39th ISTANBUL International Congress on “Science, Engineering & Technology” (IICSET-23) Dec. 14-15, 2023 Istanbul (Turkiye)

Universal Data Warehouse Management System
Research Proposal

Nuno Soares Domingues®?, Joao C Ferreira®3#, Miguel Nuno Gago??

Abstract—The author proposes research on the creation of a
Data Warehouse Management System (involving all its domains:
logical and conceptual data model and language, user interface,
software and hardware) that is more flexible than current
alternatives in adapting to changes in business requirements, while
still improving value to the user.
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I. INTRODUCTION

All organizations need relevant, correct and timely
information to support decision-making in order to survive
and thrive [16] [17] [52] [79] [83]. Business Intelligence (BI)
addresses this need [31] [68] [83], by regularly loading
organization related activity data into a data warehouse (DW)
where it remains kept in an organized manner (data model), so
it can be processed by Online Analytical Processing (OLAP)
software tools that enable its easy exploration, analysis and
visualization by final users so they can make decisions [2]
[36].

By definition, the DW must replicate the organization’s
business structure [30], thus changes to the latter force
changes to the DW data model [21] [72]. Furthermore, these
changes to the DW data model imply, for compatibility
reasons, the need for changes to the OLAP tools [24] [74],
additional to those derived from the evolution of exploration,
analysis and visualization requirements. All these changes,
implying specialized administration, design and development
activities [66] concerning both the DW and the OLAP tools,
involve time, risk and costs at levels that jeopardize the
success or even the adoption of Bl [21] [45] [74] [87].

Thus, it is imperative to create an OLAP oriented Database
Management System (DBMS) that maximizes the automation
of data model and dependent software adaptation to
accelerating changes in organizations, business, and
requirements for data exploration, analysis and visualization
[21] [37] [53] [87], while still improving user value.
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The creation of such system is the goal of the research
project presented in the current proposal, encompassing 7
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layers: logical data model, conceptual data model, data
language, user interface and experience, software
development, hardware optimization and embedded data
analysis/mining.

Il. MOTIVATION

This research will add a novel theoretical vision on data
through new algebraically founded generic multidimensional
logical and conceptual models. It will benchmark current Bl
practices and bring a new more efficient set of data languages
(for queries, manipulation, definition, navigation, calculation,
data mining and visualization) and a new DBMS optimized
for performance and scalability of the new logical model and
for intuitive exploration, analysis and visualization tools
reflecting the conceptual model.

IT market analyst Gartner reported a ratio between 70% to
80% for BI project failures [43], and Watson and
Ariyachandra [85] mentioned an industry percentage of 30%
to 50% of data warehousing projects either belated or out of
budget. The current research will contribute to counter such
disastrous trend, as the intended solution will allow adopting
organizations to significantly lower time and costs on system
resetting, database and programming skills, business loss due
to downtime and risk of data inconsistency or loss derived
from task complexity and dispersion. The solution will help
avoid Bl projects failure and abandon that are mostly due to
their unsuitability to business while resorting to a corrective
plan turns out to be too costly, too slow or too late.

The solution will permit very short implementation times
for full Bl systems or just upgrades. It will ease data
integration and migration between organizations, as well as
between integrated systems [10], laying the path for extending
data warehousing concepts beyond Bl. Another aim of the
presented research is to minimize disk waste [82] by physical
data storage optimization.

For all mentioned reasons the solution is candidate to a
new standard framework for data warehousing.

I1l. STATE OF THE ART

A. Business Intelligence

Commonly, Bl means automatic delivery of information
to decision-makers in an easy way so they can quickly decide
[64], despite many not always coincident definitions [46] [69]
[83], and lack of academic systematization [40] [58].
Nevertheless, there is consensus that Bl encompasses 3 areas:
data gathering, data storage and information delivery [33] [70]
[59]. As these areas require software, they can benefit from
agile development methodologies [3] [4] [18].

B. Database Management Systems and Data Models

DBMSs address limitations of independent system files
for data storage [73]. Nevertheless, the first DBMSs, based on
the hierarchical (HM) and the network models (NM), required
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complex development for simple queries and had no solid
theoretical grounding [12] [19].

The relational model (RM), supported on relational
algebra [12], is the basis of the relational second generation
DBMS [19]. Its fundament is the independence between data
representation and machine implementation, which, coupled
with a high-level data access language (SQL) [6] constitutes
an important advancement over its original competitor,
Bachman’s NM. Further research on relational databases
normalization [12] [23] reinforced the RM simplicity and
robustness.

Notwithstanding, Kimball [44] confronts and bashes the
RM against the dimensional model (DM) he defends, though
the DM is in fact just a denormalized RM. When extending a
DM, new tables, columns and relationships must as well be
created, requiring downtime, specialized work and
reprogramming [44].

