
Do clockwise BFS on this graph using vertex 0 as 
the root, each choice of first child and each 
direction. Which case results in the 
lexicographically smallest adjacency list? 
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Then smallest ones in each direction: 

0:  1 2 3 
1:  0 4 5 
2:  0 4 5 
3:  0 5 4 
4:  1 3 2 
5:  1 2 3   

0:  1 2 3 
1:  0 4 5 
2:  0 4 5 
3:  0 5 4 
4:  1 2 3 
5:  1 3 2   

These 
are  
different! 
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Assignment 3,  Question 2 had an error in my assertions: 
2. (d)  Argue in terms of the embedding symmetries why it 
is that we do not have to consider other choices for r, f, or 
the direction in order to ensure the lexicographic minimum 
has been found.  
 
We used one choice of vertex per orbit for r, each possible 
first child and direction clockwise. The assignment problem 
is a counterexample to this being sufficient. 
You need to consider both directions (but only one vertex 
per orbit is sufficient). 
 
Grading scheme: 
If you followed instructions: full marks. 
If you realized I made an error- bonus marks. 
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int a, b, c, d, e, f, g, h; 
 
a= 07205; 
b= 05314; 
c= a & b; 
d= a | b; 
e= ~a; 
 
f= a && b; 
g= a || b; 
h= !a; 
 

Give the binary values for a, b, c, d, e, f, g, h. 
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a= 07205; 
b= 05314; 
c= a & b; 
d= a | b; 
e= ~a; 
 
f= a && b; 
g= a || b; 
h= !a; 
 

Give the binary values for a, b, c, d, e, f, g, h. 
 

a = 00 000 000 000 000 000 000 111 010 000 101 
  
b = 00 000 000 000 000 000 000 101 011 001 100 
  
c = 00 000 000 000 000 000 000 101 010 000 100 
  
d = 00 000 000 000 000 000 000 111 011 001 101 
  
e = 11 111 111 111 111 111 111 000 101 111 010 
  
f = 00 000 000 000 000 000 000 000 000 000 001 
  
g = 00 000 000 000 000 000 000 000 000 000 001 
  
h = 00 000 000 000 000 000 000 000 000 000 000  

5 



6 

Adjacency matrix: 

Uncompressed 

adjacency matrix in C 

or C++: 

 

#define NMAX 128 

 

int G[NMAX][NMAX]; 



Compressed Adjacency Matrices 
 
A compressed adjacency matrix for a 
graph will use 1/32 the space of an 
adjacency matrix (assuming 32 bit 
integers are used). 
 
Bit twiddling to implement it can result in 
some operations for algorithms such as 
dominating set and clique being about 32 
times faster. 
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Compressed adjacency matrix 
G[0][0]= 

𝑁𝑀𝐴𝑋/32

 
G[0][0]=  
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G[0][0] 

9 



G[0][1] 
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G[0][2] 
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G[0][3] 

12 



13 



14 



15 



𝑛

32
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int bytecount[] =         
                         {0,1,1,2,1,2,2,3,1,2,2,3,2,3,3,4, 
                          1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, 
                          1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, 
                          2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, 
                          1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, 
                          2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, 
                          2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, 
                          3,4,4,5,4,5,5,6,4,5,5,6,5,6,6,7, 
                          1,2,2,3,2,3,3,4,2,3,3,4,3,4,4,5, 
                          2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, 
                          2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, 
                          3,4,4,5,4,5,5,6,4,5,5,6,5,6,6,7, 
                          2,3,3,4,3,4,4,5,3,4,4,5,4,5,5,6, 
                          3,4,4,5,4,5,5,6,4,5,5,6,5,6,6,7, 
                          3,4,4,5,4,5,5,6,4,5,5,6,5,6,6,7, 
                          4,5,5,6,5,6,6,7,5,6,6,7,6,7,7,8}; 
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Print often to make sure your code is 
correct. Including the level will help with 
recursive function debugging. 

30 



I will leave the remaining logic for a 
clique routine up to you to discover. 
 
The next snippets show how to add a 
vertex u to the clique currently 
being constructed
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