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Business Intelligence

It includes not only “getting data out” (through tools
and applications), but also getting “data in” (to a data
mart or warehouse).

It should be pointed out that some authors use the Bl
term to refer to “getting data out” and data
warehousing as “getting data in.”

And there are some authors who use the data
warehousing term to refer to both “getting data in” and
“getting data out,” much like we are using the Bl term.

The good news is that the differing terminology does
not normally cause confusion because of the context in
which the terms are used.




Things Are Getting More Complex
Organizations are finding business value in
capturing, storing, and analyzing new kinds o

data, suchras'social media, machine sensing, and
clickstream.

Many companies are performing new kinds of
analytics (sentiment analysis), to better and more
qguickly understand and respond to what
customers are saying about them and their
products.

The cloud, and appliances are being used as data
stores

Advanced analytics are growing in popularity and
Importance



Organizations are finding business value in capturing, 1
storing, and analyzing new kinds of data, such as sociajiiN
media, machine sensing, and clickstream. DIMR

three Vs -- volume, variety, and velocity — this kind of data is
often called Big Data.

Many companies are performing new kinds of analytics,
such as sentiment analysis to better and more quickly
understand and respond to what customers are saying about
them and their products.

There are changes in how this data is stored and analyzed.
For example, some companies store and analyze data in the
cloud.

The open source software Hadoop and Map Reduce from
Apache Software is being used to store and analyze massive
amounts of multistructured data (as opposed to the more
structured data maintained in RDMS).




What is Big Data?
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What is Big Data?
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A variable is a unit of data collection whose value can
When collecting or gathering data we collect data from
individuals cases on particular variables.

> value can vary.
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Nominal dataNominal or categorical data is d 1
that comprises of categories that cannot be r
ordered — each category is just different.

The categories available cannot be placed in any
order and no judgement can be made about the
relative size or distance from one category to
another.

What does this mean?

No mathematical operations can be performed on
the data relative to each other.

Therefore, nominal data reflect qualitative
differences rather than guantitative ones.
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Ordinal data
Ordinal data is data that comprises of
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* interval and ratio data _
Both interval and ratio data are examples @
scale datz

e Scaled
e datais
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interval and ratio data 7
Ordinal data can be ranked — similarly interva 1734
ratio data also operate on a mechanism of scX

The key difference is that with interval and ratio
data the data is numerical and has numerically
equal distances between each category.

For example,

a 5cm difference in height between 150cm and
155cm is the same as a 5¢cm difference between
15cm and 20cm.

Imagine a 30cm ruler— it shows equal distance
between each mark i.e. 10 Imm markers between
each cm.
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Descriptive Analytics
Descriptive analytlcs
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Predictive Analytics What will occur? J
Algorithms for predictive analytics, such as L&
regression analysis, machine learning, and neural
networks, have also been around for some time.

Prescriptive analytics are often referred to as
advanced analytics.

What will occur?

Algorithms for predictive analytics, such as
regression analysis, machine learning, and neural
networks, have also been around for some time.
Recently, however, software products have made
them much easier.to understand and use.
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Predictive Analytics What will occur?
They have also been integrated into specific < 48
applications, such as for campaign management.

Marketing'is the target for many predictive analytics
applications.

Descriptive analytics, such as data visualization, is
important in helping users interpret the output from
predictive and predictive analytics. Prescriptive
analytics are often referred to as advanced analytics.

Marketing is the target for many predictive analytics
applications.

Descriptive analytics, such as data visualization, is
important in helping users interpret the output from
predictive and prescriptive analytics.

7
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Prescriptive Analytics 1
Prescriptive analytics are often referred to as 2 Tyl
advanced analytics.

Regression'analysis, machine learning, and neural
networks Often for the allocation of scarce
resourcesWhat should occur?

Prescriptive analytics provide an optimal solution,
often for the allocation ofscarce resources.

They, too, have been in academia for a long time
out are nhow finding wider use in practice.

~or example, the use of mathematical
orogramming for revenue management is
common for organizations that have “perishable”
goods (e.g., rental cars, hotel rooms, airline seats).
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Organizational Transformation

Brought about by opportunity or necessity The
firm adopts a new business model enabled by
analytics

Analytics are a competitive requirement

This is the most interesting target. It occurs when
a company either sees an opportunity or faces a
problem that requires.a new business model that
can only be executed using analytics.

