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Data Warehousing

Problem Data Warehouse Solves

MySQL database (OLTP) is built for speed of transactions — insert a row, update a balance, fetch a
customer. It's optimized for many small, fast operations happening right now.

But when an analyst asks "What was the month-over-month revenue trend across all branches for the
last 3 years?" — running that on live transaction database is a disaster. It locks tables, slows down the
app, and the query takes forever because the schema wasn't designed for that kind of scan.

Data warehouses exist to separate these two workloads.

OLTP vs OLAP
OLTP OLAP
Full form Online Transaction Processing Online Analytical Processing
Purpose Run the business Analyze the business
Operations INSERT, UPDATE, DELETE SELECT (heavy reads)
Query style Simple, row-level Complex, aggregates across millions of rows
Schema design Normalized (3NF) Denormalized (Star/Snowflake)
Users App, backend systems Analysts, BI tools (PowerBI)
Data freshness Real-time Delayed (batch loaded)
Example A bank recording a transaction Analyst checking loan default rates by region

What a Data Warehouse Actually Is

A separate database, purpose-built for analytics. Data is extracted from your OLTP systems,
transformed (cleaned, reshaped), and loaded into the warehouse. This is the ETL pipeline built for
project — that's the feeding mechanism for a warehouse.

The warehouse itself has a deliberately denormalized schema — redundancy is acceptable because
you're optimizing for read speed, not write integrity.

The Schema Designs

Star Schema
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One central Fact table surrounded by Dimension tables. Looks like a star.

dim date

dim branch — fact transactions — dim customer

dim account

o Fact table - the measurable events (transactions, claims, sales). Contains foreign keys +
numeric measures (amount, quantity, duration).

¢ Dimension tables - the context (who, what, when, where). Contains descriptive attributes.
Analogy: The fact table is your receipt. The dimension tables are the product catalog, store directory,

and customer profile it references.

Snowflake Schema

Same as Star, but dimension tables are further normalized. A din custoner might reference a
separate dim city — dim state — dim country .

e Saves storage, but joins become more complex.

e Star schema is preferred in most real-world BI setups for query speed.

Grain
The grain is the answer to: "What does one row in the fact table represent?”
Examples:

e One row = one transaction — transaction-level grain

e One row = one day's total sales per branch — daily summary grain

You define this before building anything. Every measure and dimension you add must be consistent
with the grain. Getting this wrong breaks all your analytics.

Key Terminology
Term What it means
ETL Extract — Transform — Load. The pipeline feeding the warehouse
ELT Extract — Load — Transform. Modern cloud approach (transform inside the
warehouse)
Data Mart A subset of the warehouse scoped to one department (e.g., Finance mart, HR mart)
Slowly Changing How do you handle a customer changing their city? SCD Type 1 = overwrite. Type 2 =
Dimension (SCD) keep history with new row.
A warehouse-generated integer ID for dimension rows, separate from the source
Surrogate Key

system's ID

A fact table with no measures — just keys recording that an event happened (e.g.,

Fact-less Fact Tabl
act-less Fact lable student attended a class)

Real-World Stack (Entry Level)

Source DB (MySQL) - ETL (Python/Airflow) - Data Warehouse (Snowflake / BigQuery / Redshift) - BI Tool (P
owerBI)

TL;DR

e OLTP runs the business (fast writes, normalized). OLAP / Data Warehouse analyzes the
business (heavy reads, denormalized).
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e A warehouse is fed by an ETL pipeline.

o Star schema = Fact table (events + measures) + Dimension tables (context). This is the standard
design.

¢ Grain = what one fact row represents. Define it first, always.

o Your existing skills (SQL, ETL, PowerBI) already cover most of the data warehousing stack. The
warehouse is just the layer in between.

Data Lake vs Data Warehouse vs Others

Core Problem

As organisations collect more data, they need to answer two different questions:
¢ Store everything, figure out use later — raw logs, images, JSONs, CSVs, sensor data
o Store structured, analytics-ready data — for Bl tools and SQL queries

These two needs led to different storage systems.

Data Lake

A dump of raw, unprocessed data in its native format. No structure enforced upfront.
Stores literally anything:

e Structured (CSV, database exports)

e Semi-structured (JSON, XML, logs)

o Unstructured (images, audio, PDFs, videos)

Analogy: A lake — you throw everything in. The water doesn't care what you dump. You figure out
what to fish out later.

Key characteristics

Schema-on-read (structure defined wh t
Schema chema-on-read (structure defined when you query, no
when you store)

Storage cost Very cheap (object storage like AWS S3, Google Cloud

Storage)
Data state Raw, unprocessed
Users Data engineers, data scientists, ML engineers
Query speed Slow without extra tooling
Format Any — Parquet, JSON, CSV, images, video

Real example

A hospital dumps everything into a lake — doctor's notes (PDFs), patient vitals (JSON from sensors),
billing records (CSV), MRI scans (images). A data scientist later pulls the JSON vitals to train an ML
model. An engineer pulls the CSV billing records to load into the warehouse.

Data Warehouse
A structured, cleaned, analytics-ready store. Schema enforced before data enters.

Only stores structured, processed data — typically fed by an ETL/ELT pipeline from source systems or
a lake.
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Analogy: A warehouse — everything is labelled, shelved, and organised. You know exactly where
everything is and can retrieve it fast.

