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DATA…!         What is data ?

Data is a collection of values that convey factual information. They 
contain both useful and irrelevant information, therefore require 
further processing to extract meaningful insights.

Data can be…
• produced from a variety of sources
• processed and transmitted in digital form
• used as a basis for reasoning, discussion, and computation



Structured, Semi-Structured & Unstructured
Structured Data Semi-Structured Data Unstructured Data



Structured, Semi-Structured & Unstructured
Definition Common Examples

Structured 
Data

Structured within a well-defined 
data model, and adheres to a 
pre-defined standardized format

• Tabular data (e.g., CSV files)
• Relational (SQL) databases

Unstructured 
Data

Not structured within any specific 
data model, and does not adhere 
to a pre-defined pattern

• Text
• Image
• Audio, Video

Semi-
Structured 
Data

Has some level of organization 
but does not conform to the strict 
schema of structured data

• Email (sender/subject vs. 
main body)

• HTML, JSON



Big Data Management in Organizations

• Penetration of digital technologies in organizations → rapid proliferation 
of digital data → evolution and innovation of data management systems

• Trend shifts from Hadoop eco-system technologies (~2005) to cloud 
computing (late 2010s) for managing storage of processing needs of 
larger data volume, variety, and velocity (3V’s) in many organizations
• Volume: 2.5 billion GBs (quintillion bytes) of data are generated per day
• Variety: increasingly heterogeneous sources (esp. unstructured data)
• Velocity: continuously generated real-time data gave rise to 

innovations in stream processing frameworks



Big Data Management in Organizations

• Apart from the IT industry, many traditional industries have also 
increasingly developed diverse data capabilities
• Financial services: large banks, insurance companies
• Retail: especially e-commerce and multi-channel
• Healthcare: emphasis on data protection, cybersecurity, and compliance

• Big data management systems are common in large organizations
• But designs and implementations vary widely, involving trade-offs based 

on e.g., business needs, legacy system compatibility, regulatory 
requirements, and organizational culture, etc.



Big Data Management in Organizations

Big data management handles large, complex data beyond the 
capacity of traditional database management systems (DBMS), 
supported by a vast ecosystem of related technologies

This class does not focus on big data, but we cover foundational 
principles applicable to both traditional DBMS and big data systems
• Data modeling for designing traditional DBMS
• Transactional vs. analytical data processing
• Structured, semi-structured, and unstructured data



(Simplified) Enterprise Data Architecture

Transactional 
data

Analytical 
data

Data Staging Area



Enterprise Data Architecture (Glossary)

• Data sources: Raw data generated from a variety of sources, e.g., ERP 
(enterprise resource planning) systems, sensor networks, customer 
transactions, point-of-sales, clickstream data, user generated content
• Data staging areas: Temporary data storage before loading into a data  

warehouse
• Data warehouse: Centralized repository that loads structured 

historical data which are integrated from multiple upstream sources 
• Data marts: Subset of data warehouse that provide domain-specific 

data for business users to perform analysis
• Business intelligence (BI): Tools and processes for analyzing and 

visualizing data to deliver insights for strategic decision-making



Transactional vs. Analytical Processing

• Transactional data are generated from business operations (e.g., 
point-of-sales, financial transactions) at relatively high frequency, 
and require fast processing by simple queries, high accuracy and 
data integrity, but do not require long retention of historical data

• Analytical data provide strategic view of the organization to drive 
decision-making, and involve relatively large amounts of historical 
data aggregated from multiple upstream sources with complex 
queries, but are less demanding on data integrity and low latency



Data Model

• A data model serves as a blueprint for database design

• A data model provides the framework for defining how data is 
organized and stored in a database, and visually represents the 
structure of the database, including data elements, attributes, 
relationships, and constraints

• Two distinct modeling approaches for transactional data (Entity-
Relationship Model) vs. analytical data (Dimensional Model)



Data Model: ER vs. Dimensional

The two distinct data processing paradigms for organizational data 
are associated with different data modeling approaches

• Transactional data by OLTP (Online Transactional Processing)
è Entity-Relationship (ER) data modeling

• Analytical data by OLAP (Online Analytical Processing)
è Dimensional data modeling



ER Model for Transactional Data

• Entities: business objects with data stored about them
• e.g., a person, a transaction, a product, a department, etc. 

