SUBJECT: FOUNDATIONS FOR BUSINESS ANALYTICS

Module 1: Introduction to Business
Analytics & Probability

Comprehensive University-Level Study Notes ¢ Units 1 — 4

| 1 Business Analytics, Why Analytics, Types of Business
Analytics

Meaning of Business Analytics

Business Analytics (BA) is the systematic, data-driven exploration of an organization's historical and
real-time operational data through statistical, mathematical, and computational techniques. It transforms
raw, unstructured data lakes into actionable strategic insights. By combining statistical modeling,
information systems, and domain expertise, Business Analytics removes subjective guesswork from
executive decision-making, optimizing corporate efficiency, revenue generation, and risk mitigation
strategies.

Why Analytics? The Strategic Imperative

Modern enterprises generate vast arrays of transactional, behavioral, and market data. Implementing

robust analytics frameworks is essential due to specific macroeconomic and structural drivers:

 Data-Driven Decision Making: Shifts the organizational culture from intuitive management to

empirical verification, significantly reducing decision error rates.

- Pattern & Anomaly Discovery: Isolates hidden consumer buying trends, structural supply chain
bottlenecks, or credit fraud indicators that are impossible to detect manually.

» Competitive Advantage: Optimizes pricing velocity, client retention parameters, and capital
resource allocations ahead of market competitors.



* Risk Mitigation: Enables organizations to model financial scenarios, operational failure rates, and

macroeconomic shifts systematically.

The Four Core Types of Business Analytics

The field of analytics is categorized across four distinct dimensions, scaling from fundamental historical

descriptions to highly complex prescriptive engines:

[Image of the four types of business analytics chart]

Analytics Type

Descriptive
Analytics

Diagnostic
Analytics

Predictive
Analytics

Prescriptive
Analytics

Core Question
Resolved

"What
happened in our
business?"

"Why did it
happen?"

"What is highly
likely to happen

next?"

"What specific
action should

we execute?"

Analytical Methodologies & Toolkit

Data aggregation, data warehousing,
corporate dashboards, standard
metrics reporting, and visual

summaries.

Drill-down data mining, root-cause
analysis, statistical correlation
modeling, and isolating variance

anomalies.

Regression algorithms, time-series
forecasting, machine learning models,
and pattern classification tracking.

Mathematical programming
optimization (LP), simulation models,
decision tree logic engines, and
heuristic algorithms.

Corporate
Paradigm

Historical
Review

Casual Auditing

Future
Forecasting

Optimal
Strategy
Definition



| 2 Random Experiment, Sample Space, Event, Probability
Estimation using Relative Frequency, Algebra of Events

Foundational Definitions of Probability

Probability theory provides the mathematical foundation for managing risk and modeling uncertainty
within business systems. We establish four strict definitions:

* Random Experiment: An operational process or trial that can be repeated indefinitely under
identical baseline conditions, which yields a well-defined set of possible outcomes, but where the
exact outcome of any single trial cannot be predicted with absolute certainty.

* Sample Space (€2 or S): The comprehensive set of all possible, mutually exclusive outcomes
resulting from a random experiment. For example, if a quality auditor inspects two manufactured

items, the sample space is: S = {(Accept, Accept), (Accept, Reject), (Reject, Accept), (Reject, Reject)}.

* Event (A, B, E): A specific subset of outcomes isolated within the sample space. An event occurs if
the actual outcome of the experiment belongs to that designated subset.

Probability Estimation using Relative Frequency

The Relative Frequency approach (also known as the Empirical Probability model) defines probability
as the long-run limiting value of an event's occurrence rate over a massive number of repeated trials

under identical conditions.

Let an experiment be repeated n times. If an event A occurs exactly f times, the relative frequency of
event A is f/n. As the total number of trials scales toward infinity, the probability equation is formulated

as:
PA)=lim_ _(f/n)

Application in Business: Insurance actuaries utilize relative frequency to calculate morbidity rates, and
operations engineers deploy it to calculate machine breakdown probabilities based on thousands of

historical run-time hours.



Algebra of Events (Set Theory Operations applied to Probability)

Events can be mathematically combined using set operations to evaluate complex corporate probability

networks. Let A and B represent two distinct events within a sample space S:
[Image of Venn diagrams showing algebra of events]

* Union of Events (A U B): Represents the event that *at least one* of the events occurs (either A

occurs, B occurs, or both occur). In business metrics, this corresponds to the logical "OR" operation.

* Intersection of Events (A n B): Represents the joint event that *both* A and B occur concurrently.
Corresponds to the logical "AND" operation, capturing joint interactions.

* Complement of an Event (A€ or A'): Represents the subset of all outcomes in the sample space S
that do not belong to event A. It defines the event that A *does not occur*. The mathematical rule
states: P(A€) =1 - P(A).

