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Abstract

Due to more ecological challenges, speedy urbanization, and boost in the demand for natural resources,
sustainable development has become a main concern on a global level. Information technology (IT)
supports sustainability through the ability to collect, investigate and make decisions based on large
amounts of data efficiently. Mathematical models are critical tools for the analysis of complex systems,
optimization of resource use and predictions of future trends. In this review paper, I will analyze the
role of fundamental mathematical models in supporting applications relating to sustainability through
IT, and I will discuss three major types of mathematical models, statistical models, optimization models,
and predictive models that are used to analyze data, allocate resources efficiently, and develop long-
term plans for sustainability systems. I will analyze the applications of these models in smart cities,
renewable energy management, environmental monitoring, and sustainable digital infrastructure.
Finally, I will identify several critical challenges that exist in relation to these applications such as data
limitations, complexity of systems, and integration with existing technologies, as well as identify
possible future research areas for the integration of mathematical models with other technologies such
as artificial intelligence (Al) and real time data analytics to develop more efficient and sustainable
technological systems.

Keywords: Mathematical modeling, information technology, sustainable development, optimization
models, predictive analytics, smart cities.

INTRODUCTION

Sustainable development is an essential concept that aims to attain economic escalation while
protecting the environment and improving social well-being. It focuses on the proficient use of natural
resources, decrease of environmental pollution, and long-term development planning. Driven by
accelerating demographic expansion, industrialization, and environmental challenges, sustainable
development has become a major concern across the world.
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Mathematics provides the base for the construction of various information technology systems. Real-
world problems are often modeled using mathematical models, which provide an easier and organized
way to deal with the issues at hand. These models assist in the analysis of the data and the systems, and
they also provide a platform to predict the results that may occur in the future. Statistical analysis and
optimization are some of the mathematical methods that are commonly employed in IT-based
sustainability applications. Mathematical models, when integrated with information technology, can
increase accuracy, efficiency, and decision-making in the sustainable development process.
Mathematical models can also increase the optimization of resources, decrease energy consumption,
and increase long-term planning. This review paper focuses on the use of basic mathematical models in
information technology. It also explores the application of the models in the sustainable development
process. This paper aims to provide a simple and clear understanding of the topic for beginners and
young researchers.

LITERATURE REVIEW

Mathematical models are now being recognized as essential components of IT systems for
implementing sustainable development. There are many examples of the applications of mathematical
modeling techniques within many sectors including smart city management, renewable energy
optimization, environmental monitoring and sustainable digital infrastructure. They allow for analysis
of large quantities of data, optimal allocation of resources and predictive decision-making.

Several studies have been performed to apply mathematical optimization and data-driven techniques
towards improving urban sustainability. Chen et al. (2025) [1] performed a systematic review of over
100 research studies to chart the application of multi-objective optimization algorithms in smart city
systems. Their analysis highlighted how mathematical optimization can improve infrastructure
planning, energy management, transportation systems and water resource management in urban areas.
They also identified the techniques used for improving real-time decision-making through the
combination of cloud computing and IoT applications alongside mathematical models in the context of
sustainable cities.

Urban sustainability studies have emphasized the importance of using math-based models in urban
transportation systems as well as urban resource management systems. Bansal (2025) [2] conducted a
study on the application of various math modeling techniques to solve transportation problems in smart
cities. Bansal found that using optimization models, network flow models, and stochastic models can
greatly reduce traffic congestion and GHG emissions while increasing mobility efficiency. The
modeling techniques in these studies give city officials decision-making tools that allow them to create
more sustainable transportation systems [1-3].

Research on renewable energy systems has also widely adopted mathematical modeling for the
purpose of supporting sustainable energy development and transitioning. Yu et al. (2023) [4] conducted
a comprehensive literature review of optimization models used for developing renewable energy
systems. The researchers concluded from their review that mathematical optimization plays an
important role in renewable energy planning, resource allocation and cost minimization for the complete
renewable energy supply chain. Yu et al. analyzed thousands of research papers and found that
optimization models are critical for enhancing the efficiency and reliability of renewable energy
systems [5].

