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Abstract

Petersen colouring conjecture is an important unresolved conjecture in graph theory in the direction
of perfect matchings, which states that every bridgeless cubic graph has a Petersen colouring. In 1985,
Jaeger proved that the Petersen colouring conjecture is equivalent to the statement that every bridge-
less cubic graph has a normal 5-edge-colouring. If a bridgeless cubic graph G has a normal 5-edge-
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colouring such that for any edge in graph G, the four adjacent edges together with this edge use either
3 or 5 colours, this normal 5-edge-colouring is called a normal 5-edge-colouring of graph G, where
edges sharing 3 colours with adjacent edges are called poor edges and edges sharing 5 colours with
adjacent edges are called rich edges. Most conclusions about these two conjectures are on some spe-
cial classes of graphs, but for some long-standing conjectures, some scholars have also considered the
properties of their possible minimum counterexample. This paper studies the properties of possible
minimum counterexample of the Petersen colouring conjecture from the perspective of the equiva-
lent conjecture’s properties and proves that a possible minimum counterexample of the Petersen col-
ouring conjecture must be cyclically 4-edge-connected.
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Figure 1. Replacement diagram 4’ (left). A4'(middle) of vertices and replacement

diagram B (right) of edges in Theorem 1
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Figure 2. Replacement diagram Z of vertices in Theorem 2
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Figure 3. The minimum counterexample G (left) of Conjecture 2 and two
smaller cubic graphs with cycle than G (right)
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Figure 4. The graph G (left) and G (right) when the bridge of the graph G is edge fi
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Figure 5. Case 1 (left) and case 2 (right)
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Figure 6. The minimum counterexample G (left) of Conjecture 2 and two smaller
cubic graphs with cycle than G (right)
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Figure 7. The graph G (left) and G (right) when the bridge of the
graph G1 is edge fi
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Figure 8. Case 1 (left) and case 2 (right)
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