Data Lake Data Warehouse
Data type Any (raw) Structured only (processed)
Schema On read On write
Storage cost Very cheap More expensive
Query speed Slow Fast
Users Data scientists, ML engineers Analysts, BI tools
Tools AWS S3, Azure Data Lake Snowflake, BigQuery, Redshift
Purpose Store everything Analyze specific things
The Problem Each Has

Lake problem: Becomes a data swamp fast. Raw data piles up with no governance, no

documentation, nobody knows what's usable. Querying it directly is painful.

Warehouse problem: Rigid. You must know your schema upfront. Unstructured data (images, logs,
free text) can't live here. Expensive at massive scale.

Data Lakehouse — The Hybrid

Emerged to fix both problems. Combines the cheap flexible storage of a lake with the structured
querying capability of a warehouse.

Raw storage (like a lake) + metadata layer + SQL query engine = Lakehouse

You store raw files cheaply (Parquet on S3), but a metadata and governance layer sits on top so you
can query them with SQL as if they're warehouse tables.

Tools: Databricks (Delta Lake), Apache Iceberg, Apache Hudi

Analogy: A warehouse built inside the lake. Everything is still in the lake but there are organized
aisles and labels so you can query it like a warehouse.

Other Storage Mechanisms

Operational Database (OLTP)

Your MySQL. Already know this. Runs the business, not for analytics.

Data Mart

A subset of a warehouse scoped to one business unit. The finance team gets a finance mart, the HR
team gets an HR mart. Faster queries, controlled access.

Analogy: A warehouse has one section per department, locked behind a door only that team can
open.

Operational Data Store (ODS)

A middle layer between your OLTP and warehouse. Holds current, lightly integrated data — not
historical like a warehouse. Used for operational reporting (today's numbers, not last year's trend).

Analogy: A whiteboard showing today's status. The warehouse is the filing cabinet of historical
records.

How They All Connect in a Real Architecture
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Source Systems (MySQL, APIs, logs)

1

Data Lake (raw dump — S3, GCS)
1

ETL / ELT Pipeline (Python, dbt)
1

Data Warehouse (Snowflake, BigQuery)
.

Data Marts (Finance, HR, Operations)
1

BI Tools (PowerBI, Tableau)

ML engineers pull directly from the lake. Analysts query the warehouse or marts. BI tools sit on top of
the warehouse.

TL;DR

e Data Lake — dump everything raw, cheap storage, schema defined later, used by data scientists
and ML engineers. Risk: becomes a swamp.

o Data Warehouse — structured, clean, fast queries, used by analysts and BI tools. Risk: rigid, can't
handle unstructured data.

¢ Data Lakehouse — hybrid. Lake storage + warehouse querying. Databricks and Apache Iceberg
are the key tools.

e Data Mart — a department-scoped slice of the warehouse.

e ODS — operational snapshot layer, sits between OLTP and warehouse, shows current state not
history.

¢ In most real architectures, all of these coexist — they solve different parts of the same problem.

ETL vs ELT

ETL — Extract, Transform, Load

Order: Pull data — clean/reshape it —» push it into the warehouse

Source DB -» [Extract] - Staging Server - [Transform] - [Load] - Data Warehouse

The transformation happens outside the warehouse, on a separate server or tool, before the data
even enters the warehouse.

Real example: You pull raw insurance claims from MySQL, run a Python script to clean nulls,
standardize date formats, join with a lookup table — then load the cleaned result into the warehouse.

When ETL made sense

o When warehouses were expensive and storage was limited — you only loaded clean, final data
e When compute outside the warehouse was cheaper than inside it

e Legacy systems, on-premise setups

ELT — Extract, Load, Transform

Order: Pull data — push it raw into the warehouse — clean/reshape it inside the warehouse

Source DB -» [Extract] - [Load raw] - Data Warehouse - [Transform insidel

The transformation happens inside the warehouse using SQL.
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Real example: Dump raw claims data into BigQuery as-is, then write SQL inside BigQuery to clean,
join, and reshape it into your analytics tables.

Why ELT became dominant

Modern cloud warehouses (Snowflake, BigQuery, Redshift) have massive compute built in. Running
transformations inside them is fast and cheap. No need for a separate transformation server.

ETL ELT
Transform location Outside warehouse Inside warehouse
Tools Python, Spark, SSIS SQL, dbt
Best for Legacy, on-premise, sensitive data Cloud warehouses, large scale
Data loaded Clean only Raw first
Flexibility Less — schema must be defined upfront More — raw data preserved, can re-transform
Speed to load Slower (transform first) Faster (load first, transform later)

The Tool You'll Hear About — dbt

dbt (data build tool) is the dominant ELT transformation tool right now. It lets you write
transformations as SQL SELECT statements, version control them, and run them inside your
warehouse.

If a job description mentions dbt, they're doing ELT on a cloud warehouse.

TL;DR

o ETL transforms data before loading — done outside the warehouse, older approach, your
healthcare pipeline follows this pattern

o ELT loads raw data first, transforms inside the warehouse using SQL — modern cloud approach,
dominant today

o The shift happened because cloud warehouses got powerful enough to handle transformations
cheaply

o dbt is the key ELT tool in the industry — know what it is, don't need to use it yet

Data Warehouse Architecture (3-Tier)

Why a Layered Architecture

You can't just point PowerBI directly at your MySQL database and call it a warehouse. Data comes
from multiple sources, needs cleaning, needs reshaping, and needs to be served efficiently to multiple
teams. Each layer handles a specific responsibility.

