Journal of AL-Qadisiyah for computer science and mathematics Vol.11 No.1 Year 2019
ISSN (Print): 2074 — 0204  ISSN (Online): 2521 — 3504

Math Page 36 - 44 Khalid.M

Modification Of High Performance Training Algorithms for Solve
Singularly Perturbed Volterra integro-differential and integral
equation

Khalid. Mindeel. M. Al-Abrahemee

Department of Mathematics , College of Education , University of AL-Qadisiyha
Email: Khalid.mohammed@qu.edu.iq

Recived : 2\10\2018 Revised : 7\10\2018 Accepted : 14\10\2018

Available online : 21/10/2018

DOI: 10.29304/jqcm.2019.11.1.448

Abstract:

In this paper, we apply neural network for solve singularly perturbed Volterra integro-
differential equations (SPVIDE) and singularly perturbed Volterra integral equations (SPVIE).
Using Modification Of High Performance Training Algorithms such as quase-Newton,
Levenberge-Marqaurdt, and Baysian Regulation. The proposed method was compared with the
standard training algorithms and analytical methods. We found that the proposed method is
characterized by high accuracy in the results, a lower error rate and a speed that is much
convergent to standard methods.
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1. Introduction:

In this paper we consider the numerical
discretization of (SPVIDE):
0 f (U,U', }{) X MG, U(e)dt , x € [a, b]
(6]
with boundary condition U(a) = 4,U(b) = B.
And Volterra integral equations (SPVIE)

e0(x) = f00) + [, MO, H0®dt
[a, b] )
with boundary condition U(a) = 4,0(b) =B ,
where ¢ is a small parameter satisfying 0 < € <1
called perturbation parameter , f and M are given.
An increasing interest in Voltaire's integrative
and differential equations that have small parameters
that stimulate this research. In the numerical
solution to the problems of the value of the single
hyper-limit of ordinary differential equations.
Nonlinear phenomena that appears in many

applicationes in scientifec fields, such as fluids
dynamics, solid state physics, plasma physics,
mathematics biology and chemical, can be modeled
by integral equations.. We are frequently faced with
the problem of determining the solution of integral
equations, one of these integral equations is SPVIE
[1].

IN [2] have proposed the HPM for solving the
SPVIEs, Alquran and Khair [3] solved the same
problem by DTM and VIM. Finally, Dogan et al. [4]
used DTM to solve the presented problem. Liao
[51,[6]1,[7] successfully applied the HAM to solve
many types of nonlinear problems.

M e

This paper focus on building a new technique
by using neural networks to arrive at an approximate
solution to the integrated integrative and differential
integrality equation. This structure of artificial
(ANN) the
corresponding production of vector inputs. The error
function is now limited to the minimum in the
selection points. Thus, the proposed ANN uses a
training algorithm based on on quasi-Newton,
Levenberg-Marquardt, and Bayesian Regulation
algorithms used to modify the parameters (weights
and biases) to any degree of accuracy required.

neural networks can calculate
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2. Modification Of High Performance Training
Algorithms:

In this section we will explicate how to modify
some of the training algorithms. And to avoid some
disadvantage that occurs in LM algorithm, we imply
singular value decompation( S V D )of Jacobian
matrix & and £~1if &(w) is a rectanguler matrix or
singular, then we use SVD ofé (w). To avoid some
disadvantage that occurs in of quasi— Newton
algorithm, we  explicate  Singular  Value
Decomposition of Hessian matrix Hand H™!, which

is the mainly extensively use technique, and
specially, it is a high-quality technique for
illconditioned problems and to calculate the

pseudoinverse ofH and to calculate theminimum
passing the drawbackof
BayesianRegulation algorithm, we imply S V D for
compute & and £71, which is a good quality
technique to calculate the pseudoinverse of ¢ and to
calculate the minimumerror.

error. To  over

3. Description of the Method
In this part we will explicate how our appear

be able to use find the approximate solution of
equations (1) and (2). To enter y (x) to the converter
to be calculated, U, (3;, p)Refers to the analytical
solution. In the proposed approach, the FFNF
experimental solution is used and the parameter p
correspond to the W,;and B; of the
architecture. We choose a model for a pilot function

neural

U;(3) to meet BC requirements. This is acheived
by writing it as two parts :

U011, p) = AQ) + F (1, N(x, p, €))(3)
where N(2,p,€) is the output of the neural
network with one input vector » .
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4. Illustration of the Method
To show the technique, we will consider the
equations ((1) and (2)) ,where x € [0, 1] and the BC

U (0 =Aand U (1) =B .

solution can be written:

The approximate

U,0t;,p) = A+ (A+B)u + u(un —
DNG,pe) @,

And the error quantety to be minimzed is given
by
da?U; '
Elp] = (e 32 f (U0 Ve, ot) +
[7 M (e, U ()Y 5)

where the xi’s are points in [a, b].

