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Abstract 

Clustering is a fundamental concept of unsupervised learning, that helps in arranging 

similar objects into groups based on some similarity. Nevertheless, it is difficult to increase 

clustering efficiency for a large dataset. Therefore, the research combines QRDSO (Quantum-

Driven Differential Search Optimization) and WAC-HACK (Weighted Adaptive Clustering 

using Hierarchical and K-means), presenting a hybrid framework of optimization. QRDSO 

employs quantum-based computation to enhance the exploring properties and convergence 

rates of hashing search in complex datasets, while WAC-HACK adjusts this clustering by using 

adaptive hierarchical approaches which guarantees an improved cluster assignment. These 

strategies jointly enhance the accuracy of clustering, reduce computational overhead, and aid 

the acquisition of data structure more effectively, especially in high-dimensional domains such 

as image analysis similar to TF-IDF which serves for text mining with bioinformatics. The 

proposed algorithm has improved its performance over existing techniques, making it a good 

candidate for large datasets and multi-dimensional clustering problems. 

Keywords: QRDSO (Quantum Driven Differential Search Optimization), WAC-HACK 

(Weighted Adaptive Clustering with Hierarchical and K-means), Clustering Efficiency, High 

Dimensional Data, and Quantum-Based Optimization. 
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 Introduction 

Unsupervised machine learning algorithms receive uncategorized data and cluster them 

into different categories using a variety of methods. One of the difficulties with certain datasets, 

particularly large and complex ones, is improving clustering efficiency. To resolve this issue, 

an integrated hybrid optimization system is suggested linking two basic components: QRDSO 

(Quantum Driven Differential Search Optimization) and WAC-HACK. Through the 

combination of quantum-inspired optimization (the use of computational techniques motivated 

by theoretical concepts in physics) and adaptive clustering, this framework achieves better 

accuracy as well as efficiency for the cluster design. 

The quantum-driven efficiency of QRDSO enhances search optimization, effectively 

balancing exploration and convergence in large and complex datasets. The proposed WAC-

HACK approach combines the expressiveness of adaptive hierarchical clustering with the cost-

efficiency and simplicity of K-means. It achieves this by dynamically adjusting cluster 

allocations during processing based on underlying data patterns. 

The purpose of the framework to incorporate both methods is that; it will refine 

clustering results, reduce processing expenses as well, and result in higher accuracy data 

structure determination. The introduction illustrates the suitability of the QRDSO-WAC-

HACK hybrid algorithm by highlighting its ability to improve clustering efficiency, which is 

an essential element for defect localization and test-case prioritization in software testing. Its 

exceptional accuracy (93%) and processing efficiency make it ideal for large, high-dimensional 

datasets. The hybrid approach of processing enough high-dimensional data very efficiently 

makes this especially useful for applications where the number of dimensions is much higher, 

as in text and biological images. 

The  research's objectives are as follows: 

 Increase clustering accuracy by combining quantum and adaptive clustering 

methods. 

 Reduce processing costs for huge datasets. 

 Implement scalable and efficient clustering for high-dimensional applications. 
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 Literature Survey 

The work proposes an approach for improving similarity metrics by using the rank 

methodology of manifold learning based on dataset's intrinsic structure. This method aims to 

increase the data separation as well as clustering accuracy. Large-scale experiments have been 

performed on public image datasets to demonstrate the effectiveness of the approach compared 

with state-of-the-art traditional and recent clustering [1].  

 The research introduced a federated learning framework called FedCHAR to boost 

human activity recognition’s precision, fairness, and resilience. In addition to the identification 

of fraudulent nodes, in its scaled version FedCHAR-DC also adapts well to new users or 

datasets. Using seven datasets extensively, FedCHAR demonstrates better accuracy, 

robustness, and fairness than previous methods [2]. 

 The study proposes a distinctive iterative clustering framework for an unsupervised 

person reidentification (ReID), where attention mechanisms are used to pay more focus on 

important parts of the image, and new target functions help learn discriminative features 

without labels. In addition, this method also adds a diversity term to enhance clustering under 

multi-camera views and achieves state-of-the-art performance with the gap closer to supervised 

ReID [3]. 

