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Abstract—Data warehouses are systems that are used today
by many companies for storing a large amount of structured
data. Microservices allow splitting the whole software system into
multiple parts, which can be deployed separately and work on
their own. These services communicate and manage individual
software functionalities.

The paper describes a proposal of a data warehouse built
with a microservice architecture. Also, the microservice data
warehouse is compared with a classic monolithic data warehouse.

Index Terms—data warehouse, microservices, modularity, scal-
ability

1. INTRODUCTION

Cloud computing pawed a way to better resource utilization.
It makes it possible to share infrastructure, platform, and
software as a service with users who do not need to maintain
the service. The next step was customization of platforms
offered as a cloud service [1]. This approach is useful for
many industrial as well as research communities [2] which
are dealing with exascalability [3]. When lightweight resource
sharing was more mature the new concept of software system
design emerged. This new approach is microservices.

The paper is focused on microservices effectiveness within
data warehouses which are subject-oriented, integrated, time
variant, and non-volatile collection of data in support of
management’s decision making process [4]. Microservices as
a concept are attracting a lot of attention these days and
are also being implemented by many companies. Various
other companies see this interest and want to also migrate
to microservices. But this is not as straightforward as it can
look. The microservice architecture brings many benefits to
programming and development, but also many disadvantages.
This study investigates parts of this problem, such as scaling,
networking, comparison to the monolith data warehouse, and
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I1. MICROSERVICES

Microservices can be understood as basic applications, with
a simple task. These basic applications can mn independently
on different servers, can be scaled individually, according to
the current server load, tested autonomously, and so on [5].
The precise definition is: "Microservices are a software devel-
opment technique, a variant of the service-oriented architecture
(SOA) architectural style that structures an application as a
collection of loosely coupled services [6].”

Microservices are building on containerization. Splitting
software into multiple separately running parts, was not pos-
sible in the past or was very costly and hard to maintain.
But thanks to virtualization of operating system it is much
easier and cheaper. It allows us to run multiple instances
of the execution environment. These instances are behaving
and looking like their servers, with their dynamic resource
management [7].

A, Advantages and disadvantages of microservices

Thanks to a different approach that microservices bring,
it is possible to achieve multiple advantages over monolithic
architecture. The main advantages are the following [8], [9]:
easier maintenance of source code, faster development, scaling
of application, simplified testing, and easier bug fixing.

The different approach of microservices brings a lot of
advantages, but it also brings disadvantages. A software ar-
chitect has to take into account [10}-[12]: performance of
the system, economical aspects of the solution, management
of microservices, communication between services, hard Bug
fixing (within the system as the whole), and test integration .

B. Micorservice and monolith approach comparision

Monolithic architecture is well-known approach, that is used
regularly today. When developers build software with this
monolithic approach, they think of it as a whole program
in one piece. It contains everything, necessary for running,
like frontend, backend, or management tools. Also in this
architecture, developers usually have one database for the
whole system [13].

This is one of many comparisons, that is needed to an-
alyze before decision between monolithic and microservice
architecture is made. Based on the study [14], it is possible

35



B Adam Zdk, Martin Bobdk

to identify crucial points such as: maintenance, deployability,
team organization, cost, scalability, reusability, size of project,
size of team, and price of migration.

On the other hand, microservice architecture is still a very
young and evolving approach, and as such, still has many
potential problems. Some of these problems are: microservice
granularity, language diversity, code management, and manag-
ing API changes [15].

III. RELATED WORK

There are two types of data warehouses, local and cloud.
Normal warehouses are the classic way of using them. Cloud
warchouses on other hand are using cloud architecture. They
are stored in computers elsewhere, not under your control and
you access them by internet. This work is more focused on
cloud-based data warehouses, as they are more used today.

TABLE I
COMPARISON OF THE STATE OF THE ART APPROACHES.

