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About 451 Research
451 Research is a preeminent information technology research and advisory company. With a 
core focus on technology innovation and market disruption, we provide essential insight for 
leaders of the digital economy. More than 100 analysts and consultants deliver that insight via 
syndicated research, advisory services and live events to over 1,000 client organizations in North 
America, Europe and around the world. Founded in 2000 and headquartered in New York, 451 
Research is a division of The 451 Group.

About Intel
Intel® designs and builds the essential technologies that serve as the foundation for the world’s 
computing devices.
With Intel® architecture-based advanced analytics solutions, you can efficiently and effectively 
capture, process, analyse, and store vast amounts of data of all types. Built in partnership with in-
dustry leaders in big data and analytics software, Intel’s highly available, performance-optimised, 
open-standards-based solutions will support your most ambitious analytics-driven initiatives.

About this paper
A Pathfinder paper navigates decision-makers through the issues surround-
ing a specific technology or business case, explores the business value of 
adoption, and recommends the range of considerations and concrete next 
steps in the decision-making process.
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I N T R O D U C T I O N
Until about five years ago, most organisations suffered from a problem that dates from the 
dawn of human history: lack of information. The situation has reversed, however. Now, organ-
isations are drowning in data. The age of big data has brought with it enormous opportuni-
ties for organisations that are able to extract insight and value from all that data, but doing so 
requires an entirely new approach to thinking about data management and analysis, and an 
entirely new set of tools.

Relational databases and data warehouses developed during the early days of enterprise com-
puting were optimised for rapid processing of mission-critical data that had been carefully 
curated by professional administrators. Information was precious, and every effort was made to 
optimise its value. Access was granted on a ‘need to know’ basis, and scarce machine resources 
limited reports to only the most essential operational data. Data that was deemed non-essen-
tial was often thrown away. 

In contrast, the tools of big data are optimised for sifting through large amounts of struc-
tured, unstructured and semi-structured data, much of which may have been previously 
too expensive to keep.  The current problem is how to mine insight from all that data, not how 
to manage access to it. Scale and low cost have acquired new importance because it is now 
practical to store and process data that would have previously been destroyed. 

The true value of big data lies in the use of analytics tools, which 
range from basic business intelligence reporting to predictive 
analytics and machine learning. The falling cost of computing 
hardware enables broader access to these tools and the data 
they manage, which ultimately democratises data analysis as 
users catch on to the value of analytics and move to take on 
more of the work themselves. 



PAT H F I N D E R  R E P O RT  |  T H E  F U T U R E  O F  B I G - DATA  A N A LY T I C S  
I N  E N T E R P R I S E  I T  I N F RA ST R U C T U R E

4IN ASSOCIATION WITH INTEL

New approach to data  
management
The internet giants have demonstrated the potential 
revenue opportunities from mining value from un-
structured data to derive context from the informa-
tion itself. For example, search engines can identify 
a restaurant review by the words used, rating criteria 
and the content of adjacent pages on a site. The same 
approach to data processing underlies the big-data 
engine called Hadoop, as well as the new breed of 
NoSQL databases, which manage data that doesn’t 
fit neatly into traditional databases. These tools – and 
their abundant ecosystems – have combined to re-
duce the cost of data management up to hundred-
fold, enabling enterprises to delve into information 
that was previously too expensive or complex to store 
and manage. 

This need to reduce costs, in turn, has prompted or-
ganisations to rethink the hardware infrastructure 
that supports big-data analytics. A principal technol-
ogy driver in this transformation is that big-data plat-
forms are based on ‘scale-out’ infrastructure, whereas 
traditional data warehouses and business intelligence 
systems are ‘scale-up.’ Scale-out architectures provide 
much higher levels of scalability at lower cost because 
clusters can be built from off-the-shelf x86 hardware. 
As big-data platforms have taken hold in the enter-
prise, IT organisations have shifted their buying priori-
ties toward a scale-out architecture with disaggregat-

ed and decentralised servers and public cloud storage 
that can be quickly mixed and matched, as 451 not-
ed in the Voice of the Enterprise: Storage report in late 
2016 (see Figure 1).