Among others, Ansari et al. (2024) [3] also looked at optimization models applied to hybrid
renewable energy systems. The researchers found that linear programming, evolutionary algorithms,
and stochastic models are some of the modeling methods available to improve energy scheduling and
energy distribution. By using these modeling methods, the potential for increased energy production
while reducing negative impacts to the environment and operational costs can be maximized.
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Data systematically has also continued to be researched over recent years and is being applied
at a greater scale with more effective results due largely to advances in technological policy such
as algorithms that are developed based upon empirical data gathered from urban environments.
Researchers have developed mathematical models that can enhance the assessment of resource
allocation decisions, urban planning activities, and sustainability performance [6]. In addition,
data-driven models/simulations and intelligent decision-making processes will improve decision-
making at all levels of urban governance due to the ability of large amounts of empirical data to
be evaluated and analyzed.

Using multi-criteria decision analysis (MCDA) as a methodology, Mutambik's research
utilized PROMETHEE methods to evaluate smart city sustainability indicators. This research
further demonstrated that using these types of mathematical models is a good alternative for
determining environmental, social and economic sustainability indicators, and strategies to
promote effective urban governance [7].

More recent information published over the last few years regarding artificial intelligence,
combined with sustainability, has emphasized the utility of predictive modelling techniques.
Salhi et al., (2025) [8] studied the integration of artificial intelligence with predictive modelling
techniques to achieve the development of carbon-neutral smart cities. The results of this research
determined that predictive analytics along with machine learning-based modelling techniques can
be used to optimize energy usage, monitor environmental performance, and support the
formulation of climate-friendly urban development plans.

In addition to journal publications, multiple significant publications emphasize the importance
of mathematical modeling in creating sustainable systems as illustrated by the text Applied
Mathematical Modeling and Analysis in Renewable Energy (Sahni & Sahni, 2022) [9]. In this
book, authors discuss various different methods of mathematical modeling used in renewable
energy systems, including optimization models, demand forecasting models and energy
management systems. All these types of models enable the design and operation of efficient
renewable energy infrastructures [8-10].

Another significant academic resource is the book The Politics of Modelling: Numbers
Between Science and Policy (Saltelli & Di Fiore, 2023) [11], which also discusses responsible
modeling for informing policy makers. The authors emphasize that mathematical models play a
major role in informing policy-related decisions regarding environmental management,
sustainable development planning, and technological advancement.

In addition to literature about sustainable smart cities, studies analyzing and discussing
sustainable smart cities related to integrated modeling frameworks also include information
technology-based systems. Research findings regarding strategies for establishing and
developing sustainable cities illustrate how use of information technologies such as 10T, data
analytics, and digital platforms combined with mathematical modeling can support both
developing sustainable urban areas as well as planning for them [12].

Overall, the literature suggests that mathematical models are used as fundamental tools in
analyzing sustainability challenges and assisting in decision-making in information technology
systems. Even though current literature is showing more emphasis on sophisticated machine
learning and artificial intelligence techniques, basic mathematical models such as statistical
analysis, optimization, and prediction remain fundamental in sustainable information technology
systems (Table 1).
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Table 1. Summary of literature on optimization and mathematical modeling for sustainable smart cities
and renewable energy systems.

Author Year Model/Method Application area Key contribution

Chen et al. 2025 | Multi-objective Smart cities Optimization for urban infrastructure
optimization and resource management

Bansal 2025 | Network and optimization | Smart transportation  |Reducing congestion and emissions in
models cities

Yu et al. 2023 |Optimization modeling  |Renewable energy | Resource allocation and energy planning

systems

Ansari et al. 2023 |Hybrid optimization | Renewable energy | Efficient energy scheduling
algorithms management

Mutambik 2024 |\ MCDA and | Smart city | Evaluation of sustainability indicators
PROMETHEE models sustainability

Salhi et al. 2025 | Predictive modeling and|Carbon-neutral smart|Energy optimization and environmental
Al cities monitoring

Sahni & Sahni 2022 |Mathematical modeling|Renewable energy |[Modeling techniques for sustainable
frameworks systems energy infrastructure

Saltelli & Di Fiore 2023 | Policy modeling | Sustainability policy |Responsible modeling for environmental
frameworks decision-making

Meta City Framework [2025|Data-driven models and|Urban sustainability  |Integration of big data and modeling for

simulations city management
Smart City 2024 | Decision-support models | Urban planning Framework  for  sustainable city
Sustainability Studies development

RESEARCH GAP

The significance of mathematical modelling to assist with sustainable development is well
represented in the current literature; however, multiple areas for further research exist regarding the
intersection of mathematical modelling with other IT systems.

