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A B S T R A C T

Efficiency has been a pivotal aspect of the software industry since its inception, as a system that serves the
end-user fast, and the service provider cost-efficiently benefits all parties. A database management system
(DBMS) is an integral part of effectively all software systems, and therefore it is logical that different studies
have compared the performance of different DBMSs in hopes of finding the most efficient one. This study
systematically synthesizes the results and approaches of studies that compare DBMS performance and provides
recommendations for industry and research. The results show that performance is usually tested in a way that
does not reflect real-world use cases, and that tests are typically reported in insufficient detail for replication
or for drawing conclusions from the stated results.
1. Introduction

Efficiency is important in effectively all software systems, whether
efficiency is measured by response times, how many concurrent users
the system can serve, or how energy-efficient the system is (Toffola
et al., 2018). Despite its importance, many software systems suffer from
efficiency problems (Jin et al., 2012), as optimization has been largely
recognized as a complex task (Toffola et al., 2018; Difallah et al., 2013).
The more a system holds and handles data, the more the system’s
performance depends on the database, and the database is often one
of the first suspects when a performance issue is detected. The domain
of database management systems (DBMS) saw rapid advancements in
performance especially in the 1980s and 1990s, as benchmarking com-
petitions between DBMS and hardware vendors led to innovations in
DBMS technology that significantly improved DBMS performance (De-
Witt and Levine, 2008). Performance improvements are related to
DBMS aspects such as different supporting data structures (Valduriez,
1987), and algorithms for sorting (Estivill-Castro and Wood, 1992;
Do et al., 2022) and joining (Schneider and DeWitt, 1989; Patel and
DeWitt, 1996). Given that DBMSs are annually a multi-billion dollar
industry, the performance of a DBMS is one of the most crucial aspects
when a company chooses a DBMS for their product or service (Dietrich
et al., 1992). As different DBMS performance comparison studies and
DBMS vendor white-papers highlight the performance gains of one
DBMS over another, it may seem tempting to either consider choosing
the fastest DBMS for a business domain or to migrate from one DBMS to
another for performance gains. However, as we show and argue in this
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study, performance is typically tested in very specific contexts which
are not necessarily generalizable, and there are other aspects besides
performance to consider.

This study was inspired by a study by Raasveldt et al. (2018),
which claimed that ‘‘[...] we will explore the common pitfalls in database
performance benchmarking that are present in a large number of scientific
works [...]’’ while consciously refraining from citing example studies.
While we agree with their claim based on our personal experiences,
we wanted to systematically explore whether this phenomenon is com-
mon among performance comparisons, and whether such studies show
performance gains of one DBMS over another in a setting that can be
replicated. This study is not an attempt to criticize studies comparing
DBMS performance, as no scientific study (ours included) is without
threats to validity. Rather, based on the survey of the literature, the
primary goals of our study are to propagate information on (i) how
DBMS performance has been tested, (ii) how performance has been
recommended to be tested, (iii) how the performance comparison re-
sults should be interpreted, (iv) what other aspects besides performance
should be considered, and (v) what other avenues might be fruitful for
DBMS performance testing. Additionally, we provide (vi) a relatively
accessible background on database system performance, followed by
(vii) a systematic review of literature on DBMS performance compar-
isons, (viii) describing which DBMSs and which types of DBMSs have
been compared with each other, (ix) the outcomes of the performance
comparisons, and (x) by which benchmarks the DBMSs have been
compared.
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The rest of this study is structured as follows. In Sections 2 and
3, we provide theoretical background for understanding the results
and discussion provided by this study. These background sections are
deliberately presented by refraining from using unnecessary informa-
tion technology-related terms, acronyms, algorithms, or mathematics,
to cater to the needs of readers from various backgrounds. For readers
more technically inclined or interested, we have provided further read-
ing at the end of Sections 2 and 3. Section 4 details how we searched,
selected, and categorized the DBMS performance comparison studies,
and Section 5 presents a high-level overview of the results, which is
complemented by the Appendix detailing the performance comparison
outcomes. In Section 6, we discuss what these findings mean, how
they are applicable in industry, and present our recommendations for
industry and research based on the findings. Section 7 concludes the
study.

2. Database systems

2.1. Database system overview

A database is a collection of interrelated data, typically stored
according to a data model. Typically, the database is used by one or
several software applications via a DBMS. Collectively, the database,
the DBMS, and the software application are referred to as a database
ystem (Elmasri and Navathe, 2016, p. 7)(Connolly and Begg, 2015, p.
5). The separation of the database and the DBMS, especially in the
ealm of relational databases, is typically impossible without exporting
he database in another format. In these situations, the database is often
nusable by the DBMS, unless the database is imported back to a format
nderstood by the DBMS. Possibly due to this inseparability, both the
BMS and the underlying database are often colloquially referred to

imply as database. It is worth noting, though, that the former is a piece
f software that does, while the other is a collection of data that is.

Fig. 1 shows a simplified example of a system where the compo-
nents crucial for a database system and the scope of this study are
emphasized. We refer to the components in the figure throughout this
study. Several things are worth noting in considering the figure, as
we have traded technical precision and comprehensiveness for ease
of presentation by depicting only a single end-user, a single software
application (some parts typically reside on the end-user’s device, while
others reside on a separate server), a single DBMS, single hardware
components, and a single database. Furthermore, we have not illus-
trated other DBMS components such as access control, data structures
such as metadata, or outputs such as query execution plans. The figure
also adopts the view that the database resides in persistent storage
— this is not always the case. Additionally, we have depicted merely
a centralized database system in which neither the DBMS nor the
database has been distributed across multiple nodes. These are willful
omissions given the scope of this study.

