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Abstract

Context: Data is at the heart of any information system. Choosing
the appropriate database and its operation is a major decision for any
company and choosing from the pool of different options can can feel
overwhelming. In this thesis we take a look at the main factors to con-
sider when making your decision, to help you with the whole process.
This thesis will explore the selection, prioritization and considerations
when choosing a database. It is aimed at exploring the recent uptake
and impact of NoSQL in companies and analyze the results of the lit-
erature and empirical study.

Aim and Objectives: Our aim is to investigate the recent uptake
and continued use of NoSQL databases in software development com-
panies. It is imperative to know how companies are choosing to adopt
the right technology for their application. The objective is to provide
instructions for companies on how to choose the right DB for their
needs and what to consider.

Method: Interviews are conducted to find out the process/approach
that practitioners employ when choosing the database technology.
Then an analysis of the considerations and their priority is conducted
using a questionnaire. The focus is on the considerations, meaning
factors to consider when choosing a database.

Results: The result of the interviews show that infrastructure is the
most essential consideration when choosing a DB, and the survey ques-
tionnaire show that consistency is the most essential consideration.

Conclusions: The result suggests that there are several essential con-
siderations when choosing a database. Furthermore, we conclude that
the challenges of adopting NoSQL technology may be the following:
only provide eventual consistency, which can impact availability and
performance, reliability, the challenges of transitioning, keeping track,
lacking data integrity, handling of complex queries, and security and
privacy risks.

Keywords: considerations, NoSQL, uptake, companies
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Chapter 1

Introduction

The main purpose of this thesis is to investigate the considerations when compa-
nies adopt NoSQL. This also provides insights into the recent uptake of NoSQL
in the software industry. We will further explore the challenges of adoption [1]
and long-term use of NoSQL in companies.

If your business is growing, keeping track of the increasing amount of data can
be tricky. Having the right database for your purpose can help you manage all
your business-critical data centrally, safely and securely and boost your chances
of success.

Using the right database for your needs if you manage staff records can save
you time and money. It can automate routine jobs and speed up the processing
of data such as hours, leave, benefits, payroll, etc. This may leave you more time
to focus on growing your business.

Researchers like Maté [2] and Chatzipetrou [3| have studied different strategies
and procedures, which could be applied when choosing a database. They believe
prioritization is a procedure of principal importance in decision making. In Soft-
ware Engineering it is encountered in cases where multiple attributes have to be
considered in order to take a decision. However, opinions are subjective and may
vary greatly when different people try to prioritize independently. These factors
have led to the adoption of voting schemes where stakeholders express their rela-
tive preferences for certain attributes in a systematic and controlled manner [3].

Researchers like Chatzipetrou [3] focus on the investigation of what matters
the most to industry practitioners during component selection. They believe
component-based software engineering is a common approach to develop and
evolve contemporary software systems. Another existing study [4], which focus
on evaluating different database systems for the purpose of selecting the most
suitable DB, analyzed performance. "NoSQL DBs show superior performance
compared to SQL DBs, demonstrating that NoSQL DBs are more appropriate
for processing large amounts of data"
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So, what is the thought process and strategies used when choosing a DB? Could
performance and cost be major factors? This thesis will further investigate the
factors and analyze the essential considerations when choosing a DB.

The origin of the problem is that selecting a DB can be a major concern for
businesses. There are many database management systems available on the mar-
ket and choosing the one can be overwhelming. However, if companies know the
essential considerations then it might help them decide.

The main goal of this thesis is to investigate companies recent uptake of NoSQL.
The focus is on the selection and prioritization of considerations. The enumera-
tion and prioritization will reveal what the main concern is.

Key terminology
Relational databases

Relational databases, also known as SQL databases.

Efficiency

Efficiency, meaning when you carry out the correct tasks in the right way, with
the least waste of time and effort.

NoSQL

NoSQL, refers to non relational databases.

DBs

DBs stands for databases. A database is an organized collection of structured
information, or data, typically stored electronically in a computer system.

Big Data

Big Data is a collection of data that is huge in volume, yet growing over time.

Cost

The cost can both be the price, and time and effort.

Impact

The impact is the effect or influence that NoSQL has on a situation or person.
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Schema

A schema defines the structure of a database, most often for a relational database.

Scalability

Scalability is the ability to expand or contract the capacity of system resources
in order to support the changing usage of the application.

Availability

If a database is available, then the data is easy to access. Any condition that
renders the resource inaccessible causes the opposite of availability, aka unavail-
ability.

Agile

Agility is the power of moving quickly and easily. An agile database can be
defined as nimble and effective.

RDMBS

A RDMBS "Relational Database Management System" is a collection of programs
and capabilities that allows you to create, update, administer and otherwise in-
teract with a relational database.

1.1 Research questions

In this section 1.1, we present the research questions. The research questions
are framed to fill the gaps in the research area. The two research questions and
motivation behind these questions are:

1.1.1 Research question 1

What are the essential considerations when choosing a database?

Motivation

What should be considered when choosing the DB? The choice of a DB should not
be taken lightly because the DB is an important part of the application. Com-
panies are most likely storing sensitive data, which should be safely and securely
stored and handled. Database systems are very important to your business be-
cause they communicate information related to your sales transactions, product
inventory, customer profiles and marketing activities. This question is for those
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who want to know how to choose and what to consider or for those who want to
know some strategies for choosing a DB.

1.1.2 Research question 2
What can be the challenges of adopting NoSQL technology?

Motivation

NoSQL databases may offer many benefits over traditional relational technology
including a more flexible data model, horizontal scalability, and superior perfor-
mance. But there might be certain challenges, which comes with these benefits.
As a company you might want to know the challenges before deciding on a DB
and as a developer you want the process of developing to go smoothly. These

challenges are therefore important to recognize when choosing to adopt and use
NoSQL.

1.2 Background
1.2.1 What is NoSQL

NoSQL databases are non-relational and can accommodate unstructured data
[5]. They are not a replacement for SQL DBs, but rather compliments it and
both technologies can coexist. The NoSQL technology can also be described |[6]
as a different approach to data storage and access, when compared to Relational
Database Management Systems (RDBMS). "NoSQL DBs is often referred to as
“Not Only SQL” to highlight the fact that most systems do not leave the rela-
tional model completely."

NoSQL or “Not only SQL” is a type of database that can accommodate a wide
variety of different data types and models |7], while holding different formats such
as key-value, documents, columns, and graphs. "NoSQL is schema-less and more
flexible to adapt to changes".