Firstly, a number of the newest research pieces have emphasized highly technological areas (e.g.,
Artificial Intelligence, Machine Learning, Digital Twin systems) versus the more basic traditional
mathematical modelling/techniques. The traditional foundational mathematical models (i.e., statistical
analysis, optimization techniques, and predictive modelling) serve as the basis of the infrastructures
providing many of the more advanced computational systems used within sustainability applications.

Many current studies mainly deal with mathematical modeling or sustainability solutions in isolation
without looking at the integrated use of these models across various information technologies like Cloud
Computing, loT networks and data analytical platforms. This results in a incomplete understanding of
how mathematical modeling can assist/influence an IT-based solution to sustainability. Besides, most
of the current research is focused on specific application areas, e.g., transportation infrastructure and
smart cities (for example), renewable/clean energy systems with no overall conceptual framework to
connect mathematical modelling, information and communication technology (ICT) tools and
sustainable development goals.

Finally, the existing research may focus on technical complexity and the use of advanced
computational techniques, which may limit the understanding of the role of the research as a beginner
or from an interdisciplinary background.

Thus, the aim of this review paper is to address the identified gap by offering a conceptual overview
of the basic mathematical models and their integration with information technology towards sustainable
development, as well as the key applications, challenges, and future research directions.
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Table X: Mathematical Models and Sustainability Applications

Model Type Technique IT Tool Application

Statistical Models  |Regression, Time Series|Data Analytics Environmental Monitoring
Optimization Models|Linear Programming  |Cloud Computing Energy Management
Predictive Models  |Forecasting Models IoT Sensors Smart Cities

Decision Models MCDA Decision Support Systems|Policy Planning

Figure 1. Mathematical models, techniques, it tools, and their applications in sustainability and smart
city development.

CONCEPTUAL FRAMEWORK OF MATHEMATICAL MODELS IN IT FOR
SUSTAINABLE DEVELOPMENT

The use of mathematical models allows for a structured method for supporting sustainable development
through analyzing data, optimizing solutions, and making prognostications as shown in Figure 1.

To assess overall environmental conditions, statistical models (e.g., regression, time-series) are
commonly utilized to evaluate climatic behaviors, levels of pollution, and changes to ecosystems.
Optimization models provide for improved allocation and management of resources associated with
renewable energy systems and work extremely well with technology-based solutions, such as cloud
computing and smart grids. Predictive models (along with IoT devices) provide smart city systems with
the opportunity to develop forecasts for transportation, energy utilization, and amount of waste, as well
as to perform energy assessments after implementation. MCDA models are frequently used by public
officials to determine suitable sustainability strategies and to support informed decision making for the
creation of sustainable development outcomes. This relationship serves as the foundation for the
recommended conceptual framework to demonstrate how the various mathematical models interact
with the Information Technology Infrastructure to support sustainability applications and create
sustainable development outcomes.

This framework provides an overview of how mathematical models as well as information
technology support sustainable development as shown in Figure 2. There are three types of
mathematical models (statistical, optimization and predictive) that can be useful for providing analytical
tools for analyzing data, optimizing resources, and forecasting. These models are facilitated by
information technology infrastructure or tools (cloud computing, Internet of Things [loT] devices,
sensors, and analytics) to collect, process and analyze the data in real time. The combination of
modeling techniques and information technology will facilitate key sustainability applications (ex.
smart city management; renewable energy systems; environmental monitoring) that improve the
efficient use of resources, decrease the impact of emissions on the environment, and increase the quality
of life for people living in urban communities. In general, the conceptual framework provides a basis
to demonstrate how the integration of mathematical modelling and information technology creates
effective and sustainable development solutions.

