[bookmark: _GoBack]Cluster Analysis Code：
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import os
import jieba
from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.cluster import KMeans
from sklearn.metrics import silhouette_score
from sklearn.decomposition import PCA
import re
import string
from collections import defaultdict

# ===================== Fixing Chinese Character Display and Negative Sign Square Issues in Matplotlib
=====================
plt.rcParams['font.sans-serif'] = ['SimHei', 'Microsoft YaHei', 'PingFang SC']
plt.rcParams['axes.unicode_minus'] = False
plt.rcParams['font.family'] = 'sans-serif'
# ==================================================================================

# Default list of Chinese stop words; can be expanded as needed
DEFAULT_STOPWORDS = set([
    'the', ‘did’, ‘at’, ‘is’, ‘I’, ‘have’, ‘and’, ‘just’, ‘not’, ‘people’, ‘all’, ‘one’, ‘a’, ‘on’, ‘also’,
    'to', ‘say’, ‘want’, ‘go’, ‘you’, ‘will’, ‘be’, ‘not’, ‘see’, ‘well’, ‘yourself’, ‘this’, ‘we’, ‘how many’,
    'can', ‘not’, ‘out’, ‘in’, ‘right’, ‘small’, ‘big’, ‘for’, ‘when’, ‘by’, ‘at’, ‘its’, ‘and’, ‘as well as’, ‘and’,
    'then', ‘with’, ‘or’, ‘where’, ‘because’, ‘and’, ‘it’, ‘also’, ‘again’, ‘more’, ‘most’, ‘very’, ‘too’, ‘still’,
    'exceed', ‘slightly’, ‘slightly’, ‘extremely’, ‘none’, ‘not’, ‘without’, ‘do not’, ‘do not’, ‘not’, ‘not yet’, ‘different’, ‘none’, ‘wrong’, 'right'
])


class ChineseTextClustering:
    def __init__(self, stopwords_path=None):
        if stopwords_path and os.path.exists(stopwords_path):
            self.stop_words = self.load_stopwords(stopwords_path)
            print(f“The stopword list has been loaded from {stopwords_path}, containing a total of {len(self.stop_words)} stopwords”)
        else:
            self.stop_words = DEFAULT_STOPWORDS
            if stopwords_path:
                print(f“The stopword list {stopwords_path} was not found; the default stopword list is being used”)

        self.vectorizer = None
        self.model = None
        self.terms = None

    def load_stopwords(self, file_path):
        stopwords = set()
        try:
            with open(file_path, 'r', encoding='utf-8') as f:
                for line in f:
                    word = line.strip()
                    if word:
                        stopwords.add(word)
            return stopwords
        except UnicodeDecodeError:
            try:
                with open(file_path, 'r', encoding='gbk') as f:
                    for line in f:
                        word = line.strip()
                        if word:
                            stopwords.add(word)
                return stopwords
            except Exception as e:
                print(f"Failed to load the stopword list: {e}")
                return DEFAULT_STOPWORDS

    def preprocess_text(self, text):
        text = text.lower()
        text = re.sub(r'https?://\S+|www\.\S+', '', text)
        text = re.sub(r'<.*?>', '', text)
        text = re.sub(r'[{}]+'.format(re.escape(string.punctuation + '，。！？；：“”‘’【】（）《》')), '', text)
        text = re.sub(r'\d+', '', text)
        words = jieba.cut(text, cut_all=False)
        words = [word.strip() for word in words if word.strip() and word not in self.stop_words and len(word) > 1]
        return ' '.join(words)

    def load_text_files(self, folder_path):
        texts = []
        filenames = []
        for filename in os.listdir(folder_path):
            if filename.endswith('.txt'):
                file_path = os.path.join(folder_path, filename)
                try:
                    with open(file_path, 'r', encoding='utf-8') as f:
                        texts.append(f.read())
                        filenames.append(filename)
                except UnicodeDecodeError:
                    try:
                        with open(file_path, 'r', encoding='gbk') as f:
                            texts.append(f.read())
                            filenames.append(filename)
                    except:
                        print(f"Unable to read the file: {filename}")
        print(f"{len(texts)} TXT files were successfully loaded")
        return texts, filenames