The affordability of these platforms has also signifi-
cantly widened the audience for analytics. The market-
place has responded with a diverse menu of options 
ranging from highly visual interfaces for casual users 
to powerful machine-learning and predictive-analyt-
ics libraries for data scientists. Recently, much of the 
action has shifted toward streaming services that pro-
vide near-real-time delivery of data from endpoints 
such as point-of-sale terminals, smartphones and the 
world of connected sensors and devices called the 
Internet of Things. In addition, there are frameworks 
that can deftly manage millions or billions of data 
streams simultaneously. By comparing this near-real-
time data with historical data patterns, organisations 
can move beyond historical reporting to descriptive, 
predictive and even prescriptive analytics. 

In effect, instead of asking what happened 
and why it happened, organisations can 
forecast what will happen and potentially 
influence the outcome.

Company-Owned/
Leased Datacenters 
and Facilities

Third-Party 
Colocation 
Facilities

Third-Party
Managed Service
Provider Facilities

Third-Party 
Public Cloud
Environment

60.0%2017
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62.2% 14.6% 9.9% 13.4%

Figure 1: Storage Spending by Location, 2016 vs. 2017
Source: 451 Research, Voice of the Enterprise, Storage, Q1 2016; and Voice of the Enterprise:  Storage, Budgets and Outlook, 2017
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Driving forces
Up to this point, organisations have deployed big-data analytics for three principal purposes. 

1 .   I M P R OV E  O P E RAT I O N A L  E F F I C I E N CY

 This is the low-hanging fruit of big data. Armed with access to information sources that 
were formerly inaccessible or discarded, companies can find information quicker and use 
it to identify waste and streamline existing processes. For example, marketers can target 
promotions more precisely based upon behavioural and psychographic clusters instead 
of just demographic traits. Workflows can be analysed at a granular level and streamlined. 
Supply chains can be shortened through enhanced data sharing and selective data expo-
sure through self-service APIs. 

2 .  C R E AT E  N EW  R EV E N U E  O P P O RT U N I T I ES

 With barriers falling for the storage and analysis of information, some businesses are 
finding ways to sell data services to their customers. Social media monitoring and  
real-time sentiment analysis enable companies to respond to opportunities and  
contain crises more quickly than ever. Real-time recommendation engines combined 
with enhanced customer profiles enable retailers to deliver upsell opportunities to cus-
tomers at the point of sale.

3.  D R I V E  T RA N S FO R M AT I O N A L  C H A N G E

 Faced with a new breed of data-driven competitors, established enterprises have had 
to rethink their approach to information, infrastructure and business processes. Many 
have embarked on digital transformation initiatives in order to ensure that changes to 
the IT infrastructure are aligned with and driven by a well-planned business strategy, 
with several goals: transform how they serve customers, employees and partners;  
support continuous improvement in business operations; disrupt existing businesses and  
markets; and invent new businesses and business models. 

 The foundation of transformational change is data-driven decision-making based on  
intelligence about customer preferences and behaviours. Data-driven businesses need to 
identify, access and analyse large volumes of disparate data quickly. They need to make 
analytics-driven decisions rapidly and adjust in real time, informed by an information 
flow in both directions with smartphone-toting, social-media-empowered customers.  
Few companies are at this stage of maturity, but these characteristics are common to every 
company that is being classified as a ‘disruptor.’
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New platforms
The future belongs to the companies that most ef-
fectively manage and are able to leverage growing 
volumes of data. This requires three aspects of trans-
formation:

PROCESS TRANSFORMATION  moves the IT 
organisation from cost centre to business enabler. Busi-
ness decision-makers see IT as a strategic partner and a 
source of new lines of business. Key to this shift is mov-
ing IT thinking away from its 60-year-old mind-set as a 
builder of systems of record to a new role as a builder of 
systems of engagement. This demands an omni-chan-
nel approach to markets addressed by new systems of 
engagement such as data-driven applications, digital 
assistants and chatbots, enabled by systems of intelli-
gence – such as rules engines, decisioning systems, rec-
ommendation engines, natural-language processing, 
image recognition and other forms of artificial intelli-
gence, including machine-learning and deep-learning 
algorithms – combined with operational resources 
such as transactional databases. 

