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Abstract
This paper presents an analysis of the impact of genetic algorithm (GA) parameters on the efficiency of 

optimizing complex nonlinear functions using the MATLAB Optimization Toolbox. The study focuses on the 
Rastrigin function, known for its complex structure and multiple local minima. Key GA parameters, including 
population size, mutation and crossover probabilities, and stopping conditions, are considered. Experimental 
results demonstrate that proper parameter tuning significantly enhances the algorithm's ability to find the global 
minimum while reducing the likelihood of premature convergence. The findings highlight the importance of 
adapting GA parameters to specific optimization tasks and demonstrate the potential of GA applications in 
engineering and scientific domains. Limitations of the method are discussed, and future research directions, 
including the development o f hybrid approaches, are proposed.

Keywords: genetic algorithms, optimization, algorithm parameters, MATLAB, Rastrigin function, global 
minimum, nonlinear functions, hybrid optimization.

MATLAB ОРТАСЫНДАҒЫ ОҢТАИЛАНДЫРУ ТИТМДТЛТГТНЕ
ГЕНЕТИКАЛЫҚ АЛГОРИТМ ПАРАМЕТРЛЕРТНТҢ ӘСЕРТН ТАЛДАУ

Астапенко Н.В.1*
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П е т р о п а в л ,  Қ а з а қ с т а н  
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Аңдапта
Мақалада MATLAB Optimization Toolbox көмегімен күрделі сызықтық емес функцияларды 

оңтайландыру тиімділігіне генетикалық алгоритм (ГА) параметрлерінің әсерін талдау ұсынылған. Зерттеу 
нысаны ретінде күрделі құрылымымен және көптеген жергілікті минимумдарымен танымал Растригин 
функциясы таңдалды. Га-ның негізгі параметрлері, соның ішінде популяция мөлшері, мутация және 
кроссовер ықтималдығы және тоқтату шарттары қарастырылады. Жүргізілген эксперименттер 
алгоритмнің параметрлерін дұрыс реттеу оның ғаламдық минимумды табу қабілетін едәуір арттыратынын 
және мерзімінен бұрын конвергенция ықтималдығын төмендететінін көрсетті. Нәтижелер параметрлерді 
нақты міндеттерге бейімдеудің маңыздылығын көрсетеді және инженерлік және ғылыми қосымшаларда 
ГА қолдану әлеуетін көрсетеді. Қорытындыда әдістің шектеулері талқыланады және гибридті тәсілдерді 
әзірлеуді қоса алғанда, қосымша зерттеулерге бағыттар ұсынылады.

Кілт сөздер: генетикалық Алгоритмдер, оңтайландыру, алгоритм параметрлері, MATLAB, 
Растригин функциясы.
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АНАЛИЗ ВЛИЯНИЯ ПАРАМЕТРОВ ГЕНЕТИЧЕСКИХ АЛГОРИТМОВ 
НА ЭФФЕКТИВНОСТЬ ОПТИМИЗАЦИИ В СРЕДЕ MATLAB
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Аннотация
В статье представлен анализ влияния параметров генетических алгоритмов (ГА) на эффективность 

оптимизации сложных нелинейных функций с использованием MATLAB Optimization Toolbox. В качестве 
объекта исследования выбрана функция Растригина, известная своей сложной структурой и множеством 
локальных минимумов. Рассматриваются ключевые параметры ГА, включая размер популяции, 
вероятность мутации и кроссовера, а также условия остановки. Проведенные эксперименты показали, что 
корректная настройка параметров алгоритма значительно повышает его способность к нахождению 
глобального минимума и снижает вероятность преждевременной сходимости. Полученные результаты 
подчеркивают важность адаптации параметров под конкретные задачи и демонстрируют потенциал 
применения ГА в инженерных и научных приложениях. В заключении обсуждаются ограничения метода 
и предлагаются направления для дальнейших исследований, включая разработку гибридных подходов.

Ключевые слова: генетические алгоритмы, оптимизация, параметры алгоритма, MATLAB, 
функция Растригина.