RESEARCH METHODOLOGY

The focus of this systematic review of the literature was to evaluate existing research on how
mathematical models are used within information technologies to promote sustainable development. To
accomplish this, we want to identify, characterize and compile all relevant scholarly publications
assessing the application of mathematical modeling techniques for information technologies used to
support sustainable development.

Data Sources

We used a variety of digital and traditional databases that provided access to many academic
databases, including Science Direct, Springer Link, IEEE Xplore, Taylor & Francis Online, MDPI, and
Google Scholar. Each of these databases was selected due to having a significant collection of peer-
reviewed academic journal articles, conference proceedings, and academic books concerning
information technology, mathematical models, and sustainable development.

© STM Journals 2026. All Rights Reserved 67



Mathematical Models in Information Technology for Sustainable Kaur et al.

Conceptual Framework:
Mathematical models in IT for Sustainable

| Mathematical models | | IT technologies | | Sustainability application | Sustainability development
outcomes

| Statistical models |—>| Cloud computing |—>| Smart cities |—>| Resource efficiency

| Optimization models | | IOT & sensors | | Renewable energy | | Reduced emissions |

| Predictive models | | Data analytics | | Environmental | | Improved quality of life |

I Intergrated solutions for sustainable I

Figure 2. Mathematical model in IT for sustainable development.

Search Strategy

The reviewed articles were based on a combination of relevant terms, including the following:
“Mathematical models and sustainability”
“Incorporating IT in Sustainable Development”
“Optimizing Smart City Models”
“Predictive Models/Enabling Technologies/Environmental Monitoring”
“Mathematical Modeling and Using Renewable Energy Systems”

Each of these was used both individually and in clusters during the review to ensure as robust a data
set as possible was available for documenting the relationship between mathematical models, IT and
sustainability.

Criteria for Selection of Articles

The selection of relevant literature was based on the following criteria:

o The literature must be peer-reviewed; the literature must include appropriate published works
(journal articles, conference papers and academic books) published between 2022 -2025 to
include the most recent research developments.

e Studies must have mathematical models that are functional to the IT or Sustainability Systems
domain.

e Studies must contain topics such as smart cities, renewable energy management, environmental
monitoring and sustainable digital infrastructure.

Any studies that are not related to the subject of mathematical models, or are not related to
sustainability applications will be removed from the analysis.

Analysis of Collected Literature

After collecting the required literature, the selected studies were analyzed to identify the types of
mathematical models used, the application areas of the mathematical models and major contributions
made by the mathematical models. Three different groups of models were created as follows:

o Statistical models for data analysis/environmental monitoring.

e Optimization models for resource allocation/energy management.

e Predictive models for forecasting (environmental/urban).

The comparative literature review table will be created to summarize information such as authors,
year of publication, modeling techniques, application area and key findings of the selected studies.

Research Approach
The analysis was conducted using a qualitative synthesis approach, where the results of different
studies were compared and integrated to identify common patterns, emerging trends, and existing
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research gaps. This approach helps provide a clear conceptual understanding of how mathematical
models support information technology systems in achieving sustainable development objectives.

DATA ANALYSIS AND DISCUSSION

The selected studies were analyzed using a thematic approach to identify how different types of
mathematical models contribute to information technology systems that support sustainable
development. The analysis focused on three main categories of models: statistical models, optimization
models, and predictive models. These models were examined based on their applications in IT-based
sustainability systems such as smart cities, environmental monitoring, and renewable energy
management.

Models of Statistics Used for Sustainability-Oriented Information Technology (IT) Systems

The use of statistical models has become essential to understand the environmental and social data
produced within modern information technology systems. The majority of existing IT platforms drive
the collection of increased amounts of data from multiple sources such as sensors, monitors, or digital
databases. The application of regression analysis, correlation analysis, and descriptive statistics are
means to both interpret the generated datasets and find correlations between various datasets to support
sustainability planning efforts.

