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Data mining democratisation

Companies have an increasing interest in employing data mining to take advantage of the
vast amounts of data their systems store nowadays. This interest confronts two problems:
(1) business experts usually lack the skills required to apply data mining techniques, and
(2) the specialists who know how to use these techniques are a scarce and valuable as-
set. To help democratise data mining, we proposed, in a previous work, the development
of domain-specific languages (DSLs) that hide the complexity of data mining techniques.
The objective of these DSLs is to allow business experts to specify analysis processes by
using high-level primitives and terminology from the application domain. These specifica-
tions would then be automatically transformed into a low-level, executable form. Although
these DSLs might offer a promising solution to the aforementioned problems, their devel-
opment from scratch requires a considerable effort and, consequently, they are costly. In
order to make these languages affordable, we present FLANDM, an ecosystem devised for
the rapid development of DSLs for data mining democratisation. FLANDM provides a base
infrastructure that can be easily customised for the particularities of each domain, enabling
controlled and systematic reuse of previously developed artefacts. By using FLANDM, new
DSLs for data mining democratisation can be defined achieving a 50% of reduction in their
development costs.

1. Introduction

Data mining techniques are nowadays having an ever-increasing popularity. The more services and processes are digital-
ized in our society, the more data about them are stored. These data, when properly analysed, can be used to make better
and more informed decisions [1]. For instance, Netflix determines what media contents to produce based on the analysis of
their users activity and ratings information [2].

Unfortunately, the skills required to define and execute data mining processes are very specific, including advanced statis-
tics, specialised algorithms and data management techniques [3]. These requirements make very difficult for business man-
agers, who are experts in their field but not in analysis techniques, to analyse bundles of data by themselves. Therefore, the
commonly applied solution involves hiring a specialist, who defines these data mining processes on behalf of the business
managers. This fact has increased the demand of these specialists, currently known as data scientists [4]. Consequently, data
scientists have become a scarce and expensive asset [5].


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cl.2018.07.002&domain=pdf
mailto:p.sanchez@unican.es

To alleviate this problem, in a previous work, we proposed to define Domain-Specific Languages (DSLs) that contribute to
Data Mining Democratisation [6]. In the following, we refer to these languages as DMDLs, from Data Mining Democratisation
Languages. The objective was that business experts could use a language, comprised of a set of high-level primitives and
terms related to their domain, to easily specify and execute data mining tasks. This language should hide the complexity of
data mining techniques to business experts as much as possible. The feasibility of this idea was evaluated by developing a
DMDL for the educational domain [7]. Using this DMDL, teachers were able to study the performance of their courses by
analysing the data stored in their e-learning platforms.

Although our previous work demonstrated that DMDLs might contribute to data mining democratisation, we noticed that
the development of these languages required an important effort and, consequently, they were costly. It should be remarked
that each domain might require its own DMDL in order to capture its peculiarities, so the development of a generic, domain-
independent language was not a solution. Nevertheless, these DMDLs shared several features, so a significant part of their
elements could be reused among domains. This reuse should help reduce development costs.

This work explores the previous idea and presents FLANDM (development Framework of LANguages for Data Mining), an
infrastructure for the rapid development of domain-specific languages for data mining democratisation. It provides a set
of generic and reusable assets that can be easily and quickly customised to adapt them to a new domain. These assets
conform a generic DMDL structure, which is extended by the definition of concrete new DMDLs [8]. These new DMDLs
could be seen as internal DSLs of FLANDM [9]. This way, the development effort for the creation of each new DMDL is
decreased. Moreover, due to the highly modular structure of FLANDM, designed to facilitate the reuse of their components,
DMDLs developed with it can better deal with changes, which decreases their maintenance cost. Therefore, the contribution
of FLAMDM is twofold, as it decreases both development and maintenance cost of a DMDL.

A preliminar version of this work was presented at the 7th International Conference on Model and Data Engineering
(MEDI 2017) [10]. This article extends that work by providing a comprehensive evaluation on how far its research goals
were achieved. Moreover, some concepts have been explained more in-depth, and further examples are provided.

FLANDM was evaluated by creating four languages for different case studies and domains [11]. Due to the use of FLANDM,
about 55% of the DMDLs’ final structure came from reused components. This reuse accomplished an average reduction of
development costs of these DMDLs by 50% when compared with the cost of developing them from scratch. With respect to
maintenance ease, the modular structure of FLANDM provided a good separation of concerns into simple components. At
first, the modularity increased the number of affected components by the introduced changes when compared with a more
monolithic structure. However, as these components were simpler than the ones of the monolithic version, the overall effort
of applying the changes was reduced.

The rest of this paper is organized as follows: Section 2 introduces to the field of data mining for non-expert users
through a literature review. In Section 3, the motivation behind this work is explained. Next, the structure of FLANDM is
detailed in Section 4. Section 5 evaluates our approach. Finally, Section 6 summarizes this paper and comments on future
work.

2. Related work: data mining for non-expert users

As starting point of our research, we checked the following hypothesis: state-of-the-art data mining techniques cannot
be used by people without a solid expertise on them. This hypothesis was verified by performing a systematic literature
review, whose objective was to analyse works that aimed at making data mining techniques attainable to non-expert users.
These works are often framed into the concept of data mining democratisation [6].

The review was performed' following the guidelines of Kitchenham et al [12] and Wohlin et al [13]. During this review,
more than 500 articles and tools were initially considered. The tools and research work finally selected for a more detailed
analysis were classified into four groups. These groups, with representatives of each one of them, are introduced in the
following.

2.1. Ad-Hoc solutions

This group comprises data mining applications that are specifically crafted to solve a concrete problem in a specific
domain. The problem to solve is well-known from the beginning, and algorithms are selected and optimized around this
precise problem. The developed data mining processes are then integrated into a software application with a user-friendly
interface that hides the complexity of data mining techniques.

These solutions have been mostly developed for the educational [14,15] and medical/biomedical [16-19] domains. For
instance, authors of [16] present a tool for the study of time-series data from haemodialysis treatments. The system allows
clinicians to envision the evolution over time of different indicators, which are presented in 2D or 3D visualizations.

The problem these applications present is that their development and maintenance cost is quite high. This approach
would be similar to hiring a data scientist to create a set of scripts that business makers can easily execute several times;
but, when the script needs to be updated, the data scientist is again required. Moreover, tools developed this way tend to
not be easily transferable to other problems or domains.

1 The protocol that guided this review is available as supplementary material.



2.2. Workflow-based applications

Currently, there are several data mining tools that allow to quickly specify a data mining process by the definition of
a workflow through an intuitive graphical interface. A workflow is a collection of interconnected building blocks, where
each block represents a step of the data mining process, such as filtering data or executing an algorithm. Rapidminer [20],
KNIME [21] and Weka [22] are well-known examples of this kind of tools.

Although workflows reduce the required time to define a data mining process, they are not oriented to non-expert users.
Each building block has to be selected and configured for its precise task. Next, the blocks have to be appropriately inter-
connected to achieve the desired results. The parametrization of each block, as well as the orchestration of the workflow,
are not yet simple enough tasks to be carried out by non-expert users.

2.3. Methodologies to develop non-expert-oriented applications

This category contains methodologies for the development of data mining applications that can be employed by non-
expert users [23-26].

For instance, Zorrilla and Garcia [23] propose to follow a service-oriented approach to democratise data mining. Accord-
ing to this approach, data mining processes are encapsulated into black-box modules that are offered as services. To prevent
the user from having to configure these services, techniques like parameter-less algorithms [27] are used whenever possible.
In other cases, these modules are configured to fit in with the specific needs of the domain. Then, web-based interfaces that
access these services are developed. As details of the data mining techniques are hidden in the services, non-expert people
should be able to use these applications.

Whereas ad-hoc applications are usually tailored to a specific data set of a concrete setting, these services aim to work
with data sets coming from different settings of the same domain. For instance, following this approach, Zorrilla and Garcia
developed an application, called eLearning Web Miner [28], which is able to analyse courses hosted in e-learning platforms
such as Moodle [29] or Blackboard [30].

These methodologies still make necessary the presence of experts, at least when they are initially deployed in a new
domain. Nevertheless, they tend to benefit from the reuse of several components. For instance, the core of the services
architecture presented in [23] could be reused in different domains. An additional problem that solutions of this category
manifest is their flexibility to adapt to new analysis problems. For example, an application developed to analyse students
activity could need severe changes to be able to analyse other entities of the same domain, such as student assignments or
exams.

