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UNIT-I 
INTRODUCTION TO ANALYTICS 

R is a flexible and powerful open-source implementation of the language S (for statistics) 
developed by John Chambers and others at Bell Labs. 

 

 R is open source and completely free. R community members regularly contribute 
packages to increase R’s functionality. 

 R is as good as commercially available statistical packages like SPSS, SAS, and 
Minitab. 

 R has extensive statistical and graphing capabilities. R provides hundreds of built-in 
statistical functions as well as its own built-in programming language. 

 R is used in teaching and performing computational statistics. It is the language of 
choice for many academics who teach computational statistics. 

 Getting help from the R user community is easy. There are readily available online 
tutorials, data sets, and discussion forums about R. 

R uses: 
 R combines aspects of functional and object-oriented programming. 

 R can use in interactive mode 

 It is an interpreted language rather than a compiled one. 

 Finding and fixing mistakes is typically much easier in R than in many other 
languages. 

R Features:- 
 Programming language for graphics and statistical computations 

 Available freely under the GNU public license 

 Used in data mining and statistical analysis 



 Included time series analysis, linear and nonlinear modeling among others 

 Very active community and package contributions 

 Very little programming language knowledge necessary 
 
Introduction to various Data Types: 
 
1. Data Type: 
 

There are two types of data classified on very broad level. They are Numeric and Character data.  

 Numeric Data: - It includes 0~9, “.” and “- ve” sign.


 Character Data: - Everything except Numeric data type is Character. For Example, Names, 
Gender etc.



 

Data is also classified as Quantitative and Qualitative. 

2. Data Frame: 
A data frame is used for storing data tables. It is a list of vectors of equal length. 

 

3. Array and Matrices: 
 
We have two different options for constructing matrices or arrays. Either we use  the creator 

functions matrix () and array (), or you simply change the dimensions using the dim () 

function. 

Reading Database using R 

 

We can import Datasets from various sources having various files types for example, 

 .csv format 

 Big data tool – Impala 

 CSV File 

>mydata = read.csv("mydata.csv") # read csv file 

>mydata 

 



Importing and Exporting CSV 

 

 Loading data – data(dataset_name) 

 read and write functions 

 getwd() and setwd(dir) 

 read and write functions use full path name 

 

Example: 

read.csv (“C:/Rtutorials/Sampledata.csv”). 

 

Outliers and Missing Data treatment 

 In R, missing values are represented by the symbol NA (not available). 

 Impossible values (e.g., dividing by zero) are represented by the symbol NaN (not a 
number). 

 Unlike SAS, R uses the same symbol for character and numeric data. 

Outliers: 

Outlier is a point or an observation that deviates significantly from the other observations. 

 

 Due to experimental errors or “special circumstances” 

 Outlier detection tests to check for outliers 

 

Outlier treatment – 

 Retention 

 Exclusion 

 Other treatment methods 

Combining Data sets in R 

 

To merge two data frames (datasets) horizontally, use the merge function. In most cases, you 

join two data frames by one or more common key variables (i.e., an inner join). 



 

 

Using for and ifelse in R : 

To repeat an action for every value in a vector by using a “for” loop. 
 

We construct a “for” loop in R as follows: 

 

for(i in values){ 

 

... do something ... 

 

} 

“IFELSE” Function:- 

 

When using R, sometimes we need our function to do something if a condition is true and 

something else if it is not. 

 

Manage your work to meet requirements: 

Time Management Aspects 

Time management has to be looked at an organizational level and not just individual level 

Prompt participants to come up with some aspects and relate them back to here. 

 Planning and goal setting 

 Managing yourself 

 Dealing with other people 

 Your time 

 Getting results 

 

 



 

 

 

 

 

 

 

 

 

 

Work Management 

 Describe the jobs in terms of major outcomes and link to the organization’s need 
 Share expectations in terms of work style 
 Maximize Performance 
 Establish priorities. Establish thresh holds and crisis plan 
 Revalidate understanding 
 Establish progress check 

 

Quality Standards Adherence 

 Efficiency – Performing activities well 
 Effectiveness – Performing activities right 

 

IN EFFICIENT EFFICIENT 
Pursuing right goals but in efficient Pursuing right goals and efficient 
Pursuing wrong goals and inefficient. Pursuing Wrong goals but is Efficient 

 

 

 

 

 



UNIT-II 

SUMMARIZING DATA AND REVISITING PROBABILITY 

Summary statistics- summarizing data with R 

 

•summary(data_frame) 

 

•summary(iris) 

 

•Output : Mean, Median, Minimum, Maximum, 1st and 3rd quartile 

Probability 

Probability is the chance of occurrence anything. 

