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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
B. Tech III Year I Semester Examinations, January/February — 2023
INTRODUCTION TO DATA SCIENCE
(Computer Science and Engineering — Artificial Intelligence and Machine Learning)

Time: 3 Hours Max. Marks: 75
Note: 1) Question paper consists of Part A and Part B.

i1) Part A is compulsory, which carries 25 marks. In Part A, Answer all questions.

iii) In Part B, Answer any one question from each unit. Each question carries 10 marks and
may have a, b as sub-questions.

PART - A
(25 Marks)
1. a) What is data science? [2]
b) Explain basic data types in R. [3]
¢) Write any two ordinal attributes with an example. [2]
d) How to calculate the standard deviation for any data? [3]
e) What is a vector? [2]
f) What is a List? How does it differ from a vector? [3]
g) List out Mathematical Functions in R. [2]
h) How do you write a function in R? [3]
1) Write the importance of data reduction strategies. [2]
j) Explain the Regression mechanism with an example. [3]
PART - B

(50 Marks)

2. a) Demonstrate how to set up R- Environment with an example.
b) What is a Model? Explain how to fit a model with an example. [5+5]

OR

3. Explain probability distributions with examples in data science. [10]

4. a) What is Mean, Median, and Mode? Explain with an example.
b) Explain Range, Quartiles with examples. [5+5]

OR

5. a) Explain graphic displays of basic statistical descriptions of data.
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b) Describe how to process Attributes by the Number of Values? [5+5]

6.a) Explain vector arithmetic operations with examples.

b) What is factor Levels? How to summarize a Factor level. [5+5]
OR

7. a) What is a Data Frame? Explain the data frame with an example.

b) Explain how to convert Lists to Vectors process. [5+5]

8. a) Demonstrate Logical Operators and Vectors with example programs.

b) Write a Program to display numbers from 1 to 5 using for loop. [5+5]
OR

9. a) What is the Nested function? Write nested functions usage with examples.

b) What is Recursion? Explain recursion with a sample program. [5+5]

10. a) Illustrate the purpose of Principal Component Analysis. Explain with an example.

b) Explain various geometric projection visualization techniques. [5+5]
OR

11.a) Demonstrate data Cube Aggregation with example.

b) Explain the importance of Icon-Based Visualization Techniques. [5+5]

---00000---
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ANSWER KEY
PART - A

a) What is data science?

1. Data science is a multidisciplinary field that involves extracting insights and
knowledge from data.

2. It encompasses various techniques and tools for data analysis, including
statistics, machine learning, and data visualization.

b) Explain basic datatypes in R:

1. R has several basic data types, including numeric (e.g., 5.2), character (e.g.,
"hello"), and logical (e.g., TRUE or FALSE).

2. Factors are another data type used to represent categorical data, such as
"low," "medium," or "high."

3. R also supports vectors, which can contain elements of the same data type,
and lists, which can hold elements of different types.

¢) Write any two ordinal attributes with examples:

1. Ordinal attributes are those with a natural order. For example, education level
(e.g., "high school," "bachelor's," "master's") is an ordinal attribute.
2. Another example is customer satisfaction ratings (e.g., "very dissatisfied,"

"neutral," "very satisfied").

d) How to calculate standard deviation for any data?

1. Calculate the mean (average) of the data.

2. Subtract the mean from each data point to find the deviations.

3. Square each deviation.

4. Calculate the mean of the squared deviations (variance).

5. Take the square root of the variance to get the standard deviation.

e) What is a vector?

A vector in R is a data structure that can hold elements of the same data type. It
can be created using functions like 'c()' and is useful for storing and
manipulating sets of values, such as numeric values, character strings, or logical
values. Vectors are fundamental in R and can be used for various data
manipulation and analysis tasks.

f) What is a List? How does it differ from a vector?
1. A list in R is a data structure that can hold a collection of different data types
such as numbers, characters, and even other lists.
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2. Unlike a vector, which stores elements of the same data type, a list allows for
heterogeneity, making it versatile for storing diverse data.

