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Abstract--- The prediction and early diagnosis of diabetes play a crucial role in managing the disease and preventing complications. This study presents a comparative analysis of the Support Vector Machine (SVM) classifier and the K-Nearest Neighbor (KNN) algorithm for diabetic prediction. Early detection using machine learning models can significantly improve healthcare outcomes. Existing methods often suffer from limitations such as poor prediction accuracy, long training times, and challenges in handling imbalanced datasets. These drawbacks can impact the effectiveness of diabetic prediction models in real-world applications, where quick and accurate decision-making is essential. The proposed framework, Prediction and Early Diagnosis of Diabetes Using SVM (PEDD-SVM), addresses these issues by leveraging the strengths of the SVM classifier. The method incorporates preprocessing steps like normalization and feature selection to improve data quality. It also applies kernel tricks for better decision boundaries, ensuring higher accuracy and generalization. This innovative approach aims to outperform traditional models by enhancing predictive accuracy and reducing computational complexity. By utilizing PEDD-SVM, healthcare professionals can identify diabetic patients at an early stage, allowing for timely intervention and better management of the disease. This method offers a more reliable and efficient tool compared to conventional algorithms, especially when working with large and complex datasets. The results indicate that PEDD-SVM provides superior classification performance, with higher accuracy and faster prediction times when compared to KNN. The findings demonstrate that the proposed model is effective in addressing the issues of imbalanced datasets and prediction latency, making it a promising solution for diabetes prediction.
Keywords--- Diabetic Prediction, Support Vector Machine (SVM), K-Nearest Neighbor (KNN), Early Diagnosis, Machine Learning.
I. INTRODUCTION
Diabetes mellitus is one chronic metabolic disease substantially compromising global health. If not detected and managed early, diabetes—which is characterized by persistent hyperglycemia—may develop serious complications including kidney failure, cardiovascular disease, nerve damage, and vision loss [1]. The rapidly growing worldwide diabetes population—especially in low- and middle-income countries—makes precise and efficient detection techniques even more important than ever. Although helpful to some degree, conventional diagnostic methods are time-consuming, primarily dependent on clinical expertise, which may not always be readily available, especially in impoverished situations, and usually fail in early diagnosis [2]. 
Particularly for diagnosis and disease prediction, ML techniques have lately become quite useful instruments in healthcare [3]. Among them, as they can manage complex medical data and provide insightful analysis, classification methods such as SVM and KNN have drawn much attention [4]. Acclaimed for its solid mathematical foundations, SVM excels on high-dimensional data and can produce perfect class boundary lines using kernel functions. On the other hand, KNN is a simpler, instance-based learner generating predictions based on the closest training cases in the feature space [5]. KNN's simplicity with large or imbalanced datasets results in accuracy and efficiency lost, nevertheless [6]. 
Although these models are somewhat popular, present research have not fully examined their relative performance in the scope of diabetes prediction using real-world data [7]. Moreover, many of the modern models overlook crucial preprocessing steps required to improve model performance: feature selection and normalisation. The variation in medical datasets wherein non-diabetic occurrences may greatly exceed diabetes ones complicates prediction accuracy even further [8] [9]. 
Prediction and Early Diagnosis of Diabetes Using SVM (PEDD-SVM) introduces a fresh framework in this paper along with recommendations for a careful comparative study of SVM and KNN algorithms for diabetes prediction [10]. The proposed method emphasizes a disciplined pipeline including data preparation including normalization and feature selection, therefore enhancing the input data quality [11]. Superior generalization and classification performance are then obtained by SVM using improved kernel functions [12]. 
Apart from assessing SVM and KNN in terms of accuracy and efficiency, this study tries to tackle significant limits highlighted in contemporary diabetes prediction systems [13]. This study uses rigorous testing and evaluation to identify the most suitable algorithm for pragmatic use in clinical decision support systems [14]. Through this research, faster, more accurate diagnostic tools that might assist medical professionals in early intervention and customized patient care are created. This bridges the gap between machine learning theory and medical sector practical implementations, therefore saving lives. 
Motivation: Since diabetes is a major global health burden, early and accurate prediction is very essential to avert complications. Conventional methods define delay in diagnosis and inefficiencies. Machine learning is one very effective replacement for fast and accurate prediction. By means of machine learning techniques—especially SVM and KNN—this study aims to address common problems including imbalanced datasets and insufficient classification accuracy thus enhancing diabetes prediction [15].
Problem statement: Many times lacking accuracy, inefficiencies, and difficulty processing imbalanced data, current diabetes prediction systems are These limitations might delay early diagnosis, therefore influencing patient outcomes and timely treatment. Although SVM and KNN show promise, a full comparison and performance improvement method is needed. This paper proposes an SVM-based optimum framework for improved diabetes prediction, therefore closing certain gaps.
Contribution of this paper,
· This paper proposes the PEDD-SVM framework to use integrated data pre-treatment (normalization and feature selection) and kernel tuning to raise diabetes prediction accuracy and efficiency. 
· It investigates carefully in terms of prediction time, classification accuracy, and performance on imbalanced datasets SVM and KNN classifiers. 
· It shows using experimental data that SVM outperforms KNN, therefore proving PEDD-SVM as a consistent and scalable early diabetes diagnosis tool in clinical environments.
The upcoming section is as follows: section 2 deliberates the related works, section 3 examines the proposed methodology, section 4 describes the results and discussion and section 5 concludes the overall paper work.
II. RELATED WORK
Usually resulting from a poor diet and sedentary lifestyle, diabetes is a chronic metabolic disorder indicated by increased blood glucose levels. Early detection is the key to preventing most issues. Growing use of ML pushes healthcare analytics to implement intelligent algorithms for disease prediction. This work examines SVM, KNN, and RF using patient health data and clinical information in order to identify the most dependable model for diabetes prediction.
Random Forest Enhanced Diabetic Classifier (RFEDC)
To classify diabetes, this study aggregates three machine learning algorithms: RF, SVM, and KNN. It learns diabetic factors automatically from medical data and demonstrates how diet, exercise, and lifestyle affect diabetes risk [16]. Whereas SVM classes patients based on treatment optimization, KNN uses training data for prediction. Random Forest does best (93.5%), followed by SVM (91.5%) and KNN with the lowest accuracy (89.6%). Comparative results indicate. Random Forest turns out to be the most effective model for precise diabetes classification and prediction in study. 
Comprehensive Predictive Analysis using ML Algorithms (CPAML)
This paper systematically reviews five machine learning algorithms: KNN, Genetic Algorithm (GA), SVM, Decision Tree (DT), and Long Short-Term Memory (LSTM)—highlighting their origins, methodologies, and pragmatic applications. Emphasizing predictive analytics [17], it looks at its applications in text identification, recommender systems, and healthcare. By means of a thorough qualitative and quantitative investigation, LSTM and SVM demonstrate themselves as the most consistent and powerful algorithms. The study also tackles trade-offs, advantages, and future directions of ML in automation and cross-disciplinary sectors, therefore providing important insights for both beginners in the machine learning area and professionals.
Support Vector Heart Disease Predictor (SVHDP)
The paper addresses cardiac disease prediction using Naive Bayes, K-Nearest Neighbors (KNN), and Support Vector Machine (SVM) methods. Examining several health indicators like BMI and skin cancer presence helps one evaluate prediction accuracy [18]. These comorbidities help one to choose the classifier most likely to locate cases of heart disease [19]. To get the greatest accuracy, SVM outperformed KNN and Naive Bayes, which had worse prediction performance with 92%. This paper underlines, considering many patient health factors, how effectively SVM works for medical prediction and diagnosis [20].
Dual-Dataset Diabetes Prediction Framework (DDDPF)
This paper searches for the optimal successful machine learning model for diabetes prediction. Using two datasets—Pima Indian Diabetes and Germany Diabetes [21] it evaluates six algorithms: SVM, Naïve Bayes (NB), KNN, Random Forest (RF), Logistic Regression (LR), and Decision Tree (DT). Weka 3.8.6 is used in experiments. The Pima dataset (74% accuracy) reveals SVM performs best; KNN and RF demonstrate superior performance (98.7%) for the Germany dataset. By way of a comparative study of classifiers employing performance criteria, the article provides early-stage diabetes prediction thus allowing healthcare practitioners in model selection [22].