However, researchers like Oliveira [8| can not give a solid definition of what NoSQL
is. "NoSQL is more understood as a movement that proposes non-relational
database solutions, which do not use the SQL language. Thus, the term NoSQL
is often interpreted as "Not Only SQL"".

NoSQL data model

Hassan |9] studied the advantages and the limitations of relational databases, the
NoSQL data model, types of NOSQL data stores, characteristics of each data
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store and advantages and disadvantages of NoSQL over RDBMS. The author “s
purpose is to help the interest users take a review of the different database model
solutions, which can serve as a base for selecting the proper database model, and
satisfy their application requirements. Parts of the structure is borrowed and
some interesting considerations are used in this study.

Characteristics of NoSQL
NoSQL explained by Chen and Lee [10]:

Non-relational

NoSQL databases do not use the relational database model, and they do not
support SQL join operations. Therefore, the related data needs to be stored
together to improve the speed of data access.

Distributed

Data in NoSQL databases is usually stored in different servers and the locations
of the stored data are managed by metadata.

Open-source

Most NoSQL databases are open source and free to download.

Horizontally scalable

Horizontally scalable, meaning you can increase or decrease multiple servers to
meet the data processing capacity of NoSQL databases.

Schema-free

NoSQL databases do not need a schema, meaning NoSQL databases can flexibly
add data.

Easy replication support

NoSQL databases mostly support master-slave replication or peer-to-peer repli-
cation, making it easier for NoSQL databases to ensure high availability.

Simple API

The NoSQL database provides APIs for network delivery, data collection, etc.
for programmers to use, so that programmers do not need to design additional
programs to make writing programs easier.



Chapter 1. Introduction 6

1.2.2 The purpose of NoSQL

SQL DBs are primarily called Relational DBs (RDBMS) [11]. The term SQL
stands for "Structured Query Language". Until a decade ago there was only
SQL, distributed, sometimes replicated, and fully consistent DBs. But then, web
and cloud applications emerged and they needed to deal with complex big data.
The purpose of NoSQL was to address this rising data.

The traditional RDBMS support the so called ACID properties, which means
the data is strongly consistent. The ACID model stand for Atomicity, Consis-
tency, Isolation and Durability [8]. Atomicity, meaning the transaction must be
executed in its entirety or not to be executed at all. Consistency, meaning if
a transaction runs entirely from start to finish, without interference from other
transactions, it should take the database from one consistent state to another.
Isolation, meaning the execution of a transaction must not be interfered with by
any other transaction running at the same time. Durability, meaning the changes
applied to the database must be persistent in the database and changes must not
be lost due to any failure. Please see Figure 7.4. NoSQL DBs do not support
the ACID properties, instead they follow the BASE properties. Please see Figure
7.3. The BASE properties can further be described as follows:

Basically Available

The DB system can execute and always provide services. Some parts of the DB
system may have partial failures and the rest of the DB system can continue
to operate. Some NoSQL DBs typically keep several copies of specific data on
different servers, which allows the DB system to respond to all queries even if
few of the servers fail. In other words, basically Available means an application
should work basically all the time.

Soft state

The DB system does not require a state of strong consistency. This means that no
matter which replication of a certain data is updated, all later reading operations
of the data must be able to obtain the latest information. In other words, soft
state means an application need to be consistent all the time.

Eventual consistency

Eventually consistent means the consistency will be achieved once all writes are
propagated to all nodes [8]. In other words, the DB system needs to meet the
consistency requirement after a certain time. Sometimes the DB may be in an
inconsistent state. For example, some NoSQL DBs keep multiple copies of certain
data on multiple servers. However, these may be inconsistent during a time. This
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may happen when a copy of the data is updated while the other copies continue
to have data from the old version. The replication mechanism in the NoSQL DB
system will eventually update replicas to be consistent. You could also say that
eventual consistency happens when an operation is confirmed without checking
all nodes [12]. A temporary inconsistency between redundant servers (nodes)
is accepted, but eventually the system will reach a consistent state. Simply ex-
plained, eventual consistency means an application should be in some known state
eventually.

Scaling

NoSQL DBs can scale horizontally, while relational DBs can scale vertically [13].
Horizontal scaling refers to adding additional nodes by adding more servers or
instances. Vertical scaling describes adding more power to your current machines,
using larger ram or a stronger processor. Please see Figure 7.5

The four main types/models of NoSQL databases

It is said [14] that NoSQL DBs can accommodate a wide variety of data models
or types, including key-value, document, column and graph formats. Please see
Figure 7.6.

Key-value

A key-value DB is a combination of two main attributes, key and value. You
could describe key-value as a DB using a hash table where a unique key and a
pointer to a particular item of the data are [13]. Key-value stores provide high
query processing speed, good performance and options for large storage. Redis is
one example of an advanced and open-source key-value store [14].

Document

The document store databases store the data in the form of documents, which
consist of two main attributes, key and document. Documents resemble the rows
of relational databases, but are more flexible due to them being schema-less [14].
Furthermore, the structure of the documents do not need to be formally specified
beforehand, because it is usually the application programs that verify rules about
the structure of a document.

Column-based

Column-based databases store the data in column oriented tables, unlike rela-
tional databases that store the data in a more row oriented way [13]. The data
is stored in cells grouped in the columns of the data rather than as rows of data.
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Columns are logically grouped into the column families. The column families can
contain a virtually unlimited number of columns that can be created at runtime
or the definition of a schema. So, reading and writing data is done by using the
columns instead of rows.

Graph-based

Graph databases are based on the graph theory concept, meaning they store data
in the form of graphs. A flexible graphical representation is used, which help to
address scalability concerns [13]. Graph structures are used with edges, nodes,
and properties, providing index-free adjacency. The graph contain information
about the properties related to nodes. Neod4j is one example of a graph database
[14].

Here are some NoSQL DBs that store in document, key-value, column and graph:

e DBs using document: MongoDB, CouchDB
e DBs using key-value stores: SimpleDB, Redis, Riak, Dynamo, Voldemort
e DBs using column-oriented: Cassandra, DynamoDB, HBase

e DB using graph: Neo4j

1.2.3 DB vs DBMS

DB stands for database, and a database can be described as a collection of infor-
mation that is organized so that it can be easily accessed, managed and updated.
DBMS stands for Database Management System, and it is a system software for
creating and managing databases. The DBMS provides users and programmers
with a systematic way to create, retrieve, update and manage data.

