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Component modeling

Introduction

Digital transformation and breakthroughs in Data Science are
driving the development of business models based on data and
Artificial Intelligence (AI). For instance, total global investments
made in AI increased by 40% in 2020 when compared to 2019,
accounting for a total of $67.9 billion1. The expected return
explains such investment: 63% of companies that have adopted
the use of Machine Learning models in their business units
report an increase in revenues, being more than 6% for
approximately half of them. Likewise, 44% of companies report
cost savings, being higher than 10% for approximately half of
them2.
Machine learning development alongside its incorporation into
the businesses environment, both public and private, has led
different regulatory agencies to focus their attention on the
prevention, control and mitigation of potential risks that may
arise from it. For example, in Europe, the European Commission
has developed documents as a proposal for a Regulation on the
uses of Artificial Intelligence (AI)3 or the Whitepaper on Artificial
Intelligence4. Likewise, the EBA published a report on Big Data
and Advanced Analytics5, where it sets out the main pillars of
trust on which an AI-based model development framework
should be based on.
Following the same path, EIOPA published a report on AI
governance principles6. In the United States, the National
Science and Technology Council (NSTC) set a precedent in 2016
for the creation of laws to regulate AI risks, and in recent years
reports and recommendations have been published such as:
National Security Commission on Artificial Intelligence7,
Recommendations on the Ethical Use of Artificial Intelligence by
the Department of Defense8 or Guidance for Regulation of
Artificial Intelligence Applications9 (draft currently under
consultation). In parallel, local governments and supranational
authorities are investing in the development of artificial
intelligence and digital development programs10.
Building and implementing a Machine Learning model might
be a highly complex process. Moreover, continuous monitoring
is necessary to ensure that these processes are being
successfully executed. This can lead to an increase in other
associated costs or risks: some studies11 show how easy is to
incur into highly maintenance costs. Therefore, advanced
modeling techniques incorporation and its increasing
development comes alongside efficiency quest in models
development as well as its production. In particular, just as the
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DevOps12 methodology emerged in relation to software
development, in the field of Machine Learning, inspired by
DevOps, the MLOps methodology has been created: an agile
development methodology for applications based upon
advanced Machine Learning algorithms, which provides
different elements and professional roles that must be present
in the different phases of development13.
At the same time, in the field of Machine Learning projects, the
growing incorporation of systems, development frameworks,
open-source programming languages and the use of
computational capabilities, among others, stand out. This has
risen new business models and implementation eases strategies
(for example, outsourcing to cloud services, which facilitates the
availability of a technological infrastructure and computational
capabilities required for developments14). The Machine Learning
disruption, MLOPS methodology and open-source ecosystems
motivate the emergence of a meta-trend that underlies a
change in the modeling paradigm, which can be materialized
with component modeling. These components can be
understood as the basic atomic element necessary in any of the
modeling phases, being independent of each other. Their use as
a whole will allow tasks automation, generating ordered and
traceable systems.
This study aims to provide a vision about the concept of
component modeling and its associated benefits, as well as to
provide a description of some associated technical elements,
such as the componentization process and examples of
technological architecture.

1

Stanford University, 2021.
Statista, 2019.
Consultation document published in April 2021. EC, 2021.
4
February 2020. EC, 2020.
5
EBA, 2020.
6
EIOPA, 2021.
7
NSCAI, 2021.
8
DIB, 2021.
9
The White House, 2020.
10
For example, the European Parliament published in May 2021 the Regulation
establishing the Digital Europe. EP, 2021.
11
Quiñonero, J., Turner, R. D. and Amatriain, X., 2014.
12
DevOps is a working methodology that aims software development following
agile methods to help developers create, test, deploy and monitor applications
with speed, quality and control.
13
iDanae, 2020b.
14
However, this is not without risks, which must be managed. iDanae, 2021.
2
3

What is component modeling?

The origin of component modeling concept can be found in
Component-Based Software Engineering (CBSE)15, which
emerged in the 1990s as an innovative approach for software
development.

components with each other. This prompted some to speak of a
new programming paradigm, such as Donald Knuth's Literate
Programming Theory, or Edsger Dijkstra's. The Cruelty of Really
Teaching Computer Science.

CBSE is based on the reuse of entities called software
components16, which are defined as independent executable
entities that may consist of one or more executable objects.
Based on this definition, CBSE emphasizes on the idea of
separating specific functionalities from the main performance,
provided by the software as a whole.

Over the past few years, similar causes have driven the
development of component modeling, including: (1)
redundancy in developments17, (2) the possibility of errors in
new developments, and (3) the efficient searching of strategies
that can rule out errors in the use of advanced analytics; in
addition to the inherent benefits of using a component
modeling strategy.

