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ABSTRACT

Fast decision making is becoming a crucial element for companies, as the market
is requesting more flexibility and agility from companies in order to be really
competitive. The complexity coming from the enormous increase of data volume
generated worldwide and the availability of real time data at an unprecedented
growing rate, force organizations to adopt new approaches and strategies. The
COVID-19 pandemic prompted organizations to re-design their strategy and
processes, with particular focus on data analytics and insights, so these
capabilities become a key element for companies and organization of any size. The
concept of a data driven organization has recently become popular due to the
adoption of several new technologies that are supporting new data platforms and
architectures worldwide. One of the new enabling technologies is Data
Virtualization, that allows organizations to manage and integrate data at a logical
level, more efficiently than with the traditional approach, with a 50% to 90%
advantage in terms of time and cost reduction. The benefits can be defined as a
“Value Chain”, providing faster data delivery, time saving, speed of action, and
ultimately advantages in terms of cost savings, revenue increase and risk
mitigation. Speed is a strategic element to allow faster and cost effective decision
making, and speed is what is delivered by innovative software technologies like
Data Virtualization. Technology adoption is a key element, but organizations who
want to be flexible and data-driven, need to also adopt a clear strategy to manage
people and process accordingly. Culture and know-how are required as well as
innovative technology to transform companies in fast decision-making
organizations. We analyzed 170 projects worldwide in 21 different industries, and
presented several case studies where Data Virtualization solution provided real
business benefits, for banks, telecom service providers, Government agencies,
high-tech and manufacturing organization.
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1. INTRODUCTION

The post-COVID-19 era is posing unique challenges to decision makers who
are pressed for faster action without breaking the business. The pandemic
has shown that having the right data at the right time is crucial to make
efficient decisions.

Traditional economic indicators and company data can be inadequate
owing to issues of timeliness and granularity. Companies in a wide range of
industries and countries have accomplished difficult tasks and achieved
faster data delivery, which result in less time to use data and take critical
decisions in a very competitive environment.

Re-thinking the entire organization, through the so-called digital
transformation, means increasing the speed of decisions and accelerating
the scope and scale of innovation. COVID-19 has unveiled the pivotal role
of technology and the way data are used and consumed for business
purposes. “T'echnology changes, economic laws do not” (Shapiro and Varian,
1994), this simple idea describes the importance of the real economic value,
the effectiveness of a technology to be widely adopted. There are many
technologies that have been developed in the last 50 years, in particular in
the software and hardware industries, but the ones that are really relevant
and have been implemented, are the ones that delivered economic and
business benefits, in terms of productivity and cost savings compared to the
existing ones.

In the last years, costs of data collection, storage, and analysis have been
decreasing, and companies have the potential to change many processes in
their organizations (McAfee and Brynjolfsson 2012). At the same time,
changing organizational systems to adapt to new technologies is costly,
time-consuming, and risky (Bresnahan and Greenstein 1996, Brynjolfsson
and Hitt 2003, Tambe and Hitt 2012) and dependent on other systems
within firms (Milgrom and Roberts 1990, Rivkin 2000).

Our study emphasizes the managerial practices required to take advantage
of new digital resources in the post COVID era. Companies deployed
several new architectures and technology (e.g. data lake, Al models, cloud
application, analytics tools) that increased complexity and are not designed
to follow the current need for speed, flexibility, and innovation.

Therefore, companies need to plan a different architecture for their data
platform/stacks to maintain and increase competitiveness, leveraging cloud
and new concepts and technologies. Several enabling technologies can be



used to re-architect the existing platform and to reach significant benefits
in terms of speed, flexibility, and speed of delivery:

- Cloud service providers (e.g., AWS, Microsoft Azure, Google Cloud);

- SaaS solutions (e.g., SalesForce; Pega, SAP, Oracle);

- Cloud-Based Data Platforms (e.g., Amazon S3, Google BigQuery);

- API management platform (e.g., Google Apigee, Mulesoft);

- Real-Time data processing (e.g., Apache Kafka);

- Data virtualization (e.g., Denodo; Tibco, Dremio);

- Flexible data schemas (e.g., Graph databases, Azure Synapse
Analytics).

In particular, we are interested in analyzing managerial practices that are
oriented to predictive analytics and can be adopted to integrate data and
leverage them in a much more effective way, the so-called data
virtualization - with great benefits in terms of operational advantages and
strategic opportunities. In fact, almost every company that was interested
In predictive analytics accepts there were data related problems that
generated a negative effect on business and extra-costs to re-conciliate
data. An efficient enabling solution must process the continuous new
information needs of a company. During the COVID-19 emergency, data
virtualization i1s very appealing for companies because they can reduce
costs and implementation time , while increasing their agility, and reusing
the data. Adopting a data integration tools portfolio should respond to
various integration needs and should support the data access
requirements, thus representing a possible solution to taking real time
competitive decisions that can respond to the present market’s uncertainty
and economic conditions.