Think of it like a factory:

e Raw materials come in — get processed — finished goods go to customers

Tier 1 — Data Sources (Bottom)
Everything that generates data. These feed the warehouse.
Examples:

e OLTP databases (your MySQL)

o Flat files (CSV, Excel)

o APIs (weather, payment gateways)

o Logs (web server logs, app logs)
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e External data (third party feeds)

These systems don't know or care about the warehouse. They just produce data. Your warehouse
pipeline quietly pulls from them.

Tier 2 — Data Warehouse Server (Middle)

The core. This is where data is stored, organized, and made queryable. It has three internal
components:

The first landing zone inside the warehouse layer. Raw data from sources lands here first,
untouched.

e Temporary holding area — not meant for querying
o Looks like the source system's structure
o Data here is dirty, unvalidated, unjoined

Analogy: The receiving dock of a warehouse. Trucks dump goods here before anyone sorts them.

Picks data up from staging, transforms it, and loads it into the warehouse.
e C(Cleans nulls, standardizes formats
¢ Joins tables, applies business logic
e Builds fact and dimension tables

e This is your Python ETL pipeline

The actual organized warehouse — Star schema, fact tables, dimension tables. Clean, structured,
analytics-ready.

e Historical data lives here

¢ This is what analysts and BI tools query

Tier 3 — Presentation / Access Layer (Top)
How users and tools actually consume the data.
Includes:

e Data Marts — department-scoped subsets

¢ BI Tools — PowerBI, Tableau sitting on top

e SQL clients — analysts writing direct queries

e APIs — applications pulling warehouse data

e ML pipelines — pulling features for model training

Full Picture

TIER 3 — PRESENTATION
PowerBI | Data Marts | SQL Clients

TIER 2 — WAREHOUSE SERVER

I 1
| |
[ 1T 1T |
| | staging |- | ETL |- | Core | |
| | Area | |Engine| | Storage |
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TIER 1 — DATA SOURCES
MySQL | CSV | APIs | Logs | External

"What is the need of a staging area? Why not transform directly from source?"

Answer:

Source systems are live — you don't want to run heavy transformations on them
If the ETL fails midway, staging lets you restart from a checkpoint without re-hitting the source

Staging preserves the raw original — if your transformation logic was wrong, you can reprocess
without pulling from source again

Auditing — you can always trace back what the raw data looked like

TL;DR

Tier 1 — where data comes from (MySQL, CSVs, APIs)

Tier 2 — the warehouse itself: staging area (raw landing) — ETL engine (transform) - core
storage (clean, organized)

Tier 3 — how people consume it (PowerBI, data marts, SQL clients)
Staging area exists to protect source systems, enable restarts, and preserve raw data for auditing

Your healthcare project already follows this architecture — you just built it without naming it

v Normalisation

Normalization is the process of organizing a database to reduce data redundancy (duplicate
data) and ensure data is stored logically.

Normalization is the act of putting every unique ingredient into its own specific, labeled jar. If you
have a customer's address, you store it in one dedicated "Customers" table. You don’t copy it into
the "Orders" table, the "Invoices" table, and the "Shipping" table. Instead, you use a unique
identifier (like a Customer ID) to link those tables together when needed.

The main goals of normalization are to save storage space and prevent data anomalies (errors)

when you add, change, or delete information.
The Progressive Levels of Normalization or Normal Forms

1st Normal Form (1NF): Atomic Values

The rule here is simple: no multi-valued attributes or repeating groups. Every single cell in
your database table must contain exactly one "atomic" (indivisible) value.

e The Problem: If you have an Enployees table and a column named Phone Numbers contains
"555-1234, 555-5678" , it violates 1NF because there are two values in one cell.

o The Fix: You must split those numbers into separate rows or separate columns so that every
cell holds only one phone number.

2nd Normal Form (2NF): No Partial Dependencies

To reach 2NF, a table must first be in 1NF, and every non-key column must depend on the
entire primary key. This applies to tables that use a composite key (a primary key made up of two
or more columns combined).
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e The Problem: Imagine a table with a composite key of [orderip, Productin] . If you include a
column called product Price , that price only depends on the productin , not the orderip . This is
a partial dependency.

e The Fix: Move Product Price to a separate Products table where it only depends on Productin .

3rd Normal Form (3NF): No Transitive Dependencies

To reach 3NF, the table must be in 2NF, and no non-key column should depend on another
non-key column. Every column must depend only on the primary key. In database circles, there is
a famous saying for this: Every column must depend on "the key, the whole key, and nothing but the

"

key.

e The Problem: In an Employees table, you have Employeern (Primary Key), pepartment Name , and
Department Manager . The manager depends on the department name, not directly on the
employee. This is a transitive dependency.

¢ The Fix: Move the department details to a separate Departments table.

Boyce-Codd Normal Form (BCNF): The Advanced 3NF

BCNF is a slightly stricter extension of 3NF. It handles rare cases where a table has overlapping
candidate keys. The rule states that for any dependency $A \rightarrow B$, $A$ must be a
superkey (a primary or candidate key). If a non-key column is determining a part of a primary
key, it violates BCNF and needs to be split.

