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A Comparison Study of main Analaytical Methods for
Solving the
Martix lyapunov Equation

Bakr Salh ! Dr. Sameh Arjeh 2 Dr. Hiba Aslan *

Abstract

In this research, we study the analytical solution of the continuous matrix
Lyapunov equation AP + PA=- Q using five structurally different

methods (Kronecker product, spectral analysis, integral solution, Jordan form,
Hadamard product). These methods are compared in terms of mathematical
formulation, computational complexity, and scope of application. The five
methods are applied to six cases (real stable matrix, complex stable matrix,
non-diagonalizable matrix, unstable matrix, time-varying matrix, matrix with
eigenvalues on the imaginary axis). We implemented the aforementioned
methods using MATLAB and compared them in terms of execution time,
accuracy, and storage requirements for  dimensions ranging
from n=3n=3 to n=500n=500. The optimal method for solving the matrix
Lyapunov equation, according to the studied cases, was determined using a
decision tree. The results indicate that each method has a specific practical
range beyond which it cannot be applied.”

Keywords: matrix Lyapunov equation, Kronecker product, Spectral
decomposition, Jordan form, Hadamard product.

! Master Student, Department of Mathematics, Faculty of Science, Homs University
2 faculty member, Department of Mathematics, Faculty of Science, Homs Universit

3 faculty member, Department of Mathematics, Faculty of Science, Homs University
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P(t) element
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Time-Varying Lyapunov — Analytical Solution P(t)
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(1) Comibin A o duiiad) da ) ) i) Guakas

Application of Genetic Algorithms to
Stephenson Machine (1)

Abstract

Due to the rapid development witnessed by our contemporary world, the
importance of achieving systems with high performance and reliability has
emerged, which has led to an increase in interest in the science of artificial
intelligence, as it has proven its worth and effectiveness in addressing many
pending issues and complex matters in various scientific fields, whether in
computer science, operations research, image processing, or even in
mechanics, as design engineers provide plans for the Stevenson machine that
include a theoretical study of the machine and its mission [1]. However, when
implementing these plans, it was observed that the actual path of the special
point in the machine is deviated from the specified path due to the difficulty in
making accurate calculations of the lengths of the machine bodies by the
machine designers. In our research, we will work on determining the optimal
dimensions of the machine bodies with the aim of reducing the displacements
between the actual path and the required path of the special point in the
Stevenson machine of the first type with rotational joints using genetic
algorithms.

Key words: Stephenson Mechanism (1), genetic algorithms, Gin
Chromosomes, Random Mutation.

46




VIR aglad) Al e daala dlaa
Saea Ay 8 2026 sl 10 332 48 saal

-

IR

S Ay ol A 4l Ao siie Clege oY (AUSA) YY) Jlaaiad & oLyl Ty sl
Loy ¢Afine dage ¢l Congy A1 S S5 i 1 VS Al Apaigll gl aaf 8 A1)
G awall & AVl AaAl 5l b lesaal iy gupaie o lgilga) b leaes G
Nl Gy b Al Tl ey S5-AN LlaY ey Al dagall (5% 53l Alenll pady
Alasinl e 4n€a Jaal (312 Sl s dusaiglS Laall e lad) Ll LAl <o) alasi
S glanll lajay ) D lallS ddagll 33¢aY1 Vs dpsad) lsaV) Gl 1aas Y cliglal)
a5l el Jiad o Aepull b iyt aaad ) 53eal) 8 LSl Jias Lo bale . jleal)
Aaialls 5y jaall Gl o HS S g il 1 YIS gl any e gind il Ayl )
cally Jaid sysall GUSL) aliee 25l o leSl g lpal &5 Lavics el ¢35 ¢ anlialls

2] Gl des ) bl aladind e sl 43S Jadl el

led goanss Joalias Lo Lad Laii ) slea¥) (e Ao gana (o 4SS0l A il le S
Y Lo calln  l aluaDUy AV 03a Craana alal e M) Caagll 2% A AS)a Slaily
(1) b LS (fuelyys AN 258) ¢ sl D Lysinndl)

el Cplia ranea o)) gl aily Jeaiall Capays Jalia Aol et L plua¥) o3a Laii 5
Apsdisall Jualialls Al sall Jualial) lgie Jualiall (o g5l 5ae @llin cLagins Basane (5o &gl
[2]A0 el daalially dy5 Sl Jualially draladl Jialially

