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Abstract: In multivariable and time-based data analysis, Association Rule Mining (ARM) is crucial because it helps to 

discover new structures and significant associations that have not been observed earlier. Built on top of the 

aforementioned challenges, classical Association Rule Mining (ARM) methods were designed to operate on a static, 

dedicated operational data repository and thus have substantial limitations for dynamic, dispersed, diffuse, and multi-

attribute data systems. We provide a review of the state of the art on multivariate, time-varying relationship patterns from 

1997 to 2024. The research examines multiple methods, such as OLAP-based data extraction, fuzzy association pattern 

retrieval, decentralised extraction structure, multifeatured frequent pattern creation, time-based pattern extraction, real-

time training methods, GAN-based sequential extraction, and a group-enhanced fuzzy time-based extraction framework. 

Moreover, a relative examination of this reviewed method is conducted based on expandability, processing-based 

difficulty, time-based flexibility and extraction performance. The review also recognised significant study gaps, including 

pattern repetition, expandability constraints, elevated numerical burden, and real-time computation challenges. 

Ultimately, upcoming study paths, including smart, flexible extraction, the incorporation of advanced training, and an 

expandable, decentralised, time-based extraction structure, are discussed. The review provides a brief analytical summary 

of contemporary methods for extracting correlation patterns and their implementations in smart multivariable information 

assessment frameworks. 

 

Keywords: Association Rule Mining, Time-based Mining, Multivariable Data Mining, Frequent Pattern Extraction, 

Fuzzy Association Laws, Distributed Extraction. 

 

1. INTRODUCTION 

 

     The accelerated expansion of electronic methods, cloud computing, data processing, Internet of Things (IoT) devices, 

community-based platforms, and smart data frameworks has resulted in a large volume of multivariable, dynamic data. 

Identification Information extraction is an area of IdM that extracts useful Structure, Hidden associations and meaningful 

Data from large-scale data collections. Association Rule Mining (ARM) is a widely utilised data extraction method for 

detecting frequent patterns, dependencies, and associations among data variables in record-based and multi-attribute data 

repositories. 

 

     Classical Association Rule Mining primarily focuses on fixed-record-based data repositories, utilising classical 

methods such as Apriori and the Frequent Pattern Growth Algorithm. Even though these methods achieved significant 

results in commercial purchase set analysis and commercial analytics implementation, they have limitations in optimally 

processing multi-attribute, time-based, decentralised, and ambiguous data [2]. As advanced implementations increasingly 

involve changing temporal sequence data, diverse data sources, and complex variables, investigators have focused on 

developing modern association rule mining methods that enhance expandability, flexibility, and extraction performance. 

 

     The idea of multivariable association pattern extraction was originally proposed to improve the ability to identify 

associations across numerous attributes concurrently. Kamber and others [1] proposed a rule-based extraction structure 

utilising OLAP cubes to retrieve multivariable relationship patterns effectively. Their research created a robust basis for 

the upcoming Multivariable Association Rule Mining study. Later, Kheda and others [2] presented Fuzzy Multivariable 

Association Pattern Extraction Methods for processing ambiguous and real-valued information utilising a fuzzy reasoning 

system and the belongingness method. 
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     Along with this, given the increasing difficulty of extensive data collection, Prasanna and Seetha [3] proposed a multi-

attribute relationship pattern extraction method that constructs a comprehensive, multi-dimensional collection to enhance 

the expandability of extraction and reduce the potential for repetitive creation. Decentralised extraction structures obtain 

significant focus results because of this fast decentralised data repository and Virtual processing framework. Bharadwaj 

Mudumba and Kadir [4] created an architecture that combines separate common sup Patterns in Decentralised systems, 

thus enhancing extraction performance and scalability. 

 

     Recent developments in time-based analysis and the Smart framework have considerably changed association rule 

mining and studies towards adaptive and ordered information systems. Imran et al. [5] suggested a temporal mining 

framework, an automatic time-based relationship pattern extraction architecture for an equipment validation framework 

that can detect time-based operational trends effectively. Similarly, He et al. [6] introduced a web-based training 

architecture for extracting time-based relationship patterns from adaptive multivariable chronological data, enabling 

ongoing pattern modification and flexible training capabilities.  

