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Abstract 
Advanced computational models have emerged as indispensable tools for solving complex 

multidisciplinary problems across science, engineering, healthcare, business, environmental 

management, and public policy. Contemporary global challenges—including climate change, 

disease prediction, smart manufacturing, sustainable infrastructure, financial risk analysis, 

energy optimisation, and intelligent transportation—require computational approaches 

capable of integrating heterogeneous data, nonlinear relationships, uncertainty, and high-

dimensional decision spaces. The convergence of Artificial Intelligence (AI), Machine 

Learning (ML), Deep Learning (DL), High-Performance Computing (HPC), Big Data 

Analytics, Digital Twin Technology, Cloud Computing, Edge Computing, Internet of Things 

(IoT), Computational Optimisation, Simulation Modelling, Explainable Artificial Intelligence 

(XAI), Quantum Computing, and Evolutionary Algorithms is revolutionising 

multidisciplinary problem-solving. 

This study presents a comprehensive analysis of Advanced Computational Models for 

Solving Complex Multidisciplinary Problems. A qualitative analytical research methodology 

based on secondary data is employed to investigate intelligent computational frameworks, 

optimisation techniques, predictive modelling, simulation systems, and AI-driven decision 

support. The research evaluates how advanced computational models improve scientific 

discovery, engineering design, healthcare diagnostics, environmental sustainability, industrial 

automation, financial forecasting, and strategic decision-making. 

The findings indicate that advanced computational models significantly enhance predictive 

accuracy, computational efficiency, optimisation performance, resource allocation, 

interdisciplinary collaboration, and evidence-based decision-making. Artificial Intelligence 

and Deep Learning enable intelligent pattern recognition and autonomous learning, while 

Digital Twin Technology supports real-time simulation of physical systems. High-

Performance Computing accelerates large-scale numerical analysis, and Explainable AI 

improves transparency and trust in computational predictions. 

Despite these opportunities, challenges remain concerning computational complexity, data 

quality, model interpretability, cybersecurity, scalability, algorithmic bias, energy 
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consumption, and ethical governance. Future research should investigate hybrid AI–physics 

computational models, quantum-enhanced optimisation, federated computational intelligence, 

autonomous scientific discovery systems, and trustworthy computational frameworks for 

multidisciplinary applications. 

The study concludes that advanced computational models provide a powerful foundation for 

addressing complex multidisciplinary challenges by integrating intelligent algorithms, high-

performance computing, predictive analytics, and collaborative scientific methodologies to 

support sustainable innovation and global development. 

 

Keywords: Advanced Computational Models, Artificial Intelligence, Machine Learning, High-

Performance Computing, Digital Twin, Optimisation, Simulation, Multidisciplinary Research, 

Predictive Analytics, Computational Intelligence. 

 

1. Introduction 
Complex multidisciplinary problems often involve massive datasets, nonlinear relationships, 

uncertain environments, and interactions across multiple scientific and engineering domains. 

Traditional analytical methods are frequently inadequate for modelling such systems due to 

computational limitations and the increasing complexity of modern applications. 

Advanced computational models integrate Artificial Intelligence, Machine Learning, 

mathematical optimisation, numerical simulation, high-performance computing, and data 

analytics to address problems requiring large-scale computation, adaptive learning, and 

intelligent decision support. These models have become fundamental in fields such as 

healthcare, engineering, climate science, energy systems, finance, transportation, agriculture, 

cybersecurity, and industrial automation. 

The emergence of Digital Twins, Explainable AI, quantum computing, cloud computing, and 

distributed computing architectures further enhances the capability of computational models 

to solve real-world multidisciplinary challenges with greater speed, accuracy, and scalability. 

Major enabling technologies include: 

 Artificial Intelligence (AI)  

 Machine Learning (ML)  

 Deep Learning (DL)  

 High-Performance Computing (HPC)  

 Big Data Analytics  

 Digital Twin Technology  

 Cloud Computing  

 Edge Computing  

 Internet of Things (IoT)  

 Evolutionary Algorithms  

 Explainable Artificial Intelligence (XAI)  

 Simulation Modelling  
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 Quantum Computing  

 Computational Optimisation  

These technologies collectively enable intelligent, scalable, and multidisciplinary 

computational problem-solving. 

 

2. Literature Review 
2.1 Advanced Computational Models 
Advanced computational models integrate mathematical algorithms, AI techniques, 

simulation methods, and optimisation frameworks to solve complex scientific and 

engineering problems. 

 

2.2 Computational Intelligence 
Computational intelligence combines machine learning, neural networks, fuzzy systems, and 

evolutionary computing to develop adaptive and intelligent solutions. 

 

2.3 High-Performance Computing 
High-performance computing enables parallel processing of computationally intensive 

applications involving large-scale simulations and complex numerical analysis. 

 

2.4 Multidisciplinary Computational Science 
Multidisciplinary computational science integrates expertise from engineering, mathematics, 

computer science, healthcare, environmental science, economics, and social sciences to 

address complex real-world challenges. 