2.2. Data models

Databases follow one or several data models, i.e., definitions of
how and what data can be stored, and sometimes, what operations
are available for data retrieval and manipulation. Data models may be
conceptual, logical, or physical. Conceptual models such as the Entity-
Relationship model (Chen, 1976) do not dictate how data should be
stored, but are rather used to describe the interrelations and char-
acteristics of the data. Logical data models such as the relational
model (Codd, 1970) are related to how data is stored and presented, but
often without describing how the data is physically stored, e.g., which
computing node is responsible for storing the data, where the data is
located on a disk, and what types of indices (i.e., redundant data struc-
tures which facilitate query performance) and physical data retrieval
operators are available. One DBMS is not limited to using a single data
model (Forresi et al., 2022).
2

There are several popular logical data models, some of which are
inseparable from their underlying physical data models. One of the
most prominent logical data models is the relational data model rooted
in set theory (Codd, 1970). Relational DBMSs (RDBMS) follow many of
the concepts introduced in the relational model. Many of the popular
RDBMSs such as PostgreSQL and Oracle Database have adopted data
structures from other logical data models as well (Lu and Holubová,
2019). What is common for effectively all modern RDBMSs is that
they utilize Structured Query Language (SQL) (ISO/IEC, 2016a,b) to
define data structures and to retrieve and manipulate data. Typically,
RDBMSs also implement a strong data consistency model which dictates
or allows that database operations grouped into a transaction must
all succeed or all fail, data must follow defined business logic, suc-
cessful transactions persist in storage, and concurrent transactions (cf.
Bernstein and Goodman, 1981) must result in the same data as if the
transactions were serial. At least the last rule can often be loosened
in modern implementations to various degrees. These constraints are
collectively referred to as the ACID consistency model (Haerder and
Reuter, 1983).

NoSQL is an umbrella term for several data models, typically
developed or popularized in the first decade of the 2000s (Grolinger
et al., 2013). Contrary to the relational model, the data models within
NoSQL typically have no formal definitions, and different NoSQL
DBMSs implement different data models such as key–value (e.g., Redis),
document (e.g., MongoDB), wide-column (e.g., Cassandra) and graph
(e.g., Neo4J) (Davoudian et al., 2018; Reniers et al., 2017). Further-
more, these DBMSs often have a distinct query language developed
to cater to the particular data structures available in the DBMS’s
implementation of a data model. While RDBMSs have favored data
consistency (Chaudhry and Yousaf, 2020) by eliminating redundant
data through logical database design, and through a strong consistency
model, NoSQL DBMSs have generally adopted the opposite approach.
In several NoSQL data models such as key–value pairs and docu-
ments, redundant data are stored at the cost of storage space (Hecht
and Jablonski, 2011). This approach enables query languages to be
simple (Dey et al., 2014), avoiding complex and potentially slow
queries. Furthermore, consistency models are typically less strict than
in RDBMSs (Stonebraker, 2010), which facilitates higher performance
demanded by, e.g., web applications with a large number of concurrent
users (Ramakrishnan, 2012).

Although NoSQL DBMSs popularized several database-related ap-
proaches such as non-strict database structures, data availability over
data consistency, and relatively effortless database replication (i.e., data
is copied over computing nodes) and sharding (i.e., data is divided
between computing nodes) (Grolinger et al., 2013), some industry
leaders such as Google deemed a strong consistency model and an
expressive query language important enough to design a DBMS which
incorporates features from both RDBMSs and NoSQL DBMSs (Corbett
et al., 2013). These so-called NewSQL DBMSs use the relational model,
often with extensions, SQL as their primary query language, and a
distributed database architecture (Pavlo and Aslett, 2016). In addition
to these three main categories of RDBMS, NoSQL, and NewSQL data
models, others such as object stores (Kulshrestha and Sachdeva, 2014)
and GPU-intensive (Suh et al., 2022) systems are used in specific
contexts.

2.3. Query execution

The word query typically refers to query language statements that
retrieve some data from the database. However, in this study, we
use the word query to refer to any data retrieval and manipulation
statement for brevity. In times it is necessary to differentiate between
data retrieval and manipulation, we use appropriate terms such as read
operations for data retrieval, and write operations for data insertion,

updates, and deletes. In this subsection, we describe how queries are
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Fig. 1. A simplified view of a database system and the end-user with the emphasis on components relevant to this study; the arrows represent the flow of information from the
nd-user’s device to the database residing in persistent storage; the flow of information back to the software application is not illustrated here; gray rectangles represent boundaries
f physical devices.
xecuted, using mainly general (i.e., not specific to a single DBMS)
iterature from the domain of RDBMS query execution.

When a user — were it a human actor directly using a terminal, a
ransaction processing software application, or a database benchmark
oftware — submits a query to a DBMS, a multitude of events must take
lace before the user receives feedback. Illustrated in a general fashion
n Fig. 1, the query parser checks, among other things, that the query
s syntactically valid (Hellerstein et al., 2007). If the query passes these
and other) checks, the query is translated to a lower-level presentation
nd passed to the query optimizer. The optimizer generates one or
everal query execution plans. These plans consist of physical operators
or implementing, e.g., which physical data structures will be utilized in
xecuting the query, and in RDBMSs in particular, how tables are joined
ogether (Graefe, 1993). If several plans are generated, the optimizer
valuates which of these plans is the most effective in regards to,
.g., query execution time (Hellerstein et al., 2007). The accuracy of the
ptimizer relies on aspects such as database metadata (Christodoulakis,
984), statistics of previous query executions, and the indices avail-
ble (Chaudhuri, 1998). Generating effective query execution plans is
complex effort and takes time (Graefe, 1993; Chaudhuri, 1998), but

nce formulated, the plans can be re-used to a degree.
Next, the query execution engine implements the query execution

lan, using the physical operators therein. Simplified, the data objects
equired by the query are typically first searched from a memory area
alled the buffer pool which is allocated and maintained by the DBMS.
f some or all data is not found, the data is requested from disk. Before
ccessing the disk, many systems may additionally utilize other areas
f memory to avoid disk access (Yang and Lilja, 2018).

Effectively all database systems function in an environment where
ultiple concurrent end-users use the database. This concurrency
resents challenges particularly when the users execute write opera-
ions on the same database, e.g., when two or more users withdraw
oney from the same bank account, concurrently updating the bal-

nce (Bernstein and Goodman, 1981). To guarantee that the write
perations do not interfere with each other in a way that would cause
he data to not represent the real world, DBMSs typically implement
oncurrency control through locking or versioning data. Effectively,
he simpler implementations of locking restrict data objects from be-
ng accessed by other operations while the data objects are being
odified (Hellerstein et al., 2007). These locking mechanisms may be

mplemented to ensure that no anomalies happen, or with implementa-
3

ions that theoretically allow some anomalies (Berenson et al., 1995).
Typically, the business domain dictates what types of anomalies are
tolerated.

Finally, as strong consistency models often require that transactions
persist in the database and that all or none of the operations in a trans-
action succeed, locking is typically complemented by transaction logs.
These logs are written before write operations are committed to the
database, and can be used in reversing earlier write operations if a later
write operation in the same transaction fails. All these considerations
discussed in this section play a significant role from a performance
perspective, which is discussed in the next section.