• Relationship: describes how two entities are associated
• e.g., a user initiates a transaction, an employee works in a department

• Attributes: properties of an entity
• E.g., a person’s email, a transaction’s completion date



ER Model for Transactional Data
• Conceptual data model: High-level representation of organizational 

data, focusing on entities and relationships (including cardinalities) 
between entities

• Logical data model: more detailed blueprint based on the conceptual 
model, including the attributes of each entity, which attributes in each 
entity serve as the primary keys, and normalization.

• Physical data model: implementation details of the logical model in 
the actual database system, including specific data type of each 
attribute, and model constraints, storage structures, etc.



ER Model for Transactional Data

Conceptual 
model

Physical 
model

Logical 
model



ER Model for Transactional Data

èBecome Tables (also called relations)
èEntity instances become Rows in a table

èIs implemented by foreign key and primary key

èBecome Columns in a table 

In the actual database implementation of the data model:

Entities

Relationship

Attributes



Dimensional Model for Analytical Data

Fact Table: accumulates quantitative metrics 
resulting from a business event or process

Dimension Tables: provide the 
reference attributes and relational 
context for events in the fact table

A star schema or a 
snowflake schema 
(i.e., normalized 
star schema)



Exercise: Dimensional Data Model

You are a data consultant working for Citibank, a leading global bank, 
to design a database to analyze customer transactions. Your client 
needs a system that can answer critical business questions such as: 
• What is the total transaction volume each month by customer segment (e.g., 

regular vs. high-net-worth) and region? 
• What are the daily, monthly, and quarterly transaction trends?
• Which types of transactions (e.g., credit card purchases, ATM withdrawals) 

contribute the most to revenue?

Your task is to design a dimensional data model to support these 
analyses.



Exercise: Dimensional Data Model
Follow these steps to complete the exercise: 
1. Identify the fact: Determine the central focus of the data model, and 

measurable metrics for this fact
2. Identify the dimensions: Surrounding contexts for analyzing the fact (e.g., 

time, customer, transaction type, region, etc) and attributes
3. Design the Fact Table: Define the structure of the fact table, including the 

foreign keys that connect to the dimension tables, and measurable metrics
4. Design the Dimension Tables: Specify the attributes for each dimension 

table that provide contextual details for the fact table
5. Draw the star schema design: A visual representation of your data model 

that shows the fact table in the center, and how it connects to surrounding 
dimension tables via foreign keys



ER Modeling vs. Dimensional Modeling

Dimensional modeling ER modeling
• Analytical data
• Star schema and snowflake schema
• Organized around facts (business 

events and processes)
• Optimizes database structure for 

fast analytical queries and business 
intelligence 

• Often denormalized to speed up 
data retrieval

• Transactional data
• Conceptual, logical, & physical models
• Organized around entities and 

relationships
• Optimizes database structure for data 

integrity and reliability through ACID 
properties

• Often normalized to reduce 
redundancy and improve data integrity



Recap: Transactional vs. Analytical data
Paradigm Transactional data Analytical data
Purpose Serve operational business needs Provide strategic view of the business for 

reporting and decision-making
Source Real-time transaction-level business 

data as they are generated
Multi-dimensional data aggregated from 
upstream OLTP systems

Storage Operational data store, smaller 
covering current non-historical data

Data warehouse, larger to accommodate 
diverse sources and historical data

Examples Point-of-sales, financial transactions Aggregated data for business intelligence
Capabilities Fast processing of simple queries, 

high accuracy and integrity (ACID)
Handling complex queries and 
aggregation of various data sources

Data Model Entity-Relationship (ER) model Dimensional model


