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An overview of intelligent systems (neural networks) from the
perspective of classical theory and their application in modeling
and control of complex systems

Mohammad Lotfi, Mohammad Bagher Menhaj

Abstract: In recent years, with the advancement of industry and technology, we see that systems
are becoming more and more complex. This complexity in the industry has required a parallel
progress in control systems (controllers), which has multiplied the need for advanced and intelligen
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t controllers. One of the most important criteria in the design of any control system is the accurate
knowledge of the system or, more precisely, the modeling of the system. Considering these two
challenges, this paper examines intelligent systems and specifically neural networks from the
perspective of classical theory and their application in modeling and control of complex systems. At
first, the basic element of neural networks, i.e. neuron, is introduced and its types of models (collective
and radial) are also presented. Then the types of neural networks such as multilayer perceptron neural
networks (MLP-NN), radial basis neural networks (RBF-NN) and recurrent neural networks (RNN)
are described and the appropriate number of layers and also the appropriate number of neurons in the
hidden layers in neural networks for different applications and especially for the approximation of
nonlinear functions (modeling) are discussed. Then, it is tried to build a bridge between the concepts
of neural networks (intelligent world) and the concepts of classical world and analyze neural networks
from the perspective of classical theory. It is shown that from the point of view of classical theory, a
neural network can be considered as a model structure and its weights and biases as unknown
parameters of this structure. In neural networks, learning algorithms are used to determine the
unknown parameters of the network (weights and biases). Therefore, learning algorithms of neural
networks are studied from the point of view of classical theory and specifically in relation to
numerical optimization and a bridge will be built between learning algorithms and numerical
optimization methods. Also, the most important neural network learning algorithms are introduced
along with their advantages and disadvantages. In the end, two important applications of neural
networks, modeling and control, are discussed and for each of these applications, several illustrative
examples are presented and simulated to show the effectiveness of neural networks.

Keywords: Intelligent systems and neural networks, Classical theory, Identification and control.
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8. Neural Networks

9. FeedForward Multi-Layer
10. Output Layer

11. Input Layer

12. Hidden Layer
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2. Saturating Linear

3. Positive Linear

4. Hard Limit

5. Perceptron

6. Log-Sigmoid

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oyled (Vo J 25 dlone


http://dx.doi.org/10.61186/joc.17.2.47
https://joc-isice.ir/article-1-1010-fa.html

[ Downloaded from joc-isice.ir on 2025-08-31 ]

[ DOI: 10.61186/j0c.17.2.47 ]

ooy lapts J 287 5 (g5ledibe 53 OT 5,5 5 S (6555 o5 1 (s (l0dSl) i pa SWpten 2 S50 OA

530 S A5 15 gl p3lin ¢ S5 sla s 5 S g
G bl 5 055 omas b b s &K LT (5 ledile Em
4 San o b e S s 5 oS g e 5168 0 LSS5
el als) 53 B K5 e oS SNl g s
4 KI5 o bl 5 0S5 5 e S (b dis 8 s
Lot pp (513 o BT odias Ol o 55 o5 (65 letingy dlis &K
Wl NS (sl 5

G 1Sy o 5t LS 58 jle 4 Vi nae eSS
A 53 15 Gl Kb 6 Wbl e Lyl stz Sl OT
Sl b Sy s 3156 (S5l (sla0 51 0T sl Y S 4K
S ol el o 1S5 s (slaos i 50T pas 4 5 e, &
S (Sl D& 3 gl 315 L ) T ginds w6 L5 n e
[a] £y

L0 5 5 slas aSs glaa Y slumd) (1 b (sl el )b oussL 5 L
b Ll bl s s olie Y o jludls mls g scaY 2
Ol JSCe ol Lol td a5 a0 (51585 Sl IS (e S8 o5
Coa (sl oS sl il sh 4 bl Yol 1 S Jo b6 o
3 ol 33 logus &t (SlaaY 3 (ot & 20l 5T (5 3lndute
oS s Slao o @ a5 b 5 0T Gl s 5 5 3,5 Sl
KT il (53555 F glyls Jellgion dlims STl ol . digd oo
FNs S ot w25 Wl Bl 55 e S slago 5 3l
s AT Y 55 ae K il V S alis Gla s 5 sl
Cllas Sls pat L Ol e Zalgns 8L 095V Lls (sl
il s Y Sldl 4l g5 eliS ks s SIS
Lol sl s (6l a5l 4 dtsly &Y &G 4 &K b ol s
AL Sl Golo 5 eV ae S 3550 55 e I LT
1y Ladys 5 3htad calin (sla el 4 4 55 L 015 oo ST 5 o S
5 St o V53 5l i b el (gl s 13505 S
22T Sl o s il r ol Dlidos S 55k § 3550 5
Sl Jili 5 S e ¢ e saaS L bt @5lodis Eomy
Al e Y 53 e S S Sl Y Gl Sl S0 5