Further reading on database systems: for readers interested in
the basics of database systems, either the undergraduate level textbook
by Connolly and Begg (2015), or Elmasri and Navathe (2016) are
excellent albeit lengthy introductions covering the topic from several
points of view and with the focus on RDBMSs. For readers interested
in query processing, we point to studies by Chaudhury (1998), and
Hellerstein, Stonebraker and Hamilton (2007). If you are interested in
logical relational database design, the book by Date (2019) is an in-
depth resource covering both formal and informal approaches. For a
survey of literature on NoSQL data models, the study by Davoudian
et al. (2018) is an accessible starting point.

3. Performance

3.1. Performance measurement

In general, performance is a measurement of how efficiently a
software system completes its tasks. Performance is typically measured
in response time, throughput (Hellerstein et al., 2007), or in some
cases, utilization of computing resources (Cortellessa et al., 2011, p.
4). Response time is the time taken for a call in the system to traverse
to some other part of the system and back. This is also sometimes called
latency (Gunther, 2011, p. 10), and in the context of database systems,
the response time may be measured as the response time to the first or
the last result item (Graefe, 1993). In a broad perspective described
in Fig. 1, the response time might be the time taken after the end-
user sends a request to the software application (e.g., an online store),
which passes the request to a DBMS, which returns a set of data to the
software application, which finally presents the data to the end-user’s
device. In database benchmarking, however, response time might be
measured by running the benchmark on the same device the DBMS
and the database reside, effectively eliminating inter-device-induced

performance drawbacks such as network latency (Patounas et al., 2020;
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Delis and Roussopoulos, 1993) and firewalls, and mitigating the effects
of other software running on the devices. Although DBMSs perform
other tasks besides querying, querying is typically what is measured
in DBMS performance testing (Dietrich et al., 1992). While response
time is perhaps the least arduous performance metric to measure, it is
not often enough for reliable measurement of transaction processing
environments (Dietrich et al., 1992) (often dubbed online transaction
processing, OLTP). That is, response time might be a metric better
suited for long-running queries in decision support environments (of-
ten dubbed online analytical processing, OLAP), but as transaction
processing environments often process a large number of concurrent
transactions, response time alone might not reliably account for the
effects of concurrent transactions, unless response time is measured as
an average of multiple concurrent transactions.

Performance can also be measured by throughput, i.e., how many
transactions the DBMS can execute in a given time frame. Throughput
is often expressed as transactions per second (Dietrich et al., 1992) and
requires a more sophisticated approach, e.g., benchmarking software.
Again, throughput may be measured either locally (i.e., using only the
hardware the DBMS and the database reside on), or over a network
in case the database is distributed. Alternatively, throughput may be
measured by connecting the benchmarking software to the software
application, which simulates the throughput of the whole database sys-
tem by accounting for, e.g., network and the software application (e.g.,
Kumar and Grot, 2022; Sundaresan et al., 2013). Such an approach
arguably requires significantly more investment, but provides a holistic
perspective on the performance of the whole system, also uncovering
potential performance issues unrelated to the DBMS and the database.
Finally, performance may be measured by resource utilization, either
CPU time, I/O, memory allocation, or energy consumption (Graefe,
1993) in systems striving for energy-efficiency due to, e.g., limited
battery power, or due to environmental concerns (Guo et al., 2022).

In summary, we might consider the measurement of throughput
a process that typically requires a simulation of some level, and the
measurement of response time as an exact or approximated mathemat-
ical method. The former approach requires relatively high investments
into the development of such simulations (Cortellessa et al., 2011, p.
142), while the latter often relies on a set of assumptions that do not
necessarily reflect real-world scenarios due to inaccuracies in predicting
what the real-world scenario ultimately is and how it can change.

3.2. Factors affecting performance

Hardware: An intuitive factor in performance is the power of hard-
ware (Osterhage, 2013, p. 1), and while it is true that most of the
local response time is attributed to time taken by CPU processing,
memory and disk access, and software waiting for other tasks to com-
plete (Cortellessa et al., 2011, p. 5), first investing in software perfor-
mance rather than hardware performance is often more cost-effective.
That being said, it is generally accepted that memory access is at least
four orders of magnitude faster than disk access (e.g., Gunther, 2011, p.
42). That is, if memory access takes minutes (nanoseconds), disk access
takes months (milliseconds). These numbers are largely dependent on
the speed of memory and the type of disk, but paint a picture of
how zealously DBMS optimization strives to minimize disk access.
Since memory is typically more expensive than disk storage, keeping
the whole database in memory is often unfeasible. Additionally, the
underlying hardware is important, as, e.g., some DBMSs have been
shown to utilize multi-processor or multi-core environments more ef-
fectively than others (Tu et al., 2013). Intuitively, how well a DBMS can
exploit parallelism affects the performance of query execution (Tallent
and Mellor-Crummey, 2009; Tözün et al., 2013). Ultimately, perfor-
mance measurement is about gains or losses in percentages, not in,
e.g., response times.

Data models: Data models described in Section 2.2 have indirect
4

effects on DBMS performance. Relational databases often follow design
guidelines that strive to minimize redundancy to eliminate potential
data anomalies caused by redundant data (Codd, 1972, 1975), and to
minimize the need for storage space, which in turn typically causes
queries to run slower due to a larger number of table joins. In contrast,
different NoSQL data models — especially key–value, document, and
wide-column — follow design guidelines according to which data
structures are designed to efficiently satisfy predetermined business
logic queries, with the elimination of redundant data being a secondary
concern (Davoudian et al., 2018). It follows that because many NoSQL
data structures are designed to serve queries, queries are typically sim-
ple (Dey et al., 2014), and their execution requires less computational
resources than complex queries in relational databases. As discussed in
Section 2.3, locking data objects (both on disk and in memory, and both
primary data structures as well as indices), logging write operations,
and how memory is managed by the DBMS all play a significant role
in DBMS performance (Hellerstein et al., 2007; Stonebraker, 2010).
For example, preventing write operation-induced anomalies is a costly
action, and the level of granularity of database locks presents signifi-
cant considerations on write operation performance, which is largely
dictated by the ratio of read and write operations.