To an extent, analytics is the business. Without
analytics, the business model cannot be execute
and the company cannot compete.
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e 2013 Academic Research

A 2011 TDWI report on Big Data Analytics found
that 85% of respondents indicated that their
firms would be using advanced analytics within
three years

A 2011 IBM/MIT Sloan Management Review
research study found that top performing
companies in their industry are much more
likely to/use analytics rather than intuition
across the widest range of possible decisions.
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The relationship-between the use of data and analytics in
decision making and a variety of organizational
performance measures is described in a 2011 study by
Brynjolfsson, Hitt, and Kim in the Social Science Research
Network (SSRN).

Also, A 2010 IBM/MIT Sloan'Management Review research
study found that top performing companies in their industry
are much more likely to use analytics rather than intuition
across the widest range of possible decisions.

A 2011 TDWI report on Big Data Analytics found that 85% of
respondents indicated that their firms would be using
advanced analytics within three years.

A 2011 IDC study found that analytics is one of the top two
IT priorities for this year.
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The Nature of the Industry

Online retailers like Amazon.com and
Overstock.com are high volume operations
rely on analytics to compete.

When you enter their sites a cookie is placed on
your PC and all clicks are recorded.

Based on your clicks and any search terms,
recommendation engines decide what products
to display.

After you purchase an item, they have additional
information that is used in marketing campaigns.

Customer segmentation analysis is used in
deciding what promotions to send you..
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Online retai ike Amazon.com and Ove k.com are great examples of
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Knowledge Requirements for Advanced Analytics
Business Domain

Video
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Consider theshoar story of the relationship between beer and
diapers i 5 In convenience
stores.

You still scover) whether it
is better t m across the store
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logical
numeric
integer
characte
:
complex

Data types and structures




Data types

Description Examples

TRUE or FALSE TRUE, FALSE

whole numbers -5L, 1L, 7L
integers and 5, -2, 3.1415,

real numbers  sqrt(2)

complex 2.1+3i, 5+0i
numbers

character string “This is text”, “5”

Types can be explicitly converted:

as.logical(), as.integer(), as.numeric(), as.complex(),
as.character(Q)

There is also an implicit conversion:

{ logical ] [ integer ] [ numeric ] [complex] [character]

54



Data types

Internal representation of TRUE and FALSE:
as.integer(TR ,-as.integer(FA

You can che
1s.logica
1S.numeri

1s.charac

Find out the _
If:

type

mode () 4

Find out the .

class cla

typeof () 4
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What is a vector?

e A vector is a collection of values that all have the same datz
e type One-dimensi

Examples:
(-2, 3.4, 3.75,
(TRUE, FAL

LA 11

(“blue”, “gree

You can cres

functions:
c ()

seq ()
rep ()
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Examples

### c() functiomn

c(2, 7, 8, LZ .
# you do not
c (2, 7,8
# you can as
myVeC T O
# you can i
c(2:5, N
# you can ci
Students < ¢

~rator

lues
v, phd="Jdenny”)

#t## seq() £
seqg(from=1,
seq(l,10)
seq(from=1,
seq(l,10, 2)
1 NNe

57



Examples

### rep() function
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Examples

### rep() function
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Data type conversion

e \ectors may only have one type IMR
e \When combining different types, R will coerce a vector into the
most flexi

Coercion rul
conversion)




Operations on

You assess elements of a Vé{:?OFV.FIHIﬂSﬁe [ ]-operator:

c(l2,

]
: 5]

MXNooXoX X X

—~ DN W s A

]
3: 5

Standard ope
element:

c(2, SN
2 + CZr.
c(2, SyNEH



Operations on vectors

sum(b:7)
prod(4:6
) X <
1 s

x [ SEl
x[2]

X s

Some useful
%é&?rﬁx) e .
length (x) s )

x[length (x) S last value ©
sort (x) S S ‘1'-r OF

unique (x) ents




Factors

* Afactoris
 data Canc
* categories
unordered
Examples:

("yes", "no", "
("male", "femz

("small", "larg
"medium")



Factors

Factors can be created using factor():

size < fact ] "',

"medium") )
size
[1] small

Levels: lar
factor

Note:
Quotes, such :




Lists

A collection.of.e

A list ca
lists

Objects
lengths
You can

ling

Almost &
R produ

2ssion, etc.) in



Lists

Example of

my L1 SIS
FALSE, TRI
str (myList

RUE,

1.1 st O
S o N
$ . ‘i
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Matrix - Definition 1

DIM

Wikipedia:

In mathematics, @ matrix (plural matrices) is a rectangular array of numbers,
symbols, or expressions arranged in rows and columns. The individual items
iIn a matrix are called its elements or entries. An example of a matrix with 2
rows and 3 columns is:

1 9 13 m-by-n matrix

aij ncolumns
20 5 6 m

rows
dia diz di3z - - -

2-by-3 matrix
2X3 matrix @21 Q2 @23 - - -

d31 43z 433 - - -

Each element of a matrix is often denoted by a variable with two
subscripis. For instance, a2, | represents the element at the second
row and first column of a mamriv A.