 

 
Figure 1. Classification of Surveyed ARM 

 

     Synthetic Cognition and the layered training method have additionally improved the time-based relationship Pattern 

extraction method. Hu et al. [7] proposed a generative Adversary time-based Relationship pattern extraction architecture 

capable of training advanced time-based association-derived Multi-dimensional Chronological data. Vineela et al. [8] 

formally compared several association rule mining algorithms in terms of their power to discern strong relationships to 

general patterns across various collection methods. Liu et al. The authors [9] proposed an enhanced field identifier 

categorisation framework using multivariable information analysis and a smart algorithm called 1H, based on already 

existing work done to delineate profiled behaviours. Cao and Ma [10] proposed an approximate time-based relationship 

pattern extraction architecture, based on a concentration grouping improvement method, to enhance pattern accuracy and 

extraction performance in an adaptive time-based system. 

 

     Notwithstanding significant development in multi-variable and time-based association role morning framework, 

various issues, including algorithmic complexity, Expandability constraints, Patent duplication, Adaptive adjustment, 

and time-processing requirements, continue to affect extraction efficiency. Thus, Advantages, Constraints, and Both are 

the parts of the relationship pattern extraction framework. This review article presents a time-ordered examination of the 

multivariable and time-based association rule mining method proposed in 1997, along with the study year, study 

limitations, and forthcoming research directions for a smart information extraction system. 

 

2. LITERATURE SURVEY 

 

     Association rule mining (ARM) has experienced significant development over the past several decades due to the 

rapid growth of multivariable, time-based, decentralised, and future-rich data collection. Researchers have consistently 

suggested improved methods for enhancing pattern retrieval performance, expandability, flexibility and algorithmic 

efficiency. The current section presents a time-ordered survey of a significant study's findings in multivariable and time-

based correlation pattern extraction from 1997 to the current study year. 

 

     Kamber et al. [1] presented a single concern regarding this initial multivariable relationship pattern extraction 

architecture utilising information, a multidimensional architecture, and a meta-level extraction method. Their approach 

substantially enhanced the ability to derive relationship patterns across numerous attributes by combining organised 

information, a multidimensional cube model, and a metadata-driven method for pattern creation. This suggested method 

reduced retrieval complexity and improved extraction performance in a multivariable data repository. This study found 
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that various subsequent association rule mining methods influenced a fundamental framework for extracting 

multivariable relationship patterns. 

 

     To tackle ambiguity and inaccuracy in practical data collection, Kheda et al.[2] suggested a method intended for the 

extraction of multivariable approximate relationship patterns utilising approximate reasoning ideas and belongingness 

mappings. The respective approach converted numerical features into language-based attributes and utilised an 

approximate collection framework to enhance pattern understandability and effectively manage ambiguous data. 

Compared with the conventional two-valued association rule mining method, approximate association rule mining 

demonstrated enhanced adaptability and improved information-modelling ability in multivariable systems.  

 

     As data repository dimensionality and complexity, along with difficulty, grew, the effective creation of common item 

groups became an important issue. Prasanna and Seetha [3] suggested a multivariable relationship pattern extraction 

method based on creating an extensive common multidimensional collection. Their respective architectures focused on 

reducing the potential for repetitive creation and enhancing expandability in multivariate data collection. This suggested 

approach improved extraction efficiency and reduced the algorithmic resource burden associated with an extensive multi-

attribute data repository. 

 

     This appearance of a decentralised processing system additionally enhanced the association rule mining study towards 

a decentralised information extraction framework. Bharadwaj Mudumba and Kadir [4] proposed an architecture to 

combine distinct common trends in decentralised systems. Their approach facilitated the effective extraction of location-

wise, decentralised data collections utilising a concurrent, common-trend combination method. The suggested 

architecture enhances expandability and decentralised computation performance, while decreasing reliance on a unified 

extraction structure. 

 

     Current developments in time-based analysis and smart frameworks have substantially changed relationship pattern 

extraction methods towards adaptive and ordered information systems. Imran et al. [5] introduced ART-Mine, an 

automatic, time-based relationship-pattern extraction architecture developed for an equipment validation framework. 

Their method combined time-based conduct examination with an automated pattern retrieval method to effectively detect 

ordered trends and temporal associations. The suggested framework enhanced the mechanisation capability and time-

based extraction precision in adaptive validation systems. 