(o) 2
(e ) = &
(1)Jsa

47


https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D9%85%D8%A7%D9%83%D9%8A%D9%86%D8%A7%D8%AA&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%AA%D8%B1%D9%88%D8%B3&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%AA%D8%B1%D9%88%D8%B3&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%84%D8%A8%D9%83%D8%B1&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%B9%D9%85%D9%88%D8%AF_%D8%A7%D9%84%D9%85%D8%AD%D8%B1%D9%83&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%B9%D9%85%D9%88%D8%AF_%D8%A7%D9%84%D9%85%D8%AD%D8%B1%D9%83&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D9%85%D9%82%D8%A8%D8%B6_%D8%A7%D9%84%D8%AD%D8%B1%D9%83%D8%A9&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%B0%D8%B1%D8%A7%D8%B9_%D8%A7%D9%84%D8%AA%D8%AF%D9%88%D9%8A%D8%B1_(%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7)&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%B0%D8%B1%D8%A7%D8%B9_%D8%A7%D9%84%D8%AA%D8%AF%D9%88%D9%8A%D8%B1_(%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7)&action=edit&redlink=1

(1) Gomibfine A1 o dpial) dpa ) g2l (b

alualy A<ane alual AT JS 8 aagy (con Louled Lely) Lealual 2ae cuny AV s
g die jhea ) ale Agdast aals awa Aljie AV 8 AGB Alual) da G (L ))anls
s AN alal e Craaa A daall ok 3 sa laaals AS)anall AV alual W AN oLl
AU AUl A1 353 (Som ey Tafiyg AS i) alua¥) o3a aal L Galal) asally ose 5 anal)
@l e 058 o (Sl aall ey AN 8 SE) anally aval) 138 cans Jeall Sl

Lol linie sdp dam 5l SlpeS

o DS (G Leahadind (S ASAD B Jlae 3 eNT el e Al @Y i
il g Jenh e (o lgaiaaisale HLas) Japdy 480l aluaY) 3 CVY) 8 dals s clipdal)
@53 O Saddl e s ealpall 038 (0 Ao sian AV pluad a6 o Tty ¥ laglas 3,8
O Te s dpagal) Wil 8 52awke olaladind VY o3gly Ay Jualias dbia alual Jle 41

(2)dsal 8 Al g LS L zlasl) laslay Byladl A2d)) ) £l il lal)

S

[ ]
- Jﬁ—ﬁlﬁ—lg

(2)ds

@5 (1781-18482) (ysmiiiins zysa 3l alladl 3y e oIS Lpudand) ABU H5eks Jif )
A<l e aanas 4l LS cdgyladl bl axdig allall L dans 380 Lad J4 oLl ol
Bl ol 0 pibiis aans (g puibiis Gulibe auly Cipmys 1435MM 525 Lalle ariioad) L)
Caspnil€ Aae 8 Slpe Gpb oo aadl) Jil Jite e ge e @ilSy 1814

ity )

o Lagiane AT g ppuaitfivn AL Gy 2l (o35 Lpnshanad) AU Ladgal () pusiifins paucn SIS
LM Opanns AL Lgie Ayl plual s (e Callig caaly (ginn G it Lhal s ¢
d<a ) Ahss QA e 068 Al A all ate (e ASpad) il Al g & sl YY) axiy
A1) dlal (e il G (mal) Cas (Jlse) AT 3S5a

48



VIR aglad) Al e daala dlaa
Saea Ay 8 2026 sl 10 332 48 saal

tduand) o

A8l ol et Ciung i ge dsiall ey lal) e Taldie | AV) aras (e duslyy i
Oo e s bty Aoy luad Bua) s a5 ey (MatLab)gelin e slac YU )
Lgie s ol g (a1 S i) s ) aoe LS il (g Adaad (o 3 ANV alusal
AN ansal) A cllaal (g Aaad (g 8 ALa) oda jluse olind) Lyl Caiaig el

sCad) Gk Alsa
Ajea Corgs Amgal) paaid A Hpdial) Canil) By gaa] b (1) Diall eyl o)
Gub oo Al s el Jolall (e degana o 0o YD Jall A Sl dsaiall Jlal)
s Ly lsal) Cuans Lo A Jal AU Alulsiall Zglatally Ll Clshadll (he de gana

Sl sl s 0 2ame Sina sl sl Allad) ) A anY)

a%&a d}; Brx AS\AMLJ J<a c‘é)S\ﬂ\} aﬁ)a.d\_g 3).\;3\ BY) G:_uaj\ £ \SAl Aa u;\
Allad 3y dngphall JSLaeD JiY) Jall ddjeas (Optimization)itiey!