Matrices - Basics

* You ca
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How does matrix()
work?

matrix()

Which arguments can be used with this function?

matrix()

matrix creates a matrix from the given set of vahes.

as.matrix attempts to turn its argument into a matrix.

is.matrix tests ff its aroument i
sage

matrix (data = NA, nrow = 1, ncol = 1, byrow = FALSE,
— dimnames = NULL

matrix(data=(1:8),nrow=2, ncol=3)



Matrices -

Basics

m < matrix(data = 1:8, nrow = 4, ncol = 2)
m

[, 1]
[1,] 1
[2, ] 2
[3/] 3
[4,] 4

# indexing

m[2:3,1:2] rself:




How does matrix() work?

Function of interest: matrix()

Which arguments can be used with this function?
names=NULL)

matrix(data=
What does t
matrix (da
matrix (nco
matrix(1l:

matrix (1:

matrix(1l:
mat r I

matrix (d=(

Error in matri

argument 1 matches multiple formal arguments
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Matrices —
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DEVERICINER

A collection
Two-dimen:
Columns cé

BUT: W
Used to reg
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types
2 same type of data!

Data frames c

data . frchs rom a set of

vectors
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DEYERICINER

Example of
data.frame()
df < datsa
Mass

"F", "F", "M") .

df < data.fr
ID
Sie
Ma s

ements first column
ements second column

ements third column
ames

Note:
Columns mu
Remember:
arguments

med
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DEYERICINER

Example of data.frame()

df < daEc

1 IS

76



Important: date

factors

df 2 < ciehas
str (disg

'data.frame
S x: HEs
5 y: Factor

Argument st
behaviour

DEVERICINEER

iIngs into

"C") )
ructure of an R

his
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DEYERICINER

Important: data.frame() automatically turns strings
into factors

df 2 < clahss
stringsAsFac

"C") .

str (diue

'data.frame
S x: e
S y: CHiE
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DEYERICINER

* Creating a
time

* Also, typing
errors

* You should
hand

== |mport e

Usually d
read.csv
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Indexing by i

YOu can use X

elements Iin

] 16

x1¢(1,4,9,
[1] TONNEE
21l

Indexing

ultiple

s
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Indexing by i

You can also
all elements

X[-2:-7]
[1] 1017 18
22

Indexing

81



Indexing

Indexing b
In multidime atrices and data
frames) an mn can be
accessed b
z< matrix (da
7 L,
[ 199 1
[ 2
[ 30
z [2,/9 y column
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Indexing

Indexing by integer vector

The entire mth

Z < matrix ncol = 4)
7 [ 2.
[1] .

The enﬁre nth ¢ ression X[ , n]

z < matiaes ncol = 4)

83



Indexing

Indexing by integer vector

Multiple rows

7z < matriss ncol = 4)

Z [1 : 2, . [ ) ]
[, 15 A BN, 2 ]

[ I7 10 10 10

[ 2] i1 i 17
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Indexing

Indexing by name

You can index otation

df < deiEs n, "F", "MH),

Mass = c (1
str (df)

'"data.framse
S ID s IR

S Sex N
S Mass: nu

85



Indexing by name

You can index

notation
df < dici

Mass

dfSMass

[1] 17amEs
18

Indexing

F",

"F"
4

"M" ) n
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Indexing by name

You can also
elements by

df < data.
Mass = c (1

df [ c (SEEa

Indexing

) Index a set of

", "F", "M") 3
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Summary of data structures
in R

ultiple types

List
1D

Data frame

2D

88



Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor Dates Missing Data
@0000 00000000 00000 0000 @) 0 0000 000 00 00000 00

Vectors

> vIEE
> vl
[1] 2858

> V2 <=
p )
[1] HAH!