 

     Additionally, to enhance flexibility in the consistent development of data collection, He et al. [6] proposed a web-

based training architecture designed for time-based relationships and the extraction of adaptive multivariable 

chronological data. In contrast to the conventional fixed extraction framework, the suggested approach consistently 

revises relationship patterns in response to the arriving time-based information flow. Current flexible real-time training 

method considerably enhances time-based reactivity, expandability, and the ability to develop patterns instantly. 

 

     The combined use of off-the-shelf machine intelligence and layered training methods has further improved time-based 

relationship pattern extraction methods. Hu et al. [7] proposed an adversarial learning-based, time-based relationship-

pattern extraction architecture for the collection of multivariable chronological data. Their method employed a synthetic 

competitive architecture (GANs) to learn advanced time-based relationships and enhance trend-retrieval precision in 

adaptive systems. Empirical results showed enhanced time-based training ability and improved forecasting efficiency 

compared with the traditional time-based extraction method. 

 

     Comparative assessment of association rule mining methods has also received significant research attention in recent 

years. Vineela et al. [8] conducted an empirical examination of numerous relationship pattern extraction methods to 

assess their efficiency in deriving robust and meaningful relationship patterns. Their research compared computational 

efficiency (support, confidence, implementation, and runtime) and extraction performance across various data collection 

scenarios. The outcome emphasised the advantages and constraints of different association rule mining methods 

throughout various evaluative systems. 

 

     The implementation of multi-attribute association rule mining methods has increased towards smart categorisation, 

framework and information security analysis. Liu et al. [9] suggested that a multi-attribute information-combination 

architecture improved field-designation categorisation. Their method integrated multivariable evaluation techniques with 

smart categorisation methods to enhance field classification precision and the performance of combining diverse 

information. This research showed the suitability of the association rule mining framework in developing a smart 

evaluative field. 

 

     Currently, Cao and Ma [10] suggested an architecture intended for approximate time-based relationship pattern 

extraction, based on a concentration grouping improvement method. Their approach combined grouping improvement 
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with approximate time-based extraction methods to reduce pattern recognition and enhance extraction precision within 

adaptive time-based data collection. The suggested architecture showed enhanced algorithmic performance and improved 

time-based retrieval efficiency. 

 

     Generally, the development of the relationship pattern extraction method shows a progressive shift starting from a 

conventional multivariable pattern retrieval architecture towards a smart, flexible, decentralised, and time-based 

extraction framework. Initial research mainly concentrated on multivariable information cube evaluation and 

approximate pattern retrieval. In comparison, the present work emphasises live training, time-based evaluation, and a 

composite of machine learning, but as an augmentation to the extraction architecture. Notwithstanding the same 

dissertation efforts, challenges such as algorithmic complexity, limited scalability, repetitive pattern sampling and on-

time competition needs remain in effective, extensive relationship pattern-extraction frameworks. 

 

 
Figure 2. Evolution of Association Rule Mining 

 

3. COMPARATIVE ANALYSIS OF SURVEYED METHODOLOGIES 

 

       Relationship pattern extraction methods have evolved notably, moving from conventional multivariable extraction 

architectures to a smart, time-based, and flexible extraction framework. The retrieved research shows significant 

enhancement in expandability, time-based flexibility, decentralised computation and smart pattern creation. This part 

introduces a comparative examination of the chosen methods, based on the extraction method, algorithmic performance, 

expandability, flexibility, and significant constraints. 

 

      The first multivariable relationship pattern extraction framework heavily relied on identifying relationships among 

multiple attributes in an orderly manner using an organised data repository model. Kamber et al. have proposed a system 

architecture for extracting dimensional and non-dimensional multivariable sets, driven by metadata and based on an 

information OLAP cube [1]. The methodology improved performance on the multivariable pattern retrieval task and 

reduced retrieval complexity across a large-scale data space. The other dimension of this, of course, is that the burden on 

algorithmic resources grew quite considerably as the dimensionality of data collection improved. 

 

       In dealing with vagueness & imprecise information modelling, Kheda et al. Other work guaranteed late by drawing 

up approximation maps and characteristic expectations of attributes for connection designs extraction with multivariable 

relationships [2]. This architecture improved the system's handling of ambiguous data and provided better visibility into 

the patterns. But generating approximate patterns further complicated the algorithms and made them take longer to 

compute than the conventional association rule mining framework. 