The emergence of CBSE entails a fundamental difference
concerning object-oriented programming (OOP): OOP
disciplines are focused on modeling real-world interactions and
attempt to identify "nouns" (who executes) and "verbs" (which
action is performed) during requirements proposals, aiming to
translate those concepts into classes and methods; in contrast,
CBSE makes no such assumptions and instead states that
developers must build the system by combining prefabricated
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Component modeling aims to separate all the processes to be
carried out under the phases of an advanced modeling
framework. The MLOps methodology already does this task,
essentially dividing these phases into two major groups:
Development and Production (see Figure 1).
A modeling component is a module that encapsulates a set of
related functions or processes to perform tasks in the resolution
of a particular use case. For example, for any use case there must
always be a data processing task (framework phase), which
involves the application of different processes on the data,
including: missings, outliers, correlations or variable selection.
Each one of these tasks for this specific phase18 can be subject of
a modeling component which, combined in a specific order,
enables a flexible automation of the modeling process.
Finally, each component receives a given input (a dataset and a
set of parameters), and is responsible for executing the specific
task for which it has been programmed, returning another
dataset with the result of the applied task. Thus, component
modeling is a data-driven process, and is considered a key
approach in the adoption of a data-driven culture in any
organization.

18

This involves an independent development of each component.

Figure 1. Different phases of MLOps methodology
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Benefits

Processes automation related to advanced analytical applied
techniques have developed intensively in recent years for
several reasons. According to Gartner19, more than 50% of data
science tasks will be automated by 2025. Next, are presented
the main advantages brought under componentization
modeling processes against specific workflow development for
each problem:
4 Standardization of components development.
The objective of standardization lies in ensuring uniformity
of the totality of components used in modeling, following
guidelines established before starting the component
creation process. This standardization helps to reduce the
frequency of errors, improve comparability, and facilitate
maintenance and revision tasks.
4 Quality improvement and specialization.
Focusing efforts on the development of each component
only once leads to a significant increase in its quality20, since
a specialist in the corresponding field of knowledge will
develop each component.
4 Improved efficiency.
Developing each component only once leads to improved
efficiency in the development, validation, and, if necessary,
auditing functions21. In this way, future work can be focused
on the correct application of each component rather than
on construction review.

4 Improved usability.
Component modeling allows users with a non-technical or
non-specialized profile to use modeling processes without
requiring programming knowledge. In this line, this
approach provides both high ease of learning22 and ease of
use23.
4 Scalability.
This approach eases adaptation to specific performance
needs at any given time, offering a choice of internal hostbased or cloud-based development, both for each company
subsidiary and by geographic area.
These advantages have prompted a significant change in model
development, validation, and implementation, with a view
towards the automation of modeling processes.
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The process of componentization

The different phases of the model building process present
unequal time dedications among them. In general, previous
data analysis tasks, preparation, cleaning, organization and
processing usually consume a great amount of time and
resources, so that Knowledge Discovery tasks or algorithm
refinement are usually relegated to the background or to a later
stage.
Currently, there is a clear trend towards the automation of
processes related to the application of advanced analytics
techniques, which aim to perform an autonomous or semiautonomous examination of data using advanced techniques
such as data and text mining, Machine Learning, visualizations,
clustering or natural language processing (NLP), among
others24. The automation of a modeling flow is possible through
two complementary processes, which usually end up being
combined: (1) the componentization of the different processes
into segregated elements, and (2) the automatic execution of
these components, systematizing them through pre-established
rules and statistical techniques.
The process of componentization of a modeling system can be
structured in the following phases: (1) preparation, (2) system
structure definition, (3) system construction and coding, (4)
validation, and (5) development of the exploitation tool.

Preparation
The first step in building a component system is to understand
the current state of the process and perform a preparatory
phase, which should include at least the following set of tasks:
4The analysis of the current modeling framework.
4Identification of the affected processes.
4Classification of the processes within the modeling
framework (which may be cross or isolated).
4The identification of the processes susceptible to
componentization and the analysis of their current degree of
automation.
4Selection of the specialist teams and owners of the processes
to be componentized.

Definition of the system structure
The second phase consists of defining the structure of the
component system. An efficient and structured manner to land
the componentization of a process is to define a hierarchy of
components in levels. A proposal for aggregation by
components could be structured as follows:
4Level 0: each of the components in this category receives a
given input with the objective of executing a specific task.
This is the most elementary level in the component
hierarchy. For example, as illustrated in section 2, processes
such as the analysis of missings, outliers or correlations
would be specific tasks corresponding to a level 0
component.
4Level 1: components are aggregations of level 0 components
and, therefore, are components capable of addressing a
larger or more complex problem. This aggregation is
performed in a specific order to execute certain tasks that are
commonly performed on a regular basis (e.g., data
cleansing).
4Level 2: this is the highest level of aggregation. These
components are made up of groupings of level 1
components, and are therefore capable of addressing
complete tasks.

24

Gartner, 2020.

6 | Quarterly Newsletter - Component modeling

Under this scheme, changes or evolve made to a component
are automatically transmitted to the higher level components of
which they belong to, thus generating a system that can be
maintained and evolve efficiently.

System construction and coding
Once the previous phases have been completed, it is necessary
to program the code of each of the automatable processes. This
programming must be done following software engineering
project development standards to ensure correctness.
An alternative that provides flexibility to the system architecture
is to package the functionalities of each component in an API
(Application Programming Interface25). This allows a user or
process to use a function over the network, as if it were its own
library. Communication with an API is done through a GET or
POST request (both are methods within the HTTP protocol used
for the information), which contain the information in a defined
format (usually in JSON format).

rest.