> y3 <8
> V3
[1] =59
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
00

00000000 OOOOO 0000 ©) (@) 0000 000 00O 00000

Reference Elements of a Vector

[114720

> x[x>4]
[1] 7 10

>x[3] <- 9
17 4799
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Vectors Matrices Arrays Lists Dataframes Numerlc Logical Character Factor Dates Missing Data

which() and match() r
Addi | -

UE
numeric vector
numeric vector

> x<-c(4
> X

[1] TRUE
>which(x>
[1] 128
> which.mé
[ 175t
>x[which.
[ 1]
>max(x)

[1] 10

el )

) 333445
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor Dates Missing Data
000@0 00000000 00000 0000 @) 0 0000 000 00 00000 00

Vector Operations -_
perfor_
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor Dates Missing Data

OO A NN O OO O N A ~ NO OO OO A NOAA A A~
O000e O0000O000 OOOOO o000 O O o000 000 (G)@) O0000 (@G)@)

Useful Vector Functions

probabilities



Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
®0000000 00000 0000 @) ¢} 0000 000 00 00000 00

Matrices

ncol=1, byrow = es = NULL)

espectively, list

trix(c(5,0,6,1,3 ® 7/.1,5,3), nrow=3, ncol=4,

DIMR I
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
0O®000000 00000 0000 ¢} 0 0000 000 00 00000 0O

Reference Elements of a Matrix
ot

yrow=TRUE)

> X
Al
[1,] [
[ 28
[3,]
> X[ 255N
[1] 9
> X [N
[1] SNERE
>k [
[1] ORSHl
> X[ (I
[,1]
[1,
[2,]
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
00@00000 00000 0000 @) ¢} 0000 000 00 00000 00

lumn m

2 rather than by

Reference Elements of a Matrix

the n s the columns
of a je.As aresult
you Ou use the old
Index

ge.
n or row

. Toget or set

Uset
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
000@0000 00000 0000 @) ¢} 0000 000 00 00000 0O

Reference Elements of a Matrix

> N<- ma
> colname
> N

C 4l
[1,] 5
[2,] 0
NI
[1] S
> colname
[1] “Cr
> M <- ¢

rentheses
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
0000@000 00000 0000 @) ¢} 0000 000 00 00000 00

Matrix Operations

or co * %*% on two

) asamatrix
to a scalar.

> A<- mat
> B<- mati
> A*B
[,1]
[1,] |
[2,] 2
> A* B

formable arrays
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
00000800 00000 0000 @) ¢} 0000 000 00 00000 00

Useful Matrix Functions

package)
ACholeski

of a matrix

s and

es of A
of A
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Vectors Matrices Arrays Lists Dataframes Numeric Logical
000000®0 00000 0000 o O

Character Factor DEIES Missing Data
0000 000 00 00000 00

>apply(x,
[1] 22926
>apply(x,
[1] 258

100 of 45



Vectors Matrices Arrays Lists Dataframes Numerlc Logical Character Factor DEIES Missing Data
0000000® 00000 0000 @) 0000 000 00 00000 00

Example - Simulating Survival Data

-

T follow an
ng times C are

# Sample
n=10

# Generat 1 to see #
how Rpara
event <- 1
censor <-

# SelcEm
time <- af
index <-

cbind(eve
data <- cbind(time, index) # Simulated dataset 101 of45



Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
00000000 0000 0000 @) ¢} 0000 000 00 00000 00

Arrays
An al y —
To cr
L)
data ve enough
dim C the maximum

mension, either
at dimension.
mes for the

expressions

all be of the
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIE Missing Data
00000000 0000 0000 @) ¢} 0000 000 00 00000 0O

Arrays -
owm

O Samp

> W<- arr
HNH,HMH)))

X Yod
A7 9 11
B8 10 12
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
00000000 00O®O0O 0000 @) ¢} 0000 000 00 00000 0O

Reference Elements of an Arra

HN",HMH)))
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
00000000 0000 0000 @) ¢} 0000 000 00 00000 0O

Useful Array Functions -

apply ion to array
aper pose an array imensions
dim(x ions of x

dimna the dimen

105 of 45



Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
00000000 0000® 0000 @) ¢} 0000 000 00 00000 0O

the function

# Column
>apply(w,
X

18 26 34

# Rowand
> apply(
NM
A 9 2]
B 12 30
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
00000000 00000 0000 @) ¢} 0000 000 00 00000 00

Lists
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DL Missing Data
00000000 00000 0®00 @) ¢} 0000 000 00 00000 00

Reference Elements of a List

orelements
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
00000000 00000 00@0 @) @) 0000 000 00 00000 00

Useful List Functions

lappl elemen a list

sappl , but returns by default
vappl but has a of return value
repli ation of an expre replicating lists

unlis | urin x
lengt
names
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor Dates Missing Data
00000000 00000 000® @) @) 0000 000 00 00000 00