3. Lists are created using the 'list()' function in R, while vectors are typically
created with functions like 'c()' for homogeneous data.

g) List out Mathematical Functions in R:

1. “sqrt(x)": Calculates the square root of x.

2. 'log(x, base)': Computes the natural logarithm of x or logarithm with a
specified base.

3. "exp(x)': Calculates the exponential value of x.

4. “abs(x)': Returns the absolute (positive) value of x.

5. 'sin(x)’, “cos(x)’, “tan(x)": Compute trigonometric functions sine, cosine, and
tangent of x.

h) How do you write a function in R?

1. Use the “function()” keyword to define a function in R.

2. Specity the function's arguments within parentheses.

3. Enclose the function's body within curly braces, where you define the code to
be executed.

4. Optionally, use the ‘return()’ function to specify the value the function should
return.

5. Save the function to a variable for future use or simply call it with provided
arguments.

i) Importance of data reduction strategies:

1. Data reduction strategies help manage and analyze large datasets efficiently
by reducing their size.

2. They improve computational speed, making data analysis more practical and
faster.

3. Data reduction techniques can filter out noise, resulting in more accurate and
meaningful insights.

4. Smaller datasets are easier to store and share, reducing storage and bandwidth
requirements.

5. Data reduction is crucial for visualization, as it can simplify complex data and
make it more interpretable.

j) Explain Regression mechanism with an example:

1. Regression is a statistical technique used to model the relationship between a
dependent variable (e.g., sales) and one or more independent variables (e.g.,
advertising spend).
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2. In simple linear regression, a single independent variable is used to predict
the dependent variable. For example, you might predict sales based on the
amount spent on advertising.

3. The model finds a linear equation (e.g., sales = a * advertising + b) that best
fits the data points, where 'a' is the slope and b’ is the intercept.

4. The model can be used to make predictions; for instance, you can estimate
future sales for a given advertising budget.

5. Multiple linear regression extends this concept to multiple independent
variables, allowing for more complex modeling and predictions.

PART - B

2a) Demonstrate how to set up an R environment with an example

To set up an R environment, follow these steps:

1. Install R: Download and install R from the Comprehensive R Archive
Network (CRAN) website (https://cran.r-project.org/).

2. Install RStudio (optional): For a user-friendly interface, you can install
RStudio, an integrated development environment (IDE) for R
(https://www.rstudio.com/).

3. Launch R or RStudio: After installation, open R or RStudio.

4. Install Packages: You can install packages with the ‘install.packages()’
function, e.g., "install.packages("ggplot2")".

5. Load Packages: Use 'library()’ to load packages, like ‘library(ggplot2)'.

6. Create Variables: Assign values to variables, e.g., 'x <- ¢(1, 2, 3)".

7. Perform Operations: You can perform operations on variables, e.g.,
‘mean(x) .

8. Read Data: Import data using functions like ‘read.csv()" or ‘read.table()’, e.g.,
“data <- read.csv("data.csv")".

9. Visualize Data: Create visualizations with libraries like ggplot2, e.g.,
‘ggplot(data, aes(x, y)) + geom_point()".

10. Run Scripts: Write R scripts for your analysis and execute them using the
"Source" or "Run" buttons.

b) What is a Model? Explain how to fit a model with an example

A model in data science is a mathematical representation of a real-world process
or system. It is used to make predictions, understand relationships, or gain
insights from data. Here's how to fit a model with an example:

Example: Linear Regression
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1. Load Necessary Libraries: Begin by loading the required libraries. In this
case, you'll need the 'Im' function for linear regression.
2. Prepare Data: Organize your data. For instance, you have a dataset with two
variables, 'x" and 'y'.
3. Fit the Model: Use the 'Im()' function to fit a linear regression model. For
example:

R

model <- Im(y ~ x, data=data)

4. View Model Summary: You can view a summary of the model's statistics
with:

R

summary(model)

5. Make Predictions: Predict values based on the fitted model. For instance,
predict 'y' values for a new 'x' value:

R

new x <- data.frame(x=5) # New value of x

predicted y <- predict(model, newdata=new_x)

6. Visualize Results: Create a scatter plot of your data points and the fitted
regression line using 'ggplot2', for example.