Data warehouse ‘Prus Cons |

Columnar storage Unigueness Not En-
forced
Structured data

Not multi-cloud solu-

Amazon Redshift
Querying language
Strong AWS integra-

tion

tion

Google BigQuery

Easier  management
of warehouse

Pay per use
Multi-cloud solution

Overkill for smaller
data sets
Flat pricing

Snowflake

Easy implementation

Customer is depen-
dent on infrastructure

Auto-scaling Big data load
Structured and smi- | No support for un-
structured data structured data.

IV. MICROSERVICE-ORIENTED ARCHITEC TURE FOR DATA
WAREHOUSE.

The microservice system is divided into multiple parts, each
working with its own related services on its own task. This
is building some kind of tree structure. Each rectangle repre-
sentations one microservice. Figure 1 is showing a simplified
architecture diagram.

Proposed microservice flow is shown on invoices example
in bigger detail. This example is part of the data warehouse
that is working with invoices, loading data, and storing them.
We can see a diagram of this flow in figure 2.

The proposed microservice-based data warehouse is com-
posed of the following main parts:

Admin service - this is a microservice, which is responsible
for the management of the whole data warehouse and data
pipeline. In this case, it is also responsible for uploading of
files.

Dispatcher - Microservice, which decides, what is the type
of file by its name and type. For example, the GLS delivery
service 1s sending xlIs files, so when the .xls file arrives at
the dispatcher, together with parameter type = ’gls’, it will
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Fig. 2. Map showing services in data flow.

recognize, that it is an invoice from the GLS company. After
this recognition, it chooses where to send this data.

GLS - This microservice is processing GLS invoices. It
receives data, which are transformed to the requested format,
and then they are forwarded. This microservice is the parser,
and each type of file and company has individual parser like
this.

Store to DB (DB is abbreviation for word Database) - The
responsibility of this microservice is to receive data from
parsers (like GLS service) and then store the parsed data
correctly in the database. It must pick the right table and insert
all additional important data.

Database - The purpose of this service is running a data
warehouse database.
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Concept sumarization The goal of the microservice concept
is to divide each part of ETL into a microservice. Each part of
stored data, like invoices, package information, user reviews,
and so on, has its own services its own parser (like GLS
for example). But they also share some services. They share
storage in the data warehouse (Database), share extract (Admin
service) and also share load (Store to DB).

V. EXPERIMENTS

The proposed approach is evaluated by the following hy-
pothesises: 1) Microservice-based data warehouse will be bit
faster than a monolithic data warehouse, but the difference will
be small, 2) Microservice-based data warehouse will be more
capable to handle problems with overloaded modules, and 3)
Microservices are more suitable for working with large data.

The evaluation environment has the following configuration:
CPU: 1.35GHz Intel 15-4210U, RAM: 12GB GPU: Intel
Haswell-ULT, and OS: Linux - Pop!_OS 20.04

A. Monolithic data warehouse comparison

The system chosen as the monolithic data warehouse is
gFlow developed by SoftPoint !. qFlow is a workflow man-
agement application that offers multiple options, one of which
is a data warehouse for your chosen files loaded from different
places.

An invoice in qFlow takes an average of 1:38 to process.
This is caused by many additional logs that are performed
in gFlow. In the microservice program, the average time to
process an invoice is 13 seconds. This is a major difference,
but is not caused by a different architecture, but rather because
of a different implementation (such as multiple logs on side
of qFlow, but not on in microservices).

To obtain more precise values and a better understanding of
the difference between these two options, the execution time
has been divided by the average execution time of one invoice.
This produces a number that shows how many invoices with
average run time could be processed. The smaller number is
better because it means that for a shorter period of time, a
larger number of invoices could be processed.

This number can be compared with the numbers from
experimenters with microservices-based solution. The graph 3
shows that the monolithic architecture performs better without
scaling on 10 uploaded invoices. But further scaling of pro-
cessor containers enables better utilization and higher speed,
which reflects on smaller division number.

This graph shows that it performs even better than mi-
croservices when they are not scaled. With further scaling, the
execution time is reduced and microservices start to perform
better than the monolith.