Ol n e Sl &K glaaY slin 5550 43 (S Sl s
dized WYY ST LY ol oslials y go e saSd Aol oS
ileT Sladde Eom p3 0¥ i b 5 F L el 5l Spdia s
bl S eslizal ¢ 3 315 g5 o elizul gt J 87 5 (g Lalis)
K 03,357 023 L 0T jloslizal & 8 b Ll ol y2ads 4803 5
e gonny s 3 5h o e S OAS F6 B 4 e ik bl
ol pae S Olgy claY ol ly e Sledlb &b
Sadleb w5 ¢ ae S 5,28 5 Sota bl ol 3 g o
Splie 0lgy sLeaY Sl mls il b Ypeme K s oY

o e S5 L S 5 (AT Giledie sl Loses 3yl

b K (Cl asie S 5 sbolen (ol 1Y ojled Kby e sV
S Calizes a5 Oy 5 glite sl glyls Ll § o ee

Olssa (Olg) Gl a5 e 2 255 & 558 a5
ol 3o e ety L8 o 3 eslizalsge s 4 (53555
sha) 3555 ST VeSS s oS Olp e e | Kb
s (pss ¥ b0y slux) (55 S ? 5 s oY sbaoy
oY (63459 .l Szxslzl.qll{W 2055 il gl 8 s 8
ol el a’ ot oA o s (sl N (s 5 Sls ) a’ s, £
e g3 55 e Y i Gy b 4 Ol o ) e el

WY )3 S e St oSl SYlee () sl S eslized |
S el S5k 93555 R 505,587 L)

a’ll =f 1(\’\/11,1p1+W11,2p2""""’Wll,R Pr +b11)

1 101 1 1 1
azzf 6N2,1p1+w2‘2p2+"'+W2,RpR +b2)

(f)
al, =f Wy P W P, +e WL P +D1)
L)
a'=f'W’'p+b") ®

1
b dmen sl Y D7 bl s s W T 055 e il o 65 5be

1 1 1 1
Wi, Wy, - Wip bl

1 1 1 1

Wiz Wo, Wy, 0 Whp b1= bz
1 1 1 1

Weig Wai, o0 Wag bs1

B, 1. . q2 .
g 015 e 5 6250557 5055 ST bpss a¥ Gl bt sba
af =f *(Wia +w e +.. 4w a, +b))

2 2 2 41 2 41 2 1 2
a; =f “Wya +w,,a +..+w 25185 +b,)

@)
al, =f 2w a+wl ay +..+wZ al +b2)
b
g2=1:2°N 2§1+92) (V)
s S 6 sba
a’=f W ’a’+b%)
=f2W ("W "a"+b*) +b’
L UGN VR R TR R0 BB B
=fu (p.0)

o 3 e 4 S5 058 0 oalin (A) dasly 53 oS sboles
(o iy 5 Sledled ol 5 58 i) o o | o w5 oSS ST
S K538 Ol 4 sl (sl 5 Wais3s) J g gla zalyl L
Sl eyl s gn bl (a0 ) o5l (51l L 1 235 &S5 ¢ e

e G188 4 sl o el 5 WOy i (e &S ol serne

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oyled (Vo J 25 dlone


http://dx.doi.org/10.61186/joc.17.2.47
https://joc-isice.ir/article-1-1010-fa.html

[ Downloaded from joc-isice.ir on 2025-08-31 ]

[ DOI: 10.61186/j0c.17.2.47 ]

) oy (Sl J 57 5 (G5ledbe 53 0T 5,187 5 &K (5, 95 s 1 (s (cl0aS) i o SWptecn 2 S50

a=fu(pld )

G5 oS 5 seap b mb eSS N b s Fan Sosbe
Giledle Eow 55 il o 4 Y 2 G035 gl p eddi 5 jludl
G Oler (A) dolas omas 4SS L (ke ot G (5T
Sl el Olgea 5o b abl 5 LO5s 5 A8 (o0 Wl |y due bl
S b o S Fml S dzes e kLo (6) J e
23) B (e Al B 4 035 sl (J) S s 5
(sl JTel Sl