We have studied 170 projects in 21 different verticals developed by Denodo,
to understand the reasons and the implications of the adoption of data
virtualization. The outcome demonstrated the effectiveness of this
technology from a business standpoint not only in operations benefits but
also at a more strategic level. Data virtualization can bring cost savings in
an IT infrastructure, but also allow the creation of new revenue
opportunities and re-thinking of the business model.



2. DATA DRIVEN ORGANIZATION BENEFITS AND
CHALLENGES

In the recent years, one of the most interesting trends has been the
evolution of how data are managed and analyzed in companies. The “Data
Driven Company” concept is not new, but highlights the companies’
interest to get the highest value from the data and the digital
transformation process. Digital transformation of business is highly
interconnected with the rise and evolution of several trends of the last 20
years such as the increase of connected devices, higher computing power at
lower hardware and storage cost, cloud adoption and the analytics and Big
Data concepts.

Data will influence any business decision not only at an operational level,
but also at a strategic level. Machine Learning and Artificial Intelligence
will play an increasingly crucial role in business operations. Data is at the
heart of the digital transformation process, as most companies rely on data
and will increase this dependence in the future. Digital transformation is
not related to the evolution of devices, but it is about the integration of data
into everything we do. Always tracking, always on and always learning
(Rydning, 2018).

Companies are collecting data at unprecedented speed and volume, and
this increase is not going to slow down. Many organizations are leveraging
data and analytics to improve their performance, but there are still some
challenges to use data properly, or at their full potential.

However, many executives consider their data’s potential hasn’t been
reached yet, mainly because it is still separated in different siloes and
systems. In a research by PWC (2019) it is highlighted that executives
believe they can get an enormous value just with the possibility to better
access and use data they already have inside the organization, with a
potential effect on cost savings by 33% and increased revenue of 31%.

The main benefits expected from companies to be data driven are to get
better insights to better address customer needs, to achieve better decision-
making and gain process and cost efficiency. The real effectiveness of a
data driven organization is multidimensional and depends not only by the
adopted technologies, but also by the people’s know-how and by the
organizational culture.



The biggest barriers companies face in extracting value from data and
analytics are organizational, because there are many struggles to
incorporate data-driven insights into day-to-day business processes.
Leading companies are using their capabilities not only to improve their
core operations, but to launch entirely new business models. We believe
there 1is still a great potential in appropriately leveraging data and
analytics and the value is still uncaptured in different ways in different
verticals. The lack of analytical talents is the typical barrier, alongside
technological barriers (i.e. legacy software/hardware systems and
infrastructure; lack of centralized platform; data silos; user friendly
systems, etc.) which companies must overcome to perform in the data
driven economy.

The improvements in data collection, storage, and processing capabilities
have created new opportunities for managerial activities - i.e., data-driven
decision making (Brynjolfsson and McElheran 2016). Data is considered
“the new o0il” (Acito and Khatri 2014) and emphasized as a source of
competitive advantage (Lambrecht and Tucker 2015).

Brynjolfsson and McElheran (2019) found systematic evidence showing
that data-related management practices are causally linked to better
performance in a wide range of operational settings. Firstly, data-driven
decision making 1is correlated with improvements in revenue-based
productivity of 4-8%. The timing and the IT investments are essential to
understand the magnitude of managerial decisions. Data driven decision
making has a stronger relationship with performance in earlier years and a
stronger correlation with IT infrastructure investments in later years, as
diffusion increases (Athey and Stern 1998; Brynjolfsson and Milgrom
2013).

A data driven organization starts from the assumption that imperfect yet
“more informative” sets of inputs weakly improve performance. Most
companies have reorganized their data architecture, collect data from novel
sources, design algorithms to model data and derive insights, and hire or
train the talent to do it all. The investments for these efforts have been
very high and have led to more-precise information through higher-fidelity
measurement. The tools and techniques for data collection, management,
and analysis have allowed firms to run online experiments and leverage
increasingly powerful empirical techniques to uncover new relationships
(McAfee and Brynjolfsson 2012, Chen et al. 2012, Tambe 2014).

Empirical studies found the benefits of using data and automation in
decision making by individuals in a wide range of settings (e.g., Pierce et



al. 2015, Hoffman et al. 2017, Kleinberg et al. 2017) and to mitigate the
psychological biases in decision making (e.g., Milkman, et al. 2009).

At the organization level, the benefits of using data are associated to IT
investments to change organizational design (Brynjolfsson et al. 1994;
Brews and Tucci 2004; Ray et al. 2009; Bloom, Garicano et al. 2014; Rawley
and Simcoe 2013; Forman and McElheran 2019), business model strategy
(Gambardella and McGahan 2010, Casadesus-Masanell and Zhu 2013), and
competitive advantage (Bharadwaj 2000, Ray et al. 2009). Technologies
that enable greater information collection and facilitate its extraction
improve companies’ performance and reduce resource misallocations with
lower production and coordination costs (David et al. 2016).

A data driven organization helps managers to legitimate their decisions
through accurate data and objective quantitative measures that can
1mprove the quality of the decisions. More accurate data causes managers
to replace managerial intuition with objective information (Brynjolfsson,
and McElheran, 2019). Objective data and information improve the
relationship inside the organization and the transformation of tacit
knowledge in explicit.