Exampl

First g
sum

#List of
L<- lappl

# Calcula
lapply(L,
sapply(L,
vapply(L, d Qu"=0, Max.=0))
Since 3
7 whe

o alist of length
2 sameas 1:n.
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Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES
00000000 00000 0000 () @) 0000 000 00 00000

Dataframes

Missing Data
00

R ref
A dat be of different
types ' IS an element
of the

A dat ure tatistical

Lect , : o of

region
Alabam South
Alaska ( West
Arizone / West
Arkansé South
Califor West
Colorad West
Connec Northeast

111 of 45



Vectors Matrices Arrays Lists Dataframes Numeric Logical Character Factor DEIES Missing Data
00000000 00000 0000 @) () 0000 000 00 00000 00

Numeric

=~ refersto real

i nning R, such
asthe

S ageneric
funct () for
addit

> #trim
>format(
[ 178

>format(
(TN

)0 )
> # nsmal o118 cimal point
LI
[1] "IFSe
> #scien
>format(

[1] "6.5536e+04"
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Logical

Logic FAL
™

I'x

X & elementwise, retur
&y returns a single va
| i Vi |
|y

x0r(

eing exactly equal
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Example - Logical Operations

(7 =: at elements of x S&ater than 57

>any(x>95)
[1] TRUE
>all(x>5)
[1] FALSE

5?
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Isn’t that equal?

In ge d mam
an N2

If yo essions, you
shou at nothing
unus ¢ on instead.
iden \[L.SE,, never NA

> name <-
> 1f(name
[1] TRUE

> # But w
> name <-
> 1f(name
Error 1in

missing
> 1f(1den
[1] FALSH
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Isn’t that equal?

f expressions,
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Character
cat() jects and p \n for newllne)
paste()
print()
substr() vector
strtrim() widths
strsplit( ing to a substring
grep() aracter vector,

d
grepl()
agrep() imate matches
regexpr() of the first
gsub() character vector
sub() currence
tolower(
noquote()
nchar()
lett e ers
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Example - Character Functions

animalses
home <

length(an

nchar(ani

cat("Ani to a newline #
cat(animsé he other
paste(ani of animals
a.h=paste mals and home

# Split st
unlist(st

ttern matching
substr(an
strtrim(a

toupper(a
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Example - Pattern Matching

[

See?
#colors( ames
colors()[ i red”
colors()[ e d "
colors()[ wed"
colors()[ B fter "red”
colors()[ S Or t
places <-
osub("o
SU.b(”OH, i
# Capital 2$S101S

gsub("(\\w : , places, perl= 119 0f 45
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Factor
O A fac red 0|-
unor variable.
> factor(
[1] @i

> factor(
1 low med

med < hig

low <

levels(x)

nlevels(

relevicul dbyref isfirst
reorder() variable

gl() MEERS

cut (xS ermined by breaks
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Example - Factor Functions -

# Generat ents and atment f
<- gl(3, : sep=".")

levels(f)
nlevels(
rele vl
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Dates and Times

and Me

formation about

object
format.D
seq.Date
cut.Date
weekdays,
julian

.Date su

but is n

dcut.Date(),
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Convert Strings to Date Objects

Con - at stri-

Any ¢ | S interpreted

Com | . plete list),

> datesml : : 2009")

> dates.2 2009™")

[1] "2008-01-05" "2008-08-19" "2009-02-02" "2009-09-29" B
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Sequence of Dates

To cre

"week”,
ded by a (positive
bya”s”.
le
> seq.Dat 'week")
[1] "2 )11-01-29"
>seq.Date 3 days") [1]
"2011-01 01-13"
[6] “ZEM 011-01-28"
[11] "2
> seq.Dat
[1] 21 "2011-01-29"
[ 6] 2l "2011-03-05"
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Cutting Dates

RUE)

Missing Data
00

> jan <_ I), by:lldaysll)
> cut(ja
[1] 208 03 2011-01-03
[7] Z0 0 2011-01-10
[13] 3268 N 2011-01-17
[19] 201 B 2011-01-24
[25] 268 24°2011-01-24
[31] 208
6 LevelEn 2011-01-31
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Operations with Dates

> janl <-
>(jan8 <-
[1] "2
> janl -
[1] 20N
> jang - J
Time diffe
> jang >
[1] TRUE

1 and 2011/1/8

> # Use fo
>format.L
[1] "2011
>format.L
[1] "Jan-®

€ appearance
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