element no. 194 and 56
at their four nodal points obtained from the developed program and the analysis are

shown in Table 1 to Table 6.

Table 1: Comparison of

O-misses

for a bracket plate section

Element

Integration point

O pisses from developed

O pisses frOM. analysis

No. (Node No.) program (MPa) (MPa) % of error
1 (204) 9.507 9.506 0.002
2 (27) 12.100 12.100 0
194 3 (89) 7.309 7.308 0.002
4 (231) 3.696 3.691 0.005
1 @) 12.526 12.525 0.002
56 2 (204) 9.372 9.370 0.002
3(203) 2,387 2.38T 0.007
1(88) 6425 6.423 0.002
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Table 2: Comparison of o, for a bracket plate section

Element | Integration point |o, from developed program o, from analysis % of error
No. (Node No.) (MPa) (MPa)
1 (204) ~4.089 ~4.086 0.004
2 (27) -7.117 -7.117 0
194 3 (89) -4.884 -4.883 0.001
4 (231) -2.095 -2.091 0.005
1(27) -8.541 -8.541 0
2 (204) -5.227 -5.225 0.003
56 3 (203) -2.705 -2.700 0.006
4 (88) -5.916 -5.915 0.001
Table 3: Comparison of o, for a bracket plate section
Element | Integration point o, from developed
4 fi i % of error
No. (Node No.) program (MPa) o, from analysis (MPa) 0
1 (204) 7,929 7027 0.003
104 2 (27) -8.169 -8.168 0.002
3 (89) 20.610 20.603 0.008
4 (231) 0.748 0.741 0.010
1(27) -10.766 -10.765 0.002
56 2 (204) -9.630 -9.629 0.002
3 (203) -1.155 -1.149 0.010
4 (88) -1.951 -1.948 0.005
Table 4: Comparison of 7, for a bracket plate section
Element Integration point T, from developed T,, from analysis % of error
No. (Node No.) program (MPa) (MPa)
1 (204) -3.795 -3.795 0
2 (27) -5.390 -5.389 0.001
194 3 (89) -3.275 -3.272 0.004
4 (231) -1.851 -1.849 0.004
1 (27) 4.472 4471 0.001
2 (204) 2.457 2.456 0.002
56 3 (203) 0.237 0.229 0.047
4 (88) 2.162 2.159 0.006
Table 5: Comparison of U, for a bracket plate section
Element Node No. U, from developed U, from analysis (mm) % of error
No. program (mm)
204 -0.00032 -0.00032 0
194 27 -0.00017 -0.00016 0.001
89 0.00001 0.00001 0
231 -0.00028 -0.00028 0
27 -0.00017 -0.00017 0
56 204 -0.00032 -0.00032 0
203 -0.00035 -0.00034 0.001
88 -0.00032 -0.00031 0.001
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Table 6: Comparison of U, for a bracket plate section

Element No. | Node No. U;I')ficgfaie‘(,icl;p)ed U, from analysis (mm) % of error

204 -0.00308 -0.00308 0
97 -0.00325 -0.00325 0

194 89 -0.00259 -0.00259 0
231 -0.00254 -0.00253 0.001
97 -0.00325 -0.00324 0.001
204 -0.00308 -0.00307 0.001

56 203 -0.00320 -0.00310 0.001
88 -0.00316 -0.00316 0

In the context of the bracket plate section, the regions of maximum stress
vulnerability are identified as element no. 194, defined by nodes 27, 89, 204, and 231,
and element no. 56, characterized by nodes 27, 88, 203, and 204. Consequently, a
comparative analysis is conducted to assess the stress distributions at the four
integration points and the displacements at the nodal points for both element no. 194
and element no. 56 within the above-mentioned model.

Table 1 displays the o, values, indicating that the maximum tensile stress is
located at integration point 1 for element no. 56. The calculated stress is 12.526 MP a
from the developed program and 12.525 MPa from the analysis, resulting in near-

identical values with a minimal deviation of only 0.002%. A comprehensive examination
of all the values in Table 1 reveals consistently minimal error percentages in the o

results. The findings regarding o, from previous studies demonstrated a high degree
of similarity (Hoque, 2016; Hoque and Islam, 2023).

When examining o, in Table 2, it becomes apparent that the maximum
compressive stress is located at integration point 1 for element no. 56. This stress
measures 8.541 MPa, which is identical when derived from both the developed program
and the analysis, resulting in a perfect match with zero percentage of error. Upon
reviewing all the other o, values in Table 2, it is evident that the results are
consistently in close agreement, displaying only minimal error percentages.

Table 3 illustrates o,, where the maximum compressive stress is identified at
integration point 1 for element no. 56. This stress registers at 10.766 MP a from the
developed program and 10.765 MPa from the analysis, showcasing remarkably similar
values with a minuscule deviation of only 0.002%. A thorough examination of all the

other o, values in Table 3 reveals consistently close results with exceedingly small
percentages of error.

In the case of 7,,, as demonstrated in Table 4, an intriguing pattern are observed.
Firstly, the maximum compressive stress occurs at integration point 2 for element no.
194, measuring 5.390 MP a in the developed program and 5.389 MP a in the analysis.
These two values are remarkably similar, differing by a mere 0.001% margin. Secondly,
the maximum tensile stress manifests at integration point 1 for element no. 56, with
values of 4.472 MPa computed by the developed program and 4.471 MP a from the
analysis. Impressively, these tensile stress values exhibit a near-identical match, showing
only a minimal 0.001% disparity. Delving further into Table 4, it becomes evident that
7., values demonstrate a high degree of consistency, with errors consistently remaining
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relatively small. Previous research (Hoque, 2016; Hoque and Islam, 2023) revealed a

remarkable level of similarity in their findings regarding z,,.

In the context of displacement analysis, an examination of U, reveals interesting
insights, as depicted in Table 5. The maximum displacement is pinpointed at node no.
203 within element no. 56, measuring 0.00035 mm according to the developed program
and 0.00034 mm as per the analysis. These two values exhibit remarkable proximity,
differing by just 0.001%, emphasizing their substantial agreement. Similarly, when
investigating U, as presented in Table 6, the maximum displacement is found at node
no. 27 of element no. 56. This displacement is quantified at 0.00325 mm through the
developed program and 0.00324 mm through the analysis, showcasing a close match
with a mere 0.001% variation. From the comprehensive comparison of all other values
within Table 5 and Table 6, it becomes evident that the results for both U, and U,
consistently maintain a relatively tight margin of error, underlining their close
agreement.

