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set E ⊆ V × V .



Graphs

v1

v2 v3

v4

V = {v1, v2, v3, v4}

E = {v1v2, v2v3, v3v4, v4v1}

A graph G = (V ,E ) is comprised of a domain set V and an edge
set E ⊆ V × V .



Graphs

v1

v2 v3

v4

V = {v1, v2, v3, v4}

E = {v1v2, v2v3, v3v4, v4v1}

A graph G = (V ,E ) is comprised of a domain set V and an edge
set E ⊆ V × V .



Graph Operations

Edge Deletion

v1

v2 v3

v4 v1

v2 v3

v4

Vertex Deletion

v1

v2 v3

v4

v2 v3

v4



Graph Operations

Edge Deletion

v1

v2 v3

v4 v1

v2 v3

v4

Vertex Deletion

v1

v2 v3

v4

v2 v3

v4



Reconstruction Problems

v2 v3

v4

v1

v2 v3

v4

What kind of information about a graph is sufficient to uniquely
identify the graph?



Reconstruction Problems

v2 v3

v4 v1

v2 v3

v4

What kind of information about a graph is sufficient to uniquely
identify the graph?



Reconstruction Problems

v2 v3

v4 v1

v2 v3

v4

What kind of information about a graph is sufficient to uniquely
identify the graph?



Reconstruction Problems

v2 v3

v4 v1

v3

v4

v1

v2 v3

v4

In fact, for any graph, given two 1-vertex-deleted subgraphs, we
can determine all edges except the edge between the two deleted
vertices.
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Claim : For any vertex labelled
graph, three 1-vertex-deleted

subgraphs are sufficient to
uniquely reconstruct the graph.



Removing the Vertex Labels

Many structural graph properties such as
connectedness do not depend on vertex labels.

What about graph reconstruction?
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A Reconstruction Conjecture

Conjecture

Any unlabelled graph on at least 3 vertices is
uniquely determined by the set of all its
1-vertex-deleted subgraphs.



Automorphism Group of a Graph

A graph G is defined by :

I V = set of all vertices.

I E = set of all edges.

1. An automorphism of a graph G = (V ,E ) is a bijection
f : V → V such that for every vi , vj ∈ V

vivj ∈ E ⇐⇒ f (vi )f (vj) ∈ E

(i.e.) an automorphism preserves all edges and all non-edges.

2. Aut(G ) is the set of all automorphisms of G .

3. A rigid graph is one which has no non-trivial automorphisms.

Aut(G) is a subgroup of the symmetric group on V.
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Graph symmetry seems to be
important in graph

reconstruction.
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Rigidity and Reconstruction

Theorem (Erdõs and Rényi 1963)

Almost all unlabelled graphs are rigid (have no non-trivial
symmetries).

Theorem (Bollobás 1990)

Almost all unlabelled graphs can be uniquely identified using three
1-vertex-deleted subgraphs.

And yet, even if we are given a
guarantee that a graph is rigid, we do
not know how to reconstruct it!
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How vertex deletions affect
graph symmetry is not well

understood.
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The Graph Reconstruction Conjecture

Conjecture (Kelly 1957, Ulam 1960)

Any unlabelled graph on at least
three vertices can be uniquely
recontructed from the multi-set of its
1-vertex-deleted subgraphs.

Graph Reconstruction Problems are innocuous looking but have
been open for the last 60 years.
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