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Abstract— Defining and identifying waste associated with
software is a hot topic in the information technology industry.
Therefore, on this paper we went through literature searching
for definitions of software waste in general, then with more focus
on waste in the context of software architecture. Then, we tried
to identify the influential factors for the presence of waste along
with its relationships with architectural technical debt and
architectural bad smell. The majority of the definitions of waste
focused on value delivery aspects of waste, as if the software
component is not adding value to the end-users is considered as
waste. Adding to that there were links between the presence of
waste in the context of software architecture and architectural
technical debt and architectural bad smell.
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[. INTRODUCTION

Referring to Cambridge English Dictionary, the word
“waste” is defined as “an unnecessary or wrong use of money,
substances, time, energy, abilities, etc.” [1]. This definition
triggered the demand for further investigation and finding the
definition of waste in the context of software architecture.

In this paper we are presenting our findings based on
readings and studies conducted related to the presence of
software waste in the context of software development and
specifically software architecture. Initially we defined a set of
research questions that we tried to answer based on the
existing literature.

The research questions that we are trying to answer in this
paper include the following:

RQ1: How has software waste been defined in the context
of software development in general?

RQ2: How has software waste been defined in the context
of software architecture specifically?

RQ3: What are the factors that influence the presence of
software waste?

RQ4: Is there a link between Architectural Technical Debt
and software waste?

Fig. 1. Illustrates the structure of the review conducted and
the sequence for answering the research questions. RQ1 and
RQ2 will be address on the following section “Software Waste
Definition”, then RQ 3 and RQ 4 will be answered on the
following sections “Influential Factors” and “Waste and
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Software Architectural Debt” respectively. After that, the
results generated from the literature will be summarized and
discussed in the “results and discussion” section.
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Fig. 1. Review Structure

II. SOFTWARE WASTE DEFINITION

Based on the literature review conducted, waste was
defined from multiple aspects. However, most of the
definitions are based on Lean Approach. In table I, few
definitions of waste ware presented.

The definitions mentioned in table I focused more on the
concept of waste from Lean perspective. The focus of lean
principles focusses on waste elimination, reducing cycle time,
and increasing the flow of value delivery to customers. Based
on Toyota Production System the term “Muda” refers to the
activities that doesn’t add any value to the customer. This will
lead to unnecessary financial costs, storage costs, etc. The
main categories of waste are Defects, Over-production, Over-
processing, Waiting, Motion, Inventory, and Transportation

[2].
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TABLE L
Author(s)

LIST OF WASTE DEFINITIONS

Definition of waste

“Waste is anything that does not
add value to a product, value as
perceived by the customer” [3]

Mary Poppendieck
and Tom
Poppendieck

David Bernstein “Waste is defined as any work that
has begun but is not yet

completed” [4]

Todd Sedano et al. “Waste is any activity that
produces no value for the customer
oruser” [5]

Forbes Technology | “The technology they acquire ends

Council up being underutilized or wholly
ignored—becoming software
waste.” [6]

Todd Sedano et al. “Software waste refers to
project elements (objects,

properties, conditions, activities,
or processes) that consume
resources ~ without  producing
benefits. Wastes are like friction in
the development process.” [7]

Based on N. Brown [8] “the concept of focusing on waste
as a means to reduce cycle time and increase the flow of value
is equally applicable to manufacturing and to software
development”. The author focused on three categories of
waste from the perspective of software development generally
and software architecture specifically, and these categories of
waste are: Defects, Overproduction, and Extra Processing /
Excess Complexity. Defect waste in the context of software
architecture is caused by the rework required to fix the defect,
this has direct negative impact to the flow of value delivery to
the end users. Adding additional functionality that are not part
of the requirements or developing complex software
architecture that is in excess to end users needs, may
contribute to waste of team efforts, adding more complexity
to the code maintainability and modification, and increase the
testing efforts, etc. Hence, all these factors will contribute to
increase the financial costs and resources required.

The waste of waiting in the context of software
architecture is mainly caused by the developers waiting for the
final software architecture developed by the software
architects. In many cases, the developers will end-up starting
code development which will cause them to underutilize the
produced software architecture developed by the software
architects. This will result to increase the rework efforts,
and/or producing a throwaway code by the developers in
many occasions. The best course of action is that all team
members to start working on their tasks once all their
requirements are ready [9].