INFRASTRUCTURE TRANSFORMATION is 
being enabled by the shift to software-defined every-
thing. The objective is to abstract the environment at 
a high level to minimise operational complexity and 
enable resources to be shifted quickly and dynamical-
ly. This is as much a cultural shift as a technical one. It 
demands close collaboration between business and 
technology leaders, an agile and iterative approach 
to software development and a risk-tolerant, ‘fall for-
ward’ culture. 

INFORMATION TRANSFORMATION  makes 
gathering, organising and deriving value from infor-
mation a part of daily life. With the arrival of the In-
ternet of Things, organisations can harvest data from 
many new sources. Transformational organisations 
will excel at learning how to use that data. They will 
leverage multiple communication points on many 
devices with advanced analytics that deliver new in-
sights about how to make the organisation more effi-
cient and responsive. They will tap into every possible 
source of customer feedback to understand how their 
products are used, how they can be improved and 
where opportunities exist to deliver new ones.

Trends in big-data analytics 
Adoption of Hadoop and other big-data platforms 
typically begins when organisations investigate ways 
to use low-cost tools to store and process data that 
might have previously been destroyed or ignored. 
It continues with the aggregation and integration 
of large datasets for exploration and experimenta-
tion, and ultimately leads to adoption of analytics to 
streamline business processes and identify new busi-
ness opportunities.

Big data is only part of the picture, however. The 
true value of big data lies in the use of analytics tools, 
which range from basic business intelligence report-
ing to predictive analytics and machine learning. The 
falling cost of computing hardware  enables broad-
er access to these tools and the data they manage, 
which ultimately democratises data analysis as users 
catch on to the value of analytics and move to take on 
more of the work themselves. 

Vendors have been stepping up to provide these ca-
pabilities, primarily through visualisation-intensive 
tools that mask the underlying complexity of queries 
from novice users and provide automated modelling 
and extract/transform/load processes. 

The next stage of maturity in big-data adoption is 
collaborative analytics, in which teams of business 
users work together on a common dataset. For ex-
ample, sales and marketing teams may cooperate to 
identify promising prospect pools. There are a variety 
of ways to approach collaborative analytics, ranging 
from shared wiki-like workspaces to internal publish-
ing and collaborative data preparation. Companies 
that actively use business intelligence may prefer to 
adapt those tools for collaboration, while others may 
be more comfortable adding analytic features to ex-
isting collaboration platforms. Collaboration can be 
undermined by cultural resistance, information silos 
and people’s reluctance to give up their familiar email 
and spreadsheets. 
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Advanced analytics techniques elicit the most en-
thusiastic response from executives because they 
hold the greatest potential for business transforma-
tion. This category includes descriptive, prescriptive 
and predictive analytics, as well as machine learning. 
Descriptive analytics provides insight into an organ-
isation’s current operations, such as sales by region 
and channel. Prescriptive analytics aims to answer the 
question, ‘What should I do?’ and may be combined 
with programmatic actions such as accepting a credit 
card or shutting down a machine. 

Predictive analytics uses historical data for forecast-
ing, often by factoring in a variety of internal and ex-
ternal sources. Examples include predicting customer 
behaviour or identifying a malfunction in a machine 
before it fails. Machine-learning algorithms recursive-
ly test assumptions on a set of data, keeping the good 
and tossing out the bad, until the statistical best an-
swer is achieved. In most cases, these analytical tech-
niques require the services of skilled data scientists or 
analysts who can work with complex programming 
languages and, equally important, understand the 
difference between correlation and causation.