ol Jumdl ) Juasill Caagy ddasaias Aigylay Lo Allise dallas dilee Ll ABY) Cajes G
gl Cpulall Jle g aal e AR a3 (JSLEA) a8 Lgiseal (o WUy Ai€adl)
bl L ) Yoemy il poe sty Ll sy canams g (A1 AdaY) (e el
sl Tawsally o Lo Lo (DS Linsal Gl dial) ilaa) s

ale b @llyg (1929-2015) s s (Supe¥) allad) dgiall claa) sl aaiind (e Jsl )
fae Crn apdal) ¢ ladaial) (pa led Log Gasplal shall dppda e dise g5)S8 cailS5 1960
sUl) U e a3 saad) clally i) i oW1 (e dis S of G s 0
[6] et Ji e o @iladl Jad) cilia Juaily aiam 4348 450 e Jgeanll Caagy

e Al g Gl g Bl gyl ¢ 1A G L) s all i L) e lsAl) aa
el Caediiasd 3y 4 il (e Aal) LBy sl Aland 5\Slae gd ¢ jaS IS )50
Al salally Cpallglly il Ayl iy yleall 8 2300 ple clallaas (g

49



(1) Gomibfine A1 o dpial) dpa ) g2l (b

o DNA J) dodles e Ansi 220l (gsal 418 JS5 DA e @l dad) KD apen
2 o Gl Cilagugas SN oda e aaly JS (SN Luadd Talls Liim) Lee ilagussas SI
23 iy Al Laviey (pinally j2dll ()5lS Ba3a 45 ldia (AN daxs lly Sliadl (e

Ngabaat ) L) Calias il

Cilagugag KU i Cum (aal) LA iS5 oL Tase udi oa iaall iliay lsal) Jae Tasay
3ae gaie ) e ) A cliall e aae (e Callsy Jadl 1aa s Al Jainal) Jall
Aaadde 2lys siea ffaaly o s JS Ll desane 585 Gy ALl Jaiadl) Ja)

i) Jall Ygemy B Q) iy Glaty Led 1l 3l

Jsall Aiaal) Cilsall Jisail daghall ACEA Capag Al il lsall Gl oW 5
Clleal) o dagiisall dpalyll Gllead) (o deganae Gadai ) 3y ¢ Gpajill Gyl (g B2als
Al Glraall (e de gena o illaall 4l 4 Jpandl sahally Ay )saellS ol sl)
A JiaY) dall s s duaily (daadl ol e 33 Y] 8 Lo e JS5 Sl Jadl Jis
2l da e als Jola Gesana (3 WU Gl Blee Tag 13 g laall ALl aie Canys
G anly da JLEsl eitig Alpdal) Jolall (g Ao gana (ga Tas Canil) daa) lsad saals ks
cJslall de sana

7] AW i) ey )lad) palie padlis

dcgana oay il (slad)de e Jiai Ally (Population) clasall (e ([l s
ey S o JS ey Liled vy S Alisdd) Jas Wl Loy Alall 23Sl Jslall
haest o el Aiph adind Losae g ylall Al Gas @lyg Cplall (8 (40 e Jalatl
el AU Q) alasi) Wiey s dgame 2o ) gb Aalaliie CulS 13 Csatil
NSE)ENI[FEVEN

Al Jal e cpalls€ dulid)l il lasly Jicy :(Selection) slika¥) of ¢ lEy)

gl reall 3 e ading Jy Alsdic Al 2 Y LAY 1y clegin zslil Cliles
e @i ) (Aled Al Jslall Gany) A8 o lagusas SO likaal dlee

50



VIR aglad) Al e daala dlaa
Saea Ay 8 2026 sl 10 332 48 saal

13 eBal e i i S AT Ul el zhe Adee TaY lgle Wa¥ ae A f il
LJall

rmall dad Q) sae o Jo A dadd raa (S any Jalae a5 (Fitness) bslsl)
csllaall B Jall

& L 28 Jsdo Jlaal s s Al Al a :(Fitness Function) 3slsl )
Sl ddee 8 Jpaall H€) Uaa e i) Jolall o G cailuals Cuyysig ¢ lilanal
.L_}\:\.\AM\ iu‘)}:lj

sl Jhany ) diall (e 2Dl @ilisanall Jlidl aay (CTOSSOVET) ol ) gl
3 @Al Bl V) bl Lo Tildel syan () a0 aDE 0 i )
Jsaall ol \@lihaal 3l cilmaall 5 a1 c Jsladl (e shal Dol DA (e ol dlee

Adaall o3 b

Ghu) @ik Glaa 2 sl Juil) JE& 2y :(Random Mutation) duklgdal) §,ikl
gl 08 dall Jpuasll 8 oLy Y1 18 (Rl Leiom 6

A sana (o 05SE AdA S (Cells) WA e e (30 (o5S (OTganism) o~ IS JS ¢
2 (Genes) cluall (e degana (e agusas S S callyyy (Chromosoms)cile suses S
rad) S Y] lia Jany clisall o g L) 53 S sl SN ilia e A gpasal)
e Al bl Glia b skl &y dis (Y dis Oe Sliadl dals DA e eeen Jshall
O eIl (585 Cam Al il AN i e 5 Aglendl (g ) (S (g
Glia Jead laygn Al Gliall e 3o e 58S da IS5 da g yhaal) AASELN Jlall (0 de sana