Here is a quote that might explain this further [8]:

"A database is created and maintained through a database management system
(DBMS), a computer program that helps maintain and use data sets that compose
the databases."
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Research method

This part of the document explain the research method chosen to answer the
research questions. The motivation for choosing the research method and the
applied strategies are mentioned. Firstly, a literature review is made and then
a handful of interviews are conducted. Lastly, a survey questionnaire is sent to
different employees in companies.

2.1 Literature review

The literature review is intended to collect considerations and their relative im-
portance in the context of database technology selection decisions.

For practical reasons there is a focused search in Scopus using the following search
string: ( TITLE ( "nosql" ) AND TITLE-ABS-KEY ( "choosing" OR "selecting"

) )

The purpose of a literature review is to gain an understanding of the existing
research and present that knowledge. Also, the purpose is to help build knowl-
edge in this field. A literature review is done by gathering the required, relevant
and related literature materials. Sources concerning the subject that the research
is describing is used. After checking if the source is relevant, the concentration is
given to the actual content.

The aim of the literature review is to collect essential considerations using Sco-
pus, a selection criteria, and data extraction. The selection criteria is used for
selecting relevant papers from search results in the literature review and the data
extraction form is used to find the right data to collect from the selected papers.
Table 2.1 below is an example of data extraction. There are three examples of
different sources with ID 1-3. ID 1 mentions Cassandra, the reason for choosing
Cassandra, which is cost, and what kind of cost, which is operational cost, in this
case, and if the factor has a low or high priority when choosing the DB. ID 2
mentions MySQL, where the factor for choosing the DB is the ability, specifically
query performance. However the factor has low priority, meaning it might not be
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ID | Database Factor | Definition Priority
1 | Cassandra(NoSQL) | cost operational high

2 | MySQL(SQL) ability | query performance | low

3 | MongoDB(NoSQL) | scaling | horizontal high

Table 2.1: Data extraction

an essential consideration. The last source with ID 3 mentions MongoDB where
scaling is a factor for the choosing the DB, and specifically horizontal scaling.
Here we can see that the priority is high, meaning that the factor might be an
essential consideration.

2.2 Interviews

Interviews are an important data gathering technique involving verbal communi-
cation between the researcher and the participant. For the interviews the partic-
ipants are asked to select the most important considerations from a list. Next,
they got to prioritize their selections using the 100 dollar method.

The 100 dollar method is a prioritization method that can be used where partic-
ipants can prioritize items by spending an imaginary 100 dollar. The participant
may choose to give all 100 dollars to one single consideration, or the person may
distribute the the money more evenly. This method is one way to reveal which
considerations are the most important. Please see Figure 7.2. Prioritization is a
procedure of principal importance in decision making. In Software Engineering it
is encountered in cases where multiple attributes have to be considered in order
to make a decision. The purpose of the interviews is to help explain and explore
the opinions, behavior, experiences, phenomenon, etc of the respondents.

The answers gathered are then used and analyzed in the research to locate use-
ful expertise. However, it’s important to remember the answers collected will
not represent development around the world or through the whole industry. My
goal with the empirical research is to at least get some different perspectives and
enough information to analyze and draw conclusions.

2.2.1 Target population, size of sample and sampling strate-
gies
Sample size is a statistical concept that involves determining the number of ob-

servations used to estimate the variability that should be included in a statistical
sample.
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The confidence interval or margin of error, is the plus-or-minus figure, which
is an estimated range of likely values for a population parameter, for example, 40
+ 2 or 40 4+ 5 percent. Taking the commonly used 95 percent confidence level
as an example, if the same population were sampled multiple times, and interval
estimates made on each occasion, in approximately 95 percent of the cases, the
true population parameter would be contained within the interval. Some factors
that affect the width of a confidence interval include size of the sample, confidence
level, and variability within the sample.

The confidence level is a percentage measure of how sure you can be that your
findings are accurate. If your sample size conforms to the 95 percent confidence
level, then 95 people in every 100 in your total population would answer the same
way.

Size of sample is determined by using an online sample size calculator (fieldwork-
assistance.co.uk /what-we-do/sample-size-calculator). Firstly, a calculation is made
to find out how many interviews should be selected, where the population size
is 100, which I believe is as a reasonable population size. A confidence level of
95 percent is chosen, a confidence interval of 50, with a population of 100. The
calculator show a sample size of 4.

Then, a calculation is made to find the so called confidence interval, which means
finding out how robust the data is. We still have a confidence level of 95 percent,
a sample size of 4, which is calculated above, the population is still 100, and the
percentage is 50. The calculator show a confidence interval of 48.25.

To find out the sample size for the survey questionnaire another online calcu-
lator is used (calculator.net/sample-size-calculator.html). The confidence level is
95 percent, the margin of error is 30 percent, the population proportion is 50
percent, and the population is 100. The calculator show a sample size of 10.

Then, a calculation is made regarding the confidence interval of the survey. Again,
the confidence level is 95 percent, the sample size is 10, which is calculated above,
the population proportion is 50 percent, and the population is 100. This means,
in this case, there is a 95 percent chance that the real value is within +29.55
percent of the surveyed value.

The target population is people in an organization that have had to decide on
a database. The sampling strategy is snowball sampling, purposeful sampling
and convenience sampling. Snowball sampling is when research participants help
recruit future subjects for a study. Please see Figure 7.1 This method is used to
find participant for the survey. 2 people got the link to the survey, please see the
link in the appendix, then they would send the link to other employees in the
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company, and now there are 10 people in total, which has answered the survey.
Purposeful sampling and convenience sampling is used to find participant to be
interviewed. These sampling strategies are used because they are drawn from a
source that is conveniently accessible to the researcher and because it is easier
for the researcher to rely on their own judgment when choosing members of the
population to participate.

2.2.2 Three broad categories that are taken into consider-
ation

Demographics about the respondents

Statistical data about the characteristics of the respondents (company size, the
technology used, product domain, size and nature of data they collect, store, and
process etc). This data is used to identify the characteristics of the respondents
like their job and responsibilities in the company and the company itself, which
they work for, for example, size of the company. This is noted, because it can
affect the result of the research.

Considerations when choosing a DB technology

To collect essential considerations for choosing a specific database. The intent is
to analyze the considerations and their priority. This criteria is used by having
a focused search during the literature search, during the interviews and the with
the survey.

