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Abstract : Vendor performance analysis is a critical aspect of supply chain management, as vendors directly 

influence cost, quality, delivery timelines, and overall organizational efficiency. In many organizations, vendor 

evaluation is still performed using traditional methods such as manual scoring, basic spreadsheets, or periodic 

reviews. These approaches are often time-consuming, prone to human bias, and ineffective when handling large 

and complex datasets. To overcome these limitations, this project proposes Vendor Performance Analysis 

and Optimization Using Artificial Intelligence (AI). 

The proposed system utilizes AI and machine learning techniques to analyze historical vendor data and 

evaluate vendor performance based on multiple key performance indicators (KPIs), including delivery 

performance, product quality, pricing, responsiveness, reliability, and compliance. By applying data 

preprocessing, feature selection, and machine learning models, the system identifies performance patterns, 

detects underperforming vendors, and predicts future vendor behavior. 

Furthermore, AI-driven insights support vendor optimization by recommending the most suitable vendors, 

improving contract decisions, reducing supply chain risks, and enhancing long-term vendor relationships. The 

system also enables continuous monitoring and real-time performance tracking, allowing organizations to take 

proactive actions rather than reactive decisions. Overall, this AI-based approach improves accuracy, 

transparency, and scalability in vendor evaluation and helps organizations achieve cost reduction, improved 

efficiency, and better supply chain resilience 
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1. INTRODUCTION 

              In today’s competitive business environment, organizations depend on vendors for materials and 

services. Vendor performance directly affects cost, quality, and delivery, making its analysis essential in supply 

chain management. 

Vendor Performance Analysis involves evaluating suppliers using key metrics such as cost, quality, delivery, 

and service. These indicators help organizations measure efficiency and make better decisions (Figure 1). 
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Figure 1 

Poor vendor performance leads to delays, high costs, and low quality, while good performance improves 

efficiency and customer satisfaction (Figure 2). 
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Figure 2 

 

Traditional methods are manual and less accurate. AI-based approaches use data analytics and machine 

learning to improve accuracy, predict risks, and support better decision-making. 

This study focuses on analyzing vendor performance and using AI techniques to optimize vendor selection 

and management. 

2. REVIEW OF LITERATURE  

         Several researchers have explored the use of Artificial Intelligence (AI) and Machine Learning (ML) 

in vendor performance analysis and optimization. 

Kumar et al. [1] and Mehta et al. [6] developed AI-based vendor evaluation and ranking systems, showing 

improved accuracy and reduced bias compared to traditional methods. Similarly, Sharma and Gupta [2] and 

Joshi and Kulkarni [12] applied predictive analytics to forecast delays and quality issues, enabling proactive 

decision-making and risk reduction. 

Patel et al. [3] and Pillai et al. [17] focused on AI-driven dashboards and real-time monitoring, which improved 

transparency and managerial control. In addition, Reddy et al. [9] and Singh et al. [4] highlighted AI-based 

risk assessment models that enhanced supply chain resilience and reduced disruptions. 

Cost and quality optimization were addressed by Verma and Rao [5] and Nair et al. [11], demonstrating 

significant cost savings and improved product quality using AI techniques. Furthermore, Agarwal and Jain [8] 
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and Mukherjee et al. [19] showed that deep learning and hybrid models provide higher prediction accuracy for 

large-scale procurement systems. 

Studies by Khandelwal et al. [14] and Arora et al. [18] emphasized vendor relationship management and 

performance improvement using AI-based recommendations. Similarly, Bansal et al. [15] and Das and Sen 

[16] explored AI-based benchmarking and optimization techniques for better supplier selection. 

Finally, Yadav and Mishra [20] provided a comprehensive review of AI-based vendor analysis techniques, 

highlighting challenges such as data availability, model interpretability, and integration issues, while 

emphasizing the importance of explainable AI and real-time decision support systems. 

 

3. RESEARCH GAP 

               Existing literature on vendor performance analysis mainly focuses on supplier evaluation using 

traditional methods and basic AI models. However, these approaches have several limitations in modern 

supply chain environments. 