 

      In the early SDDS design, it was limited to three attribute data. As multivariable data collection continued to evolve, 

Prasanna and Seetha [3] proposed multi-attribute relationship patterns extraction by developing a comprehensive 

common open-access input-output central-data micro-device (i.e. This also allowed us to minimise redundancy and allow 

for better scalability in a large production data store. Although extraction performance improved, it was designed for 

multivariable data collection and became less efficient with highly extensive, heterogeneous systems. 
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Figure 3. General ARM Workflow 

 

       A decentralised relationship pattern extraction architecture is proposed for enhanced expandability and decentralised 

information competition capability. Bharadwaj Mudumba and Kadir [4] developed an architecture to combine distinct 

common trends in decentralised systems. Their method facilitated effective decentralised extraction through concurrent 

computation, methods, and reliance on a unified, decentralised algorithm. Although coordination, intricacy and 

interaction resource burden among decentralised units persisted as important issues. 

 

      Current association rule methods have progressively emphasised time-based and adaptive information extraction 

systems. Imran et al. [5] suggested a temporal mining framework, an automatic time-based relationship pattern extraction 

architecture developed for an equipment validation framework. Their approach efficiently derived ordered operational 

trends and time-based association originating from adaptive data collections. Even though time-based extraction 

performance was significantly enhanced, flexibility in handling constantly evolving information flows was limited. 

 

      To improve adaptive training capabilities, He et al. [6] presented a real-time training architecture for extracting time-

based relationship patterns in adaptive multidimensional temporal data collection. In contrast to fixed extraction methods, 

the proposed architecture continuously revises the relationship pattern associated with the arrival time based on the data 

flow. Current flexible training method, enhanced in statistical, computational, and time-based reactivity; however, it 

requires greater storage usage and additional algorithmic requirements. 

 

      The combination of synthetic machine intelligence and advanced training methods additionally enhanced the time-

based association rule mining framework. Hu et al. [7] suggested an adversarial learning (GANs)- based, time-based 

association pattern extraction architecture for multivariable temporal data collection. Their approach employed 

Generative Adversarial Networks (GANs) to enhance time-based trend, training and forecasting efficiency. Empirical 

observations showed enhanced smart-train retrieval capability. Contrasted to traditional time-based association rule 

mining methods. However, GAN-based frameworks required greater algorithmic support and comprehensive learning 

data. 

 

Researchers Vineela et al. [8] conducted an empirical comparative analysis of association rule mining methods, 

evaluating extraction algorithms based on support, confidence, runtime, and pattern efficiency. Their research 

emphasised the advantages and constraints of various association role mining methods within changing data collection 

circumstances and evaluation systems. Comparably, Liu et al. [9] combine multivariable information analysis with smart 

categorisation. Framework intended for the designation of developed application areas and categorisation. Their 

architecture enhanced labelling, precision, and performance in combining diverse information. But indeed, multi-faceted 

data preparation methods. Currently, Cao and Ma [10] have proposed an approximate time-based relationship pattern and 

an extraction architecture based on concentration-grouping improvement methods. Their approach combined 

improvements in grouping with approximate time-based extraction methods to reduce pattern duplication and improve 

extraction accuracy. Although algorithmic performance was substantially enhanced, the grouping improvement 

introduced additional computational difficulty during extensive time-based data collection. 
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Technique 
 

Scalability 

Temporal 

Support 

Computational 

Complexity 

Mining 

Accuracy 

Traditional 

ARM 
Medium Low Low Medium 

Fuzzy 

ARM 
Medium Medium Medium High 

Distributed 

ARM 
High  Medium High High 

Temporal 

ARM 
High  High High High 

GAN-

Based 

ARM 

Very High 
Very 

High 
Very High 

Very 

High 

Table A: - Performance Comparison of Survey Techniques. 

 

 
Figure .4. Comparative performance analysis of surveyed association rule mining techniques based on scalability, 

temporal support, computational complexity, and mining accuracy. 

