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Problem Statement 

Op$miza$on techniques are increasingly being applied in intelligent systems like robo$cs, real 

$me scheduler and automated control systems to operate effec$vely in complex environments 

that are dynamic. Nevertheless, some of these systems con$nue to encounter issues of poor 

alloca$on of tasks, low flexibility, high cost of calcula$on and poor scalability. These problems 

lower the performance of the system par$cularly in cases that involve real-$me or mul$ objec$ve 

work. 

Gene$c Algorithms (GAs) have increasingly become an encouraging solu$on due to their 

evolu$onary search algorithms that make them more accurate and strong in op$miza$on. Recent 

research indicates that GAs have the capability of enhancing the performance of systems to a 

great extent. Indica$vely, more advanced models of GA have managed to reasonably accelerate 

the computa$on and improve the planning of mul$-robot systems (Chabane & Guenounou, 

2025). Likewise, scheduling methods that are based on GA have demonstrated greater reliability 

and less response $me in mul$processor systems (Hassan et al., 2025). A hybrid between GA-AI 

models have also enhanced the convergence and design efficiency in intelligent engineering 

applica$ons (Sun & Sun, 2025). 

Although these are the advantages, there are s$ll a number of constraints. Most of the GA 

solu$ons are only validated in simula$on studies decreasing their prac$cal applica$on. There are 

models which are very demanding in terms of computa$on resources and therefore cannot be 

used on resource constrained systems. Also, the current methods are usually developed to cover 

specific areas with liVle applicability to various applica$ons of intelligent systems. 

Thus, there is an evident necessity to conduct a study that would help to understand how GA 

op$miza$on could be further developed and adjusted to enhance the performance, scalability, 

and applicability in the real-life seWngs of intelligent systems. Sealing the gap will help in crea$ng 

more efficient, flexible and adap$ve next genera$on intelligent technologies. 

 

 

 



Research objec7ves 

Primary Objec7ve 

To explore and increase the efficiency of gene$c algorithm op$miza$on methods in the beVer 

performance, flexibility, and scalability of intelligent systems. 

Specific Objec7ves 

• To examine the problema$cs and shortcomings of the current op$miza$on approaches 

applied to smart systems. 

• To assess the effec$veness, flexibility, and improvement of performance the different GA-

based op$miza$on models that have been reported in current literature. 

• To develop an op$mal GA-based system that cuts down on the exis$ng constraints of the 

system namely high computa$onal cost, domain specificity and scalability. 

• To present the conceptual or applied solu$on explaining why an improved GA 

op$miza$on solu$on can be applied to perform intelligent systems in various fields. 

• To make a comparison of the suggested GA-based solu$on to the exis$ng op$miza$on 

methods to iden$fy the rela$ve effec$veness of the first. 

Literature review 

This study addresses the topic of gene$c algorithm (GA) op$miza$on to improve the func$onality 

and flexibility of intelligent systems. An overview of six peer-reviewed ar$cles in 2022-2025 gives 

a profound insight into exis$ng methods, applica$ons, and issues related to this sphere. 

Chabane & Guenounou (2025) proposed the ini$al research named two-stage enhanced gene$c 

algorithm (EGA) which is intended to designate the op$mal task alloca$on and planning in 

heterogeneous mul$-robot systems. The suggested EGA is designed by using domain-specific 

chromosome encoding of the capability constrained task alloca$on at the first stage, and the local 

route refinement at the second stage to reduce traveling distances and enhance load balancing. 

Compared to other common op$miza$on frameworks such as: Mixed Integer Linear 

Programming (MILP), Par$cle Swarm Op$miza$on (PSO), and common single-phase GA, the EGA 

was found to obtain nearly op$mal outcomes with an average op$mality gap of less than 1.5 per 

cent and lower computa$onal $mes of up to 90 per cent. This scalability indicates the complexity 

and real-$me industrializa$on of GA. The possibility of a dual-phase design makes the study a 

considerable strength of the methodology since it gives the study the balance between global 

search and local op$miza$on, but the study is also limited due to the use of simula$on but not 

the physical valida$on to generalize the study results. However, it provides a strong background 

on how GAs may be incorporated in robo$c coordina$on and intelligent automa$on scenarios. 



The second ar$cle Naaman et al (2025). provides an overview of GA methods and their general 

op$miza$on uses. The authors introduce GAs as computa$onal models of biological evolu$on 

which work with the help of selec$on, cross-over, and muta$on. The review is across various 

fields of exper$se, and it demonstrates the versa$lity of GAs in solving complicated op$miza$on 

issues in machine learning, image analy$cs, and robo$cs. The overall contribu$on of the study is 

the synthesis of all the diversity of GA implementa$ons with the focus on their efficiency in big, 

chao$c search spaces. It is however purely conceptual and thus not experimentally verified 

meaning that it is a bit less applicable. Notwithstanding this shortcoming, it offers a sound 

theore$cal founda$on based on which the mechanisms of GA are to be studied and implemented 

in the intelligent system making it op$mize func$ons. 