III. INFLUENTIAL FACTORS

In this section, the factors that will influence the presence
of software waste in the context of software architecture will
be discussed. Starting with the factors that will have bad
impacts or implications on software architecture quality.

These factors have direct relationships with the presence of
waste in the context of software architecture.

These factors include centralization of decision making of
decisions related to software architecture and not involving all
concerned team members, letting goals such as reusability of
software components dictate bad software architecture
decisions, imbalance between business decisions and
architectural decisions, ignoring the importance of feedback,
and over generalization of software architecture [10].

Moreover, improper definition of users requirements
(functional and non-functional requirements) could contribute
to adding waste from multiple perspectives, leading to wasted
related to rework. This is a direct result of software architects
being building their decisions without having full picture
about the end users requirements, or based on wrong analysis
of end users requirements.

In addition to that, there are some non-technical factors
that affect negatively on the software architecture and these
include not having a software architect, lack of vision, and
splitting the resolution of issues over multiple individual
teams [11]. These issues also could contribute to increasing
waste in the software.

IV. WASTE AND SOFTWARE ARCHITECTURAL DEBT

In Software engineering, technical debt is defined as
“making technical compromises that are expedient in the short
term, but that create a technical context that increases
complexity and cost in the long term” [12]. Hence, the
financial costs, efforts needed, and software complexity will
increase in the future for the purpose of maintaining or
modifying or adding future enhancements to the software.
These additional costs, efforts and extra complexity are
considered as waste.

On the other hand, architectural technical debt is defined
as “the technical debt incurred at the architectural level of
software design, that is, in the decisions related to the choice
of structure (e.g., layering, decomposition in subsystems,
interfaces), the choice of technologies (e.g., frameworks,
packages, libraries, deployment approach), or even languages,
development process, and platform™ [13]. Therefore, the
presence of architecture debt could lead to generating waste in
the context of software architecture.

Another very important concept that must be addressed
here is Architectural Bad Smells or Architectural Smells. J.
Garcia et al. defined architectural smell as “are frequently
recurring software designs that can have non-obvious and
significant detrimental effects on system lifecycle properties”
[14]. There is a relationship between architecture smells,
software qualities and refactoring. The presence of
architecture smell could lead to the compromise of software
qualities [15]. This could lead to defects and overconsumption
of resources during the deployment and operations. The
impact here exceeds extra costs or extra complexity of
software, as it has direct impact to utilization of computing
resources and energy consumption. D. Guaman et al. found
that The energy consumption of application has link with the
complexity and code smells [16]. Adding to that G. Dhaka and
P. Singh identified a relationship between removing code
smells (god class, feature envy and long method) using
recommended refactoring activities and reduction of energy
consumption [17].



V. RESULTS AND DISCUSSION

Most of the definitions of waste in software development
are based on Lean approach which is manly focusing on waste
elimination, reducing cycle time, and increasing the flow of
value delivery to customers. Most of the definitions found
ware inspired by Mary and Tom Poppendieck definition of
waste and waste categories on their book “Lean Software
Development: An Agile Toolkit”. Most of the definitions
agree that waste is considered as software components that do
not add or represent value to the customer or end users.

If the software component does not represent value for the
customer then it is considered as waste, and this could include
not finished items or software components, features and items
which are not requested by the customer or end users, software
components that are not fully utilized, or software components
that could consume additional resources without generating
extra value for the customers or end users.

Moving to the presence of waste in the context of software
architecture, there were very few publications discussing this
topic. Most of the available resources are industrial based
resources that were presenting subject matter experts
experiences and opinions on this topic such as software
architects and software developers. There is huge demand for
more academic research on this topic to fill the lack of
available academic publications. The focus here was more
into the additional costs and efforts spent on software
development, fixes or repair, modifications and
maintainability. The main categories of waste were defects,
overproduction, extra processing / excess complexity, and
waiting time.