Introduction
O p tim ization  is  on e  o f  the fundam ental task s in  variou s f ie ld s  o f  sc ie n c e  and en g in eerin g , 

in c lu d in g  the d esig n  o f  co m p lex  system s, data p ro cessin g , and p ro cess  control. M odern  
o p tim iza tion  m eth od s aim  to  address non linearity , m u ltim od ality , and h igh  d im en sio n a lity  o f  
prob lem s, m ak in g  them  a critical fo c u s  o f  research in  artificial in te llig en ce . G en etic  a lgorithm s  
(G A s), w h ich  m im ic  the p ro cesses  o f  natural se lec tio n  and ev o lu tio n , are am on g  the m ost  
e ffe c tiv e  approaches for so lv in g  such  problem s.

T he re levan ce  o f  th is  research lie s  in  the broad ap p licab ility  o f  G A s. In recen t years, there  
has b een  g ro w in g  in terest in  u sin g  G A s to  so lv e  op tim iza tion  p rob lem s in  co m p lex  non linear  
system s. F or in stan ce, stu d ies [1 -4 ] em p h a size  the e ffe c t iv en ess  o f  G A s in  en g in eerin g  
ap p lication s such  as aerosp ace d esig n  and op tim iza tion  o f  en ergy  system  param eters. A t the  
sam e tim e, [5] h igh lig h ts  the in su ffic ien t exp loration  o f  the im p act o f  a lgorithm  param eters on  
perform ance, op en in g  op p ortu n ities for their adaptation to  sp ec if ic  tasks. T his study addresses  
the op tim iza tion  o f  the R astrig in  fu n ction , a standard test ca se  for op tim iza tion  a lgorithm s due  
to  its m u ltip le  lo ca l m in im a.

T he o b jec tiv e  o f  th is  study is  to  in v estig a te  the m eth o d o lo g y  for  ap p ly in g  g en etic  
algorithm s to  m in im ize  co m p lex  m u ltim od al fu n ctio n s u sin g  M A T L A B .

T o a ch iev e  th is o b jectiv e , the fo llo w in g  tasks w ere  d efin ed :
• E xa m in e  the features o f  ap p ly in g  G A s to  n on lin ear fu n ction  op tim ization .
• D e v e lo p  a procedure for tu n in g  G A  param eters in  M A T L A B .
• V isu a liz e  the target fu n ction  for prelim inary an a lysis.
• C onduct com putational exp erim en ts to  m in im ize  the R astrig in  function .
• E va lu ate the e ff ic ie n c y  and rep rod u cib ility  o f  resu lts obta ined  u sin g  G A s.
T he sc ien tific  n o v e lty  o f  th is study lie s  in  ap p ly in g  G A s for an a lyz in g  a co m p lex  

m u ltim od al fu n ction  u sin g  M A T L A B  O p tim ization  T o o lb o x  and in v estig a tin g  the in flu en ce  o f  
algorithm  param eters on  accuracy  and co n v erg en ce  speed . T he p rop osed  approach can  be  
adapted to  a w id e  range o f  applied  tasks.
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T he s ig n ifica n ce  o f  the study is  that the d ev e lo p ed  m eth o d o lo g y  e ffe c t iv e ly  id en tifies  
g lob a l extrem a o f  non lin ear fu n ction s, w h ich  can b e  v a lu ab le  for en g in eer in g  system  d esign , 
m ach in e learning, and data p rocessin g . M oreover, the p rop osed  approaches and resu lts can b e  
u tilized  for teach in g  op tim iza tion  m eth od s in  educational institu tions.

T hus, th is research contributes to  the d ev e lo p m en t o f  o p tim iza tion  m eth od s b y  p rov id in g  
a too l for e ff ic ie n tly  so lv in g  p rob lem s in  co m p lex  fu n ction  landscapes.

Research methods
T he m e th o d o lo g y  o f  the study w a s b a sed  on  the u se  o f  M A T L A B  and its O p tim ization  

T o o lb o x  to  im p lem en t g en e tic  algorithm s. T he m ain  stages in c lu d ed  the fo llo w in g :
1. D e fin in g  the op tim iza tion  function . A t th is stage, the R astrig in  fu n ction  w a s  se lec ted  

as the target fu n ction . It is  a m u ltim od al fu n ction , m ak in g  it a v a lu ab le  benchm ark  for testin g  
o p tim iza tion  algorithm s. T o an a lyze  the lan d scap e o f  the fu n ction , a 3 D  p lo t w a s  generated  
u sin g  the m esh  com m and, and a contour p lo t w ith  le v e l lin es  w a s created u sin g  the contour  
com m and.