The graph with 20 invoices shows that even in the default
configuration of microservices, they perform better than a
monolith. Scaling speeds the program, but muntime does not
go down below 10,75 which is 2 minutes and 9 seconds.

The last test was performed on 30 invoices in the system.
Again, it is visible that even in the default configuration, the

'qFlow: hitps://softpoint tech/qFlow/
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Fig. 3. Division number comparison of 10 invoices uploaded to system
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Fig 4. Division number comparison of 20 invoices uploaded to system.

microservices performed better. Scaling the reduced time even
more to 15.6 division number, which is equal to 3 minutes and
8 seconds.

B. Effectiveness tests

The first type of experiment aimed at a different speed in
containers of different scales. With the use of a larger number
of invoices or reviews, bottlenecks are more significant and
have a larger impact on the program. This is demonstrated,
for example, in figure 6. One of consequences is a slower

30 Invoices - time division
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Fig 5. Division number comparison of 30 invoices uploaded to system
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execution time, as shown at the beginning of table II and also
in table III.

1) Invoice effectiveness test: The initial test case was in
the invoice part of the program (GLS invoice). An invoice
is uploaded to the Admin Service, then processed in the
processor, and saved in saver. In a case like this, this is enough.
But in the case of multiple invoices uploaded at once, this is
not enough. Five invoices uploaded at once create this kind of
flow diagram as shown in figure 6.

Fig. 6. Flow of 5 invoices in program.

Figure 6 clearly shows that in the case of containers scaled
as this, the processor container creates a bottleneck in the
program. While one invoice is being processed, the rest are
waiting. This slows the program and can be easily solved by
scaling the number of containers.

‘When there is only one container per application module
and 10 invoices are being uploaded, their processing takes
between 2:02 and 2:07 mimutes. An additional processor
container saved 36 seconds. This is a big advantage of
microservices. A container that creates a bottleneck can be
deployed multiple times, and the bottleneck can be removed.

In the case with 10 uploaded invoices, the additional hor-
izontal scaling does not anymore shorten the execution time.
This is because this amount of invoices is not enough to better
utilize additional containerization.

2) Reviews effectiveness test: In this test scenario, the
review processing speed is being tested. Reviews are down-
loaded once a day using a cron job in the background. To
test this part of the program, this background job was not
scheduled once a day but 10 times (or more in some cases).
One file has around 6000 reviews, so 10 x 6000 reviews equal
to 60000 reviews that need to be parsed and saved.

This part of the program has two options to run. One is
classic, the same as invoices; processors receive one XML file,
parse it, and then send parsed data to the saver, which stores
those into the database. Another option is to go review, by
review in the XML file, parse this one, send it to background
job, which then calls saver, which then stores this one review
into the database.

These measurements are taken in the second-mentioned
version, where each line of the file has been stored separately.

In a default configuration, where each container is deployed
only once, 10 review files were processed in 11 minutes and
21 seconds. In the version, with two processor containers, the
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TABLE II
MEASURED TIMES OF EXECUTION IN DIFFERENT CONFIGURATIONS.
TIMES ARE SLIGHTLY HIGHER BECAUSE COMPUTER WA S DIFFERENTLY
LOADED (WHICH RESULTS IN 30 ADDITIONAL SECONDS A S IN DIFFERENT

TESTS).
| Test type | Execution time | Scale
10 GLS invoices 02:05 default
10 GLS invoices 02:03 default
10 GLS invoices O1:58 default
10 GLS invoices 01:38 processor - 2
10 GLS invoices 01:31 processor - 2
10 GLS invoices 01:24 processor - 2
10 GLS invoices 01:21 processor - 2
10 GLS invoices 01:26 processor - 3
10 GLS invoices 01:25 processor - 3
10 GLS invoices 01:22 processor - 3
10 GLS invoices 01:33 processor - 3
[ 10 GLS invoices | 02:09 [ saver-2 ]
TABLE II1

MEASURED TIMES OF EXECUTION IN DIFFERENT CONFIGURATIONS.