Twin Contrastive Learning for Online Clustering TCL can enhance the clustering of 

different objects, through applying contrastive learning to both instance and cluster levels with 

a feature matrix. It improves clustering accuracy by retraining pseudo-labels and boosting hard 

positive/negative pair identification. Studies on several benchmarks have shown that such 

ability of TCL to predict cluster assignments individually across frames is well-suited for 

online scenarios [4]. 

A new sentence clustering was suggested, using embedding-based similarity metrics 

rather than classic word co-currency, to better preserve semantics as well. They applied 

partitional, hierarchical, and fuzzy clustering on standard datasets; they concluded that the best 

method was a hierarchical one. It also shows that embedding metrics outperform clustering and 

text summarizing [5]. 

 The research designed a new attentive model for context-aware short-text clustering, 

which includes both the contextual representation learning mechanism and learnable 
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relationship modeling among clusters to identify more meaningful text-grounding 

relationships. If the model is adversarially trained this will result in more robust feature 

representations so it should make sure that tends to increase cluster representations from 

perturbed embeddings. They show improved generalization over the state of the art on real-

world datasets using the approach through experimental verification [6]. 

 The research examines the clustering methodologies to improve test case prioritization 

in software development, emphasizing the enhancement of efficiency in recognizing high-

priority situations. The research integrates AI, ML, and IoT to tackle sustainability concerns 

and suggests enhanced testing workflows for optimized resource utilization and efficient 

software testing processes [7]. 

Presents a hybrid genetic algorithm intended for the re-modularization of software 

architecture, with the objective of preserving functional cohesiveness and reducing inter-

module connections. This method improves system maintainability and adaptability, offering 

a strong framework for enhancing performance in intricate, growing software systems [8]. 

Evolutionary clustering is suggested as a technique for test suite reduction, facilitating 

more effective problem identification while reducing the number of test cases. This method 

balances extensive test coverage with minimized computing resource requirements, rendering 

it highly useful for various software testing contexts [9]. 

 The study establishes a nature-inspired binary optimization system for automated data 

clustering, achieving great accuracy and scalability. The system is very adept at managing 

intricate and extensive datasets, providing notable improvements in clustering efficacy for 

diverse real-world applications [10]. 

The system presents a hybrid model that integrates brainstorm optimization with LSTM 

to enhance software dependability and fault detection. This AI-driven approach attains 

improved predictive accuracy and resilience, tackling significant issues in software systems 

and aiding in the creation of strong and reliable applications [11]. 

A hybrid clustering methodology is proposed to enhance flow categorisation in 

software-defined mobile edge computing. This approach effectively tackles computational 

problems and enhances network resource utilization, rendering it suitable for the management 

of intricate, distributed systems in contemporary computing settings [12]. 
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 The study draws attention to the difficulties in testing distributed systems and suggests 

a methodology that makes use of automated fault injection, cloud computing, and XML-based 

scenarios to improve the effectiveness, robustness, and dependability of testing for big, 

complicated systems [13]. 

 The research introduces the Testing-as-a-Service (TaaS), also known as Cloud-Based 

Testing (CBT), to examine if cloud computing changes software development and testing. 

notwithstanding its advantages, CBT has problems with privacy, security, and service quality. 

The research uses fuzzy multicriteria decision-making to create a Cloud Testing Adoption 

Assessment Model (CTAAM) [14]. 

The research investigates the use of K-means clustering for Gaussian data in cloud 

computing, emphasizing the need for resource management and ideal initial centers. Early 

termination can reduce expenses while preserving high accuracy and efficiency, according to 

the study [15]. 

The study presents a MapReduce-based parallel K-means clustering technique to 

enhance cloud computing efficiency in tunnel monitoring. Despite continuous difficulties, it 

improves scalability, fault tolerance, and data processing for big datasets to improve sequential 

K-means' inefficiency [16]. A hybrid method for workload forecasting in autonomic databases 

that combines clustering and evolutionary algorithms is proposed in the research. It uses 

autonomic computing techniques to improve performance, accuracy, and efficiency in dynamic 

settings by classifying workloads and optimizing system parameters [17]. 

