International Journal of Emerging Trends & Technology in Computer Science (IJETTCS)
Web Site: www.ijettcs.org Email: editor@ijettcs.org
Volume 3, Issue 4 July-August 2014

ISSN 2278-6856

A Survey of Graph Matching Techniques Using
Quantum Walks
Ms. Jayaprabha Yadav1 and Prof. Mrs. Aparna Junnarkar2
1

PES’s Modern College of Engineering,
Shivajinagar, Pune, Maharashtra, India-05
2

PES’s Modern College of Engineering,
Shivajinagar, Pune, Maharashtra, India-05

Abstract
Graph matching techniques have been projected as a
powerful tool for Pattern Recognition since the inception of
machine vision. The reason might be the fact that the
computational cost of the graph-based algorithms, although
still high in most cases, is now becoming compatible with
high performance computing. Here we endeavour to
catalogue the literature on quantum walk techniques for
graph matching. A continuous time quantum walk consists of
a particle moving among the vertices of a graph which cannot
distinguish two non-isomorphic graphs with high symmetry.
We then discuss the quantum walks involving more than one
particle. In addition to moving around the graph, these
particles interact when they come across one another. Our
focus is on a class of graphs with specifically high symmetry
called strongly regular graphs. Our goal in this paper is to
deliver a theoretical association of graph matching
techniques using quantum walks.
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1. Introduction
In many applications a fundamental operation is the
comparison between two objects or between an object and
a model to which the object could be associated. The
graph is an intelligent illustration of any structured object
in science and engineering. To date, the best known
classical algorithm has a runtime of, where c is a constant
and N is the number of vertices in the graph [1]. GI is
thought to be similar to integer factoring [2] in that both
could reside in the complexity class NP-Intermediate.
Given that there exists a polynomial-time quantum
algorithm for integer factoring, it is thought that there
may exist a quantum speedup for GI as well. Random
walks and kernels are used to solve GI problem. A new
class of algorithms that has been explored for GI is
quantum random walks. Quantum random walks are
gaining popularity they are known to provide
computational advantages over classical random walks
[3]. The quantum random walks are faster than their
fastest known classical analogues. Two types of quantum
walks, discrete and continuous time, are introduced as the
quantum walks for the corresponding random walks and
have been discovered over the last few years.
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2. LITERATURE REVIEW
2.1 Graph isomorphism
Gold and Rangarajan [4] have exploited the stochastic
properties of Sinkhorn matrices to recover the matches
using a softassign update algorithm. Umeyama [5] takes a
more conventional least-squares approach and shows how
an Eigen decomposition method can be used to recover
the permutation matrix. Edwin R. Hancock [6] have used
a graph-editing technique for accommodating structural
inexactness and [7] have used the EM algorithm and Cast
the recovery of correspondence matches between the
graph-nodes in a matrix framework. They have accurately
match inexact graphs under considerable levels of
structural corruption using singular value decomposition
to estimate the correspondence indicators. Xiao Bai, Hang
Yu, and Edwin R. Hancock [8] used ISOMAP algorithm
and were able to overcome problems of structural
difference and [9] have used Young Householder
decomposition on Heat Kernel.
2.2. Quantum Walks
Quantum computing has recently attracted attention
because of the potential for considerable speed-ups over
classical algorithms. For instance, Grover's search
algorithm [10] is quadratically faster and Shor's
factorization algorithm [11] is exponentially faster than
known classical algorithms. These have been introduced
as quantum counterparts of random walks and a good
summary is given by Kempe [12]. The behavior of
quantum walks is governed by unitary rather than
stochastic matrices. A unitary matrix, on the other hand,
has complex entries. Quantum walks possess a number of
interesting properties not exhibited by classical random
walks. For instance, because the evolution of the quantum
walk is unitary and therefore reversible, the walks are
non-ergodic and they do not have a limiting distribution.
There are two different models for the quantum random
walk, both of which can be simulated on an arbitrary
graph. The first of these is the continuous-time quantum
walk proposed by Fahri and Gutmann [13]. They took the
vertices of the graph as the basis vectors of the Hilbert
space in which the walk takes place. It is necessary to
define a Hamiltonian, H, which gives the energy for each
possible transition. The evolution of the walk is given by
Schrödinger’s equation. One approach is that proposed by
Gudkov et. al. [14] who suggested modeling the graph as
a set of point particles with an attractive force between
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adjacent vertices. The quantum walk system is evolved
from a set initial state and the set of ordered separation
distances calculated. This system solves the graph
isomorphism problem. However, Shiau [15] show that it
doesn't fail to distinguish between any pair of strongly
regular graphs with the same set of parameters. They
build on Gudkov et al’s approach using the ideas of
Rudolph [16] to construct graph invariants in a similar
way, but based on the random walks generated by two
particles on the graphs obeying Fermi statistics. An
exponential speed-up for the hitting time was also
observed by Kempe [12] for the discrete-time quantum
walk. The quantum version of the discrete-time quantum
walk on an arbitrary graph was formalized by Aharonov
[18]. Kempe considered the walk on the n-dimensional
hypercube and was able to show that the hitting time from
one vertex to the one opposite is polynomial in n [17]. By
making use of the exponentially faster hitting times that
are observed for continuous-time quantum walks on
graphs [19][20].
2.3. Single-particle Quantum Walks
Rudolph mapped the GI problem onto a system of
interacting qubits [16]. One atom was used per vertex,
and atoms i and j interacted if vertices i and j were
connected by edges. He showed that graphs with same
adjacency matrices may be non-isomorphic graphs
because of the induced adjacency matrices describing
transitions between three-particle states have different
eigenvalues. Shiau et al. proved that the simplest classical
algorithm fails to distinguish some pairs of nonisomorphic graphs [15] and also proved that continuoustime one-particle QRWs cannot distinguish some nonisomorphic graphs. Douglas and Wang modified a singleparticle QRW by adding phase inhomogeneities, altering
the evolution as the particle walked through the graph
[21]. Most recently, Emms et al. used QRWs to build
potential graph invariants [22]. Through numerical
spectral analysis, they found that graph invariants could
be used to distinguish many types of graphs by breaking
the eigenvalue degeneracies of many families of graphs.
2.4. Two-particle Quantum Walks
In addition to studying single-particle QRWs, Shiau et al.
[15] studied two- particle QRWs and presented proof that
interacting Bosons can distinguish non-isomorphic pairs
that single- particle walks cannot. There, it was also
found numerically that two-Boson QRWs with noninteracting particles do not distinguish some nonisomorphic pairs of graphs. Berry and Wang [23] have
compared the discrete time quantum walks and
continuous time quantum walks. Their results indicate
that discrete-time quantum random walks may have
greater ability to distinguish non-isomorphic strongly
regular graphs than continuous-time quantum random
walks. M. A. Jafarizadeh [25] developed the quantum
algorithms for distinguishing some non-isomorphic pairs
of SRGs, by using the elements of blocks of adjacency
matrices in the stratification basis. J. K. Gamble [24]
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proved that quantum walks of two non-interacting
particles, Fermions or Bosons, cannot distinguish certain
pairs of non-isomorphic SRGs. They have demonstrated
numerically that two interacting Bosons are more
powerful than single particles and two non-interacting
particles, in that quantum walks of interacting bosons
distinguish all non-isomorphic pairs of SRGs with up to
64 vertices. By performing a short-time expansion of the
evolution operator, they derived distinguishing operators
that provide analytic insight into the power of the
interacting two-particle quantum walk.
3. BACKGROUND
3.1 Quantum walks on graphs
A graph G = (V, E) is a set vertices V and edges E. The
vertices are usually labeled by integer indices, and the
edges are unordered pairs of vertices. Two graphs are
isomorphic if they can be made identical by relabeling
their vertices. Graphs are conveniently expressed
algebraically as adjacency matrices. The spectrum of a
graph is the eigenvalue spectrum of its adjacency matrix.
If we restrict ourselves to single-particle states, we find
matrix elements
(1)
Hence, we can easily identify the a single-particle
Hamiltonian
(2)
3.2 Single-particle Quantum walks on graphs
D. Emms [22] has proposed a model with auxiliary graph
fig. [1] where, G=(VG,EG)and H=(VH,EH) then
Γ(G,H)=(VΓ,EΓ) and the vertex and edge sets can be
decomposed such that
and,
Where
and
The auxiliary vertices, , serve to connect the two graphs
and act as sites on which the interference takes place.