Al Jsla 50 ) gasas @lial) sda e Juany s ol Il IS

Sl VIS gdls i) S b gubd dale (o laidiall of Btanll e )l Ciisas pal o)
s Ja e JSh it i Jolall (e ginee Uk el Bl ) ) a1 a3 gLl
51



(1) Gomibfine A1 o dpial) dpa ) g2l (b

OB GBIV aseial Liall ey lsall alasinl el Dlaiy daghad) Aledl G Jslal
Aol Al o e gadall 406 daal) cilwylall

Ol Y (oed agad) Glany Lg sl Al pdall VSV Grhall (e L paS dpiadl Claa) jlsaldl 2adg
lebee fase of WS cam i Ja e Jpmall i s ALl ) Jall e Jpuaall Lo
Syn dipla g8 Gl pas syl Alliaall Tas Zaalls depuad) Cam (0 aglaf Calin,y i s le
[8]aksall Jal salinall Jilissl apen i Jla 8 alaziul

e IV gl e ppaaiiin AT Call Cum Augpaall Wil e dpa)ylal) Jae 4T (mpaig
238 (yo L ([7]A)50 Jealie aus ladss lein Lo Jaii i 808 olal dagly 0aD Granen

0, Foskil) b Cifta S pn 58 J5Y) sl

iy O dkiill 4l jime don yous A5all aly Hsiser Lasiye (D as 52 B sl
el e A, Bkl b Al dualia pualally S el

Ly AV byl B adaiill b Jil)es Jdeabes G aval) ae daiipy AU s g8 CED sl
L€ ALl ) aally

D, E gyiaily ualadly G (pamally iy 5 e 58 gl pusa

Cpbeatay uabudly SBI Gpenal) Laa I G Cpanad) Jagyy A aus g8 (ualdd) sl
A, E pibal)  gale

@l sae Jon sy Gl Jeader I asall ge Laiiy (D asa a el sl
DAREIL ) puenllyy FALIL ealal) amally asi s F AL

sl & Cum .0, Fopleatl oliiuls culs joma Jsn 95 Y Ailyes Jealiall pan laiday
b sna Joa Lagd

52



VIR aglad) Al e daala dlaa
Saea Ay 8 2026 sl 10 332 48 saal

Op dealsll I S asall g WEe 8) i) anall haee Glowa s AT JS
lelal (o AV Crann ) Fagall 525 525 A1 3 Lals yg0 caly AT aisny .0, F kel
Bl slae dsa U hsall o Y Cam Tilide Dlose a4k Al angiy Galdl) ) 4sens

LC Akl o 1aa Uiny 8 Gualad) ddadil) o Goajiieg dalal) ddailly ddadil) 238 ans

i
v
C
LE— GE
I
Ls .
7 e-'i
=] 1
B E
L, - Ly
L B,
L] L,
A
L5
a e‘!l
B
O 1 \ X
L. e
(3) sl

A eyl (luadl) AY)ASa slasdd heyi
(OB Gleatal (3l Jiays) F- O il oy andl Ly
AN 8 IV pead) Jiay @) Gl g3zl Jigkl L2, Lg, Ly
AN 3 A ) sk Ls
AN sl Uk Le
AN 8 Gelal) anal) ke Lg

53



(1) Comibin A o duiiad) da ) ) i) Guakas

AN 8 bl ) Jiay o3 Gl g3l Jlgkl Ly Lo, Lag
6, =0 6,

OX eadl e olaiy i) paliaddl oY

el onad msall olaiN s OA o sl B2(2)
Jealsill ol Consll ol Lo sl B3(8)
sl ol Congdll ol L gl 6a(8)

dualsill el Gl oladVly FD o Ayl O5(0)
Jealsill ol sl ol Lo sl B ()

cJealgill ) saal cangall olaiWs Ly c dgshl 6,(t)

Ly, L3 o 4Gl 455050 a
Lo, L1p o 4B 4550 B

aase Lo 228 YIGkl Jia ) clpeid) o)
Ll V) aaan U e Wpis Jlae 23y O, (8) 4l o(Llg30)A85al) ¢ Uanss 4 dully Wl
[5)Al o Bnge La 32 o Sl pad Ll LS Al
raad 0AB &bl e Al ADle Uada 1)
L% =12+1%3—2L,Lycosa (1)

2 2 2
13+1%3-1%
2L,L3

a=cos !