Importance/prioritization of the considerations

Prioritizing considerations to understand the relative importance of factors/con-
siderations. It is important to remember that the focus of this research is on
the selection and prioritization of considerations. The enumeration and prior-
itization will reveal what the main concerns are. The idea, for example, is to
use the 100 dollar method to find out the importance or the prioritization of the
considerations.

2.3 Survey questionnaire

The result of the survey is part of the result and analysis phase. The survey
answers had to be managed and constructed in a systematic manner in order
to minimize the researcher s efforts and time. In other words, the questions
and answers had to be managed and controlled. The purpose of the survey
questionnaire is to gather statistical information about the attributes, attitudes,
or actions of a population by a structured set of questions.
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Result and analysis

This section is about the results from the literature, interviews and survey and
their analysis.

3.1 Literature review

Search results

When using the following search string in Scopus : ( TITLE ( "nosql" ) AND
TITLE-ABS-KEY ( "select" ) ) it presented 32 document results. At least 3
documents were chosen. When using the following search string in Scopus :
( TITLE ( "nosql" ) AND TITLE-ABS-KEY ( "choosing" ) ) it presented 29
document results. At least 1 document is chosen. When using the following search
string in Scopus : ( TITLE ( "nosql" ) AND TITLE-ABS-KEY ( "challenges" ) )
it presented 174 document results. At least 3 documents were chosen. When using
the following search string in Scopus : ( TITLE ( "nosql" ) AND TITLE-ABS-
KEY ( "adopting" ) ) it presented 10 document results. At least 2 documents
were chosen.

3.1.1 What are the essential considerations when choosing
a database?

Choosing a DB solution should not be made on the basis of random choice or
personal whim, but rather based on criteria, application characteristics, users,
and data [8].

Hassan [9] studied factors to consider, with the purpose to help interested users
to take a review of the different database model solutions, concluded that there
are many factors that should be taken into consideration when choosing a DB.
The main considerations found are the type, the amount of data, the schema
characteristics, the cost, the transactions amount and how frequently they are
called.

13
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A NoSQL DB is considered schemaless because it does not require a rigid, pre-
defined schema, like a relational database do, and NoSQL DBs can in this way
add data more efficiently and flexibly.

Chen and Lee [10] agree that there are several factors to be considered in or-
der to select an appropriate database. These factors include the data model,
access patterns, queries and non-functional requirements, including data access,
performance, replication, partition and scalability.

However, Chen and Lee are not alone in believing the data model is an essential
consideration when choosing a DB. Researchers like Oliveira [8] say: "character-
izing a system’s data model is essential when choosing a DB". Also, Choosing
which logical data model to use can affect the performance of operations.

The purpose of the application is a criteria for choosing a proper database model.
Therefore, it is extremely important that we always identify the requirements
of each application, as this is an essential issue. When choosing a database you
generally want to account for the needs of the enterprise, as well as the popularity
and the feedback about each database.

It could be said that: "It is important to select a suitable database for a certain
enterprise because this decision may affect the performance of the operations"
[10]. Achieving good performance may very much depend on how you deploy
your infrastructure, for example, dedicated or cloud, in memory or on disk or
multi data-center deployment. So, the conclusion could be that infrastructure is
an important consideration when searching for a suitable database.

If the data is documents, unstructured or semi-structured with advanced query
features, or if the data is schema-less or the schema is continuously changing
while the consistency is preferred over availability, then using NoSQL might be
the appropriate choice. Based on this, the conclusion is that consistency and
availability are essential considerations when choosing a DB.

Ceresnak and Kvet [13] studied query performance in relational and non-relation
DBs, and made a test for query performance of DBs. "The result for NoSQL
DBs, Mongo and Cassandra show a faster query performance rate". Researchers
like Kanchan [6] conclude from an extensive empirical analysis that NoSQL out-
performs SQL based systems in terms of basic read and write operations. "But
SQL based systems are better if queries on the dataset mainly involve aggregation
operations"

According to one source [2] NoSQL technologies have become a common com-
ponent in many information systems and software applications, focusing on per-
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formance and enabling scalable processing of large volumes of structured and
unstructured data [2]. "Unfortunately most developers consider security an af-
terthought, putting at risk personal data of individuals and potentially causing
severe economic losses as well as reputation crisis". However, other researchers
like Sicari [14] have studied security and privacy for NoSQL databases believe
"Security and privacy represent critical requirements in databases, in general,
and for NoSQL databases, in particular. This is due to them being non-relational
databases, and frequently based on sharding, meaning that data is distributed
over multiple servers". Also, some relevant factors the authors [14] bring up
are: authentication, authorization, access control, privacy, policy enforcement,
integrity and confidentiality. Furthermore, other researchers [15] [16] have con-
ducted research regarding security. "Security and privacy represent critical re-
quirements in databases, in general, and for NoSQL databases, in particular"
[14]. This could mean that access to data, data integrity and security is essential
considerations when choosing a DB.

Bhogal and Choksi have researched NoSQL [5] and believe the popularity of
NoSQL systems can be caused by their efficiency in handling unstructured data
and backing up effective design schemes that give the system users efficient flex-
ibility and scalability. Furthermore, authors [3] researching component selecting
in software engineering is claiming that companies often need to face challenges
with growing complexity, limits on scalability, increasing data volumes, data se-
curity and data management. This may suggest that the need for businesses and
organizations to innovate means they have to stay agile and continue operating
at any scale.

Chatzipetrou [3| explored what matters the most to industry practitioners dur-
ing component selection. The result show cost is considered the most important
attribute during the selection. It is said [3] that practitioners who work on more
mature products, more than 15 years, value non-functional attributes. However,
the authors claim cost is still their first priority.

SQL and NoSQL databases are designed to fulfill very different needs [17]: RDBMSs
provide a high level of functionality whereas NoSQL databases excel on the non-
functional side, through scalability and availability. So, if the schema is contin-
uously changing while the consistency is preferred over availability, then using
NoSQL might be the more appropriate choice. But if the data is structured or
extremely relational while high availability is preferred over consistency, then us-
ing NoSQL might not be the most appropriate choice.