The maximum von-Mises stress concentrations are notably located around
element no. 194 and 56, particularly in the proximity of node no. 27, as depicted in
Figure 9. Employing a developed program for plane stress analysis, an output file is
generated, which details the stress values at the four integration points for a bracket
plate section. Figure 9 vividly illustrates that the maximum von-Mises stresses manifest
within two specific elements: element no. 194, encompassing nodes 27, 89, 204, and 231;

and element no. 56, comprising nodes 27, 88, 203, and 204.Comparative data for o,
o, 0, and 7, for element no. 194 and 56 at the four integration points, as obtained
from both the developed program and finite element analysis software, are presented in
Table 1 through Table 4. For instance, when node no. 27 of element no. 56 is examined,
the von-Mises stress registers at 12.526 MP a based on the developed program
(theoretical). This von-Mises stress results from the combination of all stresses acting at
that specific location, namely normal stresses in two-directions and shear stress. For
node no. 27 of element no. 56, the normal stresses along the x and y directions, as well
as the shear stress, are determined to be -8.541 MP a, -10.766 MP a, and 4.472 MP a,
respectively. Utilizing these values for normal and shear stresses and applying Equation
(9), a von-Mises stress of 12.526 MP a is obtained through theoretical calculations,
which closely aligns with the analysis-derived von-Mises stress of 12.525 MP a,
representing a mere 0.002% deviation. When comparing von-Mises stress values for
other nodes (node no. 88, 203, 204) of element no. 56 and nodes (node no. 27, 89, 204,
and 231) of element no. 194 between the developed program and analysis results, only
minimal discrepancies are observed, typically ranging from 0% to 0.007%. Therefore, it
can be said that the results from the developed program closely align with the analysis
outcomes.

The material employed for the bracket plate section is steel, having a yield
strength of 250 MP a. According to the von-Mises stress criterion, it is imperative that
von-Mises stress does not exceed the material’s yield strength, as surpassing this limit
would lead to material yielding and failure. The von-Mises stress values obtained both
from the developed program and the analysis, for the four nodes (node no. 27, 88, 203,
and 204) of element no. 56 and the remaining four nodes (node no. 27, 89, 204, and 231)
of element no. 194, all fall within the range of the material’s yield strength.
Consequently, it can be said that the bracket plate section will not yield or fail when
subjected to a concentrated downward force acting at its lowest point (within the larger
hole on the right side of the bracket plate section).
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To visualize the generated mesh for a bracket plate section, a specialized two-
dimensional mesh viewer program has been developed using the Python programming
language. The program provides a graphical representation of the mesh structure. In
Figure 10, the outcomes of this endeavor can be observed, specifically focusing on the
resultant quadrilateral mesh for a bracket plate section. These intricate mesh structures
have been systematically generated, guided by the magnification factor meticulously
calculated through the Python program.

Furthermore, the utilization of the developed mesh viewer program extends to
the visualization of the triangular mesh within the bracket plate section. Figure 11
provides an illustrative representation of the resulting triangular mesh for this specific
model, generated through the combined efforts of ABAQUS software and the developed
mesh viewer program.

fmadrilateral mesh

Current Magmnification factor iz =0.25

1
A

Figure 10: Quadrilateral mesh obtained by using the developed mesh viewer program
for a bracket plate section

Triangular mesh
Current Magnification factor is =0.25
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Figure 11: Triangular mesh for a bracket plate section via using the a) ABAQUS
software; b) developed mesh viewer program

VII.  CONCLUSIONS

The conclusions that can be made from this study are summarized below:

e An efficient and reliable object-oriented program has been developed to handle two-
dimensional four-node quadrilateral elements. This program facilitates precise stress
value calculations at the four integration points (gauss points) for bracket plate
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sections that include structural discontinuities. It serves as an invaluable tool for
analyzing a diverse array of two-dimensional plane stress problems, greatly
improving the efficiency and accuracy of the analysis process.

The program developed for the assessment of the structural sections’ most
vulnerable areas has undergone successful validation of its analysis results. Upon
meticulous comparison of stress values at each gauss point and displacement values
at nodal points, it became evident that the program’s analysis results displayed
merely marginal percentages of error. This underscores the remarkable precision and
reliability achieved by the developed program.

The mesh viewer program that has been developed possesses the capability to
visualize meshes of both quadrilateral and triangular configurations, with the added
flexibility to adjust the magnification factor as required for different models
associated with structural sections.
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Abstract- The turbulences in sticky particles dynamics are described by a class of Markov
processes whose the derivatives (velocity fields of turbulence) are backward semi-martingales. The
turbulence dynamics is connected to a forced (inhomogeneous) pressure-less gas system.
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martingale, sticky particle dynamics, turbulence.

I.  INTRODUCTION

We are interested in the turbulence of one dimensional fluid flows in one
dimensional sticky dynamics. In [1], the authors considered, in Fulerian
coordinates, the velocity field u of fluid particles and a probability field u
representing their mass or charge distribution. The particles are supposed ac-
celerated between two successive shock times; the dynamics is then governed

by a force (measure) field v. For suitable initial data (u, u)|;=0 = (p0, uo) and
by discrete approximations, they solved the forced pressureless gas system

O(p) + Oz (up) =0
Op(up) + 0, (u’p) = v (1)
e — o, u(s,t) e — v weakly as t — 0

where the force v is absolutely continuous, in the space states, with respect
to (w.r.t.) p.