P(A)= S/P 

Where S is sample size or no of positive outcomes and P is the population size or total no of 
outcomes. 

A probability distribution describes how the values of a random variable are distributed. 

Expected value 

The expected value of a random variable is intuitively the long-run average value of repetitions 
of the experiment it represents. 

The expected value is also known as the expectation, mathematical expectation, EV, mean, 

or first moment. 

Random Variable: 

 A random variable, aleatory variable or stochastic variable is a variable whose value 

is subject to variations due to chance (i.e. randomness, in a mathematical sense). A 

random variable can take on a set of possible different values (similarly to other 

mathematical variables), each with an associated probability, in contrast to other 

mathematical variables. 

 A random variable is a real-valued function defined on the points of a sample space 

 



Bivariate Random Variable: 

 Bivariate Random Variables are those variables having only 2 possible outcomes. For 

example flip of coin 

Probability Distribution 

There are 2 types of Distribution Functions:

 Discrete 

 Continuous 

Types of Probability Distribution:

 

 Binomial Distribution  

 Poisson Distribution  

 Continuous Uniform Distribution 

 Exponential Distribution  

 Normal Distribution  

 Chi-squared Distribution  

 Student t Distribution  

 F Distribution 

 

Central Limit Theorem 

The central limit theorem states that under certain (fairly c

many random variables will have an approximately normal distribution.

where X1, …, Xn are independent and identically distributed random variables with the same 

arbitrary distribution, zero mean, and varian

 

 

Bivariate Random Variables are those variables having only 2 possible outcomes. For 

ere are 2 types of Distribution Functions:- 

Types of Probability Distribution: 

Continuous Uniform Distribution 

 

 

The central limit theorem states that under certain (fairly common) conditions, the sum of 

many random variables will have an approximately normal distribution. More specifically, 

are independent and identically distributed random variables with the same 

arbitrary distribution, zero mean, and variance σ2; and Z is their mean scaled by 

Bivariate Random Variables are those variables having only 2 possible outcomes. For 

ommon) conditions, the sum of 

More specifically, 

are independent and identically distributed random variables with the same 

 



Then, as n increases, the probability distribution of Z will tend to the normal distribution with 

zero mean and variance (σ2). 

The central limit theorem also implies that certain distributions can be approximated by the 

normal distribution, for example: 

 

 The binomial distribution B(n, p) is approximately normal with mean np and variance 

np(1−p) for large n and for p not too close to zero or one. 

 The Poisson distribution with parameter λ is approximately normal with mean λ and 

variance λ, for large values of λ. 

 The chi-squared distribution χ2(k) is approximately normal with mean k and variance 

2k, for large k. 

 The Student's t-distribution t(ν) is approximately normal with mean 0 and variance 1 

when ν is large. 

 

Work Effectively with Colleagues 

 

A team comprises a group of people linked in a common purpose. Teams are especially 
appropriate for conducting tasks that are high in complexity and have many interdependent 
subtasks. 

Team work vs. Individual work 

Team Work       Individual Work 

 o Agree on goals/ milestones  Work on tasks 

 
o Communicate / monitor progress  

  Work on new / revised tasks 

o Solve Problem 
o Interpret Results 
o Agree Completion of Projects 
o Interpret Results 

 

 



Who is professional? 

 

A person who has achieved an acclaimed level of proficiency in any trade and whose 

competencies can be measured against fixed set of standards or guidelines. The following are 

the key characteristics in a person that make him stand out as a professional. 

 

 

What is professionalism? 

 Professionalism is the competence or set of skills that are expected from a professional. 

 Professionalism determines how a person is perceived by his employer, co-workers, and 

casual contacts. 