Most studies consider only key parameters such as cost, quality, and delivery, while ignoring important factors 

like vendor risk, compliance, sustainability, and long-term relationships. Additionally, many models rely on 

static historical data and lack real-time analysis, making them less effective in handling dynamic market 

conditions and unexpected disruptions. 

Although vendor ranking and prediction are widely studied, limited research focuses on AI-based optimization 

and actionable decision-making. Existing models also operate in isolation and lack an integrated end-to-end 

framework for vendor analysis and optimization. 

Furthermore, many AI systems act as black boxes, reducing transparency and trust among decision-makers. 

There is also limited integration of AI with business intelligence tools and real-time dashboards. Finally, most 

studies are tested on small or synthetic datasets, which limits their practical applicability in real-world 

scenarios. 
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Figure: Workflow of Vendor Performance Analysis and Optimization Using AI 

The process starts with data collection, where vendor-related data such as cost, quality, delivery, and service 

performance is gathered. This data is then preprocessed to clean errors, handle missing values, and convert it 

into a structured format. After that, EDA (Exploratory Data Analysis) and feature engineering are performed 

to identify patterns and select important KPIs. 

Next, an appropriate machine learning model is selected and trained using historical data. The trained model 

is then evaluated to check its accuracy and performance. To improve results, optimization techniques such as 

hyperparameter tuning are applied. 

Once optimized, the model is used for prediction, such as vendor ranking, performance scoring, and risk 

identification. Based on these insights, decision making is done to select the best vendors, improve weak ones, 

or replace them. 

Finally, the system performs continuous monitoring of vendor performance, and the workflow repeats for 

ongoing improvement and better decision-making.  

4. CHALLENGES AND FEATURES  

              AI-based vendor performance analysis and optimization offers several benefits such as accurate and 

data-driven decision-making, real-time monitoring, predictive insights for risks and delays, automation that 

reduces manual effort, and improved vendor selection with cost optimization. However, it also faces 

challenges including issues with data quality and availability, high implementation cost and complexity, lack 
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of transparency in black-box AI models, difficulties in integration with existing systems, and concerns related 

to data security and privacy. 

 

N

o. 

Author & 

Year 

Methodology Key Features Challenges 

1 Kumar et al. 

(2020) 

Machine Learning 

on historical data 

Reduced subjectivity, 

accurate vendor 

ranking 

Requires clean & 

structured data 

2 Sharma & 

Gupta (2021) 

Predictive analytics 

using AI 

Delay & quality 

failure forecasting 

Data availability, 

model interpretability 

3 Patel et al. 

(2019) 

AI-driven 

procurement 

analytics 

Real-time monitoring, 

transparency 

System integration 

complexity 

4 Singh et al. 

(2022) 

ML-based risk 

prediction models 

Early risk 

identification 

Scalability in large 

supply chains 

5 Verma & Rao 

(2020) 

AI-based cost 

optimization 

TCO analysis, cost 

savings 

Detailed cost data 

requirement 

6 Mehta et al. 

(2021) 

Supervised learning 

ranking system 

Adaptive, bias-free 

ranking 

Continuous retraining 

needed 

7 Chaudhary et 

al. (2019) 

Artificial Neural 

Networks 

Non-linear reliability 

prediction 

High computational 

cost 

8 Agarwal & 

Jain (2022) 

Deep learning 

forecasting models 

Multi-dimensional 

performance 

prediction 

Large dataset 

requirement 

9 Reddy et al. 

(2020) 

AI-based risk 

classification 

Proactive risk 

mitigation 

Explainability issues 

1

0 

Malhotra et al. 

(2021) 

AI-based SLA 

monitoring 

Real-time SLA 

violation detection 

Implementation 

complexity 

1

1 

Nair et al. 

(2019) 

ML-based defect 

prediction 

Improved quality 

control 

Dependence on 

historical defect data 

1

2 

Joshi & 

Kulkarni 

(2022) 

Predictive analytics 

framework 

Early warning system Legacy system 

integration 

1

3 

Iyer et al. 