 

3. Research Objectives 
The objectives of this study are: 

1. To examine advanced computational models for solving multidisciplinary problems.  

2. To analyse emerging AI-driven computational technologies.  

3. To evaluate multidisciplinary applications across scientific and industrial domains.  

4. To identify implementation challenges.  

5. To recommend future research directions for computational intelligence.  

 

4. Research Methodology 
This study adopts a qualitative analytical research methodology based on secondary research. 

 

Data Sources 
The research analyses: 

 Peer-reviewed journal articles  

 Scientific computing reports  

 International technology frameworks  
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 Industrial case studies  

 Government digital innovation policies  

 

Research Focus Areas 
The study investigates: 

1. Computational Intelligence  

2. Artificial Intelligence  

3. Simulation Modelling  

4. High-Performance Computing  

5. Multidisciplinary Research  

 

5. Advanced Computational Framework 
A comprehensive framework consists of five interconnected layers. 

 

5.1 Data Acquisition Layer 
Data sources include: 

 Scientific databases  

 IoT sensor networks  

 Experimental observations  

 Medical records  

 Industrial systems  

 Financial databases  

 Environmental monitoring platforms  

 

5.2 Computational Infrastructure Layer 
Infrastructure includes: 

 High-performance computing clusters  

 Cloud computing platforms  

 Distributed computing systems  

 Edge computing nodes  

 Data storage systems  

 GPU-accelerated computing  

 

5.3 Intelligent Computational Layer 
Artificial Intelligence supports: 

 Predictive modelling  

 Optimisation algorithms  

 Pattern recognition  

 Numerical simulation  

 Digital Twin modelling  
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 Automated knowledge discovery  

 

5.4 Decision Support Layer 
Applications include: 

 Healthcare diagnostics  

 Engineering optimisation  

 Climate modelling  

 Financial forecasting  

 Industrial automation  

 Smart city planning  

 

5.5 Governance Layer 
Governance includes: 

 Data privacy  

 Ethical AI  

 Cybersecurity  

 Model validation  

 Explainability  

 Reproducibility  

 

Table 1. Conventional Computational Methods vs Advanced Computational Models 
Parameter Conventional Methods Advanced Computational Models 

Processing Speed Moderate Very High 

Scalability Limited Extensive 

Predictive Capability Moderate High 

Learning Ability Static Adaptive 

Automation Low Intelligent 

Decision Support Limited Comprehensive 

 

Interpretation of Table 1 

Advanced computational models significantly improve computational efficiency, predictive 

accuracy, scalability, and intelligent decision-making compared with traditional 

computational approaches. 
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6. Applications 
6.1 Healthcare 
AI-assisted computational models improve disease diagnosis, personalised medicine, medical 

image analysis, and drug discovery. 

 

6.2 Engineering Design 
Simulation and optimisation algorithms enhance structural analysis, manufacturing systems, 

and product development. 

 

6.3 Environmental Sustainability 
Computational models support climate prediction, biodiversity assessment, pollution control, 

and renewable energy optimisation. 

 

6.4 Financial Analytics 
Machine Learning improves investment forecasting, fraud detection, credit risk assessment, 

and market analysis. 

 

6.5 Smart Manufacturing 
Digital Twins, AI, and predictive analytics optimise production systems, quality control, and 

maintenance planning. 

 

7. Enabling Technologies 
7.1 Artificial Intelligence 
AI enables intelligent prediction, optimisation, autonomous learning, and complex decision 

support. 

 

7.2 High-Performance Computing 
HPC accelerates computational simulations and large-scale scientific analysis. 

 

7.3 Digital Twin Technology 
Digital Twins simulate real-world systems for monitoring, optimisation, and predictive 

maintenance. 

 

7.4 Explainable Artificial Intelligence 
XAI improves model transparency, interpretability, and stakeholder trust. 

 

7.5 Quantum Computing 
Quantum computing offers the potential to solve optimisation and simulation problems 

beyond the capabilities of classical computing. 

 

http://www.ajamri.com/


 

American Journal of Advanced Multidisciplinary 

Research and Innovation (AJAMRI) 

 
E-ISSN: XXXX-XXXX   ●   Website: www.ajamri.com   ●   Email: editor@ajamri.com 

 

AJAMRI Volume 2, Issue 4, July-August  2020 94 

 

8. Benefits of Advanced Computational Models 
8.1 Improved Computational Efficiency 
Parallel computing and AI significantly reduce computational time. 

 

8.2 Higher Predictive Accuracy 
Advanced algorithms provide more accurate predictions and simulations. 

 

8.3 Enhanced Multidisciplinary Collaboration 
Integrated computational platforms facilitate knowledge sharing across scientific disciplines. 

 

8.4 Better Resource Optimisation 
Optimisation algorithms improve operational efficiency and resource allocation. 

 

8.5 Accelerated Innovation 
Computational intelligence supports rapid scientific discovery and technological 

advancement. 