In fact, promises are not entirely fulfilled, neither by
Codd’s RM “to free users from the frustration of having to
deal with the clutter of storage representation details” [15],
neither by Kimball’s DM that “a (...) strength of the
dimensional model is that it is gracefully extensible to
accommodate new data elements and new design decisions”
[44]. Though the OLAP concept was already defined by Codd
since 1993 [16], there is still work to be done to fullfill the 12
rules he established for it: multidimensional conceptual view;
transparency; accessibility; consistent reporting performance;
client-server architecture; generic dimensionality; dynamic
sparse matrix handling; multi-user support; unrestricted cross-
dimensional operations; intuitive data manipulation; flexible
reporting; and unlimited dimensions and aggregation levels.

A third generation of DBMS features object-based logic:
Object-Relational (ORDBMS) and  Object-Oriented
(OODBMS). They combine data structure and dynamic
processes, promising flexibility though at the expense of
complexity and cost [19] [87].

Traditional relational databases have some maximal limit
to the number of columns in a table, and it’s awkward to add
constantly new attributes as columns [57] [87]. Most
Electronic Patient Record Systems (EPRS) have this problem
solved by using the Entity-Attribute-Value (EAV)
representation model, or Row modeling, where attributes are
treated as data [26]. Such generic idea, aiming at recording all
kinds of entities, attributes, values and relationships with
maximum flexibility, has led to several model concepts:
Universal Data Model (UDM), Generic Data model (GDM),
EAV with classes and relationships (EAV/CR) and vertical
design (VD) [28]. The potential advantages of such
approaches are simplicity and easier maintenance, despite lack
of consensus and discussion [28].

Anchor modeling, an agile data modeling technique [66],
allows extending the DW while keeping all previous versions,
that existing software can keep accessing. Despite the authors’
claim of simplicity, the Anchor Model (AM) is built upon a
large number of concepts, and its classification is complex and
more controverse than in traditional models [29]. Like EAV,
a reduced and fixed number of columns avoids data access
inefficiency and the need for a database administrator (DBA)
or architect [9] [19]. However, the fact that AM versioning is
achieved through dynamic SQL that adds fields and tables,
indicates that this task could as well be done with any other
model, namely a third normal form (3NF) RM [67].
Furthermore, AM tables become quickly very numerous and
are not fully generic, as it is always necessary to create more
than one new table for each new entity or event [29].
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Jovanovic et al. [42] criticize AM for the excessive
number of concepts, and for its lack of real-world experience
compared to Data Vault (DV) modeling, though they
recognize both are adequate to intermediate storage as defined
in DW 2.0 philosophy [38]. DV patented model, initially
presented in industry by Linstedt [50] [51], and conceptually
reviewed and systemized by Jovanovic and Bojicic [41] as
Conceptual Data Vault (C-DV), only uses three concepts,
Hubs (entities and events), Links (relationships) and Satellites
(attributes), and functions as AM, though in a simpler way.

Gago [29], after reviewing the above-mentioned models,
conceived the Zero Effort Entity Network (ZeEN) logical
model, where all dimensions, relationships and facts are
recorded in only two tables, in a generic implementation that
fits any business case, and compares it favorably to traditional
alternatives  (relational and dimensional) and AM,
demonstrating its ability to support complex multidimensional
analysis and scalability needs, while dramatically reducing
maintenance costs. The author suggests further research:
formal algebraic proof of ZeEN validity and conceptual
equivalence to known models; automatic data source
detection; new data definition, manipulation, analysis,
calculation and navigation languages; support to various data
domains and additional metadata; fully generic query
algorithms; and full development of a ZeEN DBMS.

NoSQL represents a class of databases that don't follow
the established RDBMS principles [81], like ACID
(Atomicity, Consistency, Independence and Durability)
constrained transactions [20], as they relax transaction
consistency in favor of higher availability and scalability [11].
Main reasons for the NoSQL movement are avoidance of
unneeded complexity and achievement of high throughput and
horizontal scalability over cheap hardware [77], enabling
distributed parallel computing and massively scalable internet
applications [81]. Though RDBMS have been efficient
tackling with geospatial data, geographic information systems
(GIS) applications are also turning to NoSQL [65]. In clinical
data management, NoSQL has potential to become a key
database technology [48], facilitating high query speed,
superior to Extensible Markup Language (XML) technology.
More than 150 different NoSQL engines exist, with their own
data models and interfaces [5] [27] [76], though they share
common features [7] [11]. NoSQL data stores can be
classified according to their data model [11]. Some authors
use a broader definition of NoSQL, including graph database
systems, object-oriented database systems, distributed object-
oriented stores [11], array databases, and column oriented
datastores [65]. In face of such diversity, standard frameworks
are emerging, namely a common benchmark [20] and a
common interface [7]. Cattell [11] defends that any variant of
SQL or NoSQL can be best suited to a specific application.
Notwithstanding, NoSQL still attracts some skepticism both
on the business side [77] and in academy [75].