(2)

54



VIR ej&d\m e daala dlaa

Olaaa a4l .8 2026 sls 10 2:2) 48 Aaal)
2,12 ;2
f = cos™?! %12’1;7 (3)
el alilaa) s WS
A;(Lz cosB,,LszsinB,) (4)
X¢, = Lycos(6; + a) + Lg cos(0,) (5)
Y& = Losin(0s + ) + Ly sin(67) + Lg sin( ) (6)

il Ll slisand G35 CF Hludll € Aalal) 3l o Soa poie g AN Joc Loic
Allaal) dslasal) Ly € dalal) ddadill dan i of cosllaall 5 Cosepall Slusall CFUjey Loy AU
Cakail) Hlse b il Jias

(4) o

Cosllaally el cpplsa) cpo Alaall (pund) Alpn) alis) Aunpat A5 e A8 LA Lag

55



(1) Opmidsins A1 o Aiial) d3a ) g1 (guakas

fesendl Jidy C Aol dkid Jedll bl {PE}=[XE,YE] desendl Jid Cun
.C Aalal) Akidll glladl L) {PE }=[XE, V]

F0) = (22X - X&) + (8 — 2] )

1333 (6) 5 (5) cilall o S e (7)slsbisall (3 VE SXE b Jlasily

f(.X') — D (LZ COS(HZ + a) + L5 COS(94) _ Xgi)Z n

=1 2 (8)
(Lo sin(8s + B) + Ly sin(8,) + Lgsin(6) — Y&)

G| (rwall) Jall e Juans lag aal) 50 S s Aa a5 56 I A1y s A1l o3
vyl 3o LS Als dagd ()5S0 Ledie

il LSl daalad) ddaiill I jlaally el Sladll G aed) e e A1) 238
AU G A ) Jgea gl Ladiind aal 42l o2a dad

(3 (e JS g3l Jlghal Lgiag o Gang Jag i lligh S8 e Cpanea (55 AV o Ly
e STy sl ualall ok paene (o sreal Gl e alia JS s of 4y okl
: lly Logi b

L3+L4 >L2 > |L3_L4|

L2+L4 >L3 > |L2_L4|

Ly, +L3>1Ly>|L,— Lg|

Lg + L10 > L7 > |L9 - L10|

L7 + L10 > Lg > |L7 - Llol

L7+L9 >L10 > |L7_L9|

56



VIR aglad) Al e daala dlaa
Saea Ay 8 2026 sl 10 332 48 saal

AV S el g) dpulial) 2l Jsuasl) Congs dunpiins gaae Jhe Juadll 138 d3les 3 it
Ll impty Appial] Lead C Aalall ddaiill Cogllaally  dedl) cpybsall o culalypiy) 385 s
1(5)JSall dupall ) guiisins AN

C
FaaN
g &C =2
B_—"©
— )®:
G
/ |8
o C
e, o D
(5) J=an

relflaay) 3 Lalail) e i Chaalad) dadil) of Hlie) e ANV aluad Jlshl aas oslladll;

13| 10| 10 76| 32| 11 13
Xq 111 | 118 50| 22| 171
5 1 2 2 6 3 8

26| 13| 36| 196 393 73| 61| 66| 62| 69| 100| 21

Ya
4 7 4 - - 1 6 3 3 0 - 3

ik yie B laaae Alls 5yl Ay el Ll die f(o0) bl Apaaal) aill Clus of Lags
A8y Jsly gyl IS5 Lgand MATLAB galines Goinll Lay sall lali oyl 5o Tisny

sl e LEWYL Cialall Akl cililial s LS
57



(1) Opmibion A1 e L) Lpa Jl gid) (b

X¢, = 6cos(0; + 15) + Rs cos(05)

Y¢ = 10sin(m — 65 — 30) + R sin(6)

Gilgdare e Tely AV AS n ol ikt Vs 208 Cam il 038 Ol L0 )lsi iaymiang
o) (8 LS Chpiall Jeying caranall) Ganiga

xD | x3)| XG)| x| x©
LZ L5 L6 L7 L9
[0,15] | [0,15] | [0,15] | [0,15] | [0,15]

x(2) x(4) x(6) x(8) x(10)
0 0, 05 67 B¢
VA T 1T 1T 1T T

=33l | =zl | =38l | 2l | =2

Dbl Apjlie Cargy ey Byl Aaaai ol Gt ) Aalay W ety Gl Gilsaal) (e
coSae U jraly ABU gl

:[9]cDilall (b Aial) Lyaj oal) pladiad (3 )k

(OptimTool) ,els¥) sl & i< (Command Window) 53U e : As¥) A8y all

Cormurmand Wind o

MNew to MATLABT See resources for Getting Started.
I ==

opt imc oo

58



Ll a glal) Al

Glaa Adg g

2026 pl= 10 22211 48 alaal)

