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Abstract For several years, Big Data has been considered the next evolution for
processing various data in Data Lake. However, one of the major difficulties for Big
Data development is its need for structured knowledge. This is why, a large part of
research focuses on ontologies formalization that has, among other things, given
rise to ad hoc languages as Web Ontology Language (OWL). In this paper,
ontologies were embedded into Data Ponds to operate and cooperate with agents.
Indeed, a new architecture has been built based on traditional multi-agent system in
a Big Data context. This architecture enables end users to access to information
from Data Lake in real time with the slightest effort. This issue has been the subject
of research for nearly ten years, but it remains one of the major obstacles to Big
Data development.
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1 Introduction

Companies put the capitalization of their data at the heart of their digital trans-
formation to upgrade it later. Data Lake (DL) is positioned as one of solutions that
enhance data capital of organizations. It is designed to catalog, capture, store,
exploit, manipulate and manage a large amount of available data. First perceived
only as low-cost storage environments [1], the potential for leveraging data it stores
has transformed it into a strategic issue for organizations [2].

The Fig. 1 illustrates the potential market that this topic represents for organi-
zations in world level and its importance in industrial world. The global DL market
size is expected to grow from USD 7.9 billion in 2019 to USD 20.1 billion by 2024,
at a Compound Annual Growth Rate (CAGR) of 20.6% during the forecast period.
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The challenge of DLs is very real and the expectations of significant return on
investment.

The adoption of DL concept has been accelerated with the convergence of the
need for federated platforms in companies, to facilitate the exploitation of data, and
technological possibilities around certain technologies associated dealing with large
amounts of data [3].

The primary objective of DL is to allow exploration, without preconceptions, of
all data that compose it, with a view to discovering new information referrals to be
exploited in the context of an organization’s data valuation. DL is a system driven
by data that completes decision-making system in place. It becomes an essential
component of information system, under the influence of Big Data [4, 5].

To better understand DL concept, its positioning in the information system,
involves understanding its challenges at organization level and in industrial envi-
ronment that sets it up. In the following sections, we present the synthesis of our
research work on the challenges of DL and we propose a new architecture design to
tackle these issues for a better data management.

The goal of this paper is to present our approach that improves Data Ponds
(DP) data management by using agent paradigm in a new DL architecture. This
paper is an extended work of our previous contribution in DL challenges [6], the
complementarity of DL and Data Warehouse (DW) approaches based on a
multi-criteria decision making method [7, 8]. New DL system using ontology
model in Covid-19 use case [9], MQL2SQL (Mongo Query Language To
Structured Query Language) for transforming data from MongoDB into RDBMS
[10], a global proposal DL architecture design [11] and a clustering approach based
on K-means based on metadata for DP construction [12]. A recent work focused on
presenting ontology construction into DP [13].

In this paper, we develop the edge level, which collaborate, with our previously
developed DL architecture in order to deploy the proposal architecture presented in
this study that highlights the importance of DP in DL architecture construction.

Fig. 1 Market development for Data Lake solutions ( source: MarketsandMarkets Analysis)
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The reminder of this paper is organized as follows. In section two, it presents the
knowledge engineering work that has contributed to authors’ reflection for this
research. However, it is not intended to cover this domain in full because the
literature offers this type of panorama. This contribution differs from traditional
approaches, of which it ultimately contains few elements. However, this study will
emphasizes on needs and results in terms of data analysis, because our goal is to
build and maintain a new data management system. Section three describes vali-
dation and experimentation of the proposed architecture. Finally, section four
concludes the paper and outlines future work.

2 Related Work

Our first work [6] on the state of knowledge on DL allowed us to list the main
academic contributions around this subject, they are still limited but are increasing.
As proof, the work of Ansari [14] around semantic profiling in DL. The work of
Fang [15] is a first position in the literature on DL, for him, DL (1) supports data
storage, in its native form, at low cost. This cost is low on two aspects, the storage is
done on so-called “convenience” servers (X86 technology) and mainly because
there is no formatting, cleaning or data preparation (step usually very expensive),
(2) stores a wide variety of data types, from blobs to traditional DBMS, data
multi-structured with multimedia data, (3) does not format data until it is used. This
means that the efforts expensive modeling and data integration are reduced with this
approach. This approach is known as schema on read, (4) performs analysis based
on a single domain. As the value is initially fuzzy, users must therefore develop
specific analysis to use data, (5) governance strategies are configured to identify,
reuse and eliminate data. (6) Indicates data source, including the indications on their
origin, who has changed them, what version of their change, etc.

For Fang [15], there is no particular basic architecture of DL and he strongly
associates the creation of a DL with the implementation of an Apache Hadoop
environment. In addition, he sees the decline of decision-making system in favor of
DL, which he even sees in the long term in the cloud technology. In his work, the
DL is seen as a data management methodology where all data of an organization is
gathered, physically, on a platform based on Apache Hadoop.

He warns of the risk of data non-governance, like any conventional data man-
agement project. We deduce four limits to Fang’s vision of DL:

– It focuses exclusively on Apache Hadoop technology.
– It does not take into account the fact that certain criteria could “block” the

movement of data, such as data gravity.
– The governance axis is decoupled from DL,
– DL is seen as the “killer” of DW.