In this paper, we consider non accelerated fluid particles, so the force of [1]
is null and the solution of (1) is thus the one of |2, 8, 3|. In this work, we
concentrate our attention on turbulences which generate, for (1), a new force
whose the support is included in the set of shock (and pure turbulence) sites,
in space-time.

particle dynamics with interactions. Journal des mathé matiques pures

1. Y. Brenier, W. Gangbo, G. Savare, and M. westdickenberg. Sticky
et Appliquées, 99:577—617, 2013.

Let us first recall the constructions of [2, 8, 3]. They all rely on the sticky
particle dynamics which was introduced, at a discrete level, by Zeldovich [9]
in order to explain the formation of large structures in the universe. That is
a finite number of particles which move with constant velocities while they

Author o o: Université des Sciences et Techniques de Masuku, Faculté des Sciences - Dpt Mathématiques et
Informatique, BP 943 Franceville, Gabon, URMI. e-mails: nzissilaflorent@gmail.com,
octave.moutsinga@univ-masuku.org
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are not collided. All the shocks are inelastic following the conservation laws
of mass and momentum.

At a continuous level, the initial state of particles is given by the support
of a non negative measure py. A particle starts from position x with velocity
uo(z) and mass uo({z}). The particles move with constant velocities and
masses while not collided. All the shocks are inelastic, following the conser-
vation laws of mass and momentum. In their pioneering work, E et al [§]
made this construction when the particles are every where in R, ug is contin- Ref
uous and the mass of any interval [a, b] is computed with a positive density
f, e po(la, b)) = f; f(z)dz. At time ¢, a particle of position z(t) has the
mass p({x(t)},t) and the velocity u(z(t),t), the momentum of any interval

la(t),b(t)] is ff((:)) u(z,t)p(dx, t). The authors then solved (1) with v = 0.

At the same time and independently, Brenier and Grenier [2] considered
the case of particles confined in a in interval [a, b, i.e. po([a, b)) = 0. By dis-
cretization of py and using discrete sticky particle dynamics, they solved the
scalar conservation law ;M + 0,(A(M)) = 0 by a weak solution (M, A), the
unique which has some entropy condition. As a consequence, the Lebesgue-
Stieltjes measure 0,(A(M)) is absolutely continuous w.r.t. 0, M =: u(-,t),
of Randon-Nicodym derivative a function u(-,t). Then (u,u) solves (1) with
v=0.

In [3], Dermoune and Moutsinga constructed the sticky particles dynam-
ics with an initial mass distribution p, any probability measure, and a initial
velocity function ug, any continuous and locally integrable function such that
up(z) = o(x) as * — oo. The authors united and generalized previous works
of [8, 2] with the arguments that the particles paths define a Markov process
t — X, solution of the ODE

dXt = U(Xt,t)dt, (2)

and the velocity process t — u(X;,t) is a backward martingale. Moreover,
w(-,t) = Law(X,).

In [6, 7], using suitable convex hulls, Moutsinga extended the construction
when g is any non negative measure and uy has no positive jump. He gave
the description of different kinds of clusters [«(z,t), B(x,t)], i.e the set of all
the initial particles y(0) which have the same position y(t) = z at time ¢.

"800¢ ‘8TEC—LIETIGE "[RUY IOWNN] [ WIRIG "SMe]
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Following the preoccupation of Eyink and Drivas ([4]) about turbulences,
Nuzissila, Moutsinga and Eyi Obiang [5] defined a turbulent interval as a set
[a, b] of initial positions of sticky particles from which rise a turbulence. This
means that for all y € [a, b], the interval [a, b] is the widest among the inter-
vals [d/, b'] © y which have the same position y + 7(y)uo(y) at their common
first shock time 7(y). The term "turbulence" (instead of "shock") is justified
by the description of a degenerated turbulent interval [a,b] = {a}. In this
case, at its mathematical first shock time 7(a), the particle a does not enter
in a real shock but it begins a coagulation process; it enters in a pure turbu-
lence without beginning by a real shock.
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At time of turbulence 7(a), the turbulent interval |a,b] is part of a cluster
[, B] (a,b € [, B]). The initial positions a, b, o, 5 are called turbulent par-
ticles. The motions of these particles are given by four backward Markov
processes, respectively, Z1, Z% 73 and Z* solutions of (2) and whose the ve-
locity processes (the derivatives) are semi-martingales.

In this paper, we consider a process Z of more general form than in [5].
The gas system (1) is studied with a force generated at random turbulence

Ref time v = 7(Zp).

The paper is organized as follows. Section 2 is devoted to the sticky par-
ticles model. We recall its definition and the main properties used here. In
section 3 we come back to the results of [5] according to the study of turbu-
lence. These results were obtained when the support of pg is an interval (i.e.
there is no vacuum of matter). We generalize them to any type of support.
The particularity, in presence of vacuum, is that traditional delta-shocks are
transformed into butterfly-shocks (like in [3]). Section 4 is devoted to scalar
conservations laws from the point of view of turbulent particles. First we
give an entropy solution (NN, A) with the same flux A as in [2]|, but with
different initial data. Then, in subsection 4.1 we study the gas system. Con-
sidering the construction of [5], we define a process of more general form
t— Zy = Z g0+ 221 g2+ Z3 1 g3 + Z 1 44, with the help of any complete sys-
tem of events A, A%, A3, A*. A solution of (1), is given by u(-,t) := Law(Z;)
and u(Z;,t) = 42t The force v is absolutely continuous w.r.t. the law of

dt
the couple (Z,,7).

Backward semi-

Although this solution is constructed from the sticky particles model, it
does not have the properties of [1].

II.  Frow AND VEeLocCITY FIELD OF STICKY PARTICLES

a) The sticky particle dynamics

The definition of one dimensional sticky particle dynamics requires a mass
distribution p, any Radon measure (a measure finite on compact subsets) and
a velocity function u, any real function such that the couple (u, u) satisfies
the Negative Jump Condition (NJC) defined in [6]. Precisely, consider the
support S = {z €R : pu(x —e, x+¢) >0, Ve > 0} of p and the subsets
S_={zeR:pux—cx)>0}, S ={zeR: plx, x+e)>0,Ve >0}
Suppose that u is u locally integrable and consider the generalized limits v,
ut

martingale into burgers turbulence. J. Math. Phys., 62:1-12, 2021.