How to exhibit professionalism? 

 Positively proactive. 

 Respect. 

 Opportunities to help others. 

 Follow-up. 

 Empathy. 

 Self-confident. 

 Sustainable 

 Integrity. 

 Optimize all interactions. 

 

EFFECTIVE COMMUNICATION 

There are three main forms of Communication: 

 Verbal communication 

 Non verbal communication 

 Written communication 



UNIT-III 

SQL USING R 

 

A NoSQL (originally referring to "non SQL" or "non-relational") database provides a 

mechanism for storage and retrieval of data that is modeled in means other than the 

tabular relations used in relational databases. 

 

NoSQL databases are increasingly used in big data and real-time web applications. NoSQL 

systems are also sometimes called "Not only SQL" to emphasize that they may support SQL-like 

query languages. 

 

There have been various approaches to classify NoSQL databases, each with different 

categories and subcategories, some of which overlap. 

 

The Benefits of NoSQL 

 Large volumes of structured, semi-structured, and unstructured data 

 Agile sprints, quick iteration, and frequent code pushes 

 Object-oriented programming that is easy to use and flexible 

 Efficient, scale-out architecture instead of expensive, monolithic architecture 

 

Excel and R integration with R connector 

Read R output in Excel 

First create a csv output from an R data.frame then read this file in Excel. There is one function 

that you need to know it’s write.table. You might also want to consider: write.csv which uses “.” 

for the decimal point and a comma for the separator and write.csv2 which uses a comma for the 

decimal point and a semicolon for the separator. 

x <- cbind(rnorm(20),runif(20)) 

colnames(x) <- c("A","B") 

write.table(x,"your_path",sep=",",row.names=FALSE) 

 



UNIT-IV 

CORRELATION AND REGRESSION 

Basic Regression Analysis 

 

Regression analysis is the statistical method you use when both the response variable and the 

explanatory variable are continuous variables (i.e. real numbers with decimal places – things 

like heights, weights, volumes, or temperatures). 

 

In simple regression, we try to determine whether there is a relationship between two variables. 

It is assumed that there is a high degree of correlation between the two variables chosen for use 

in regression. 

In R we use lm () function to do simple regression modelling. 

For example, 

> fit <- lm(data$petal_length ~ data$petal_width) 

When we call “fit” as below 

>fit 

 

 

OLS Regression 

 

OLS:- Ordinary least squares (OLS) or linear least squares is a method for estimating the 

unknown parameters in a linear regression model, with the goal of minimizing the differences 

between the observed responses in some arbitrary dataset and the responses predicted by the 

linear approximation of the data. 

This is applied in both simple linear and multiple regression where the common assumptions are 

The model is linear in the coefficients of the predictor with an additive random error term 

The random error terms are 

 normally distributed with 0 mean and 

 a variance that doesn't change as the values of the predictor covariates (i.e. IVs) change. 

 

 



Regression Modelling 

Regression modeling or analysis is a statistical process for estimating the relationships among 

variables. It includes many techniques for modeling and analyzing several variables, when the 

focus is on the relationship between a dependent variable and one or more independent variables 

(or 'predictors'). More specifically, regression analysis helps one understand how the typical 

value of the dependent variable (or 'criterion variable') changes when any one of the 

independent variables is varied, while the other independent variables are held fixed. Most 

commonly, regression analysis estimates the conditional expectation of the dependent variable 

given the independent variables – that is, the average value of the dependent variable when the 

independent variables are fixed. Less commonly, the focus is on a quantile, or other location 

parameter of the conditional distribution of the dependent variable given the independent 

variables. In all cases, the estimation target is a function of the independent variables called the 

regression function. In regression analysis, it is also of interest to characterize the variation of 

the dependent variable around the regression function which can be described by a probability 

distribution. 

Regression analysis is widely used for prediction and forecasting, where its use has substantial 

overlap with the field of machine learning. Regression analysis is also used to understand which 

among the independent variables are related to the dependent variable, and to explore the forms 

of these relationships. In restricted circumstances, regression analysis can be used to infer causal 

relationships between the independent and dependent variables. However this can lead to 

illusions or false relationships, so caution is advisable; for example, correlation does not imply 

causation. 