 

This kind of comparative study shows that higher-association rule mining approaches currently emphasise intelligent 

regulation training, adaptability to real-time algorithms according to present-day needs, decentralisation for extraction, 

as well as multivariable analysis for functionality. Although public techniques greatly enhance extraction speed and 

extendibility, there are nevertheless major challenges in advanced multivariable and time-based relationship-structure 

removal, including algorithmic complexity, existing pattern redundancy, real-time adaptation, dramatisation, and 

resource utilisation. 

 

4. MATHEMATICAL FOUNDATION OF SURVEYED METHODS 

 

       This reviewed relationship pattern extraction method employs numerous quantitative metrics and optimisation 

operations to identify significant trend generation in multivariate and time-based data. The most frequently utilised 

models remain as follows. 

 

A] Support 

       Support evaluates the current incidence rate and data item collection in a single data repository. It raises concerns 

about the essential measures employed in relationship pattern extraction for detecting common data collection 

[1],[3],[4],[8]. 

 

𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝐶 → 𝐷) =
𝐶𝑜𝑢𝑛𝑡(𝐶 ∪ 𝐷)

𝑁
 

 

Where N denotes the overall count of records. 

 

B] Confidence 

Confidence determines the dependability and forecasting capability of a relationship pattern and is widely used for pattern 

selection and assessment [1],[3],[8]. 
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𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 (𝐶 → 𝐷) =
𝑆𝑢𝑝𝑝𝑜𝑟𝑡 (𝐶 → 𝐷)

𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝐶)
 

 

Greater reliability measures the association among data item collections. 

 

C] Lift 

Lift evaluates the relationship between the preceding item and the resulting items, and collection and assists in detecting 

significant relationships exceeding arbitrary joint occurrence [1],[8]. 

 

𝐿𝑖𝑓𝑡(𝐶 → 𝐷) =
𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝐶 → 𝐷)

𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝐶) × 𝑆𝑢𝑝𝑝𝑜𝑟𝑡(𝐷)
 

 

A lift metric higher than unity indicates a favourable relationship. 

 

D] Fuzzy Membership Function 

Fuzzy relationship pattern extraction, inclusion operations for managing ambiguity and real- valued features efficiently 

[2],[10]. 

𝜇𝐴(𝑥): 𝑋 → [0,1] 
 

Where 𝜇𝐴 indicates the component's level in the fuzzy collection. 

 

E] Temporal Support 

Temporal (Time-based) relationship rule extraction integrates temporal limitations into trend identification and time-

based association assessment [5],[6],[7],[10]. 

 

𝑇 𝑆𝑢𝑝𝑝𝑜𝑟𝑡 =
𝐶𝑜𝑢𝑛𝑡 (𝐶 → 𝐷)𝑡

𝑁𝑡

 

 

Where 𝑁𝑡 denotes the count of records inside a particular temporal period. 

 

F] GAN optimisation function 

A GAN-based time-based extraction framework utilises a competitive improvement method to learn time-based 

relationships and produce authentic trends [7]. 

 

𝑚𝑖𝑛𝐺𝑚𝑎𝑥𝐷𝑉(𝐷, 𝐺) = 𝐸𝑥[log 𝐷(𝑥)] + 𝐸𝑧[log(1 − 𝐷(𝐺(𝑍)))] 

 

Where G and D denote the producer and classifier architecture, respectively. 

 

 
Figure 5. Mathematical Foundations 

 

5. RESEARCH GAP 

 

     Despite notable developments in multivariable, decentralised, fuzzy, and time-based relationship pattern extraction, 

numerous important scientific deficiencies remain in the present publications. Initial multivariable extraction methods 

[1],[2] face significant algorithmic challenges when handling extensive, multidimensional data. As the number of features 

grows, the exploration domain expands rapidly, leading to reduced efficiency and ineffective pattern formation. 
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     Multidimensional association rule mining methods [3] enhance the creation of common item collections; however, 

they still encounter difficulties with expandability in highly extensive and diverse data collections. Decentralised 

extraction architectures (4), on the other hand, reduce centralised computational load but introduce interaction and 

resource overhead/coordination latency between decentralised units, which can impact the performance of a general 

framework. Time-based association rule mining techniques [5],[6] enhance discovering ordered trends, but like most 

current approaches, they lack the capacity to work with real-time evolving streaming data. Real-time training frameworks 

improve reactivity but increase the data footprint and require regular framework updates, making them unsuitable for 

resource-constrained systems. 