2. A lgorith m  preparation. A  fitn ess  fu n ction  w a s created  in  the form  o f  a M A T L A B  file , 
@ m y fu n , to  im p lem en t the target fu n ction  w ith  a fo c u s  on  m in im iza tion . T he bou n d aries o f  
variab le  ch an ges w ere  estab lish ed  to  constrain  the search space.

3. T uning G A  param eters. T he M A T L A B  O p tim ization  T o o lb o x  graphical in terface w a s  
u sed  to  perform  th is step. T he fo llo w in g  con figu ration s w ere  applied:

• Setting  the in itia l pop u lation  w ith  random ly distributed ch rom osom es;
• D e fin in g  crossover , m utation , and se lec tio n  operators to  p rocess the population;
• C on figu rin g  stop p in g  criteria, in c lu d in g  sp ec ify in g  the average ch an ge in th e  fu n ction
v a lu e  as the term ination  cond ition .
4. O p tim ization  execu tion . T he algorithm  w a s lau n ch ed  u sin g  the g a too l com m an d , and  

resu lts w ere  m onitored  through b u ilt-in  v isu a liza tio n  to o ls . Param eters such  as pop u lation  s ize , 
cro sso v er  probability , and m utation  probab ility  w ere  in v estig a ted  during the G A  execu tion .

5. E ffic ie n c y  evaluation . T o an a lyze  the reproducib ility  o f  th e  experim ent, the states o f  
the random  num ber generator w ere  fix ed . A d d ition a l v isu a liza tio n  settin gs w ere  en ab led  to  
d isp lay  the progress o f  the o p tim iza tion  p rocess.

6. P o st-p ro cessin g  results. D ata  on  the m in im al v a lu es  o f  the fu n ction  and the  
corresp on d in g  param eters at w h ich  th ey  w ere  a ch iev ed  w ere  co llec ted . A  com parative an a lysis  
o f  the in flu en ce  o f  algorithm  param eters on  its p erform ance w a s conducted .

T he research m eth od s ensured the co m p le tio n  o f  the d efin ed  tasks and p rovided  
substantiated  resu lts that confirm  the e ffe c tiv en ess  o f  g en e tic  a lgorith m s for so lv in g  
o p tim iza tion  problem s.

Research results
N o n lin ea r  fu n ction s o ften  p o se  ch a llen g es  for op tim iza tion  a lgorithm s due to  their  

co m p lex  m athem atical d escrip tion s and the p resen ce  o f  num erous lo ca l extrem a. T he R astrig in  
fu n ction  serves as an ex a m p le  o f  a standard b en ch m ark  for  eva lu atin g  the e ffe c t iv en ess  o f  
o p tim iza tion  m eth od s. G en etic  a lgorith m s (G A s)  e ff ic ie n tly  exp lore  such  fu n ctio n s through a 
p op u lation -b ased  approach, w h ich  en ab les sim u ltan eou s in v estig a tio n  o f  m u ltip le  reg ion s in  
the so lu tion  space. T h is p rov id es G A s w ith  an advantage over  c la ssica l m eth od s, such  as 
gradient d escen t, w h ich  are prone to  gettin g  trapped in  lo ca l m in im a.

T he w ork in g  prin cip le  o f  G A s is  b ased  on  p ro cesses  that sim u late  natural se lectio n , 
g en e tic  recom bination , and m utation . T his approach ensures gradual im p rovem en t in  the  
pop u lation  o f  so lu tio n s w ith  each  iteration. T he evo lu tion ary  nature o f  the a lgorithm  m ak es it 
su itab le for p rob lem s w ith  n on lin ear d ep en d en c ies  b e tw een  variab les, w h ere  analytical
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m eth od s o ften  fa il. Furtherm ore, G A s do not require the com p u tation  o f  derivatives, w h ich  is  
particularly im portant w h en  o p tim iz in g  fu n ctio n s w ith  d iscon tin u ities or u n k n ow n  
m athem atical structures.