For example, many existing environmental monitoring systems apply statistical models to analyze
the amount of pollution, changes in temperature, and patterns of resource usage to quantify changes
from the historical baseline. Governments and organizations use the information from such analyses to
identify and evaluate environmental trends and assess how policy changes intended to reduce pollution
or improve the efficiency of resource use will be successful.

As smart cities emerge, the information from innovations in traffic systems, energy consumption,
and waste disposal will continue to be used to support evidence-based decisions based on statistical
analysis of the datasets being generated as part of their operations [4].

Thus, it can be concluded that statistical analysis provides the underpinnings to many existing
sustainability-oriented IT solutions because it provides a reliable means for understanding complex
datasets as well as providing support for evidence-based decision making.

Optimization Models for the Effective Utilization of Resources

Optimization models are commonly utilized throughout the world of Information Technology (IT) in
order to effectively utilize resources while also minimizing total costs and environmental impacts. In
addition to optimizing resources, these types of models are used to find solutions with respect to
operational constraints such as the amount of energy available, financial limits on operations, or limits
to the capacity of the available infrastructure.

Moreover, optimization models are frequently used within the realm of renewable energy
management systems to facilitate a sustainable future; for instance, mathematical optimization
techniques (e.g. linear programming) can be employed to allocate energy resources among various
sectors and/or species; likewise, optimization models can help maximize a data centre’s efficiency
through either reducing its energy consumption and/or optimizing its server utilization [13].

A review of the literature shows that optimization techniques are necessary for the functioning of a
truly sustainable digital infrastructure. The lessen resources used will increase operational efficiency as
well as promote overall sustainability in the digital infrastructure.

Forecasting Future Trends Using Predictive Models

Predictive models are vital in the prediction of trends in the future and supporting long-term planning
in relation to sustainability initiatives. These models build on historical data in the creation of estimates
of the future.
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In the IT systems realm, predictive modeling is frequently performed using time-series or machine
learning techniques. One example of this type of use is in smart grids when predictive models are
utilized to forecast energy demand; this allows for improved distribution of energy and less wasted
energy. Similarly, predictive modeling is utilized in urban management systems to anticipate traffic
congestion and optimize transportation networks.

The literature reviewed as part of this research supports the conclusion that predictive modeling
facilitates proactive decision-making. This allows decision makers and others to develop strategies prior
to experiencing issues, as opposed to waiting until the issue arises before taking action [14].

Integration of Mathematical Models with Information Technology

Through analysis, it was determined that mathematical models are much more beneficial if backed
by modern IT systems than traditional models without modern IT backing. Information technology acts
as a means to collect, store, and process large volumes of data; mathematically based models provide
analytic mechanisms for interpreting that data.

Many modern technologies such as cloud computing, sensor networks, and real-time monitoring or
tracking systems have allowed practical implementation of mathematical models in sustainability
settings. An example is smart cities where sensor-generated data, along with predictive algorithms, can
be used to more efficiently manage traffic and energy consumption [15].

Thus, integrating mathematics with information technology illustrates how mathematics and
Information Technologies are complimentary in support of their shared goal of achieving sustainable
development.

Overall Discussion

Mathematical models can be very important in helping to achieve sustainable development using IT-
based systems. Statistical models can help understand the current status of sustainability; optimization
models can increase the efficiency of resource use and predictive models can prepare for future
problems.

The majority of modern studies are now beginning to focus on using advanced methods such as
machine learning and digital twins, but basic mathematical models still form the foundation for these
more complex systems. Basic mathematical models provide the fundamental analytical framework for
making decisions about sustainability and supporting these decisions with research-based evidence.

Finding consistent information about how mathematical models are used in support of sustainable IT
infrastructure is difficult. Most studies that examine the use of mathematical models are based on a
specific application rather than a coordinated approach to how mathematical models can be used in
sustainable information technology infrastructure. More research needs to be carried out to ascertain
how different techniques of modeling can be integrated in the general sustainable frameworks.

In conclusion, the successful union between mathematical modeling and information technology
could bring positive consequences in the management of resources in the future, and thus the
achievement of sustainable development goals globally.