Distribution: Write operations in distributed configurations pose non-
rivial challenges to both performance and data consistency (Delis and
oussopoulos, 1993). In distributed database systems, effectively all

ransactions must choose either data consistency or data availabil-
ty (Brewer, 2012; Gilbert and Lynch, 2002). The former guarantees
hat the data the end-user receives are not stale, with the cost of
erformance, while the latter guarantees to a degree that the end-user
eceives data faster, but with no guarantees that the dataset received is
he most recent. The preferred approach is largely dictated by business
ogic.
DBMS and OS parameters: Moving from data models and database

ystem distribution to lower levels of abstraction, operating system
OS) and DBMS parameters and their interrelationships (e.g., page size)
an have direct or indirect effects on performance (Dietrich et al.,
992). Additionally, DBMS parameters such as the amount of memory
he DBMS is allowed to use for data processing is typically closely
elated to the amount of memory available. Furthermore, as a query
s sent to the optimizer (cf. Fig. 1), it depends on the DBMS internals
ow efficiently the optimizer can select the most efficient physical
perations to implement the query, and what physical operations are
vailable to the optimizer in the first place (Chaudhuri, 1998). For
xample, MySQL implemented only one physical operation for table
oins until 2018,1 limiting the number of options the optimizer could
choose from. Regarding query optimization, the optimizers of RDBMSs
in particular are relatively mature and can spot some unnecessary
complications in queries, while overlooking others (Brass and Goldberg,
2006). Despite the benefits brought by the optimizers, some queries are
inherently slow and can only be optimized through query rewrites.

Physical database design: Last, but definitely not least, physical
atabase design plays a key role in DBMS performance. It has been
rgued that performance bottlenecks are difficult to find in large
ystems (Ammons et al., 2004), and that efficiency is gained by focusing
n the vital few areas instead of the trivial many (Juran and De Feo,
010, p. 450). One of the most vital areas in database systems is
hysical design. In relational databases, efficient physical design is
argely achieved through indices, and in NoSQL databases, typically
hrough database distribution over computing nodes. In contrast to a
olistic system overview, performance bottlenecks may be easier to find
n queries, since many DBMSs provide detailed information on query
xecution (Fig. 2). PostgreSQL (Fig. 2(a)) lists the physical operations
sed to execute the query, which of the operations took the most time
nits, and which indices, if any, were used. For example, it can be
een in Fig. 2(a) that the sequential scan on line 12 accounted for

1 https://dev.mysql.com/doc/refman/5.6/en/explain-output.html

https://dev.mysql.com/doc/refman/5.6/en/explain-output.html
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Fig. 2. Query execution plans illustrating the physical operators such as hash join and seq scan chosen by the optimizer.
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approximately 94% of the execution time of the whole query (178
time units out of 189 ms), probably because the query fetched a large
number of records from the database. The query could be optimized
by, e.g., selecting a smaller number of records, and showing the results
to the end-user by paging them, i.e., showing a subset of results first,
and fetching more later if necessary. In NoSQL systems, the query
optimizer plays a smaller role due to typically less expressive query
languages (cf. Fig. 2(b)). Some NoSQL systems such as Cassandra do
not permit the execution of queries that do not utilize the physical
structures effectively.

3.3. Database performance benchmarks

There are several database performance benchmarks available, each
typically consisting of a sample database and a workload that simulates
how the database could be used (Difallah et al., 2013; Qu et al.,
2022b). The benchmarks usually measure the efficiency of querying
while taking into account factors such as concurrency but disregarding
other DBMS tasks such as efficiency in data structure definition or bulk
loading (Dietrich et al., 1992).

In the domain of relational databases, the Transaction Process-
ing Council (TPC) benchmarks (e.g., Gray, 1992) are perhaps the
most utilized (Dreseler et al., 2020; Tözün et al., 2013), and test the
throughput of the DBMS with various parameters. For example, the
TPC-A benchmark simulates a database of a bank with four tables and
with one transaction, the TPC-B benchmark a database of a wholesale
supplier with nine tables and with five transactions, and the TPC-E
benchmark a brokerage database with 33 tables and 12 transactions.
All these benchmarks have the option for simulating strong consistency,
and while TPC-A and TPC-B have transactions typical for transaction
processing, TPC-E includes also decision support transactions (Tözün
et al., 2013). TPC-A simulates human end-user thinking by waiting
5

between transactions, as a human arguably would wait between clicks r
in an online bank. TPC-B, on the other hand, does not wait and can be
used as a precursor for TPC-A in adjusting DBMS parameters (Dietrich
et al., 1992). Alternatively to transaction processing, TPC-H benchmark
measures the performance of a DBMS in decision support (Barata et al.,
2015; Dreseler et al., 2020).

In the more general DBMS domain, the Yahoo! Cloud Serving Bench-
mark (YCSB) is a framework for benchmarking transaction processing
in systems with different data models and architectures (Cooper et al.,
2010). Due to its extensibility, YCSB can be adapted to different NoSQL
data models. YCSB contains different workloads, each with a different
ratio of read and write operations. YCSB and its extensions such as
YCSB+T typically utilize transactions which consist of single operations
and do not enforce strong consistency (Qu et al., 2022b; Dey et al.,
2014). The benchmarks described above are by no means an exhaustive
list but cover the most popular benchmarks (cf. Section 2.1). Other
benchmarks include LUBM (Guo et al., 2005), OLTP-Bench (Difallah
et al., 2013), and JOB (Leis et al., 2015). Regardless of the data model
and DBMS, transaction processing benchmarks have typically been the
de facto method of comparing different DBMSs and hardware (Tözün
et al., 2013).

Further reading on performance: for readers interested in phys-
cal database operations and query execution from a performance
erspective, Graefe (1993) provides an in-depth, DBMS-independent
urvey. For more information on physical database design, especially
ndices and how they work, the book by Lightstone et al. (2010) is a
etailed and descriptive source. For a practical and concise guide on
QL query optimization, we point readers towards Winand’s (2012)
ook. Regarding NoSQL DBMS optimization, we suggest referring to
he manual of the DBMS of your choice, and always making sure that
he source of information is current, as NoSQL systems tend to evolve
apidly.
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Fig. 3. The study selection process; the numbers refer to the number of primary studies selected in each stage of the process.
Table 1
Search strings.

Database Search string

ACM DL [Abstract: performance] AND [Abstract: comparison] AND [[Abstract: database] OR [Abstract:
dbms]] AND [Publication Date: (01/01/2000 TO 03/31/2022)]

IEEE Xplore (‘‘Abstract’’:performance AND ‘‘Abstract’’:comparison AND (‘‘Abstract’’:database OR ‘‘Abstract’’:dbms))
ScienceDirect Title, abstract, keywords: performance AND comparison AND (database OR dbms)
Google Scholar database performance comparison
4. Study selection

4.1. Process and criteria

The DBMSs in this study were selected based on the selected primary
studies. That is, we did not choose, e.g., the most popular DBMSs to
include, but reported the DBMSs yielded by the primary studies. The
results herein may be considered the most popular DBMSs in terms
of benchmarking reported in scientific literature. Fig. 3 describes the
primary study selection process starting from ACM Digital Library,
IEEE Xplore, and ScienceDirect, complemented by subsequent Google
Scholar searches. The search strings are detailed in Table 1. To account
for potentially missing relevant studies, we conducted three rounds of
backward snowballing (i.e., following the lists of references in selected
studies), until snowballing revealed no additional studies. A total of 117
primary studies comparing DBMS performance were selected.