2.4. Generic applications for non-expert users

These applications [31-33] offer high level solutions to execute some tasks of a data mining process without the inter-
vention of an expert. A representative of this group is Oracle Predictive Analytics [31]. This solution provides several data
mining procedures that can be applied to data contained in a table from an Oracle database. An example is the PROFILE
procedure, which tries to find the reasons behind a target column from a table taking a certain value. So, this command
could be used to find the main reasons behind students getting fail as a value for a CourseQutcome column, i.e. the
reasons because students fail. With this information, teachers may adopt corrective actions to improve course performance.

These procedures are black-box elements, and they do not require any special configuration. Therefore, they can be ap-
plied to different domains indistinctly. Nevertheless, since they are not tuned for the particularities of each domain, their
accuracy can be affected considerably. Moreover, this approach does not cover all the stages of a data mining process, as the
user is still responsible of obtaining the data, arranging it as a table, cleaning it and visualising the results of the procedures
properly.

Similarly, [32] offers a wizard, which is integrated with the RapidMiner workflow tool, to automatize the task of selecting
an algorithm in a data mining classification process. A ranking of the most promising classifiers is shown to the user, who
selects the algorithm to apply. Nevertheless, the organization and configuration of the remaining blocks of the workflow is
left to the application user.

2.5. Review conclusions

Table 1 offers a summary of the groups described in the previous paragraphs, including the main characteristics discussed
for each group: development cost, accuracy of the applied data mining processes, and level of expertise in data mining
required to make use of the solutions.

As we can see, cost remains low both for workflows and generic applications. One reason for this is that these groups are
domain-independent and, as such, they do not need to be adapted to any domain specificities. However, this independence
provokes the following issues: for workflows, although they allow fine-tuning data mining processes to achieve high accu-
racy, they remain as tools only usable by experts in data mining; as for generic solutions, they are domain-agnostic black
boxes usable by non-experts, but their generality induces that the obtained results might not be accurate for some contexts.



Table 1
Summary of the research approaches in the data mining for non-experts field.

Group Cost Accuracy Expertise required
Workflows Low High Yes
Ad-hoc solutions High High No
Development methodologies =~ Medium-high ~ Medium-high  No
Generic Applications Low Low-medium No

Q1 show_profile of Students;
Q2 show_profile of Students with courseOutcome=fail;
03 find_reasons_for courseQutcome=fail of Students;

Fig. 1. Examples of queries written with the educational DMDL.

Finally, the development methodologies present solutions that benefit from a certain level of reuse between concrete
developments, which may contribute to slightly reduce development costs. Also, these methodologies allow adapting the
analysis processes to the applied domains, achieving reasonable accuracy results while maintaining the application friendly
enough to be used by non-experts.

After this review of the state-of-the-art, we combined ideas coming from the second and third categories, i.e. Method-
ologies to Develop Non-Expert-Oriented Applications and Generic Applications for Non-Expert Users respectively, to overcome
some of their limitations. First of all, we decided we would create a solution with high-level analysis primitives that would
abstract from technical details. The primitives should be usable by business experts without expertise on data mining tech-
niques. Moreover, these primitives should work with different entities of the same domain, achieving generality. However,
we did not want to sacrifice accuracy in favour of generality, so these primitives should be adaptable to the particularities
of each domain.

The solution we initially devised was the following: we would apply techniques of Domain-Specific Languages
(DSLs) [34-37] in order to create high-level query languages (DMDLs, as introduced in Section 1). These languages, tai-
lored for specific domains, would allow business experts to specify data mining tasks over data of their domain. The lan-
guages composition would consist of high-level commands, such as the procedures contained in the Oracle Predictive Ana-
Iytics case [31], to execute data mining processes, plus concepts and terms coming from the specific domain. Therefore, the
language syntax should be familiar to experts in that domain. Queries written with these languages would be transformed
into low-level code in order to execute the corresponding tasks. This execution would rely on black-box data mining com-
ponents, such as the services provided by Zorrilla and Garcia [23]. As each language is tailored to a specific domain, the
transformation process that executes the queries should be also adaptable for that domain, or even for each setting of it.
This execution granularity would allow the incorporation of specific optimizations, improving accuracy.

To explore if our idea to develop DSLs for data mining was feasible, we created a DMDL for the educational domain.
Next section describes this case study, and enumerates the reasons that motivated us to develop an infrastructure for the
definition of similar DMDLs.

3. Motivation: experience from a DSL for the educational domain

The first DMDL we developed was devised for teachers to get insights of their courses by means of the analysis of the
information stored in the e-learning platform, such as Moodle [29], that hosted each course. These insights could then be
used to improve future course editions.

Two data mining processes were supported by this DMDL. The first one extracted profiles from a data set allowing, for
instance, to separate students into different groups according to their characteristics. This way, a teacher might analyse what
groups of students typically fail an assignment, and what are the most prominent features of each group. The second one
tried to highlight the causes for a concrete event, such as a student dropping the course.

Fig. 1 shows some examples of queries written in this DMDL. The first query (Fig. 1, Q1) invokes the profile extraction
process by using the primitive show_profile, with the objective of grouping the course students according to the infor-
mation contained in a Students entity. This query might be used to know what kind of students are enrolled in a course,
so that it can be adapted to their particular characteristics.

The second query profiles the students again, but just a subset of them (Fig. 1, Q2). The with keyword is used to define
a filter that limits the analysis to those students who have failed the course (course_outcome = fail) in this case.
The objective of this query is to find behaviours that led to this negative result.

The third query aims to find causes that explain why a student fails a course (Fig. 1, Q3). For this, the
find_reasons_for primitive is used, where (course_outcome = fail) is specified as the event to be explained.

To execute the queries that can be specified using this language, several prebuilt data mining processes were created.
These processes were coded as Java functions that relied on algorithms from the Weka [22] data mining library, and they
were adequately optimised for the educational domain. Moreover, data sets for each one of the domain entities that can



be analysed using the DMDL were created. In this case, data were extracted from different sources, such as databases or
activity logs of the e-learning platform. Then, these datasets were formatted in ARFF, the tabular format used by Weka.

This DMDL was developed following a model-driven approach [34,37,38]. First, its abstract syntax was specified with an
Ecore metamodel [39]. Then, a concrete textual syntax was defined using Xtext [40]. The specified queries were transformed
into executable data mining processes by means of code generation templates [41]. The code generation was performed with
the Epsilon [42] model management suite. The generated code basically configured and invoked the data mining processes
that were previously created.

Moreover, using the Xtext facilities, some additional features were added to the language. First, to ensure that the intro-
duced query was correct, a query validator was developed. For instance, the domain entity name introduced in the query
has to be valid, this is, a mapping between the provided entity name and an available dataset has to exist. Secondly, an au-
tocomplete feature was created. This feature proposes existing primitives and domain terms to assist the user while writing
a query.

The development of this DMDL revealed an important problem of our approach: its development might involve a consid-
erable cost. However, we noticed that different DMDLs could share some commonalities. Therefore, the development cost of
a new DMDL might be reduced by reusing components of previous ones. With this idea in mind, we analysed how reusable
the components of the DMDL for the educational domain were. We noticed some of these components had problems to be
reused because of the following reasons:

1. They were dependent on domain-specific elements.
2. They were highly coupled to other components, so they were affected by their changes.
3. Some of the components were responsible of too many concerns, which made them hard to modify.

To solve these shortcomings, the original components of the DMDL for the educational domain were refactored to create
a more generic and modular infrastructure for the development of DMDLs, denoted FLANDM. This infrastructure provides a
set of now generic components that can be easily configured to fit within a specific domain, reducing development effort,
and, therefore, development costs. Next section presents this infrastructure.

4. FLANDM: a framework to develop DSLs for data mining

Here, we describe FLANDM, the solution we have developed to reduce development costs of DMDLs. This section is
structured as follows: firstly, the case study that is used to illustrate our solution is introduced. Then, the definition of
a DMDL is divided into two blocks: queries specification and queries execution. Queries specification block covers all aspects
related to the writing of queries conforming to a well-defined syntax and employing a user-friendly editor. Queries execution
block addresses the automatic transformation of these queries into low-level data mining processes that provide the desired
results.

The question of determining whether it is worthy to develop a new DMDL for a given domain is not trivial. For this
purpose, the set of guidelines proposed by Mernik et al. [43] might be helpful. As it has been commented, the main point
in favour of DMDLs is their reduction of complexity through a syntax adapted for non-experts in data mining. However, the
commitment to support a DMDL has to be considered in conjunction with its final users, i.e. the business experts.