KEY FINDINGS/APPLICATIONS OF MATHEMATICAL MODELS IN IT FOR
SUSTAINABLE DEVELOPMENT

Supporting the achievement of sustainable development comes from the use of many different kinds
of information technology applications that implement mathematical model systems. Organizations and
governments alike have the ability to improve overall resource management through a combination of
mathematical analysis (or mathematical modeling) and the use of current digital technologies.
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Furthermore, organizations and governments can lower environmental impacts and develop long-term
strategies for achieving sustainability by having integrated mathematical model systems with IT
systems. In addition, through efficient mathematical model processing, organizations and governments
can make use of predictive analysis to support effective decision-making for multiple sectors associated
with sustainability.

Mathematical Modeling in Smart City Systems

The use of Information Technologies (IT) is fundamental to the operation of smart cities, where they
support the efficient management of urban services and infrastructure. The analysis of vast amounts of
data collected by digital monitors (including sensors and cameras) found in urban areas uses
mathematical models. Mathematical techniques that include statistical and predictive modeling are used
to examine such data as traffic flows, energy use, and public transportation.

Mathematical models that provide time series forecasts of arterial road congestion during peak travel
periods can assist cities with their transportation planning activities. In addition, optimization models
can be used to improve the management of the distribution of energy in cities and for the collection of
refuse.

Through the application of these models, smart city systems can increase resource efficiency, mitigate
traffic congestion, and decrease the negative impact of urban activities on the environment, which will
promote sustainable urban development.

Modeling Approaches for Renewable Energy Management

Renewable energy systems (wind, solar and hydro) require efficient management practices in order
to supply reliable power and optimize their respective resources. The design and administration of
renewable power systems can be performed using mathematical models to forecast, schedule and
allocate renewable energy resources.

Predictive models can be applied to forecast both the future demand for energy and the anticipated
generation of renewable energy by applying historical usage patterns with current and forecasted
meteorological conditions. The allocation of energy resources across geographic regions and sectors
can then be performed using optimization approaches, such as linear programming.

The integration of these models with real-time data communication systems within an IT framework
enables municipalities to deliver reliable, value-added services to their citizens while also using their
resources efficiently.

Mathematical Modeling for Environmental Monitoring

Mathematical modeling and Information Technology will also greatly help in tracking the
environment and promoting sustainable development goals through three main areas: Environmental
Monitoring, Statistical Analysis of Environmental Data, and Predictive Modeling. Sensors, satellites,
and other monitoring devices collect environmental data for many different parameters (e.g. air quality,
water quality, and temperature) using Information Technology systems.

Statistical analysis of environmental data will allow scientists and decision makers to identify trends
and patterns in environmental data, including increases in carbon emissions, changes in temperature
(increased temperatures in winters vs. summer's), and resource use (e.g., the rate at which people drink
freshwater). By using statistical analyses and predictive modeling tools scientists and decision makers
will evaluate how the environment is presently performing and will evaluate how successful existing
environmental legislation is at protecting the environment.

Finally, with the help of information technology and mathematical modeling, authorities will use
predictive modeling tools to analyze the risks that are associated with environmental issues such as:
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sudden spikes in air pollution, the contamination of drinking water etc. The ability to predict and
evaluate the potential impacts of environmental issues enables policy makers/authorities to take pro-
active approaches for developing effective Environmental Management Strategies.

Optimization Models for Sustainable Digital Infrastructure

Rapid digital technology growth has drastically increased the demand for data centers, as well as
cloud computing systems and network infrastructure. All of these consume a large amount of energy
and this has created a concern for environmental sustainability.

Mathematical optimization models can be used to improve the efficiency of digital infrastructures by
minimizing energy consumption while providing better system performance. For example, optimization
techniques can be used for the efficient allocation of computing tasks across servers in a data center,
thereby minimizing wasteful energy use.

Information Technology (IT) systems can be used to monitor energy consumption patterns and utilize
predictive modeling to help optimize both cooling systems and the distribution of power within data
centers. By increasing the efficiency of digital infrastructures, mathematical optimization models will
help facilitate the establishment of "greener" and more sustainable IT systems.

