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Abstract The Search Based Software Engineering (SBSE) is widely used in the software
engineering to identify optimal solutions. The traditional methods and algorithms used in
SBSE are criticized due to their high costs. In this paper, we propose a rapid modified-
Grover quantum searching method for SBSE, and theoretically this method can be applied
to any search-space structure and any type of searching problems.

Keywords Quantum algorithm · Software engineering · Searching · Complex structure ·
Grover algorithm

1 Introduction

With the rapid growth of software engineering and the expanse of computer science, various
problems have been raised and no polynomial time complexity solution algorithm has been
found so far [1]. These problems cover a broad class of important applications, such as the
protein structure prediction, many-body problem simulation, multi-epitope gene sequence
searching, coordination chemistry engineering and civil engineering, etc. These problems
can only be solved by using the large-scale search with the state-of-the-art technologies.

The search based software engineering (SBSE) was firstly claimed in 2001 by computer
scientists Harman and Jones [2]. The basic idea of SBSE is to use unstructured metaheuristic
searching algorithms, such as the genetic algorithm (GA) [3], simulated annealing [4] and
Tabu search [5], etc. The SBSE also exploits a set of software engineering framework for
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the proposed variety of searching algorithms to provide solutions for the “difficult problems
of balancing competing constrains and may suggest ways to finding acceptable solutions in
situations where perfect solutions are either theoretically impossible or practically infeasi-
ble” [2].

After nearly 10-year research, the traditional SBSE has been developed substantially in
both theoretical and experimental field. However, two serious problems are still plaguing
people when using SBSE. First, the SBSE aims to do the search within the completely un-
structured data, but it is limited by the data structure and abstract data type of the computer
can expressing, one cannot reuse a completely traditional data-structure model and a tradi-
tional (random) algorithm to meet the wide variety of requirements from the different solu-
tions for the space structure of problems. Second, to obtain a “good” solution of a problem,
the traditional searching algorithms always show that their efficiency is low—even using the
randomized searching or stochastic algorithms; it is hard to get a satisfying solution with a
polynomial time.

2 Quantum Searching Methods

People have studied to develop the quantum computing device (called as “quantum com-
puter”) to expedite the traditional searching speed since the property of quantum parallelism
was discovered. In 1996, Grover first proved that by using the quantum parallelism and
quantum superposition effects we could speed up the searching over a classical database
was possible [6]. Compared with the Shor’s factoring algorithm that is actually to search
(or find) an order (or period) in a hidden subgroup, Grover’s algorithm can be used for a
wide-area search in unstructured data or objects. From this point of view, Grover’s algo-
rithm is treated as a more important quantum-searching algorithm than Shor’s algorithm.
Afterwards, various universal quantum searching methods have been proposed and stud-
ied, such as the quantum adiabatic evolution searching algorithm [7], fixed-point quantum
search (FPQS) [8, 9], quantum space search in hierarchical structures [10] and quantum
walks [11, 12]. Among these quantum searching methods, people think Grover’s algorithm
is the best choice for large-scaled unstructured data searching.

3 Unstructured Problem Spaces and Grover’s Algorithm

Now consider a finite unstructured set P = {1,2, . . . ,NG} ∈ {0,1}⊗n, where n ∈ N
+ and

NG = 2n. We want to find a specified target element xt , where xt ∈ X. Let f : {0, 1}⊗n →
{0, 1} be an well-defined externally supplied function (or say a Oracle), such that f (xt ) = 1
and f (x �= xt ) = 0. Grover’s original algorithm has the following steps [6]:

Algorithm (Grover’s algorithm)
Step 1. Initialize the quantum system as initial (ground) states of size NG, with amplitude
uniformed as |ψinit 〉 = 1√

NG

∑
x |ψx〉 (where computational basis states is {|0〉, |1〉}⊗n).

Step 2. Repeat the following quantum operations (Grover Iterate) for O(
√

NG ) times:

(i) Let |x〉 be any computational basis state, if f (xt ) = 1 then rotate state by π , else if
f (x) = 0 then leave the state unaltered;

(ii) Apply diffusion transform D such that:
Dij = 2

NG
when if

i �= j ∧ Dii = −1 + 2
NG

.

Step 3. Implement projective measurement to the state and sample the searching result.
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With simple analysis we can show that Grover’s algorithm cannot be always successful
in a deterministic situation (with an error O(1/NG)), so Grover’s original algorithm is also a
stochastic algorithm. Long et al. [13] analyzed Grover’s algorithm in group SO(3) structure
and proposed a modified version with a new database-scale-related phase match equation
(i.e. change rotate phase π in Step 2(i) as 2arcsin[sin( π

4J+6 )
√

NG] , where J = π
4β

− 1
2 , β =

arcsin 1√
NG

) [13, 14]. The Long’s modified version of Grover’s algorithm is a deterministic
algorithm that can reach the targeted answer with a constant probability of 1 [13]. Grover’s
algorithm has also been proven to be optimal and faster than any other possible classical
algorithm in 1997 [15], and it has been implemented in quantum devices [16]. Grover’s
algorithm is also applicable to multiple-target unstructured data search [6].