Researchers like Roy, Hubara and Maté studied the selection of DBs and they
believe [18] you can select the database based on trends, or by selecting based
knowledge, or by analyzing data. These strategies can further be described [2] as
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follows:

Agenda-based

Agenda-based strategy means that the selection is based on trends and the strong
desire to learn something new. Many new technologies emerge daily and some of
them tend to gain much attention. "When exposed to new technology, developers
may tend to adopt it mainly because of the attention it gets"

Knowledge-based

Knowledge-based strategy means that the selection is based on personal or orga-
nizational knowledge or experience with previously used databases.

Exploration-based

Exploration-based strategy means that the selection is based on analyzing a
project’s data, goals and finding the best DBMSs that fit the project needs. You
could say: "This approach is the most optimal and would possibly result in a fit-
ting technology for the project’s overall needs (data, functional, non-functional,
etc)". Unfortunately, since it takes more time and resources, it is not often used.

3.1.2 What can be the challenges of adopting NoSQL tech-
nology?

In October 2021, the top database, according to DBEngines Ranking was Or-
acle. Hassan [9] conclude that some NoSQL DBs can be found among the top
10. After checking DBEngines Ranking it show that this year, 2022, Oracle is
still at the top of the list. MongoDB is placed as number 5 and Redis as number 6.

Adopting the BASE model can increase availability at the expense of consis-
tency [8]. "Adopting the BASE model of transactional properties promotes an
increase in availability at the expense of relaxation of consistency, which implies
a decrease in the delay but rises the possibility of occurrence of inconsistencies".
So, with distributed NoSQL databases there may be a trade-off between consis-
tency and availability.

It is said that: "Some databases are built to guarantee strong consistency and
serializability (ACID), while others favour availability (BASE)" [17]. NoSQL sys-
tems have eventual consistency and the reason is due basically all of them being
distributed. The challange with this is that with fully distributed systems there
might be difficult to maintain strict consistency. In other words, the availability
and the performance benefits at the cost of consistency and this means NoSQL
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databases can be less reliable than relational databases since they compromise
reliability for performance.

Different consistency levels for read operations can be adopted, and such lev-
els may distinctly affect system behaviour. So in other words, the choice of the
consistency level can impact availability and performance of storage systems [12].

"There are large differences among NoSQL DBs" [17]. Riak and Cassandra, for
example, can be configured to fulfill many non-functional requirements, but are
only eventually consistent and do not feature many functional capabilities apart
from data analytics and, in case of Cassandra, conditional updates. MongoDB
and HBase, on the other hand, offer stronger consistency but do not maintain
read and write availability during partitions.

It is said [5] that some of the main advantages of RDBMS are flexibility, sim-
plicity, ease of data retrieval and data integrity. However, in comparison to re-
lational databases, NoSQL databases do not have the same distinct properties
or data integrity [5]. This is due to the fact that relational databases support
the ACID constraints (atomicity, consistency, isolation, durability), each of these
four qualities guaranteeing stability, security, and contribute to the ability of a
transaction to ensure data integrity.

Whilst NoSQL is great for dealing with many difficulties surrounding and un-
structured data, it is however limited in several key areas [5]. “Those who do not
understand the lessons from previous generation systems are doomed to repeat
their mistakes" is a quote, which the authors [5] believe may be justified with
NoSQL having barriers that include consistency and reliable standards. Since
NoSQL data is held in partitions, either availability or consistency cannot be 100
percent guaranteed. According to the the authors [5], this can have an impact on
the ability to handle complex queries.

It is said [14] that apart from scalability and performance, security and privacy
requirements represent one of the most difficult challenges NoSQL databases face
nowadays. NoSQL databases were not initially designed and integrated with secu-
rity and privacy-related functionalities, such as data encryption, authentication,
and authorization mechanisms.

Furthermore, the highly distributed nature of NoSQL DBs further pose secu-
rity risks. The main security risks encountered by NoSQL databases are related
to non encrypted data storage, unauthorized exposure of data and backups, or
replicated data, and insecure communication over the network [14].

There are many database management systems available on the market and choos-
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ID | Factor Reference
1 | The type 9]

2 | The schema 9]

3 | Transactions 9]

4 | Consistency 9]

5 | Speed 9]

6 | Cost 3]

7 | Data model [10]

8 | Non-functional requirements | [10]

9 | Data access [10]

10 | Replication [10]

11 | Partition [10]

12 | Query performance [13]

13 | Security [15, 16]
14 | Availability 5]

15 | Scalability [5]

16 | Infrastructure All references listed above

Table 3.1: Factors to consider

ing the one can be overwhelming. This can also make it hard to keep track of
where specific NoSQL DBs excel, where they fail or even where they differ, as
implementation details change quickly and feature sets evolve over time [17].

3.1.3 List of essential considerations/factors

Here are the enumerated essential considerations from the literature review pre-
sented. They are listed in no particular order, and there are 16 considerations in
total. Please see Table 3.1. The factors are further explained below.

The type

You need to consider what type of data the database can handle and how. Maybe
think about what type of data you can store and use with your potential database.

The schema

The schema can have an impact on how efficiently the DB runs and how quickly
you can retrieve information from the DB, and NoSQL DBs do not generally have
a schema in the way relational DBs do.
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Consistency

keeping the data consistent becomes even more important as more sources feed
into the database. Therefore, consistency rules are very important and the ability
to define these should be considered when choosing a new DBMS.

Speed

Speed of data access or query processing speed.

Cost

It could be wise to make sure your decision is based on the software being fit for
the purpose. It could be a costly mistake to adopt a DB and invest time and
resources, only to find that it does not fit your needs.

Data model and transactions

There is a major difference regarding the transactions support between RDBMSs
and NoSQL DBs [6]. RDBMSs offer the ACID (Atomicity, Consistency, Isola-
tion, Durability) model for transactions, assuring all transactions are properly
completed and data remains consistent. However, NoSQL stores provide BASE
(Basically, Available, Soft-State, Eventually Consistent) model to provide high
scalability, availability, and performance compromising strict consistency.

Scalability

A database might fit your needs now, but when data and demands are growing
then you may require your new database to grow with your needs. Most database
solutions allow you to add additional capacity, however, you might want to con-
sider how this happens.

Non-functional requirements

Non-functional requirements include several considerations, including security,
capacity, performance, reliability, maintainability and usability. These are re-
quirements that could be underestimated or taken for granted, but might have
an impact on the cost and resources in the context of choosing a DB.

Security

Does your system need to control the user access and session, and store data in a
secure location and format? Does it require a secure communication channel for
the data?
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capacity

How many users does the system need to handle? How much data can the system
store and for how long?

