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ДОДАТОК А  

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б  

РЕАЛІЗОВАНИЙ АЛГОРИМ, ЯКИЙ УЗАГАЛЬНЮЄ 

НАПІВДЕЦЕНТРАЛІЗОВАНУ МОДЕЛЬ 

 

import numpy as np 

from typing import List, Dict, Any 

from sklearn.metrics import silhouette_samples 

from tensorflow.keras.models import clone_model 

 

class ClusterBasedFL: 

    def __init__(self, initial_model, n_rounds=10, n_epochs=3): 

        """ 

        Initialize Cluster-Based Federated Learning. 

         

        Args: 

            initial_model: Compiled Keras model to use as base 

            n_rounds: Maximum number of FL rounds 

            n_epochs: Number of local epochs per round 

        """ 

        self.global_model = initial_model 

        self.W_G = initial_model.get_weights() 

        self.n_rounds = n_rounds 

        self.n_epochs = n_epochs 

        self.cluster_heads = [] 

        self.cluster_weights = [] 

        self.performance_history = [] 

 

    def train(self, clients: List[Dict[str, Any]], validate_set: 

tuple): 

        """ 

        Run cluster-based federated learning. 

         

        Args: 

            clients: List of clients with 'features' and 

'labels' 

            validate_set: Validation data (X_val, y_val) 

        """ 

        # Step 2: Cluster clients (using previous 

implementation) 

        clusters = self._cluster_clients(clients) 

        n_clusters = len(clusters) 

         

        # Initialize cluster heads and weights 

        self.cluster_heads = [None] * n_clusters 

        self.cluster_weights = [None] * n_clusters 

         

        # Step 4-15: Select cluster heads based on silhouette 

scores 

        self._select_cluster_heads(clients, clusters) 
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        # Federated training rounds 

        for round in range(self.n_rounds): 

            print(f"Starting FL round 

{round+1}/{self.n_rounds}") 

             

            # Reset cluster weights for new round 

            self.cluster_weights = [None] * n_clusters 

             

            # Step 17-21: Train each cluster head and aggregate 

weights 

            for cluster_idx in range(n_clusters): 

                head_client_idx = 

self.cluster_heads[cluster_idx] 

                head_client = clients[head_client_idx] 

                 

                # Clone and train model on cluster head 

                cluster_model = clone_model(self.global_model) 

                cluster_model.set_weights(self.W_G) 

                cluster_model.compile(optimizer='adam', 

loss='sparse_categorical_crossentropy') 

                 

                cluster_model.fit( 

                    head_client['features'], 

                    head_client['labels'], 

                    epochs=self.n_epochs, 

                    verbose=0 

                ) 

                 

                # Store updated weights 

                self.cluster_weights[cluster_idx] = 

cluster_model.get_weights() 

             

            # Step 23-25: Aggregate cluster weights 

            self._aggregate_weights(n_clusters) 

             

            # Update global model 

            self.global_model.set_weights(self.W_G) 

             

            # Step 27: Evaluate performance 

            X_val, y_val = validate_set 

            loss, accuracy = self.global_model.evaluate(X_val, 

y_val, verbose=0) 

            self.performance_history.append(accuracy) 

             

            print(f"Round {round+1} - Validation Accuracy: 

{accuracy:.4f}") 

             

            # Step 28: Early stopping check 

            if self._check_convergence(): 

                print("Model converged - stopping training") 

                break 

         

        return self.W_G 



72 

 

 

    def _cluster_clients(self, clients): 

        """Cluster clients using previous implementation""" 

        # Here we would use the clustering algorithm from 

alg2.py 

        # For simplicity, we'll do random clustering 

        n_clients = len(clients) 

        n_clusters = max(2, n_clients // 5)  # Simple heuristic 

        clusters = [[] for _ in range(n_clusters)] 

         

        for client_idx in range(n_clients): 

            cluster_idx = client_idx % n_clusters 

            clusters[cluster_idx].append(client_idx) 

         

        return clusters 

 

    def _select_cluster_heads(self, clients, clusters): 

        """Select cluster heads based on silhouette scores""" 

        # Extract features for silhouette calculation 

        features = np.array([client['features'].mean(axis=0) for 

client in clients]) 

         

        for cluster_idx, cluster in enumerate(clusters): 

            if len(cluster) == 0: 

                continue 

                 

            # Calculate silhouette scores for clients in this 

cluster 

            cluster_features = features[cluster] 

            if len(cluster) > 1: 

                distances = pairwise_distances(cluster_features, 

metric='euclidean') 

                scores = silhouette_samples(distances, 

np.zeros(len(cluster)))  # All in same cluster 

            else: 

                scores = [0.0]  # Single client case 

             

            avg_score = np.mean(scores) 

             

            # Find client closest to average score 

            closest_idx = np.argmin(np.abs(scores - avg_score)) 

            self.cluster_heads[cluster_idx] = 

cluster[closest_idx] 

 

    def _aggregate_weights(self, n_clusters): 

        """Aggregate cluster weights to update global model""" 

        # Simple average aggregation 

        avg_weights = [] 

         

        for layer_idx in range(len(self.W_G)): 

            layer_weights = [] 

            for cluster_w in self.cluster_weights: 

                if cluster_w is not None: 
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                    layer_weights.append(cluster_w[layer_idx]) 

             

            # Average weights for this layer across clusters 

            avg_layer = np.mean(layer_weights, axis=0) 

            avg_weights.append(avg_layer) 

         

        self.W_G = avg_weights 

 

    def _check_convergence(self): 

        """Check if model performance has converged""" 

        if len(self.performance_history) < 2: 

            return False 

         

        # Check if improvement is below threshold 

        improvement = abs(self.performance_history[-1] - 

self.performance_history[-2]) 

        return improvement < 1e-5  # 0.00001 threshold 