5. F. Eyi Obiang, O. Moutsinga, and F. Nzissila.

Jio—e.wy u(m)pa(dn)

“(x) =1 , YVxeds_, 3

u(z) msup = x (3)
2. ate W) p(dn

u+(x):1iminff(’+] sl ), VzeS,. (4)

e
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The Negative Jump Condition requires that
u (z) >u(z) Ve eSS, wu(x)>u(z)VreS,. (5)

In the whole paper, we mainly use o = A, the Lebesgue measure. That’s
why we always suppose that the support S = R.

Considering particles of initial mass distribution pg and of initial velocity
function uo, their sticky dynamics is defined in [7], when the couple (1, uo) Ref
satisfies (5) and 2 u(z) — 0 as |z| — +o00. The dynamics is characterized

by a forward flow (z,s,t) — ¢s+(z) defined on R x Ry x R,.

b) Proposition (Forward flow)
For all x,s,t :

1. ¢ss(z) =z and ¢s4(+) is non-decreasing and continuous.

2. The value ¢s4(x) is the position after supplementary time t of the
particle which occupied the position x at time s. More precisely :

¢s,t(¢0,s(y)) = ¢0,s+t(y) 5 vy (6)
3. If ¢y ({z}) =t [a(z,0,t), B(z,0,t)] with a(z,0,t) < B(x,0,t), then

f[a(x,o,t),g(x,o,t)] (a + tug(a))dpuo(a)
MO([a(‘r7 07 t>’ ﬁ(l’, 07 t)D

xr =

"C10T ‘TI-1:€S ‘sAyg ‘yrepy

o Ppow sopniaed AYorys oY) pue uorjenbe sieding -eSursinon QO L

FElse

r = ax,0,t) + tug(a(z,0,t)) = B(z,0,t) + tug(S(z,0,1)) .

4. B(x,0,t) + tup(S(z,0,t)) <z < afx,0,t) + tug(a(z,0,1)).
If po([a(x,0,t), y]) > 0 and po(ly, B(x,0,t)]) > 0, then

»/iy,,é’(:c,o,t)} (a + tug(a))dpo(a)
NO(]Z/, B(l‘, O? t)])

f[oc(w,O,t),y] (a + tug(a))duo(a)
UO([a(xv 07 t)? y])

<z <

5. The function [0,t] > x —— ¢ s(a(x,0,t)) is concave. It is a straight
line if and only if x = a(x,0,t) + tug(a(z,0,1t)).
The function [0,t] > © — ¢os(a(z,0,t)) is convex. It is a straight
line if and only if x = ((x,0,t) + tue(S(x,0,1)).

6. For any compact subset K = [a,b]x[0,T], consider Ay = o(¢sr(a),s,T),
By = B(¢.r(b).s,T) and the probability p = —FEEly  The
sticky particle dynamics induced by (uX, us), during time interval [0, T,

is characterized by the restriction of the function (y,t) — ¢s.(y) on
[AT,BT] X [O,T]
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The latter means that the restriction of flow on a compact subset of space-
time does not depend of the whole matter, but only on the restriction of the
matter (distribution) on a compact subset of space states.

Remark that if z = a(x,0,t) + tup(a(z, 0,t)) = (2, 0,t) + tue(B(z,0,1)),
then the graphs [0,t] 3 s — ¢os(a(x,0,t)), ¢os(B(x,0,t)) draw a delta-
shock, well known in the literature (Figure 1). Otherwise, these graphs draw
a kind of butterfly-shock with foded wings (Figure 2)

Notes

T

bo.s | a(z,0,t)
o) ( 0.t ) ¢(]_a(g(x,0¢t))

a(z,0,t) . B(x,0,t)

Figure 1: The blue line on the left (resp right) of the middle shock wave represents the trajectory of the
particle which started from position a(z,0,t) (resp 8(z,0,t)). It is trajectory [0,t] 3 s — ¢o s((z,0,t))
(resp [0,1] 3 5 = ¢o,s(8(,0,1)))

Do.s (d(w.,Oﬂt))

vacuum

a(xa07t> '3('L~0t)

vacuum

Figure 2: The blue curve on the left (resp right) represent the trajectory of particle which start at the
position a(z,0,t) (resp B(x,0,t)) whch is the trajectory of [0,t] 2 s — ¢o,s(c(x,0,t)) (resp [0,t] D s +—
¢O,S (B(IE, Oa t)))

What about the velocity?

¢) Proposition (Flow derivative)

1. For all y, s, the function t — ¢s.(y) has everywhere left hand deriva-
tives. It has everywhere right hand derivatives, except when ¢ (¢,.(y)) =:
la, b] with ps([a, b)) = 0 and a < b. Now and after, the notation

%qﬁ&t(y) stands for the right hand derivative.

2. There exists a function (x,t) — wu,(z) such that %(b[)’t(y) = u(do+(v))

everywhere the right derivative exists.
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3. For any compact subset K = [a,b]x[0,T], consider Ay = a(¢sr(a),s,T),

o 1
Br = B(¢sr(a),s,T) and the probability uX = %us If the

right hand derivative exits for (x, y) € K, the using the conditional
expectation under p, we have

2 6uat) = By lulons() = 6040 -

We call a cluster at time t all interval of the type [a(x,0,t), 5(z,0,1t)].
The last assertion of proposition 2.1 implies an important property on the
velocity of a cluster.

d) Corollary
1. If [a(x,0,t), B(x,0,t)] has positive mass, then

Joo(@.). sw0.) Yo(@)dio(a)
ﬂo([a(% 07 t)7 ﬁ(l’, 0; t)])

u(x) =
If a(x,0,t) = B(x,0,t), then uy(x) = up(a(z,0,t)).
Else u,(x) is not (well) defined.
2. up(B(x,0,t)) < wp(x) < up(afz,0,t)).
If po([a(x,0,t), y]) > 0 and po(Jy, B(x,0,t)]) > 0, then

oo o(@)duo(a) < w() Jiawo.4 “o(@)dno(a)
:U’O(]yaﬁ(x707t>]) - - MO([a(xaoﬂt)vy])

3. If a(x,0,t) € S_ (resp. ((z,0,t) € S; ), then u; (z) = up(a(x,0,1)).
(I"GSp. U;’_(ZE) = Uo(ﬁ(ff,o,t)))
4. If up(a(z,0,t)) = wi(x), then g (Ja(z,0,t), (x,0,t)]) = 0 and =
a(x,0,t) —|—tu0(a z,0,t)) = B(x,0,t) + tug(B(x,0,1)).
5. If ug(B(z,0,t)) = w(z), then po ([a(z,0,t), 5(x,0,t)[) = 0 and x =
a(x,0,t) —l—tuo(a z,0,t)) = B(x,0,t) + tug(B(x,0,1)).