    def vectorize_texts(self, texts, max_features=2000, min_df=2, max_df=0.8):
        self.vectorizer = TfidfVectorizer(
            max_features=max_features,
            min_df=min_df,
            max_df=max_df,
            token_pattern=r"(?u)\b\w+\b",
            ngram_range=(1, 2)
        )
        X = self.vectorizer.fit_transform(texts)
        self.terms = self.vectorizer.get_feature_names_out()
        return X

    def find_optimal_k(self, X, min_k=2, max_k=None):
        if max_k is None:
            max_k = min(X.shape[0] // 3, 10)
            max_k = max(max_k, 2)

        silhouette_scores = []
        inertia_scores = []
        k_range = range(min_k, max_k + 1)

        print(f"Detecting the optimal number of clusters (k ranging from {min_k} to {max_k})...")
        for k in k_range:
            kmeans = KMeans(n_clusters=k, random_state=42, n_init=20, max_iter=500)
            labels = kmeans.fit_predict(X)
            silhouette_avg = silhouette_score(X, labels)
            silhouette_scores.append(silhouette_avg)
            inertia_scores.append(kmeans.inertia_)
            print(f"k={k}, Silhouette coefficient = {silhouette_avg:.4f}, Inertia coefficient = {kmeans.inertia_:.2f}")

        plt.figure(figsize=(15, 6))
        plt.subplot(1, 2, 1)
        plt.plot(k_range, silhouette_scores, marker='o', color='blue')
        plt.xlabel('Number of Clusters k')
        plt.ylabel('Silhouette Coefficient')
        plt.title('Silhouette Coefficient for Different Numbers of Clusters')
        plt.grid(True, linestyle='--', alpha=0.7)

        plt.subplot(1, 2, 2)
        plt.plot(k_range, inertia_scores, marker='s', color='red')
        plt.xlabel('Number of Clusters k')
        plt.ylabel('Inertia')
        plt.title('Inertia Curve for Different Numbers of Clusters')
        plt.grid(True, linestyle='--', alpha=0.7)

        plt.tight_layout()

        # ===================== Automatically Save Images =====================
        plt.savefig("optimal_k_plot.png", dpi=600, bbox_inches='tight')
        print("✅ The chart has been saved：optimal_k_plot.png")
        # =======================================================

        plt.show()

        optimal_k_silhouette = k_range[np.argmax(silhouette_scores)]
        diffs = np.diff(inertia_scores)
        second_diffs = np.diff(diffs)
        if len(second_diffs) > 0:
            elbow_idx = np.argmax(second_diffs) + min_k + 1
        else:
            elbow_idx = min_k + 1

        print(f"Recommended Optimal k-Values for Profile Coefficients: {optimal_k_silhouette}")
        print(f"Recommended Optimal K-Values According to the Rule of Thumb: {elbow_idx}")

        if abs(optimal_k_silhouette - elbow_idx) <= 1:
            optimal_k = optimal_k_silhouette
        else:
            candidates = [optimal_k_silhouette, elbow_idx]
            candidate_scores = [silhouette_scores[k - min_k] for k in candidates]
            optimal_k = candidates[np.argmax(candidate_scores)]

        optimal_k = max(optimal_k, 2)
        optimal_k = min(optimal_k, 10)
        print(f"Best Number of Clusters Based on Comprehensive Recommendations: {optimal_k}")
        return optimal_k

    def cluster_texts(self, X, n_clusters=4):
        self.model = KMeans(
            n_clusters=n_clusters,
            random_state=42,
            n_init=20,
            max_iter=1000
        )
        labels = self.model.fit_predict(X)
        return labels

    def get_distinctive_terms(self, n_words=10):
        cluster_centers = self.model.cluster_centers_
        term_cluster_scores = defaultdict(list)