4.1. Case study: indicator analysis of diabetes disease

The objective of this new DMDL was to analyse information from a group of patients that were tested for diabetes [44].
For each patient, along with the result of the test (positive or negative), data regarding different indicators, such as
blood pressure, age, or diabetes occurrence in ancestors were collected. These data could be used, among other reasons,
to find causes for the diabetes disease. The task that performs this analysis can be invoked with the following query:
find_reasons_for test_result = positive of Diabetes_Results.

Other possible analyses could involve the classification of patients in groups according to some features, or the ranking
of most relevant indicators when determining if a patient has or does not have diabetes.

Next sections describe how this DMDL can be developed using FLANDM. It is shown how FLANDM allows the systematic
and controlled reuse of several components initially developed for the DMDL for the educational domain. Those elements
from the original DMDL that were modified to support this reuse are pointed out.

4.2. Queries specification

This section focuses on the development of a syntax and an editor for the specification of queries. We are again following
a metamodeling-based approach [34], so the first step involves the definition of an abstract syntax for the DMDL to be
created. As previously commented, the syntax of our DMDLs has elements of two different natures: (1) commands that
determine the analysis tasks to be performed, and (2) terminology that refers to domain entities, or attributes of these
entities, that is used as input for the analysis task. In the diabetes case study presented in Section 4.1, the entities would
correspond to the patients diabetes data, and their attributes would be the gathered indicators and the final result of the
test.
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Fig. 3. Overview of FLANDM syntax and editor components.

The first set of elements, i.e. the commands, are domain independent. However, the second set, regarding domain terms,
depends on each domain and, consequently, needs to be modified each time a new DMDL is developed.

When trying to adapt the structure of the DMDL from the educational domain for its reuse in the diabetes case study, we
noticed that the management of the second set of elements, this is, the domain terminology, was scattered across several
components of the original DMDL. More specifically, they were present in the validation module that made sure the query
introduced by the user was correct, and in the autocompletion system that assisted the user during query formulation. We
also realised that the core logic of these components would not require modifications when used in a new domain. The only
requirement was to have some sort of access to the accepted terminology from the domain.

To overcome this problem, the following solution was adopted in FLANDM. The presence of domain information was
limited to a single component, the entities model. This model conforms to the corresponding entities metamodel, which is
depicted in Fig. 2. As it can be seen, a Domain contains a collection of Entity objects. Each Entity has a name and
a list of attributes. These attributes can be of different types, such as numeric (NumericalAttribute) or categorical
(NominalAttribute). For the categorical attributes, also, the set of discrete values they might take is also registered.

Those elements in the entities metamodel that are named extend from the DoubleNamedElement metaclass. A
DoubleNamedElement has two linked names: a user-friendly name for being shown in the language editor (the
ds1Name), and the name that is used internally and in the data sources (the dataSourceName). This double-named na-
ture allows an easy modification of concrete terms from the point of view of the editor, without affecting the internal usage
of those terms. For instance, if an entity of the original diabetes data sources contains an attribute denoted as bmi, it could
be given a more descriptive name for its usage in the editor (e.g. bodyMassindex) through the ds1Name attribute, while
avoiding the modification of the original sources (bmi would be used internally through the dataSourceName attribute).

After creating this metamodel, the original components of the DSL for the educational domain were refactored to take
advantage of it. As a result, the structure of Fig. 3 was obtained. It represents the components of FLANDM’s query specifica-
tion editor. Each one of these components are described in the following.

4.2.1. Domain entities

According to the structure presented in the previous section, the first step to develop a DMDL for a new domain involves
the creation of an entities model that specifies which entities are present in that domain along with the attributes these
entities have. Unlike in the original DMDL, this step does not impact other components of the language, as the entities
information is concentrated in a single model.

To identify and model these domain entities, we would need to perform a domain analysis. Several methodologies cur-
rently exist for this task [45,46]. FLANDM does not impose the use of any of these methodologies, therefore, DSL engi-
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Table 2

Description of the analysis commands offered by FLANDM.
Command Description Attributes
ShowProfile Organises the entity instances on different groups with similar characteristics. -

GetCommonPatterns Looks for frequent patterns present in the entity instances. -
AttributesRanking Returns an ordered list of the most strongly related attributes to the one selected as target. Target: attribute to rank
FindReasonsFor Finds possible causes of the presence of the indicated event in the data. Event: phenomena to investigate

neers might use their preferred one. In general, we have opted for using well-known techniques of Domain-Driven De-
sign [47] when creating the entities model of a new DMDL, since we have previous experience using them.

The defined entities model also determines the datasets that must be made available for posterior analyses. Precisely,
each entity in the model has to be linked to a concrete dataset. The process of extracting and formatting domain data into
these datasets is outside of the scope of this paper, as FLANDM does not offer any support for it. This process is usually
carried out by data engineers, who perform the data extraction and cleaning through a set of low-level scripts [3]. However,
we are working in another language, Lavoisier [48], for providing non-experts with data selection mechanisms over high-
level models of the domain information.

4.2.2. Abstract syntax

Next, the abstract syntax for the DMDL must be defined. To support this step, FLANDM provides a base abstract syntax
that can be customised according to the needs of each user. Fig. 4 shows an excerpt of this base abstract syntax. The Query
metaclass is the root element of this syntax. Each Query has a Command, which indicates the analysis task to be performed.

FLANDM provides an initial set of commands. Table 2 shows a description of some of these commands. As it can be
observed, some commands require extra arguments to work. For instance, the FindReasonsFor command requires the event
to be explained as an argument.

Therefore, when developing a new DMDL, we only need to select those commands that correspond to the analysis task
that experts of the target domain want to execute. It is worth to remember that these commands are domain independent,
so they can be easily reused across domains. If a new analysis task had to be incorporated to fit in with the needs of a new
domain, we would only need to create a new command that extends from the Command metaclass.

Each query is executed over a domain entity. This entity is captured in the abstract syntax through an EntityRef. An
EntityRef contains a name that points to an existing domain entity. Moreover, it is possible to focus the analysis on a
specific subset of the entity instances by providing a filter. A filter specifies that only those instances of an entity that
satisfy a boolean expression must be used as input for a command.

In summary, to define an abstract syntax for a new DMDL, just the following actions are required:

1. Select those commands that will be used for the analysis tasks.
2. Provide new commands that extend the Command metaclass, if new analysis tasks are required.

4.2.3. Query validator

We have seen that by using entity references, we decouple the syntax specification from the domain entities. However,
any text might be provided as an entity name, because it is a free string field. The same happens in the case of other free
fields of the syntax, such as attribute names or values. Therefore, it can be the case that the user provides a name that
does not correspond to any existing domain term, or that they simply misspell the name. To check that only valid domain
terms have been provided, we developed an external syntax validator. This validator makes some complementary checks,
in addition to the ones that ensure a query is syntactically correct. For instance, it checks whether the name of an entity
reference actually corresponds to an existing domain entity. In addition, more fine-grained controls are also carried out,
such as that attributes specified in a filter really belong to the domain entity being analysed; or, if an operation defined
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Fig. 5. Check function which validates the name of an entity.

(query) == (command) ‘of’ (entityRef) (1)
(command) ::= (showProfile) (2)

| (findReasonsFor) (3)

| (attributesRanking) (4)

| (getCommonPatterns) (5)
(entityRef) ::= (name) (‘with’ (booleanExpression))? (6)
(showProfile) ::= ‘show_profile’ (7)
(findReasonsFor) ::= ‘find reasons_for’ (operation) (8)
(attributesRanking) ::= ‘attributes_ranking for’ (attribute)  (9)
(getCommonPatlerns) ::= ‘get_common_patterns’ (10)

Fig. 6. Base grammar offered by FLANDM for the DMDLs.

over an attribute makes sense regarding its type. As an example, the validator would ensure that a greaterThan operator is
applied only to numerical attributes, indicating an error when it is employed with categorical ones.

This validator was implemented by using the facilities of Xtext [40], which is the software employed in the concrete tex-
tual syntax. Xtext offers the possibility to define check functions in Java or in the Xtend language, which are triggered over
different elements from the grammar. As an example, Fig. 5 shows a validation function that checks whether the provided
entity reference actually corresponds to a domain entity defined in the entities model. To do this, the function first looks
for the provided name among the existent entities in the model. This model is accessed through the entitiesProvider
object (Fig. 5, lines 02-04). If the name is not found, the validator raises an error with a proper explanation message (Fig. 5,
lines 05-07).