AUTOMATED

USER-
DRIVEN

IT-DRIVEN

BUSINESS 
USERS

DATA 
ANALYSTS

DATA
SCIENTISTS

INTELLIGENCE-
DRIVEN

APPLICATIONS

Figure 2: The Evolution of Big Data from Reporting to Influencing
Source: 451 Research
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Democratising data
The term ‘citizen data scientist’ is sometimes used to 
describe a business user who isn’t a professional data 
scientist but who possesses enough of the requisite 
skills to create advanced analytics models. This idea 
has gained considerable momentum in light of pre-
dictions that there will be a massive shortage of data 
scientists. Vendors have rushed in to provide tools that 
help automate data preparation and hide the complex-
ities of programming and query languages. We believe 
this is a promising concept, particularly since many dis-
ciplines other than computer science demand a facility 
with statistics, and many of these skills can be applied 
elsewhere. Machine learning can also assist citizen data 
scientists in some of the more mundane tasks. 

Analytics can be used to reach the wrong assump-
tions as easily as the right ones. Some managers may 
also question whether their employees’ time is best ap-
plied to data extraction and preparation, data security, 
privacy or compliance. Despite the negatives, howev-
er, it appears that this concept has staying power.

Beyond business intelligence and analytics tools de-
signed to be used by data analysts and data scien-
tists, we are also seeing an increase in data-driven 
applications to support general business users. This 
is essentially an application that actively influences 
evidence-based decision-making through data, often 
from a wide variety of internal and external sources. 
Unlike conventional analytics, which rely on the user 
to specify the criteria and basis for analysis, data-driv-
en applications operationalise the automated prolifer-
ation of insight, driven by systems of intelligence, sug-
gesting ways in which the user might derive greater 
insights. An example of this is a program – invisible to a 
human analyst – that mines millions of patient records 
to identify potential adverse drug interactions, or a 
program that correlates activity in social media with 
customer profiles to highlight those who are ready to 
buy. This is still a relatively small market, but a promis-
ing one that can be expected to accelerate rapidly as 
vendors infuse their enterprise applications with artifi-
cial intelligence. 

Growth in the market for big data and related tech-
nologies should be robust for the foreseeable future. 
451 Research estimates the total size of the market 
for distributed data-processing frameworks, which 
includes Hadoop and associated projects such as 
Apache Spark, was £982.0m ($1.26bn) in 2016, and will 
grow to £4.14bn ($5.34bn) in 2021, a compound annu-
al growth rate (CAGR) of 33%. However, this relatively 
small figure understates the adoption of Hadoop and 
its ecosystem, since most of the components are avail-
able for free under an open source license. 

Other segments are a better yardstick for market 
growth. 451 Research forecasts that analytic data-
bases, which are used for decision support and usu-
ally commercially licensed, will grow from £13.70bn 
($17.65bn) last year to £19.60bn ($25.27bn) in 2021, 
a CAGR of 7% on a much larger base. The market for 
reporting and analytics tools is expected to grow from 
£16.0bn ($20.63bn) in 2016 to £29.14bn ($37.56bn) in 
2021, a 13% annual growth rate. 

Deployment trends 
The Hadoop ecosystem is inherently complex. There 
are dozens of components, many of which have been 
incubated as open source projects by different groups 
for different purposes. Stitching them together re-
quires expertise – and patience. 

As a result, the early days of Hadoop were much like 
the early days of the PC: Enthusiasts had to endure 
considerable pain to get anywhere. Early adopters 
downloaded, installed and configured software with 
little support. There was considerable trial and error 
involved, and few places to turn for help. Fortunately, 
that is all changing.

While there will always be organisations that 
choose to install and configure Hadoop compo-
nents on their own, most companies are opting 
for a packaged option. These include pre-integrat-
ed and configured bundles made up of open source 
components, for which the vendor charges a support 
fee, and enterprise-class editions with proprietary en-
hancements. 
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An increasingly popular emerging alternative is to 
deploy big data in the cloud (see Figure 3). While 
the market is still small today, we expect it to grow 
rapidly with the volume of data that is stored in the 
cloud. This will create incentive for enterprises to anal-
yse data in situ and for vendors to offer cloud-based 
integration packages that combine customer and 
third-party data. 