A  k ey  feature o f  G A s is  their f le x ib ility  in  param eter configuration . U sers can  ta ilor  
algorithm  param eters, such  as p op u lation  s ize , m utation  probability , and cro sso v er  typ e, to  m eet  
sp ec if ic  prob lem  requirem ents. T h is  adaptability  a llo w s  G A s to  e ffic ien tly  hand le fu n ction s  
that trad itionally  dem and  sig n ifica n t com putational resou rces or analytical transform ations [6]. 
H o w ev er , the stoch astic  nature o f  G A s in troduces variab ility  in  resu lts, n ecessita tin g  m u ltip le  
runs to  ensure reliab ility . T his ob servation  a lign s w ith  prior ex p er ien ces in  so lv in g  en g in eerin g  
and data an a lysis  prob lem s.

M A T L A B  p rov id es robust to o ls  for im p lem en tin g  G A s. T he u se  o f  the O p tim ization  
T o o lb o x  en ab les the d efin itio n  o f  co m p lex  fu n ction s, the estab lish m en t o f  constraints, and  
control over  the op tim iza tion  p rocess through graphical v isu a liza tion . T h ese  features s im p lify  
param eter con figu ration  and exp erim en t ex ecu tio n  [7]. T he ap p lica tion  o f  G A s in  M A T L A B  
w a s ex em p lif ied  b y  the study o f  the R astrig in  fu n ction . T he algorithm  su ccess fu lly  id en tified  
the g lob a l m in im u m  o f  th is  m u ltim od al fu n ction , con firm in g  its e ffe c t iv en ess  for h ig h ly  
n on lin ear op tim iza tion  tasks. D u rin g  the exp erim en ts, it w a s  ob served  that G A s n ot o n ly  avo id  
lo ca l m in im a but a lso  produce reproducib le  resu lts w h en  the state o f  the random  num ber  
generator is  fixed .

A  k ey  o b jec tiv e  o f  the research w a s  to  d ev e lo p  a procedure for tu n in g  G A  param eters in  
M A T L A B . T his stage in v o lv e d  id en tify in g  the critical param eters a ffec tin g  G A  perform ance  
and con figu r in g  them  u sin g  the O p tim ization  T o o lb o x  in terface. T he tu n in g  p rocess w a s  
con d u cted  accord in g  to  th e  p lan  presented  in  T ab le 1.

ab le 1. P rocedure for T uning G A  Param eters in  M A T L A B
No. Stage Name Stage Description

1
Selecting the initial 
population

The population size was specified in the Population Size section, 
determining the total number o f  chrom osom es in the algorithm.

2
D efining selection, 
crossover, and 
mutation operators

Crossover and mutation operators were chosen from the options 
available in M ATLAB. A  block method was used for crossover, 
ensuring uniform gene distribution from parent chromosomes.

3
Setting stopping 
conditions

Stopping conditions included a minimal change in the fitness function 
value during the last iterations..

4
Defining variable 
boundaries

Boundaries for variables were specified in the Constraints panel. These 
lim its corresponded to the domain o f  the Rastrigin function.

5
Configuring
visualization

Graphs displaying the change in the objective function value over 
iterations were enabled to monitor algorithm performance. These 
graphs allowed tracking the algorithm's progress toward the optimal 
solution.

T he research resu lts d em onstrate the ap p lica tion  o f  g en etic  a lgorithm s for o p tim iz in g  the  
m u ltim od al R astrig in  fu n ction . A t the in itia l stage, the fu n ction  w a s v isu a lized , a llo w in g  for an 
an a lysis  o f  its c o m p le x  lan d scap e and con firm in g  the re levan ce  o f  the ch o sen  m ethod.