 

      Recent AI-based association rule mining approaches, including our GAN-based framework [7], provide better 

temporal trend mining; however, they incur higher algorithmic costs, lead to learning inconsistencies, and/or require 

high-volume data collection. In addition, as noted in [8], most empirical evaluations of role mining do not standardise 

their assessment architectures, making it difficult to compare methods objectively. Similar to other multivariable 

combination methods [9], more advanced data preparation and attribute design steps are required. Fuzzy time-based 

extraction methods [10] reduce pattern duplication; however, grouping-oriented improvements impose an additional 

algorithmic resource burden. Generally, important scientific deficiencies comprise expandability constraints, real-time 

computation limitations, pattern duplication, elevated algorithmic difficulty, lack of normalised assessment, 

measurement, and ineffective management of adaptive and multidimensional information systems. 

 

 
Figure 6. Research Gap Section 

 

6. FUTURE SCOPE 

 

     The future of ARM: Smart, Flexible and Scalable Extraction ARM based on advanced types of multivariable data 

collection and time. An amalgamation of AI and deep learning methods, including generative adversarial networks, 

attention-based models, and feedback-driven training, can significantly enhance trend detection, accuracy, and the 

modelling of time-based relationships. 

 

     The forthcoming association rule Mining framework shall concentrate on an instantaneous, real-time training 

architecture capable of continuously revising relationship patterns in adaptive information flow systems, free from 

relearning that would arise from the initial stage. This shall remain particularly beneficial in implementations of the 

Internet of Things, medical observation, cybersecurity, and economic analysis. Expandable, decentralised and cloud-

enabled association rules. The mining framework shall play a significant role in the optimal management of extensive 

data collection. The investigation shall additionally concentrate on reducing interaction and resource burden, and 

enhancing simultaneous computation performance in decentralised systems. 

 

      An interpretable and understandable association rule Mining framework shall be developed progressively. Significant 

for guarantee, openness and confidence in judgment implementations. In addition, the resource-efficient and power-

efficient extraction framework shall remain designed and intended for boundary systems and resource-limited systems. 

Further enhancements, such as hybrid system training using Fuzzy, time-based extraction, and grouping of existing data, 

will help provide better, algorithm-adaptable methods in the future. Moreover, privacy- and confidentiality-preserving 

association rule mining methods will still be needed to manage sensitive information in decentralised systems. In 

summary, future research in association rule mining should focus on developing an intelligent, scalable, real-time 

extraction framework with high security for conduct-performance-related analysis across domains. 
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Figure 7. Future Scope Framework 

 

7. CONCLUSION 

 

     This review article provides an extensive, sequential analysis of association pattern extraction (ARM) methods, 

emphasising multivariable and time-based information systems from 1997 to 2024. The research examined a wide variety 

of methods comprising information cube-oriented multivariable extraction, fuzzy relationship pattern extraction, 

multidimensional frequent trend extraction, decentralised association rule mining architecture, time-based relationship 

pattern extraction, real-time training methods, GAN-based smart extraction framework, and fuzzy time-based 

improvement methods. 

 

     The development of association rule mining clearly shows a shift from conventional, fixed, transaction-based 

extraction to more innovative, flexible, and intelligent frameworks capable of handling increasingly complex, evolving 

data collection. Initial methods [1], [2] mainly focused on enhancing multivariable pattern discovery and managing 

information ambiguity, whereas subsequent methods [3], [4] address expandability and decentralised computation issues. 

Current investigation development [5]-[10] emphasises the increasing significance of time-based examination, real-time 

training and artificial intelligence-powered extraction architecture. 

 

      A comparison reveals that although current Association rule mining techniques offer significant improvements in the 

efficiency, precision, and robustness of learnt patterns, numerous challenges remain unexplored, such as higher 

algorithmic complexity, scalability issues in big data processing models, the detection of a broad range of patterns, and 

limitations in real-time processing capabilities. Such challenges underscore the need for a more efficient, resource-

effective and smart extraction framework. In conclusion, it remains an active research topic with significant cross-domain 

applications in the medical and economic fields, as well as in large-scale data analysis, IoT & cybersecurity. In the future, 

developments should be aligned towards training with advanced algorithms for real-time processing of extracted features, 

using explainable artificial intelligence methods that preserve privacy within the extraction framework, thereby building 

a smart relation. 
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