(GA-Genetic Algorithm) uss (Solver)Jiall o« (Optimization Tool) sl yelas

Problem Setup and Resualts

Solver: | ga - Genetic Slgorithrm

Problenffrmincon - Constrained menlinsar minimization
Ertreedfminimmax - Minimax eptimizaticn
mimsearch - Uncenstrained nonlinear minisn zation

Mumblfminunc - Uncenstrained nonlinear mminimization
seminf - Scrnicinfinite minimizcton

Censtifcabie - Monlinear eguaticon solving

Linear [frerc - Single-wariable nenlincar equation sohding

Meonlinear constraint Functions
Integer wariable indices:
Run solbwer and wview results
Us= random states from previcus run
Start Pause Stop

Current iteration:

Clear Results

¥ hu 4 i (Command Window) sl e cAGEN k)

(OptimTool(ga))
Enter ) bauai 4

Command Window

JSE, >> optimtool ("ga '] |

GA-Genetic diall dua))lsall L 22l Lol alipdl asiys 52801 (i el

(Algorithm

59



(1) Opmibion A1 e L) Lpa Jl gid) (b

| Optimization Toel

File Help

Froblem Setup and Results

Sohver: iga - Genetic Algonthm P

Problem

Fitress function:

Mumber of variobles

(Optimization) ;tas (Apps) sl Jayydi (pe :ASIAY A5y k)

4\ MATLAB R2018b

HOME PLOTS APFS
8 8 a8 o~ =
Cet More Instsll Psckage Curve Fitting Optimizaton FD Turer Analog Input
Apps App App Racorger o
FILE

(Optimization) 538U

60



Ll o glad) Abeals e daala dlaa

Olaaa aly 3 2026 i 10 ) 48 Laal)
. Optimization Tecl
File Help
Problem Setup and Results
Is:mm liga - Genetic Algorithm 4 I 1
Fitness funchon: | 2 I
Mumber of vanables: | 3 I
Constraints:
Linear inequalties: A | | b= |
Linear equalities: Heg: | | beq: |
I Bounds Lower | | Upper: | 4 [

Neorlinear constraint function: |

Irteger wariable mdices: |

Run solwver and view results

[] Use random states from previous run

o 8 s pssen

Current iteration: | Clear Results

gl AN Jal aagys Al daayleadl HUss (1) paill gy 8

@ 54 Bsuse (Fitness Function) selsll 412 olijia) 2l el (66 (2) gatll gupe A
i )sall paldll (M — File)cile 3ay ae Gl of Gang 36 WS AN sl 5l Lagha
(M — File)ils go 5 il A1y G Japll (g gealinadl (Sl g paall AU Ayl
Aga)lal) aa lgbmad ahal) cisaidll sae 2aa3 (3) palll pape B

(Lower; Upper) yally (6 xSl Jsaia IS ad s Jlas 2333 (4) il gape G

61



(1) Cpmibins A o Lriad) dsa ) i) (G
o By sl cnen cVpaial) asifislelye e [ ] JSED (a Copmisd o il 038 i of e
e S Adla
cdaadls & yleal) fasi (Start) ) e Taaally &
(208 Juadl il Jumdl ¢ Juadl) Lajleda) alpall Zladl agus )l sl 5 4000 52800 (pa g

|| = Piotfunctions |

Plot interval 1

[ Best fitnecc [ Best individual [ Distance
[ Ex pectation [ ] Genealogy [ ] Range
[ score diversity [ Scores [] selection
[ Stopping [ Max constraint

[ Custom function: |

|| = output function

[ Custom function: |

|| = Display to command window |

Level of dicplay: | off w

[ B User function evaluation |

Evaluate fitness and constraint funchions | m senal -

g 2l AU Al Gai Al Galdll (M — File)cile (e
L=sqrt(sum((x(1)*cos(x(2)+15)+x(3)*cos(x(4)-a(i,1)))"2+
(x(5)*sin(x(6)+30)+x(7)*sin(x(8))+x(9)*sin(x(10))-a(i,2)))"*2);

ol L S s (Lower Upper Bounds) sUawssll Glall ally Ll adl) (o yais
:(Optimization) 33L i (4)

[pi/2 0-pi/2 0 -pi/2 0 -pi/2 0 -pi/2- 0]
[pi/2 15 pi/2 15 pi/2 15 pi/2 15 pi/2 15]
62



Ll a glad) Al
Glaa Adg g

oaan daaly Ay
2026 pl= 10 2a2l) 48 alaal)

Pl LUKSY ) dial) Gaa) )il clglad Gl aey Lo Uiloan 3l 301 (o pmiy

x(10

x(1) | x(2) | x(3) | x(4) | x(5) | x(6) | x(7) | x(8) | x(9) )