Sl Sl (o lolis 55 oo ol o 5 5lke ) =Y
1l Sl NARX bl SISO 65,25 5 st e

yk1=f (y[k =1]....y[k =n]ulk]....u[k —m])
velk] O

G B S f 055 e (s Y 5825550 S 655k
€S Glagssns b b s o oL Ay S ol psbnali
ﬁ)\a@;.xsqu._.p,:bu;\?‘;uf,;wj(gg,)
bty (YIKI=F UIKD) 42t U[K] 5 s b f 518
L 0T Ol o 2 dal s (Sl s &S5 oS o5 (V1)
Slagbss 4 3 ol padd 5 ad LIS ldbe lp
Sl 53 hol Oda (o o slapt bl giledda
(V) aasly s oaiaslyl NARX Ll )afcl: 835 i/ pas
25 035 B g AL ST e ol sl S 1S
S Sl mSly e S 5l eslazl L NARX Sbsbe f
(ol EL b cpl Glags)s Oled el e S Glas3s)s
S o
PIKT=[pulk] -++Polk] Py yalk] Py k1 T

2[ylk =1 --y[k —n] u[k]---uk —m] T

40 gazmn (G5 llae KB (535,513 i b S ASL il 4 5
Loy dial gl 58 aKE BT slaesls

{UkLYkDR, = {(plk1ykDR
afk]="Fnn (PIK]] 0) me St sla el g al 53
Lk =12, N b5 6 a3 o8 s o sl S 2l
(e 4 4 g e e Sl odh (6,8 e jI (63555 polis Jles
e Sl (6 S Il s 5 ol b e b s 5 polie
23 (40 &2 s sl ST Rnbon A3k o35 ol
oS G 5 oy S o

k1= y[k]-alk]=y[k]l-fy, (pIk119) .

Vk €{1,2,..N} v

S sl b B il gl Ol (e el

.:}i@o:u;.ﬂ‘sbs-judhécl:)'lfjf‘-q‘}!élﬁjnﬁﬁ:ﬁﬁﬁ

(e 4 S Ol aaY Glad s 3l o JS 0B S Ol e 4

33 (digy ) olio Lol 5 31l LS (51 kizd il SuS L
TAY @] 5 sad ealial 5 e 501 e Ol &Y

_ N

AR +M)

M (Al (63555 31485 pl ) 4Kt (63959 31w R claosls slaws N oS

Olgy sba bady 5 slias

Sl i A s (s s 5 ol 1) Ko o 5 ol
S sl sl s sVt Y o sde (B g 3 0T e
g g 03lial OT 51 o' 5505t

Sl 30 (mas SASL Dl £
S s 3 Lo 5T

350 Slol 5wl palie b LT 05 Lale pa slis 42955
n 03 padsn OT 6 opaia tiws pLOUl OT S
25 Ol aan sl 355 J V5 51 SO ls dil e claaSs
(sas S (g e (53,2, Gladas 550501 )
(bl o ol (Sl Gl ot cileds 1S
Ygdo 55 il s psdl Bl o olols S Lasis
03,57 LT eSS DloMasl b s claaSs dolae glacsle
sl 0l

SIS SlMao! b e claaSs Jalas clas )l Y J il

R I PN
(@) Jo S
e (555D Sk
Ry ORI
JEINTES Tpes
" Sldalin 8 55T (laesls as sazs
(RPN bbb s sy
Jats (sla ize IEEYST)
usly slo iz b

&) (s 50 553055 )02 P LYot e S oS
llas Ol g go 1y 60 ol IS Il 5 (M) ool pollae L L s

Dy o § p)

4. Interpolation
5. Training Set
6. Observations

1. Overfit
2. Supervised Learning
3. Generalization

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oyled (Vo J 25 dlone


http://dx.doi.org/10.61186/joc.17.2.47
https://joc-isice.ir/article-1-1010-fa.html

[ Downloaded from joc-isice.ir on 2025-08-31 ]

[ DOI: 10.61186/j0c.17.2.47 ]

ooy lapts J 287 5 (g5ledibe 53 OT 5,5 5 S (6555 o5 1 (s (l0dSl) i pa SWpten 2 S50 7

oy oless aY 9> @Y
999 ’
3 JSKae o5 5 apes s dsl eV ia¥es b g b e S0 oSSV S
5 (S S sl slr0

WV 55 s S5 eSS Ol Y (bl 5 3l s £

3l s M 6355 RS L ¥ss 50y ae 2
035 0¥ 53 035 875 (0le) Jsl &Y 3 05 8T Los 8 0K
S8 bl il ST=M Ll o el il el (55
£ 305 s 1 ¢S T 51 Ol &Y 5la0s 5 5148 015 o

