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What are we going to cover?

We’re going to talk about:

What is Big Data?

What is Big Data, beyond the
marketing hype?

What sets Big Data apart?

What is a practical definition of
Big Data?
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And, why is it interesting?

And, why is it interesting?

“Big data has emerged as a technology term and
trend that is complementary to and considered to be
equally as transformational as the cloud computing
model. . . . represented as an ’old’ or ’new’ capability
depending on the perspective of those defining it, . . . ”

Lee Badger [8]

“Big Data can be characterized by the three V’s:
volume (large amounts of data), variety (includes
different types of data), and velocity (constantly
accumulating new data).”

Jules. J. Berman [3]
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Classical definition

Doug Laney, META Group

The origin of “Big Data” ideas and definitions.

Started in the e-commerce
Mergers and Acquisitions
arena

Used to explain why
traditional Relational
Database Management
Systems (RDMS) wouldn’t
scale

Intended audience was
non-technical management Image from [7].

Take away: traditional RDMS don’t/won’t scale and different
approaches are needed.
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Classical definition

Laney’s original BD Vs

Image from [7].
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Classical definition

Volume — what does it mean for Big Data?

How much is there? And, how do we store it?

Store relational records?

Store transactional records?

How long to keep data
available?

How to access data?

How to migrate data?

Image from [4].

See http://en.wikipedia.org/wiki/Metric prefix for list of prefixes.
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Classical definition

Velocity — what does it mean for Big Data?

Frequency of data
generation/delivery

Think of data from a device,
or sensor, robots, clicklogs

Real-time analysis is small
(9%) [12].

Most Big Data analytics is
batch

Known as “Little’s Law”[9]

Take away: data is generated at a high speed, it must be analyzed
before the next set of data is delivered.
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Classical definition

Variety — what does it mean for Big Data?

Not all data is the same.

Data from a multitude of
different sources.

Not all data is useful.

Data is lost during
“normalization”

Hopefully not important
data, when in doubt: keep it
somehow

Gets away from relational
databases
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Classical definition

The original Vs have been expanded

Lots more Vs.

1 Vagueness
2 Validity
3 Value
4 Variability
5 Variety
6 Velocity
7 Venue

8 Veracity
9 Viability

10 Vincularity
11 Virility
12 Viscosity
13 Visibility
14 Visible

15 Visualization

16 Vitality

17 Vocabulary

18 Volatility

19 Volume

We’ll talk about these later.
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Data sources and types

The Big Data challenges.

Heterogeneity

Scale

Timeliness

Complexity

Privacy

The Big Data user changes the question[1].
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Statistics and BD

Important ideas from statistics

How “good” an answer do you want?
Questions that need to be
answered:

How accurately do you need
the answer?

What level of confidence do
you intend to use?

What is your current
estimate of the answer
you’re after? Image from [6].

The greater the tolerance for error, the fewer samples needed.
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Statistics and BD

If you have some pre-knowledge of the “population” then you only
need to sample a very small number of “individuals” to get a good
enough answer.[15]
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Statistics and BD

How sampling differs from “Big Data”

Sampling – start with a
preconceived idea of the outcome

Sampling – few data points
extremely valuable (n = 1000)

Big data – you don’t know what
the data holds

Big data – many data points
extremely cheap (n = all)

Leadership role changes from
investigator to data [10].

Large data sets are messy, incomplete, inconsistent, and error
prone. Require lots of data munging and data wrangling.
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Statistics and BD

We’ll be covering virtually “bleeding edge” stuff.

Data too big for a single
machine.

Processing too long for a
single machine.

Question/analysis is
paralizable.

Image from [13].
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Statistics and BD

Lots of places, lots of it, and fast.

We are “drowning” in Big Data.

230,000,000 tweets per day
[5]

2,700,000,000 Facebook
likes per day [2]

100 hours of YouTube video
every minute [16]

Clickstream left on servers
Our wearable devices are contributing to this avalanche of data.
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Statistics and BD

With all this data, what kinds of questions can we ask?

How is data from one data
set related to data in
another?

Are the relationships
one-to-one or, one-to-many,
or many-to-many?

Is the data “clean” or not?

What are we trying to find
from the data?

The details of the questions depend on the data and what we are
interested in finding.
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Statistics and BD

Some questions are easily stated, . . .

Which of these questions are
amenable to Big Data processing
(and why)?

1 a[i ] = b[i ] + c[i ]

2 a[i ] = f (b)

3 a[i ] = a[i − 1] + b[i − 1]

4 a = b + c
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Statistics and BD

Does the tweet sentiment change over time?
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Statistics and BD

What sends what type of tweet?
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Statistics and BD

Where do tweets come from?
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Pragmatic and practical

A pragmatic definition

“. . . big data refers to things one can do at a large
scale that cannot be done at a smaller one, to extract
new insights or create new forms of value, in ways that
change markets, organizations, the relationship between
citizens and governments, and more.”

Mayer-Schönberger and Cukier [10]
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Pragmatic and practical

A practical definition based on “people” time.