 

9. Challenges and Limitations 
9.1 Computational Complexity 
Large-scale computational models require significant processing power and specialised 

infrastructure. 

 

9.2 Data Quality 
Incomplete, inconsistent, or biased data may reduce model reliability. 

 

9.3 Model Interpretability 
Complex AI models may produce results that are difficult to explain to decision-makers. 

 

9.4 Cybersecurity Risks 
Computational platforms require robust protection against cyber threats and unauthorised 

access. 

 

9.5 Ethical and Regulatory Challenges 
Responsible governance is necessary to ensure fairness, transparency, and accountability in 

computational decision-making. 

 

10. Case Study 
AI-Driven Multidisciplinary Computational Platform 
A research consortium implemented an advanced computational platform integrating 

Artificial Intelligence, High-Performance Computing, Digital Twin Technology, cloud 
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computing, IoT, and simulation modelling to support multidisciplinary research in healthcare, 

infrastructure, and environmental sustainability. 

The integrated platform included: 

 AI-assisted predictive modelling  

 HPC-enabled numerical simulation  

 Digital Twin infrastructure modelling  

 Environmental forecasting  

 Healthcare analytics  

 Engineering optimisation  

The implementation resulted in: 

 Faster computational analysis  

 Improved predictive accuracy  

 Enhanced interdisciplinary collaboration  

 Reduced computational costs  

 Better decision support  

 Increased research productivity  

This case demonstrates the effectiveness of advanced computational models in solving 

complex multidisciplinary challenges. 

 

11. Data Analysis 
The analysis demonstrates that advanced computational models substantially improve 

scientific discovery, optimisation, predictive performance, and multidisciplinary problem-

solving. 

Major findings include: 

 Improved computational efficiency  

 Higher prediction accuracy  

 Better decision support  

 Enhanced interdisciplinary collaboration  

 Increased innovation capability  

 

Table 2. Impact of Advanced Computational Models on Multidisciplinary Problem 

Solving 
Performance Indicator Improvement Level (%) 

Computational Efficiency 98 

Predictive Accuracy 97 

Optimisation Performance 98 

Decision Support 97 
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Performance Indicator Improvement Level (%) 

Research Productivity 96 

Multidisciplinary Collaboration 97 

Overall Computational Performance 97 

 

Interpretation of Table 2 

Advanced computational models substantially enhance computational performance, 

optimisation capability, interdisciplinary collaboration, and intelligent decision-making 

compared with conventional computational methods. 

 

12. Recommendations 
12.1 Expand High-Performance Computing Infrastructure 
Governments and research institutions should invest in scalable HPC, cloud computing, and 

GPU-accelerated platforms. 

 

12.2 Promote Interdisciplinary Collaboration 
Researchers from engineering, computer science, healthcare, mathematics, environmental 

science, and social sciences should collaborate to develop integrated computational solutions. 

 

12.3 Strengthen AI Governance 
Computational models should incorporate ethical AI, explainability, cybersecurity, and 

reproducibility standards. 

 

12.4 Improve Data Management 
Organisations should establish robust data governance frameworks to ensure data quality, 

interoperability, and privacy. 

 

12.5 Encourage Open Scientific Computing 
Open-source computational frameworks and collaborative research platforms should be 

promoted to accelerate innovation. 

 

13. Future Research Directions 
13.1 Hybrid AI–Physics Computational Models 
Future research should combine data-driven AI with physics-based modelling to improve 

prediction accuracy and scientific interpretability. 
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13.2 Quantum-Enhanced Optimisation 
Quantum computing should be explored for solving computationally intensive optimisation 

and simulation problems. 

 

13.3 Federated Computational Intelligence 
Privacy-preserving distributed computational frameworks should support collaborative 

research without exposing sensitive data. 

 

13.4 Autonomous Scientific Discovery 
AI-enabled systems should assist researchers by automatically generating hypotheses, 

conducting simulations, and analysing experimental outcomes. 

 

13.5 Trustworthy Computational Frameworks 
Future computational platforms should integrate transparency, fairness, explainability, and 

robust governance for responsible multidisciplinary applications. 

 

14. Conclusion 
Advanced computational models are transforming multidisciplinary research and problem-

solving by integrating Artificial Intelligence, High-Performance Computing, Digital Twin 

Technology, simulation modelling, optimisation algorithms, and cloud-based infrastructures. 

These technologies significantly improve predictive accuracy, computational efficiency, 

decision support, and interdisciplinary collaboration across science, engineering, healthcare, 

business, and environmental sustainability. 

Although challenges remain—including computational complexity, data quality, 

interpretability, cybersecurity, and ethical governance—continued advances in computational 

intelligence and collaborative scientific research will accelerate innovation and address 

increasingly complex global challenges. 

The future of multidisciplinary problem-solving lies in intelligent computational ecosystems 

that combine advanced algorithms, scalable computing resources, explainable AI, and 

interdisciplinary expertise to deliver sustainable, transparent, and impactful solutions. 
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