
1   import numpy as np
2   import matplotlib.pyplot as plt
3   import networkx as nx
4   from matplotlib.animation import FuncAnimation # Unused in this code, but kept
5   from collections import deque
6   import random # Unused in this code, but kept
7   
8   class GraphVisualizer:
9   """
10       A comprehensive class for visualizing:
11       1. Six Degrees of Separation
12       2. Fractals (Sierpinski Triangle, Koch Snowflake, Tree)
13       3. Mandelbrot Set
14       """
15   
16   def __init__(self):
17   pass # Removed unused self.fig, self.ax
18   
19   # ==================== SIX DEGREES OF SEPARATION ====================
20   
21   def create_small_world_network(self, n=100, k=6, p=0.1):
22   """
23           Create a Watts-Strogatz small-world network
24           n: number of nodes
25           k: each node connected to k nearest neighbors
26           p: probability of rewiring
27           """
28   G = nx.watts_strogatz_graph(n, k, p)
29   return G
30   
31   def visualize_six_degrees(self, start_node=0, target_node=50):
32   """
33           Visualize the six degrees of separation concept
34           """
35   # Create small-world network
36   G = self.create_small_world_network(n=100, k=6, p=0.1)
37   
38   # Validate nodes
39   if start_node not in G or target_node not in G:
40   raise ValueError("Start or target node not in graph")
41   
42   # Find shortest path
43   try:
44   path = nx.shortest_path(G, start_node, target_node)
45   path_length = len(path) - 1
46   except nx.NetworkXNoPath:
47   print("No path exists between nodes")
48   return
49   
50   # Create figure
51   fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(16, 7))
52   
53   # Left plot: Full network with highlighted path
54   pos = nx.spring_layout(G, seed=42)
55   
56   # Draw all nodes and edges
57   nx.draw_networkx_edges(G, pos, alpha=0.1, ax=ax1)
58   nx.draw_networkx_nodes(G, pos, node_color='lightblue',
59   node_size=100, ax=ax1)
60   
61   # Highlight the path
62   path_edges = list(zip(path[:-1], path[1:]))
63   nx.draw_networkx_edges(G, pos, edgelist=path_edges,
64   edge_color='red', width=3, ax=ax1)



65   nx.draw_networkx_nodes(G, pos, nodelist=path,
66   node_color='red', node_size=300, ax=ax1)
67   
68   # Highlight start and end
69   nx.draw_networkx_nodes(G, pos, nodelist=[start_node],
70   node_color='green', node_size=500, ax=ax1)
71   nx.draw_networkx_nodes(G, pos, nodelist=[target_node],
72   node_color='orange', node_size=500, ax=ax1)
73   
74   ax1.set_title(f'Six Degrees of Separation\nPath Length: {path_length} degrees',
75   fontsize=14, fontweight='bold')
76   ax1.axis('off')
77   
78   # Right plot: BFS visualization showing degree levels
79   self._visualize_bfs_levels(G, start_node, ax2)
80   
81   plt.tight_layout()
82   plt.savefig('six_degrees_separation.png', dpi=300, bbox_inches='tight')
83   plt.show()
84   
85   # Print statistics
86   self._print_network_stats(G, path_length)
87   
88   def _visualize_bfs_levels(self, G, start_node, ax):
89   """
90           Visualize BFS levels from start node
91           """
92   # Perform BFS to get levels
93   levels = {start_node: 0}
94   queue = deque([start_node])
95   
96   while queue:
97   node = queue.popleft()
98   for neighbor in G.neighbors(node):
99   if neighbor not in levels:
100   levels[neighbor] = levels[node] + 1
101   queue.append(neighbor)
102   
103   # Create radial layout for better level visualization
104   pos = nx.spring_layout(G, seed=42) # Kept for consistency; could switch to 