If:

Your data won’t fit into one
machine or application, or

You are waiting too long for
an answer

then:

You have a Big Data problem that requires Big Data tools and
techniques.
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A simple idea in pictures

“In addition to the
foundational and translational
skills training that students
receive, they would also
benefit from a better
understanding of ethics and
social context of data . . . ”

NAS [11]

Image from [14].
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A simple idea in pictures

Ethics in Big Data[11]

Data confidence – avoiding
overconfidence and the
inclination to draw
stronger-than-appropriate
conclusions
Data context – understand
the context of data sets
before they are processed
Fairness – treat all [data]
equitably and avoid bias

Privacy – privacy with
respect to how data are
collected and analyzed
Stewardship – supervision
of a data set at all stages
of existence
Validity – ensure that the
data set contains valid
information

This area could be a full credit college course.
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Q & A time.

Q: Name two families whose kids
won’t join the Marines.
A: The Halls of Montezuma and
the Shores of Tripoli.
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What have we covered?

Big Data is all around us.
Big Data is about volume, variety,
velocity, and getting answers
quickly.
Some Big Data questions are easy
to state, but impossible to answer.
Dealing with Big Data can raise
real ethical questions

Next: What is R?
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Files of interest
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1 Introduction


Doug Laney is widely credited with originating the first big Vs of Big Data: volume, variety,
and velocity. Since then the number of Vs has grown and grown. I will list all the Vs that I
can find in chronological order until I get tired, to see if there is a pattern in their growth.


2 Big Data Vs


Table 1 chronicles some of the Big Data Vs.







Table 1: Big Data Vs.


Num. Year V Definition Source


1 2001 Variety . . . no greater barrier to effective data manage-
ment will exist than the variety of incompati-
ble data formats, non-aligned data structures,
and inconsistent data semantics.


[8, 10]


2 2001 Velocity E-commerce has also increased point-of-
interaction (POI) speed and, consequently, the
pace data used to support interactions and
generated by interactions.


[8]


3 2001 Volume E-commerce channels increase the
depth/breadth of data available about a
transaction (or any point of interaction).


[8]


4 2013 Validity . . . is the data correct and accurate for the in-
tended use.


[2, 9, 10,
11, 14]


5 2013 Value How to determine the prescriptive value of
data?


[2, 5, 9,
13, 14,
15, 7, 6,
3, 1]


6 2013 Variability Many options or variable interpretations can
confuse interpretation.


[2, 5, 10,
13, 15]


7 2013 Veracity . . . to the biases, noise and abnormality in
data.


[2, 5, 9,
11, 14,
15, 12, 6,
3, 4, 1]


8 2013 Viability . . . can the data be analyzed in a way that
makes it decision-relevant?


[5, 10]


9 2013 Virility . . . Defined by some users as the rate at which
the data spreads; how often it is picked up and
repeated by other users or events.


[15]


10 2013 Viscosity . . . used to describe the latency or lag time in
the data relative to the event being described.


[15]


11 2013 Visibility . . . the state of being able to see or be seen - is
implied. [9, 14, 10]


(Continued on the next page.)
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Table 1. (Continued from the previous page.)


Num. Year V Definition Source


12 2013 Visualization Making all that vast amount of data compre-
hensible in a manner that is easy to under-
stand and read. With the right analyses and
visualizations, raw data can be put to use oth-
erwise raw data remains essentially useless.


[13]


13 2013 Volatility . . . how long is data valid and how long should
it be stored.


[10, 11]


14 2014 Vagueness . . . confusion over the meaning of big data (Is
it Hadoop? Is it something that weve always
had? Whats new about it? What are the
tools? Which tools should I use? etc.)


[2]


15 2014 Venue . . . distributed, heterogeneous data from mul-
tiple platforms, from different owners systems,
with different access and formatting require-
ments, private vs. public cloud.


[2]


16 2014 Vocabulary . . . schema, data models, semantics, ontolo-
gies, taxonomies, and other content- and
context-based metadata that describe the
datas structure, syntax, content, and prove-
nance.


[2]


17 2015 Vincularity . . . it implies connectivity or linkage. [10]


18 2015 Visible We live in an increasingly visual world and the
statistics of increase in the number of images
and videos shared on the Internet is stagger-
ing.


[10]


19 2015 Vitality . . . criticality of the data is another concept
that is crucial and is embedded in the concept
of Value.


[10]
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3 Conclusion


Doug Laney’s initial 3Vs were based on his experiences in a business mergers and acquisitions
environment. The terms and ideas were easy to understand and to relate to. Many, many
people have hopped on the “V” band wagon, and will probably continue to for the foreseeable
future. From a practical stand point; if your data won’t fit in one machine, or the machine
takes too long to return an answer then you have a Big Data problem. Regardless of many
Vs apply.


An alternative set of attributes of a Big Data based on [16] is:
Size: the volume of the datasets is a critical factor, or
Complexity: the structure, behaviour and permutations of the datasets is a critical


factor, or
Technologies: the tools and techniques which are used to process a sizable or complex


dataset is a critical factor.
Any two of these attributes meets the requirements of a Big Data problem.
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