7. Interpret Results: Analyze the model's coefficients, p-values, and R-squared
to understand how well the model fits the data and to draw insights from it.

8. Test the Model: Evaluate the model's performance with techniques like
cross-validation or calculating prediction errors.

9. Iterate: Depending on the results, you may need to refine your model, gather
more data, or explore other modeling techniques.

10. Deploy the Model: If the model performs well, you can deploy it for making
predictions on new data or for decision-making in relevant applications.

3. Explain probability distributions with an example in data science. [10]
Probability distributions in data science represent the likelihood of different
outcomes in a random experiment or data set. There are various types of
probability distributions, and here are a few examples:

1. Normal Distribution: The bell-shaped curve, or Gaussian distribution, is
common in data science. For instance, in standardized test scores, such as the
SAT, the distribution of scores often follows a normal distribution.
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2. Binomial Distribution: This distribution models the number of successes in a
fixed number of trials. It's used in scenarios like predicting the number of
successful coin flips out of a fixed number of attempts.

3. Poisson Distribution: It describes the number of events happening in a fixed
interval of time or space. For example, it can model the number of customer
arrivals at a store during a specific hour.

4. Exponential Distribution: This distribution represents the time between
events in a Poisson process. It's applicable in various fields, such as the time
between arrivals of buses at a bus stop.

5. Bernoulli Distribution: It models a random experiment with only two
outcomes, like success and failure. It's used for scenarios such as predicting
whether an email is spam or not.

6. Uniform Distribution: In a uniform distribution, all outcomes have equal
probability. This can represent scenarios like choosing a random number
between 1 and 6 when rolling a fair six-sided die.

7. Gamma Distribution: It's often used to model the time until an event of
interest occurs, like the waiting time until the next customer arrives at a shop.

8. Log-Normal Distribution: This distribution is used when the logarithm of a
variable follows a normal distribution. It can describe phenomena like stock
prices.

9. Weibull Distribution: This distribution is commonly used to model
time-to-failure data in reliability engineering and survival analysis.

10. Geometric Distribution: It models the number of trials needed for the first
success in a sequence of Bernoulli trials. For instance, it can be applied to
determine how many times you need to roll a die before getting a six.
Understanding and choosing the appropriate probability distribution is crucial in
data science, as it helps in making accurate predictions and drawing meaningful
insights from data.

4. a) What is Mean, Median, and Mode? Explain with example.

Mean:

1. The mean, also known as the average, is a measure of central tendency.

2. It is calculated by summing all data points and dividing by the number of data
points.

3. For example, for the dataset: [5, 7, 10, 12, 15], the meanis (5+7+ 10+ 12 +
15)/5=9.8.

Median:

4. The median is the middle value of a dataset when it's arranged in ascending
order.
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5. If there's an even number of data points, the median is the average of the two
middle values.

6. For the dataset: [5, 7, 10, 12, 15], the median is 10.

Mode:

7. The mode is the value that appears most frequently in a dataset.

8. A dataset can have one mode, more than one mode (multimodal), or no mode.
9. For the dataset: [5, 7, 10, 12, 12, 15], the mode is 12 because it appears twice,
more than any other value.

b) Explain Range, Quartiles with example.

Range:

1. The range measures the spread or the difference between the maximum and
minimum values in a dataset.

2. It provides a simple way to understand the variability in data.

3. For the dataset: [5, 7, 10, 12, 15], the range 1s 15 (maximum) - 5 (minimum)
= 10.

Quartiles:

4. Quartiles divide a dataset into four equal parts, each containing 25% of the
data.

5. The first quartile (Q1) is the value below which 25% of the data falls.

6. The second quartile (Q2) is the median, or the value below which 50% of the
data falls.

7. The third quartile (Q3) is the value below which 75% of the data falls.

8. For the dataset: [5, 7, 10, 12, 15], Q1 is 7, Q2 is 10, and Q3 is 12.

9. Quartiles are helpful in understanding the distribution and variability of data.
10. They are often used in box plots and are useful for identifying outliers and
assessing data distribution.