A data driven organization increases employee engagement and results in
more effective managerial leadership in companies (Gibbons and
Henderson 2012). However, companies have to invest in greater
standardization and instrumentation of processes that “involve managerial
time and attention, as well as the opportunity cost of worker effort devoted
to these discovery, formalization, and socialization processes instead of
producing more measurable outputs” (Brynjolfsson, and McElheran, 2019).

Industry and country determinants can affect the benefits and the costs to
become data driven. Initial investments are significant and the industries
that are already skilled in collecting vast quantities of data (such as
financial services, telecommunications, lean manufacturing), can more
easily turn to predictive analytics to reduce uncertainty and improve
efficiency in the firm, market, and supply chain outcomes (Lambrecht and
Tucker 2015, Dilda et al. 2017, Agrawal et al. 2018).

At the same time, the importance of complementary investments and
organizational adjustment are strictly dependent on technological progress
in terms of computers, software applications, and network infrastructure as
well as the government policy and culture (e.g., high speed connection, 5G
infrastructures; privacy and competition laws).



Adopting improved technologies and data-centric practices are likely to
result in higher relative returns (Karshenas and Stoneman 1993,
Stoneman 2002). The sustainability of competitive advantage is longer
when the cluster of complementary investments is more complex,
embedded, and causally ambiguous. The performance gains should
decrease while correlated adoption rises (Brynjolfsson and Milgrom 2013).



3. HOW DATA VIRTUALIZATION HELPS COMPANIES TO
BECOME MORE DATA DRIVEN

Companies and government organizations today intend to use data to
improve business and decision-making process, but very frequently data
are still difficult to find, extract, integrate and derive insights from.

This is due to the complexity of IT architecture and systems, so often data
are hidden inside different data siloes, different applications, databases, on
premises or cloud systems, excel files and so on. In the case of
multinational companies, data are stored even in different geographies and
countries worldwide.

According to IDC research (Rydning, 2018), around 30% of data will be
real-time in 2025. This is close to a 600% growth from where we are today
and it 1s based on the same volume of data generated today. This
represents a huge change in business scenarios, as it means higher
customer expectations and much more complex IT infrastructures.

In addition, today we are facing a critical situation due to the COVID-19
pandemic. The need for speed has never been greater and companies have
to change more rapidly than ever before to ensure fast decision making,
new production lines, and new customer services; in fewer words: new ways
of working.

Traditional data architecture, that was designed 20 years ago, is not able to
meet real-time business requirements. The solutions deployed such as data
warehouses, self-service business intelligence tools and data lakes are
based on a physical approach to manage data, that requires physical
movement or data replication. Nowadays, this approach is showing its
limits, and a logical approach, that enables faster data delivery, regardless
of the physical location of the data sources, is preferred.

Data virtualization is a modern data integration approach, which creates
real-time, integrated views of data from disparate, structured, semi-
structured, and unstructured data sources, whether on-premises or in the
cloud, to support data services for business transactions, analytics, and
other workload patterns, without replication. It is an agile data integration
approach that presents data as a virtual, abstract layer, independent of
underlying database systems, structures, and storage.

A typical application of this new concept is the Logical Data Warehouse
(LDW) approach, that is the evolution of the traditional Data Warehouse
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architecture developed on a physical data integration methodology:
extracting and copying the data in new systems (data warehouse), to make
analyses and reporting (Fig. 1).

Self-Service Reporting/ Data Science, Al, Machine
Data Sourcing Leaming, Statistical, Predictive

Remote and Data Lake(s)
Third-Party Data Marts II (Not Just Hadoop)
Systems Warehouse(s)

Reporting

Fig. 1 Logical Data Warehouse Architecture (Gartner, 2018)

— =

Metadata/Model, Governance,

Data virtualization complements the capabilities of traditional data
integration with the following features:

- Real-time data access without replication and its associated costs.
Rapid data services delivered using myriad protocols with fine
grained security, higher service levels, and detailed monitoring.

- Discovery and governance of data and metadata, data lineage,
1mpact change, and other data management capabilities, enabled
by the virtual data layer.

Using data virtualization, it is possible to see data from different systems
and sources, as they would be stored in one single, virtual, database.

The typical data integration process based on the physical approach of
Extracting, Transforming and Loading (copy) the data somewhere else, can
now be modified or replaced by the Logical approach of Connecting,

Combining and Consuming the data, without physically moving the data
(Fig. 2).
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Databases & Warehouses, Cloud/Saas Applications, Big Data, NoSQL, Web, XML, Excel, PDF, Word...

Fig. 2 Data Virtualization solution architecture (source: Denodo Case Study)

In terms of business application, there are many scenarios of possible
implementation using data virtualization as one of the technical enablers.
The application scenarios can be mainly analytical, for information
analysis on historical data, or mainly operational for real time information
delivery (Fig. 3).