nx.shell_layout for radial
105   
106   # Color nodes by level
107   max_level = max(levels.values()) if levels else 0
108   colors = [levels.get(node, 0) for node in G.nodes()]
109   
110   nx.draw_networkx_edges(G, pos, alpha=0.2, ax=ax)
111   nodes = nx.draw_networkx_nodes(G, pos, node_color=colors,
112   cmap=plt.cm.viridis,
113   node_size=100, ax=ax)
114   
115   # Add colorbar
116   plt.colorbar(nodes, ax=ax, label='Degrees of Separation')
117   
118   ax.set_title(f'BFS Levels from Node {start_node}\nMax Separation: {max_level} 

degrees',
119   fontsize=12, fontweight='bold')
120   ax.axis('off')
121   
122   def _print_network_stats(self, G, path_length):
123   """
124           Print network statistics
125           """
126   avg_path_length = nx.average_shortest_path_length(G)



127   clustering = nx.average_clustering(G)
128   
129   print("\n" + "="*50)
130   print("NETWORK STATISTICS")
131   print("="*50)
132   print(f"Number of nodes: {G.number_of_nodes()}")
133   print(f"Number of edges: {G.number_of_edges()}")
134   print(f"Sample path length: {path_length} degrees")
135   print(f"Average path length: {avg_path_length:.2f}")
136   print(f"Clustering coefficient: {clustering:.3f}")
137   print(f"Network diameter: {nx.diameter(G)}") # Note: Expensive for large graphs
138   print("="*50 + "\n")
139   
140   # ==================== FRACTALS ====================
141   
142   def draw_sierpinski_triangle(self, order=5):
143   """
144           Draw Sierpinski Triangle fractal
145           """
146   fig, ax = plt.subplots(figsize=(10, 10))
147   
148   def sierpinski(ax, order, points):
149   if order == 0:
150   triangle = plt.Polygon(points, fill=True,
151   edgecolor='blue', facecolor='cyan', alpha=0.7)
152   ax.add_patch(triangle)
153   else:
154   # Calculate midpoints
155   mid1 = [(points[0][0] + points[1][0])/2,
156   (points[0][1] + points[1][1])/2]
157   mid2 = [(points[1][0] + points[2][0])/2,
158   (points[1][1] + points[2][1])/2]
159   mid3 = [(points[2][0] + points[0][0])/2,
160   (points[2][1] + points[0][1])/2]
161   
162   # Recursively draw three smaller triangles
163   sierpinski(ax, order-1, [points[0], mid1, mid3])
164   sierpinski(ax, order-1, [mid1, points[1], mid2])
165   sierpinski(ax, order-1, [mid3, mid2, points[2]])
166   
167   # Initial triangle points
168   points = [[0, 0], [1, 0], [0.5, np.sqrt(3)/2]]
169   sierpinski(ax, order, points)
170   
171   ax.set_aspect('equal')
172   ax.set_title(f'Sierpinski Triangle (Order {order})',
173   fontsize=16, fontweight='bold')
174   ax.axis('off')
175   
176   plt.tight_layout()
177   plt.savefig('sierpinski_triangle.png', dpi=300, bbox_inches='tight')
178   plt.show()
179   
180   def draw_koch_snowflake(self, order=4):
181   """
182           Draw Koch Snowflake fractal
183           """
184   fig, ax = plt.subplots(figsize=(10, 10))
185   
186   def koch_curve(p1, p2, order):
187   if order == 0:
188   return [p1, p2]
189   else:
190   # Divide line into three parts