5. a) Explain graphic displays of basic statistical descriptions of data.

1. Histograms: Histograms are graphical displays that represent the distribution
of a continuous variable. They consist of bars that represent the frequency or
count of data points within predefined intervals or bins. Histograms provide
insights into the shape and central tendency of the data.

2. Box Plots: Box plots, also known as box-and-whisker plots, display the
distribution of data in a compact form. They show the median, quartiles, and
potential outliers. Box plots are useful for comparing distributions and
identifying skewness.

3. Scatter Plots: Scatter plots display individual data points as dots on a
two-dimensional plane. They are used to visualize relationships between two
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continuous variables, making them useful for identifying correlations and
patterns.

4. Bar Charts: Bar charts are ideal for displaying categorical data or discrete
variables. They show the frequency or count of data points within different
categories. Bar charts are suitable for visualizing comparisons between
categories.

5. Line Charts: Line charts are useful for showing trends over time. They
connect data points with lines, making them suitable for visualizing time series
data and identifying patterns or changes over time.

6. Pie Charts: Pie charts display the distribution of a whole into its parts. They
are used to represent the proportions of different categories in a dataset.
However, they are best suited for cases where the number of categories is
limited.

7. Heatmaps: Heatmaps are used to visualize the relationship between two
categorical variables. They use color intensity to represent the strength of
association, making them useful for cross-tabulations and identifying patterns in
contingency tables.

8. Density Plots: Density plots show the probability distribution of a continuous
variable. They are constructed by smoothing histograms and provide insights
into the data's underlying probability distribution.

9. Q-Q Plots: Quantile-Quantile (Q-Q) plots are used to compare the quantiles
of the data against the quantiles of a theoretical distribution (e.g., normal
distribution). They are valuable for assessing the goodness of fit.

10. Violin Plots: Violin plots combine box plots with density plots to provide a
comprehensive view of data distribution. They offer a more detailed perspective
than box plots alone.

5. b) Describe how to process Attributes by the Number of Values?
Processing attributes by the number of values is a critical step in data analysis
and feature engineering:

1. Categorical Attributes:

For low cardinality (few unique values), one-hot encoding can be applied,
creating binary columns for each category.

For high cardinality, consider techniques like target encoding or grouping rare
categories into an "other" category.

2. Numerical Attributes:

For continuous attributes, consider binning or discretization to convert them into
categorical features.

For discrete attributes, if the range is large, consider grouping values into bins
for better modeling.
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3. Handling Missing Values:

For attributes with missing values, consider imputation methods like mean,
median, or mode for numerical attributes, or a specific category for categorical
attributes.

4. Feature Scaling:

Scale numerical attributes to ensure they have the same impact on the model.
Techniques like Min-Max scaling or Standardization can be used.

5. Feature Engineering:

Create new attributes based on the original ones, such as interaction terms,
ratios, or transformations (e.g., logarithmic or exponential transformations).

6. Dimensionality Reduction:

If you have a high number of attributes, consider techniques like Principal
Component Analysis (PCA) or feature selection to reduce dimensionality and
remove less important features.

7. Encoding Ordinal Attributes:

For attributes with a natural order (e.g., low, medium, high), use ordinal
encoding to maintain the order in the data.

8. Sparse Attributes:

If an attribute has a majority of values as zeros (e.g., in text data or one-hot
encoding), consider dimensionality reduction techniques or feature selection.

9. Outlier Detection:

Identify and handle outliers in numerical attributes using methods like the IQR
(Interquartile Range) or Z-score.

10. Validation:

Evaluate the effect of attribute processing on the model's performance through
cross-validation and choose the most suitable processing methods for your
specific dataset and problem.