Table 2 describes our inclusion criteria applied in the primary
study selection. The first four criteria are related to bibliographic
details, while the last three criteria are concerned with article focus
and content. Regarding criterion #3, we excluded academic theses and
dissertations (e.g., Coates, 2009) due to the fact that they are typically
not peer-reviewed. We also excluded white and gray literature for the
same reason, and because those studies are often written or published
by partial parties, e.g., DBMS vendors.

We only selected studies that compared query (i.e., retrieving or
modifying data) execution performance, not regarding e.g., database
replication performance (Elnikety et al., 2006) or performance of dif-
ferent join operations (Kim and Patel, 2010). We also excluded studies
that compared a single DBMS performance in different configurations
such as hardware, replication strategy, database structure, or query
language (Holzschuher and Peinl, 2013) and studies that compared
a DBMS with different data-related platforms (Purbo et al., 2020).
Studies that reported pseudonymized DBMS names were also excluded.
Finally, we only included studies that reported results based on at
least seemingly objective metrics and empirical results. That is, studies
simply stating the opinions of the authors such as ‘‘based on our
experiences, we believe MySQL is faster than SQL Server’’ were not
6

considered.
4.2. Selected studies

The selected 117 primary studies compared the performance of a
total of 44 different DBMSs. We categorized these DBMSs into three
top-level types defined and discussed in Section 2.2: RDBMSs, NoSQL
systems, and NewSQL systems. Five DBMSs not clearly pertaining to
any of these three categories were categorized under other systems
(Table 3). It is worth noting that these DBMS types are not always
clear-cut due to the lack of specificity and changing nature of the
definitions, and should be interpreted as merely means to compartmen-
talize the results of this study into a more readable form. Five selected
primary studies did not report results implying the performance of one
DBMS over another (Padhy and Kumaran, 2019; Schmid et al., 2015b;
KumarDwivedi et al., 2012; Faraj et al., 2014; Jing et al., 2009).

Fig. 4 shows the distribution of publication years and the types of
DBMSs discussed in the selected studies. Although our criteria allowed
for studies from the year 2000, the first studies selected were published
in 2008. The figure shows that generally, there is a somewhat constant
number of DBMS performance comparison studies each year. It is worth
noting that one study may pertain to several types of DBMSs.

5. Performance comparison results

The most popular DBMS performance comparisons compared one
or several RDBMSs to one or several NoSQL systems, one NoSQL
system to another NoSQL system, or one RDBMS to another RDBMS,
respectively. A total of 48 studies compared solely read performance,
while 6 studies compared solely write performance. The rest of the
studies compared both read and write performance, with the exception
of two studies (Cheng et al., 2019; Nepaliya and Gupta, 2015) which
were unclear whether they compared write operations. All comparisons
and their results per DBMS type are summarized in Fig. 5.

Fig. 6 presents an overview of which DBMSs and DBMS types
the primary studies compared. The figure perhaps conveys how both
other and NewSQL systems are typically compared within their respec-

tive DBMS type groups, while RDBMS and NoSQL systems are both
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Table 2
Primary study selection criteria.

# Inclusion criterion

1 Article is written in English.
2 Full article can be accessed.
3 Article is published in a scientific journal, or conference or workshop proceedings.
4 Article is published between 2000 and March 2022.

5 Article focus is on query language statement execution performance comparison.
6 Article focus is on comparing the performance of two or more different DBMSs.
7 Article is based on at least seemingly objective metrics.
Table 3
DBMSs discussed in this study divided into four types.

DBMS type DBMSs

RDBMS Access, Azure SQL, Interbase, DB/2, H2, Hive, MariaDB, MySQL
Cluster, MySQL, Oracle Database, PostgreSQL, PostgresXL, SQL
Server, SQLite

NoSQL ArangoDB, Azure Document Database, Cassandra, Couchbase,
CouchDB, Elasticsearch, Firebase, HBase, Hypertable, memcached,
MongoDB, Neo4J, Oracle NoSQL, OrientDB, RavenDB, Redis,
RethinkDB, Riak, Scalaris, Tarantool, Voldemort

NewSQL CockroachDB, MemSQL (now known as SingleStoreDB), NuoDB,
VoltDB

Other BlazingSQL, Caché, Db4o, OmniSciDB, PG-Strom
Fig. 4. The number of publications by publication year and DBMS type; the year 2022 was only considered until March.
Fig. 5. DBMS performance comparisons overview; a directed edge from node a to node b represents the number of studies according to which a system of type a outperformed
a system or systems of type b in (r)ead and (w)rite operations, e.g., a NoSQL system outperformed a NewSQL system in read operations in one study, and in write operations in
one study; thicker edges visualize the most popular comparisons.
7
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ompared within their respective groups as well as with each other.
dditionally, the size of the nodes such as MongoDB, Redis, Cassandra,
nd MySQL show that these DBMSs typically outperform the DBMSs
hey are compared to. Due to their length, the detailed results from
he primary study comparisons are presented in the Appendix, which
ncludes tables detailing which DBMSs outperformed which.

Regarding the benchmarks defined in earlier scientific literature, the
ost popular was YCSB, which was utilized by 15 primary studies (ap-
roximately 13%) (Abramova and Bernardino, 2013; Abramova et al.,
014a,b; Gandini et al., 2014; Schreiner et al., 2019; Seghier and Kazar,
021; Yassien and Desouky, 2016; Abubakar et al., 2014; Kashyap
t al., 2013; Swaminathan and Elmasri, 2016; Tang and Fan, 2016;
lein et al., 2015; Araujo et al., 2021; Hendawi et al., 2018; Rabl et al.,
012). The second most popular benchmark was the TPC-H benchmark
nd its variations, utilized by five primary studies (4%) (Almeida et al.,
015; Fotache and Hrubaru, 2016; Oliveira and Bernardino, 2017; Suh
8