The performance of regression analysis methods in practice depends on the form of the data 

generating process, and how it relates to the regression approach being used. Since the true form 

of the data-generating process is generally not known, regression analysis often depends to 

some extent on making assumptions about this process. These assumptions are sometimes 

testable if a sufficient quantity of data is available. Regression models for prediction are often 

useful even when the assumptions are moderately violated, although they may not perform 

optimally. However, in many applications, especially with small effects or questions of 

causality based on observational data, regression methods can give misleading results. 

 



Regression residuals 

The residual of an observed value is the difference between the observed value and the 

estimated value of the quantity of interest. 

The difference between the observed value of the dependent variable (y) and the predicted value 

(ŷ) is called the residual (e). Each data point has one residual. 

A residual plot is a graph that shows the residuals on the vertical axis and the independent 

variable on the horizontal axis. If the points in a residual plot are randomly dispersed around the 

horizontal axis, a linear regression model is appropriate for the data; otherwise, a non-linear 

model is more appropriate. 

Correlation 

 Measure of association between variables 

 Positive and negative correlation, ranging between +1 and -1 

 Positive correlation example: 

 Earning and expenditure 

 Negative correlation example 

 Speed and time 

 Parametric – normal distribution and homogenous variance 

 Pearson correlation 

 Non parametric – no assumptions, nominal variables 

 Spearman correlation 

Correlation Coefficients:- 

 r : correlation coefficient 

 +1 : Perfectly positive 

 -1 : Perfectly negative 

 0 – 0.2 : No or very weak association 

 0.2 – 0.4 : Weak association 

 0.4 – 0.6 : Moderate association 

 0.6 – 0.8 : Strong association 

 0.8 – 1 : Very strong to perfect association 

 



Correlation and Covariance: 

 

With two continuous variables, x and y, the question naturally arises as to whether their values 

are correlated with each other (remembering, of course, that correlation does not imply 

causation). Correlation is defined in terms of the varianc

covariance of x and y (the way the two vary together; the way they co

that both variables are normally distributed

 

 

 

 

 

Heteroscedasticity: 

 

A collection of random variables is hete

hetero “different” and skedasis “dispersion”) if there are sub

variabilities from others. Here "variability" could be quantified by the variance or any other 

measure of statistical dispersion. Thus heteroscedasticity is the absence of homoscedasticity.

 

The existence of heteroscedasticity is a major concern in the application of regression analysis, 

including the analysis of variance, as it can invalidate statistical tests 

that the modeling errors are uncorrelated and uniform

with the effects being modeled. For instance, while the ordinary least squares estimator is 

stillunbiased in the presence of heterosced

covariance are underestimated. Similarly, in testing for differences between sub

using a location test, some standard tests assume that variances within groups are equa

 

Test of Heteroscedasticity:- 

 

Tests in regression 

 Levene's test 

With two continuous variables, x and y, the question naturally arises as to whether their values 

are correlated with each other (remembering, of course, that correlation does not imply 

causation). Correlation is defined in terms of the variance of x, the variance of y, and the 

covariance of x and y (the way the two vary together; the way they co-vary) on the assumption 

that both variables are normally distributed. 

A collection of random variables is heteroscedastic (or 'heteroskedastic' from Ancient Greek 

hetero “different” and skedasis “dispersion”) if there are sub-populations that have different 

variabilities from others. Here "variability" could be quantified by the variance or any other 

atistical dispersion. Thus heteroscedasticity is the absence of homoscedasticity.

The existence of heteroscedasticity is a major concern in the application of regression analysis, 

including the analysis of variance, as it can invalidate statistical tests of significance that assume 

that the modeling errors are uncorrelated and uniform—hence that their variances do not vary 

with the effects being modeled. For instance, while the ordinary least squares estimator is 

stillunbiased in the presence of heteroscedasticity, it is inefficient because the true variance and 

covariance are underestimated. Similarly, in testing for differences between sub

using a location test, some standard tests assume that variances within groups are equa

With two continuous variables, x and y, the question naturally arises as to whether their values 

are correlated with each other (remembering, of course, that correlation does not imply 

e of x, the variance of y, and the 

vary) on the assumption 

roscedastic (or 'heteroskedastic' from Ancient Greek 

populations that have different 

variabilities from others. Here "variability" could be quantified by the variance or any other 

atistical dispersion. Thus heteroscedasticity is the absence of homoscedasticity. 