6. For all t > 0, we have w(z) = o(x) as |x| — 4o00. For all t > 0,
if a(z,0,t) € S (resp. P(x,0,t) € S ), then limw(y) = uy (x) =
y—T

y<zx

uO(Oé(ZE, 07 t)) (resp. 11/1_123 ut(y) = uj_(x) = Uo(B(ZE, 07 t)))
e) Markov and martingale properties

Let (o, uo) be as in theorem 2.1. On abstract measure space (£, F, P) we
define a measurable function Xy :  — R with image-measure P o X; ' =
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po- In practice, (Q, F, P) = (R, B(R), 0) and Xy is the identity function.
For all t > 0, we set X; = ¢0+(Xo). As a consequence of theorem 2.1, we
have the following :

1) Proposition (Markov and martingale property)

1. Vs,t, we have
Ref Xs+t = ¢s,t(Xs) (8>

2. If ug is po integrable, then under the measure iy (or P) :

d
37Xt = Eluo(X0)|Xi] = uy(X,). (9)

Else, for any compact K = [a,b] x [0,t 4 s], if ¢ps+s(a) < Xpps <
Go.1+5(b), then under the conditional probability ul*, we get (9).

3. If ug is po integrable, then under the measure g (or P) :

Backward semi-

martingale into burgers turbulence. J. Math. Phys., 62:1-12, 2021.

ut+5<Xt+s) = E[Ut(Xt)’ft+5] y with ./—"t = O'(Xu, u Z t) (10)

Else, for any compact K = [a,b] X [0,t], ¢osts(a) < Xits < Po145(D),

then we get (10) under the probability ul’ (or under the conditional
probability knowing c(o t+s(a), 0, t+5) < Xo < B(¢or4s(a), 0, t+ ).

[I[. TURBULENCE

In this section, inspired by a preocupation from [4], we study the sticky
particles dynamics from the point of view of turbulence. Generalizing the
results of 5], we get a class of Markov processes solution (2). The velocities
fields are backward semi-martingales.

a) Flow, delta-shock and butterfly-shock
In [5], was defined the first turbulence (or shock) time of the particle initial
position a :

7(a) =inf {t : u (¢ou(a),t) # u' (dos(a),t)} . (11)

5. F. Eyi Obiang, O. Moutsinga, and F. Nzissila.

Let Xy be of image-measure 9. Define v = 7(X;) and the cluster [Z3, Z3] =
[a(X,, 0, v), B(X,, 0,7)] in which belongs X, at time . The turbulent
interval [Z], Z3] is defined as the greatest interval containing X, on which
7 is constant. It was shown in [5] that the velocities of these variables are
semi-martingales, when po = A the Lebesgue measure. The same result was
obtained for the combination Z§ = Zi1 4 + Zj1 s, with the event A : " the
particle enters in the shock from the left ". The interesting variable ZJ was
introduced [4] in order to study the Burgers turbulence.
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Our goal is to generalize the results of [5] to any non-negative measure
o and any function uy with negative jumps (w.r.t. po). Fori =1, 2, 3, 4, 5,
we consider the process t — Z; = ¢0,(Z{). But one could have other
preoccupations than the above event A of [5]. We are led to defined the
process of more of more general form t — Z; = Z M g1 + Z21 g2 + Z3 1 45 +
ZM 41, with the help of any partition A!, A%, A3, A4 of €, events of J(Xo).
Following the implication the application of the Z&’s, we have fifteen (24 —1)
types of processes . (If A = Q; then Z = 7).

i. Proposition (Random butterfly-shock)
1. Let Z stand independently for Z' 72 Z3 or Z*.

d
Vi, s > 0, s+t ¢st( ) , &Zt = U(Zu ) .

2. 7(Z}) =71(Z3) = 7(Xy) = v and

Vit <7, Z}'=27)+tuy(Zy) < Xy = Xo +tug(Xo) < Z} = Z5 + tuo(Z3)

Vt>y, Xy=Z'=2}=7=7'.

3. 7(Z3) <~ and 7(Z§) < 7.

0, 7]  t — Z} is concave and [0, 4] 3 t — Z} is convex.

Vit <7(Z3), Z}= 73+ tuy(Z)

Vt<7(Zy),  Zi=Zy +tue(Zy);-

The segment [Z}, ZZ] and the paths [0, 4] 2 t — Z}, Z? draw a prime
delta-shock (so called in [5] because of the first shock time of turbulence).

If 7(Z3) = 7(Z3) = v, then the paths [0, 7] 2 t — Z3, Z} are linear;
and the draw, with the segment [Z3, Zj], delta shock (well known in the
literature) (see figure 1 ).

If 7(Z3) < v (resp. 7(Z3 < 7)), then the path [0, 7] 23— Z} (resp.
0, 7] 2 Z?) is linear; this can occur o,ly when Z3 ¢ S~ (resp. Z5 ¢ ST).
If max (7(Z3), 7(Z3)) < 7, then the paths [0, 4] 5 Z}, Z} draw, not a
delta-shock, but butterfly-shock with folded wings (see Figure 3).
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Figure 3: Delta-shock and butterfly-shock

b) Velocity process as semi-martingale

i. Proposition

1. t — u(Zy, t)14< is bounded variational process adapted to the nat-
ural non increasing filtration FX of X.

2. Forallt, uw(Z, t) = [u(Z, t)—uo(Xo)|Li<y+M;, with My = E [ug(Xo)| F].
Hence, t — u(Z;, t) is a backward cadlag semi-martingale of FX.

3. If v = 7(Zy), then for all t, u(Z;, t) = [uo(Zoy) — Mo|Li<ry + M, with
M; = E [uog(Xo)|F?]. Hence, t — u(Z, t) is a backward cadlag
semi-martingale of F%.

