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1. Ant Colony Optimization
2. Genetic Algorithm
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y = sin(t)

Loop Index =1
Best Fifness = |
Best Checked Solution = sin{(-t))+(-6.4333)"(-9,4994)
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Final Solution = sin{(-£))+(-6.4333)"(-9.49%)
Elzpsed tine 15 2421145 seconds,
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Loop Index = 2

Best Fitness = 1

Best Checked Solution = t*t
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Final Solution = t*t
Elapsed time is 1.011793 seconds.
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Loop Indez = 6

Best Fitness = 1

Best Checked Solution = cos(exp((-8.8692))) /exp((-t)
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Final Solution = cos(exp((-8.86%2))) fexp((-t))

Elapsed tine 15 2.256164 seconds,
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Loop Index = 4
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Final Solution = sin(t)*sin(t)

Elapsed time 15 3.124991 seconds.

ool ooty 456 3.12 5l o g pylos adls (5 ol ]
ol i opl gl 1y ol Sed Jages F Sl
Ol 5l il 93908 0 g P15 (I joome an3 0
ol odal Cands gl (39r Joubo

(ODE & wge3)

y' = Y9Y(0) =1, y'(0)=1

0.9

0.8

0.7

0.6 -

05

Fithess

0.4

0.3r

0.2

01

0 1 1 I I
10 20 30 40

50
Step

60 70 BO 90 100

FODE (13 Clga (o1 5Kod puns F S



1 T T T T
0.9
D.E—‘
0.7 |
0.6 |

0.5 ‘

Fitness

D.4-|
0.3 |
02t

0.1 —l

o | 1 1 I

10 20 30 40

50 B0 70 BO 80 100
Step

OODE (glys Clga (2l 5Sed pauune O S5

1
Yy=3

S8 @yg0 4y alis ol (sl 35 sl 2§l ol sy
6 5.1l g g i il > roly ol &5 el 5
] 0] Cawy
Sula eyl
log(exp(t)) =
t,sin((—3.0676)(—3.6063)) =
—0.9977

bl e (g5lwodle b
log(exp(t))sin((-3.0676)(=3.6063)) —

t-1=1

t
PDE c¥slzo o
2 S olitie b doles ol (V Jko
9y

ox

W _
+ 3y = 2(x+ )
5l sl & us Aol (ool gl
Loop Index = 3

Best Fitness =1
Step's Best Solution = x* (y)+x* (y)

EEEEXTXL XXX XTI ATAATAAEATES

Final Solution = x*(y)+x* (y)

(ODE # &44)
Y =1 5y =0,y1)=1

lewlenle [V @] el oo ol 385 el
y = In(¢t)

S5 S go & s ol (6l S gl ol sy
sl

Loop Index = 2

Best Fitness = 1

Best Checked Solution = log(t)-exp((-5.6024)*(-4.3527))

LEEP R RS R SRS AR PR NP R T

Final Solution = log(t)-exp((-5.6024)*(-4.3527))

Elapsed tine 15 0,%29219 seconds.

odel Cawds 4l S5 5l 268 13 g pgd Adls 4> el oyl

Ll
(¥ 5529
y; = _%53’(1) =1,y'(1)=-1

ol cyle doleo ol 585 Fwl



v OB2)90 S il 9 ) Slaeiy s (oS 5 T8 09y 2 (s Sl sy ©Yoles (Lo Clg>

1WO)go 4 (Sl @y 2 Sen SG
Lonp Inder =}

Best Tifoess = L4151

Stp's st Soatien = (o 0 AEB. 3576) ) -2 gl 1, MMEEAL 36T

tintttttttitingsittttt

ppppppppp

o3l b .ol ool Cands pow pl5 45 a5 1S o Dl
b

—xy x log(abs(0.049463 +

0.53576)) — xy X 10g(abs(0.049463 +

0.53576)) =

—2xy x log(abs(0.049463 +

0.53576)) = Cyxy

byuL;o J..jl.’ a.mbw 03l w»“_i.bd

el 030l Cawsds poguw p5 13 5 0391 2XY Jolro oS
23 S olinde b dblas 4l (V Jbe

oy ow _ _
ax2+ay_ Y + cos(x +y)

ety Gl F S pj g & 2 Sen I ey
5l Canl ayle dobi

Loop Index = 82

Best Fitness = 0.96576

Step's Best Solution = 1.0151"(x)*sin(x+y)

TEriEEE LAt AR LA RS AR

Final Solution = 1.0151%(%)*sin(x+y)

a5 3590 039050 (¢l el oel Cuwds AV pI5 )3 a8

1.0151* X sin(x + y) = sin(x + y)

2) S oliuie b dolee (ol (Y Jko

oy _
axay_l’b

Fitness
o

0 | | | | | | | | |
10 20 0 40 50 60 70 80 %0 100
Step

YPDE 4l Cloa (2] Ko s & S




YA

WA (63 9,3 ot § Canna 0ylas o Jloo /5Ly 13 Cpop sl yidg s /o] et g 159 JblSo yols

8 5 4

5l Gl glgl o olp it Ghey S dlie ol
SHS —SB) S P smgtelip p (Sie 0l )]
oy 3,55y o) sl (GA-ACO) iS50
Gy 9 &8 b b slglor Mg b9y ol g
Jeilyins &¥okeo 31 SsSUsS lgil sl ¥Vl ol Son
Oygo &g SIS 655 lul g cilisee ledus
.w] ol 0»9)



¥ OB2)90 S il 9 ) Slaeiy s (oS 5 T8 09y 2 (s Sl sy ©Yoles (Lo Clg>

with variable, Applied Mathematics and
Computation, Volume 311, 15, 272-282.