The influential factors for the presence of waste in the
context of software architecture could be categorized into two
main factors. Technical factors that are directly related to the
development cycle of the software that affected the decisions
of the development team regarding the software architecture,
and non-technical factors that related mostly to the
development team. The technical factors are mainly focusing
on the software architecture decisions process. These factors
mainly concern whether all the right stakeholders were
involved in the decision-taking process, and if the right
balance between the business goals and software requirements
was there during the decision-making process. Adding to that,
additional concerns by the software architects such as the
reusability of software components and the generalizations of
the software architecture. Moreover, building the decisions
regarding the software architecture must be based on the full
picture of the end users requirements and proper analysis of
these requirements. An example here, if software architects
built their decisions regarding the design pattern to be used
and decided to go for a layered pattern without finalizing all
the requirements with customers, and the team proceeded with
the development cycle. Later, the customer added a
requirement to use microservices pattern as a requirement.
This could cause the development team to start all over from
the point of software architecture and design phase, and in
most cases all work done would be scrapped. This will add
extra costs and extra efforts by the team leading into
generating waste in the development cycle. Another example,
if software architects built their decisions regarding the design
pattern to be used and decided to go for the most suitable
design pattern at that point of time without finalizing all the
requirements with customers, and the team proceeded with the
development cycle. Toward the finalization of the

requirements gathering and analysis phase, the software
architects realized that if they selected another design pattern
it would be much better and efficient. Again here, this could
cause the development team to start all over from the point of
software architecture and design phase, and in most cases all
work done would be scrapped. Alternatively, and in most
cases the team will proceed with the selected design pattern
due to time and schedule concentrations, although it will add
extra complexity to the software and improper utilization of
computing resources. Adding to that the extra costs and effort
that will be required for maintaining and modifying the
software in the future.

The non-technical factors — as mentioned in section III
based on the inputs from N. Bédard [11] - are mainly
concerned with the management, suitability and ability of the
development team while taking the decisions that are affecting
the software architecture. Having a qualified and dedicated
software architect in the development team could help to
reduce the possibility of having waste in the context of
software architecture. Adding to that having a clear vision for
the software and future business goals of the software being
developed could help to reduce the possibilities of having in
the context of software architecture too. Moreover, the
knowledge of the team regarding the software structure and
the resolution of the issues that are being addressed by all the
relevant development team members also could contribute to
reducing the possibility of having waste in the context of
software architecture.

Furthermore, the presence of architectural technical debt
could lead to the presence of waste in the context of software
architecture. This is due to the costs, efforts, and software
complexity will increase in the future for the purpose of
maintaining, modifying or adding new features to the
software. Selecting the most appropriate architecture design
pattern will help to reduce the possibility of the presence waste
in the context of software architecture. This is possible by
involving a well-qualified and experienced software architect
in the process of software development process, along with
involving all the relevant team members to end up with well
designed software architecture with minimum waste in the
context of software architecture. This will help to reduce the
costs and efforts required to implement and maintain a high
quality software.

Moreover, there is a direct link between the presence of
waste in the software architecture and architecture bad smell.
The expected results include but are not limited to over
utilization of computing resources and increase in energy
consumption which all adds to customer bill, and software
operation and maintenance efforts. Similarly, selecting the
most appropriate architecture design pattern will help to
reduce the possibility of the presence waste in the context of
software architecture and better utilization of available
resources in terms of software development and operations.

According to the discussion above and the literature
review conducted, there is a big gap in the academic research
in terms of how to link architectural technical debt with waste,
what are the influential factors that increase waste in the
context of software architecture, and what are the best
approaches to reduce waste.



VI. CONCLUSION

On this paper we started by gathering data from available
literature regarding the definition of waste in the context of
software development in general, then in software architecture
specifically. After that, the influential factors for the presence
of waste were identified and the relationships between the
presence of waste and architectural technical debts and
architecture bad smells were identified. Finally, the results
generated from the literature were discussed in the previous
chapter.

Most of the definitions of waste focused on the value
generation for the end users and the main categories of waste
in the software include defects, overproduction, extra
processing / excess complexity, and waiting time. The
influence factors were divided into technical factors and non-
technical factors.

The topic addressed by this paper requires further studies,
especially in the aspect of the presence of waste in the context
of software architecture. This topic is well addressed by the
industry, however there is a demand for more focus from
academic researchers.
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