13.79| 084 | 5.05| 145 | 236 | 1.37| 3.22| 1.35| 7.61 | 1.39

7 9 7 3 7 4 3 3 9 8
saalyall

(2015 Cuadl dnala— jiinale L) ke Liadll () suigins T s c@lten 3y [1]

iay) WV Al e Talaie! (1) rsmiisio A1 Joa dulyd ldaa Al (n Ahaa 2 [2]

(2020 sle— 42 dadl i daals dlae & gdia

il Arala-Capslliinig)) 48 (MATLAB 4l dna yl) (Al Gaua g3 2aal L [3]

[4] S.N.Sivanandam S.N.Deepa. Introduction to Genetic Algorithms

(College of Technology-India), 2008.

63

2014



(1) Csmibsins A o Al A ) ) (aubs

[5] A.M. Connor S.S.Dogulas. The Kinematic synthesis of path generating

mechanisms using Genetic Algorithms

(John Moores University, Byrom Street, Liverpool, UK), 1995.

[6] Jenna Carr. An Introduction to Genetic Algorithms (Semantic Scholar),
2014.

[7] David Goldberg. Genetic Algorithms (The University of Alabama), 1989.

[8] Gilbert Gutierrez. Mathematics for THE HIDDEN LANGUAGE OF
MACHINES,2025.
[9] J. Michael McCarthy. Gim Song Soh, Geometric Design of Linkages,

2010.

64



VIR aglad) Al e daaly daa
Chada e delew) Bl al ) A0 Gl 445 2026 ls 10 222l 48 alaall

sanoll (NIZrO;) 4l )il lSoll g ylall daul ys
Sol-gel diyyla,

R PP S S P DUOY Y SO JPUTN PV Y [P O WP [ £

Ead) jadls

e yumad Jal e (DTA, XRD, IR) el aladinly dupad 4wy cupal
Wl S5 A e Bl Sol-geldl dayly  (NiZrO3) JSall cili))
LISV (mes) dilide Cilifie agag lly Akl JSal iy Al o))
A Jalgad) e IS 580 Gupas (0S¢ sllandl Uie AU ¢ L) el i) Glnen
phall s Ll QLB e sl b (oSl 55 5l clisdl g il

by dlead) dsi Bl bag,dll Cnaa ellyyg gl e
sie Gad & (105 °C) dapall vie iy sendiilly A Aleal) b 22y Jucais
A ladiuly Al Al clls L (400-1000°C) o sl 4dbide 3y m laya

2Lyl (XRD) dgsdl 2x8Y) zheil dglhay (DTA) JLaliill ghall Jylail

il bR (sl (Sol-gel 43k (NiZrO;:alida cilals
s paes Aaalamaslall Lo LaSll ol 3 4y cLeS inale 4l (*
Ay ann Arala—a slal) 4086 LSl and b dypume MU ¢ LuaS B (%

65



Sol-gel 4k yasall (NiZrOz) ) aiuy el cighl dul

Studying the optimal conditions for the stability of NiZrO;)
(prepared by Sol-gel method
Zeina Loai Al-yousef*, Ibrahem Asaad Ismaeel**,

Ali Soliman**

Abstract

An experimental study was carried out using (DTA, XRD, IR) the
mixed oxide NiZrOz was synthesized using Sol-gel method from
hydrated nickel nitrate and hydrated zirconyl chloride in the presence
of different stabilizer (Oxalic acid, Citric acid, Starch, CMC, Pectin).
The stability of the formed compound had been studied extensively by
determining the affective conditions (effect of stabilizers type, effect
of pectin amount, effect of time on get stability, effect of temperature
on get stability) on the preparation process.

The formed compound was separated by filtration, and dried at
(105°C), and incinerated at different temperatures (400-1000°C).

The obtained samples were analyzed using (DTA), X-ray diffraction
(XRD), and (IR). The obtained results shows:

Mixed oxide NiZrOs formed at (820 °C)
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(600°C)as,
d-
Compound Pos. Rel. Int.
Height | spacing hkl
[°2Th] [%]