Decision Support Systems for Sustainable Planning

Decision support systems are widely used to help governmental bodies and organizations with their
decision-making processes when striving for sustainable development. These systems typically consist
of several methods to evaluate alternative policies or management options including data analysis,
simulation models, and optimization techniques.

As an example, a decision support system may be used to assess the potential environmental impacts
of industrial activity, urban growth, or resource allocation strategies by simulating different scenarios
to aid decision-makers in developing solutions that give equal consideration to preserving the
environment and supporting economic growth.

Thus, the use of mathematical models in conjunction with information technology provides a robust
means of supporting sustainable development planning and resource management.

CHALLENGES AND LIMITATIONS

Integrating mathematical models with information technology helps to advance sustainable
development, however, there continue to be numerous challenges and limitations in this area. These
problems impact the ability to accurately apply mathematical modeling for real-world applications
toward sustainability; they also interfere with the implementation of these types of models and
ultimately, the practical impact of mathematical modeling for sustainable development.

Data Availability and Quality

Data is a key factor with regard to using mathematical models in IT systems. Many applications used
for sustainability rely on large sets of data collected either by sensors or satellites or by a combination
of those and other digital sources. Environmental monitoring is an example of this type of application;
so too is managing a smart city. In many cases, the data from these sources can be incomplete,
inconsistent, or outdated. If the data used to generate statistical and/or predictive models are of poor
quality, then the model will produce inaccurate results. This presents an additional challenge to applying
IT-based sustainability solutions, especially in developing countries, where the supporting
infrastructure for collecting and storing data is limited.

Complexity of Real-World Systems
Real-world problems related to sustainability are complex and have multiple variables, many
uncertainties and interdependence among factors. Environmental, energy and urban infrastructure
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systems interact in complex ways that do not always correspond easily to simplified mathematical
models.

Basic mathematical modeling techniques (e.g. regression, linear programming) provide useful insight
and understanding about the structure of the problem being addressed; however, due to lack of
representation of reality in the real world and due to the complexity and uncertainty of the systems
being modeled, limitations exist in the types of solutions and results obtainable from basic mathematical
models.

Integration with Existing IT Infrastructure

Another challenge in integrating mathematical modelling into the current IT infrastructure is that
many organizations use legacy systems that do not support advanced analytical tools or real-time
processing of data.

Implementing a mathematical model often means getting the right software to support that model,
getting the necessary computing resources to run that model, and ultimately getting the right technical
expertise to make effective use of the model. Some small organizations and developing regions may
not have access to the kinds of technological resources that would allow them to implement
mathematical models, leading to an increase in operating costs and/or creating barriers to the use of
these models.

Computational and Technical Limitations

It is worth noting that most mathematical models, especially optimization models and predictive
models, require a lot of computing resources as well as a complex algorithm. For instance, in order to
manage a smart city or model the climate, a lot of data needs to be processed.

However, if there is no sufficient computing resource available, it is evident that the performance of
the mathematical models will be poor or inefficient. Moreover, it is worth noting that in order to
successfully implement a complex mathematical model, there is a need to have expertise in both
mathematics and information technology.

Limited Interdisciplinary Collaboration

Sustainable development is a multi-disciplinary area (i.e., environmental science, economics, social
science, engineering and information technology), but in many instances, the collaboration between
experts from these various disciplines can be limited.

Thus, mathematical models developed by researchers may not have incorporated considerations of
the social, economic, or policy-related factors that play a role in the sustainability implications of the
models, thereby limiting the applicability of the models to only theoretical use.

Scope Limitations of the Review

This literature review will focus on fundamental or basic mathematical models. Examples of these
are some forms of statistical analysis, optimization techniques, and various types of predictive models
that can be found in the design and implementation of IT systems. More advanced techniques such as
those involving deep learning, complex simulations, and large-scale Al frameworks were not mentioned
in this paper due to space limitations.

In addition, this literature review was conducted using a small number of peer-reviewed research
papers emphasizing conceptual understanding rather than comprehensive empirical analysis (i.e.,
judging the work by how well it has been tested experimentally). Therefore, the conclusions presented
within this literature review should be interpreted as introductory-type information with the intent to
provide breadth of understanding for new individuals (beginners) or for early-career researchers as they
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try to establish their development of mathematical models for transformation related to sustainable
development via IT systems.