C. Data definition, manipulation and navigation languages

SQL was an important breakthrough in the 1970’s as it
facilitated querying relational data, with a syntax near to
natural language, while operating on entire data sets [12] [13]
[14] [22], so it became the most popular language for
databases, albeit with limitations in  navigating
multidimensional data. Later, Multidimensional Expressions
(MDX) language [86] tried to address such limitations by
providing a potentially easier way to specify dimensions,
hierarquies and metrics. However, there’s enough consensus
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that it didn’t fully succeed [32] [54] [79] [84], though MDX
became the standard de-facto due to market reasons [79].

As an alternative to MDX logic, Thomsen [79] [80]
proposes a multidimensional model including a dedicated
language for navigation, Located Contents (LC), that is fully
grounded in mathematics and logic. The author claims that LC
has the capacity to generalize any OLAP model, and that its
features are being gradually implemented by OLAP vendors,
though LC remains confined to academia. Alternative
multidimensional models with language logic have been
proposed, like AMD [87] and SQLM OLAP [60]. There have
also been some attempts at developing tools for maintaining
NoSQL databases without having to deal directly with APIs,
as an unified calculus [8], a generic schema evolution
interface and language, and a generic database programming
language [71].

D. Exploration tools

In general, information power users use SQL to access
operational databases and relational data warehouses, while
the remaining information workers use special purpose
exploration and visualization tools. Power users also normally
use multidimensional navigation tools for OLAP rather than
the complex MDX. These tools commonly make use of own
technology for dealing with proprietary information cubes.

Software such as Excel allows standard multidimensional
data manipulation (albeit with some limitations [61]), thanks
to Open Database Connectivity (ODBC), a protocol that
enables access to proprietary cubes and thus makes OLAP
transparent to the user, one of the 12 Codd’s requirements for
evaluating OLAP products [16].

There is additional research on transparent front ends,
tools, languages and interfaces to OLAP over various data
models [56] [39] [78] [35] [47] [70] [71].

E. Conclusion

There is still need for multidimensional DW conceptual
and logical models and corresponding DBMS that respect all
fundamental requirements of OLAP [41] [79] [1] [61] [63].
User interface for OLAP is an important aspect of the DBMS
where many areas are still open [47] [70] [78] [35], and where
the possibility of directly obtaining state [87], not just
attributes, from data, i.e. data mining, represents a promising
research avenue.

IV. OBJECTIVES

The research goal is to deliver an OLAP oriented DBMS
for data warehousing — the Universal Data Warehouse
Management System (UDWMS) that maximizes
automation of data model and dependent software evolution,
is based on novel theory and improves OLAP user value,
encompassing 7 layers (logical data model, conceptual data
model, data language, user interface and experience, software
development, hardware optimization and embedded data
analysis/mining), while answering these research questions:

A. Generic

How can we conceive an OLAP DBMS in which
implementing business rules changes has lower maintenance
impact in the data model and dependent tools than in
traditional systems, while still improving the value of OLAP?
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B. Specific

e How can we formally define a new generic logical data
model that theoretically fully abstracts any conceptual
multidimensional model?

e How will such model test?

e What Extract, Transform and Load (ETL) operations
will be eliminated or simplified by using the new
logical model (hamely pre-aggregation of data cubes)?

e Will it require additional operations?

o How will it impact data storage devices utilization?
e How will it impact BI projects’ risk?

o How will it impact query performance?

e What will be the most efficient way to manage
metadata in this model?

e How can we formally define a new conceptual
multidimensional data model that fully supports OLAP
requirements, namely for hierarchies and navigation?

e How can we design a new unambiguous, and simpler
than existing ones, multidimensional data management
language with  sublanguages for  definition,
manipulation, navigation, querying and calculation,
based on the new conceptual model?

e How can we prototype new OLAP interfaces and tools
(visual and other) that interact with the new conceptual
model and languages while improving OLAP value?

e How can we develop a full usable OLAP DBMS based
on the data model and prototyped interfaces and
languages?

e Will ETL operations be easier than current practice
when using the new DBMS?

o How will it benchmark in query performance?

o How will it impact data storage devices utilization?
e How will it impact BI projects’ risk?

e How will user experience improve?

o Will the user obtain higher information value?

o Are there specific hardware technologies and
configurations that can optimize the implementation of
the new DBMS?

e How will it scale to “Big Data”?

e How can we seamlessly integrate data mining
algorithms and processed calculations in the DBMS,
through modeling, software and hardware techniques?