Figure 1: The auxiliary graph. [22].
The state of the quantum walk on

at time t is given by
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(3)
The starting state has amplitudes
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(12)
They have given evolution operator for the interacting
Boson case as
(13)
Expanding as a power series in t, we have

(4)
where

(14)
They have shown that for some sixth order evaluation the
algorithm works for up-to N=40 on a high computing
cluster.

4. Conclusion
(5)
is the normalization constant. The starting state for the
walk on is

(6)
and
(7)
where L=D-A is the Laplacian matrix, A is the adjacency
matrix and D is the diagonal degree matrix. We can use
eigendecomposition of the Laplacian
, where
is the diagonal matrix with the ordered eigenvalues
as elements and
is the eigenvector matrix with the
respective ordered eigenvectors as columns.
(8)
Thus interference amplitude at vertex can be calculated as
(9)
A set of interference amplitudes, with respect to the set of
possible vertex-vertex assignments, can be used to check
graph matching. For strongly regular graphs, Gamble
[24] has given that the graphs can be identified by their
class or family with parameters (N, k, λ, μ), each of
which graph might be non-isomorphic. Here N is no. of
vertices, k is the degree of each vertex, λ is the no. of
common neighbors of adjacent vertices, and μ is the no.
of common neighbors of non-adjacent vertices. The
adjacency matrix of any SRG satisfies the useful relation
[26]
(10)
where I is the identity and J is the matrix of all 1s
We can write
(11)
where α, β and γ are functions only of the family
parameters. That is, all SRGs of the same family have the
same coefficients.
3.3 Two-particle walks on graphs
Gamble [24] has developed a procedure for each pair of
graphs in each family of SRG. It starts with complex
evolution matrixUA. Then the magnitude of each element
is considered and all elements are sorted in a list XA as
real values. Such lists for both the matrices are compared.
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Graph matching is a very fundamental problem in pattern
recognition that applies to variety of do-mains. A
continuous- time quantum walk has the advantage of
being computationally less expensive than discrete-time
quantum walk. Single-particle quantum walks are used
for the graphs where inexact graph matching is enough
goal with some degree of structural errors. Single particle
quantum walks as are based on family parameters of
SRGs, they cannot distinguish non-isomorphic SRGs. So
single-particle quantum walks can be used with different
classes of graphs. For exact graph matching and only
SRGs, two-particle hardcore boson quantum walk is a
powerful method. This method can be applied where
insignificant differences can be detected among the
objects that resembles to same class of SRGs. Multiparticle quantum random walks with interacting and noninteracting particles may give universal solution.
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