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Abstract—As software products become larger and more
complex, the test infrastructure needed for quality assurance
grows similarly, causing a constant increase in operational and
maintenance costs. Although rising in popularity, most Artificial
Intelligence (AI) and Machine Learning (ML) Software Defect
Prediction (SDP) solutions address singular test phases. In
contrast, the need to address the whole Software Development
Life Cycle (SDLC) is rarely explored. Therefore in this paper, we
define the problem of extending the SDP concept to the entire
SDLC, as this may be one of the significant next steps for the
field. Furthermore, we explore the similarity between the defined
challenge and the widely known Multidimensional Knapsack
Problem (MKP). We use Nokia’s 5G wireless technology test
process to illustrate the proposed concept. Resulting comparison
validates the applicability of MKP to optimize the overall test
cycle, which can be similarly relevant to any large-scale industrial
software development process.

Index Terms—artificial intelligence, software defect prediction,
software testing, continuous integration, software development
life cycle, Nokia 5G.

I. INTRODUCTION

Software companies worldwide struggle to deliver high-
quality products within the estimated time and budget. The
success ratio seems to decrease with the size of the project
and its complexity [1]. Furthermore, the telecommunications
industry has the second lowest chance of a favorable outcome,
only slightly higher than government initiatives. An excellent
example of a grand, complex telecommunication system is the
5G technology developed by Nokia. The company employs
approximately 90 thousand people in 130 countries [2]. Con-
sequently, it faces considerable process challenges due to the
tremendous scale and complexity resulting from the number
of interfacing components, possible hardware combinations,
used frequency spectrum, and the cooperation of several
development units distributed worldwide.

Finding new opportunities to improve the quality and min-
imize the cost of the software development life cycle (SDLC)
has been the goal of software engineering practitioners and
researchers for decades [3]. One exceptionally promising
concept is software defect prediction (SDP) using artificial
intelligence (AI) and machine learning (ML) models that in-
dicate the areas of the code where faults are most probable [4].
Unfortunately, no universal model can be applied for all data
sets to develop accurate predictions due to the “no free lunch”

theorems [5]. Furthermore, in vivo application of ML SDP
lags academic research [6]. This paper aims to describe the
challenge of scaling ML SDP for grand and complex software
projects, using the example of Nokia 5G system-level testing.
Second, we discuss the dream state of a general ML SDP
solution that would address the whole SDLC in a real-world
setting. Last, we invite researchers and practitioners to explore
the described problem further.

Our contributions are the following:
1) Definition of Test Selection and Prioritization (TSP)

Problem to be complemented by Software Defect Pre-
diction (SDP) Problem (specific to any organizations that
offer precise tracking of test cases to requirements and
software modules). The outcome is TSPSDP .

2) Formulation of the TSPSDP Problem as the Multidi-
mensional Knapsack Problem (MKP). The outcome is
MKTSPSDP .

The presented ML SDP approach is complementary to the
search-based software testing (SBST) [7]. SBST techniques
are effective at generating tests with high code coverage [8],
which may not be sufficient to create the best test strategy
considering budget limitation without utilizing defect pre-
diction [9]. Therefore, our proposal focuses on the synergy
between various high-level testing phases by optimizing the
results of several ML SDP models for the whole SDLC.

II. 5G TEST CHALLENGE

The 5G gNB (or gNodeB) is a wireless base station respon-
sible for establishing and maintaining the connection between
the user equipment (UE) and the core network [10]. The
whole 5G technology must adhere to strict 3rd Generation
Partnership Project (3GPP) requirements [10] such as band-
width, coverage, and latency, while at the same time offering
complex mobility and carrier aggregation scenarios. Testing
such functionalities at the early stages of product development
focuses on the software and hardware configuration of the
gNB or verifying the outgoing transmission characteristics
using spectrum analyzers. On the system-level, test scenarios
need to be verified end-to-end using real UEs, real core
network, and a real over-the-air (OTA) interface. Many user
stories like gNB reconfiguration, call set-up, max throughput,
or stability can be sufficiently tested with simulators and
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