Validation
After the "apification" process, a battery of tests has to be
performed to cover the validation of both components and
APIs. This set of tests is run with different types of data and
parameters, so that it is possible to test the correct functioning
of each component. The tests also collect errors created a priori
to check that they are controlled and that a visible error
message is generated for the user.

Development of the operating tool

The most relevant advantages of using this type of
methodology can be summarized as follows:

In this phase (which is usually carried out at the same time as
the previous phase), a tool is built to exploit and use the
components. For this, it is necessary to develop a front-end
where different functionalities are implemented, such as the
administration section (for user management, configuration,
etc.), the usability of each component (which allows to execute
it, as well as, to visualize the code and report the process log),
and the construction of the modeling flows. Finally, the
developed tool is deployed in the chosen environment.

4Independence from the programming language. Each of the
components can be developed in a different language, since
the logic process and the communication process are
separated, and the communication protocol is common to all
of them.

Before deploying the tool in an organization, it is convenient to
perform pilot tests (which include a standardized set of tests, as
well as the use by a small group of people) to test the correct
deployment and operation of the tool within the chosen
implementation environment.

4Independence between operations. The client-server
communication between components allows the
development of specific tasks by the server and others by the
client, thus differentiating both processes univocally.

Along with the development of the tool, it is important to create
functional and technical guides for consultation by different
users once the tool has been deployed. These guides can also
be used as the basis for the end-user training program.

4Flexibility. All tasks are identified through an individual API,
therefore processes and information flows can be improved,
added or restructured without affecting the complete
development of the tool.
4Scalability. The computational requirements of a service or
functionality can be scaled independently from the rest of
services to satisfy a specific demand without affecting the

The integration of all the elements described above can be
done through in-house development, or through the
acquisition of a tool from a third party. However, in any of these
alternatives, flexibility must be available, in order to be able to
adapt the tool to the technological infrastructure and to the
user’s needs for componentization.

25
API, which stands for Application Program Interface, is a methodology that
allows the exchange of data between applications (just as an interface is used to
exchange data between client and server) through HTTP/HTTPS (Hypertext
Transfer Protocol), in order to use different services without the need to know how
they are implemented.
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Towards the democratization of modeling

Component modeling contributes to the democratization of
modeling processes. In general terms, the concept of
democratization refers to the process of making a set of
resources accessible to a large number of groups, either inside or
outside the organization (for example, this is the case with the
democratization of data26, making them available for
observation, analysis, or use in decision making27). Therefore,
democratization makes both the data and the tools necessary for
its exploitation accessible to users with a profile that could be
non-technical or non-specialized, and without requiring the
direct intervention of technical users or IT departments28.
Thus, component modeling provides the opportunity to
democratize the processes of algorithm development and data
exploitation, since it makes advanced analytical techniques
available to non-expert users. For example, these facts make
business analysts capable of performing/executing relatively
sophisticated analysis29.
In addition, the increase of data volume, the reduction in the
cost of information systems and the increase in computational
capacity have provided a favorable environment for
democratization. However, this has created a challenge in
companies from an organizational point of view, which
generates a debate around it. It is therefore of great importance
not only to consider the competitive advantage that
democratization can offer, but also to be aware of the risks
associated with democratization in order to measure and
manage them. The following are some of the main risks
associated30:

4 Risks to data security, integrity and confidentiality.
The greater the number of users who have access to the
data, the greater the data security risk. It also increases the
complexity of data integrity and confidentiality.
4 Duplication of efforts.
Different teams may be performing the same task in
duplicate, which can lead to inefficiencies compared to a
centralized approach.
4 Wrong application of algorithms and models.
Users must have intrinsic knowledge of the data analysis
techniques available to make proper and consistent use of
them.
To mitigate these risks, specific training in data analytics can be
provided to different users, with the aim of ensuring that they
have enough knowledge to make data-driven decisions32. This
will provide them with the essential skills to understand the
data, determine the value that can be extracted from it, and
analyze it by applying the appropriate algorithms and models
in each use case, resulting in a strong competitive advantage.

4 Misinterpretations of data.
The possibility of misinterpretations by non-specialized
teams could result in incorrect decision making. Therefore, it
could be increasing the model risk31.
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Conclusion

In (the) previous years, there has been a clear trend towards the
automation of processes related to the application of advanced
analytical techniques, which has encouraged a significant
change in the traditional modeling approach used until the day.
This paradigm shift has materialized through component
modeling, which allows flexible automation of the modeling
process by separating the different model building processes
into components that could be executed modularly and
independently.

Thus, thanks to the advantages of using this new approach
(improved efficiency, improved usability, scalability, etc.), many
companies of all sizes and sectors are simply incorporating the
use of these techniques into their processes, allowing them to
extract more value from their data. However, companies will
also need to consider the various risks associated with this
approach, both from the point of view of the execution of the
modeling process and those arising from the challenges of
implementation. In any case, this incipient interest by
companies is leading to an increasing number of solutions
being available, with a wide variety of libraries and specific
tools.
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