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Abstract. Extraspecial groups form a remarkable subclass of p-groups.
They are also present in quantum information theory, in particular in
quantum error correction. We give here a polynomial time quantum al-
gorithm for finding hidden subgroups in extraspecial groups. Our ap-
proach is quite different from the recent algorithms presented in [17]
and [2] for the Heisenberg group, the extraspecial p-group of size p3

and exponent p. Exploiting certain nice automorphisms of the extraspe-
cial groups we define specific group actions which are used to reduce the
problem to hidden subgroup instances in abelian groups that can be dealt
with directly.

1 Introduction

The most important challenge of quantum computing is to find quantum algo-
rithms that achieve exponential speedup over the best known classical solutions.
In this respect, the most extensively studied problem is the paradigmatic hidden
subgroup problem. Stated in a group theoretical setting, in HSP(G, f) we are
given explicitely a finite group G and we also have at our disposal a function f
that can be queried via an oracle, and which maps G into a finite set. We are
promised that for some subgroup H , f is constant on each left coset of H and
distinct on different left cosets. We say that f hides the subgroup H . The task
is to determine the hidden subgroup H . We measure the time complexity of an
algorithm by the overall running time when a query counts as one computational
step. An algorithm is called efficient if its time complexity is polynomial in the
logarithm of the order of G.

We don’t know any classical algorithm of polynomial query complexity for
the HSP, even in the restricted case of abelian groups. In this respect, proba-
bly the most important result of quantum computing is that the HSP can be
solved efficiently for abelian groups by quantum algorithms. We will call this
solution, for which one can find an excellent description for example in Mosca’s
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thesis [15], the standard algorithm for HSP. The main quantum tool used in
the standard algorithm is Fourier sampling based on the approximate quantum
Fourier transform that can be efficiently implemented by a quantum algorithm
in case of abelian groups [11]. Among the important special cases of this general
solution one can mention Simon’s xor-mask finding [21], Shor’s factorization and
discrete logarithm finding algorithms [19], and Kitaev’s algorithm [11] for the
abelian stabilizer problem.

Since the realization of the importance of the abelian HSP, intensive efforts
have been made to solve the hidden subgroup problem also in finite non-abelian
groups. The intrinsic mathematical interest of this challenge is increased by the
fact that several famous classical algorithmic problems can be cast in this frame-
work, like for example the graph isomorphism problem. The successful efforts
for solving the problem can roughly be divided into two categories. The stan-
dard algorithm has been extended to some non-abelian groups by Rötteler and
Beth [18], Hallgren, Russell and Ta-Shma [8], Grigni, Schulman, Vazirani and
Vazirani [7] and Moore, Rockmore, Russell and Schulman [14] using efficient im-
plementations of the quantum Fourier transform over these groups. In a different
approach, Ivanyos, Magniez and Santha [10] and Friedl, Ivanyos, Magniez, San-
tha and Sen [5] have efficiently reduced the HSP in some non-abelian groups to
HSP instances in abelian groups using classical and quantum group theoretical
tools, but not the non-abelian Fourier transform.

All groups where the HSP has been efficiently solved are in some sense “close”
to abelian groups. Extraspecial groups, in which we present here an efficient
quantum algorithm, are no exception in this respect: they have the property
that all their proper factor groups are abelian. They form a subclass of p-groups,
where p is a prime number, and play an important role in the theory of this family
of groups. Extensive treatment of extraspecial groups can be found for example
in the books of Huppert [9] and Aschbacher [1].

Extraspecial 2-groups are heavily present in the theory of quantum error cor-
rection. They provide a bridge between quantum error correcting codes and bi-
nary orthogonal geometry [3]. They form the real subgroup of the Pauli group [4]
which plays a crucial role in the theory of stabilizer codes [6]. For general p, ex-
traspecial p-groups give rise to the simplest examples of Clifford codes, see [12].

Efficient solutions for the HSP have already been given in several specific
extraspecial groups. Extraspecial p-groups are of order p2k+1 for some integer
k. For odd p, they are of exponent p or p2, and extraspecial 2-groups are of
exponent 4. The class of groups for which Ivanyos, Magniez and Santha [10]
provide a solution include extraspecial p-groups when p is a fixed constant and
the input size grows with k. When p is fixed, the smallest extraspecial groups
are of size p3. Up to isomorphism there are two extraspecial groups of order p3.
Recently two independent works dealt with quantum algorithms for the HSP in
the group of exponent p, the Heisenberg group. Radhakrishnan, Rötteler and
Sen [17] have followed the standard algorithm with non-abelian Fourier trans-
form, and proved that strong Fourier sampling with a random basis leads to