4. If ~ is an optional time of FZ, then t — u(Z, t) is a backward
cadlag semi-martingale of the completed filtration F%. Moreover t —
U(Zt, t) - [U(Zt, t) — M,Y_]]lt<7

We recall that for any non increasing filtration F, the filtration F is
defined by F, = o (F; UN), where N is the set of negligible events of F.

Before the proof, we recall some properties well known in the theory of
stochastic processes.

¢) Lemma

Let a process Z be adapted to a non increasing filtration G = (G;,t > 0).
Let I be an optional time with respect to G, i.e. for all t > 0, the event
{I" >t} € G;. The following holds.

1. The set Gr:={A e Gy : AN{l >t} € G;} is a sigma-algebra.

2. If all the paths of Z are either continuous on the right or on the left,
then the r.v. ZrIr. is Gr measurable.

3. Suppose that G is continuous on the right; that is, for all t, G, =
o <8L>ths). If 7 is a backward martingale with respect to G, then for all
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t, the right hand and left hand limits Z+, Z;- exist a.s. Moreover, the
process t = Zryy+ — Arlps, is a backward martingale with respect to
the completed filtration G, with Ar = Zp+ — Zp-.

d) Lemma
1. If a process Z is such that Zs ., = ¢s4(Zs) for all t,s > 0, then
7(Zy) =: T' is an optional time with respect to the natural non in-

creasing filtration F# of Z. Moreover, F{ = FE.

2. Suppose that {I' <t} € FZnN FZ for somet > 0. If Zilr<; = Zilp<,
then E[F|Z]|Ir<; = E[F|Z;|Ir<; for all integrable r.v. F.

The second assertion is satisfied by (Z, Z') = (X, Z') and (Z, Z') = (X, Z?),
with I' = . Both Z3 and Z* satisfy only the first assertion.

Proof. 'We begin with the first assertion. u~(-,¢),u™(-,¢) are Borel func-
tions and it is well known that if u is discontinuous in (Z;,t), it is also
discontinuous in (Z;,,t + s). Then,

(T <t} ={u (Zi,t) #u" (Zi, )} U[{u" (Zi, t) = u" (Z, )} n{T = t}] .
Since
{u(Z,t) =ut(Z, )} N{T =t} = {u (Z,t) = u (Z;,8) N

L@l{u_(ZHl/m t+1/n) # u+(Zt+1/m i+ 1/”)} )

the proof of the first assertion is done.
Remark that Z,11/, = ¢r1/n(Z;). So {I' <t} = Z;7 Y (Ay), with

A= {u (1) £ u*(»t)}u({u(‘,t) — ut (. H))N

[ngl{u—wm b+ 1/n) £ Ut (Graymt+ 1 /n)}] )

Now we show that 77 = FZ. First remark that if {b} # ¢ (¢os(b)),
then 7(b) < t. Thus for all Borel subset B and t > 0, we have BN {1 >t} =
¢&%(¢0,t(3)) N {7 >t} and

Zy (B) N {7(Zo) > t} = Z; (doe(B)) N {T(Z0) >t}
ZyH(B) N {T >t} = Z; Y (¢ou(B)) N{T > 1} € F7

This means that Z,'(B) € FZ.
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For the second assertion, since Z;1,<; = Z}Ip<, it is easy to see that
E[F|Z]|Ir<; is 0(Z}) N o(Z;) measurable; for all bounded Borel function h,

E(h(Z)E[F|Z) To<) = BE(WZ)EF|Z)Tr<) = E(h(Z) Flp<,)
= B(h(Z)Flr<)) = B(W(Z)EIF| Z]1r).

Hence, E[F|Z]|Ir<; = E[F|Z]1r<; a.s.

Proof of proposition 3.2

1) The restriction [0, v[> t —— u(Z;,t) is monotone. Thus, the process
Ry > t+— u(Z;,t)1, is a bounded variational process. It is adapted to
FX since v is an optional time of this filtration.

2) We have F§¥ = FX. So for all £, the r.v. ug(Xo)ls<y is F;*-measurable.
Since F¥ = o(X;), we get

WZe e = u(Xe )z = Buo(X0)| X 1ey
—_———

My
= M, - FE [UO(XO)1t<7|Xt] =M, — UO(X0>]1t<'y-

Then for all ¢, u(Z;,t) = [w(Z;,t) — uo(Xo)] Lewy + M.

3) Same proof as previous, using the fact that FZ = ]-vz and E [ug(Xo)| X¢] 1< =
E [ug(Xo)|Z:] 1,<; (lemma 3.4)

4) Simple application of lemma 3.3. For all ¢,

w(Z, )y = u(Xp, 1)1y = Euo(Xo)| Xe] 1<y = E [uo(Xo)|Ze] 1<
————
My
= M'y\/t - A'y]lt<'y - Mf;]lt<’y

with Ay = M, — M.

Remark that assertion 3) is a consequence of 4). Indeed, if v = 7(Z)),
then F7 = .7-"7Z (lemma 3.4). So M and M, are ]—"7Z measurable and the
processes t — M.y, M 1, A1, are adapted to FZ. Thus, the process
M,y — A1, is a backward martingale of F Z_ Hence the process t —
u(Zy,, t) is a semi-martingale of FZ.

In fact, , M, 1<, =, Moli<, =, M 1;<,. So the martingale part is M.

Now we precise, under more general assumptions, when the velocity of
turbulence is a martingale.

¢) Martingales and soft turbulence
In this part, we show that the martingality of the velocity turbulence implies
that all mass of any turbulent interval is concentrated in at most one point
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(single turbulent point). Let T be the set of turbulent intervals which are
not reduced to single points.

d) Corollary (Turbulence martingales and prime-delta-shocks)
1. The process t — u(Z, t) is a martingale of F~ iff a.s. Z = X.

2. Suppose that v is an optional time of F# (which is effectively the case
when S is an interval). The process t — u(Z;, t) is a martingale
of FX iff a.s. Zy = FE|[Xo|Zo). Furthermore, if A; = €, then a.s.
Z=7"=X.