6. a) Explain vector arithmetic operations with examples

Vectors are fundamental in data analytics and data science, often used for
various mathematical operations. Here's an explanation and ten points with
examples for vector arithmetic operations:

1. Vector Addition: Combining two or more vectors to create a new vector. It's
done component-wise. For example, if we have vectors A = [1, 2] and B = [3,
4], A+B=[1+3,2+4] =[4, 6].

2. Vector Subtraction: Similar to addition, but subtracting one vector from
another. For example, A - B=[1-3, 2-4] =[-2, -2].

3. Scalar Multiplication: Multiplying a vector by a scalar (a single number). For
instance, 2 * A =[2*1, 2*2] =[2, 4].

4. Dot Product: Also known as the inner product, it's the sum of the products of
corresponding elements of two vectors. Example: A . B = (1*3) + (2*4) = 11.
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5. Cross Product: Specific to three-dimensional vectors, it results in a new
vector perpendicular to the original two vectors.

6. Vector Multiplication: Multiplying vectors component-wise. For example, [1,
2] *[3,4]=[1%*3,2*4] =3, 8].

7. Vector Division: Division is done component-wise, which is less common but
still possible in some contexts.

8. Magnitude/Length: Finding the length of a vector, often denoted as ||Al|. For
A=[1,2], |A]| =12 +272) =5,

9. Unit Vector: A vector with a magnitude of 1. It's obtained by dividing a
vector by its magnitude. Example: A =[1, 2], the unit vector uA = [1/5, 2/V5].
10. Vector Projection: Finding the component of one vector in the direction of
another. This is useful for various applications, including regression analysis.

b) What is Factor Levels, and how to summarize a Factor Level?

In data analysis, a factor variable is categorical data that represents different
levels or categories. Summarizing factor levels involves understanding and
describing the characteristics of these categories. Here are ten points for your
reference

1. Factor Variable: A factor variable is a type of categorical variable that can
take on discrete values called levels or categories

2. Levels: Levels represent the distinct categories within a factor variable. For
example, if you have a factor variable "Color," its levels might be "Red,"
"Blue," and "Green."

3. Frequency Count: To summarize factor levels, you can start by calculating
the frequency count of each level. This tells you how many times each category
appears in the dataset.

4. Proportions: Calculate the proportion of each level by dividing its frequency
by the total number of observations. This gives you the relative distribution of
categories.

5. Bar Plots: Creating bar plots or bar charts is an effective way to visualize the
distribution of factor levels.

6. Summary Statistics: Compute summary statistics for each level, such as
mean, median, and standard deviation, if applicable.

7. Cross-Tabulation: For more complex analyses, you can create
cross-tabulations or contingency tables to explore relationships between factor
levels and other variables.

8. Box Plots: Box plots can help visualize the distribution of a numeric variable
within each factor level.

9. ANOVA: Analysis of Variance (ANOVA) is a statistical test used to compare
means between multiple factor levels.
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10. Tukey's HSD: If you find significant differences between factor levels in
ANOVA, Tukey's Honest Significant Difference test can help identify which
pairs of levels are significantly different from each other.

Understanding and summarizing factor levels is essential for exploring and
drawing insights from categorical data in data analytics and data science.

7. a) what is a Data Frame? Explain data frame with an example.

A data frame is a two-dimensional data structure in data analysis and statistics,
commonly used in programming languages like R and Python. It organizes data
into rows and columns, similar to a spreadsheet.

1. A data frame 1s a fundamental data structure used in data analysis, often in
programming languages like R, Python, and even libraries in those languages
like Pandas.

2. It's designed to hold tabular data, where information is organized into rows
and columns, making it ideal for various analytical tasks.

3. Data frames are commonly used in statistics, data science, and data analytics
due to their versatility and ease of use.

4. Each column in a data frame typically represents a variable or feature, and
each row represents an observation or data point.

5. Data frames can store various data types, including numbers, text, dates, and
more.

6. They allow for easy manipulation, filtering, and transformation of data for
analysis and visualization.

7. In R, you can create a data frame using the "data.frame()" function, and in
Python, you can use the Pandas library's "DataFrame’ class.