Advanced Normal Forms (Handling Multi-valued Relationships)

While most standard business applications stop at 3NF or BCNF, there are higher forms used for
complex scenarios:

4th Normal Form (4NF): No Multi-valued Dependencies
A table is in 4NF if it is in BCNF and contains no independent multi-valued dependencies.

¢ The Scenario: If an instructor teaches multiple courses and also speaks multiple Languages ,
keeping them in one table forces you to pair every course with every language arbitrarily,
creating messy duplicate rows. 4NF requires splitting these into two separate tables: one for
instructor-courses and one for instructor-languages.

5th Normal Form (5NF): Join Dependency

Also known as Project-Join Normal Form (PJNF), a table is in 5NF if it cannot be broken down into
smaller tables without losing information when you try to join them back together. It ensures that
data cannot be reconstructed incorrectly from smaller pieces.

Summary of Normal Forms

Normal Form Core Rule in Simple Terms

INF Every cell must hold only one value. No lists.

2NF Meets 1NF + Columns must depend on the entire primary key, not just part of it.
3NF Meets 2NF + Non-key columns cannot depend on other non-key columns.
BCNF Meets 3NF + Every determinant column must be a candidate key.

4NF Meets BCNF + Separates independent multi-valued facts.

SNF Meets 4NF + Ensures data cannot be broken down further without losing

information.

Normalization vs. Denormalization

While normalization organizes data into multiple related tables to keep it clean, denormalization
intentionally combines tables or adds duplicate data to speed things up.
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Feature

Core Goal

Data Redundancy
Table Structure

Read Speed (Queries)

Write Speed
(Insert/Update)

Query Complexity

Best Used For

Star Schema

A Star Schema is a way of organizing data in a data warehouse so that querying and analysis become

fast and simple.

It is called a star schema because the structure looks like a star:

e One central Fact Table

Normalization

Eliminate redundant data and
maintain data integrity.

Minimized. Data is stored in only one
place.

Divided into many smaller, specialized
tables.

Slower, because the database must use
JOIN statements to recombine data.

Fast and safe. You only need to update
data in a single spot.

Highly complex, requiring multiple
joins.

Transactional systems (OLTP) where
accuracy is critical, like banking apps.

e Multiple surrounding Dimension Tables

Customer Id

Name

City

1. Fact Table

Denormalization

Optimize read performance and speed
up queries.

High. Data is intentionally duplicated
across tables.

Combined into fewer, larger, and wider
tables.

Blazing fast, because the data is already
together in one place.

Slower and riskier. A single change
might require updating hundreds of
rOws.

Very simple, often just a basic SELECT
statement.

Analytical systems (OLAP) like
reporting tools and dashboards.

L] L]
reaictoim | Star Schema in Data Warehousing Time Dim
Product Id
Timeld
Product Name
Fact Table Order Date
Product Line ProductId et
Time Id
Customer Dim Promotion Dim
Promotion ID

The fact table stores measurable business data.

Examples:
¢ sales amount
e quantity sold
e profit

® revenue

Data Warehousing

Promotion Id

Coupon Code

Prod Type

BCORD
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It also contains foreign keys connected to dimension tables.
This table answers:

e How much was sold?

e How many products were sold?

¢ What was the revenue?

2. Dimension Tables
Dimension tables store descriptive information.
They provide context to the numbers in the fact table.
Records context — who, what, when, where, how.
Contains:

e A primary key (surrogate key)

e Descriptive attributes — text, categories, dates

Key Properties of a Well Designed Star Schema
Fact table should be:

e Narrow in columns (mostly FKs + measures)

e Very long in rows (millions to billions)

e Have no descriptive text — that lives in dimensions
Dimension tables should be:

e Wide in columns (lots of descriptive attributes)

e Relatively short in rows (thousands to hundreds of thousands)

e Denormalized — repeat data is fine

This design is denormalized, meaning it intentionally includes data redundancy to simplify
queries and improve analytical performance for OLAP and reporting tasks. By reducing the
number of joins required to fetch data compared to normalized schemas, star schemas enable faster
aggregations and are widely supported by business intelligence tools.

v Advantages of Denormalisation

Think of a normalized database like a neatly organized kitchen where every ingredient has its own
specific jar. The salt is in the spice rack, the flour is in the pantry, and the milk is in the fridge. If
you want to bake a cake, you have to walk around and grab a little bit from everywhere.

Denormalization is like taking the exact ingredients you need for that cake and putting them all
on one counter beforehand.

In database terms, it means intentionally adding redundant data or combining tables that were
separate. Here is why we do it, in simple terms:

1. Blazing Fast Reads (Speed)

When data is split across multiple tables, the database has to perform a JOIN to stitch it back
together. Joins take time and computing power. By putting all the data into one place, the
database can grab it instantly without doing any extra homework.

2. Simpler Queries

Writing code to fetch data from five different tables requires complex SQL statements with
multiple joins. If the data is denormalized into one table, your query becomes incredibly simple—
just a basic SELECT statement.
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3. Better for Reports and Dashboards

When you are running heavy analytical reports (like calculating total sales across thousands of
products), looking at one giant, pre-combined table is much faster than forcing the database to
calculate relationships across the entire system on the fly.

The Trade-off (The Catch)

While denormalization makes reading data incredibly fast, it makes writing data slower and
riskier.

If a customer changes their phone number in a normalized database, you update it in one spot. In
a denormalized database, you might have to update that phone number in hundreds of different
rows where it was copied. If you miss one, your data becomes inconsistent.