The decision about how to deploy big data often goes 
hand in hand with decisions about storage. There is a 
massive shift going on in which enterprises are mov-
ing from traditional storage platforms such as SAN and 
NAS to all-flash arrays, hyperconverged infrastructure, 
object storage and other new technologies. At the 
same time, we see strong momentum toward moving 
more storage to the cloud. Cloud storage is expected 
to constitute 16.3% of enterprise storage spending in 
2017, up from 13.4% in 2016. A more important indi-
cator comes from our Q1 2016 Voice of the Enterprise: 
Storage study, which found that 40% of companies will 
deploy public cloud storage for big-data applications 
in 2018, up from 23% in 2016. 

Given the legacy investments in on-premises infra-
structure, organisations are typically using public 
cloud as the primary storage location for data relat-
ed to new big-data analytics workloads, rather than 
for existing database and data-warehouse files. Un-
der the theory of data gravity, we expect that analyt-
ics-processing resources will migrate to the cloud as 
well. We see enterprises increasingly wanting to move 
processing closer to the data, and the flexibility of 
Hadoop’s architecture aligns well with this approach. 
Users can choose from a variety of storage options 
and adjust the storage mix on the fly, while using Ha-
doop-related analytics components to analyse data in 
cloud storage without first moving it to the Hadoop 
Distributed File System. An additional advantage of 
performing analytics in the cloud is to easily aggre-
gate data from third-party sources with corporate 
data, thereby enabling richer analytic models and 
more information output. 

67.5%

22.1%

15.3%

22.7%

11.0%

4.3%

59.2%

19.7%

16.6%

40.1%
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Third-Party
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Managed Services/ 
Hosted Services

Public Cloud Infrastructure 
(Iaas, PaaS)

Software as a Service
(SaaS)

Traditional IT Outsourcing
2016 (n=163)
In Two Years (n=157)

Figure 3: Deployment Locations for Big Data in 2016 and in Two Years
Source: 451 Research, Voice of the Enterprise , Storage, Q1 2016
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Options for big data in the cloud
Customers have many choices when it comes to de-
ploying Hadoop in the cloud. 

HADOOP ON IAAS – All the major Hadoop ven-
dors offer versions of their products in the public 
cloud. Some use the cloud provider’s marketplac-
es, while others offer cloud deployment as part of a 
branded service. Several cloud providers also offer the 
option of deployment on physical servers, typically 
for performance-intensive workloads. Customers can 
usually choose from a variety of packaged options, 
such as streaming support or visualisation, depend-
ing on their need. 

Recently, some big-data providers have begun offering 
services that deploy Hadoop environments across mul-
tiple public and private cloud platforms. This enables 
customers to spread their workloads around depend-
ing upon the functions they need, or to conduct a form 
of arbitrage by shifting workloads between cloud pro-
viders based on pricing and discounts.

HADOOP AS A SERVICE– In this scenario, the 
public cloud vendor provides a packaged Hadoop en-
vironment that is optimised for its platform. Customers 
get the convenience of a pre-integrated, preconfigured 
software stack, the flexibility to choose from a variety of 
storage options, and related tools and services, along 
with the convenience of scaling instances up and down 
as they see fit. The trade-off is that they are locked into 
the cloud vendor and have somewhat less control over 
their environment at a granular level. This is a particu-
larly attractive option for customers that have already 
chosen a single cloud provider.

MANAGED HADOOP SERVICES AND BEYOND  
This option provides the fastest deployment and most 
convenience for customers because the cloud service 
provider manages the entire infrastructure and soft-
ware stack so the customer can focus on data and 
applications. Organisations that are stretched for IT 
resources will find managed services appealing, and 
there are many companies in that situation. 451 Re-
search’s December 2016 Voice of the Enterprise: Cloud 
Transformation, Organizational Dynamics report found 
that more than one-third of organisations are short of 
cloud specialist and cloud platform skills. These com-

panies are natural candidates for managed services. 

