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1.1 Radius 

• Radius of one node 

means the largest 

direct path length 

from the node to 

other nodes. 

• Answer: 

– a: 3 (a-c-f-g) 

– d: 3 (d-c-f-g) 

– f: 3 (f-d-a-d) 



1.2 Diameter 

• Diameter means the 

largest one among all 

direct path length of 

any node pair, namely, 

longest shortest path. 

• Answer: 4 

– b-a-c-f-g 



1.3 Center 

• Center is the node 

with smallest radius.  

• Answer: c 

– a: 3 

– b:4 

– c:2 

– d:3 

– e:3 

– f:3 

– g:4 

 

 



1.4  Center 

• C is the best place.  

• Because node c is 

the center of the 

graph. It can reach 

other nodes in 

smallest average 

numbers of link, and 

that will reduce 

transit time most. 



1.5 Adjacency Matrix 

Answer: 

 



1.5 Laplacian Matrix 



1.5 Laplacian Matrix 

• D= 



1.5 Laplacian Matrix 

• Answer: C-D= 



1.5 Laplacian Matrix 

• Answer: 



1.7  

• The deletion of which 

vertex will make the 

network unconnected? 

• Answer: (c is the center) 

– f : (g vs. a,b,c,d,e) 



NetworkX for Q1 

• Draw the graph 

 



Drawing in NetworkX 
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Adjacency Matrix 



Adjacency Matrix 

 



Laplacian Matrix 



Laplacian Matrix 



2.1 Density  

• Answer:  

–  2 * 5/(5*4) = 0.5 

 



2.2 Degree Sequence 

• Degree sequence: g=[d1, 

d2,…,dn] defines a 

degree sequence 

containing the degree 

values of all n nodes in G. 

– [3, 1, 3, 2, 1], from a to e 

 

 



2.3 Average Path Length 

• The average path length 
of the graph is the 
average of all shorted 
paths 

 

 

 

 

 

 

– Answer: 16*2/(5*4)=1.6 

 



NetworkX for Q2 

• Draw the graph 
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3 Cluster Coefficient 

• For a node u, suppose that the neighbors share c 

links, then the cluster coefficient of node u,  

 

 

 

• The cluster coefficient of the graph is average 

cluster coefficient over all nodes, 

 



3.1 Cluster Coefficient 

• Answer: 
– cc(1) = 0 

– cc(2) = 0 

– cc(3) = 2*1/(3*2) = 1/3 
• neighbors: 1, 4, 5 

• shared links: 1, (4,5) 

• degree(3): 3 

– cc(4) = 2*1/(2*1) = 1 
• neighbors: 4, 5 

• shared links: 1, (4,5) 

• degree(4): 2 

– cc(5) = 1/3  
• symmetric with node 3 



3.2 Cluster Coefficient 

• CC(G) 

• Answer: 

– (0+0+1/3+1+1/3)/5=1/3 



NetworkX for Q3 

• Draw the graph 
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4.1 Closeness 

• Closeness of a node u is the reciprocal of sum of 

the shortest path distance from u to all n-1 other 

nodes. 

 

 

d(v, u) is the shortest path distance between v and 

u, and n is the number of  nodes in the graph. 

 

 



4.1 Closeness 

• Answer: 

• shortest paths from node 3: 
• 3-1:1, 

• 3-2:2,  

• 3-4:1,  

• 3-5:1,  

• 3-6:2,  

• sum of shortest paths: 

1+2+1+1+2= 7 

• closeness = 1/7 

 

 



4.1 Closeness 

• Answer: 

• shortest paths from node 5: 
• 5-1:1,  

• 5-2:1,  

• 5-3:1,  

• 5-4:1,  

• 5-6:2, 

• sum of shortest paths: 

1+1+1+1+2= 6 

• closeness = 1/6 

 

 



4.1 Normalized closeness 

• Closeness is normalized 

by the sum of minimum 

possible distance n-1 

 

 

• Answer: 
• C(3) = (6-1)/7 = 5/7 = 0.714 

• C(5) = (6-1)/6 = 5/6 = 0.833 

 
 

 



4.2 Betweenness 



4.2 Betweenness 

• 1. For each pair of vertices (s, t), compute the 

shortest paths between them. 

• 2. For each pair of vertices (s, t), determine the 

fraction of shortest paths that pass through 

the vertex in question (here, vertex v). 

• 3. Sum this fraction over all pairs of vertices (s, 

t). 

 



4.2 Betweenness 

• For node 3, 

 

 

 

 

betweenness =  

0.5+0.5 = 1 

Pairs Shortest paths Total Via 3 Fraction 

(1,4) (1,5,4), (1,3,4) 2 1 0.5 

(1,6) (1,5,4,6), (1,3,4,6) 2 1 0.5 



Betweenness 

• For node 5,  

 

 

 

 

 

 

• betweenness = 0.5+0.5+0.5+1+1=3.5 

 

Pairs Shortest paths Total Via 5 Fraction 

(1,4) (1,5,4), (1,3,4) 2 1 0.5 

(1,6) (1,5,4,6), (1,3,4,6) 2 1 0.5 

(2,3) (2,1,3), (2,5,3) 2 1 0.5 

(2,4) (2,5,4) 1 1 1 

(2,6) (2,5,4,6) 1 1 1 



Normalized Betweenness 

• Betweenness is normalized by 2/((n-1)(n-2)) 

for undirected graphs, and 1/((n-1)(n-2)) for 

directed graphs 

• Betweenness(3) = 2*1/((6-1)*(6-2)) = 0.1 

• Betweenness(5) = 3.5*2/(5*4) = 0.35 

 



NetworkX for Q4 

• Draw the graph 
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Q5 

• Answer: toroidal network 