A7 L

Cloud Solutions
Big Data

Cloud Modernization
v Logical Data Lake Cloud Migration

v Data Warehouse Cloud Analytics

Offloading Hybrid Data Fabric
v loT Analytics

as of

Bl and Analytics Data Governance Data Services

v GRC Data as a Service
v GDPR Data Marketplace
v Data Privacy / Masking Data Services

v Self-Service Analytics
v Logical Data Warehouse
v Enterprise Data Fabric

Fig. 3 Data Virtualization main use cases
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One of the most typical business use cases is the definition and creation of
customer centricity and single customer/product views. Usually, companies
store data related to customers in many different systems that are not
connected. Differently, this approach focused on an “holistic view” is needed
mainly to provide a comprehensive and combined view of customers (or any
other entities as products/services), through the aggregation of all of the
available data, in order to better analyze and understand their main
characteristics, needs and behavioral pattern. Telecom operators are using,
for example, this approach to view a unified version of customers’ data that
are stored 1in different systems such as, CRM, billing, incident
management, mobile apps, social media, network management systems,
and so on, and provide a better and more personalized service.

Self-Service Analytics and Agile Business Intelligence are very common
requirements for organizations that need agile and flexible data delivery to
business users for analytical purpose. As a result, the Logical Data
Warehouse and Logical Data Mart” project has been implemented on top of
existing traditional Data Warehouse systems, as it is a much more flexible
and quicker approach compared to the traditional ones.

With the adoption of Data lakes solution, companies started using Al and
ML techniques for advanced analytics, predictive and proactive
maintenances, risk analysis, production optimization and IoT data
integration. In this scenario, Data wvirtualization delivers faster data
collection, preparation and analysis.

Some uses are related to migration projects from old to new systems, for
instance to cloud services or applications. In this scenario, it is very
frequent to adopt a logical integration approach to save time and ensure
business continuity for end users and customers.

Real time data integration through data services is another interesting use
as it enables “Real Time” data integration. Several companies are adopting
this integration model as it delivers a fast and agile approach.

Finally, Data security is one of the priorities for companies worldwide and
the use of an advanced Data integration solution can be really effective to
ensure the respect of compliance regulation and safe use of company data.
The logical approach dramatically reduces reproduction and export of the
data that entails security issues to be managed. This may be extremely
useful for GDPR compliance purposes and in M&A operations, where
integration of IT systems may be very challenging.

In the following paragraphs the scenarios of possible implementation and
the benefits of data virtualization through success business cases from
different verticals will be illustrated.
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3.1 Data Virtualization Value Chain

Data and analytics technologies are at the heart of many digital
transformation projects and are constantly gaining interest and adoption
from worldwide market. Machine Learning and Artificial Intelligence
(ML/AI) require a high volume of data to process in order to deliver value.
More data to process means more complexity to manage from IT and an
organizational point of view.

Time is one of the main request of the ML/AI projects. The more the data to
be analyzed, the more effective a machine learning algorithm will be. The
ability to manage huge volumes of data at a different speed is a source of
competitive advantage. Anti-fraud systems, predictive maintenance
services based on IoT sensors, and virtual assistant services are based on
ML/AI systems that need real time data, and faster data delivery and
access.

In the post Covid-19 era, decision making speed and flexibility are
becoming a crucial component of business strategy. Redesigning data
architecture for more efficient analytics and greater flexibility to react, can
be a key component to reach a true differentiation. For example, time may
be a source of value creation when retailers need to analyze competitors
pricing and integrate online and in-store operations. Time is crucial for
pharma and biotech companies to develop new products. Time to market is
crucial for financial services to manage financial markets turbulence.
Telecom operators need faster data processing to be more effective at call
center operations and to provide better customer services. Healthcare
services need real time data to manage the ability to treat patients
effectively. Every business in the market’s present condition would benefit
from more time and higher reaction speed.

In the last few years data technology and services have been adopted to
achieve more agility, flexibility and speed. Cloud services and new data
management solutions allow companies to start and deliver projects in
weeks rather than months. Data virtualization is useful to manage the
complexity of integration of data and gain efficiency.

Faster and timely data delivery creates several opportunities to generate
value within the layers of an organization, and this process can be
described as a value chain (Fig. 4). The Data virtualization value chain is
based on the ability to provide data faster, in real time or near real time.
Speed provides more time and therefore more opportunities and efficiencies
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at organizational, business and financial levels

processing is a pre-requisite to compete.

. Nowadays, real time data

Data
Virtualization

Faster
Data
Delivery

Cost Savings
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Faster Decision Making
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Fig.4 Data Virtualization Value Chain
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4. THE BUSINESS BENEFITS OF DATA VIRTUALIZATION

Our analysis focuses on the main benefits of a correct adoption of Data
virtualization in terms of efficiencies and tangible economical savings. We
have studied 170 projects in 21 different verticals developed by Denodo,
and found that Data virtualization creates value by exploiting: cost
savings, revenue increase and risk mitigation.

We found that data virtualization has been implemented in many different
industries: Agriculture; Automotive; Banking; Business Services; CPG
(Consumer Packaged Goods); Defense; Education; Energy; Fashion;
Financial Services; Healthcare; High Tech — Software and Hardware;
Insurance; Manufacturing; Mining; Oil & Gas; Pharmaceutical & Biotech;
Real Estate; Retail; Telecommunication; Transportation.