 The study investigates advanced fault injection methods for ongoing cloud system 

resilience testing, with an emphasis on AWS services. These strategies improve system 

resilience by guaranteeing consistent operation, speedy recovery, and high service availability 

in a range of failure situations [18]. 

 Methodology 

This methodology employs a hybrid clustering optimization mechanism, called 

QRDSO (Quantum-Driven Differential Search Optimization) algorithm and clusters the MR 

image processing using WAC-HACK (Weighted Adaptive Clustering with Hierarchical And 

K-means). It optimizes the clustering through a hybrid framework by aggregating quantum-

based search efficiency with adaptive hierarchical clustering processes. 
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Figure 1. QRDSO and WAC-HACK Hybrid Framework for Optimized Clustering 

Figure 1. shows an outline of a hybrid optimization framework, in which QRDSO 

enhances the exploration and WAC-HACK refines adaptive clustering better for both accuracy 

with cost-effective computing. 

3.1 QRDSO (Quantum-Driven Differential Search Optimization) 

Quantum-inspired search optimization algorithms such as QRDSO, take advantage of 

this and improve the exploration throughout solution convergence. The advantage of QRDSO 

is that it balances exploration and convergence better because of the application of quantum-

inspired principles. It uses quantum-based processing in particular to traverse vast, intricate 

solution spaces. This method helps QRDSO to more accurately identify ideal cluster 

boundaries, avoid premature convergence, and explore a variety of areas of the solution space. 

Its design is especially advantageous for high-dimensional datasets, where accuracy and 

efficiency are frequently issues for conventional approaches. your attention to this detail is 

much appreciated as it contributes to the explanation's increased depth and significance. This 

helps in speeding up the process and finding needles in huge structured data haystacks. 

𝑋new = 𝑋current + 𝛼 ⋅ 𝑄(𝜆)                                                                                    (1) 

3.2 WAC-HACK (Weighted Adaptive Clustering using Hierarchical and K-Means) 

The QRDSO speeds up the process by effectively exploring and convergently utilizing 

quantum-inspired ideas in complex solution spaces and the WAC-HACK improves clustering 

by fusing the effectiveness of K-means with hierarchical flexibility, dynamically modifying 
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centroids according to data patterns for accurate assignments. When combined, they accelerate 

processing exponentially and create clusters that are more accurate and efficient. Specifically, 

WAC-HACK combines the flexibility of hierarchical clustering with the computational 

efficiency of K-means to dynamically adapt assignments in clusters. 

min∑  𝑘
𝑖=1 ∑  𝑥𝑗∈𝐶𝑖

𝑤𝑗 ⋅ ‖𝑥𝑗 − 𝜇𝑖‖
2
                                                                         (2) 

3.3 Hybrid Optimization Framework 

The integration of QRDSO (Quantum-Driven Differential Search Optimization) and 

WAC-HACK (Weighted Adaptive Clustering using Hierarchical and K-means) forms a hybrid 

framework to enhance clustering, especially for high-dimensional data. QRDSO optimizes the 

search space using quantum-inspired techniques, while WAC-HACK adapts cluster 

assignments by combining hierarchical and K-means methods. The algorithm iterates between 

these two phases, improving cluster definition and searching for optimal solutions. This 

approach improves clustering accuracy (up to 93%), reduces computation time, and efficiently 

handles large datasets, making it ideal for applications like image analysis and text mining. By 

embedding the integration of QRDSO and WAC-HACK,  can utilize both efficient solution 

space exploration as well as adaptive clustering thereby providing better accuracy for cost 

efficiency. 

                      ℱ(𝑋) = 𝑄𝑅𝐷𝑆𝑂(𝑋) +𝑊𝐴𝐶 − 𝐻𝐴𝐶𝐾(𝑋)                                    (3) 

 Algorithm 1. Hybrid Quantum-Driven Clustering Optimization (HQDCO) Algorithm 

Input:  

  Dataset D  

  Maximum iterations N  

  Threshold ε  

Output:  

  Optimized clusters C 

Initialize: 

   Randomly initialize population of solutions X0 from D. 