In [15], there is no proposition around the architecture of DL. As part of our
works, we look to the industrial world to examine the architectures studied or
implemented, and let’s try to find their points of convergence and divergence to
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establish our point of view. The work around architecture in industrial world is led
by software vendors, related to Hadoop technology [16], such as Cloudera [17] or
MapR [18] and their architecture vision is strongly influenced by their platform
(Fig. 2).

IBM [19] is the only one to offer, through its work, a developed and mature
architectural vision, certainly oriented by the software products that promotes, but
which addresses a number of issues that we ask. The first works of IBM on DL does
not use the word “Data Lake” but “Data Reservoir” [20], name that under pressure
and marketing craze for the word “Data Lake” will be abandoned. However, this
denomination of “Data Reservoir” is an indicator of the first industrial works which
are beginning to question, quickly, Apache Hadoop technology as the only answer
to DL implementation.

3 Towards a New Data Lake Architecture Design

The concept of DL was born from the Big Data and Apache Hadoop technology
influence. Its design is adequate with current software on industrial market, and is
therefore focused essentially on technologies. We have seen in previous section that
the relation between DL and Apache Hadoop was very limiting and no longer
corresponded to organizations expectations, as well as DL concept. We have seen its
evolution in term of architecture with the appearance of hybrid architectures [21].

The idea behind the proposal architecture comes from the perception that in
many domains, applications are not an isolated systems, but share needs, func-
tionalities and properties. The general idea of this research is to take advantage of
these commonalities to define a basic architecture from which new applications can
be built easier, faster and with a higher level of quality.

Fig. 2 Data Lake Reference Architecture proposed by IBM [19]
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To date, there has been no work on the formalization of DLs in the scientific
literature. The industrial software businesses posed the problem, essentially pro-
posed software solutions but did not never addressed the formalization of DL [12].

As part of our work, we want to experiment this architecture based on agent
paradigm, ontologies and assess the relevance of this approach for formalizing DL.
Our expectations around this architecure are therefore (1) proposing a list of
components to set up for operating DL without being transformed into Data
Swamp. (2) Initiating a formalization process for DLs.

3.1 System Overview

The proposed system in this paper is introduced in Fig. 3. Global goal that agents
and ontologies should achieve is to support process while using existing DW
systems for business analysis and employing information from DP. To support this
goal, this system includes several agent roles that are as following Server Agent
(SA), Information Agent (IA). These agents have both reactive and proactive
characteristics. Reactive are mainly due to responding to the environment according
to the model defined in the Knowledge Base (KB) they use. Proactive are due to
their ability to learn from the environment and change the initially defined KB to,
for example, improve performance. Ontologies are used as a main interconnection
object for domain knowledge representation, agent-to-agent communication and
most important for agent-to-business user communication. An important element of
an environment is DP, where agents acquire information for the purpose of decision
making. Retrieved Information (RI) is saved in a KB and available for further
employment for DW analysis. All information gathered from DP is considered by
IA, where inference over several task ontologies used by individual agents (SA and
IA) is performed. Moreover the sub goal of this system is delivering the right
information at the right time to the right users. Business users are able to employ
agents to perform tasks on their behalf. For example, managers in enterprises have
to request reports from their systems – OLAP (Online Analytical Processing) or
from transactional databases, and managers have to review reports every appointed
period of time (day, week, month, etc.). This task of information acquisition is
predecessor for decision-making and is more or less straightforward - business user
sends a request for analysis and reviews the content according to some Key
Performance Indicators (KPI). KPI is simply a measure of performance and is
commonly used in enterprises to evaluate how successful they are. Tasks like this
are automated and user participation is reduced as much as possible. An initial
analysis model (e.g. OLAP or DM) has to be captured in the ontology by business
users, while execution and optimization is left for agents. Business users first define
initial parameters for analyses to be performed, while agents perform these analyses
and recommend improvements. When some action is required from business user,
he is notified and has the ability to act or change rules of agent’s execution.
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To enable these functionalities we introduce ontologies as a mediation mecha-
nism for knowledge exchange between actors (agents and business users) that
cooperate in this system.

In this system, agents interact via communication languages (FIPAACL,
KQML, etc.) in order to reveal information by sending messages to each other. In a
message linked to a given communication language, information is represented in
the form of a content expression, easy to transfer, encoded with the appropriate
format (character string, sequence of bytes, etc.) and conforms to a content lan-
guage, which may or may not be understandable by humans (SL, LEAP, etc.).
However, each agent can have its own disposition to represent information, which
is not always easy to handle, hence the notion of ontology that aims to facilitate the
manipulation of messages exchanged between agents. These ontologies define a
vocabulary and a set of relationships that connect different elements of this
vocabulary, which represents an adequate solution to the proposed negotiation
protocol, which goes beyond the limits of traditional agent communication.

4 Conclusion

The interest of our work for a wider scientific community lies first in having
grouped together a number of standard methodologies for data processing within
one system. Second it lies in the fact that this system describes a data workflow
from the DL to end user from where its requests passed by an intelligent system of
ontologies and agents that collaborate in order to meet companies needs in real
time.

Fig. 3 System overview
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