» Mutually Exclusive (Disjoint) Events: Two events are mutually exclusive if they cannot occur at the

same point in time. Their intersection contains zero outcomes: A n B = &, meaning P(A n B) = 0.

| 3 Fundamental Concepts in Probability — Axioms of
Probability, Joint Probability

The Axioms of Probability (Kolmogorov's Framework)

To preserve absolute mathematical validity, any assignment of probability scores across a sample
space must satisfy the three fundamental axioms formulated by Andrey Kolmogorov in 1933:

Axiom 1: Non-Negativity
For any event A inside a sample space, the assigned probability score must be a
real, non-negative number bounded between 0 and 1:

0<PA)<1




Axiom 2: Certainty (Normalization)
The probability of the entire sample space occurring is exactly equal to 1,
representing absolute certainty:

P(S)=1
Axiom 3: Countable Additivity
IfA;, Ay Ag ... is @ sequence of mutually exclusive (disjoint) events, the probability of
the union of these events exactly equals the direct summation of their individual

probabilities:

P(A, UA, UA, U.)=ZPA)

Joint Probability Mechanics

Joint Probability measures the statistical likelihood that two or more independent or dependent events
will occur simultaneously. It is mathematically denoted as P(A n B).

If a market analyst wants to compute the joint probability that a consumer is both over 40 years old (A)
AND purchases a luxury vehicle (B), they track the cell intersections within a cross-tabulated
contingency data table.

The General Addition Rule of Probability

To calculate the probability of the union of any two events that are not mutually exclusive, the joint
probability must be subtracted to prevent double-counting the intersection space:

P(A U B)=P(A) + P(B) - P(An B)



| 4 Marginal Probability, Independent Events, Conditional
Probability, Application of Simple Probability, Bayes’ Theorem

Marginal Probability

Marginal Probability (also known as Unconditional Probability) is the absolute likelihood of a single
event occurring, completely ignoring any other concurrent events or conditioning factors. It is extracted
by summing the joint probabilities across a specific row or column inside a contingency table.

Mathematically, if the sample space is partitioned into a set of mutually exclusive and collectively
exhaustive events B, B,, ... B;, the marginal probability of event A is computed using the **Law of Total
Probability**:

PA) = Zj=1k P(An B)

Conditional Probability

Conditional Probability measures the likelihood of an event A occurring given that another event B has
already occurred. It restricts the sample space workspace down from the absolute universe S to the

conditioning boundary of event B.

The conditional probability of A given B is mathematically defined as:
P(A| B) = P(A n B) / P(B), provided that P(B) > 0.

From this definition, we derive the foundational Multiplication Rule of Probability used to extract joint

values:

P(A n B) = P(B) x P(A| B) or P(An B) = P(A) x P(B | A)

Independent Events

Two events A and B are statistically independent if the occurrence or non-occurrence of one event has
absolutely zero mathematical impact on the probability of the other event occurring. When
independence is verified, conditional states collapse back to marginal baselines:



P(A|B) = P(A) and P(B|A) = P(B)

Consequently, the **Special Multiplication Rule** for independent events states that their joint probability
is simply the product of their individual marginal scores:

P(A n B) = P(A) x P(B)

Bayes' Theorem

Bayes' Theorem is a powerful mathematical model that allows data scientists to update pre-calculated
probabilities (Prior Probabilities) based on the arrival of new empirical evidence, yielding updated
profiles known as Posterior Probabilities. It serves as the bedrock framework for prescriptive statistical

analytics under uncertainty.

The mathematical equation for Bayes' Theorem, given a sample space partitioned by events A, A,, ...

Ak, is formulated as:

[Image of Bayes' theorem probability tree diagram]

P(A;|B)=[P(B|A) x P(A)1/[ zi=1k P(B|A) x P(A)]

Where P(A) represents the *Prior Probability*, P(B | A) is the *Likelihood" of observing evidence B
under state A,, the denominator is the total marginal probability P(B), and P(A, | B) is the *Posterior
Probability™.

Rigorous Analytical Case Study Application
Consider an e-commerce platform auditing transactional fraud. Historical data files reveal:

* Systemic baseline fraud rate: 1% of all transactions are fraudulent. Let F = Fraudulent (P(F) = 0.01);
thus, P(F€) = 0.99 (Legitimate).

* An automated screening flag (A) identifies anomalies. The software's accuracy metrics show:
« If a transaction is fraudulent, the probability it triggers an alert is 95% (True Positive Rate): P(A | F)
=0.95.
« If a transaction is legitimate, the probability it accidentally triggers an alert is 2% (False Positive
Rate): P(A | F€) = 0.02.



Problem: If a incoming transaction triggers an alert flag, what is the exact posterior probability that the

transaction is actually fraudulent?

Algorithmic Solution Path: Apply Bayes' Theorem equation directly:
PFIA) =[PA|F)xP(F)]/[PA|F) x P(F)+P(A|FC) x P(FC)]

Numerator = 0.95 x 0.01 = 0.0095
Denominator = (0.95 x 0.01) + (0.02 x 0.99) = 0.0095 + 0.0198 = 0.0293

P(F | A) = 0.0095 / 0.0293 = 0.3242 — 32.42%

Interpretation: Even though the internal screening alert software is 95% accurate on fraud targets,
when an alert is triggered, there is only a 32.42% probability that the transaction is truly fraudulent.
This counter-intuitive result is caused by the low baseline presence of fraud (1% prior), proving why

analytics managers must deploy full Bayesian math instead of relying on raw accuracy scores alone.

End of Module 1 - Subject: Foundations for Business Analytics
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