4 Y Gl ol (g &) colie ol Sl goe Sl
od S3AY @] 3 ool oislgring 4 Y 53 e S0 S Ol
25 b ey 3 S S Ol e |y Ol Y (bl s 5 slias 45
13505 s

st 5 (R) 355 shins 5 (S1) Ol Y sla0rs 5 shaas )

A(M) s 5

51:§(R+M) X

St<2r .Y
N
0305 as gazme Slad god slas N Saslzm ¥

ol )\6[2,10] o3l s L;’.'.:U o e A }O}}J‘L;\i').}ﬂ-l-

81:%(R+M) o

(358 Ol (6 28 09 5 5l Olg aY g1 5148 il wsls ax g
Sl 05 63k 3w ST S ys 355 0T 51 peS 4 e
£3Y 0L Sl 315 Vb (udlols & 2512 0 4 e ol (Sae S
2sh Sl BT sl
s il 53 0T 3,55 5 gode (giluang F-Y
o

Oy 81 03l 02 ) S S 1SS egite (s 5lnaingy 31 55k
S s sl S Ml wa B s A 4B 4

1)ty 4o OLIE b Gt slaay s 50 3| IS 5 s o) 0

elk]ek €412, ,N} 2 Glil 4 & o8 o b & (2l
Ol OT b b 8 gla eyl L il anils 1) e o S
(ol ply s (0) S Sl bbb 5 by 005 a8 e[k ]
PGl e S Lsd e S a b (0) e K2 sl Lk
o2 ws @b ot o 258 wnSelk]ck €412,..,N }

@;;@;b)é‘@“-u%ﬁbblﬂnyNQ)ﬁ*f

J :Zfz[k]:Z(y[k]—fNN (plk119))* oY)

A sl e s s gl s S e el S b0k
Sie 51 Y [K] et 6,8 esl0l s 2 Jie k €41,2,..,N}
ol o ol ¥ 0I5 & s 5 0 oS A[K] (im K2 s 5
eSSk =12, N L PLK] o555 51ae o sl )
ok =12, N 5 y[K]) ots o, Soslul g5 lutie
oy s(K =12, N ;aK]) ee Kb s M
el (K =12, N ;5 ek]) de gl ol lae S
dw}umc?rag ) gai dod 55 Jbo (gl e jupw (2l
S s Sas o (S5 b el ol odbinlons b
3 Shoe Yl ety o8 Uast 5k o7 S5yl 4y el oal gt
e e Kb il i b S i a5 Sl e S
ozl b e 880 68 b 35 50T ltans et )3 Ll il
5 (o 51 0 S 03l laosls) ijseT (slaesls de gazma

188 55 5 g leag A - dlne 015 o0

minJ =min_(y [k]1—fu (pIk10)* )

Sloting alis B o o L s f &b Sl 4 o
Sla )l gy olie 5 Sl o BB g3 LT o ) 0w G
ol Sl 54 AT o s 4 (bl 5 d5) 53 J g
b Gl olT ldie gl S ol Caa
J Sl el sl s b o Ty (e s
ez 3 g (5308 (G lwing Ga S5 I (sl d(VF) (Sl alinne
ST Jsl ¥ o8 w8 s 1, VS 5,2 4V oSis () dpidd
0T p ¥ 5 (o2 B (il L) &S gy on SISG5> (5205 5
03 sl Canlie Sl b il el [ S5 s 035 &Sl
Sk ol bl 5 L0js agr polie o 5 S ) Ol Y
FIRR SR Y =F () olsids oy ol 2 15 r s

VA @] Wy e w1,

4. Underfitting
5. Overfitting

1. Learning
2. Analytical
3. Numerical

Journal of Control, Vol. 17, No. 2, Summer 2023

VELY Ol oY oyled (Vo J 25 dlone


http://dx.doi.org/10.61186/joc.17.2.47
https://joc-isice.ir/article-1-1010-fa.html

[ Downloaded from joc-isice.ir on 2025-08-31 ]

[ DOI: 10.61186/j0c.17.2.47 ]

7 ooy (Sl S 5 (S5l ia 53 DT 3,187 5 KBS (6555 o5 1 (e (SaaSC5) Lind g (Slapioms 2 (5030

(VI@) = 0) 555 i b sl o 55 b 031 8 ol
i | oS by b oS S ey 4 | Mgl Al 1y Z
GRS IS A I S e (s
R SREIIN SRR g v I A (I RO

e V32 =0
1338 o S 5 25 g 4 5 M et e Sl (B )
923 L
oz} 97,0z, 0z,0z,
9% 9% 9%
H &V (z)=|0z,0z, 91} 0z,0z, (%)