Performance

What about the performance? Performance could generally be described as a
time expectation. This is also important to consider when talking about non-
functional requirements.

Reliability

Is it necessary to ensure and notify about the system transactions and processing?
Having a system log will increase the time and effort. This in turn can have a
significant impact on the system.

Maintainability

How and for how long will the system be maintained? For how long is system
meant to be up and running?

Data access

The ability to access the data in the DB.

Replication

Replication is the ability provide a consistent copy of data across all the database
nodes to increase the availability and reliability of the data.

Partition

Database partitioning is when you split the data into separate tables or nodes
and is usually done for manageability, performance or availability reasons. It
is popular in DBMSs, where each partition may be spread over multiple nodes,
where users at the node perform local transactions on the partition.

Security

Do you have sensitive data and personal information, which must be stored se-
curely to adhere to regulations and be protected from loss or theft?
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Infrastructure

The hardware and networking infrastructure to take care of provisioning, scala-
bility, resiliency, failover, restoration and backup.

3.2 Result of the interviews and survey question-
naire

The enumerated essential considerations gathered from the literature review can
be interpreted in different ways and it could be argued that many considerations
are the same. The intention is to give participants from the interviews and survey
as many choices as possible and then ask them for their interpretation of the
chosen considerations.

The survey questionnaire

For the survey, when asked if they considered infrastructure a factor, only four
respondents would Tend to disagree. Please see Figure 7.9. So, the conclusion is
that not everyone consider infrastructure or that the infrastructure is interpreted
differently.

The survey answers reveal that consistency, meaning that only valid data will
be written to the database, is the most essential consideration when choosing a
database. Please see Figure 7.8. This is the only statement were no respondents
disagreed. All ten respondents more or less agree that consistency is an important
consideration when choosing a database.

The survey included information about the purpose, intent and consent agree-
ment. The questions are written in statements and the answer options are Agree,
Tend to agree, Tend to disagree, and Disagree.

The interviews

The result of the interviews show that the most essential consideration is in-
frastructure. Please see Figure 7.9. Another essential consideration mentioned
several times in the interviews is security. Please see Figure 7.7. Only one respon-
dent would answer Tend to disagree when asked if they would consider security.
The other respondents would consider security when choosing a database.

Two of interviewees (id 1 and id 4) work for the same company, which is a big
company with millions of users. Another participant (id 2) also works for big
company with many users. However, one participant (id 3) has their own smaller
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company, with much less users, but where this person can make all the decisions
regarding the database. Two of the interviewees (id 1 and id 2) worked as a
developer, one regular and one senior, and the other two (id 3 and id 4) worked
as a an architect, although as different kinds of architects.
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Id | Factor Definition amount
1 | infrastructure | indestructible, network, servers, internet provider | 50
2 | infrastructure | indestructible, all hardware, network etc. 50
2 | security operations, security experts, access etc 30
3 | type using the right tool and guarantee consistency 30
4 | type consistency 30
1 | data model the customer s perception and business idea 20
2 | speed cost of expert who can configure and maintain 20
3 | transactions | guarantee data integrity, including consistency 20
3 | security data access, infrastructure and hosting 20
1 | security indestructible and correct (true) data 20
4 | transactions | consistency, storage and handling 20

Table 3.2: The highest rated considerations from the 100 dollar method. The
table show the amount of dollars four different people with id 1-4 would spend
on the factors/considerations out of 100 dollars. For example, two interviewees

spend 50 dollar out of 100 dollar on infrastructure.

Id | Role Database Reason

1 | senior developer | Cassandra | license cost
1 | senior developer | Cassandra | availability
1 | senior developer | Cassandra | scalability

2 | developer PostgreSQL | configuration
2 | developer PostgreSQL | memory

2 | developer PostgreSQL | resources

3 | architect PostgreSQL | data access
3 | architect PostgreSQL | consistency
3 | architect PostgreSQL | performance
4 | product architect | PostgreSQL | transactions
4 | product architect | PostgreSQL | performance

Table 3.3: Brief description of the roles of the interviewees and their choice of
database and the reasons for the choice.
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Discussion

4.1 The ethical, societal and sustainability aspect

In this research the aspect of ethical, societal and sustainability are relevant to
this work in terms of the adoption of NoSQL in the companies and its impact.
The ethical aspect is privacy and security. The choice of the database can impact
sensitive data that is stored daily in the databases, making the privacy problem
more serious while raising essential security issues. Choosing the wrong database
can impact the application and the handling of Big data, which in term can affect
the overall sustainability of the company. Storing Big data has become a crucial
part of many applications in all sectors of human life. Big data, meaning large,
hard-to-manage volumes of data.

4.2 What are the essential considerations when
choosing a database?

Factors such as infrastructure, security and consistency is mentioned in the lit-
erature. Please see Table 3.1. Many of the interviewees chose these factors and
talked about their impact in companies. Please see Table 3.2. Therefore these
factors are considered to be essential considerations. However, It could be argued
that infrastructure include both security and consistency, which many of the in-
terviewees pointed out. It could also be argued that businesses and organizations
cannot create value out of data without having the proper infrastructure. This
would include the entire support system required to process, store, transfer, and
safeguard data.

The fact that in this study about NoSQL, 70 percent of respondents does not
actually use NoSQL is worthy of note. Maybe it is due to the fact that NOSQL
can’t guarantee the ACID properties. Or this could be the case due to financial
transactions, etc. Transactions are available in NoSQL, however they are not as
well developed as they are in relational databases.
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Researcher like Maté [2] have studied the security of NoSQL and believe most
developers consider security as an afterthought. "Putting at risk personal data
of individuals and potentially causing severe economic losses as well as reputa-
tion crisis." However, there are several other researchers who have conducted
research regarding security [15], [16]. This strongly suggests that most want to
have efficient and concurrent access to data, ensure data integrity and security
and protect against failures and unauthorized access. Furthermore, the result of
the interviews conducted show that security is considered when choosing a DB.
It could therefore be argued that security is or at least should be an essential
consideration when choosing a DB.

4.3 What can be the challenges of adopting NoSQL
technology?

Relational DBs have been around for several decades now. It is not difficult find-
ing developers who have the knowledge and experience in writing SQL queries,
normalizing schemas and ensuring ACID properties. However, this is not the case
with NoSQL where knowledge, expertise, and experience might be more scarce.
Having insufficient knowledge and expertise could lead to the wrong design de-
cisions in using NoSQL where it doesn’t fit in. Another common challange and
sometimes costly mistake in adopting NoSQL might happen when developers de-
sign the NoSQL DB adhering to the fundamentals of relational DBs.