The existence of heteroscedasticity is a major concern in the application of regression analysis, 

of significance that assume 

hence that their variances do not vary 

with the effects being modeled. For instance, while the ordinary least squares estimator is 

asticity, it is inefficient because the true variance and 

covariance are underestimated. Similarly, in testing for differences between sub-populations 

using a location test, some standard tests assume that variances within groups are equal. 



 Goldfeld–Quandt test 

 Park test 

 Glejser test 

 Brown–Forsythe test 

 Harrison–McCabe test 

 Breusch–Pagan test 

 Cook–Weisberg test 

Autocorrelation 

Autocorrelation, also known as serial correlation or cross-autocorrelation, is the cross-correlation 

of a signal with itself at different points in time (that is what the cross stands for). Informally, it 

is the similarity between observations as a function of the time lag between them. It is a 

mathematical tool for finding repeating patterns, such as the presence of a periodic signal 

obscured by noise, or identifying the missing fundamental frequency in a signal implied by its 

harmonic frequencies. It is often used in signal processing for analyzing functions or series of 

values, such as time domain signals. 

Multicollinearity 

In statistics, multicollinearity (also collinearity) is a phenomenon in which two or more predictor 

variables in a multiple regression model are highly correlated, meaning that one can be linearly 

predicted from the others with a substantial degree of accuracy. 

Introduction to Multiple Regression 

The general purpose of multiple regressions (the term was first used by Pearson, 1908) is to learn 

more about the relationship between several independent or predictor variables and a dependent 

or criterion variable. 

Dummy Variables 

In regression analysis, a dummy variable (also known as an indicator variable, design variable, 

Boolean indicator, categorical variable, binary variable, or qualitative variable) is one that takes 

the value 0 or 1 to indicate the absence or presence of some categorical effect that may be 

expected to shift the outcome. Dummy variables are used as devices to sort data into mutually 

exclusive categories. 

 



 

UNIT-V 

UNDERSTAND THE VERTICALS AND REQUIREMENTS GATHERING 

Understand systems viz. Engineering Design, Manufacturing, smart utilities, production 
lines, Automotive industries, Tech system 

 

Engineering Design: 

 

The engineering design process is a methodical series of steps that engineers use in creating 

functional products and processes. The process is highly iterative - parts of the process often 

need to be repeated many times before production phase can be entered - though the part(s) that 

get iterated and the number of such cycles in any given project can be highly variable. 
 

One framing of the engineering design process delineates the following stages: research, 

conceptualization, feasibility assessment, establishing design requirements, preliminary design, 

detailed design, production planning and tool design, and production. 

Manufacturing: 

Manufacturing is the production of merchandise for use or sale using labour and machines, tools, 

chemical and biological processing, or formulation. The term may refer to a range of human 

activity, from handicraft to high tech, but is most commonly applied to industrial production, in 

which raw materials are transformed into finished goods on a large scale. 

 

SMART Utilities: 

S.M.A.R.T. (Self-Monitoring, Analysis and Reporting Technology; often written as SMART) is 

a monitoring system included in computer hard disk drives (HDDs) and solid-state drives (SSDs) 

that detects and reports on various indicators of drive reliability, with the intent of enabling the 

anticipation of hardware failures. 

 

 

 



Understand the business problem related to engineering, Identify the critical issues. Set 
business objectives. 

 

The BA process can solve problems and identify opportunities to improve business performance. 

In the process, organizations may also determine strategies to guide operat

competitive advantages. Typically, solving problems and identifying strategic opportunities to 

follow are organization decision

viewed as a problem of strategy choice requirin

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Requirements gathering : Gathe

 Review business plans, existing models and other documentation
 Interview subject area experts
 Conduct fact-finding meetings
 Analyze application systems, forms, artifacts, reports, etc

 

 

roblem related to engineering, Identify the critical issues. Set 

The BA process can solve problems and identify opportunities to improve business performance. 