8. Let's consider an example: Suppose you have a dataset of customer
information. A data frame would have columns like "Name," "Age," "Email,"
and "Purchase History," with rows representing individual customers.

9. You can perform operations like filtering to find customers above a certain
age or computing statistics on their purchase history.

10. Data frames are foundational for exploratory data analysis, as they provide a
structured and efficient way to work with data.

b) Explain how to convert Lists to Vectors process.

To convert a list to a vector, you can use functions specific to your programming
language. In R, you can use “as. vector()' or the "unlist()" function. In Python,
you can use the NumPy library to create an array from a list.

1. Converting a list to a vector is a common operation in data analysis and
programming.
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2. A list typically contains elements of various data types, while a vector should
have a homogeneous data type.

3. In R, you can use the "as. vector()" function to convert a list to a vector. It
coerces the elements to a common data type if needed.

4. Alternatively, you can use the "unlist()" function, which flattens the list and
returns a vector.

5. In Python, the equivalent of a vector is often a NumPy array.

6. To convert a Python list to a NumPy array, you need to import the NumPy
library first, typically as "import numpy as np".

7. Then, you can use np.array(your list)’ to create a NumPy array from a list.

8. NumPy arrays are efficient for numerical operations and provide various
built-in functions for mathematical computations.

9. When converting a list to a vector or array, it's crucial to ensure that all
elements have a consistent data type. If not, they will be coerced or transformed
according to certain rules.

10. Once you have a vector or array, you can perform various mathematical and
statistical operations on the data, which is essential in data science and
analytics.

8. a) Demonstrate Logical Operators and Vectors with example programs
In both R and Python, you can demonstrate logical operators and vectors with
example programs.

R Example:

R

# Logical operators

a <- TRUE

b <- FALSE

# AND operator

result and<-a & b

cat("AND:", result and, "\n")

# OR operator

result or<-a|b

cat("OR:", result_or, "\n")

# Vectors

vector example <- c(1, 2, 3, 4, 5)

cat("Vector Example:", vector example, "\n")

Python Example:
python
# Logical operators
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a = True
b = False
# AND operator

result and=aandb

print("AND:", result and)

# OR operator

result or=aorb

print("OR:", result or)

# Lists (equivalent to vectors)

list example =[1, 2, 3, 4, 5]
print("List Example:", list example)

1. Logical operators in R include "&" for AND and °|" for OR.

2. Logical operators in Python include ‘and’ for AND and “or" for OR.

3. Logical operators are used to perform logical operations on boolean values
(TRUE or FALSE).

4. In R, you can create boolean vectors using logical operations.

5. In Python, boolean lists can be created using logical operations.

6. Vectors in R are created using the “¢()* function.

7. Lists in Python can be used to represent vectors.

8. Vectors and lists can store multiple values of the same or different data types.
9. Logical operators return TRUE or FALSE based on the given conditions.

10. Using vectors/lists and logical operators, you can perform element-wise
logical operations in both R and Python.

8. b) Write a Program to display numbers from 1 to 5 using a for loop in
both R and Python.
Here are programs to display numbers from 1 to 5 using a for loop in both R and
Python.
R Example:
R
# Using a for loop in R
for (1in 1:5) {
cat(i, "\n")

AN

Python Example:
“python
# Using a for loop in Python
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for 1 in range(1, 6):
print(i)

1. A for loop is a control structure used for iterating over a sequence of
elements.

2. In R, the “for" loop is used to iterate over a range of values specified by "1:5".
3. In Python, the “for" loop is used with ‘range(1, 6)" to iterate from 1 to 5.

4. The loop variable "i* takes on values from 1 to 5.

5. cat(i, "\n")" in R is used to print the value of 1" with a newline.

6. ‘print(i)’ in Python is used to display the value of 'i'.