[10] Rudd K., Ferrari S. 2015 A
constrained integration (CINT) approach
to solving partial differential equations
using artificial neural networks, Neuro
computing 155, 277-285.

[11] Badakhshan K. P., Vahidian Kamyad
A., 2007 Numerical solution of nonlinear
optimal control problems using nonlinear
programming, Appl. Math. Comput. 187
(2) 511-15109.

[12] Cao. H, Kang. L, Chen. Y and Yu. J,
2010 Evolutionary Modeling of Systems
of Ordinary Differential Equations with
Genetic Programming, Genetic
Programming and Evolvable Machines,
vol.1,309-337.

[13] Iba. H, Sakamoto. E, 2012Inference of
Differential Equation Models by Genetic
Programming, Proceedings of the Genetic
and Evolutionary Computation Conference
(GECCO 2012),788-795.

[14] Kamali M.Z.M., Kumaresan N. and
Ratnavelu K.2015 Solving differential
equations with ant colony programming,
Applied Mathematical Modelling 39 3150
3163.

[15] Koza. J. R, 2002 Genetic Programming:
On the programming of Computer by Means
of Natural Selection. MIT Press: Cambridge,
MA.

[16] H. Nojavan; S. Abbasbandy; T.
Allahviranloo The use of radial basis
functions by variable shape parameter for
solving partial differential equations, Journal
of new researcher in mathematics, VVolume
5, Issue 17, 2019.

[17] N. Nyamoradi; A. Razani Existence
solutions for new p-Laplacian fractional
boundary value problem with impulsive

[1] Peng, Y. Z. 2003 Exact solutions for
some non linear partial differential
equations. Physics Letters A 314, 401-408.

[2] Salzner, Y., Otto, P., and Ladik, J. 1990
Numerical solution of a partial differential
equation  system  describing chemical
kinetics and diffusion in a cell with the aid of
compartmental-ization. Journal of
Computational Chemistry, 11, 194-204.

[3] Culshaw, R.V., Ruan, S. 2000 A delay-
differential equation model of HIV infection
of CD+ 4 T-cells. Mathematical Biosciences
165, 27-39.

[4] Norberg, R. 1995 Differential equations
for moments of present values in life,
Insurance. Mathematics and Economics 17,
171-180.

[5] Srebrenik, S., Weinstein, H., and Pauncz,
R.1973 Analytic calculation of atomic and
molecular electrostatic potentials from the
Poisson equation. Chem. Phys. Letters 20,
419-423.

[6] Lee, C., Leg, K., Kim, C.Ki., and Moon-
Uhn, K. 1997 Variational Formulation of
Poisson's Equation in Semiconductor at
Quasi-Equilibrium and Its Applications,
VOL. 44, NO. 9, September 1997.

[7] Perez, P., Gangnet, M., and, Blake, A.
2003 Poisson Image Editing. ACM
Transactions on Graphics, 22(3), 313-318.

[8] Jean-Pierre Richard, 2003 A
differential transformation approach for
solving functional differential equation
with multiple delays, Volume 39, Issue 10,
1667-1694.

[9] Mirzaee F., Hoseini S. F., 2017 A new
collocation approach for solving systems
of high order integro differential equation


http://www.sciencedirect.com/science/article/pii/S0005109803001675#!
http://www.sciencedirect.com/science/journal/00051098/39/10
http://www.sciencedirect.com/science/article/pii/S0096300317303326#!
http://www.sciencedirect.com/science/article/pii/S0096300317303326#!
http://www.sciencedirect.com/science/journal/00963003
http://www.sciencedirect.com/science/journal/00963003
http://www.sciencedirect.com/science/journal/00963003/311/supp/C

WA (63 9,3 ot § Canna 0ylas o Jloo /5Ly 13 Cpop sl yidg s /o] et g 159 JblSo yols

effects, Journal of new researcher in
mathmatices, Volume 5, Issue 19, 2019.

[18] O'Neill. M and Ryan. C, 2003)
Grammatical ~ Evolution:  Evolutionary
Automatic  Programming in arbitrary
Language, volume 4 of Genetic
programming. Kluwer Academic
Publishers.

[19] H. Nojavan; S. Abbasbandy; T.
Allahviranloo The use of radial basis
functions by variable shape parameter for
solving partial differential equations, Journal
of new researcher in mathmatices, VVolume
5, Issue 17, 20109.

[20] M.A. Ebadi; E.S. Hashemizadeh; A.H.
Refahi Sheikhani,  Zernike radial
polynomials method for solving nonlinear
singular boundary value problems arising in
physiology, Journal of new researcher in
mathmatices, Volume 5, Issue 19, 2019.

[21] I. Hossein Zade Shahbolaghi; R.
Pourgholi; H. Dana Mazraeh; S.H. Tabasi
Solving random inverse heat conduction
problems using PSO and genetic algorithms,
Journal of new researcher in mathmatices,
Volume 5, Issue 19, 2019.