This validator has been implemented following a domain-independent approach. It uses the domain entities model, but
changes in this model does not affect to the validator, as it accesses the model through the entitiesProvider element,
which is also generic.

4.2.4. Concrete syntax

After defining the abstract syntax, a conforming concrete syntax must be provided [34]. In FLANDM, a concrete textual
syntax is defined through an Xtext grammar [40]. As with the abstract syntax, a base grammar provided as a base for new
DMDLs. Fig. 6 shows an excerpt of this base concrete syntax in EBNF (Extended Backus-Naur Form) format.

According to this syntax, a query starts by introducing a command keyword, which determines the selected Command for
the analysis. For instance, the find_reasons_for keyword indicates the use of the FindReasonsFor command. Any
extra required information for each command is specified next to the keyword, such as the operation that represents the
analysed event of the FindReasonsFor command. Then, the information about the entity to be analysed is provided.
First, its name, which is a simple string literal, is introduced. Optionally, it is possible to define a filter by using the with
keyword plus a booleanExpression, as commented before (see Fig. 1).

Xtext allows the definition of new languages by extending a base one. This feature is exploited in FLANDM, as new
DMDLs extend the grammar of Fig. 6 for the definition of their own concrete syntax when needed. It should be noticed
that the grammar of Fig. 6 is, thanks to the use of the entities model, domain-independent again. Therefore, starting from
this grammar, we can define the concrete syntax for a new DMDL following an incremental approach [49]. The steps would
be as follows:



00 override public void completeAttribute Name(EObject model,

01 Assignment assignment, ContentAssistContext context,
02 ICompletionProposalAcceptor acceptor) {

03 val entity = entitiesProvider.findEntityByModel (model)
04 if (entity == null) { return }

05 for (attribute : entity.attributes) {

06 acceptor.accept(createCompletionProposal(

07 attribute.dslName, context))

08

09 }

Fig. 7. Assistant function that suggests attributes of an entity.

» Provide new production rules, like the ones depicted in Fig. 6, Lines 7-10, for the new commands that might have been
added to the abstract syntax and grammar, if any.
o Select those commands that are to be finally included in the new DMDL, by modifying the grammar rule of lines 2-5.

4.2.5. Auto-completion

Finally, to make the generated editor more user-friendly, an auto-completion assistant was created. This assistant provides
term proposals to the user when writing a query. It was again developed using the Xtext facilities.

As in the case of the validator, we refactored this module from its original form, so that it accesses the domain entities
model, but changes in this do not affect its logic, which makes it domain independent. Therefore, this feature can be reused
without changes in different domains, and so it was for the DMDL for the diabetes data.

As an example, Fig. 7 shows the function that suggests attribute names when the user wants to define a filter over
an entity. For that purpose, this function first looks for the entity in the model (Fig. 7, line 03), and then transverses its
attributes list generating a proposal for each one of them (Fig, 7, lines 05-08).

4.3. Queries execution

The execution of DMDL queries is the step where these queries get a semantic meaning. From the different ways of
formalizing semantics described by Kleppe [34], we make use of the translational approach, in which programs of the de-
veloped DSL are translated to a language with well-defined semantics, such as C or Java. In our case, DMDL queries get a
meaning by employing them to generate analysis scripts that make use of a data mining library.

The translation process provided by FLANDM is the result of refactoring the execution components of the original edu-
cational DMDL. As a running example to illustrate the elements described in this section, we use a query from the DMDL
for diabetes data: find_reasons_for test_result = positive of Diabetes_Results. This query looks for
causes of obtaining a positive result in the test according to the information captured from the patients.

Each query of the educational DMDL (see Section 3) was computed by transforming it into a data mining process and ex-
ecuting that process. Specifically, queries were converted into Java code through code generation templates. These templates
worked in a one-step-does-all monolithic fashion, without a clear separation between transformation stages. This monolithic
structure, although simple and straightforward, hinders reusability. Precisely, this structure implies that code generation
templates are dependent on the following components: (1) the language syntax, which may vary for different DMDLs; (2)
domain specificities, as the template has to know how to obtain the data associated to each domain entity; and (3) the
employed data mining libraries, because the code generation targets a concrete analysis solution, e.g. Weka.

It should be also noticed that the low-level data mining processes that are finally executed for computing each command
might vary depending on the application domain. For instance, the ShowProfile command might be translated into the
execution of the Xmeans [50] clustering algorithm, whereas for other domains, other algorithms, such as DBSCAN [51],
might provide more accurate results. Moreover, it might be the case that a switch in the underlying data mining platform
is desired. For instance, for some algorithms, we might prefer to rely on RapidMiner instead of Weka.

The original monolithic structure caused that the code generation templates were affected by all the changes described
above. To avoid this problem, when developing FLANDM, we separated the transformation process into two stages, as de-
picted in Fig. 8. Instead of directly generating Java code from the introduced query, we first transform each query into an
abstract data mining task. We developed a Data Procedure metamodel for the specification of this kind of tasks. This meta-
model allows the definition of platform-independent data-mining processes. Then, these processes are transformed into
code that invokes algorithms of one or more data analysis platforms, such as Weka or RapidMiner. As in the case of the
educational DMDL, this transformation process is completely transparent to the final user, who only introduces the query
and receives the results of computing it.

The data procedure metamodel and the two new transformation steps are described in the following.

4.3.1. Data procedure metamodel

The metamodel diagram is shown in Fig. 9. A Procedure defines an abstract data mining task. All procedures operate
over a DataSource, which is the equivalent to the Entity metaclass of the languages’ abstract syntax metamodel (Fig. 4).
This procedure metaclass is the root of a hierarchy that represents data mining methods. Intermediate metaclasses group
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Fig. 8. Two-step query transformation process: a model-to-model (M2M) transformation is followed by a model-to-text (M2T) code generation phase.
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Fig. 9. Data procedure metamodel.

data mining techniques of the same family, such as classification or clustering, and they contain elements that are shared by
all members of the family. For instance, the Classification metaclass, which represents the family of all classification
methods, has an attribute named className, that identifies the attribute of an entity that is used to label its instances.
The leaves of this hierarchy represent concrete data mining algorithms. Each leaf can have extra attributes that correspond
to parameters for that algorithm.

For instance, let us consider the J48Rules procedure, which is a classification one. It requires the provision of two extra
attributes: classValue and minClassSupport. This procedure constructs a J48 decision tree [52] over the entity’s class
attribute specified by the className field, which is inherited from the Classification metaclass. Then, the procedure
traverses the branches of this tree and selects those ones that lead to a concrete value of the class, determined by the
classValue attribute. Finally, the selected branches are formatted as if-then rules and shown to the user. It is possible to
filter out those rules that do not represent a solid enough portion of the instances set. This filtering can be accomplished
through the minClassSupport attribute, which has a default value of 0.05. This value indicates that a rule has to be
applicable to at least 5% of the entity instances in order to be shown in the results.

4.3.2. Query to data procedure transformation

The first step in the transformation process is the translation from a query specification to a platform-independent data
procedure. The input of this translation is the model of the introduced query (Fig. 8, left). This model conforms to the
abstract syntax metamodel described in the previous section, and it is generated by Xtext after parsing the instruction text
written by the user in the query editor.

This translation is achieved by means of a model-to-model (M2M) transformation. The transformation rules are specified
with the Epsilon Transformation Language (ETL) [53]. FLANDM offers a set of generic base rules that transform each one
of the provided commands into a default data procedure. These default procedures can be modified by extending and/or
overriding the base rules, either to tune some parameters of the default procedures, or to directly select other procedures
that might be better adapted to the particularities of a specific domain.

Fig. 10 shows one of these base rules. In this case, according to its guard (Fig. 10, line 04), the rule transforms queries
employing the FindReasonsFor command into invocations to the J48Rules procedure (lines 01-02). This rule extends
a more abstract Query2Procedure rule (line 03), which sets the attributes of the Procedure parent class, specifically,
its DataSource attribute. Finally, the rule assigns values to the className and classValue parameters of the J48Rules



00 rule FindReasons e N
01 transform query : query!Query :J48Rules

02 to j48Rules : dataProcedure!J48Rules i [ className = test result
03 extends Query2Procedure { : n

classValue = positive

04 guard : query.command.isTypeOf(query!FindReasonsFor)E minClassSupport = 0.05 )

05 j48Rules.className = IdataSource
query.command.event.attribute.name; -DataSource

06 j48Rules.classValue = :
query.command.event.comparison.value.name; ‘| name = Diabetes Results

Fig. 10. Left: M2M transformation rule of a query in a J48Rules data procedure model; right: resulting J48Rules model of the M2M transformation over
the example query.