t al., 2022; Vershinin and Mustafina, 2021). It is worth noting, though, e
hat two of the studies (Oliveira and Bernardino, 2017; Vershinin
nd Mustafina, 2021) seemed to have executed the queries of TPC-H,
nstead of running the benchmark and accounting for, e.g., the effects
f concurrent transactions. One primary study utilized the OLTP-Bench
enchmark (Tongkaw and Tongkaw, 2016), one the LUBM bench-
ark (Franke et al., 2013), and one, in addition to TPC-H, the JOB

enchmark (Suh et al., 2022). Regarding the benchmarks formulated
y the primary study authors, 25 primary studies (21%) reported using
d hoc queries instead of earlier defined benchmarks to compare the
erformance of DBMSs. These queries were defined verbatim in the
rimary studies. In contrast, 70 of the primary studies (60%) compared
BMS performance using undisclosed ad hoc queries, likely formulated
y the study authors. In other words, 22 primary studies (19%) used
ome type of earlier defined database benchmarking suite. The per-
ormance tests of these 22 primary studies and what aspects of the

nvironment they reported are detailed in Table 4.
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Table 4
An overview of primary studies using previously defined benchmark software and which aspects of the testing environment they explicitly disclosed; performance measurements
abbreviated as ET (execution time) and TP (throughput).

Study Explicitly reported Benchmark Measurement Nodes

DBMS versions Hardware DB structure DBMS parameters

Abramova and Bernardino (2013) yes yes noa no YCSB ET 1
Abramova et al. (2014b) yes yes noa no YCSB ET 1
Abramova et al. (2014a) yes yes noa no YCSB ET 1
Abubakar et al. (2014) no no noa no YCSB ET 1
Almeida et al. (2015) no yes logical only no Star Schema Benchmark ET 1
Araujo et al. (2021) yes yes noa no YCSB ET, TP 2
Fotache and Hrubaru (2016) no yes logical only no TPC-H ET 5
Franke et al. (2013) yes yes no no LUBM-based ET 9
Gandini et al. (2014) no yes noa no YCSB ET, TP 2-9
Hendawi et al. (2018) yes yes noa no YCSB ET, TP 8
Kashyap et al. (2013) yes yes noa no YCSB ET, TP up to 5
Klein et al. (2015) yes no noa no YCSB ET, TP 9
Oliveira and Bernardino (2017) no yes logical only no TPC-H ET 1
Rabl et al. (2012) yes yes noa no YCSB ET, TP 16 and 24
Schreiner et al. (2019) no yes noa yes (default) YCSB, Voter ET, TP 3
Seghier and Kazar (2021) yes yes noa no YCSB ET 1
Suh et al. (2022) yes yes noa yes (default) TPC-H ET 3
Swaminathan and Elmasri (2016) yes yes noa no YCSB TP up to 14
Tang and Fan (2016) yes yes noa no YCSB ET, TP 4
Tongkaw and Tongkaw (2016) yes yes logical only no Sysbench, OLTP-Bench TP 1
Vershinin and Mustafina (2021) no yes logical only no TPC-H ET 1
Yassien and Desouky (2016) yes yes noa no YCSB ET, TP 1

a The YCSB benchmark defines a single-table with n columns (or loose equivalents in non-relational data models).
6. Discussion

6.1. General discussion

The difficulty of rigorous performance testing is perhaps one of the
root causes of why optimization is difficult, and several studies have
highlighted the complexity of performance testing due to, e.g., the
effects of DBMS parameters (Purohith et al., 2017), testing environment
settings (Wang et al., 2022), and how well the data in the performance
test database reflects the real application data (Qu et al., 2022a).
Is it also important whether an impartial actor has carried out the
performance test, or whether the test results are published e.g., by a
DBMS vendor (DeWitt and Levine, 2008). However, this is sometimes
difficult to assess and can be mitigated by simply explicitly reporting
the test so that it can be replicated and verified by others.

Despite the fact that we were aware of some DBMS performance
comparison studies as they have been touched on in previous works,
we were surprised by the extent the few examples presented in the
previous works (Raasveldt et al., 2018; Wang et al., 2022) generalize
to so many studies on the subject. For example, in read operations,
MongoDB outperforms Cassandra according to ten studies, Cassandra
outperforms Redis according to four studies, and Redis outperforms
MongoDB according to six studies (cf. Appendix), leading to a situation
of 𝑀𝑜 > 𝐶𝑎 > 𝑅𝑒 > 𝑀𝑜, where MongoDB is both the best and the worst
performing DBMS. Furthermore, as discussed in Section 5, few of the se-
lected studies reported the test setting in enough detail for replication.
Unfortunately, without sufficient details for replicating an experiment,
such experimental results can claim any outcome (Raasveldt et al.,
2018). One aspect that was typically reported was some details about
the hardware the test was run on, i.e., processor make and model, clock
rate, memory size, and disk size. Without other details about the DBMS
parameters, parallel execution, etc., these details are inconsequential.
Despite the importance of the topic of DBMS performance comparisons,
with the exception of one study (Rabl et al., 2012), no primary studies
were published in major data management fora such as ACM SIGMOD
or VLDB.

6.2. Considerations for industry

6.2.1. Consider the environments in performance testing studies
If the environment in which the performance testing was carried out
9

does not provide sufficient details, whatever the study states, you may
interpret the results as if they do not generalize to other environments.
That is, if you are in the process of deciding on a DBMS for your
application, or perhaps considering changing one DBMS to another,
consider whether the performance comparison study you are reading
presents a similar use case. Compare your business domain to that pre-
sented in performance comparison studies, remembering that a single,
sometimes even a seemingly inconsequential parameter (cf. e.g., data
types in SQLite in Purohith et al., 2017) may change the results.
DeWitt and Levine (2008) aptly describe performance comparisons as
the maximum potential performance gain of one DBMS over another.
The performance gain in your particular environment might be less,
or it might be that the DBMS that performed better in the comparison
performs worse in your environment.

One important aspect of the environment is the physical setup. Dif-
ferent hardware has been shown to affect DBMS performance, as some
DBMSs exploit parallelism more efficiently than others (Marek and
Rahm, 1992; Jiang et al., 2010), effectively meaning that if a test was
performed on one single-core CPU, the results might not generalize to
distributed and multi-CPU environments. Additionally, different hard-
ware aspects such as the relative sizes of different CPU memory caches
may significantly affect DBMS performance, making performance com-
parisons between different hardware a complex task (Ailamaki et al.,
1999; Wang et al., 2022). In distributed environments, which were
rarely tested in the primary studies, it is worth considering whether
data availability is prioritized over data consistency, as the latter setup
is typically significantly slower. Benchmarks that simulate concurrent
users should also be considered separately from performance tests that
merely execute queries sequentially. Concurrency introduces several
challenges, many of which severely affect performance (Wang et al.,
2022). For example, SQLite uses database locking on a level of gran-
ularity which makes concurrent writes slow, but this has no negative
effects on single-user writes (Obradovic et al., 2019). Unfortunately,
some studies have shown that developers do not widely understand
concurrency-related security aspects (Warszawski and Bailis, 2017),
and that concurrency-related performance problems are understud-
ied (Yu and Pradel, 2018). Some have even stated that the research
has not been focusing on relevant issues (Pavlo, 2017).