191   dx = p2[0] - p1[0]
192   dy = p2[1] - p1[1]
193   
194   p3 = [p1[0] + dx/3, p1[1] + dy/3]
195   p5 = [p1[0] + 2*dx/3, p1[1] + 2*dy/3]
196   
197   # Calculate peak point
198   angle = np.pi/3
199   p4 = [p3[0] + (p5[0]-p3[0])*np.cos(angle) - (p5[1]-p3[1])*np.sin(angle),
200   p3[1] + (p5[0]-p3[0])*np.sin(angle) + (p5[1]-p3[1])*np.cos(angle)]
201   
202   # Recursively generate curve
203   curve = []
204   curve.extend(koch_curve(p1, p3, order-1)[:-1])
205   curve.extend(koch_curve(p3, p4, order-1)[:-1])
206   curve.extend(koch_curve(p4, p5, order-1)[:-1])
207   curve.extend(koch_curve(p5, p2, order-1))
208   
209   return curve
210   
211   # Create initial triangle
212   size = 1
213   p1 = [0, 0]
214   p2 = [size, 0]
215   p3 = [size/2, size*np.sqrt(3)/2]
216   
217   # Generate Koch snowflake
218   points = []
219   points.extend(koch_curve(p1, p2, order)[:-1])
220   points.extend(koch_curve(p2, p3, order)[:-1])
221   points.extend(koch_curve(p3, p1, order)[:-1])
222   
223   # Plot
224   points = np.array(points)
225   ax.plot(points[:, 0], points[:, 1], 'b-', linewidth=0.5)
226   ax.fill(points[:, 0], points[:, 1], 'cyan', alpha=0.5)
227   
228   ax.set_aspect('equal')
229   ax.set_title(f'Koch Snowflake (Order {order})',
230   fontsize=16, fontweight='bold')
231   ax.axis('off')
232   
233   plt.tight_layout()
234   plt.savefig('koch_snowflake.png', dpi=300, bbox_inches='tight')
235   plt.show()
236   
237   def draw_fractal_tree(self, order=10, angle=30):
238   """
239           Draw a fractal tree
240           """
241   fig, ax = plt.subplots(figsize=(10, 12))
242   
243   def draw_branch(x, y, length, angle_deg, order):
244   if order > 0:
245   # Calculate end point
246   angle_rad = np.radians(angle_deg)
247   x_end = x + length * np.cos(angle_rad)
248   y_end = y + length * np.sin(angle_rad)
249   
250   # Draw branch with color based on order
251   color = plt.cm.YlGn(order / 10)
252   width = order * 0.5
253   ax.plot([x, x_end], [y, y_end], color=color, linewidth=width)
254   



255   # Recursively draw smaller branches (use passed angle)
256   new_length = length * 0.7
257   draw_branch(x_end, y_end, new_length, angle_deg + angle, order - 1)
258   draw_branch(x_end, y_end, new_length, angle_deg - angle, order - 1)
259   
260   # Start drawing from bottom center
261   draw_branch(0, 0, 1, 90, order)
262   
263   ax.set_aspect('equal')
264   ax.set_xlim(-2, 2) # Added for better framing
265   ax.set_ylim(0, 3)
266   ax.set_title(f'Fractal Tree (Order {order}, Angle {angle}°)',
267   fontsize=16, fontweight='bold')
268   ax.axis('off')
269   
270   plt.tight_layout()
271   plt.savefig('fractal_tree.png', dpi=300, bbox_inches='tight')
272   plt.show()
273   
274   # ==================== MANDELBROT SET ====================
275   
276   def draw_mandelbrot(self, width=800, height=800, max_iter=100,
277   xmin=-2.5, xmax=1.5, ymin=-2, ymax=2):
278   """
279           Draw the Mandelbrot Set
280           """
281   # Create coordinate arrays
282   x = np.linspace(xmin, xmax, width)
283   y = np.linspace(ymin, ymax, height)
284   X, Y = np.meshgrid(x, y)
285   C = X + 1j * Y
286   
287   # Initialize output array
288   mandelbrot_set = np.zeros((height, width))
289   
290   # Calculate Mandelbrot set (fixed iteration counting)
291   Z = np.zeros_like(C)
292   for i in range(max_iter):
293   mask = np.abs(Z) <= 2
294   Z[mask] = Z[mask]**2 + C[mask]
295   mandelbrot_set[mask] += 1 # Increment for each bounded iteration
296   
297   # Create figure
298   fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(16, 7))
299   
300   # Plot 1: Standard Mandelbrot
301   im1 = ax1.imshow(mandelbrot_set, extent=[xmin, xmax, ymin, ymax],
302   cmap='hot', interpolation='bilinear', origin='lower')
303   ax1.set_title('Mandelbrot Set', fontsize=16, fontweight='bold')
304   ax1.set_xlabel('Real axis')
305   ax1.set_ylabel('Imaginary axis')
306   plt.colorbar(im1, ax=ax1, label='Iterations to divergence')
307   
308   # Plot 2: Zoomed region (interesting area)
309   zoom_xmin, zoom_xmax = -0.8, -0.4
310   zoom_ymin, zoom_ymax = -0.2, 0.2
311   
312   x_zoom = np.linspace(zoom_xmin, zoom_xmax, width)
313   y_zoom = np.linspace(zoom_ymin, zoom_ymax, height)
314   X_zoom, Y_zoom = np.meshgrid(x_zoom, y_zoom)
315   C_zoom = X_zoom + 1j * Y_zoom
316   
317   mandelbrot_zoom = np.zeros((height, width))
318   Z_zoom = np.zeros_like(C_zoom)