        for term_idx, term in enumerate(self.terms):
            for cluster_idx in range(cluster_centers.shape[0]):
                term_cluster_scores[term].append((cluster_idx, cluster_centers[cluster_idx, term_idx]))

        term_best_cluster = {}
        for term, scores in term_cluster_scores.items():
            scores.sort(key=lambda x: x[1], reverse=True)
            term_best_cluster[term] = (scores[0][0], scores[0][1])

        cluster_terms = defaultdict(list)
        for term, (cluster_idx, score) in term_best_cluster.items():
            other_scores = [s for c, s in term_cluster_scores[term] if c != cluster_idx]
            if other_scores:
                mean_other = np.mean(other_scores)
                relative_score = score / mean_other if mean_other > 0 else score
                cluster_terms[cluster_idx].append((term, score, relative_score))

        distinctive_terms = {}
        for cluster_idx in cluster_terms:
            sorted_terms = sorted(
                cluster_terms[cluster_idx],
                key=lambda x: (x[2], x[1]),
                reverse=True
            )
            distinctive_terms[cluster_idx] = [term for term, _, _ in sorted_terms[:n_words]]
        return distinctive_terms

    def visualize_clusters(self, X, labels):
        pca = PCA(n_components=2, random_state=42)
        X_pca = pca.fit_transform(X.toarray())

        plt.figure(figsize=(12, 8))
        scatter = plt.scatter(X_pca[:, 0], X_pca[:, 1], c=labels, cmap='viridis', alpha=0.7)
        plt.colorbar(scatter, label='Cluster Label')
        plt.title('PCA Visualization of Text Clustering')
        plt.xlabel('PCA Dimension 1')
        plt.ylabel('PCA Dimension 2')

        # ===================== Automatically Save Images =====================
        plt.savefig("pca_clustering_plot.png", dpi=600, bbox_inches='tight', antialiased=True)
        print("✅ The high-resolution English PCA chart has been saved：pca_clustering_plot.png")
        # =======================================================

        plt.show()
        return X_pca

    def analyze_clusters(self, texts, filenames, labels, n_words=10):
        clusters = pd.DataFrame({
            'text': texts,
            'filename': filenames,
            'label': labels
        })

        print("\nCluster Distribution:")
        print(clusters['label'].value_counts().sort_index())

        print("\nUnique words for each cluster:")
        distinctive_terms = self.get_distinctive_terms(n_words)
        for i in range(self.model.n_clusters):
            print(f"cluster {i}:")
            print(", ".join(distinctive_terms.get(i, [])))
            print()
        return clusters


# Main Program Entry Point
if __name__ == "__main__":
    TEXT_FOLDER = r"E:\Supplementary_Text Files for Cluster Analysis"
    STOPWORDS_PATH = r"E:\Supplementary_HIT Discontinued Terms.txt"

    clustering = ChineseTextClustering(stopwords_path=STOPWORDS_PATH)
    texts, filenames = clustering.load_text_files(TEXT_FOLDER)
    if not texts:
        print("No text file was found to process; the program exits.")
        exit()

    print("Preprocessing text......")
    processed_texts = [clustering.preprocess_text(text) for text in texts]

    print("Extracting text features...")
    X = clustering.vectorize_texts(processed_texts, max_features=2000, min_df=3, max_df=0.7)

    optimal_k = clustering.find_optimal_k(X)

    print(f"Using the Optimal Number of Clusters {optimal_k} Perform clustering...")
    labels = clustering.cluster_texts(X, n_clusters=optimal_k)

    clustering.visualize_clusters(X, labels)

    clusters = clustering.analyze_clusters(texts, filenames, labels)

    print("Files included in each cluster:")
    for cluster_id in range(optimal_k):
        print(f"\nClustering {cluster_id}:")
        cluster_files = clusters[clusters['label'] == cluster_id]['filename'].tolist()
        for filename in cluster_files:
            print(f"- {filename}")