// data obtention
01 DataSource source = new DataSource(
"data/diabetesResults.arff");

02 Instances ins = source.getDataSet(); IF (body mass_index > 29.9 AND

03 ins.setClass(ins.attribute("test result")); plasma_glucose_concentration > 157)
// rules generation THEN result = tested positive

04 148 j48 = new J48(); . . o

05 j48.buildClassifier(ins); Support: 11.979%, Confidence: 86.957%

06 RuleSet ruleSet = j48.toRules();
07 ruleSet = ruleSet.filterByConsequent("positive");
08 ruleSet = ruleSet.filterByClassSupport(0.05);
// results visualization
09 RulesVisualizer.show(ruleSet);

Fig. 11. Left: resulting code of the M2T generation applied over the example procedure model; right: an example of the rules obtained when running the
generated code.

procedure (lines 05-06). These values are extracted from the event attribute of the FindReasonsFor command. For
this case, the minClassSupport attribute is left unmodified, so its default value of 0.05 will be used. The resulting data
procedure model is shown in the right of Fig. 10.

In summary, FLANDM offers a set of M2M transformation rules for the query to data procedure translation step. These
rules are domain-agnostic, which may induce a less than adequate accuracy of the results for some specific contexts, such
as what happens with the Oracle Predictive Analytics stored procedures [31]. Nevertheless, this is a known issue in the data
mining field [54]. Therefore, this step of the queries execution was designed with extensibility and modifiability in mind, as
the provided rules can be adapted, with the help of an expert, to any specificities of the target domain for achieving better
results.

4.3.3. Data procedure to code transformation

The last step of the query transformation process involves a model-to-text (M2T) transformation phase, implemented
by code generation templates specified with the Epsilon Generation Language (EGL) [55]. These code generation templates
convert each data procedure specification into code for invoking a proper implementation of the algorithm represented by
the procedure, which are typically provided by a data analysis platform.

As in the case of the M2M transformation, FLANDM offers a set of M2T generation templates. It should be noticed that
these templates just transform a platform-independent specification of a data procedure into code. Since these platform-
independent specifications are precisely detailed, no new decisions depending on the domain need to be adopted. Thus,
these templates are domain-independent and can be reused with no changes in different domains.

The Java code obtained when performing the M2T transformation from the data procedure model depicted in Fig. 10,
right can be seen in Fig. 11, left. The literal values appearing in the code are obtained from the data procedure model
obtained through the M2M transformation. For the sake of simplicity, the concrete EGL templates are left out of the paper,
as they contain some burdensome implementation details that are unnecessary and detrimental for the general explanation
of the translation. In this piece of code, firstly, the selected dataset is loaded as a Weka's Instances object ((Fig. 11, lines
01-02). Then, the attribute test_result is selected as class attribute (from the procedure’s className), and a J48 tree
is built over the instances data (lines 03-05). Classification rules are extracted from this tree and, from those, the ones that
have a positive value in the consequent and a high-enough class support are selected (lines 06-08). For these selections,
the attributes classValue and minClassSupport of the J48Rules procedure are employed. Finally, the resulting rules
are shown to the user (line 09).

In Fig. 11, right we can see one of these rules. The rule indicates that if the plasma_glucose_concentration
and body_mass_index indicators of the patient exceed some limit, there is a high probability that the result of the
diabetes test is positive. For each rule, metrics about its support and confidence are provided. The support indicates that



these excessive indicator values happen in about 12% of the analysed data instances, of which, in ~87% of the cases, the test
result was positive. This information could be used by clinicians to preventively perform a diabetes test to those patients
who show the mentioned indicator excesses in regular check-ups.

Concluded the definition of FLANDM'’s structure, next section evaluates the benefits of using FLANDM through several
language definitions.

5. Evaluation

The main objective of FLANDM is to reduce the development costs of DSLs for data mining democratisation (DMDLs).
This section evaluates how far this objective has been satisfied. Moreover, it also evaluates a second benefit, which states
that the use of FLANDM also reduces the maintenance costs of these DMDLs. The two issues were measured separately.
First, we analysed how FLANDM helps to reduce development costs by the definition of four DMDLs with this framework.
Next, the contribution of FLANDM in the reduction of maintenance costs was evaluated by analysing how these DMDLs were
affected by several scenarios, which required to perform some modifications on the languages. The four DMDLs developed
as case studies, the evaluation process, and its results are described in the following sections.

5.1. Case studies

This section describes the four DMDLs that we created to evaluate our work. We relied on third-party case studies
coming from heterogeneous domains. This should help to avoid bias and to increase the external validity of our analysis, as
well as to demonstrate that FLANDM is applicable to different domains.

The four DMDLs that were developed during this evaluation process are:

. A language for the educational domain, which analysed data stored in e-learning platforms (Section 3).

. A language for the medical domain, which analysed results of diabetes tests (Section 4.1).

. A language for the business management domain, which analysed business reviews coming from the Yelp? platform.

. A language for the public administration domain, which analysed data about visa request processes of the American
Department of Labour.

AW N —

The first and second case studies have already been introduced in this paper (see Sections 3 and 4.1, respectively).

The third language was designed to analyse data gathered from the Yelp platform. Yelp provides a business review service
for customers to write their opinions and for owners to describe and advertise their businesses. Yelp has proposed different
data analysis challenges® in the last few years. In each challenge, some actual data is made publicly available, and a contest
is organised to discover hidden insights in these data that might be of interest for Yelp. Available data include information
about users, business reviews, businesses features (e.g. Wi-Fi, vegan food, parking), among others. The DMDL aims to provide
a high-level language to answer some of the questions proposed in these contests.

The fourth language analyses data released by the American Department of Labour* about the processing of work visa
requests it receives. There are different foreign workers programs, which vary in aspects such as the duration (permanent
or temporary), the foreign worker’s country of origin, or the degree of specialization of the work. For instance, the H-1B
visa allows specialized foreign workers to obtain a temporary permit. Among other aspects, this visa requires an approved
sponsoring employer prior to the filing of the petition. Each petition follows different status updates until it reaches a final
outcome. The DMDL aims to find information about, for instance, what makes a visa request to be approved or denied.

To clarify how the third and fourth DSLs work, and since they have not been introduced in previous sections of this
paper, Fig. 12 shows some examples of queries written with these DSLs.

The first query aims to find those business features that have a higher influence on the stars rating of the businesses
from Edinburgh with a rating lower or equal to three stars. For this purpose, the AttributesRanking command is used.
This command returns a list of attributes ordered by their correlation strength with the evaluated attribute (stars).

The second and third queries analyse the H-1B_Visas entity, which represents a specific type of work visa. The second
query tries to find causes that made petitions in 2017 to be denied. The third query seeks for patterns in those petitions that
either were approved (status = certified) or, despite its approval, were not finally completed (status = certified-withdrawn).

The order in which these DMDLs were developed is the same as the one used for the above description. This order has
an influence on the development effort of each DSL, as those languages that were developed later could reuse elements that
were created for prior DSLs. For instance, the first two DSLs made use of the initial ShowProfile and FindReasonsFor
query commands. For the third DSL, two new commands, AttributesRanking and GetCommonPatterns, were cre-
ated. The fourth DSL also made use of these commands, but as they were created before, it was possible to simply reuse
them, which decreased its development costs.

2 https://www.yelp.com/.
3 https://www.yelp.com/dataset/challenge.
4 https://www.foreignlaborcert.doleta.gov/performancedata.cfm.
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Q1 attributes_ranking_for stars
of Businesses
with city equals Edinburgh
and stars <= 3;
Q2 find_reasons_for status = denied
of H-1B Visas
with year = 2017;
Q3 get_common_patterns
of H-1B Visas
with status = certified
or status = certified-withdrawn;

Fig. 12. Example queries of the business reviews (Q1) and visa approval (Q2, Q3) DMDLs.

Table 3
Parameters of the simple cost productivity model.

Name  Description

C Obtained cost of developing a product through component reuse, relative to the development of the complete product from scratch.
R Percentage of the original effort for developing a product that is avoided thanks to component reutilisation.
b Cost of integrating a reused component in a product, relative to the development of that component from scratch.

5.2. Reduction of development costs

The main contribution of FLANDM is a reduction in development costs of a DMDL. This reduction is achieved thanks
to the reutilisation of different modules, such as the autocompletion feature, the external syntax validator, or the code
generation templates, among others.