Rule of Thumb: Normalize when your app needs to do a lot of fast, accurate writing (like an
app processing banking transactions). Denormalize when your app needs to do a lot of fast
reading (like an analytics dashboard or a blog homepage).

Snowflake Schema

A Snowflake Schema is a specific way of organizing a data warehouse where the database is fully
normalized. It gets its name because the layout of the tables looks like a complex, multi-layered
snowflake when visualized in a diagram.

It is a direct variation of the Star Schema. However, while a star schema uses completely flattened,
denormalized dimension tables, a snowflake schema breaks those dimension tables down into even
smaller, look-up tables.

How a Snowflake Schema Works

In a snowflake schema, you still have a central Fact Table holding your main quantitative metrics
(like sales totals or transaction amounts). However, the surrounding Dimension Tables (which give
context to those numbers) are split up to eliminate any duplicate data.

For example, think about how product data is stored in both schemas:

¢ In a Star Schema (Denormalized): You have one giant pin Product table. Every row for a
product has the Product Name , SubCategory Name , and Category Name typed out directly. The category
names are repeated over and over again.

¢ In a Snowflake Schema (Normalized): The data is broken down into a chain of tables. The
central fact table connects to a pin product table, which only holds product-specific data. That
table connects to a pim subcategory table, which finally connects to a pim category table.

Key Advantages of a Snowflake Schema

1. Uses Less Storage Space

Because the data is strictly normalized, there is zero data redundancy. Descriptive words (like
category names or country codes) are stored exactly once in their own dedicated tables rather than
being duplicated millions of times across a massive table.

2. Maximum Data Integrity

Because data is stored in only one place, keeping the data accurate is much cleaner. If a product
category name changes, a database administrator only has to update it in one single row of the
category table, completely avoiding the risk of data inconsistencies.

3. Easier to Maintain

For complex database environments, structured, normalized tables are easier to manage and scale
when structural updates or new data classifications need to be added to the system.

Data Warehousing
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The Disadvantages (Why Star Schema is Often Preferred)

While a snowflake schema sounds perfect on paper, it has notable drawbacks for analytical
environments (OLAP):

¢ Slower Query Performance: To answer a simple business question, the database engine has to

jump across multiple tiers of tables using heavy Join statements. Stitching all these tables back
together mid-query takes significant processing time and computing power.

o Complex SQL Code: Writing queries against a snowflake schema is much more complex for

business analysts because they have to explicitly track and code the multi-layered relationships

between several tables.

dim_product_size

product_size_id
size_uk

size_us
size_rest

dim_product_color

product_color_id
product_color_name
product_color_hex
product_color_rgb

dim_product_category product_id

product_category_id
product_category_name
product_category_description

dim_store_city

store_city_id
store_city_name

store_country _id

store_country_name

dim_store_region

store_region_id

dim_store_country

dim_product_details

product_id
size_name

dim_product

product_color_id

product_size_id
product_category_id

order_id

product_id

dim_store store_id

store_id
store_city_id
store_country_id
store_region_id

store_region_name

Quick Comparison:

Feature
Normalization
Query Speed
Storage Cost

Structure

Data Warehousing

Star Schema

Denormalized (Wide, flat tables).
Blazing fast (Fewer joins).

Higher (Saves duplicate text data).

Simple, easy to understand.

fact_sales

customer_id
purchase_date

purchase_amount

Star vs. Snowflake

dim_customer_city

customer_address_city_id
customer_address_city_name

dim_customer

dim_customer_country

customer_id customer_address_country _id
customer_address customer_address_country_name
customer _address_city_id

customer_address_country_id

dim_date dim_month

purchase_date
purchase_month_id
purchase_quarter_id
purchase_year

purchase_month_id
purchase_month_name_shart
purchase_month,
purchase_month_number

name_lang

dim_quarter

purchase_quarter_id
purchase_quarter_name_short

purchase_quarter.
purchase_quarter_number

name_long

Snowflake Schema

Fully Normalized (Splits data cleanly).
Slower (Requires complex multi-table joins).
Lower (Eliminates redundant data).

Complex, branches out like a tree.

13



Schema Patterns: Star vs. Snowflake

Star Schema Snowflake Schema
Product Customer _, Region
Product $

\. / Country
I

T — City
Region Time Customer l
Date

Time

f "Which is better — Star or Snowflake?"
Wrong answer: "Star is always better"
Right answer: "Star schema is preferred in most cases because query performance and
simplicity outweigh storage savings. Snowflake makes sense when dimension tables are
very large or dimension data changes frequently and you need to avoid updating millions
of redundant rows."

Case Study : Star vs Snowflake

The Big Data Firm Analogy: The Logistics Warehouse

Imagine you work at a massive global e-commerce firm. To understand the two database
architectures, let’s look at how two different regional distribution centers organize their physical
inventory.

e The Star Schema Center (The "Bulk Bins" Hub): This warehouse values sheer speed. Instead of
sorting items into tiny distinct rooms, they create wide, open aisles. If they sell an "Electronics
kit," they pack the cables, batteries, manuals, and plastic cases directly into one giant open box
labeled Electronics. It takes up a lot of physical floor space and has massive duplicate piles of
batteries and cables everywhere, but everything needed for that category is right there.

e The Snowflake Schema Center (The "Micro-Sorted"” Hub): This warehouse values strict space
optimization and perfect order. They utilize a highly structured layout. There is a main conveyor
belt (the Fact Table), but it only stores generic item IDs. If you want an Electronics kit, you have
to go to the Product room, which leads into the Components aisle, which branches into the
individual Battery vault, and then connects to the raw Supplier crate. There is zero wasted space;
a specific type of battery is stored in exactly one spot in the entire facility.