An additional element considered is the correlation between the size of the
organization and the number of data virtualization projects implemented.
The segment of large organizations (more than 10,000 employees) is clearly
the segment with major numbers of observations (90 companies) and
amount of investments depending on the higher needs of data integration
and virtualization. It is also important to underline the increasing number
of projects implemented by medium-size companies (from 2,000 to 10,000
employees) that is 45% of the samples (77 companies).

The analysis has also considered the geographical location of the projects,
to understand if the benefits delivered can be considered a global trend or if
it may be just a Silicon Valley (or US) phenomenon. The outcome
demonstrates that it is a global trend, with projects delivered in all
continents. In terms of location, the projects in the sample have been
implemented in: Canada, Colombia, Mexico, US, Austria, Belgium, France,
Germany, Island, Italy, Norway, Portugal, Spain, Sweden, Switzerland,
The Netherland, United Kingdom, Indonesia, Japan, Singapore, United
Arab Emirates, Australia and South Africa.

Data virtualization investments, as generally IT investments, are finalized
to improve the company’s position within its industry. The investment
benefits are created by expanding the gap between buyers’ willingness to
pay and costs incurred, even reaching, if possible, the dual effect of raising
revenues without incurring in extra costs. In our study, we have observed
that once the data virtualization platform is implemented in a company, it
often creates cost savings and ensures new revenue streams or
improvement in data governance and risk mitigation.
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4.1 Cost savings benefits

IT departments have used different technologies in the last years to collect,
manage and integrate data in order to be more efficient and productive.
These activities are still using the “physical” approach to data integration,
based on the main concept of data replication or copies. The typical
technology used to build the data warehouse 1s ETL (Extract, Transform
and Load), that ensures fast data copy and replication. When the volume
and frequency of copies increases, this process becomes more difficult to
manage, as it 1s slower and costly. Adding new sources or new reports
typically requires months and this is not acceptable anymore.

Data virtualization helps companies to reduce the time and cost associated
to data integration projects, delivering data in real time or near real time,
without the need to move or copy them. This logical approach is much more
agile, flexible and efficient than a physical one. This approach reduces
time, Man/day labor needed, infrastructure (hardware and software) and
network costs. Furthermore, the increased speed of action and higher
flexibility deliver huge advantages in terms of increased productivity of
organization and therefore higher operation margins.

The combination of these elements may have a great impact on companies’
profitability. In the following paragraphs, we examine several Denodo’s
data virtualization projects to identify the different advantages that can be
reached with different magnitude on cost savings.

Data virtualization is a complex project that is usually finalized to reach
several cost advantages. Typically, the project starts with establishing a
logical data layer architecture. In one of the largest semiconductor
companies in the world, a logical data access layer was created to centralize
1ts data security, data privacy, and data governance rules. The company
established also a semantic uniformity with the intention of increasing the
efficiency of the cross functional teams. The logical data layer was
integrated with HR and supply chain departments’ cloud and SaaS
applications, filling gaps in its services portfolio. Subsequently, the
company rolled out data virtualization as its enterprise wide data access
layer, accessed by more than 600 developers and thousands of business
users on a regular basis and also standardized API registered services,
lightweight data governance, and the enterprise data model (Fig. 5).
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Fig. 5 Leading Semiconductor Project Architecture (Source: Denodo Case Study)
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The main results obtained by the data virtualization project can be found
in the speed of development and deployment web services. The direct effect
of this acceleration is the reduction of the time-to-market for data delivery
to business users and the consequent generation of cost savings by the
significant cutting of the total cost of ownership (TCO) (Fig.6).

I I N N

Time to Develop Time to develop web service in days 50% 90%

Time to Deploy Time to Deploy web service in days 50% 90%

TT™ Overall time it takes to make web 60% 90%
service available for use

Time to Engage Time it takes for business to engage 75% 75%
with IT

Performance Performance of web services 50% 60%

Impact Analysis How fast can we perform impact 50% 90%
analysis

Enterprise Architectural Ease at which data from disparate Security, data High

Alignment sources can be integrated classification

Fig.6 Leading Semiconductor Value Driver Metrics (Source: Denodo Case Study)
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The company has also developed a heterogeneous ecosystem of tools and
technologies, giving rise to a complex, distributed data ecosystem. The data
virtualization project has contributed to deliver business-friendly,
consistent information, as well as products and services with enterprise
grade security and privacy.

In several other projects we have analyzed, the consolidation of the
databases is the main objective to reach for private companies and
Government agencies. In an US Government agency, the consolidation has
reduced twenty different database sources to five databases (Logical
Datawarehouse) in two years’ timeframe. Data virtualization has produced
cost savings (over $4 million per year) in terms of labor, hardware, software
and storage costs and also facilitate the embrace of new cloud platforms
(e.g. Amazon) and Data sources (e.g. Amazon Services).