V. RESEARCH PROJECT PROPOSAL

A. Basis for work development

For the stated research goal, as it aims at answering
questions relevant to a human problem (organizing and
exploring information) via the creation of innovative artifacts,
the appropriate research paradigm is Design Science Research
(DSR) as proposed by Hevner & Chatterjee [34]. These
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authors acknowledge that Design Science Research Process
Methodology (DSRM) [62] provides a commonly accepted
framework and a mental model for the presentation of research
under such approach, and we found it to be an applicable
systematic guideline to our design situation and problem
context, as shown in the following description.

B. Work description

Our work will be pursued along the six activities of
DSRM, synthesized by Peffers et al. [62] from previous efforts
in Design Science Research:

Activity 1 - Problem identification and motivation.
This is covered in the previous sections Introduction,
Motivation, State of the Art and Objectives, which
render what is the currently existing problem in data
warehousing that hinders Bl processes, and why it is
utterly important to overcome it.

Activity 2 - Define objectives of a solution. Section
Objectives enumerates the questions the problem
raises and declares the intended artifactual solution
that the respective answers will lead to.

Activity 3 - Design and Development. Deductive and
inductive reasoning will lead iteratively to full
conceptualization of the new data architecture. Data
models traditionally used for data warehousing, the
Relational Model and the Dimensional Model [41]
[61] and respective DBMSs will be reviewed, as well
as alternative approaches proposed in literature and
practice, like Anchor Modeling [66], Data Vault [41]
[50] [51], Entity-Attribute-Value [55], Associative
Model of Data [87], NoSQL and NewSQL (ACID
enforced NoSQL), in order to serve as a basis for the
definition of both logical and conceptual new data
models. Existing high-level data languages will be
reviewed, along with multidimensional conceptual
modeling research, in order to lay the foundation for a
new conceptual model and language comprehending
sublanguages for navigating, querying and visualizing
multidimensional ~ databases, defining schema,
manipulating data, calculating expressions and
aggregations, and real time data mining. State of the art
data mining techniques will be reviewed and adapted
to enable embedding in the DBMS prototype. Existing
user interface paradigms and metaphors will be
analyzed and compared in order to merge best features
and eventually trigger a new concept that permits the
smoothest, most intuitive and richest human / machine
interaction in the DBMS. Low-level programming
languages and physical data storage and access
optimization techniques will also be explored, as to
enable the concretion of a fully functional autonomous
DBMS prototype made to fit the new
multidimensional logical model and the new interface
concept.

Activity 4 - Demonstration. Algebra literature will be
reviewed and compared, especially related to data
models, such as relational algebra [22], graph theory
[25], Located Contents logic [79], Multidimensional
SQL (SQLM OLAP) [60], and relational algebra with
groupings and aggregates (ALGaggr) [49], in order to
allow theoretical understanding and validation of the
researched models, and a foundation for the new data
artifacts: the logical model will be formally defined
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and proven to satisfy logical independence, the
conceptual model will be proven to be theoretically
grounded on first-order logic, and the new data
languages will be proven to map to a self-contained
algebra that adheres to the conceptual model. Proofs of
concept of these artifacts will be further validated
experimentally using simulated data representing
example cases of real-world requirements. The DBMS
interface will be demonstrated in a DBMS mockup
first, then together with the DBMS itself when the
software is ready, then finally on top of the new
hardware artifacts. These demonstrations will
contemplate not only OLAP manipulation, but also the
new OLAM functionalities.

e Activity 5 - Evaluation. An experimental approach will

be used to benchmark the new DBMS artifacts against
reviewed alternatives on a specific business scenario,
in a first step using simulated data. Then, after
optimization of the data implementation, language and
user interfaces, prototypes will be tested with real-
world business cases from organizations that adhere to
the project, in parallel with their current systems,
allowing to assess impact in ETL, storage, risk and
performance. The criteria for reaching the research
goal, that will be used for testing and benchmarking
the solution, will be: cost minimization, simplicity and
easiness of required administration tasks, effort and
time needed for implementing and maintaining the
system, risk of system being abandoned or failing to
meet requirements and deadlines, and maximization of
simplicity and elegance of the solution.
Complementarily, other important aspects will be
evaluated in order to apprehend the effective value of
the solution: query performance, scalability, regular
ETL time and effort, and volume of physical storage
required.

e Activity 6 — Communication. The design process

results for each artifact (logical model, conceptual
model, data language, user interface, DBMS software,
dedicated hardware, and data mining embedded
feature) comprehending the previous activities will be,
at successive moments along the four years of the
research, published in appropriate journals and
presented in conferences of a relevant area, as well as
being showcased in the companies that collaborated in
the research. A PhD thesis will be delivered and
defended at the end of the third year of research,
covering the themes that are closed by then.
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