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Introduction and motivation

The discovery of a polynomial time quantum algorithm for factoring integers [1] sparked a
great interest in the study and implementation of quantum computation, and quantum computers.
Despite this interest, the number of distinct quantum algorithms has grown relatively slowly. More-
over, the algorithms that do exist are based on an even smaller number of distinct techniques. One
feature common to all of these algorithms, however, is while they perform information processing
in a quantum manner, the data structures they exploit are essentially classical.

The question then arises as to whether it is possible to develop an intrinsically quantum data
structure; one that is not merely a superposition of classical data. Here, we answer this in the
affirmative. We develop a fully quantum data structure, that can represent graphs, based on
quantum graph states. Graph states have been studied heavily before, but generally in the context
of use as a computational resource for one-way quantum computation[2–7]. Here, we study them
as a method to represent graphs. As a data-structure, graph states have no classical analogue:
they are not simply a quantum superposition of classical states representing graphs.

Main results

We develop a quantum data structure for representing graphs, based on quantum graph states.
We show how to construct the data structure from a classical representation of the graph, how
to do basic operations and comparisons on the quantum data structure, and how to read out the
contents of the quantum data structure onto a classical representation.

Elementary operations

First, we show how several two-qubit gates change the graph represented by a state in a de-
terministic manner. Since all quantum operations must be reversible, it is not possible to simply
erase or add an edge, but rather operations must complement the existence of an edge between two
vertices. That is, the complementation operator adds an edge where there wasn’t one, and deletes
an existing edge.

By applying a single two-qubit operator it is possible to achieve several kinds of edge comple-
mentation:

1 Complementation of the edge between vertex A and vertex B.

2 Complementation of edges between vertex A and neighbours of vertex B.

3 Complementation of edges between neighbours of vertex A and neighbours of vertex B.

We show that there are 64 distinct kinds of complementation associated with the choice of a
pair of vertices. Some of these operations violate linearity or reversibility, and hence are prohibited
in the graph state representation. We fully characterize this set of operations: when an operation
is possible we show how to implement it, and when it is impossible we provide a no-go proof.
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Constructing graph states

While the construction of graph states has been extensively studied [8–11], many of the previous
approaches have not focused on the circuit optimality, but rather on circumventing limitations of
certain physical systems. We proposed a method based on two qubit-gates such as Control-Not,
Control-Y, Control-Z and (H⊗H) ·CZ · (H⊗H) gates and greedy algorithm to construct a graph
state if we already know the adjacent matrix of a graph.

Graph state data structures

During the construction of a graph-state data structure, one has access to a classical data
structure that can be used to accelerate some operations. However, to have an effective data
structure, one must be able to operate on the graph states without the need for access to ancillary
classical information. Our approach allows for a number of common operations to be performed
extremely efficiently by acting on the graph state alone. These include:

1. Adding a vertices, which requires O(1) operations.

2. Duplicating a vertices, which requires O(1) operations.

3. Complementing the neighbourhood of one vertex with another vertex, which requires O(1)
operations.

4. Comparison of vertices and subgraphs of constant size in O(1).

5. Comparison of arbitrary subgraphs with O(n) operations.

Finally, we present an efficient algorithm to convert a polynomial number of copies of a given
graph state into a classical representation of the graph.

Significance

We develop what is, to the best of our knowledge, one of the first intrinsically quantum data
structures. We showed that this data structure allows for some operations to be performed more
efficiently than classical data structures. For instance, we get he running time of duplicating a
vertex by applying Control-Not gate is O(1). On the other hand, for common classical structures
such as an adjacency matrix or an edge list, the best classical algorithm is O(N). These results
suggest that some graph problems may be solved faster by using graph states as an intermediate
data structure than by using classical data structures.
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