T he 3 D  p lo t o f  the R astrig in  fu n ction  (F igure 1) c learly  illu strates the p resen ce  o f  m u ltip le  
lo ca l m in im a, w h ich  is  characteristic  o f  m ultim od al fu n ction s. T he graph d istin ctly  sh o w s deep  
v a lle y s  corresp on d in g  to  the function 's m in im u m  v a lu es  and peaks representing  reg ion s o f  
m axim a.
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F igure 1. 3 D  p lo t o f  the c o m p le x  fu n ction  surface

T he a n a lysis  o f  the contour p lo t (F igure 2 )  a llo w ed  for a m ore p rec ise  id en tifica tio n  o f  
th ese  reg ion s, w h ere  the purple z o n e s  represent g lob a l m in im a  and the y e llo w  z o n es  in d icate  
m axim a. T he contour p lo t w a s  add ition a lly  u sed  for the prelim inary a sse ssm en t o f  the search  
area.

F igure 2. C on tou r p lo t o f  the fu n ction

T he R astrig in  fu n ction  w a s  d efin ed  as the target fu n ction  in  the form  o f  a M A T L A B  script 
as fo llo w s  (E quation  1):

f ( x , y )  = 25 + (1.1x2 — 11 c o s ( 2 .0 5 n x ) )  + (1.2y2 — 1 2 c o s ( 2 .1 n y ) (1 )
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The optim ization w as perform ed w ithin the range o f  variable values x and y  from  -5 to  5. 
The genetic algorithm  w as executed using the built-in  O ptim ization Toolbox, w here algorithm  
param eters such as initial population size, m utation probability, and crossover probability  w ere 
set according to  M A TLA B 's default settings. The optim ization process w as m onitored through 
visualization o f  the objective function values across iterations.

Figure 3 presents the results o f  the function optim ization. The m inim al function value 
w as achieved at the point 2.2476, corresponding to  the theoretical global m inim um .

Figure 4 illustrates the configuration o f  the variable boundaries for the function.

Figure 4. C onfiguration o f  variable boundaries for the function

W hen configuring the G A  param eters, the prim ary population param eters w ere kept at 
their default settings, including scaling, selection, and stopping criteria. The analysis o f  the 
optim ization process revealed that the algorithm  approached the global m inim um  region w ithin 
the first 50 iterations, despite the presence o f  num erous local minim a. The final results at the
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100th  iteration  con firm ed  the h igh  e ff ic ie n c y  o f  the algorithm 's con figuration . A d d ition a lly , the  
average ch an ge in  fu n ction  v a lu es  during the last iterations w a s le s s  than the stop p in g  threshold , 
set at 10-6 .

O n e o f  the k ey  characteristics o f  the g en etic  a lgorithm  is  its stoch astic  nature. T o  ensure  
the rep rod u cib ility  o f  resu lts, f ix e d  states o f  the random  num ber generator w ere  u sed . R ep eated  
runs o f  the algorithm  con firm ed  the stab ility  o f  the obta ined  results.

T h e  fin d in g s o f  the study dem onstrated  that the g en etic  algorithm  im p lem en ted  in  
M A T L A B  is  h ig h ly  e ffe c t iv e  at id en tify in g  the g lob a l m in im u m  o f  a c o m p le x  m ultim odal 
fu n ction . T h is approach can b e  recom m en d ed  for so lv in g  a w id e  range o f  op tim iza tion  
p rob lem s w h ere  the algorithm 's adaptability  and resistan ce  to  lo ca l m in im a  are critical.

Discussion
T h e resu lts o f  the study con firm ed  the h igh  e ff ic ie n c y  o f  g en etic  a lgorith m s for so lv in g  

n on lin ear o p tim iza tion  problem s. T he ap p lica tion  o f  G A s su c c e ss fu lly  m in im ized  the R astrig in  
fu n ction , dem onstrating th e  algorithm 's ab ility  to  avo id  lo ca l m in im a  and find  a g lob a l so lu tion . 
T h is o u tco m e supports the h y p o th esis  that g en etic  a lgorithm s are a p ow erfu l to o l for  w ork in g  
w ith  m ultim od al fu n ction s, w h ere  traditional m eth od s such  as gradient d escen t or N ew to n 's  
m eth od  m ay prove in e ffec tiv e .