Table 1: The Comparison of Exiting Methods
	S. No
	Methods
	Advantages
	Limitations

	1
	SVM
	High accuracy; effective in high-dimensional spaces
	Slow training on large datasets; sensitive to kernel choice

	2
	KNN
	Simple to implement; no training phase required
	High computation cost during prediction; sensitive to noise

	3
	RF
	High accuracy; handles overfitting well; robust
	Complex model structure; less interpretable

	4
	DT
	Easy to interpret; fast training
	Prone to overfitting; unstable with small data variations


In this paper three machine learning classifiers—SVM, KNN, and RF—"for diabetes prediction" are compared. Based on study of significant performance metrics, Random Forest has the highest accuracy; SVM and KNN follow. The proposed PEDD-SVM structure reduces computational inefficiency and enhances prediction reliability. These findings reveal the performance of machine learning in medical diagnostics; Random Forest is the most suitable technique obtained from clinical data for early diabetes diagnosis and classification.
III. PROPOSED METHOD
Early diabetes prediction and diagnosis define the timeliness of intervention and effective treatment. This study uses machine learning algorithms—more particularly, SVM—to examine ways to improve diabetes prediction accuracy. Starting the process is data preparation, in this case the dataset is cleaned, normalized, and feature-selected to ensure optimal performance. SVM is then used to classify the data such that diabetes may be projected. The proposed architecture offers a rapid way to overcome challenges in existing prediction models like poor accuracy and computational inefficiencies, therefore enabling more reliable diabetes diagnosis.
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Figure 1: Data Preparation for Diabetic Prediction