The Assignment: Meet Maya and Leo

The Vice President of Analytics rushes in with a critical, time-sensitive request: "I need a report
showing the total Q3 revenue for all electronics sold in the Midwest region, broken down by
supplier.”

Two data analysts are tasked with pulling this data simultaneously from the different systems.

Person 1: Maya (Tasked with pulling from the Star Schema)

Data Warehousing
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Maya logs into the system that uses the Star Schema layout.

o Her Experience: Maya's task is incredibly straightforward. She goes straight to the central
Fact Sales table. She grabs her context by linking it directly to just two wide tables: Dim Product
and Dpin Geography . Her SQL script is short, tidy, and clean.

e Problems Maya Faces: * Data Size Bloat: Because the data is denormalized, the tables she is
querying are physically massive and wide. If she accidentally hits seLect = (pulling every
column), she risks dragging a mountain of repetitive text data across the network, which could
temporarily bottleneck her local machine's memory.

o The Storage Cost: While not a direct problem for her query execution, the firm's
infrastructure team constantly nags her department about how much money they spend
storing the exact same regional manager names and category words millions of times over.

Person 2: Leo (Tasked with pulling from the Snowflake Schema)

Leo logs into the system built on the fully normalized Snowflake Schema.

o His Experience: Leo looks at a beautiful, perfectly organized data model. He knows exactly
where everything belongs. However, to actually get his answers, his journey becomes an obstacle
course.

e Problems Leo Faces:

o "Query Join" Exhaustion: To get the product category, he cannot just look at a product
table. He has to write an SQL statement that joins Fact Sales to Dim Product , then joins that
to Dim SubCategory , which joins to bim Category , which finally joins to Dim Supplier . He has to
do the exact same multi-tiered joining for the geography data (Sales $\rightarrow$ City
$\rightarrow$ State $\rightarrow$ Region). His query code is complex, long, and easy to mess
up.

o Computation Timeouts: When Leo hits "Run," the cloud warehouse engine has to do
massive computational "homework". It must digitally scan, match, and stitch together 7 or 8
distinct tables on the fly. If millions of people bought electronics in Q3, the system might
churn for minutes—or completely time out—costing the firm heavy compute-processing
dollars while the VP waits anxiously for the report.

The Ultimate Verdict in a Big Data Firm

Maya finishes her report in seconds because the star schema gave her pre-combined, read-optimized
tables. Leo is still debugging a syntax error on his 5th join statement.

This is why big data firms tolerate the higher storage costs of a Star Schema: when a business is
moving fast, user query speed and simplicity almost always trump storage efficiency.
TL;DR

¢ Snowflake schema = Star schema with normalized dimension tables — dimensions branch into
sub-dimensions

Saves storage, reduces redundancy, easier to update dimension data

e Costs more joins, slower queries, more complex for BI tools

Star wins in most real-world scenarios — storage is cheap, speed and simplicity matter more

Use snowflake only when dimensions are massive or dimension attributes change very frequently

¥ Dimension & Attributes (Overview)

Think of your database like a business report, the Fact Table provides the numbers, while the
Dimensions and Attributes provide the words that give those numbers meaning.

1. What is a Dimension?

Data Warehousing
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A Dimension is a broad business category or entity that answers the questions: Who, What,
Where, When, and Why? It is a noun. It is the concept you want to slice, filter, or group your
numbers by.

¢ Examples of Dimensions: * Customer (The "Who")
o Product (The "What")
o Store / Location (The "Where")
o Date / Time (The "When")

In your database, each dimension gets its own physical table (e.g., pim Product ).

2. What is an Attribute?

An Attribute is a specific column inside a dimension table. It is the descriptive text, characteristic,
or detail that defines that dimension. It is an adjective.

When you build a report or drop-down menu on a dashboard, the items you click on to filter your
data are the attributes.

o Examples of Attributes (Inside the Product Dimension):
0 product Name (e.g.,iPhone 15)
o category (e.g., Electronics)
o Brand (e.g.,Apple)

o color (e.g.,Black)

The Golden Rule to Remember:

Dimension: The table/category itself (e.g., Store Location).

Attribute: The specific column/detail inside that table (e.g., Store_City, Store_State,
Store_Manager).

A query like: "Show me the Total Sales [Fact/Measure] for Electronics [Attribute] in the Midwest
[Attribute]", you are using attributes from your Product and Location dimensions to filter your
facts!

Fact Table Types

In data warehousing, the central Fact Table is made up of two things: foreign keys (to connect to
your dimension tables) and measures (the numerical data or metrics you want to analyze, like sales
amounts, temperatures, or account balances).

Depending on how these numerical measures can be combined mathematically—specifically through
addition—across various dimensions, they are categorized into three distinct types: Additive, Semi-
Additive, and Non-Additive.

1. Additive Facts

Additive facts are the most common and flexible type of measure. They can be meaningfully added
(summed up) across every single dimension present in your fact table (such as Time, Geography,
Product, or Customer).

o Real-World Example: sales Amount Or Quantity Sold,

o Why it works: If you sold 5 items in New York and 10 items in London today, your total quantity
sold across the Geography dimension is 15. If you sold 5 items yesterday and 10 items today, your
total across the Time dimension is 15. The math makes logical business sense no matter how you
slice or combine the data.