NOSQL has so called eventual consistency [3]. This means that the data, which is
written to the database, is not immediately propagated to all of the nodes in the
system. If a project needs to scale, due to a lack of performance or disc space,
then a switch to NOSQL can be the solution. However, lets not forget that a
switch to NoSQL will in most cases come with some work and may take time.
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Conclusion

The conclusions are discussed in this section.

In this paper, interviews are conducted with employees who work in the field.
They were presented with 16 essential considerations and chose the ones they
thought are the most essential. Please see Table 3.1, which show the list of all
considerations gathered from the literature review.

5.1 What are the essential considerations when
choosing a database?

Several factors/considerations

Many factors should be taken into consideration when choosing a database [10].
Hassan [9] also studied considerations and he believe some of the main consid-
erations are the type, the schema characteristics and the cost. Chen and Lee
[10] believe the data model, data access, performance, replication, partition and
scalability are essential considerations. Please see Table 3.1, which show a list of
considerations gathered from the literature review. The result of the interviews,
using the 100 dollar method, also show that there are several factors to consider,
like the cost and data access. According to the interviews the most essential con-
sideration when choosing a DB is the infrastructure. However, this includes the
hardware, network, consistency, security and other operational costs. Please see

Table 3.2.
Consistency

The result of the survey questionnaire show that consistency, meaning that the
data is safely and accurately stored in an indestructible manner, is the most
essential consideration. Please see Figure 7.8.
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Strategy

Having an appropriate strategy might be essential when choosing a database. The
authors of [2] "Improving security in nosql document databases through model
driven modernization" believe developers can adopt one of three strategies when
choosing a database. These strategies are: agenda-based, knowledge-based and
exploration-based. Furthermore, it is important to select a suitable database
for a certain enterprise because this decision may affect the performance of the
operations [10].

Query performance

Query performance can be an essential consideration. This conclusion is based on
the fact that experiments regarding query performance have been conducted sev-
eral times by researchers [6] [13], many showing faster read and write performance
for NoSQL DBs compared to relational DBs.

Security

Some authors studied NoSQL and security and conclude that most developers con-
sider security as an afterthought [2]. However, there are several other researchers
who have conducted research regarding security [15], [16]. Also, "security and
privacy represent critical requirements in databases, in general, and for NoSQL
databases, in particular" [14]. As mentioned, thereult of the interviews, using
the 100 dollar method, show that the infrastructure, including consistency and
security, is considered to be the most essential consideration when choosing a
DB. Please see Table 3.2. So the conclusion could be that security is an essential
consideration.

If your business is growing, keeping track of the increasing amount of data can
be tricky. Having the right database for your purpose can help you manage all
your business-critical data centrally, safely and securely and boost your chances
of success.

Flexibility and Scalability

Scalability can be an essential consideration when choosing a DB. The authors
Bhogal and Choksi [5] believe the popularity of NoSQL systems can be caused
by their efficiency in handling unstructured data and backing up effective design
schemes to give the system users efficient flexibility and scalability.

Cost

Some authors like Chatzipetrou investigated what matters most to industry prac-
titioners during component selection [3|. Their study considered cost to be the
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most important consideration when choosing a DB. The result of the survey ques-
tionnaire show that consistency, meaning that the data is safely and accurately
stored in an indestructible manner, is the most essential consideration. Please
see Figure 7.8. Furthermore, the result of the interviews show that cost is seen
as an essential consideration.

Predictability

So the results gathered using the literature review, interviews and survey ques-
tionnaire could suggest that predictability, meaning the correct data is safely and
accurately stored in an indestructible manner, is the most important considera-
tion when choosing a DB.

5.2 What can be the challenges of adopting NoSQL
technology?

This research question could be explored further and more efficiently. Perhaps
there is not enough information gathered to properly answer this question. How-
ever, here are some possible challenges presented.

Eventual consistency

In conclusion, NoSQL technology may provide eventual consistency [10]. This
means that a temporary inconsistency between redundant servers (nodes) is ac-
cepted. However, the system will reach a consistent state eventually.

The result of the interviews show that consistency can be an essential consid-
eration when choosing a DB, so having eventual consistency might not be ideal.
Please see Table 3.2.

Less reliable

By having eventual consistency or inconsistency it can have an impact the avail-
ability and the performance of the operations [12]. This is why NoSQL technology
can be less reliable compared to traditional DBs like SQL.

Trade-off

Adopting the BASE model can increase availability at the expense of consistency
[8]. So, in other words, there might be a trade-off between consistency and
availability when adopting NoSQL technology.
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Cost

There may be a cost when transitioning to NoSQL [5]. The result of the interviews
show that the hardware, network and other operational costs are essential con-
siderations when choosing a DB. Please see Table 3.2. So the overall operational
cost can be a business concern when adopting NoSQL technology.

Lacking data integrity

"NoSQL technology may be lacking data integrity compared to relational DBs
and using NoSQL can impact the ability to handle complex queries" [5]. The
result of the survey questionnaire show that consistency, meaning that the data
is stored safely and securely with integrity, is an essential consideration when
choosing a DB. Please see Figure 7.7.

Security and privacy risks

There may be security and privacy risks when choosing adopting NoSQL tech-
nology [14]. The result of the interviews and the survey questionnaire show that
security is an essential consideration when choosing a DB, so the aspect of han-
dling the security and privacy risks might be a challenge when choosing to adopt
NoSQL technology. Please see Table 3.2 and Figure 7.7.

Lack of knowledge

It might feel overwhelming or confusing when choosing to adopt NoSQL because
there are so many different NoSQL DBs to choose from. So, when choosing to
adopt NoSQL technology it can be tricky to keep track of where NoSQL DBs
excel, where they fail and where they differ [17].
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Validity threats

The structure of this chapter is based on the guidelines for conducting and re-
porting case study research in software engineering [19]. Validity threats for this
thesis are identified and listed here. The different types of threats to validity in
this research are:

6.1 Internal threats

Internal threats can be caused by the treatment of the subjects in the research
and can happen without the researcher’s knowledge. To not be properly prepared
when communicating with subjects can result in treating the subjects differently.
The results may vary depending on how the questions are asked and interpreted.
This is why the interview protocol is used. Please see Appendix 1 regarding the
structure of the interview protocol. The protocol is used to ensure the same
questions and the same treatment is held for all the interviewees. In this way the
internal threats are controlled.