The Italian National Institute of Statistics has set itself the goal of
enriching the offer and the quality of the information produced, in order to
improve the effectiveness and efficiency of the overall activity. and has
combined an increasing awareness of the opportunities generated by the
new data sources available, such as web data, data from the world of the
Internet of Things or social data. The goal of the organization was to
integrate all this new information within its systems and to understand if
the latter could, on the one hand improve the quality of existing statistics,
and on the other contribute to the development of new ones.

The introduction of a virtualization layer has helped the Institute to
overcome the rigidities of dissemination and manipulation of data and, if
the need to duplicate or copy the data was not completely eliminated, that
approach improved data governance and data quality monitoring actions,
concentrating it in only one available access point.

The project carried out by the Institute made it possible to make the
investment costs more efficient, to increase the quality of the statistics
produced and to reach new opportunities for data enhancement, making
the institute ready to seize the information potential of Big Data.

The data virtualization project can be finalized to provide simple, fast and
cost-effective access to data, to reduce risk, increase efficiency and increase
business scalability through self-service analytics. The reduction of the
fragmentation of the IT architecture creates a holistic view for executives
and business users and the possibility of re-definition of the business
model. For medium-big organization logical data mart creation can be
extremely efficient compared to physical data mart, because a logical data
mart can cut down the timeline for the development of typical reports, as
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achieved by a leading US Investment Bank. Assuming the same
organizational structure in terms of employees and the same output
required, Table 1 shows the annual labor costs in the case of the adoption
of a physical data mart (before) and the adoption of the logical data mart
(after).

Physical Data Mart Implementation

Data Mgmt Role Employees Hours/Year Time onData Rate Total Cost
Business Intelligence 4 1920 70% $100 $ 537.600
Business Analytics 10 1920 60% $100 S 1.152.000
Self-Service 20 1920 20% $100 $ 768.000
S 2.457.600

Logical Data Mart Implementation using Data Virtualization

Data Mgmt Role Employees Hours/Year Time onData Rate Total Cost
Business Intelligence 4 1920 30% $100 $ 230.400
Business Analytics 10 1920 50% $100 S 960.000
Self-Service 20 1920 10% $100 $ 384.000
S 1.574.400

©+

Total Labour Cost Savings 883.200

Table 1 Project Annual Labor Savings in US Investment Bank

The physical data mart is a new system that stores some specific data sets
(for instance customers’ data per region) for analysis purposes, developed
using the traditional approach of copying and moving the data physically
from source A to destination B. This approach requires time, people,
process design and management, hardware and software technologies
investment and maintenance costs. The logical data mart developed using
data virtualization solutions, can access the same data sets, without the
need of copying and moving the data, with great benefits in terms of time
saving, human resources needed and overall hardware and software
infrastructure costs.
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4.2 Revenue Increase

A typical use of data is the analysis of a company’s main business entities,
such as customer data, sales figures, marketing campaigns results,
distribution channel productivity, manufacturing KPI's and many others.
The speed of analysis and decision is therefore critical to achieve a business
advantage, in many different areas, but revenue growth has always been a
company priority.

Revenue growth may generate up to 70% of total shareholder returns in
five year (Candelon et al., 2020) and, during the COVID-19 crisis, artificial
intelligence projects are mainly focused on generating revenue growth. The
possibility of having more data available in real time or near real time, is
enabling new possibilities powered by ML/AI for sales and marketing
actions. These are the main areas where data virtualization can deliver
significant value: upselling/cross selling opportunities on existing customer
base; personalized/customized offers and solutions; new product/services
design and development; real time competitive pricing adjustment;
improvement of customer retention (churn rate reduction); customer
satisfaction.

In our analysis, we found that banks and insurances have defined specific
upselling or cross selling opportunities of new services within their
customer base, as for example home insurance packages for car insurance
customers. Telecommunication operators have implemented more efficient
call center operations to develop specific offers to propose during customer
interactions.

Real-time access improves customer services, generates higher customer
satisfaction, retention and churn reduction. In some projects, telecom
operators defined specific customized products for their customer to offer
value added services such as digital content. Pharma & biotech companies
speeded up the design and development time to get to new products faster
to the market. Manufacturers developed new predictive maintenance
services to increase customer satisfaction and create new revenue flow.
Retailers collected competitive pricing info and then modified the price list
of their available special offers in specific stores or restaurants menus in
case of restaurant chains. Online and offline pricing adjustment may be
critical to manage demand peak and fall.

To better understand the benefits in terms of revenue enhancement, we
analyze the case of a leading telecommunications and data transmission
carrier with its own infrastructure in Spain. One of the main goals of the
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operator was reaching the highest level possible of customer service and
therefore a clear differentiator against competitors.