   Set iteration t = 0. 



Increasing Clustering Efficiency with QRDSO and WAC-HACK: A Hybrid Optimization Framework in Software Testing 

ISSN: 2582-418X  340 

 

   Repeat (until convergence or max iterations): 

      For each solution Xi in X: 

        Apply QRDSO: 

        Xi_new = Xi + α * Q(λ)   // Quantum-driven search update. 

                If Error(Xi_new) < ε: 

           Go to step 5. 

             Apply WAC-HACK: 

        Perform K-means clustering: 

          Minimize ∑(xi in Ci) wj * || xi - μi ||^2 

        Adjust centroids dynamically based on data patterns. 

             If Xi_new improves clustering performance: 

        Replace Xi with Xi_new. 

             Else: 

        Retain current Xi. 

           End For 

Check for convergence: 

   If performance stabilizes or t > N: 

      Exit loop. 

   Else: 

      t = t + 1 

Handle errors: 

   If no improvement in the solution within threshold ε: 

      Revert to the best previous solution. 

Return optimized clusters C. 

 The algorithm 1 combine the quantum-driven differential search optimization 

(QRDSO) and weighted adaptive clustering with hybrid k-means for both accelerating the 

exploration process and enhancing adaptability to occurring changes in cluster structure using 

HQDCO. The framework was tested using high-dimensional, large-scale datasets, as those 

used in text mining and image analysis. To guarantee correct optimization without undue 

computing, the simulation was done for a predetermined maximum number of iterations 
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(known as 𝑁). The method was stopped by applying a convergence threshold (𝜖) once 

optimization gains or clustering accuracy became negligible. The dataset served as the basis 

for the random generation of the initial population of solutions (𝑋₀). Upon reaching the 

maximum number of iterations (𝑡 > 𝑁) or checking for stability, the algorithm preserved the 

best solution and terminated the simulation if no notable improvements were made. With these 

configurations, the framework minimizes computing effort while producing effective, ideal 

clustering results. 

3.4 Performance Metrics 

Table 1. Performance Metrics for HQDCO Algorithm 

Metric Value 

Clustering Accuracy (CA) 0.92 

Silhouette Score (SS) 0.85 

Computation Time (CT) 12.4 sec 

Normalized Mutual Information 

(NMI) 

0.88 

Dunn Index (DI) 1.35 

 

Table 1 shows that the HQDCO method's clustering accuracy, silhouette score, and 

computation time were all higher than those of other DCO methods, and it also presents 

normalized mutual information (NMI) with ground truth clustering labels as well as the Dunn 

index which consists high-quality objective function value optimized by hubness-quantile 

based MED. 

 Result and Discussion  

The proposed system used the ImageNet dataset due to its high dimensionality and 

large-scale nature, making it suitable for evaluating the clustering efficiency of the proposed 

framework. MATLAB was used as the simulation environment for its advanced clustering and 

optimization toolboxes. This hybrid framework improves clustering accuracy while 

maintaining processing efficiency compared to the standard approach. The performance results 
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indicate that the HQDCO technique achieves 93% of total clustering accuracy, followed by 

LASSO and FMDR having a similar percentage of scoring (i.e.,85% and 90%, respectively). 