4 Analysis of SBSE-Based Unstructured Searching Problems

The important goal of search-based software engineering is to reformulate the problems for
software engineering as searching problems. Three criteria are proposed below [2]:

(1) A representation of the problem which is amenable to symbolic manipulation;
(2) A fitness function (defined in terms of this representation);
(3) A set of manipulation operators.

Here we adopt the above criteria into the quantum computational space. First, a represen-
tation of a candidate solution must show the characteristic of searching problems in Hilbert
space, a suitable method should be used to recode the original problem into quantum grey
codes which are in the form of pure ground state—the qubits. The reason to use the pure
state, not the mixture or superposition form, is that we can easily code the answer of targeted
problem into the final ground computational basis by using the grey transformation matrices.
In computer science, the solution space of an unstructured searching problem can be rebuilt
with the discrete form, each solution can also be represented as a series of basis vectors—
which can be easily presented as the state vectors in the geometric interpretation of Grover’s
algorithm. And more important, the accurate unitary transformation can be implemented in
these state vectors. See Fig. 1.

Second, in computer science we use fitness function to characterize what is considered
to be a “good solution”. In the theory of software measurement, “the fitness function need
merely impose an ordinal scale of measurement upon the individual solutions it is applied
to” [2]. So before the implementation of quantum projective measurement, it is critical to
know which of the candidate solutions is a better solution based on their properties. In the

Fig. 1 The geometry
interpretation of Grover’s
algorithm. The steps of the
unstructured search can be
represented as the rotations in the
plane formed by the states |s〉
and |t〉. The angle θ = arcsin t |s〉
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Fig. 2 Fitness function can
evaluate the metric distance
between the “good solution”
(point B) and other local optimal
solutions (points A and C). The
QFT can transform the quantum
evolution process into a global
optimal solution

quantum version of fitness function, a well-designed function is used to implement proba-
bility evaluation of the trace distance (i.e. Kolmogorov distance) and we can use quantum
Fourier transform (QFT) to adjust the distance to the “good solution”, see Fig. 2. In some
cases, it is hard to define a fitness function due to the difficulty on determining a given prob-
lem’s ordinal scale metric. However, other metaheuristic searching approach can be used as
a classic post-processing.

Third, in the proposed framework of quantum searching used for SBSE, the different op-
erators are used to implement different searching techniques. We need to build a universal-
architecture framework for various types of searching problems, and then define the variety
of corresponding quantum operators. In the proposed framework, all the operators are devel-
oped based on Grover’s algorithm, which only considers the problem-dependent information
(see Sect. 5).

5 Modified Grover’s Search—A Universal Quantum Searching Framework

Actually, for many problems in software engineering, even in the situations where there is no
known general solving algorithm, there may exist known examples which can be constructed
by hands, where the individual solutions are known for particular elements of the problem
domain [2]. It means that the “correctness” of a solution can be easily characterized by
a pre-designed characteristic function and the “goodness” of a solution can be validated
and/or measured by a fitness function.

With the quantum searching method, it’s easy to find a single target in a complex and un-
structured dataset, however, to find all the best or optimal solutions is very hard. The fitness
function used to evaluate a searching result always needs additional information—called the
priori, this affects the Grover searching’s iteration level for completing a successful search.
The basic iterative deepening Grover’s search (IDGS) algorithm [17] is shown as the fol-
lowing:

Algorithm (iterative deepening Grover’s search)

Step 1: Initialization
Initialize the quantum system as initial (ground) states of size NG, with the normalized
amplitude as |ψinit 〉 = 1√

NG

∑
x |ψx〉 (where the computational basis states are {|0〉, |1〉}⊗n).

Let a characteristic function f : {0,1}⊗n → {0,1} be an externally supplied function (i.e.
Oracle) defined as f (xt ) = 1 and f (x �= xt ) = 0.
Step 2: Iteration
The function Grover() is the standard Grover’s searching procedure:
for i := 1 to sizeof (f ) skipping 2 do

r := Grover(f, 	 π
4 2

i
2 
);
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Fig. 3 Iteration count vs.
number of searched elements in
IDGS algorithm, green line:
classical search in 2n/2 scale; red
line: IDGS estimate of π

4

√
2n

if (f (r) == 1) then return r;
endfor;
return (−1).
Step 3: Sample r for the searching results.

Iterative deepening Grover’s search is a basic framework in this paper and we now con-
sider the costs. Figure 3 shows the iteration count vs. the number of searched elements. It is
easily find above algorithm is more efficient in iteration level [18].

The basic steps to find solution from an unstructured dataset are:

(1) Modeling the problem;
(2) Design the characteristic function f to proposed problem;
(3) Use IDGS for deepening Grover searching;
(4) Evaluate the estimated solution by a classic fitness function.

6 Conclusion and Further Work

To summary, we propose a quantum searching framework based on Grover’s quantum
searching algorithm for solving variety classes of problems in software engineering. We
firstly show that many software engineering problems can be translated into a multi-target
searching problem, then secondly, analysis the characteristics of unstructured problem space
in search based software engineering. Thirdly, we mention three criteria in SBSE and pro-
pose the quantum version of these criteria, and finally, we propose a basic frame work by
using iterative deepening Grover search for finding multi-target in large-scale and unstruc-
tured dataset in SBSE scenario.

The related tools of our proposed framework is under developing and we also want to
design the algorithm for dynamic adjusting when the problem size changes.
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