
Graph theory tutorial

Rose McCarty
School of Math and School of Computer Science

May 28, 2025



Classical graph theory



Classical graph theory

Vertices V



Classical graph theory

Vertices V
Edges E



Classical graph theory

Vertices V
Edges E

Graph G = (V;E)



Classical graph theory

Vertices V
Edges E

Graph G = (V;E)



Classical graph theory

Vertices V
Edges E

Graph G = (V;E)
Edge-weights w : E! R�0
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Classical graph theory

What is the fastest route from A to B?
How much electricity can A send to B?

Where is the power grid the most vulnerable?
How can we design robust networks (ie good expanders)?

A graph is a
bad expander
if deleting a few
vertices/edges
can disconnect

a huge part.

Theorem [LT]:
Road networks
without bridges

are bad expanders.

Keywords:
connectivity, separators, submodularity, linear programming
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How can we designhigh-dimensional expanders?
How can we determine and utilizestructural properties?

Canquantum computing speed up classical graph problems?
What if we care about the rank ofmatrices?

action

horror
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A graph-based model of quantum computing

(Van den Nest, D•ur, Vidal, & Briegel 2007)

Theorem:
True when
G has small
rank-width .

Rank captures
the level of

entanglement.

1) Given ann-vertex graphG, prepare ann-qubit statejGi .
2) Use classical computing to determine qubits to measure.

Theorem: Roughly equivalent to quantum gate model.

Q: What resources are necessary for quantum computing?
Conjecture (Geelen): All of them; no proper fragment of
quantum computing is stronger than classical computing.
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When are jGi and jG0i equivalent?

Two graphs arelocally-equivalent if one can be transformed
into the other by applyinglocal complementations . For this:

select a vertexv, then
switch adjacencies within theneighborhood of v.

Theorem (Van den Nest, Dehaene, & De Moor 2004):
jGi and jG0i LC-equivalent , G andG0 locally equivalent
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