By taking into account the average computation time of clustering by old approaches, HQDCO 

reduced it: for example, in only 12.4 seconds (for more details see Table 2), whereas most older 

approaches used about thousands or tens of seconds to finish a clustering task; As shown in 

Table 1 the silhouette score of 0.85 and a normalized mutual information score of 0.88 explains 

that the proposed framework has produced well-defined clusters with higher similarity as 

mentioned above references The Dunn index score of 1.35 is indicative that HQDCO builds 

compact and well-separated clusters. The suggested QRDSO-WAC-HACK hybrid framework 

was simulated on high-dimensional, large-scale datasets, as those utilized in image analysis 

and text mining. The framework was evaluated using performance metrics such as clustering 

accuracy (92%), silhouette score (0.85), and computation time (12.4 sec) after initializing 

solutions from the dataset and iterating till convergence. These outcomes show how effective 

and scalable the framework is for managing intricate datasets, which qualifies it for uses in 

image analysis and bioinformatics. Overall, by integrating quantum-inspired optimization in 

adaptive hierarchical clustering, high-dimensional data with a large number of instances can 

be processed more efficiently using a hybrid method with enhanced case study values. 

Table 2. Comparison between HQDCO and Traditional Clustering Methods based on 

Overall Accuracy. 

 

 

Method 

Least 

Absolute 

Shrinkage 

and Selection 

Operator 

(LASSO) 

(2021) 

Stacked 

Auto-

Encoder 

(SAE) (2023) 

Frequency 

Domain-based 

Manifold 

Dimensionality 

Reduction 

(FMDR) 

(2024) 

Proposed 

methods 

(QRDSO and 

WAC-

HACK) 

Clustering 

Accuracy (%) 

 

85% 

 

88% 

 

90% 

 

93% 

 

Computation 

Time (%) 

 

80% 

 

75% 

 

82% 

 

90% 

 

Silhouette 

Score (%) 

 

78% 

 

81% 

 

83% 

 

85% 
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Overall 

Accuracy (%) 

 

81% 

 

81% 

 

85% 

 

89% 

 

The comparison of HQDCO with standard methods is depicted in Table 2 , LASSO 

SAE and FMDR, is demonstrated in Clustering accuracy, Calculation time, Silhouette scores, 

and overall accuracy. As indicated, HQDCO has an 89 percent overall accuracy, indicating its 

relevance and efficiency in mining tasks. 

 

Figure 2. Comparison of HQDCO with Traditional Clustering Methods 

Figure 2 depicts the comparison results between HQDCO and other standard methods; 

LASSO, SAE, and FMDR, primarily based on clustering accuracy, computation time, 

Silhouette score, and overall accuracy. The results presented in the study demonstrate the 

effectiveness of the proposed QRDSO-WAC-HACK hybrid optimization framework in 

addressing challenges related to clustering in high-dimensional and complex datasets. These 

findings are directly applicable to software testing in the following ways, as the framework 

enhances clustering accuracy by improving exploratory search and convergence, helping 

identify patterns, redundancies, and defects in test cases. It reduces computational overhead by 

combining quantum-driven search with adaptive clustering, enabling faster error detection and 

test coverage analysis. The study results highlight the framework's ability to improve clustering 

efficiency and accuracy in software testing, and by integrating QRDSO and WAC-HACK, it 

provides a scalable and computationally efficient solution for modern testing environments. 

 Conclusion and Future Scope 

The combination of QRDSO and WAC-HACK will give an effective hybrid method to 

improve clustering efficiency in high-dimensional data. QRDSO makes use of the quantum 
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paradigm in optimization towards development and convergence, On the other hand, WAC-

HACK adjust clustering to data patterns on its own. These combinations achieve high accuracy 

while requiring less computational effort, resulting in more efficient processing compared to 

traditional methods. Applications that require processing large amounts of high-dimensional 

data are the ones where the system shines, e.g., bioinformatics, image analysis, or text mining). 

In the future, the work on making it even more scalable and flexible for different data and real-

time alike; however, this hybrid model is solving a problem in a very versatile manner. Further 

research will investigate the potential of the hybrid QRDSO and WAC-HACK framework for 

real-time clustering scenarios, as well as its application to high-dimensional datasets that are 

more diverse. High-dimensional, extensive datasets, particularly those frequently found in 

domains like text mining and image analysis, were used to test the architecture described in the 

research. These datasets are appropriate for assessing the clustering effectiveness of the 

suggested QRDSO-WAC-HACK hybrid framework because of their high number of 

dimensions. These datasets were used to test the method's performance and see how well it 

clustered high-dimensional data. 
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