2. Semi-Additive Facts

Data Warehousing
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Semi-additive facts can be added across some dimensions, but not all. Most commonly, they make
perfect sense when added across dimensions like Product or Geography, but they completely fall apart
if you try to add them across the Time dimension.

These usually represent "snapshots” or balances taken at a specific point in time.
o Real-World Example: Account Balance Or Inventory Count .

¢ Why it works (and why it doesn't): * Valid Addition (Geography/Product): If Room A has an
inventory of 50 laptops and Room B has 50 laptops, it makes sense to add them up to state that
your total inventory across the Geography dimension is 100 laptops.

o Invalid Addition (Time): If your bank account balance was $1,000 on Monday, $1,000 on
Tuesday, and $1,000 on Wednesday, you cannot add them together to say you had $3,000 that
week. Your balance for the week isn't the sum,; it's simply the snapshot of where it stood at
the end of that time period (an average or a closing value).

3. Non-Additive Facts

Non-additive facts cannot be added across any dimension whatsoever. Performing a mathematical
sum on these numbers produces a completely meaningless and incorrect business metric.

These usually represent ratios, percentages, averages, or SpECiﬁC unit measurements.
e Real-World Example: Profit Margin_Percentage , Unit Price , O Temperature .

e Why it doesn't work: If Product A has a profit margin of 10% and Product B has a profit margin
of 20%, you cannot add them together to claim a total profit margin of 30%. Similarly, if Store A's
thermometer reads 70°F and Store B's reads 80°F, combining them does not mean your stores are
sitting at a boiling 150°F.

e How to analyze them: To look at non-additive facts across a large dataset, you must use other
mathematical aggregations instead of addition, such as calculating the Averace , finding the wax /
MIN , or counting the total occurrences ( COUNT ).

Can you SUM Can you SUM
Common SQL
Fact Type across across Functi Used Examples
nction
Region/Product? Days/Months? unctions Lse

e SUM() , AVG() , Revenue, claim
Additive Yes Yes
COUNT () amount, units sold
No (Must use final LAST VALUE() Account balance,
o (Must use fina , .
Semi-Additive Yes ( inventory,
snapshot) AVG() , MAX()
headcount
AVG() , MIN() , Ratios, t s
Non-Additive No No () () a.1os .percen ages
MAX() , COUNT() unit price

4. Factless Fact Table - Bonus Type

A factless fact table is a central table that contains no numerical values or metrics (like total sales
or balance amounts). Instead, it contains only foreign keys that link various dimension tables
together.

If it has no numbers, what is it used for? It is designed to capture events, occurrences, or
conditions that happen in the business. Even though there are no numeric values to suv , the mere
existence of a row in this table acts as a record that an event took place.

To analyze it, data analysts use the count() function to track how many times that event happened.

The Two Main Types of Factless Fact Tables

1. Event / Occurrence Recording Tables

These tables track when an event happened involving multiple dimensions, but there is no specific
transactional value attached to it.

Data Warehousing

17



¢ Real-World Example (Employee Attendance): Think of an Attendance Fact table in an HR
database. It contains keys like pate Key , Employee key ,and Facility key . There are no columns for
"money" or "quantities."

o How it's used: If the VP of HR asks, "How many employees showed up to the Chicago office in Q3?",
an analyst runs a query counting the total number of rows where the facility matches Chicago
and the date falls in Q3. The row itself is the fact that the employee was present.

2. Coverage / Eligibility Tables

These tables do not track an active event; instead, they define what is possible or allowed within
the company. They map out the business rules so you can see what should be happening vs. what is
actually happening.

¢ Real-World Example (Product Promotion Coverage): Imagine a Promotion Coverage Fact table
that lists which products are assigned to which marketing campaigns in specific stores. It
contains Product Key , Promotion Key , and Store Key .

e How it's used: By comparing this "factless" table to your actual sales rFact table, a business
analyst can identify negative space or missed opportunities—such as finding out which products
were supposed to be on promotion in a specific store but recorded zero sales.

Fact Table Contains Numeric Primary SQL E le Busi S )
xample Business Scenario
Type Measures? Aggregation Used P
Additive Yes SUM() Total retail sales revenue
. . Bank account balances or warehouse

Semi-Additive  Yes LAST VALUE() / AVG()

stock counts

. Unit price tracking or temperature

Non-Additive Yes AVG() / MAX() / MIN() logs

Student class registrations or
Factless No COUNT() §

employee log-ins

Dimension Table Types and Attributes

In a dimensional data model (like a Star or Snowflake schema), Dimension Tables surround the
central fact table. They supply the descriptive "who, what, where, when, and why" context behind the
numbers.

To build a high-performing data warehouse, you need to understand both the internal traits of these
tables (Attributes) and how they behave structurally over time (Dimension Types).

Part 1: Anatomy of Dimension Attributes

Attributes are the columns within a dimension table. Unlike text entries in traditional transactional
databases, analytical attributes are intentionally designed for heavy filtering, grouping, and labeling
in BI reports.