FUTURE RESEARCH DIRECTIONS

While many of the mathematical models utilized within IT systems have positively impacted the
overall growth of sustainable development, there is still much opportunity for new research or
refinements in the use of mathematical modeling. As such, future research will have the potential to
expand the application of mathematical modeling through either the integration of more advanced
technologies, better management of relevant data, and/or more comprehensive frameworks that can
apply to sustainability-related initiatives.

Integration with Advanced Artificial Intelligence Techniques

Further studies could be done by integrating simple mathematical models with sophisticated Artificial
Intelligence (AI) and Machine Learning (ML) technology. Traditional mathematical models like
regression and/or optimization theories have sound analytical foundations, but when combined with
intelligent algorithms, will enhance forecasting capabilities and decision-making abilities.

Hybrid examples include statistical models combined with machine learning techniques that can be
used to build better forecasts for energy consumption, environmental hazards, and urban growth
patterns. Hybrid models can provide the basis for more intelligent and adaptable information technology
(IT) systems that will support sustainable development.

Development of Real-Time Data Analytics Systems

As more and more sensors, [oT devices, and digital dashboards become available, research should
focus on developing real-time data analysis systems. Using a combination of mathematical models and
real-time IT infrastructures will allow us to make immediate decisions related to traffic control, energy
allocation, and environmental observation.

Real-time modelling will facilitate rapid detection of changes in the environment and will allow
agencies and organizations to react to sustainability issues more effectively.

Expansion of Sustainable Digital Infrastructure Research

IT companies are consuming an increasing amount of energy due to the rapid advancement of cloud-
based services, data centres, and digital platforms. Future research should explore mathematical
modelling techniques that can create a more sustainable digital infrastructure. Optimization modelling
could be developed further to reduce energy use in data centres and increase the efficiency of resource
allocation in cloud computing environments.

Interdisciplinary Approaches to Sustainability Modeling

Sustainable development includes many complex and interrelated factors combining ecological,
economic and social factors into a single framework for achieving sustainability. Future research should
support cooperative research efforts among scientists and computer models to develop more legitimate
models of sustainability that can be used in the physical, environmental and national domain and support
the modeling efforts of most nations.

Interdisciplinary cooperation can also produce more comprehensive mathematical models
incorporating technical parameters and social or economic variables to achieve sustainability.

Development of Simplified Modeling Frameworks for Beginners

Furthermore, can develop and use simplified and educational modeling approaches to support
training new people, with limited background knowledge, to illustrate how to use mathematical models
in information systems. Current research studies focus on highly sophisticated techniques that can be
difficult for inexperienced researchers to understand.
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Research activities can support cooperative partnerships to develop practical resources for
demonstrating how to develop basic mathematical models to solve sustainability challenges in a variety
of real-world contexts.

Global and Regional Sustainability Studies

Future research activities will also support expanding research efforts to address sustainability issues
in developing countries. Local research can help identify local ecological issues, available resources
and technological capabilities. Once models are developed to reflect local circumstances and are tested,
they will provide researchers with the necessary tools for achieving sustainable development-related
goals.

CONCLUSION

Sustainability relies on the effective management of our environment, economics, and Social
Resources. Technology helps us achieve sustainability by enabling us to collect and utilise data more
efficiently, and also by helping individuals make informed decisions. Using statistical, optimizing, and
predicting model analyses of data helps individuals understand the data and predict the future of
sustainability, thus helping to use resources more effectively. Smart city development, renewable
energy management, environmental monitoring, and creating digital sustainable infrastructures are all
examples of how these types of model analyses are used.

Even with the advantages provided by these types of models, there are still a number of challenges
associated with their use including limited availability of data, the complexity of real-world systems,
and challenges related to integrating models into existing technology infrastructures. Future research
should focus on the integration of mathematical models with new and emerging technologies such as
artificial intelligence (Al), real-time analytics (RTA), and advanced digital systems (ADS). Ultimately,
the combined use of mathematical modelling and Technology will significantly increase the potential
for sustainable and data-driven development strategies.
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