[A]
ZrO2 30.31 747 2.9468 100 111
ZrO2 31.63 167 2.8267 22.36 111
ZrO2 35.09 177 2.5553 23.69 020
NiO 37.23 344 2.4132 46.05 111
NiO 43.23 589 2.0912 78.85 020
Ni4 45.36 132 1.9979 17.67 111
ZrO2 50.47 554 1.8069 74.16 022
ZrO2 59.84 398 1.5444 53.28 131
NiO 62.7 434 1.4806 58.10 022
ZrO2 73.97 139 1.2804 18.61 040
NiO 75.22 214 1.2622 28.65 131
NiO 79.13 163 1.2093 21.82 222
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(800°C) Za,

d-
Compound Pos. Height spacing Rel. Int. hKI
[°2Th] [%]
[A]
ZrO2 24.23 185 3.6707 18.48 011
ZrO2 28.2 984 3.1621 98.30 -111
NizrO3 31.48 730 2.8398 72.93 -
NizrO3 34.14 263 2.6245 26.27 -
ZrO2 35.28 207 2.5422 20.68 200
ZrO2 37.23 505 2.4132 50.45 021
NizrO3 38.59 97 2.3314 9.69 -
ZrO02 41.26 204 2.1864 20.38 102
NiO 43.24 1001 2.0909 100 020
ZrOo2 44.68 132 2.0265 13.19 112
NiZrO3 45.4 150 1.9961 14.99 -
NiZrO3 49.23 310 1.8494 30.97 -
ZrO02 50.18 401 1.8167 40.06 220
ZrOo2 54.02 235 1.6963 23.48 202
ZrOo2 55.27 279 1.6608 27.87 013
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ZrO2 57.05 185 1.5941 18.48 -311
ZrO2 57.79 141 1.5941 14.09 -131
NizZrO3 59.79 238 1.5455 23.78 -
ZrO2 61.2 169 1.5133 16.88 -213
NizZrO3 62.74 774 1.4797 77.32 -
ZrO2 65.61 176 1.4218 17.58 222
ZrO2 71.03 147 1.3260 14.69 -104
NizrO3 75.21 323 1.2623 32.27 -
NiO 79.16 226 1.2089 22.58 222
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(1000°C) 4,

d_
Pos. Height Rel. Int.
Compound spacing hkl
[°2Th] [%]
[A]

NiZzrO3 31.51 781 2.8372 100 -
NiZzrO3 35.43 393 2.5317 50.32 -
NiZrO3 38.18 189 2.3552 24.20 -
NiZrO3 44.93 346 2.0159 44.30 -
NiZrO3 48.97 537 1.8586 68.76 -
NiZrO3 50.38 298 1.8099 38.16 -
NiZzrO3 59.87 219 1.5436 28.04 -
NiZzrO3 62.48 324 1.4853 41.49 -
NiZrO3 75.18 211 1.2627 27.02 -
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Optical Characterization of Zinc
Selenide (ZnSe) Thin Films Prepared by

Thermal Evaporation

Prof.Dr.Ayman Ksibe Prof.Dr. Reiad Al-Abdallah  Abdalmoaen Alales

Abstract:

Thin films of zinc selenide (ZnSe) with a thickness of approximately (t
~ 175nm) were deposited onto glass substrates at room temperature
using the vacuum thermal evaporation technique. The films were
subsequently thermally annealed, and the optimal crystallization
temperature was determined to be (175°C). Based on optical
transmittance (T) and reflectance (R) measurements performed over
the spectral range of (320-2200) nm, the absorption coefficient (a)
and extinction coefficient (k) were calculated, and the optical energy
bandgap was determined as E; = 2.55eV.The Kramers—Kronig
relations were employed to derive the refractive index (n) across the
entire investigated spectral range. The optical response of the material
was further analyzed through the complex dielectric function and
optical conductivity. The obtained results indicate that ZnSe thin films
exhibit promising optical properties, rendering them an ideal candidate
for solar cell applications as a transparent layer in the infrared region

or as an absorber layer in the visible region.

Key words: Zinc Selenide, Thin films, Thermal evaporation, Energy

bandgap, Refractive index.
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Study of the structure and properties of zirconium oxide
gel method-prepared by the sol ([1ZrO).

Abstract

gel -Zirconia nanoparticles were synthesized using a modified and simple sol
method.

ilizers such The stability of the prepared oxide was tested using several stab
as acetic acid, oxalic acid, and monohydrate citric acid.

Based on the results, it was found that the best stabilizer is monohydrate
citric acid at a concentration of 3 M.

Then the prepared gel is subjected to thermal treatment at different
mperatureste.

(300,400,500,600)C°and analyzed using Differential Thermal Analysis
ray Diffraction (XRD), and Fourier Transform Infrared -DTA), X)
IR) to determine the crystallization process of -Spectroscopy (FT
nanostructured zirconia particles.

d that its structure changes between the tetragonal and It was foun
monoclinic crystal systems.

The first stable tetragonal phase is obtained after two hours of heat
treated for two hours at 400°C, -treatment at 300°C, and the powders heat
C, and®500 600 C° d tetragonal and monoclinic phasesshow mixe .

The cubic phase was not observed within the temperature range mentioned
in this study.

Keywords:
Nanostructured zirconia particles
gel method-Sol
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