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Abstract
In this research, feed-forward artificial neural networks is used to approximate Bissell functions of the first,
second and third types. We have taken the Levenberg Marquardt (LM) algorithm to train this artificial
network. The practical results proved a high efficiency in approximating the Bissell functions, where we
obtained very close results. For the exact results of the functions, we used the Matlab 2020 program to train
artificial neural networks.
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Bessel Functions of the Third kind
1 T T T T T I I I
: : : ' | —B— target(JO(x))
—#— output of training(J0(x))
—B— target(J1(x))
—— output of training({J1{x})
target{J2(x))
—+— putput of training({J2(x))

time in secs

Lo lihal) dypael) ASal) (s 50 ae Jg¥) Esil (pa o Al il 435060 (7) S

Best Performance
10 T T T T T T T

Performance

10 1 1 1 1 1 1 1

0 0.5 1 125 2 25 3 3.5 4
Epochs

Lo lha) dpnaddAull Gyl Uadll aoje Jaxs (8) JS&d)



Al academia journal for Basic and Applied Sciences (AJBAS) volume 3/No. 3 — 2021 December

i) cluagilly alaliituyi-7
@al Jlsas daaws Jlso s e 85080 L) Aalal ! 2350 <l Goe lilaa) Aol Sl () dolaal) il (pa peitices
il L) (AT ey ylsa alatialg doe lilaal) Auaal) Gl kit (e Gfiall) (Ko (Sae Dlle 32Uy (380 (i Load

il il e Jgemall Lueanl) 205

abally jalaal

[1] Y. A. Laylani, K. K. Abbo, and H. M. Khudhur, "Training feed forward neural network with
modified Fletcher-Reeves method," Journal of Multidisciplinary Modeling and Optimization, vol.
1, no. 1, pp. 14-22, 2018.

[2] K. Abbo and M. Hind, "Improving the learning rate of the Backpropagation Algorithm Aitken
process'," Iragi Journal of the statistical sciences, accepted (to appear), 2012.

O:U—"ﬁ Z.I.Ale Alaa 228 By (e C"-‘A_'A\ apy clibh oY) dnig anll IS &) e“'"* W INT8) T CUE- IRV | g_..uﬁ [3]

22006 332112 8 slaallcdialal) Eigandl g cluafall
[4] D. Nguyen and B. Widrow, "Improving the learning speed of 2-layer neural networks by choosing

initial values of the adaptive weights,” in IJCNN. International Joint Conference on Neural
Networks, 1990, pp. 21-26: IEEE.

Giganl) g cilahall o pmdd daals (Al dyigeae IS pladiwly Gl dlase oyl sl BHISe dadal ¢ Grie dySene [5]

187 a4 a1l)c40 Alaallcdsalal)
daals Ao cadaal) 413 Tl alaan b wwbalind) Gl a b Laall g plsil (ad i QU gkt o iliegali [6]
10602 (1222137 o) ¢ dutigh) aglall g
(il daals Alaacanygil plai 8 Fdll Glaudatl) e Ch S0 Agr cmnll G ) Hadn ) ey Alshlily Gk [7]
1230148 (¢ 10324043 aladll

[8] H. M. Khudhur and K. K. Abbo, "New hybrid of Conjugate Gradient Technique for Solving Fuzzy
Nonlinear Equations,” Journal of Soft Computing and Artificial Intelligence, vol. 2, no. 1, pp. 1-8,
2021.

[9] H. M. Khudhur, "Numerical and analytical study of some descent algorithms to solve unconstrained
Optimization problems,” in University of Mosul college Computer Sciences and Mathematics
Department of Mathematics Irag, ed, 2015, pp. 83-83.

[10]  N. Ampazis and S. J. Perantonis, "Levenberg-Marquardt algorithm with adaptive momentum for
the efficient training of feedforward networks,” in Proceedings of the IEEE-INNS-ENNS
International Joint Conference on Neural Networks. IJCNN 2000. Neural Computing: New
Challenges and Perspectives for the New Millennium, 2000, vol. 1, pp. 126-131: IEEE.

[11]  A.J.T.o.L.a Ranganathan, "The levenberg-marquardt algorithm,” vol. 11, no. 1, pp. 101-110,
2004.

[12]  H.M. Khudhurand K. K. Abbo, "A New Type of Conjugate Gradient Technique for Solving Fuzzy
Nonlinear Algebraic Equations,” in Journal of Physics: Conference Series, 2021, vol. 1879: {IOP}
Publishing.



Al academia journal for Basic and Applied Sciences (AJBAS) volume 3/No. 3 — 2021 December

[13] E. D. Rainville, Special functions. New York, 1960.

[14] I Gradshteyn,"S and Ryzhik IM 1965 Table of Integrals, Series and Products," ed: Academic Press,
1962.

[15]  W. Bell, "Special Functions For Scientists And Engineers, Published simultaneously in Canada by
D," ed: Van Nostrand Company,(Canada), Ltd, 1967.

[16] N. N. Lebedev, R. A. Silverman, and D. J. P. T. Livhtenberg, "Special functions and their
applications," vol. 18, no. 12, p. 70, 1965.

[17]  S.J.J.o0.m. 0. Chavez-Cerda, "A new approach to Bessel beams," vol. 46, no. 6, pp. 923-930, 1999.

[18] B. G. e. Korenev, Bessel functions and their applications. CRC Press, 2002.

[19] T.Nakamura, H. Ezawa, K. Watanabe, and F. W. J. J. 0. t. P. S. 0. J. WIEGEL, "A Treatise on the
Theory of Bessel Functions A Treatise on the Theory of Bessel Functions, 1944, vol. 73, no. 4, pp.
843-854, 2004.

2011 cayslly Haall el pcinad) 45€a (1616¢162¢181 pa cialall Jlsal calllne ¢ asa [20]
5 lalsd ansg Lol Touesh ) AN Lol o Jlsal duslyy el 238 ¢ (giianall c(g5md ¢ gyl [21]
1426781998 o ¢ jiiale Al ¢Lgilanbs