The following describes the turbulent intervals and clusters when the velocity
of their borders are martingales.

e) Proposition
If Zy = Xy a.s., then T is at most countable and the interior of all turbulent
interval is a vacuum.

1. Case Z = 73 (A3 =Q) : we have a.e. Z>=7'= X and Z* = Z*.

Vi, Bl € T, wo(le, B) =0;  P(Z5#(Z5) = > po({a})

o, BlET

2. Case Z=7*(Ay =Q) : we have a.e. Z*=72= X and Z' = 73.

e, Bl€T

any turbulent interval is also a cluster at turbulent time.

3. Case A] = Ay = 0: we have a.e. Z 14, = Z?1 4, and Z?1 4, = Z*4,.
Vie, Bl € T, po([a, B]) = po{a}) + po({58});
P(Z8 #(Z3) = > lm({a}) + po({B})].
[, Bl€T

4. Case Z =7' (A1 =Q) : we have a.e. Z3=7'= X and Z*> = Z*.

\V/[CY, 6} € T: MO(]a7 B]) = O; P(Z(% 7é (Zg) = Z MO({Q})

o, Bl€T

5. Case Z =72 (Ay = Q) : we have a.e. Z*=7?= X and Z' = Z3.

Via, Bl e T, polle, B) =0;  P(Zg #(Z3) = Y mo({B})

la, BleT
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Proof: Let us study each semi-martingale.

1. For Z = Z3 : A necessary condition is that E [ug(Z3)] = E [u(Z3)] =
E [U,(Xpy,’y)] =F [Uo(Xo)] But X,y = XQ—{—’}/UO(X()) S ZQ—{—'}/U()(Z()) and
Z31,50 = Xolyso. Then v (Xo—Z8) 1,50 = uo(Z8) —uo(Xo) > 0 and
Eyv X0 —Z3)1,50] = 0. So X = Z3 Zy a.e. Thus X = 73 = 71
a.e.
In the other hand, we have a.e. uo(Z3) > u(X,,7) and E [uo(Z3) — u(X,,7)] =
0. So uo(Z3) = u(X,,v) a.e.
Now we show that 72 = Z3. If Z3 = Z}, then Z2 = Z3. 1t Z3 + Zj,
then Ja < f s.t. [ZS’, Z5] = |, ﬁ] If moreover g ([o, 8]) = 0, then
[, B] € T and Z2 = Z§ = . If po ([r, B]) > 0, then

f[a,ﬁ} wo () po(dx)
Ho ([a’ B]) ‘

up(a) = uo(Zo) = u(X, ) =

From corollary 2.3, we get uo ([, 5]) = 0 and [«, 8] € T. And again
Z =73 =0. Thus ae. : Z2 = Z4 and Z2 = Z;.

Moreover {Z3 # Z3} C [ H T{a < Xy < B}. Conversely, if [o, ] €
o, Pl e

T, A, 8] = (23, Z§] D |a, B], with pe(]o’, f]) = 0. This im-
plies [o, 8] = [/, B]. So {Z3+# Zj} = [ [%]JGT{QSXO <} and

po(Ja, B]) = 0 for all [a, B] € T. But the set of vacuums is at most
countable. So is 7. We then get the result P ({Z3 # Z3}).

2. For Z = Z* : Analogous to previous case.

3. For Z =Y : The process t — u(Yy, t) is a martingale if only if its
bounded variational part vanishes :

e [u(Y;, t) —u(Y,, v)] Lic,y, Vi

This equivalent to uo(Yy) = w(Yi, t) = w(Y,, v) = u(X,, 7) for all
t <. Then a.e.

T(Yo) =1, up(Yo) = u(X,, v), Yo + tyuo(Yo) = Xo + tyue(Xo).

If Z3 # Z5, then Ja < B s.t. [Z3, Z§] = [, B] and Yy = a or Y = f3.
If moreover po([er, B]) > 0, then

f[a,ﬁ] uo () o (dx)
po ([, B)

up() = up(Yo) = u(Xy, v) =
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In this case, If Yy = «, then from the corollary 2.3, we get po([a, 8]) =
Oand Yy = Z} = Z3 = a. Then P (Yo =a # Xo) = (o, 8]) =
0. In the same way, if Yy = 3, WegetYO:Zz—Zg‘:ﬁ nd
P (Yo =8 # Xo) = pol([er, B]) = 0. In any case, [a, §] € T and P(Y, #
Xo,OzSX()SB):O.

We conclude that 7 is at most countable and
Vi, Bl €T . polle, B]) = max (uo({a}), no({8}));
%2z} = | la<Xo<p)

This give the results.

4. For Z = 7' : Elug(Zy)] = E[u(Z),7)] = Eluo(Xo)]. But ug(Zy) —
up(Xo) =71 (Xo — Z§) o<y > 0. Then a.e. : Zj = X, and Z; = Xo.
Furthermore,

Z#Zoy= Y fa<Xo<p)
a<5

and for all [«, 5] € T, we have
po(Ja, B]) = Pla < Xo < B) < P(Zy # Xo) = 0.

So T is at most countable and we get the result for P(Z2 # Z3).

5. Z = Z* : Analogous to previous case.
Now, we are interested in the conservation laws.
[V. CONSERVATION LAws

In this section, we investigate if a process of type of Z can provide solutions
to the scalar conservation law

O, M + 0, (A(M)) =0 (12)

and to the pressure-less gas system

O (1) + O (up) =0
Or(up) + 0, (u?pn) =0 (13)
[y — fo, w(-, ) e — ugpo weakly ast — 0

It is well known, from the sticky particles model, that the mass distri-
bution p; of the matter and their velocity functions wu(-,¢) provide a weak
solution (in the sense of distributions) to the system (13). The first line of
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(13) is usually called conservation law of mass and the second is a conser-
vation law of momentum. Moreover, the couple c.d.f and the momentum
function provide an entropy solution to (12). Precisely, V (z, t) € R x R,
M (z,t) = pu(] — 00, 2])

Vm € (0,1), A(m) = /Om uo(My(2))dz, (14)

where My = M(-,0). The equation (12) is conservation law of mass and
momentum. Can we have the same thing for the function N : (z,t) —
P(Z; < x) with the same flux (14) ?

a) Proposition
Consider the real function

on , Uo(Xo)dP

Vo i ar> P(Zo =) = F [ug(Xo)|Zo = d]. (15)

The couple (N, A) is a weak solution of the conservation law (12) if only if
Z coincides with the sticky particles process defined from (Ny, vy).