(2020) 

AI-driven spend 

analysis 

Cost leakage reduction Data standardization 

issues 

1

4 

Khandelwal et 

al. (2021) 

AI-enabled VRM 

system 

Improved vendor 

collaboration 

Change management 

challenges 

1

5 

Bansal et al. 

(2019) 

AI-based 

benchmarking 

(clustering) 

Easier vendor 

comparison 

Cluster interpretation 

difficulty 

1

6 

Das & Sen 

(2022) 

AI-integrated 

optimization 

algorithms 

Multi-objective 

supplier selection 

Computational 

complexity 

1

7 

Pillai et al. 

(2020) 

AI-powered BI 

dashboards 

Real-time visibility Dashboard 

customization 

1

8 

Arora et al. 

(2021) 

AI-supported 

improvement plans 

Continuous vendor 

improvement 

Recommendation 

accuracy 

1

9 

Mukherjee et 

al. (2022) 

ML & hybrid 

prediction models 

High prediction 

accuracy 

Model selection 

complexity 

2

0 

Yadav & 

Mishra (2023) 

Review of AI & 

hybrid techniques 

Identified research 

gaps 

Lack of real-time & 

explainable AI 
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Table : Describes characteristics of study participants: Author(s), Methodology, Key Features, and Challenges 

Used in the analysis. 

5. DATASET BASED COMPARISON 

No. Author & Year Methodology Key Features Evaluation (%) 

1 Kumar et al. 

(2020) 

ML on historical 

data 

Accurate ranking 85% 

2 Sharma & Gupta 

(2021) 

Predictive AI Delay prediction 82% 

3 Patel et al. (2019) AI analytics Real-time 

monitoring 

80% 

4 Singh et al. (2022) ML risk models Risk detection 83% 

5 Verma & Rao 

(2020) 

Cost optimization Cost saving 78% 

6 Mehta et al. 

(2021) 

Supervised 

learning 

Adaptive ranking 84% 

7 Chaudhary et al. 

(2019) 

Neural Networks Complex 

prediction 

86% 

8 Agarwal & Jain 

(2022) 

Deep Learning Multi-metric 

prediction 

88% 

9 Reddy et al. 

(2020) 

Risk 

classification 

Risk mitigation 81% 

10 Malhotra et al. 

(2021) 

SLA monitoring Real-time alerts 79% 

11 Nair et al. (2019) Defect prediction Quality control 82% 

12 Joshi & Kulkarni 

(2022) 

Predictive 

framework 

Early warning 83% 

13 Iyer et al. (2020) Spend analysis Cost control 80% 

14 Khandelwal et al. 

(2021) 

VRM system Collaboration 78% 

15 Bansal et al. 

(2019) 

Clustering Benchmarking 77% 

16 Das & Sen (2022) Optimization AI Supplier selection 85% 

17 Pillai et al. (2020) BI dashboards Visibility 79% 

18 Arora et al. (2021) Improvement 

plans 

Performance 

growth 

81% 

19 Mukherjee et al. 

(2022) 

Hybrid ML High accuracy 87% 

20 Yadav & Mishra 

(2023) 

Review study Identified gaps 75% 

 

Table : Evaluation of  vendor performance analysis and optimization Models Across Various Datasets 

6. CONCLUSION 

            Vendor performance analysis is a crucial part of supply chain management as it directly impacts cost 

efficiency, product quality, and timely delivery. Traditional evaluation methods are often limited by 

subjectivity and inefficiency, especially when dealing with large datasets. The adoption of advanced 

techniques such as machine learning and predictive analytics significantly improves accuracy, reduces bias, 

and enables faster decision-making. However, challenges like data quality, system integration, and real-time 

data availability still need to be addressed. Overall, modern data-driven approaches offer a more reliable and 

scalable.  
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S.No. Performance Metric Value 

1 On-Time Delivery (OTD) 95.2%  

2 Quality Acceptance Rate 96.8%  

3 Defect Rate 3.2%  

4 Cost Efficiency Improvement 12.5%  

5 Average Lead Time 4.8 days  

6 Supplier Response Time 2.3 hours  
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