This section measures the effectiveness of this reutilisation, regarding development effort, of the different modules pro-
vided by the FLANDM framework. To accomplish this objective, we relied on a third-party cost model for software applica-
tions based on reutilization. This model is described in the next section.

5.2.1. Reusability measurement method

As a measure of component reusability, we relied on the cost productivity model provided by Gaffney and Durek [56].
These authors provide a set of models to measure different issues of component reutilisation, such as forecasting when the
effort of building a reusable component will pay-off. From this set of models, we used the simple model, which was the one
that best fitted with our needs. The simple model aims to estimate what is the reduction cost obtained when some parts
of a software application are built from reused components, which is how our DMDLs are developed. This simple model is
based on several parameters, which are described in Table 3.

Parameter C aims to measure reusability effectiveness when developing a new product. A value of C =1 implies that
the obtained cost through reutilisation of components is the same as the cost of developing that product without reusing
elements, this is, as a completely new product. Therefore, reutilisation does not provide any benefit from a cost point of view
in this case. However, reutilisation might provide other benefits, such as lower presence of bugs. When C < 1, reutilisation is
cost-effective, whereas C> 1 indicates the opposite. Therefore, we are interested in obtaining a C value as low as possible.

The parameter b measures the required effort to integrate a reused component in the new system. Software modules can
rarely be reused as they are, as some customisations and integration code needs often to be written. When b = 1, the effort
required to integrate the components would be equivalent to developing those components from scratch. A value of b <1
indicates that the integration of a component was cheaper than developing it, whereas b > 1 means the opposite. Thus, we
are interested again in getting values of b<1 and as low as possible.

R specifies which portion of the development effort required for building a product from scratch can now be saved
due to component reutilisation. For instance, if we are reusing a couple of components whose development effort, if these
components were developed from scratch, is 20% of the whole product, then R = 0.2.

C=(1-R)-1+R-b=(b—1)-R+1 (1)

With these definitions, to calculate the value of C, Gaffney and Durek define the Eq. (1). In this equation, “1” represents
the cost of developing a product completely from scratch. So, (1 —R) - 1 represents the cost of developing those parts of a
software product that are new, whereas R-b adds the cost of integrating the components that are reused.

To clarify how this formula works, let us suppose we are developing an application where 50% of their development
effort can be saved by reusing some prebuilt components. In addition, let the cost of integrating these components be a half
of the cost of developing them from scratch. These premises imply that R = 0.5 and b= 0.5, so C = 0.75, which means we
have saved a quarter of the whole development effort thanks to saving a half of a half of the original development effort.



Table 4
Stages of a DMDL development using FLANDM with their estimated

weights.
Step  Name ~Weight (%)
S Domain definition 45
S11 Data acquisition 35
S12 Domain entities definition 10
S, DSL editor development 30
So1 Abstract syntax definition 10
S22 Complementary syntax validations 5
S23 Concrete syntax definition 10
Soa Auto-complete development 5
S3 Query execution 25
S31 Query translation to DM processes 10
S32 Platform code generation 15

Table 5
Lines of code (LOC) parameters used for the definition of b.

Name  Description

MLOC  Modified lines of code when adapting a FLANDM component to a new domain.
CcLoc New lines of code written to customise a FLANDM component for the new domain.
TLOC Effective total lines of code of a component.

For the sake of simplicity, development effort is measured in lines of code (LOC). The use of this metric is debatable, but
it is often, as in this case, the best available one without compromising objectivity [57].

In the calculations of the cost model parameters, we consider only in the implementation level of the development
process of a DMDL. For the purpose of simplicity, other stages, like requirements elicitation, architecture design or testing
are not considered. To estimate the effort associated to these stages can be highly complex and it is beyond the scope of
this work.

To calculate the value of R, we firstly analysed what stages of the development process of a DMDL can be skipped by
reusing componentes provided by FLANDM. Then, we provided a rough estimation, based on our experience when develop-
ing DMDLs, of the percentage of the global development effort associated to each stage. Table 4 shows these development
stages and their corresponding estimations.

As it can be observed, the first step, S;, is domain-specific. Consequently, its artefacts can be hardly reused across dif-
ferent domains. For instance, the data acquisition code for retrieving data from an e-learning platform and formatting it
according to the ARFF format is specific for the educational DMDL, and it is not expected that it can be reused for other
DMDLs. The same argument applies to the specification of the domain entities. For the remaining stages, S, and S3, FLANDM
provides components that can be reused as they are, or adapted depending on the particularities of each domain.

So, we consider the code produced in the stage ST as new code that needs to be written to create a DMDL, whereas
stages S2 and S3 represent code that comes from reutilization. This means that the development effort associated to stage
S; would be the (1 —R) term of the Gaffney and Durek’s cost model, and the sum of the development effort of the other
stages would be R. Therefore, R = 0.55 in our case, according to the weights of Table 4.

We based the calculation of b on three parameters, which are described in Table 5. MLOC (Modified Lines of Code) rep-
resents the lines of code that need to be modified when reusing a FLANDM component. For instance, some descriptions
provided of the content assistant are often modified to adapt them to the particularities of each domain and thus become
more user-friendly. CLOC (Customisation Lines of Code) counts how many lines of code were added to a FLANDM component
for its usage in a new domain. For instance, to update how queries are translated into a data mining process, we need
to write an ETL rule that overrides the default one. This code is considered customisation code. Similarly, if a new code
generation template is added to support a new data mining platform, the whole template is treated as customisation code.

Finally, TLOC (Total Lines of Code) counts the lines of a FLANDM component that are effectively used in DMDL. It should
be taken into account that some FLANDM components might have more lines of code than the ones that are actually used.
For instance, the query execution component might have code generation templates for several target platforms, but just
one platform is typically used. Therefore, to avoid noise, we just count those lines of a component that are really executed
in a DMDL.

MLOC + CLOC
b= TLOC )

Considering these premises, b is defined as in Eq. (2). This formula states that the relative effort for integrating a com-
ponent or a set of components can be calculated as the sum of LOC that have been modified or newly written to adapt
these components (MLOC + CLOC), divided by the total number of LOC of those components that are actually executed in a
domain (TLOC). This is, if a quarter of the code of a component is modified or customisation code, b = 0.25, which means
that the effort of integrating this component has been a quarter of the effort of developing it.



Table 6

Values of the b parameter for each step, weighted averages of b for each DMDL
(bs,,, )and final relative cost ( C ). Last row shows the average values of
the four DMDLs.

bSZ\ bszz bszz b524 b51| bszz bSAv/g C

DSL, 0.000 0046 0.070 0.071 0150  0.011 0.054 0.480
DSL, 0.000 0046 0.070 0.071 0150  0.011 0.062  0.484
DSL;  0.083 0.046 0.148 0.107 0.218  0.183 0.143 0.529
DSL, 0.000 0046 0.065 0.107 0.161 0.010  0.070  0.489
Avg 0.021 0.046 0.088 0089 0170 0.054 0.082  0.495

Integration cost b (lower is better)
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Fig. 13. Relative Integration cost (b) per development step of each implemented case study, plus its weighted average value (Avg b). The dashed line at
value 1 specifies the critical point above which reutilisation is not cost-effective.

Development cost C (lower is better)

Value
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Fig. 14. Development cost C of the implemented case studies, along with the average value (Avg). Dashed line at value 1 marks the cost of creating each
case study from scratch.

In our case, values of b were calculated for each development step where FLANDM components were reused. Then, a
global b value was provided by calculating the weighted average of the b values obtained per step. As weights for the
average, the estimated percentage of development effort provided in Table 4 were used.

5.2.2. Reusability results and discussion

Table 6 shows the gathered results after developing the four DMDLs previously commented. This table contains the values
of b per development step of each DMDL. Besides, we provide the global value of b for each DMDL (bsAug)' computed as the
weighted average of its indivual b values; and C, which indicates the relative cost of developing each DMDL, as compared
to developing it completely from scratch. Figs. 13 and 14 depict these values graphically, so that they are easier to compare
and visualise.

Fig. 13 shows the values of b, i.e. the relative integration cost, per each step of the development process. The dashed
line in the top of this graph indicates the critical case where b = 1. In this case, reutilisation would not be effective from a
cost point of view. Thus, we are interested in getting values of b placed as below as possible of this reference value. These
values of b are shown for each developed DMDL (e.g. bps;, — bpst, ). Besides, the average value of these bs per step (bDSLA.,g)
is depicted. Finally, the family of bars at the right (Avg) shows the global value of b for each DSL and the global average
value of the experimentation.