Before the proof, let us describe what happens in our investigation. From
the point of view of the matter, our investigation consists in a change of
distributions. We recall that the paths of Z are "extracted" from significant
paths of X on which rise turbulences. The extraction procedure redistributes
the mass. If 7 is constant on [a, b] and [«, (] is the cluster which contains
la, b] at time 7(a), one of the four particles a, a, b or § are extracted. We
call them "turbulent particles". All the mass of [a, b] is initially re-affected
to these particles. In order to expect the preservation of the conservation
law, one can also re-affect the momentum as follows. First remark that each
event A; of section 3.1 is of type "X, € E;".

o The mass 11 ([a, b] N E3) and the momentum [, 5 uo(x)dpo(x) are
affected to a.

e The mass 1 ([a, b] N Ey) and the momentum f[a B uo(z)dpo () are
affected to a.

e The mass 1 ([a, b] N Ey) and the momentum f bjn, Uo(@)dpo () are
affected to b.

e The mass p ([a, b] N Ey) and the momentum f[m BB uo(x)dpo(z) are
affected to 3.

e The total mass and total momentum of o and ( are aggregations of
the masses and momenta extracted from turbulent intervals inside [a, f].

Algorithm : Extraction along the time and aggregation of mass and momen-
tum to « (resp. ) until it is hinted from the left (resp. the right).

The momentum transferred to turbulent particles can also be computed
from the flux A (14) and c.d.f Ny := N(-, 0) of Zy. Indeed, the turbulent
particles in [a, b] have the momentum
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No(b)
/ uo(Xo)dP = / uO(Mo_l(z))dz = / uO(Mo_l(z))dz
{a<Zo<b} {a<Ng <} No(a)

= A(Np(b)) — A(No(a™))

However, the velocity function induced by this momentum is not the cor-
rect one (ug) for the real dynamics of Z. Indeed, each turbulent parti-
cle of initial position a’ received the mass P(Zy = a’) and the momentum
i) Zo—a U0(Xo)dP. This induces the velocity

onza’ UO(XQ)dP
P(Zy=a)

= E[uo(X0)|Zo = a'] = vo(d)

So, A(Ny(b)) — A(No(a™)) = ]J\Z)O(f)) uo(Ny ' (2))dz is the momentum of an-

other sticky particles dynamics, the one from (Ny, vp).

Proof of proposition 4.1: Such a weak solution is an entropy solution
which is unique once imposed the initial datum Ny. Let  be the flow con-
structed from (Ny, vo) and define N; = N (-, t). Onehas N; ' = (N; ', t) for
all t. Since Z; = ¢(Zy, t), one has also N; ' = ¢(Ny', t). So (-, t) = ¢(-, 1)
on the support of the law of Z,, and one gets Z, = (%, t) for all ¢.

Now we consider the momentum which corresponds to the dynamics of
Z, the function B : (0, 1) 3+ [" vg(Ny ' (2))dZ. It is also the momentum
function of the sticky particles dynamics defined from (Ny, vy).

b) Proposition
Suppose that v = 7 (Zy) a.e. We have

N + 0, (A(N)) = -0, (C(N,t)) (16)
BN + 8, (B(N)) = 8, (D(N,t)) (17)

with, V (m,t) € (0,1) x Ry,

Clmt) = [ 80 (N7 ) L

Dlmt) = [ 80 (N 6)) L 100y

and Ao = ug — vg.

Surprisingly, as shown in the sequel, these results lead to the homogeneous
conservation law of the momentum. For all £, let 14 be the distribution of Z;,
i.e. (B) = P(Z; € B) for all Borel set B.
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For all ¢, let v, be the distribution of Z;, i.e. v,(B) = P(Z; € B) for all Borel
set B.

d) Corollary
Let us define 6(z, t) = E [Ao(Zy)|Z, = x, v = t| and consider the law Py, .,
of (Zy,v). If vy = 1(Zy) a.e, then we have

Notes

O(v) + O0x(u ) 0
O(uv) + 8, (v’v) = —0Pz, (18)
vy — Lo, u(-, vy — ugvp weakly ast — 0

The couple (v, u) is thus a weak solution of a pressure gas system of initial
datum is (v, ug).

Proof of proposition 4.2:  u(Z;, t) = F [UO(ZO) + AO(ZO)]lt<T(ZO)|Zt] Us-
ing w(Zo, t) == v9(Zo) + Do(Zo)Li<r(z,), We have, for any test function f on
R xR% :

/ / filw, ON(z, )dtde = E / / fulw, O H(x — Z,)dtdx
—E//fxt (Zy, )07, (dz)d /th, w(Zy, t)dt

_E/f Z, Yw(Zy, )t — —E//fx(:r, DH(z — Z)w(Zo, H)dtda

and
BHE = Z)o(z 0] = [ (NG ()
— A(N(z, 1)) + C(N(z, t),t) = B(N(z, t)) — D(N(z, t), t).
Proof of corollary 4.3
BH( — Z)u(Zo, 0] = EH(a - Z)uZ, 0] = [ uly, 0dwi(y),

0. [A(N(z, t)) + C(N(z, t), t)] = wul(z, t)du(z).

From previous proposition, one gets 0, M + u(x, t)dvy(x) = 0. Then, in order
to have the first equation of gas system, use the fact that
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3t8xM == 85,;8,5M

It remains the last equation. For any test function f on R} and any test
function g on R,

[ [ rsente, vanee = £ [ rogzz, a

= E/f Zt U() Z() dt+E/f Zt)Ao(Zo)]].t<7—(Z0)dt
= —E/f Zt; )Uo(Z(])dt

+E [f(fY)g(Z A0 ZO //f Zt Ao ZO)]lt<7—(Z0)dt

_ B / F(0)9 (26> (Z, )t + B [f(7)9(Z) Ao(Z0)]

This ends the proof.
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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.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

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

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

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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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

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

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

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

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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