| Test type | Execution time ‘ Scale ‘
[ 10 Heureka reviews | 11:21 | default |
| 10 Heureka reviews | 09:41 ‘ processor - 2 ‘
[ 10 Heureka reviews | 09:37 I single_review - 2 ]
| 10 Heureka reviews | 07:10 ‘ single_review - 2 — saver - 2 ‘
[ 10 Heureka reviews | 05:29 | single_review - 5 —saver - 5 |
| 10 Heureka reviews | 03:31 ‘ single_review - 10 — saver - 10 ‘
[ 10 Heureka reviews | 03:20 | single_review - 20 — saver - 20 |
| 10 Heureka reviews | 03:17 ‘ single_review - 20 — saver - 20 ‘
30 Heureka reviews 02:05 single_review - 30 — saver - 30
30 Heureka reviews 01:20 single_review - 30 — saver - 30
30 Heureka reviews 01:19 single_review - 30 — saver - 30

execution time was 9:41 minutes. This means that 1:40 is
obtained, thanks to the double processor container. The next
experiment was with two single_review containers. With two
of these containers, the run-time was 9:37 minutes. This is very
much the same as for double processors. Another experiment
was a combination of 2 single reviews and 2 savers. This
releases pressure from the saver, as it was one container that
received data from 2 containers. This manifests itself also in
time, which is 7:10 minutes. That means another 2:27 minutes
saved.

The last 3 experiments were with 20 and 30 review files.
In the case of 20 files and 20 single_reviews, 20 savers, the
execution time was 7 minutes and 9 seconds. In the case
of 30 files and 30 single_reviews, 30 savers, the execution
time shortened to around 1 minute and 20 seconds. This is
the best execution time achieved in review-based testing. 30
files, 30 savers, and 30 single reviews are the best set-up of
microservices in the reviews part of the program.
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C. Network tests

This section focuses on testing the network and its use.
Almost all tests are executed on the review processing part of
the solution. The measured numbers show directly the network
load and how it grows with scaling.

The first test was done using Heureka reviews, also with
two processor containers. The network load is roughly the
same, around 162 - 165 KiB/s. After adding a saver container,
the network load changes. With one saver container, the load
is approximately 162 KiB/s, with two savers, the load is
approximately 243 KiB/s.

This grows directly further; more containers equal more
network load. The case with 20 savers and single_reviews
is no exception. A double number of containers means that
the network load also doubles. This network load exceeds 1
MiB/s.

Scaling also affects the network load at rest, without any re-
quest, as TCP keep-alive messages are sent to more containers.
The average load was equal to 23.5 KiB/s.

D. Load size rest

The graphs show that with the increasing number of in-
voices, the gap between microservices and the monolithic
solution is increasing. In the case of 3, the difference between
the fastest container configuration and the monolithic solution
is approximately 3 division numbers; with 20 invoices, the
difference increases to about 10 and in the case with 30
invoices, it increases to up to 13. But this also applies to
comparison among microservices themselves. The biggest
gap between fastest and slowest times in differently scaled
containers is increasing.

Division number decline

©
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hg3 rakimg B4

Fig. 7. Comparison of different load and execution times.

This is shown in the graph 7. With an increasing number of
uploaded invoices, the execution time automatically increases.
The first two points in the graph are always with the default
number of containers, which means that there are no additional
containers, only 6. The third point is where an additional
processor container was added. In all four conditions tested
with invoices, the second processor container helped. Except
for 30 invoices, where growth was slightly slower, in each
larger configuration, this difference was greater than in the
previous test.

E. Discussion

In this section results of experiments and related hypotheses
are discussed.

1) Hypothesis number 1: : "Microservice-based data ware-
house will be bit faster than a monolithic data warehouse, but
the difference will be small.” was proved to be true in this
case. With the right configuration, microservices work faster.
This difference is becoming more and more visible with a
larger and larger load.

The containers are performing better in the tests, they are
faster than the monolith, thanks to scalability. However, these
tests also proved that they can be slower in some scenarios.