These data show a considerable benefit from component reuse. The averaged global integration cost was 8.2%, which
indicates that the effort for integrating reused FLANDM components was only an 8.2% percent of the effort that would have
been required if developing these components from scratch. This is, approximately 90% of the development effort was saved.



These results show that FLANDM components are domain-independent enough to be integrated in new domains with very
low effort.

As a consequence of this low integration effort, the averaged DMDL relative cost C was 49.5%. This implies that, due to
the use of FLANDM, the development cost of a new DMDL is reduced, in average, by half. We discuss these results more
in-depth in the following.

With respect to abstract syntax definition (S, ), the four DMDLs used the abstract syntax provided by FLANDM with no
major modifications, which generated a low relative cost for its integration (Avg(b, 1) = 2%). The graph exhibits a pattern
that repeats in other steps. The highest b value appears in the third language (bps;, = 8.3%). In this language, two new
commands, i.e. GetCommonPatterns and AttributesRanking, were introduced. In the case of the abstract syntax,
the Command metaclass of the abstract syntax had to be extended twice to create these commands. The fourth DSL also
used these commands, but as they were already present in the abstract syntax, it could simply reuse them. Due to this
reuse, the integration cost of the fourth DSL was low again. This phenomena reveals that b will decrease as the FLANDM
framework grows and more and more elements can be reused. Therefore, cost effectiveness of FLANDM usage is expected
to improve over time.

The integration effort of the syntax validator (S, ) exhibited the advantages of isolating domain elements in the entities
metamodel. In the four cases, the base complementary syntax validator could be reused practically as is, which made its
integration cost almost inexistent. About 95% of the original development effort was saved (Avg(b,,) = 4.6%).

The integration cost of the concrete syntax (S;3) was similar to the cost of the abstract syntax. The base gram-
mar provided by FLANDM was adapted to each case study with little difficulties. Although the averaged cost was higher
(Avg(b, 3) = 8.8%) than in the abstract syntax, it remained consistently low across all the DMDLs, with the exception of the
third language, because of the newly added commands, as previously commented.

Once again, the isolation of domain-specific elements highly benefited the integration cost of a component, in this
case, the content assistant module (S, 4). As in the case of the syntax validator (S, 4), practically no changes were required
(Avg(b, 4) = 8.9%). The only changes that were performed between domains, apart from basic configurations to glue compo-
nents, took place in the commands proposal provider. When suggesting existing commands to use in a query, the assistant
also shows a brief description of what each command does. To improve usability, these descriptions were adapted to better
fit in with each domain.

Finally, regarding the execution of queries (steps S3; and Ss>), the usage of a data procedure metamodel as intermedi-
ate representation allowed the reuse of both default transformation rules and code generation templates across domains.
However, some extra work was required to adapt the analysis for each domain.

Specially, this can be noticed in the values for step Ss;, i.e. the transformation of the query into an abstract data proce-
dure. In this step, data mining processes are often adapted to improve accuracy according to the specificities of each domain.
This adaptation provokes that this step had the highest integration costs (Avg(bs 1) = 17%) when compared with other steps.
However, this value, from a general perspective, remains low, indicating that components for this step can be reused with
an integration effort of 20% of the cost of developing them as completely new modules. The code generation templates (step
S35) were free of these adjustments, and contained only target platform details. As there was no need to change the target
platform, these templates could be reused with less effort.

The phenomena related to the addition of new commands appeared in these steps again. In DMDLs 1 and 2, two data
procedures and its corresponding templates offered by FLANDM were reused (Xmeans and J48Rules specifically). For
DMDL 3, two new analyses were introduced (FullAttributeCorrelation and AprioriRules) to give response to
the newly defined commands. This increased the integration cost (bpsi, s,, = 21.8%; bpsi, s,, = 18.3%), as the framework had
to be customised to incorporate two new data procedures, plus their corresponding ETL rules and code generation templates.
However, in the case of DMDL4, these new templates were reused, and the b values improved accordingly (bpsy, s,, = 16.1%;
bpst,.s;, = 1%).

Fig. 14 shows the relative development cost for each DSL. As before, the critical point above which reutilisation would
not be cost-effective, i.e. C = 1 is depicted as a dashed line. The obtained results were very stable, around the 50% level. In
the third case, which incorporated more changes, the relative cost was higher. However, this cost decreased again for the
fourth language, showing that the opportunities of reuse when developing new DSLs increase as the FLANDM ecosystem
grows.

These results show very good values taking into account the proportion of the final product that was actually reused. We
were providing a framework for reusing the domain-independent components of a DMDL, whereas for the domain-specific
part we did not provide any specific support. This means that we were providing support to 55% of the development effort,
and achieving a relative cost reduction of -~50 %, which implies that the integration costs were really low.

Nevertheless, as the reader might notice, the value of R might vary depending on domain size, which would affect the
final C. To clarify this issue, let us suppose the following two extreme cases. First, if we needed to analyse a toy domain
comprised of just two small entities and whose data are stored in two clearly identified tables of a relational database,
the effort associated to domain data definition might be really low. On the other hand, if we needed to deal with a huge
domain containing hundreds of entities, whose data are retrieved using complex web scrapping techniques, the effort of
domain data definition could be so high that the benefits of reusing the domain-independent part might be not noticeable.

To illustrate this issue, Fig. 15 shows the relation between R and C based on the Gaffney and Durek cost formula [56], and
with the value of b fixed at 8.2%, the average value of our case studies. The point of this function corresponding to our case,
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Fig. 15. Relation between DMDL cost C and proportion of reuse R, for b = 8.2%.

where R = 0.55, is highlighted with a triangle. The points marked with a circle and a square represents two examples of
cases the domain complexity increases and decreases. If the relative effort associated to the domain-specific part increased
to a 60%, we might yet obtain a 27% of cost reduction, whereas if this domain-specific effort decreased to a 30%, we might
save a 64% of the original development effort.

Therefore, it can be concluded that FLANDM reduces the cost of developing new DMDLs, by providing components that
can be reused across different domains with low integration costs. These benefits might vary depending on the domain
complexity but, even for relative large domains, it can still provide some noticeable benefits. Threats to the validity of these
conclusions are analysed in next section.

5.2.3. Threats to validity
There exist some internal and external threats to the validity that might affect the previously discussed results. This
section analyses how we have managed these threats.

5.2.3.1. Internal threats to validity. These threats are related with the method we used to measure reusability and some of
the decisions we have adopted. First of all, we might have used an inaccurate cost model that biased our results. To avoid
this, we have relied of a mature and well-known cost model, which have been widely used in the literature [58-64].

Secondly, it can be argued that the weights we have provided for the relative effort of each stage of the development
process of a DMDL (Table 4) are rough and inaccurate estimations, that might present higher variations. These weights affect
to the values of R and b.

In the case of R, as previously stated, this variation might be true due the relation of efforts assigned to the domain-
specific and the domain-independent stages of the DMDL development process. Due to this fact, we have stated in the
previous section that the value of C might vary depending on the domain complexity and size, which might make the
benefits of our approach negligible for very large and complex domains.

Nevertheless, much lower variations are expected for the relative weights of each step of the domain-independent stages,
i.e. DSL Editor Development and Query Execution (see Table 4), which influences the value of b. These weights vary propor-
tionally in relation to the difficulty of each step. This is, the effort associated to the definition of the concrete syntax is
expected to be approximately twice the effort for the development of the auto complete module. Since the relation be-
tween these weights remains stable, the weighted average of b values would not be affected. Moreover, since there are
not high differences between the values of b for each stage, small variations in the weights would not produce noticeable
changes in the results of the weighted average either.

In third place, the formula we have used to calculate b is self-elaborated, so it might be inaccurate or even wrong.
To mitigate this threat, we paid special attention to the design of this formula, which was defined after a long process
of refinement. Moreover, it was checked that the formula returned meaningful and reasonable results in different reuse
scenarios.

Fourthly, for the sake of simplicity, we simplified the estimation of the development effort of a DMDL focusing just on
the implementation stage. Other phases were simply ignored, so this might have an effect in our results. Regarding this
issue, it should be noticed that the cost of some of these phases might also be reduced thanks to the use of FLANDM.
For instance, a lower testing effort is expected since reused components do not need to be completely tested at the unit
level; an analysis of their modifications and of the integration of the component with the whole system would be sufficient.
For other stages, such as requirements elicitation, the associated cost is expected to be similar. In any case, the cost is not
expected to be higher by the use of FLANDM because of these development stages. Therefore, these simplifications do not
invalidate our conclusions.