Intuitively, different business domains have different databases and
they are used in different ways. For example, in some domains, the end-

users typically read data, while in others, write operations are more
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common. The ratio of read and write operations in a performance test
plays a crucial role, as some DBMSs are specifically designed for specific
workloads (Cooper et al., 2010). The credibility of testing results is
also related to how well the test database and data therein represent
the target environment (Qu et al., 2022a). Furthermore, in business
domains such as online stores, there are typically popular products, and
thus the data related to them are targets of a relatively large number
of database operations. For generalizable benchmarking results, the
benchmark must account for such skewness in database use, rather
than, e.g., randomly querying data objects. It is also worth considering
how the performance tests have tested performance. For example, is
your application about inserting 10,000 rows in bulk, but one row
at a time randomly generated by the application? If it is not, you
should not consider this type of benchmark results as an indication of
how well one DBMS performs compared to another in your particular
business context. It is also worth considering that decision support
benchmarks such as TPC-H test performance in environments that can
be fundamentally different from transaction processing environments.
Finally, even similar business domains can have a myriad of different
technical implementations.

We have discussed some of the particulars involved in database
system design in this subsection, and in Sections 2 and 3, from which
one can infer what has often been repeated in database system research:
the environments and their optimization is a task so complex (Graefe,
1993; Cooper et al., 2010) that DBMS optimization is a whole profes-
sion (Raasveldt et al., 2018). It follows that there are several threats
to rigorous DBMS benchmarking. Even though RDBMS optimization
is widely and deeply studied in both academic and industry contexts,
RDBMS optimization remains a complex task. In the domain of NoSQL
DBMSs, there exist far fewer scientific studies simply due to the age
of the NoSQL DBMSs, and the heterogeneity of NoSQL data models.
Additionally, there are several querying anti-patterns to avoid, such
as performing joins in the software application instead of the DBMS,
or paging query results by utilizing ordering, limiting and offset. All
these points considered, a reader of a performance comparison study
must trust that the performance comparison study writers have been
able to optimize the database systems to a similar degree for the per-
formance comparison results to be credible. This requires particularly
specific, in-depth expertise when DBMSs with more than one data
model are compared. Furthermore, decades of benchmarking software
development by entire councils (e.g., TPC) cannot simply be skipped by
writing a set of (often arbitrary) queries, running them on two or more
DBMSs in a single-user environment, recording response times, and
consequently stating that one DBMS is faster than another. Although
this was the case in over 80% of the selected primary studies, we do
not consider this sufficient.

In summary, if it is possible that changing even one of the en-
vironmental aspects discussed above may affect the performance test
results significantly, it seems reasonable to argue that, no matter how
many DBMS performance comparison studies state that one DBMS
outperforms another, these DBMSs were not tested in an environment
that is the same as your environment, and thus have little concern in
the decision of which DBMS is performance-wise the best fit for your
environment.

6.2.2. Consider other aspects besides performance
There are other aspects besides response time or throughput to

consider when choosing a DBMS. Performance gains, such as those
provided by many NoSQL systems, rely heavily on redundant data
to minimize the complexity of queries, thus providing faster response
times. Naturally, storing redundant data increases the cost of storage,
and may lead to data inconsistencies. Another comparison perspective
is related to the features provided by the DBMSs compared. Intuitively,
a DBMS that is tailored for a specific purpose outperforms a general-
purpose DBMS (Raasveldt et al., 2018; Stonebraker et al., 2007). For
10

example, one primary study (Bartoszewski et al., 2019) noted that t
while MongoDB outperformed PostgreSQL/PostGIS in most of the tests,
MongoDB provides only a subset of the geospatial operations provided
by PostGIS. If the rest of the operations needed by the business domain
need to be implemented in the software application, it is not realistic
to assume that such task is either trivial to implement, nor trivial to
implement in a way that outperforms the solutions offered by existing
DBMS features.

Another consideration is the availability of suitable workforce,
which is closely related to the DBMS technology and its maturity. It
is not surprising that as query languages such as SQL have been a topic
of effectively all information technology-related curricula in higher
education for several years (Joint Task Force on Computing Curricula,
Association for Computing Machinery (ACM) and IEEE Computer Soci-
ety, 2013; The Joint Task Force on Computing Curricula, 2015), there
is a relatively large number of professionals fluent in SQL, as opposed
to new query languages. Some studies have also shown that strong
consistency models (Corbett et al., 2013) and the SQL language (Cass,
2022) are desired as skills as well as features in a DBMS. That is, it is
worth considering how feasible it is to implement a database system
with each specific technology, and DBMS performance is only one of
the important aspects to consider.

Finally, as the primary studies typically considered performance
in terms of response time or throughput, we have approached the
topic from a similar viewpoint. However, as discussed in Section 3.1,
performance may be measured by the usage of computing resources,
which can be a goal conflicting with response time (Chaudhuri, 1998).
It is typical that increasing parallelism through multiple CPUs lowers
response time, but increases the total amount of work due to the par-
allelism overhead (Osterhage, 2013, p. 13). Finally, it has been shown
that migrating data from one DBMS to another is all but trivial, and
prone to fail due to a lack of clear methodologies (Thalheim and Wang,
2013) — especially when the DBMSs differ in data models and query
languages (Kim et al., 2018). Therefore, migrations such as RDBMS
⇔ RDBMS or RDBMS ⇔ NewSQL are arguably less complex than

igrations such as NoSQL ⇔ NoSQL, RDBMS ⇔ NoSQL or NewSQL
NoSQL.