9% 3 9

0z,0z, 01,0z, oz

(Gl b g5 ) b ileang sk ST b
QTU.:MAﬂjb)‘ﬁbh&lb&@)%lﬂgd%uuw
i K LB 53] 86 n Sl ST 53 8 i
el 55 o w8 e 65 515 T b T kbl e
gi,_él)\;\]cu‘z_ oy 53 e o Lo O350 pme e b o pioman
23lin G158 ¢t o e S5 el 5 o iy o
O, s o ST bl 2 e 5> ke b 5 e Sl Loy 5
A S0 o) b 53 2sh o B 53] Wb S p ) ki
S US dr g 5 ands 4 sk aed 4 Sl dal e S s
ST s [AY] IS e T ol

St pdgiasbss IR 5 R b8 s (55 (Vapidd
WS Gao VI(Z7) =0l 53 5 il e siSees'2
IRSRCIEPYE SN PRE i Q-0 B g W
(V3(@2)>0)

3 J55 e e o2y S 53 walsl 5 (Y i aslizd |
Psd g b & e il Cer s
35 o F g oS F-Y-)

TR R IR W RS [PRE PR [JNC RN PR o
\,.B;“\,;.bf@\,u\,ﬁ;),‘cuagaﬁs,lmo\,;@we{s

D)oty gy A (5308 (S3loing Sapt s S s A 0
Silwang 6“&.»@‘ Db dlome dlo etz b 03 5 IS
25 5 Ko, S Iy Calise Ulp 03 6oL Sl o) el (gaue
ol Sl e &K sk e eslinal ghse Bt (bt
by s oS s Y o 0 Ll e sbass as 8
Lsd STl g 4 b S Lyl sy el 9ok sl (e
(ol oS it 551 4 (A s Wiler ae S5 S
o) s Dl o game Sppo 438 BB (o e 4 ST 18,
S 3 sk g (as K5 Ay e s F
Sl oSKen Gl byl o e e &b o) il Jil/ (g SlaaiS
03Uzl b (g jluaigs dlis ol o Jom kg o Dbl e i
303 20l Ypamn ot 35 sl (Shomy W 4 0115 )
S eslial (Rl ey amtys s 0BGl Sl a6
Sl (63ds (g ilwang dhr-:-:)‘}i“

©dde leag 6‘*&.),3“ ) e SaaSs aen 53 055 50l
Ko el 0T 4 Mol 53 48) LOT (slbs bl (gjluaig: ¢l 2
S o onlial (558 g0 i€ 35 as

4l s s s3de (il (s (sTon 28 (slagz S
C o5 2SN (o5 o w208 4 Ol BOT (e
oS a [AY-AY] 5 S o lal 5 feCs ‘._a_,,f\n Fpsa s s,.:;_)_,le
3 8hee o e S leatg Jlon 51 ool s (51 Lagz ) S a5
Jo 15 0T gl 5 o0 7 (gl s i s S L L Loy )15 )
A el s oS Ol Sledgy 05,80 0 2 oS
st el (S5l sl s ol )

Lzn (SIS (slaE 31 (S0 U1 slahs b a5 S
VS ol 8 o Sl S eslinals s pa” Jomn (55lutigs Jiluo 3 oS
Wl il s 5 OLIS Oy pmtlie 0l AR Lhs
o gy ol & S e e sl et 5 3L 53 0, S
) IJK‘..A

S sl 250 R - R o iz wb

J(2)=3(z,,2,,.2,) \F)

ol ZERT i34 s b ol 0451 S

| B olen ¢ LS [k 2()
NS Aq._r‘,h C J cj.lmb))n C 821
o5 oS o g 5 el S S L U555 o S e oS Vi) =| : ()
A (z

055 i 5 Al on 5 At (Spe0ly Jpia Obea S 3 ST S %
et o s it e 152 03533 a0 Lo 4y (g e o 4

6. Local Optimization 1. Iterative

7. gradient 2. Steepest Descent

8. Hessian 3. Newton

9. Stationary Point 4. Momentum

10. Saddle Point 5. Genetic
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2. Generalization

1. Learning Rate
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2. Backpropogation

1. Gradient Descent
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2. Levenberg—Marquardt

1. Momentum
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4. Polak-Ribiere
5. Powell-Beale
6. Scaled Conjugate Gradient

1. Incremental Training
2. Batch Training
3. Fletcher-Reeves
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2. Radial Neuron

1. Radial Basis Function (RBF)
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2 Least squares

1. Spread
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3. Delay

1. Recurrent Neural Network (RNN)
2. Feedback
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3. Model Reference Control

1. Model Predictive Control (MPC)
2NonlinearAutoRgressive-Moving Average-L2 (NARMA-L2)
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1 Prediction horizon
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