This market is dominated by smaller companies that 
distinguish themselves with features such as multi-
cloud deployment or self-service user portals. Man-
aged services aren’t cheap, but for companies that 
can’t find the skills to build their own big-data deploy-
ments, they can be a bargain. 

We expect cloud services to become more specialised 
and abstracted from infrastructure. The focus will be on 
providing a user-friendly experience without the heavy 
lifting of integration and configuration of Hadoop 
components. We can even expect upcoming cloud ser-
vices to target certain personas, such as data scientists, 
business analysts and application developers.

Barriers to adoption  
and deployment 
Big-data projects can be costly, time-consuming 
and complex, but in many industries today, the al-
ternative is business irrelevance. Decision-making 
must increasingly be data-driven, and organisations 
need to invest in infrastructure and skills to optimise 
their understanding of data.

Complexity is Hadoop’s biggest weakness. The base 
ecosystem consists of more than 30 discrete com-
ponents, and when organisations factor in options 
such as NoSQL databases, machine-learning libraries, 
data-ingestion engines and SQL query tools, the list 
of open source packages alone runs well over 100. 
Choice can be a virtue, but it can also be an impedi-
ment to making any decision at all. Fortunately, soft-
ware vendors are rushing to fill this void with services 
and packages that mask underlying complexity. We 
expect that market forces will continue to address the 
complexity problem.

We believe the cloud will become the primary inte-
gration point for big-data projects in the long term. 
Cloud platforms offer the greatest flexibility, fastest 
deployment and biggest menu of options. The migra-
tion will be slow, however, because most corporate 
data will be locked up in legacy systems and on-prem-
ises hardware for some time yet. As data migrates to 
the cloud, analytics will follow.
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Summary and Recommendations
There is little doubt that big data has been the fo-
cus of a lot of hype in recent years, but those that 
dismiss it as a passing fad do so at their peril. The 
impact of big data and data-driven decision-making 
is most obvious in industries such as financial services, 
retail and telecommunications, but it is also evident 
in healthcare, education and government, and has 
the potential to dramatically impact the way we live, 
work, play, transact and travel.

Central to this data-driven revolution is a transfor-
mation in the way companies use data – including 
data from both traditional systems of record and 
emerging systems of engagement – in order to im-
prove existing business processes and develop new 
business opportunities.

Embracing big data is not without its challenges. 
Certainly, the shortage of data scientists will persist 
for some time, but that’s no excuse to delay proof-of-
concept and proof-of-value projects in the interim. A 
variety of managed services are available to help low-
er the barriers to entry, while hosted Hadoop services 
make the cost of entry modest, and an increasing 
number of analytics and business intelligence tools 
are targeting non-technical end users.

Skilled data scientists will command a premium for 
some time to come, so many organisations will find 
it more cost-effective to embrace the ‘citizen data 
scientist’ concept and focus on training their existing 
workforce in the tools of big data rather than throw-
ing money at a few high-priced people. By choosing 
employees who have a background in statistics and 
making some modest investments in training, organi-
sations can begin to explore the potential value of big 
data and analytics without exceeding their budgets. 
Developing new data-driven applications enabled by 
systems of intelligence, such as machine learning and 
recommendation engines that automate more com-
plex aspects of the big-data analytics process, will also 
help operationalise and proliferate intelligence and 
lower the barriers to benefit from transformation.

While there are challenges associated with em-
bracing big data, the risks associated with failing 
to act are significantly larger. Organisations that fail 
to embrace the potential opportunities presented 
by big data run the risk of being disrupted and over-
whelmed by rival organisations that do. For those that 
have not already started, now is the time to embrace 
the new economics of processing data via distributed 
data-processing frameworks such as Hadoop, as well 
as new systems of intelligence that enable organisa-
tions to better serve their customers, employees and 
partners; support continuous improvement in busi-
ness operations; disrupt existing businesses and mar-
kets; and invent new businesses and business models.  
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