In the process, organizations may also determine strategies to guide operations and help achieve 

competitive advantages. Typically, solving problems and identifying strategic opportunities to 

follow are organization decision-making tasks. The latter, identifying opportunities can be 

viewed as a problem of strategy choice requiring a solution. 

Requirements gathering : Gather all the Data related to Business objective 

Review business plans, existing models and other documentation 

experts 

finding meetings 

Analyze application systems, forms, artifacts, reports, etc.


roblem related to engineering, Identify the critical issues. Set 

The BA process can solve problems and identify opportunities to improve business performance. 

ions and help achieve 

competitive advantages. Typically, solving problems and identifying strategic opportunities to 

making tasks. The latter, identifying opportunities can be 

 



 

How to interpret Data to make it useful for Business:- 

Business intelligence (BI) is the set of techniques and tools for the transformation of raw data 

into meaningful and useful information for business analysis purposes. BI technologies are 

capable of handling large amounts of unstructured data to help identify, develop and otherwise 

create new strategic business opportunities. The goal of BI is to allow for the easy interpretation 

of these large volumes of data. Identifying new opportunities and implementing an effective 

strategy based on insights can provide businesses with a competitive market advantage and long-

term stability. 

BI can be used to support a wide range of business decisions ranging from operational to 

strategic. Basic operating decisions include product positioning or pricing. Strategic business 

decisions include priorities, goals and directions at the broadest level. In all cases, BI is most 

effective when it combines data derived from the market in which a company operates (external 

data) with data from company sources internal to the business such as financial and operations 

data (internal data). When combined, external and internal data can provide a more complete 

picture which, in effect, creates an "intelligence" that cannot be derived by any singular set of 

data. 

 

Business intelligence is made up of an increasing number of components including: 

 Multidimensional aggregation and allocation 

 Denormalization, tagging and standardization 

 Realtime reporting with analytical alert 

 A method of interfacing with unstructured data sources 

 Group consolidation, budgeting and rolling forecasts 

 Statistical inference and probabilistic simulation 

 Key performance indicators optimization 

 Version control and process management 

 Open item management 

 

 



Business intelligence can be applied to the following business purposes, in order to drive 

business value. 

 Measurement 

 Analytics 

 Reporting/enterprise reporting 

 Collaboration/collaboration platform 

 Knowledge management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



QUESTION BANK 
INTRODUCTION TO ANALYTICS 

 

UNIT-I 
 
 

1. List the Data types in R.         
2.  Explain R loops.          
3.  What are Outliers? Explain with an example?      
4.  Explain about Work Management and Prioritization.     
5.  Explain the following with syntax and example.       

a.  Numeric  
b.  Character  
c.  Date  
d. Array  
e.  Matrix. 

6. Explain briefly about the types of Datasets with their syntax and example  
7. Explain how to Read R output in Excel.  

UNIT-II 
 

 

 

1. Define Bivariate Random variable         
2.  Write the difference between Team work and Individual work.   
3.  What is Probability?         
4.  What is Professionalism? How to exhibit Professionalism?    
5.  Explain about Central Limit Theorem   
6. Explain summarizing the data with R. 

 

UNIT-III 
 

1. Define NO SQL?         
2.  Write the differences of NO SQL and SQL.      
3. What are the benefits of NO SQL?      
4. List the NO SQL database examples.      
5. Write the NO SQL database classification based on data model with examples. 



6. List the steps for connecting R to NO SQL database.   

 

 

UNIT-IV 
1. Explain Regression residuals.        
2.  Define Multiple Linear Regression?        
3. Explain the following:         

a) Correlation           
b) Auto correlation         

4. What is Heteroscedasticity? Explain in detail.      

UNIT-V 

 
 

1. What is meant my Manufacturing?       
2.  Explain Smart Utilities        
3. Explain about Requirements Gathering related to a business.   
4. Explain the concept of Understanding systems and Engineering Design  
5. Comparison of business analytics and organization decision-making processes with a 

flow chart in detail. 
6. What are the problems related to a project? 

 

 

 

 


