
CSCC63

Hamiltonian cycle problem



Instance: 𝐺 , where 𝐺 is a directed graph.
Question:  Does 𝐺 have a Hamiltonian cycle?

Hamiltonian cycle: Visits every node exactly once.

Prove:

Vertex Cover ≤!
" Directed Hamiltonian Cycle

Given 𝐺, 𝑘 where 𝐺 is an undirected graph and 
𝑘 ∈ 𝑍#, construct a directed graph 𝐺$ s.t.

𝐺 has a vertex cover of size 𝑘
⟺ 𝐺$ has a directed Hamiltonian cycle
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nodes of 𝐺!
corresponding to 
edges incident on 
node 3 of 𝐺
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nodes of 𝐺!
corresponding to 
edges incident on 
node 4 of 𝐺
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nodes of 𝐺!
corresponding
to edge 12 of 𝐺
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to edge 13 of 𝐺
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nodes of 𝐺!
corresponding
to edge 14 of 𝐺
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corresponding
to edge 23 of 𝐺
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to edge 34 of 𝐺
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The entire directed graph 𝐺!
constructed from 𝐺. The undirected graph 𝐺.
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