319   
320   for i in range(max_iter):
321   mask = np.abs(Z_zoom) <= 2
322   Z_zoom[mask] = Z_zoom[mask]**2 + C_zoom[mask]
323   mandelbrot_zoom[mask] += 1 # Fixed iteration counting here too
324   
325   im2 = ax2.imshow(mandelbrot_zoom, extent=[zoom_xmin, zoom_xmax, zoom_ymin,

zoom_ymax],
326   cmap='twilight', interpolation='bilinear', origin='lower')
327   ax2.set_title('Mandelbrot Set (Zoomed)', fontsize=16, fontweight='bold')
328   ax2.set_xlabel('Real axis')
329   ax2.set_ylabel('Imaginary axis')
330   plt.colorbar(im2, ax=ax2, label='Iterations to divergence')
331   
332   plt.tight_layout()
333   plt.savefig('mandelbrot_set.png', dpi=300, bbox_inches='tight')
334   plt.show()
335   
336   def draw_julia_set(self, c=-0.7+0.27015j, width=800, height=800,
337   max_iter=100, xmin=-2, xmax=2, ymin=-2, ymax=2):
338   """
339           Draw the Julia Set for a given complex constant c
340           """
341   # Create coordinate arrays
342   x = np.linspace(xmin, xmax, width)
343   y = np.linspace(ymin, ymax, height)
344   X, Y = np.meshgrid(x, y)
345   Z = X + 1j * Y
346   
347   # Initialize output array
348   julia_set = np.zeros((height, width))
349   
350   # Calculate Julia set (fixed iteration counting)
351   for i in range(max_iter):
352   mask = np.abs(Z) <= 2
353   Z[mask] = Z[mask]**2 + c
354   julia_set[mask] += 1 # Increment for each bounded iteration
355   
356   # Create figure
357   fig, ax = plt.subplots(figsize=(10, 10))
358   
359   im = ax.imshow(julia_set, extent=[xmin, xmax, ymin, ymax],
360   cmap='hot', interpolation='bilinear', origin='lower')
361   ax.set_title(f'Julia Set (c = {c})', fontsize=16, fontweight='bold')
362   ax.set_xlabel('Real axis')
363   ax.set_ylabel('Imaginary axis')
364   plt.colorbar(im, ax=ax, label='Iterations to divergence')
365   
366   plt.tight_layout()
367   plt.savefig('julia_set.png', dpi=300, bbox_inches='tight')
368   plt.show()
369   
370   def run_examples(self):
371   """
372           Run example visualizations for all methods
373           """
374   print("Running Six Degrees of Separation...")
375   self.visualize_six_degrees()
376   
377   print("Running Sierpinski Triangle...")
378   self.draw_sierpinski_triangle()
379   
380   print("Running Koch Snowflake...")
381   self.draw_koch_snowflake()



382   
383   print("Running Fractal Tree...")
384   self.draw_fractal_tree()
385   
386   print("Running Mandelbrot Set...")
387   self.draw_mandelbrot()
388   
389   print("Running Julia Set...")
390   self.draw_julia_set()
391   
392   # Example usage
393   if __name__ == "__main__":
394   gv = GraphVisualizer()
395   gv.run_examples()
396   