Furthermore, 4/6 employees could be interviewed. This means that 2 of the
interviewees dropped out. One dropped out due to moving and the other due to
lack of time. So, one internal threats is the risk of dropouts. In turn, the result
may be based with sample of only the people who chose not to leave or due to
them having something in common, such as higher motivation or time.

The interviewer may guide participants into acting in some type of way through
the research method they use. This might result in participants acting in ways
different from how they usually would. Also, something to note is that at the end
of the interview the interviewees are not as focused as they were in the beginning.
Maybe the interview protocol for this study is too long or organized in an insuffi-
cient way? Furthermore, choosing the participants at random or in a manner in
which they are not representative of the population could threaten the validity
of the study.

A past event may directly or indirectly influence the result of research through
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the participants. Unrelated events like having a bad day or being stressed can
influence the outcome of the study. The outcomes of the study can also be in-
fluenced by their knowledge and experiences. They most likely have different
experiences working with databases and may have certain preferences. Speaking
of experiences, the factors/considerations are not explained to the subjects to in-
stead let them interpret and explain their interpretations. The researcher should
only observe and listen, and not willingly or unwillingly manipulate or sway the
subject in any particular way.

6.2 External threats

There are three identified threats to external validity because there are three
ways the interviewer could be wrong wrong. These threats are the people, places
or times chosen. Critics may argue that the results of the study are due to the
unusual type of people included in the study, or that it might only be accurate
because of the unusual place the researcher did the study in. Or, they might
suggest that the study is conducted in a peculiar time.

There could be a situational threat, for example, time of day, location, noise,
researcher characteristics, and how many measures are used, which may affect
the usefulness and validity of findings. So an external threat could be that the re-
sults may only be applied in certain cases. Maybe all the interviewees come from
the same place and can only represent a certain place, and perhaps the result of
the study cannot be assumed to be the same all over the world.

6.3 Construct validity

A construct validity threat in this research could be that the results from the
literature review are insufficient and not suitable for the study. Data required
for the case study is gathered from different sources in the form of a literature
review, interviews and a survey. This is done in order to achieve data triangulation
i.e. gathering data from different sources which would allow analysis in different
aspects from the thought process to different perspectives.

6.4 Reliability

It is said that the research will be reliable when the researcher is able to reduce
the biases in the study [19]. The reliability is therefor achieved by efficiently
reducing all possible biases. In this research the intent is to not use systematic
biases and instead use organized and systematic search procedures. In this way
threats can be identified and the research will become more reliable.
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Future work

In future work, further evaluation could be made of the decision-making process
to support different levels of decisions, i.e. strategic decisions, tactical decisions
and selection between different services. Furthermore, there could be research
done regarding different business scenarios that involve diverse business models,
assets and company characteristics. The aim could be to explore different short-
and long-term consequences of each choice of databases. Maybe there should
some form guidelines that software business practitioners may use when consid-
ering various options.

Future work can explore the combination of different data models for different
scenarios and discuss the possible improvements these combinations would have,
as well as the challenges of managing more than one database for each applica-
tion. If and possibly when is one database enough, is a question, which could be
explored in future work. The thought process of someone who has full responsi-
bility of choosing a database versus someone who is partly responsible could also
be explored in future work.

Research regarding different NoSQL use case scenarios, as well as when NoSQL
technology is most useful could be further explored in future work. Many organi-
zations today use more than one database system to meet their different require-
ments. Future work could explain why organizations have multiple databases and
the advantages of doing so.
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Appendix 1

Interview protocol

Introduction

1. Why the respondent should participate

2. Inform consent

3. Inform the sampling strategy

4. How the information will be stored and used

Demographics (information about the respondents that may help analyze their
answer )

1. Experience

2. Education

3. Role and responsibility

Checking if they are appropriate to respond to the rest of the interview
Topic-specific questions:

1. Have you been involved in choosing a Database technology for your company?
In case of a positive answer to the previous question, you may ask the following:
2. How often is such a decision taken?

3. Who else is involved in that decision?

4. How is choosing a database any different from selecting any other off-the-shelf
component?

Think back to a time when you were involved in choosing a database technology
for you company. . .

5. Why did the company need to choose a database technology?

6. Was there anyone else, besides you, involved in the decision?

7. Which database technologies were considered and why?

8. Which database technology was chosen and why?

A clear description of how the respondent should apply the 100 dollar method.
Wrap up and thank you (is there something they would like to add and where

they can expect to see the results).
Member checking. Is the information accurately understood?
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Appendix 2

Factors

Here are explanations of the factors gathered from the 100 dollar method. Please
tee Table 3.1.

Infrastructure

Infrastructure is described as all hardware and network, servers, internet provider,
etc. It is also described as all things needed to make sure the data is destructible
and that the data is safety stored in the database.

Security

Security, meaning paying for security experts, that manage operations and access
to data in a safe manner. Achieving security is also described as making sure the
data is indestructible and correct (true).

Type

Considering the type, means using the right tools to guarantee consistency.

Data model

The data model is described as the customer “s perception and business idea.

Speed

This is the speed of experts to configure and maintain the database.

Transactions

This is seen as maintaining consistency, storage and handling of data. Transac-
tions is a factor, which is defined as guaranteeing data integrity and consistency.
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Appendix 3

Link to the survey questionnaire

https://freeonlinesurveys.com /app# /1594630 /build
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Appendix 4

Figures

Figure 7.1: Snowball sampling
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Figure 7.2: The 100 dollar method

100 Dollars

Cumulative voting is also known as hundred dollar method which is considered
as simple and easy method for the prioritization of requirements

Its importance has been seen in the political setup

Hundred dollar method is a simple approach

1008 is given to the stakeholders

Stakeholder assign and distribute hundred dollars among different requirements
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Figure 7.3: BASE

RDBMS standard - ACID BASE <% Usedin many NoSQL systems.
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Figure 7.4: The ACID model
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Figure 7.5: Scaling
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Figure 7.6: NoSQL
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Figure 7.7: security
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Figure 7.8: consistency

7 When choosing a database | consider consistency?
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Figure 7.9: Infrastructure

When choosing a database | consider the
infrastucture?
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