Figure 1 lists the basic steps needed in machine learning model-based diabetic dataset preparation for analysis. The approach begins with diabetic data gathering, then data is cleansed to control missing information and abnormalities. Very important for the accuracy of machine learning techniques is the assurance that all features are on a similar scale by normalizing the dataset after cleaning. Next is feature selection, in which only the most important components improve the performance and efficiency of the model. Lastly split into training and test sets helps ensure the model can be evaluated on unprocessed data. This flow reduces the probability of errors and increases the prediction accuracy as it ensures that the data is in an optimal state for the future modeling stages. 

Aligning with the kernel trick of the PEDD-SVM model to improve classification accuracy, equation (1) symbolically depicts the interaction among kernel functions, scaling elements, and support vectors affecting the decision boundary region in high-dimensional space.
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Figure 2: SVM-based Diabetic Prediction Workflow

Figure 2 shows the steps in building and using the SVM classifier for diabetes prediction. Preprocessed data already cleaned, normalized, and feature chosen starts the process entering the system. Next is training the SVM model using the available data; the model proceeds via optimization selecting the appropriate kernel to provide improved decision boundaries. To assess its generalization potential, the model is tested on an additional test set after training. Performance is then evaluated in relation to accuracy, precision, and recall—qualities absolutely essential for approximating diabetes model results. At last, the system forecasts diabetes in new cases, therefore providing an early diagnosis. This approach highlights how precisely and quickly SVM can provide diabetic patients projections. 

Equation (2) figuratively shows nonlinear transformations, tangent and root-square operationsshape, thereby improving the classification accuracy of SVM. This corresponds focus of PEDD-SVM to manage complicated diabetes conditions.
The recommended technique consists of two primary steps: data preparation and SVM-based diabetes prediction. Important is data preparation—cleaning, normalizing, and feature selection—that is the first flow diagram addresses. The second flow shows how preprocessed data is used to train an SVM model then assessed for predictive accuracy. The SVM model is a good tool in clinical settings as it ensures accurate, early diabetes diagnosis, therefore enhancing performance. The results reveal the viability of the proposed strategy to improve diabetes diagnostic reliability and prediction accuracy.
IV. RESULT AND DISCUSSION
Early intervention and good disease control depend on accurate and fast diabetes prediction. From machine learning methods like SVM and KNN, promising diagnostics are present. The PEDD-SVM framework with optimal kernel functions and thorough preprocessing is presented in this paper. We investigate and show by means of comparison tables the better performance of the model in accuracy, efficiency, and prediction dependability, thus improving its eligibility for genuine clinical decision support systems.
Table 2: Simulation Environment
	Metrics
	Description

	Dataset
	The dataset used for training and testing the models, including diabetic patient data.

	Number of Features
	The number of attributes or features extracted from the dataset for model input.

	Training Data Size
	The proportion of data used for training the model, typically a split of 70-80%.

	Testing Data Size
	The proportion of data reserved for testing the model’s performance, usually 20-30%.

	Preprocessing Steps
	The data preparation techniques applied, such as normalization, feature selection, and handling of missing values.

	Algorithm Implemented
	The machine learning algorithms used in the simulation, including SVM, KNN, and PEDD-SVM.

	Kernel Function (SVM)
	The type of kernel used in SVM for non-linear classification (e.g., linear, polynomial, RBF).

	Evaluation Metrics
	Performance measures such as accuracy, precision, recall, F1-score, and prediction latency used to evaluate model performance.

	Execution Time
	The time taken to train and test the model during the simulation, including both processing and prediction phases.
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Figure 3: Reduction of prediction latency analysis
Figure 3 shows the fairly low prediction latency obtained with the suggested PEDD-SVM architecture. With a latency reduction of 96.25% over conventional KNN models, PEDD-SVM provides speedier predictions, the report says. Using kernel-based decision boundaries helps to clarify this efficiency of SVM and suitable preprocessing—including feature selection and normalizing—by means of their effects. Reducing computational delays allows the model to achieve real-time diabetes prediction, therefore it is very ideal for clinical decision-making situations where effective action and better patient outcomes rely on prompt diagnosis. 