The operator decided to use an internal call center team and implemented
a software solution that required the agents to use many different systems
(CRM, Billing or Monitoring and Diagnostic applications) to get useful
information about the customer who was calling and provide the required
information. Due to the complexity of this process the Operator decided to
implement a new software solution to integrate data across the company
applications and provided the agents with a “Single Customer View”, with
the right data, in the right format at the right time. This new approach
achieved several relevant benefits, such as a clear improvement in the
quality of customer service and an increased call center productivity, even
with the possibility to integrate external data sources from the partner
ecosystems (Fig. 7).
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The main results obtained by the projects based on Data Virtualization can
be summarized in the increased quality of customer service and the new
opportunities for revenue growth. In terms of revenue improvement, the
most important result achieved is the higher customer satisfaction
(satisfaction index of over 94%) and the improved customer retention level
(doubled), that prevented customer churn (increased first call resolution
rate to over 90%). An additional benefit of the project can be measured by
the improved productivity of the agents, that saved time in getting useful
customer data from multiple applications (average handle time reduced by
10%- 1,2 Mil € per year). Furthermore, an over 50% improvement was
achieved in the back-office workload.

To understand how data virtualization can help to redefine the business
model and to create new opportunities for growth, we have studied the
project implemented by the world’s largest construction equipment
manufacturer. It provides machines and technology for construction,
transportation, mining, energy, logistics, and electric power generation.
The company distributes its products and services through a dealer
network in 190 countries, with a total revenue of approximately 39 B § per
year.

The company decided to design a new proactive maintenance service to
reduce or eliminate machines breakdown, that would better differentiate
its “high quality” offering against an increasing number of low-cost
competitors. In order to achieve this goal, the company invested in
technologies and tools for telematics, IoT sensors sending data to a data
lake and advanced analytics (Fig. 8).

The complexity of this scenario required a new data integration
architecture to combine operational and analytics data, real-time sensors
data and historical data, managing all the needed collections and
combinations of different data sets, formats and sources. In other words, a
new Data Service Layer to provide the needed information and reporting at
the right time.

In this way, the company created a proactive maintenance service for its
customer base, achieving higher customer satisfaction, a new “highly
differentiated service” against low cost competitors, and an increased
revenue flow. The revenue growth was due to the increased sales of parts
and services, the new telematics services offered in DaaS (Data as a
service) model, and the increased long-term revenue flow.
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Flexibility and speed are key elements also when particular market
conditions require new solutions to be implemented in a very limited time
as it happened during COVID-19 emergency. A leading US bank, part of a
global financial services group, decided to implement a new data platform
to modernize its data infrastructure to sustain growing business.

During the pandemic emergency, the Small Business Administration (SBA)
and US Treasury Department created a Paycheck Protection Loan designed
to provide a direct incentive for small businesses to keep their workers on
the payroll. The program was delivered via US banks, and the borrower
had to send them the applications. The main problem was the enormous
amount of applications received from the bank in a very short timeframe.
The bank was expecting around 2,000 applications in a few weeks, but it
received around 9,000 applications in 2 days, and around 21,000 in 3 days.
The bank loan application system was overwhelmed and not responding
anymore due to volume of transactions requested. IT department of the
bank, used the Data virtualization platform already in use for a Logical
Data Warehouse project, to rapidly deliver a solution in less than two days.
Data Virtualization platform was used for its flexibility to incrementally
add sources to meet the changing needs of the business as they adjusted
the processing of loans. Speed and flexibility were key components of the
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solution as the business requirements changed in real time as they dealt
with the exploding volume of applications. And IT was able to respond in
real time as the business requested to add new data sources to help
categorize the applications. The project would have never been
implemented on time using a traditional physical data integration
approach. The main benefit delivered was the creation of a new revenue
channel thanks to speed and flexibility of IT infrastructure. The bank
implemented a new service (new application process) in just two days. This
created a new revenue flow and a customer acquisition opportunity for the
company in an extremely reduced timeframe,

4.3 Risk Mitigation

Reducing risk has always been one of the strategic priorities for executive
management in any verticals. In the last years, companies are facing
additional types of risk associated for instance to brand identity, social
responsibility and regulatory compliance.

Data virtualization is one of the technologies that can help companies to
reduce risk in some areas of IT organization, but also from a business point
of view to mitigate compliance and data governance risks (e.g. GDPR, IFRS
17). Banks needs to adhere to several regulatory requirements, and
sometimes time is a critical factor to ensure compliance and reporting. A
luxury and fashion company needed to protect its brand reputation and
therefore being compliant is a business imperative. The priority of GDPR
requirements for customer data must be managed very carefully, therefore
implemented a data virtualization solution to mitigate the risk of GDPR
fines.

Another interesting area of application is in the security and corporate
social responsibility. An Asian Telecommunication operator implemented
data virtualization as part of its emergency plan. It needed to produce
reports in case of emergency and the communication network are the most
critical ones during emergency and natural disasters. Being able to analyze
fast data may help to save lives and enable better rescue operations.

In our study, we found important benefits in terms of risk mitigation when
we analyzed the data management architecture of insurance companies,
which i1s extremely complex by nature, with multiple operational source
systems and multiple stakeholders from different business groups that use
their tools to access data. In one leading USA Insurance, there was no clear
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policy or control on data access, and no possibility to track real access
responsibility. The entire IT architecture was therefore vulnerable to
security breaches. Compliance to insurance market specific regulations and
GDPR was not satisfied and so the company was exposed to potential fines
of millions of dollars.