The third ar$cle by Tomforde (2023) examines the role of GAs to improve innova$on and 

efficiency in the op$miza$on of technologies. The paper underlines the role of natural evolu$on 

imita$on by GAs to cope with more complex problem-solving task in fields of so^ware 

engineering, robo$cs and electronic circuit design. When talking about the essen$al issues such 

as computa$onal intensity and parameter tuning, Tomforde points out the benefits of GAs in 

obtaining op$mal solu$ons. Although the research does not present quan$ta$ve data and 

empirical findings, it provides a worthwhile conceptual understanding on how GA frameworks 

spur innova$on and nimbleness in the intelligent technology design approach. It adds value to 

other papers in that it fills the gap between theore$cal knowledge and cross-domain u$lity by 

highligh$ng GAs as central instruments of technological change and streamlining. 

fourth study is Hassan et al (2025). concerned with scheduling the tasks in mul$processor real-

$me systems with the use of a new GA based method. The algorithm was compared to three 

classical scheduling methods which included Evolu$onary Fuzzy-Based Scheduling, Least Laxity 

First and Earliest Deadline First. The proposed GA had always recorded zero missed deadlines, 

lower average response $me and showed high reliability during heavy system loads. Its non-

preemp$ve and independent task design was effec$ve in enhancing the efficiency in the whole 

system. One of the merits of this study is its high level of empirical rigor and compara$ve 

benchmarking. But it also assumes the same processors which restricts its ability to be adaptable 

to heterogeneous environments. Nevertheless, the research also provides strong empirical data 

that GAs may help a lot to improve the scheduling and op$miza$on of the performance of real-

$me systems. 

The fi^h ar$cle wriVen by Chen & Hu (2022) explores the use of an adap$ve enhanced gene$c 

algorithm in intelligent control systems in agricultural greenhouses. The study aims at 

op$miza$on of the mul$-energy supply system to ensure that there are no fluctua$ons with 

changes in environment that results in temperature varia$on below 0.5 C and humidity varia$on 

below 1 percent RH. The dynamism aspect of the algorithm allowed it to adapt to changes in the 



environment dynamically, which proved its efficiency by being tested in real-life and not on a 

computer. This adap$ve GA design and prac$cal valida$on combina$on highlights the ability of 

the algorithm to work with non-linear and mul$-variable systems. This study has the limita$on of 

being domain specific to agricultural systems but it has, on the other hand, proven the usefulness 

of GA op$miza$on outside of computa$onal seWngs into physical resource-driven intelligent 

control systems. 

Lastly, Sun & Sun (2025) published by IEEE iden$fy a hybrid op$miza$on model which combines 

gene$c algorithms with ar$ficial intelligence methods, i.e. convolu$onal neural networks (CNNs), 

to op$mize product design processes. The hybrid solu$on offered 30 percent improved 

convergence rate, 25 percent greater design efficiency, cost reduc$on of 20 percent and 15 

percent $me to market. In case studies that were conducted in the automo$ve and consumer 

electronics industries, there was a notable increase in efficiency, durability and environmental 

sustainability. This combina$on of GA and AI was more successful in crea$ng an explora$on-

exploita$on balance that allows more adap$ve op$miza$on. But this is expensive in terms of 

computa$on, and is not very scalable in resource-constrained environments. Nevertheless, it is 

the future perspec$ve of op$miza$on studies in that it involves a combina$on of the evolu$onary 

computa$on with the intelligent learning methods to effec$vely deal with high-dimensional 

mul$-objec$ve problems. 

Synthesis of Findings 

These six papers demonstrate the flexibility and strength of gene$c algorithms in improving the 

func$onality of intelligent systems in various areas of intelligent systems including robo$cs, real 

$me compu$ng, agriculture and design engineering. All the researches also seem to concur that 

op$miza$on with the help of GA improves efficiency, flexibility, and system intelligence since the 

complex problems that are out of reach of conven$onal methods can be solved. Conceptual 

frameworks are set using theore$cal literature by Naaman et al. (2025) and Tomforde (2023), 

whereas applied research by Chabane and Guenounou (2025), Hassan et al. (2025), Chen & Hu 

(2022), and Sun & Sun (2025) empirically validates this concept and innovates the hybrid model. 

The combina$on of GAs and AI that Sun and Sun showed can be seen as a paradigm shi^ towards 

more intelligent, self-op$mizing systems. Despite the present difficul$es in computa$onal cost, 

domain applicability and real-world scalability, all these studies stand in agreement that gene$c 

algorithm op$miza$on is a paradigm shi^ing technology that would help in improving the 

efficiency, intelligence and strength of the current computa$onal systems. 

 

 

 



Summary Table 

Paper Year Authors Methodology Key Findings Limita7ons 

1 2025 Chabane & 

Guenounou 

Two-phase 

enhanced GA 

Improved task 

alloca$on and 90% 

faster computa$on 

Simula$on-based; 

lacks real 

implementa$on 

2 2025 Naaman, 

Ahmed & 

Mahmood 

Literature 

review 

GA universality and 

adaptability 

No experimental 

data 

3 2023 Tomforde Conceptual 

review 

GA enhances 

innova$on in 

technology 

op$miza$on 

Lacks quan$ta$ve 

valida$on 

4 2025 Hassan, 

Ibrahiem & 

Madian 

GA-based 

scheduling 

algorithm 

High reliability; zero 

missed deadlines 

Limited to iden$cal 

processors 

5 2022 Chen & Hu Adap$ve 

improved GA 

Stable real-world 

control 

performance 

Narrow domain 

(agriculture) 

6 2025 Sun & Sun Hybrid GA + CNN 

(AI) 

30% faster 

convergence, 25% 

improved efficiency 

High computa$onal 

cost 
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