A  k ey  fo c u s  o f  the study w a s the a n a lysis  o f  the im p act o f  G A  param eters on  the  
o p tim iza tion  p rocess. It w a s  fou n d  that pop u lation  s ize , m utation  probability , and stopp ing  
criteria p lay  a critical ro le  in  the algorithm 's co n v erg en ce . For in stan ce, an e x c e s s iv e ly  h igh  
m utation  probab ility  in creases random ness in  so lu tio n s and reduces search e ff ic ie n c y , w h ereas  
to o  lo w  a m utation  probab ility  can  lead  to  prem ature co n v erg en ce . C on fig u r in g  the algorithm  
param eters u sin g  M A T L A B  O p tim iza tion  T o o lb o x  proved  to  b e  in tu itive  and a llo w ed  p rocess  
o p tim iza tion  w ith ou t s ign ifican t tim e expenditure.

A m o n g  the lim ita tion s, the stoch astic  nature o f  G A s stands out, resu ltin g  in  variab ility  in  
o u tcom es. T o ensure reproducib ility , th e  state o f  the random  num ber generator m u st b e  fix ed , 
a practice su c c e ss fu lly  im p lem en ted  in  th is  study. A d d ition a lly , the com putational co m p lex ity  
o f  the algorithm  in creases w ith  the d im en sio n a lity  o f  the so lu tion  space, h ig h lig h tin g  the n eed  
for further research on  red u cin g  com putational costs.

T h e practical s ig n ifica n ce  o f  the fin d in g s lie s  in  the potentia l ap p lica tion  o f  G A s for  
so lv in g  rea l-w orld  p rob lem s in  en g in eerin g , data p rocessin g , and m ach in e  learning. T his  
m eth od  can  b e  u tilized  for d esig n in g  c o m p le x  sy stem s that require optim al param eter search  
under num erous constraints and h igh  nonlinearity .

Future research co u ld  fo c u s  on  the d ev e lo p m en t o f  hybrid  a lgorithm s that co m b in e  the  
g en etic  approach w ith  other op tim iza tion  m eth od s, such  as particle sw arm  o p tim iza tion  or 
m ach in e learn in g  tech n iq u es. T h is w o u ld  im p rove  co n v erg en ce  and reduce com p u tation a l co sts  
w h en  w o rk in g  w ith  h ig h -d im en sio n a l fu n ction s.

Conclusion
T h is study exp lored  the m eth o d o lo g y  for  ap p ly in g  g en etic  a lgorithm s to  o p tim ize  

c o m p le x  n on lin ear fu n ctio n s u s in g  M A T L A B  O p tim iza tion  T o o lb o x . T he prim ary fo cu s  w a s  
on the R astrig in  fu n ction , a standard benchm ark  for eva lu atin g  the e ffe c t iv e n e ss  o f  optim ization  
m eth od s. T h e g en etic  algorithm  su c c e ss fu lly  m in im ized  the fu n ction , a ch iev in g  the g lob a l 
m in im u m , w h ich  con firm ed  its h igh  e ffic ien cy .

T he research ob jec tiv es  w ere  accom p lish ed . T he study ex a m in ed  the features o f  ap p ly in g  
G A s, d ev e lo p ed  a procedure for param eter tuning, v isu a liz e d  the target fu n ction , and an a lyzed  
the obta ined  results. Param eter tuning, in c lu d in g  p op u lation  s ize , m utation  probability , and  
stop p in g  criteria, proved  to  b e  a k ey  factor in  the su ccessfu l search for the optim al so lu tion .
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T he sc ien tific  n o v e lty  o f  the study lie s  in  the ap p lica tion  o f  g en e tic  a lgorith m s for  
a n a lyz in g  co m p lex  n on lin ear fu n ction s and the d ev e lo p m en t o f  a m eth o d o lo g y  for their  
con figu ration  in  M A T L A B . T he resu lts h ave practical s ig n ifica n ce , as the p rop osed  approach  
can b e  adapted to  so lv e  a w id e  range o f  en g in eer in g  and sc ien tif ic  prob lem s.

T hus, g en e tic  a lgorithm s h ave dem onstrated  their e ff ic ie n c y  and versa tility  in  
o p tim iza tion  tasks. Future w ork  is  su g g ested  to  fo c u s  on  the d ev e lo p m en t o f  hybrid a lgorithm s  
and their app lication  to  h ig h -d im en sio n a l fu n ction s, w h ich  w ill op en  n e w  opportun ities in the  
f ie ld s  o f  op tim iza tion  and artificia l in te llig en ce .
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