5. Numerical examples

In this section we will present the numerical
results of some mathematical models from the
various examples of some cases of numerical
conditions of the proposed neural network where the
structure of the network consists of three layers. . In

hidden layers we used sigmoid(logsig) as an

1
o (%) = Tre 7
or each test problem, the analytical solution
V. (x)was defined in proceed. The accuracy of the
approximate solutions can be tested by using the
following equation AU(x) = |0.(30) —
O, ().

In this section, there are three examples of
different cases and each example contains four
tables.

The first table shows the experimental and
approximate solution of the high-level training
algorithms with the analytical solution. The second
table shows the error of the modified method and
the third table represents the accuracy of the
proposed method and the number of iterative
needed to reach the target.

And the fourth table represents the initial value of
W; and B;s of the of the neural network. The
figure illustrates the exact and approximation
solutions in the training set

activation function that is

Example 1:
We consider the following linear SPVIE [8]

ey(x) = [[[1+t—y(t)dt
yD=y@ =2-ei—e(1-e7)
yx)=x+1-

and BC:
y(0)=0

which has the exact solution

e_z—e(l—e_g),‘s:O.ZS.

38

Khalid.M

Example 2:
We consider the following nonlinear
SPVIE [9]

y(0) =< (1—e*) +=[Fe*t y2(t)dt

and the boundary conditions y(0)=0 |,
11tae2)

y(l)=

2(1-et
s(%(\/1+4£2)—1)e%(v1+482)+%(\/1+4£2)+1
which has the exact solution
2(1—e%*)

y(x) =
g(p—1)eP*+p+1
where the parameters ¢ are defined as

Q= %(\/1 + 4£?) and £=0.75.

Example 3:

In this problem we consider the SPVIDE [10—
12]
s%y(x) =(1+eet—e—ykx)+ fox(l +

e)y(t)dt,

with the 1

boundary condition y(0) =1+e7",
-1
y(1) =1+ e=t+9 and the analytic solution is

y(x) = e* ! + es(+9)  we get £ =2710,

6. Conclusion

This paper present new technique to solve 2™
singularly perturbed Volterra integro-differential
equations (SPVIDE) and singularly perturbed
Volterra integral equations (SPVIE). Using artificial
neural network which have the singularly perturbed,
using modification of high performance training
algorethms such as quase-Newton, Levenberge-
Marquard, and Baysian Regulation. The projected
construction of ANN is more professional and
accurate than the other method.
convenient outcome with a few hundred wieghts
prove that the Levenberge-Marquardt (trainlm)
algorethm will have the highest convergence, then
trainbfg and trainbr. The performance of different
algorethms can be affect by the accuracyrequired for
rounding.

approximat
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Table 3: The accuracy of the rrain of suggested FFVN.
Train function | Performance of train | Epoch | Time Mzrereg.
Tramm 309033 85 1 0:00:00 | BSITIIETOHITRIN0
Trzinhig | le-15 442 00008 1. THRIN I ARR TT ARG S 00
Trainhr 7.19¢-10 301 | 0:00:04 | 2794226818490657e-08

Fablsd: Initinl weight and biasof FFNY

Tmirial weighes aed bias | Initial weighos and blas | Iniclabweighes ond bias

for trainlm Ew:rnmbég for trainbr
et TW T Ner LW TN BT | NepdW | Nat Wt el W TN LW [ Ra BT
(L1} 15 1 (LE I (L[ i3] |