The data virtualization platform has improved the IT architecture, acting
as the single point of entry to all the different systems, and so reducing the
associated risk of multiple access to multiple systems. The new data
architecture solution improved consistently security, governance and
assured regulatory and GDPR compliance. Another advantage was related
to business flexibility as it improved reporting time for business users.

Another interesting area of application is during the mergers and
acquisitions’ integration. Mergers & acquisitions’ value creation is strictly
dependent on the integration between merging entities and organization.
Data virtualization helps the acquirer to speed the integration process and
reduce the complexity of IT infrastructure integration minimizing this risk.
For example, the data virtualization project in a semiconductor company
was finalized to facilitate the post-M&A data integration. The company
was involved in several acquisitions every year. It was crucial to quickly
integrate the acquired companies in the IT systems. In particular, the
company’ needs were to distribute new self-service entitlements to
downstream acquisition applications, and to distribute directory identities
to the acquisition directory. The company also required to architect its
enterprise data access layer for a single point of entry for HR and supplier
data consumption, seamless support for data source migration, and
scalable interaction among on-premises and cloud data sources. The major
issue 1s the salary payment process that in the US is a 2 week cycle. Once
the company is officially acquired, IT has only 2 weeks to integrate the
newly acquired company data in the HR systems to allow payments. Data
virtualization solution has helped the company to find an agile data access
solution when challenges became overwhelming.
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5.CONCLUSION

The data driven decision making process is now extremely important for
any organization to compete and be successful in the market. In particular,
nowadays fast decision making is even more critical due to atypical market
conditions.

The technology landscape changed dramatically in last five years and will
evolve even more in the next 10 years, due to the exponential growth of
data volume, formats and sources. Real time data will be six times faster
than today and will be 30% of overall data volume generated.

Companies and organization worldwide are adopting new technologies and
solutions to become more data driven, but i1t 1s also clear that the
transformation is not only technology related. Organizations (people) and
processes have to be adapted and managed in new ways to ensure that data
will become a real company asset to be analyzed, used and leveraged to
compete more efficiently. Organization should be empowered by specific
know-how and culture, that is why a real data driven leadership is also a
key element in the transformation process. This is becoming even more
important now that the COVID-19 emergency is requesting companies to
adopt new organization, new process and new business model. The need of
agility, flexibility and speed has never been greater than now. And
company data is a new competitive asset to be managed faster than ever
before.

Big Data with ML/AI solutions and analytics technologies are the enabling
technologies to innovate the data platform architecture. Data virtualization
is one of the enabling technologies of the data architecture evolution and
innovation as it is focused on providing a logical approach to data
integration, that is extremely efficient and effective.

Data virtualization value chain is the value creation process enabled by
implementation of a Data virtualization platform in an organization. It
creates value because it delivers time savings and speed in data use and
analysis. Time savings bring more agility to organization, enable faster
decision-making and greater flexibility to adapt strategies and business
models. Speed means faster actions to compete more effectively, while
reducing costs to become more efficient. From a business point of view, this
1s translated in cost savings, revenue improvement and risk mitigation.

27



We have analyzed 170 projects implemented by Denodo in many verticals
and geographies worldwide. The most interesting results of this analysis
are:

Data virtualization creates business value in three main areas: cost
savings, revenue increase and risk mitigation. In terms of cost savings, the
benefits come mainly from faster data delivery and enhanced productivity,
reduced project development cycle and lower labor cost associated. Other
cost savings elements are the IT infrastructure overall cost in terms of both
investments and total cost of ownership for software, hardware and
network traffic.

Revenue increase is related to more effective sales operations, the creation
cross-selling and up-selling opportunities, new product and services
development, personalized and profiled offers and promotion, new business
model enablement, better customer services and improved customer
satisfaction, and churn reduction.

Risk Mitigation is achieved with higher data governance and security that
reduces risk for compliance and regulatory fines, as well as brand
protection against regulatory actions. An additional advantage may come
for M&A process improvement due to faster and easier IT systems
integration.

Data virtualization enables up to 10 times faster data delivery. Data is
delivered where it is needed, when it is needed, and in the right format for
the right users. Data virtualization enables a much more agile and flexible
organization because it can be implemented for different purposes or cases,
and this maximizes ROI.

One of the key points emerged from the analysis is the fact that this
technology is horizontal, and it has been implemented in many different
industries such as automotive, banking, defense, education, energy,
Government, insurance, manufacturing, pharma, vretail and
telecommunication.

Becoming a real Data-Driven organization is not an easy task for any
organization. The implementation of the data virtualization software
solution, is one of the possible approaches to achieve the goal of being a fast
data decision maker. Technology adoption cannot be considered the unique
option, as it 1is clear that other components must be taken into
consideration.

Organizations should be managed by leaders that truly believe in this
digital process innovation built around company data. This is a
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fundamental element in building the right data-oriented culture, that
should lead all company activities and projects.

The other critical element is the know-how and talent that must be created,
hired and managed in order to leverage and exploit the technology
investments. The human factor is still critical and is at the heart of any
change and innovation in an organization.
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