.3. Considerations for research

.3.1. Consider using existing guidelines for testing and reporting
Database benchmarking guidelines are not a novel invention in

atabase system research and have been described in detail (Gray,
992) and in short (Dietrich et al., 1992) in the early 1990s, and as
reader-friendly checklist later (Raasveldt et al., 2018). Additionally,

enchmarking pitfalls have been discussed in numerous studies in
espected database systems fora (Wang et al., 2022; Dreseler et al.,
020). Based on the primary studies, however, neither of these lines of
esearch has been widely applied in practice. Database benchmarking
as been argued to be difficult (Raasveldt et al., 2018), as environmen-
al parameters such as the nature of data (Qu et al., 2022a), DBMS
arameters (Wang et al., 2022), and data types (Purohith et al., 2017)
an all have significant impacts on performance testing results. Further-
ore, benchmarking tools have received critique (Reniers et al., 2017;
rolinger et al., 2013) despite the fact that some of the tools have been
nder development for decades. Therefore, we urge researchers, at the
ery least, to consider whether using a performance test suite of one’s
d hoc queries is credible when well-known performance benchmarks
re freely available.

As for reporting, Raasveldt et al. (2018) provide a 24-point checklist
or fair benchmarking. Some of the points are concerned about how
erformance is tested, and others about how the testing is reported. A
erformance comparison that cannot be replicated may present what-
ver results (Raasveldt et al., 2018). Furthermore, an empirical study
ithout reproducible evidence should be considered an opinion of

he authors, rather than an empirical study. Indeed, at the start of

he NoSQL movement, we have witnessed several studies with high
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praise for the strengths of different NoSQL products, yet with little or
no critical notions addressing the acknowledged shortcoming of such
DBMSs. Therefore, we would caution the reader from inferring from
these results that one DBMS performs better than another. Rather, each
such argument should be carefully scrutinized and interpreted in a
specific context, like in the primary study assessing the performance of
GPU DBMSs (Suh et al., 2022), in which performance between DBMSs
was compared, but the comparison was merely one aspect of the study.

6.3.2. Consider a different approach to DBMS-DBMS testing
Especially for a junior researcher, comparing the performance of

one DBMS to another may seem like a relatively simple research setting
to both carry out, and also justify based on the prevalence of the DBMS
industry. We hope that the arguments presented in previous studies
as well as here have highlighted that neither of these points are as
clear-cut. Following the guidelines (e.g., Raasveldt et al., 2018) can
make performance testing a time-consuming task, and in many cases,
perhaps overly time-consuming, and given the considerations on the
generalizability of the results, the results may not be of interest in
other environments. Alternatively, not following guidelines introduces
significant threats to validity. While generalizability is hardly an in-
trinsic value, concluding that, e.g., MySQL outperforms PostgreSQL
in ‘‘my webstore’’ but not in others unless they have similar data,
hardware, number of end-users, etc., does not carry the implication
of being as scientifically impactful result as saying that, e.g., MySQL
will always outperform PostgreSQL. Therefore, we must either perform
the performance comparisons with rigor and accept that the results do
not probably generalize, or perform the comparisons without scientific
rigor and state sophisms. Since the latter is hardly ethically sound,
DBMS performance comparisons should be limited to domains where
the goal of a study is not the generalizability of the results, but the
betterment of the very particular domain the study concerns (e.g.,
Ameri et al., 2014).

Given the arguments above, we propose that future studies, if inter-
DBMS performance must be compared, consider taking a different
approach to performance testing. First, using a wide range of database
system optimization experts to ensure that all aspects of the system are
fairly optimized, and avoiding situations where one system is optimized
beyond diminishing returns, while the other is barely optimized. We
challenge research teams to explicitly disclose which authors optimized
which systems, for authors to further one’s intellectual investments in
the performance comparison. These solutions should be benchmarked
by a party independent of all optimization teams, and fair benchmark-
ing guidelines should be utilized. Second, after the benchmarking has
been carried out, we urge researchers to consider what causes the
differences in performance, and critically compare those aspects as
well, as gains in performance arguably have root causes such as loos-
ened consistency or increased storage space. Nonetheless, performance
comparisons of two or more DBMS with different data models should
be considered particularly complex. Unfortunately, such comparisons
seem to be the most popular (cf. Fig. 5).

6.3.3. Consider other use cases besides DBMS-DBMS testing altogether
It is worth noting that benchmarking software has other use cases

besides inter-DBMS performance comparisons. Instead of comparing
one DBMS to another, researchers might consider testing the per-
formance effects of different hardware (Do et al., 2011), DBMS pa-
rameters (Wang et al., 2022), operating system parameters, query
languages (Holzschuher and Peinl, 2013), physical configurations such
as database distribution, physical structures such as different indices,
11

or different levels of data consistency. a
6.4. Limitations and threats to validity

It might be that some relevant studies are missing from this litera-
ture review. However, it was not our intention to select primary studies
to quantitatively demonstrate that one DBMS outperforms another by
the number of studies corroborating such an argument. Rather, the
results verify previous observations (Raasveldt et al., 2018) according
to which many of such comparisons are problematic and should be
interpreted with care, if at all. Nevertheless, we have strived to include
at least most of the primary studies that fit our criteria (Table 2) by
several rounds of snowballing (Fig. 3) as well as a complementary
literature search. Furthermore, as the DBMS classification (Table 3)
and the interpretation of the primary study results (Appendix) involve
human judgment, it is possible that another group of researchers may
attain at least slightly different results.

7. Conclusion

Several database management system performance comparisons
have been conducted and published as both vendor white-papers as
well as in scientific fora. The approaches and reporting in such studies
have been criticized in previous literature. In this study, we system-
atically surveyed 117 DBMS performance comparison studies. What
seemed to be common among the selected primary studies is that
they lack sufficient detail for reproducibility. Scientific, peer-reviewed
research of high external validity concerning database management sys-
tem performance comparison is effectively scarce. Based on the review
of literature, we presented several considerations for the industry as
well as database system researchers. Namely, we argued for considering
(i) the environments (i.e., business domain, amount of data, amount of
oncurrent users, hardware, database distribution, read/write opera-
ion ratio, etc.) when interpreting the results of DBMS performance
omparison tests, and for considering (ii) other aspects besides DBMS
erformance when choosing a DBMS or changing one DBMS to another,
nd for researchers to consider (iii) using existing guidelines in per-
ormance testing and reporting the testing environments transparently,
o consider (iv) different approaches to performance testing when one
BMS is compared to another, and to consider (v) other use cases for
erformance testing besides comparing the performance of one DBMS
o another. The results highlight how rarely benchmarking software is
sed in performance testing, how often different DBMSs with different
ata models are compared with each other, how often performance
esting results in different studies conflict with each other, and why.
his study was not an attempt to argue the performance gains of
ne DBMS over another using primary studies. That is, please do not
ite this study by consulting the Appendix and stating that DBMS1
utperforms DBMS2.
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