The question for developers now is: is it better to build a
whole program with microservices, or is it better to stay with
the classic monolithic approach?

The experiments showed that they also need the right setup
for it. Without this setup, they can cause more harm than
benefit. This can be seen again in the graphs, which show
that, with scaling, there was acceleration in execution time,
but without it, for example, with 10 invoices, the program ran
slower.

2) Hypothesis number 2: The original hypothesis is as
follows: "It will be easier to solve problems with overloaded
parts of the data pipeline.” This assumption is addressed in
V-B, which talks about execution time speed. The running
time of the program depends on the load. In the event of
overload, bottlenecks arise and slow down the program. The
given section examines how the execution time changes with
the change in the number of scaled containers.

The monolithic solution lacks options to address these
unexpected cases of overload. If such an unexpected problem
arises, it means that the program needs to be rewritten or better
computer units can be bought to improve performance. Both
of these options are costly and time-consuming.

On the other hand, microservices offer a great solution with
scaling. It is directly visible in tables II and IIL. As the number
of scaled containers grows, the execution time decreases. This
is happening because scaling removes bottlenecks.

All experiments are tested on the same computer with the
same configuration. And just one additional step in deployment
shortened execution time from circa 11 minutes to somewhere
in between 1:30 and 2:30 minutes.

Our experiments confirms that multiple containers make
better use of hardware infrastructure and parallelization. The
first image shows the utilization of cores without scaling any
containers. The second image shows how cores are utilized
with the processor container scaled three times. More CPU
load is placed on the processor, but the execution time is much
faster. All of this shows that the second hypothesis is true.

3) Hypothesis number 3: states: "Microservices are most
efficient when working with large data.”.

Experiments showed that with larger loads, microservices
offer faster speed than monoliths. In cases with a smaller
number of uploaded files, qFlow performance was very close
to microservices, sometimes even better.
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Fig. 8. Different division number from 1 uploaded invoice to 9 invoices

The graph 8 shows how the gap between the monolithic and
microservice solution is increasing with the increasing number
of invoices. In cases with 3 and 4 invoices, the division number
is even the same for both systems.

As the number of files increased, gFlow started to slow
down compared to microservices. The graph 5 shows that in a
good microservice configuration, the gap between monolithic
and microservices is the 13 division number (28-15). This is a
continuation of the trend from 8, where the largest difference is
one division number. Note that the containers were not scaled
in this configuration, so the difference could be larger. But also
if we compare nonscaled version of microservices, in case with
30 invoices, the division number difference is around 6-7.

This hypothesis is also proved in the experiments with
reviews. In this case, the program was not compared to qFlow,
but to itself. Reviews, as mentioned above, offer two options
to run. In one case, they are less containerized, and in another
they are more containerized.

The detail is shown in graph 9, where the blue line repre-
sents the more divided and containerized part of the program,
and the red line represents the simpler and less containerized
part.

Time shift on endpoints with different load
@ hingle reviewsiprocess ) /dpd_invdcelprocess

001:00

000,00

f0-heurska  10-neurska  i0heurska  30-heumka  30-heurska  30Meurska

Fig. 9. Graph of time shift on endpoints with different load.

It proves Hypothesis 3 and also proves that microservices
are not a good option for smaller systems. Review processing
is designed to download one review per day and process it
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There is no need for microservices and, in this scenario, they
are creating more of an obstacle than helping.

VI. CONCLUSION

The monolithic gFlow data warehouse is compared to the
microservice-based data warehouse. Invoice experiments have
shown that microservices are performing faster in most cases,
but they have also shown that in many cases this difference
is not large. The difference increases with the larger number
of invoices. However, to achieve this, the microservice data
warehouse must be correctly configured. This is not an easy
task and can be quite difficult to find the right setup of
containers.

The research in this work proved that microservices are a
better and easier option when it comes to scaling applications.
Experiments showed that the option to scale different parts of
the program as needed can dramatically change the execution
time of processes in the system. Monolithic applications, on
the other hand, need more work and time when they encounter
a sitation like this.
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