02601 | DOEN | 0EDEL | OFTOR | 0ATER | 0.AOTM | GERIN | OUDA9E | D4EE
04238 | 03018 | ou66&S | ONIZE | DTIEE | 0197 | GEDPR | DLABRE | 018N
OTIT | WIST | OTEY | O | OTE | 0N | O | U
00437 | 06667 | G.1%50 | 04714 | 09577 | 03438 | 86147 | 09330 | D.6958 |
| 04177 | 95391 | 69991 | 0.0858 | 05411 | 0.9074 | 03624 | 0.2 1.I81%9

| T
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Figure(1) : shows a comparison between the exact solution and the approximate solution of the problem which is

presented in example 1 , with € =0.25.
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Takle % ; presents a comparicon between the e<act and approximated solutions of exemple 2, ¢ =0, 72
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Tahle 8: Acenracy of solations of evample 2, ¢ =075

Tho errar ﬂr}uljrrl:.!]-—j-a{rlllwkwi yiixlcomputed by
the following tralning algerithm
Traindm Traink g Trainkr
J ARG VR84 TR e IR 2 NEE A BNE T e 10 S TEAE L6 ] 40BN TEDe -0
A ADEENIGHS e 1T | G06STIARITEEET S | IS T E |
T LEOETESTTRe ID | GORGIOTEITEI R | TR TG |
I IMIIAA24065065e-11 | 42020410 06080008 | 5051 2845552 il
Ja b T SEH0E0a 4T e TATIAAFE M- T % i
AR TANET L T e A NBEET TROERGGe 00 |
LD AR ARG 40 T 6085735 1440 T §0e-08 TAEEERE AT 4010
3 - FAIAT IS0 0 008 | | 2I8 0di5511560e00 |
TS 2 BRI AT
EPEAILA0]18] AT T4 JARTEROTOLIN] 1 Be-DT AR TATE 1D
BT Z4R 454575 . 010 6 604800 5] 04 e 00 & SREIPETEA0E M- 0P |

Table 7:The accuracy of the tradn of snggested FENN, £ =075

Train functien

Performance of train

Epoch | T

e Msereg.

Trainlm

5.03e-21

115

D=00002

JO5RETIE12109448e-19

| Lrainbly

L.60e-15

441

0:00:08

13700041 355221 76e- 14

Trainke

§.19e-18

136

0:00:03

150415685236 T96%e-17

Table 5: Inital weight and bias of FERN, £ =073

Mirial weights and bias
oF fratalin

Mnirial weights and biax

Nee W[ Ner LW
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Noe IW

Mitialweighes med bias
or rrainkfg
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Ner. LW)| Net.B{1

01478 | 04674 | 04278

04504 | 04470 | 67442

05825
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EEAEE S
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OFTTE | ST
TR | 0T |
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02798 | 0.4374 | 04581

0.7269

04503 | 0.0249
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Figure2: shows a comparison between the exact solution and the approximate solution of the problem which is
presented in example 2, with € =0.75.

Table #; presents a compariien between the e-act and appreiimated sslutiem of sampls 3, 2 =107"
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Tabls 11:The accuracy of b irain of suggecisd FFNS, Pt 1
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Fidrdead wead g Ad s drd by Feibibia [ st g hits aisia bics Friddio Pt (g bl s and bins
Iﬂr Erudnilm I|"nr Ird-:rrilf‘ I:-r erminbr

_Wat, T Wed, KW War, MOL] Ve, IWT] Wer, DW | Wat, BN Noer, PW] et EW N, T[T

o.REAdN o8I0 06427 S.a1R3 LR LR X ] B4 8 LR D.EDEL
eawn | oonid | esiTy | oERaz | eazTe | asoee | st | 6maT?

SEDN AR A0 ' ST1E-] =1 AR B 1934 (¥ A5 LR R
L | epew3 | 0083 | 07as6 | 00780 | #eeRs | 09944 | dazek | 049Td
0.0713 | e#ish | 04880 | GETTT | 06833 | 00500 | 0843 | 0.73%6 | 0.TSS1

1 -4_* : : : . : : -
e byt
13 ||I 0 Tralnlm
1.2 H Trainhig
|I —&— Trainhr
11k i
1
ik |
n #
0no9r- |II = - -
oBt | - 4
|III d-.-.-:,..-—'
o7 | i _..__.-' 1
L= = i
gor II| __,..-"""F-"_-f 1
{14 F i i i i i i i

1 0 02 03 D4 05 06 OF o048 03 1

Figure 3.: shows a comparison between the exact solution and the approximate solution of the problem which is
presented in example 3, with ¢ =2°¢.
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