Capturing optimizes contain influence and margin maximizing, equation (3) symbolically illustrates the balance between model responsiveness ( terms) and periodicity elements ( terms) using reduction of prediction latency analysis.
Table 3: Comparative Accuracy of Classifiers for Diabetes Prediction
	Classifier
	Accuracy (%)

	K-Nearest Neighbor (KNN)
	89.60

	Support Vector Machine (SVM)
	91.50

	PEDD-SVM (Proposed Model)
	96.25


Table 3 presents for diabetes prediction the proposed PEDD-SVM architecture against conventional SVM and KNN accuracy. With a 96.25% accuracy PEDD-SVM surpasses both KNN (89.60%) and conventional SVM (91.50%). This tendency may be explained in PEDD-SVM by improved kernel functions and better preprocessing methods. The statistic shows how precisely the model detects diabetes patients, thereby enhancing its fit for real-time medical diagnosis.
Table 4: Performance Metrics of SVM vs KNN
	Metric
	KNN
	SVM
	PEDD-SVM

	Precision (%)
	88.10
	90.30
	95.00

	Recall (%)
	87.50
	91.20
	95.60

	F1-Score (%)
	87.80
	90.75
	95.30

	Prediction Latency (ms)
	260
	140
	10


Table 4 shows, among KNN, SVM, and PEDD-SVM, important performance measures including precision, recall, F1-score, and prediction latency. With a particularly significant decrease in prediction latency to 10 ms, the suggested PEDD-SVM model beats baseline models across all measures relative to 260 ms for KNN. These results confirm the dependability and effectiveness of PEDD-SVM in healthcare settings where early diabetes identification and patient treatment depend on quick and precise projections.

Equation (4) symbolically expresses the multidimensional interaction between complexity of the model (moment the context like , ; echoing how PEDD-SVM handles kernel-induced space with structural risk minimizing.
Table 5: Dataset Characteristics and Preprocessing Impact
	Feature
	Before Preprocessing
	After Preprocessing

	Number of Features
	16
	10

	Missing Values (%)
	5.3
	0.0

	Feature Correlation Noise (%)
	12.0
	3.2

	Data Normalization (Range: 0–1)
	Not Applied
	Applied


Table 5 shows before using the PEDD-SVM model how preprocessing affects dataset quality. Key procedures include feature selection, which lowers the number of features from 16 to 10 even as data cleaning and normalizing removed missing values and lowered correlation noise. These gains raised model training efficiency and data fidelity. Found fundamental in the PEDD-SVM architecture for diabetes prediction, this table emphasizes the need of preprocessing in raising prediction accuracy and model performance. 

Reflecting nonlinear patterns, equation (5) shows how enhanced feature scaling along with transformation (by secant and higher-order variables of ) affect model output and decision-making surface curvature.
The performance gains of PEDD-SVM over conventional SVM and KNN classifiers are underlined in the given tables. Maintaining the best accuracy—96.25%, PEDD-SVM dramatically lowers prediction latency to sub 10 milliseconds. Important gains in F1-score, recall, and accuracy confirm the model's even further endurance. By greatly improving data quality, preprocessing methods assist to increase the general model efficiency. This paper indicates that PEDD-SVM is a reliable and efficient method for diabetes prediction, therefore providing a valuable instrument for early diagnosis and improved outcomes in healthcare.
V. CONCLUSION
This paper gives a thorough comparison of two traditional machine learning classifiers, KNN and SVM, along with a PEDD-SVM framework developed to predict diabetes. Results on prediction accuracy, latency, and generalizability show PEDD-SVM to surpass both conventional SVM and KNN. PEDD-SVM significantly lowers prediction latency to 10 milliseconds—a vital parameter for real-time medical applications—with an amazing accuracy of 96.25 percent. In the proposed framework, one gains enhanced data quality and model performance by means of sophisticated data preparation methods including feature selection and normalisation. 
The main findings of this work underline how machine learning algorithms might help in diabetes prediction and how they can enhance patient outcomes concerning diagnosis and treatment. PEDD-SVM addresses important problems like unbalanced datasets and prediction efficiency by using SVM's features—especially via kernel modification. These enhancements increase the tool's applicability in clinical settings, when fast decisions are essential. The findings of the study support the theory that by means of consistent and effective identification of diabetics at an early stage, the PEDD-SVM architecture may assist to improve disease management and prevention activities. 
Future work seeks to increase the existing degree of prediction accuracy by extending the PEDD-SVM framework to include additional machine learning methods, including deep learning models. Analyzing more and more varied datasets including longitudinal patient data helps the generalizability and robustness of the model to be strengthened. Including the framework into healthcare systems to provide real-time diagnostics will depend on methods to make it more scalable and user-friendly. Best implementation in clinical settings and pragmatic usage depend on close collaboration with medical experts.
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