7. The loop continues until the specified range is exhausted.

8. The loop index ("1") is automatically updated in each iteration.

9. Both R and Python provide versatile loop constructs for various iterations.

10. For loops are fundamental in programming and are used for repetitive tasks
and operations.

9. a) What is Nested function? Write nested functions usage with examples.
A nested function is a function defined within another function. It has access to
the variables and scope of its containing function.
1. A nested function is also known as an inner function, and it is defined within
another function.
2. The outer function is sometimes referred to as the enclosing function.
3. Nested functions have access to the variables and scope of their containing
(enclosing) function.
4. These functions are defined inside other functions to encapsulate
functionality or to maintain a clean and organized code structure.
5. A common use of nested functions is in defining helper functions that are
only relevant within the scope of the outer function.
6. Nested functions can access and modify variables from the outer function,
which can be beneficial for sharing data.
7. They follow lexical scoping rules, meaning they can access variables from
the outer function even after the outer function has completed execution.
8. Example:
python
def outer function():
outer var =10
def inner function():

inner_var =5

result = outer var + inner_var

return result
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return inner _function()

9. In this example, ‘inner function is nested inside “outer function’ and can
access the "outer var'.

10. Nested functions are a powerful concept in Python and other programming
languages for creating modular and organized code.

9. b) What is Recursion? Explain recursion with a sample program.
Recursion is a programming technique where a function calls itself to solve a
problem. It involves breaking a problem down into smaller, similar
sub-problems.
1. Recursion is a powerful programming technique used when a function calls
itself to solve a problem.
2. It involves breaking a complex problem down into smaller, similar
sub-problem:s.
3. Each recursive call should work on a smaller instance of the problem until a
base case is reached.
4. The base case is essential to prevent infinite recursion and provides a solution
to the smallest version of the problem.
5. Recursion can make code more elegant and intuitive for certain types of
problems.
6. Example of recursion in Python:

“python

def factorial(n):

ifn==0:
return 1 # Base case
else:
return n * factorial(n-1) # Recursive call
# Calling the factorial function
result = factorial(5) # Calculates 5!

7. In the factorial example, the base case is when 'n" equals 0, and the function
returns 1.

8. In other cases, the function calls itself with a smaller value of 'n’, gradually
reducing the problem.

9. Recursion can be a more elegant solution for problems that naturally exhibit
self-similar sub-problems.

10. However, it can be less efficient and may lead to stack overflow errors if not
carefully implemented with base cases.



(360DigiTMG

Digital Transformation | Management

10. a) lustrate the purpose of Principal Component Analysis (PCA)

PCA 1is a dimensionality reduction technique used in data analytics and data
science. Its main purpose is to simplify complex data while preserving as much
of the important information as possible. It does this by transforming the
original features into a new set of variables called principal components. The
key purposes of PCA are:

1. Dimension Reduction: PCA reduces the number of variables in a dataset,
making it more manageable for analysis.

2. Feature Selection: It helps identify which variables contribute the most to the
variance in the data, enabling feature selection.

3. Decorrelation: PCA creates orthogonal (uncorrelated) variables, removing
multicollinearity, which can improve the stability of predictive models.

4. Data Compression: It can be used to compress data with minimal loss of
information, useful in storage and transmission.

5. Visualization: PCA simplifies data for visualization by reducing it to a lower
dimension while retaining essential information.

Example: Consider a dataset with many variables, such as height, weight, age,
and income. PCA can find a new set of variables (principal components) that
best describe the variance in the data. These components might reveal that the
first principal component is strongly correlated with both height and weight,
while the second principal component is related to age and income. By reducing
the data to just these two components, we've captured the most important
information while simplifying the dataset.

10. b) Explain various geometric projection visualization techniques

There are several geometric projection visualization techniques used in data
analytics and data science. These techniques help in representing complex data
in a simplified and interpretable way. Here are five of them:

1. Scatter Plots: Scatter plots project data points onto a 2D plane, with one
variable on each axis. They are useful for visualizing the relationship between
two variables.

2. Parallel Coordinates: This technique projects multi-dimensional data onto
parallel axes, with each axis representing a different variable. It's useful for
exploring relationships between variables.