We must also consider how appropriate is the use of Lines of Code (LOC) for measuring effort. This is a classical effort
metric whose accuracy has been largely discussed. There are three main drawbacks associated to this metric:
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Change scenarios.
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Fig. 16. DMDL architecture without (a) and with (b) FLANDM.

1. The effort for producing a line of code might vary between languages.

2. Two pieces of code of equal size and written in the same language might have a different cost because one is conceptu-
ally more complex than the other one.

3. Two pieces of code written in the same language and with the same functionality might vary in size due to different
coding styles.

It should be noticed that LOCs are used to calculate the values of b. This parameter is calculated per each development
stage. Therefore, when calculating b, we are mostly taking into account LOCs coming from the same language, e.g. ETL in
step 3.1 of Table 4, and with the same conceptual complexity. Moreover, the differences between the conceptual complexity
of each stage are considered in the weights associated to each stage (see Table 4). These facts contribute to mitigate issues
1 and 2. Regarding the third use, we have ensured, before measuring LOCs, that all pieces of code followed the same coding
rules.

Finally, we acted as DSL developers when implementing the DMDLs for the evaluation. Obviously, we are experts in the
structure of FLANDM, so it may be said that the cost reduction offered by FLANDM is due to this expertise. Nevertheless,
the evaluation results are expressed in relative terms, which are applicable independently to the expertise of the developer
of the DMDLs. For instance, a newbie DSL developer may take more total effort to develop a DMDL by employing FLANDM
than we did. However, if FLANDM helps reduce this effort by -50% as stated, then the reduction for this developer would
be that 50%, although of a larger total effort.

5.2.3.2. External threats to validity. Related to external threats, it might be that the results were influenced by some partic-
ularities of the four analysed DSLs. To mitigate this issue, we relied on third-party case studies, over which we do not have
influence, and which came from heterogeneous domains.

5.3. Reduction of maintenance costs

With respect to maintenance costs, the usage of DSLs might be beneficial, as domain experts have more hands-on control
in the created code; but also it could increase these costs if, as stated by Deursen and Klint [65], the DSL itself needs to
be updated frequently. In our case, the whole FLANDM environment can be considered as an external DSL, whereas each
DMDL derived from FLANDM might be viewed as internal DSL embedded in the FLANDM architecture [8,9]. The definition
of internal DSLs brings some benefits, such as reuse of base language elements, but it might also lead to maintenance
problems, since changes in the base language might have ripple effects on the internal DSLs defined on it.

Therefore, we took care of avoiding these ripple effects. To do it, we put a special effort during the refactoring process of
the original DMDL structure that took place during the development of FLANDM, in order to design a loosely-coupled, mod-
ular DMDL architecture, which is used as base for the definition of new DMDLs. FLANDM’s architecture should contribute
to a better evolution and maintenance by limiting the impact of changes.

To illustrate and evaluate this complementary benefit, this section discusses a set of change scenarios that we have
typically faced. These scenarios can be found in Table 7. The changes range from purely aesthetic fine-grained issues
(e.g. changes in the syntax (ChSc1)) to the addition of new coarse-grained elements (e.g. support new commands in the
DMDL(ChSc4)). For each scenario, we compared how the original architecture of the DMDL for the educational domain and
the new architecture of FLANDM were able to deal with the required changes. Both architectures are summarised in Fig. 16.
For simplicity, in the following, we refer to the architecture of the DMDL for the educational domain as the initial version.



5.3.1. ChScl: syntax renaming or translation

Change scenario ChScl was motivated by a request of some teachers about translating the syntax of the DMDL to Spanish,
which was their mother tongue. This change scenario comprises two different kind of changes: (1) renaming the domain-
independent part of the DMDL, i.e. command names and other keywords such as and or with, and (2) renaming its domain-
specific part, which was comprised of names of domain entities and their attributes.

Regarding renaming of domain-independent parts, the changes can be easily accommodated in both versions of the
DMDL by just changing the concrete syntax definition, thanks to the separation between abstract and concrete syntax.
Moreover, to address completely this issue, error messages shown by the syntax checker and the auto complete feature
were also translated. In summary, the effort was similar in both cases. This was expected, since this benefit comes from the
metamodeling-based approach followed for the language definition in the two versions.

On the other hand, the second kind of changes involved different tasks between the versions. In FLANDM, the changes
were limited to the entities model component, due to the double-named nature of elements (see Section 4.2). In the original
version, this change scenario was not foreseen, and the domain elements were scattered across different components. More
specifically, a change in a term affected the validator, the autocompletion, and the data source connector components.

5.3.2. ChSc2: domain entities evolution

Domains evolve, which means that new domain elements might need to be added or existing ones removed.

Adding a new entity, or a new attribute to an existing entity, implies that new data must be gathered. If an entity or
attribute is removed, data might also need to be removed. This effort is equal for both versions, since neither of them
provide support for the data acquisition stage. Moreover, the data connector component needs also to be updated in both
versions.

Once these data sets have been updated, we would need to modify the DSL syntax to support these new elements and
remove the old ones, as in scenario ChScl. As we mentioned, in FLANDM, this change only impacts the domain entities
model, whereas in the initial version, more components would be affected.

5.3.3. ChSc3: customisation of the query transformation process

As previously commented, some parameters of the data mining processes generated during the transformation of a query
might need to be adjusted to best fit to a specific domain, with the objective of improving their accuracy. These changes
range from the modification of an algorithm parameter of the data mining procedure being instantiated to the creation of a
completely new transformation process that employs another algorithms.

In the original version, code generators were monolithic, tangling the abstract transformation process with platform
specificities, whereas in FLANDM, these stages are separated, which creates smaller and more cohesive modules. Therefore,
this change can be more easily incorporated in FLANDM, since we need only to change some ETL transformations, which
are free of target platform details. In the initial version case, these changes implied to search for actual transformation steps
inside a code generation template bloated of platform-specific details.

If the change requires the creation of a new data mining procedure, in FLANDM, we would need to add it to the data
procedure metamodel. This action would not be required in the initial version, and it is an extra cost we need to pay in
FLANDM for achieving a better separation of concerns. Nevertheless, the effort associated to this extra step is low and it
usually pays off quickly.

5.3.4. ChSc4: addition of new commands

New analyses might be required in a domain, which implies adding new commands that support them. This change
involves updating the DSL syntax, descriptions provided by the content assistant and providing a new full query transfor-
mation process. This full transformation process in FLANDM comprises both the query to data procedure transformation step
and the code generation step. Although the effort in both cases would be similar, as before, we would benefit of a better
separation of concerns in the FLANDM case.

6. Summary and future work

This work has presented FLANDM, a framework designed to reduce the development cost of Data Mining Democratisation
Languages (DMDLs), where each language is tailored to a specific domain. Since these DMDLs share several commonalities,
the development cost reduction is achieved by means of component reuse and customisation.

This framework was built over a previous work [7], where the architecture of a first DMDL was presented. For FLANDM,
we refactored this initial architecture to support and ease component reuse, fixing some flaws detected in it. The refactored
infrastructure allows creating DSLs starting from a generic solution, which gets specialized into the final domain through
modular changes that are easy to introduce.

Two new elements were included in this refactored architecture: (1) an entities metamodel, and (2) a data procedure
metamodel. The first one contributed to encapsulate domain-specific elements in one module. This helped to make the other
components of the architecture domain-independent, and, therefore, more reusable across domains. On the other hand, the
data procedure metamodel allowed the separation of platform-independent and platform-specific issues, making the code
generation components for these DMDLs more cohesive.



The benefits of our approach were evaluated by using a cost model that measured the effectiveness achieved through
components reuse. The obtained results show that the development cost of a DMDL can be reduced by 50% thanks to our
approach.

As future work, we will consider the two following issues. Firstly, as commented, it is difficult to encapsulate data mining
processes that can work accurately for different data sets. So, it is necessary to make changes in these processes when
moving to a new domain [66]. Therefore, we will study how some promising techniques, such as meta-learning [67] or
parameter-less algorithms [27], can help to deal with this issue. In line with this work, we will compare the effectiveness of
data mining processes specified with DMDLs against more traditionally-created ones with the help of data mining experts.

Secondly, it can be noticed that this work did not provide help for the domain definition stage, despite the fact that this
stage consumes a large portion of the effort of developing a DMDL. To mitigate this problem, we are currently working on
a dedicated language, called Lavoisier [48], for domain data acquisition.
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