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1 Abstract

The algorithm in this paper is primarily designed to identify a Hamiltonian cycle in
graphs confirmed to contain one.

The core idea involves removing redundant edges while preserving essential ones;
the remaining edges after deletion form the Hamiltonian cycle.

The algorithm’s greatest advantage is that it requires no backtracking.

2 Keywords

2.1 Marked in Red:

In the algorithm, edges confirmed to be preserved are marked in red. Red-marked
edges are part of a Hamiltonian cycle and thus are not deleted. Red-marked vertices have

only two edges. Red-marked edges and vertices need not be traversed again.

2.2 Red-Marked Edges of a Vertex:

The number of red-marked edges among all edges connected to a given vertex.

2.3 Red-Marked Adjacent Edges of an Edge:

Every edge has two adjacent vertices. All edges connected to these vertices
(excluding the edge itself) are it’s adjacent edges; those marked in red are it’s red-

marked adjacent edges.

2.4 Self-Loop:

In directed or undirected graphs, an edge that originates from and returns to the

same vertex.

2.5 Parallel Edges:

In undirected graphs, two edges share the same pair of vertices.



3 Algorithm Description

Preprocess the graph.

Check whether the The remaining

N .
number of edges edges constitute
exceeds the number the Hamiltonian
of vertices. cycle.

Delete edges that meet the criteria.

3.1 Graph Preprocessing

Traverse all vertices and edges, eliminating all parallel edges and self-loops. Self-
loops are deleted directly; for parallel edges, only one is retained, and the rest are
deleted.

After deletion, traverse again. If any vertex has a degree of 2, mark its two edges

and the vertex itself in red.

3.2 Check if Edge Count Exceeds Vertex Count.

After deleting unnecessary edges, the resulting Hamiltonian cycle must satisfy: the

number of edges equals the number of vertices.

3.3 Delete Edges Meeting Criteria

In both directed and undirected graphs, after any deletion, halt further deletions
and proceed to Step 3.2. Deletions resume only if the condition is met.
Traverse all vertices. If any vertex has two red-marked edges, delete all its

unmarked edges (multiple edges may be deleted at once). If a vertex has only two edges



(some unmarked), mark all its edges and the vertex in red.

If no deletions occur, traverse all edges and delete the edge with the most red-
marked adjacent edges (only one edge at a time). If an edge has two red-marked adjacent
edges, delete it immediately and proceed to Step 3.2. Otherwise, delete an edge with one

red-marked adjacent edge, or any edge if none exist.

3.4 The Remaining Edges Form the Hamiltonian Cycle

4 Complexity Analysis

Let n be the number of vertices.
3.1.1:T(n)=n + n?=0(n?)

3.2:T(n)=0(1)

3.3.1:T(n)=(n? + n*) x (n + n?)=0(n®)

T(n)=n? x 1 x n®=0(n®)

5 Proof

In an undirected Hamiltonian graph, if a vertex has only two edges, every
Hamiltonian cycle must include both edges. Thus, such vertices and edges can be treated
as a single undeletable unit. For multiple vertices/edges, this holds if all Hamiltonian
cycles pass through them uniquely.

Per "Studies on Minimally n-Connected Graphs" (R. Halin), deleting qualifying

edges preserves Hamiltonicity, ensuring Step 3.3.1’s deletions are valid.
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