3. t-SNE (t-Distributed Stochastic Neighbor Embedding): t-SNE is a
dimensionality reduction technique that focuses on preserving neighborhood
relationships between data points. It's commonly used for visualizing
high-dimensional data in 2D or 3D space.
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4. PCA Biplot: A PCA biplot projects both the data points and the variable
loadings onto the same plot. This allows you to see how variables and data
points are related in the reduced-dimensional space.

5. Self-Organizing Maps (SOM): SOM is a type of neural network that projects
high-dimensional data into a grid of neurons, preserving topological
relationships. It's effective for clustering and visualization.

6. Radial Visualization: It projects data onto a radial or circular layout, making
it useful for showing cyclical or periodic patterns in data.

7. Heatmaps: Heatmaps project data onto a grid, where each cell's color
represents the value of a variable. They are great for visualizing correlations or
patterns in a matrix.

8. Chernoff Faces: This technique uses facial features to represent data points.
Each feature's characteristics (e.g., size of eyes, shape of mouth) change
according to the data values, providing a wunique way to visualize
multi-dimensional data.

9. Star Plots: Star plots use a star-like arrangement of axes to project data, with
each axis representing a different variable. They are useful for comparing data
points across multiple dimensions.

10. Proximity Maps: These maps project data points on a 2D plane such that the
distance between points reflects their similarity or dissimilarity. They're
valuable for clustering and anomaly detection.

These visualization techniques help analysts and data scientists gain insights
from complex data, making it easier to explore and excel in the field of data
analytics and data science.

11. a) Demonstrate Data Cube Aggregation with an example

Data Cube Aggregation is a technique used in data analytics to summarize and
analyze data from multiple dimensions. For example, you can create a data cube
to aggregate and analyze sales data by product, time, and region.

Detailed Answer (10 points):

1. Definition: Data Cube Aggregation is a method in data analytics that involves
organizing and summarizing data along multiple dimensions.

2. Example Dimensions: Consider a sales dataset with dimensions such as time,
product, and region.

3. Aggregating by Time: You can aggregate sales data by time, creating subsets
for specific time periods like months or quarters.

4. Aggregating by Product: You can also aggregate sales data by product
category or individual products.

5. Aggregating by Region: Another dimension to aggregate by is the geographic
region.
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6. Hierarchical Structure: The data cube forms a hierarchical structure with
multiple levels.

7. Measure: In this example, the measure is the sales amount.

8. Summarization: Data Cube Aggregation involves summarizing data, typically
using operations like sum, average, or count.

9. OLAP Tools: Online Analytical Processing (OLAP) tools are commonly used
for Data Cube Aggregation.

10. Analytical Insights: This technique allows for in-depth analysis of data from
various angles and helps in decision-making.

11. b) Explain the importance of Icon-Based Visualization Techniques
Icon-Based Visualization Techniques are essential for simplifying complex data
and conveying information quickly. They use visual icons to represent data,
making it more intuitive and user-friendly.

1. Simplifying Complexity: Complex data can be challenging to understand, but
icons simplify it by replacing text or numbers with visual symbols.

2. Enhanced User Engagement: Icons capture the user's attention and engage
them more effectively than text alone.

3. Universal Language: Icons often use universal symbols, making them easier
for a global audience to understand.

4. Quick Comprehension: Icons are processed by the brain faster than text,
allowing for quick data comprehension.

5. Reduced Cognitive Load: Icon-based visuals reduce cognitive load, as users
don't have to interpret textual data.

6. Data Exploration: Icons can represent data points, helping users explore and
analyze information visually.

7. Storytelling: Icons can be used to tell a story or convey a message, making
data more compelling.

8. Memory Aid: Icons can serve as memory aids, making it easier for users to
recall and understand information.

9. Cross-Cultural Communication: Icons transcend language barriers, making
them valuable in a global context.

10. Usability: Icon-Based Visualization Techniques enhance the usability of data
visualization tools and dashboards, improving the user experience.

These techniques are crucial for data scientists and analysts to effectively
communicate complex data to various stakeholders.



