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ABSTRACT

Discrete mathematics is a branch of mathematics that deals with discrete structures, where a discrete structure
is defined as either a finite nonempty set or a countably infinite set over which various relations, operations are
defined. For computer science students, this is a class where fundamental subjects such as logic, number theory,
relation, set theory, graph theory, algorithms are introduced in such a way that these subjects can be understood
without much mathematics[Sandefur22]. In this poster, we describe our ongoing research that aims to introduce
quantum computing to students without technical backgrounds[Jkim23, Slee23, Sjeong24]. More specifically, we
argue that the hidden subgroup problem[Hallgren03] is a good subject that can be taught in discrete mathematics
class because the problem deals with a simple discrete structure that can be easily explained to the students of
discrete mathematics class. In addition, since it is well known that the famous quantum algorithms such as Si-
mon’s algorithm and Shor’s algorithm solve the instances of the hidden subgroup problem[Nielsen16], we believe
that introduction to the hidden subgroup problem can help students gain insights into the structural properties of

computational problems in a wide perspective.
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1 INTRODUCTION

The field of quantum computing has been progressing
rapidly recently and it is expected to revolutionize a
lot of technologies in the future[Alil22]. As is argued
in[Bacon10], we believe that important ideas of quan-
tum computing such as superposition, entanglement,
reversibility, etc. can be introduced to students without
backgrounds in mathematics and quantum mechanics.

In this poster, we describe our ongoing project that aims
to introduce well-known quantum algorithms to the stu-
dents in discrete mathematics class using the hidden
subgroup problem(HSP).

The motivations of our research are as follows.

First, HSP can be defined using the concepts that stu-
dents in discrete mathematics are already familiar with.
For example, to define HSP, we need the concepts of a
function, an equivalence class, a closure property, a bi-
nary operation, and a set and all of these are explained
in discrete mathematics class.

Second, HSP naturally fits with the themes of discrete
mathematics because HSP asks to find a certain struc-
ture (a subgroup) in a bigger structure (a group) that
is discrete while discrete mathematics deals with vari-
ous examples of discrete structures that we encounter
in computing such as algorithms, computational prob-
lems, data structures, number theory, etc.

Finally, knowledge about HSP can serve as a window
through which students can see a different world (that
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is, the world of quantum computing) than the world of
classical computing since well-known quantum algo-
rithms such as Simon’s algorithm and Shor’s algorithm
solve instances of HSP more efficiently than classical
algorithms.

This poster is structured as follows. In section 2, we ex-
plain how HSP can be introduced to the students in dis-
crete mathematics with simple instances of HSP. Then,
this poster concludes with research perspectives.

2 INSTANCES OF HSP

To introduce HSP to the students in discrete mathemat-
ics, we can start with a definition for HSP. Then, two
different instances of HSP are explained so that their
structural common denominator can be easily recog-
nized.

HSP is defined as follows. We are given a finite group G
and a function f from G to a finite set A such that f has
the following property: (1) for all elements in the same
coset of a subgroup H of G, the function values are the
same, and (2) for elements x,y each of which belongs to
a different coset of H, f(x) and f(y) are different. We
say that the subgroup H is hidden by the function f and
the problem is to find H.

Then, we can explain a simple example with a group G
that consists of a set Z¢={0,1,2,3,4,5} with a binary
operation that is addition mod 6. For this structure,
there is a subgroup H that consists of a set B={0,3}.
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Now, there are 3 cosets of H which are {0,3}, {1,4},
and {2,5}.

We can point out that Zg is divided into 3 cosets so that
when a function is defined, it can be interpreted as as-
signing 3 different colors to the members of Zg depend-
ing on the membership against the cosets.

An instance of HSP here is as follows. Assume that we
are given a function f that maps Zg to A={a,b,c} such
that £(0) = f(3)=a, f(1) = f(4)=b, and f(2) = f(5)=c,
respectively. What is the hidden subgroup?

Once this example is understood by the students, we
can explain the problem that Simon’s algorithm ad-
dresses.

The problem is defined as follows: We are given a func-
tion f from {0,1}" to {0,1}" such that for all x,y €
{0,1}", f(x)=f () if and only if x=y @ s, for some s €
{0,1}", where @ is the bitwise exclusive or operation.
The problem is to find s.

The underlying structure of Simon’s problem is HSP
because if we let the group as the set, {0, 1}" with the
binary operation &, then the hidden subgroup is the set

{0",s}.
3 CONCLUSION

In this poster, we report our ongoing project that aims
to introduce well-known quantum algorithms to the stu-
dents in discrete mathematics class.

When mathematical structures are taught, it is impor-
tant that the teacher should know more about structures
than can be discussed in class[Taylor65]. We believe
that introduction of HSP as a way to open students’
eyes about applications of discrete structures is some-
thing that achieves this guideline because it connects a
structure with a way to exploit it for solving a problem.
This is similar to a matroid that can be exploited when
an optimization problem posesses it{Edmonds71].

Introduction of HSP as well as an instance of the prob-
lem such as Simon’s problem may help students get in-
terested in a subtle subject such as what makes quan-
tum computers more powerful than classical comput-
ers. In addition, students may ask whether there exists a
general theorem that states the existence of a structural
property that makes quantum computation more pow-
erful compared to classical computation[Aaronson11].

Currently, we are working on intuitive ways to intro-
duce instances of HSP such as Shor’s period finding
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problem as well as graph isomorphism problem to stu-
dents in discrete mathematics class. In addition, we are
investigating ways by which visualization tools can be
used to introduce quantum algorithms.
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