A robust dimension table typically contains three categories of attributes:

1. Keys (Surrogate Key vs. Natural Key)

o Natural/Business Key: The original identifier brought in from the source system (e.g., an
alphanumeric tracking code like prop-9021 ).

o Surrogate Key: A simple, system-generated integer (e.g., 1, 2, 3... ) uniquely identifying each
row in the data warehouse. Data warehouses use surrogate keys as the Primary Key instead of
natural keys. This shields the warehouse from unexpected modifications in source applications
and improves performance during table join operations.

2. Descriptive Text (The Analysis Triggers)

Data Warehousing
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These are wide text fields representing business characteristics (e.g., pProduct Category , Store Region ,
Or Customer Education Level ). These columns must be cleanly typed out rather than stored as obscure
codes. When an analyst builds a dropdown menu on a dashboard, these fields serve as the selectable
options.

3. Hierarchical Attributes

Columns that represent a structural breakdown within a single entity. For example,a pin Location
table might contain independent columns for city, state, Region,and country.In a denormalized
Star Schema, keeping these nested attributes inside the same table allows for quick multi-tier
grouping without requiring multiple table joins.

Part 2: Core Dimension Types

Depending on how they receive data or interact with other business areas, dimension tables fall into
several specialized types:

1. Conformed Dimensions

A conformed dimension is a single, standardized dimension table shared across multiple fact
tables throughout an organization.

e Example: A universal Dim Date or Dim Customer table utilized by the sales ract table, the
Inventory Fact table, and the Customer Support Fact table.

o Why it matters: It ensures that every department works with the exact same definitions. When
marketing runs a "Q3" performance report, it will naturally match the finance department's "Q3"
statement because they are querying the exact same date framework.

2. Junk Dimensions

A dimension that bundles together low-cardinality flags and indicators that don't belong to any
natural dimension.

Low cardinality means the column has very few distinct values — Yes/No, True/False, small fixed
categories.

The problem they solve:

Your fact table might have several flag columns:

is_approved (Y/N)

e is emergency (Y/N)

e is resubmission (Y/N)

e claim_channel (Online/Offline/Agent)
e priority level (Low/Medium/High)

Putting all these directly in the fact table bloats it. Creating a separate dimension for each is overkill
— dim is approved with two rows is absurd.

Solution — combine them all into one junk dimension:

3. Degenerate Dimensions

Sometimes, a descriptive attribute belongs logically to the fact table itself because it lacks any extra
descriptive details. The most common scenario is a transactional sequence number.

A dimension attribute that lives directly in the fact table with no corresponding dimension
table.

° Example: Invoice Number OT Receipt ID.

o The Fix: Instead of creating an independent dimension table containing only a primary key and
an invoice number, the field is embedded directly inside the fact table as a column. It functions
conceptually as a dimension attribute but lacks a dedicated physical table.
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4. Role-Playing Dimensions

This happens when a single physical dimension table is referenced multiple times within the same

fact table, playing a completely distinct "role" for each connection.

Example: An orders ract table frequently has three separate dates: Order Date , Shipping Date ,
and Delivery Date .

The Fix: Rather than duplicating three distinct date tables on your disk, you map three different
foreign keys in your fact table back to the exact same pin pate table. In SQL queries, you apply
aliases to the table to differentiate the roles.

5. Slowly Changing Dimensions (SCD)

Because real-world characteristics change over time (e.g., a customer changes their residential

address or a product moves to a new category), your dimension tables must be programmed to

capture these updates. The three classic ways to manage this include:

SCD Type 0 (Retain Original): The attribute value is locked forever. History is ignored (e.g., an
employee's original hire date).

SCD Type 1 (Overwrite): The old value is replaced with the new data. Historical context is
entirely lost. If a customer moves from Chicago to Miami, your table updates, causing past
transactions to appear as though they occurred in Miami.

SCD Type 2 (Add New Row): A brand-new row is generated for the updated data, complete with
effective date stamps (valid From / valid To ). This approach preserves perfect history. Past sales
stay linked to the old row (Chicago), while future transactions map to the new row (Miami).

Summary Table for Reference

Dimension Type Defining Characteristic Common Real-World Example
Conformed Shared across multiple business areas. Universal Dim Date table.
Junk Combines miscellaneous flags and Grouped transaction flags ( Success ,
un .
indicators. Fail, Web, Mobile ).

Stored directly inside the fact table

Degenerate Invoice Number , Ticket ID .

Role-Playing

without its own table.

One table reused for multiple meanings in A single date table acting as Order Date

a single transaction. and Delivery Date .
Slowly Changing Programmed to track modifications over Customer addresses changing (Type 1 vs.
(SCD) time. Type 2 tracking).

TL;DR

Data Warehousing

Flat — standard dimension, simple lookup, most common

Conformed — shared across fact tables and marts, critical for consistent cross-functional
reporting

Role-playing — same dimension joined multiple times in one query under different aliases,
classic example is dim_date

Junk — bundles low-cardinality flags together to keep the fact table lean

Degenerate — dimension attribute with no table of its own, lives directly in the fact table, classic
example is invoice or claim number

SCD — dimension where attributes change over time, handled with specific patterns (coming
next)

Store derived/calculated attributes in dimensions during ETL — never recalculate at query time

Cardinality guides design decisions — very low cardinality goes to junk dimensions, unique
identifiers become degenerate dimensions
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Grain (or granularity)

Grain defines exactly what a single row in your fact table represents. Before you can choose
your dimensions (the descriptive columns) or your facts (the numbers), you must establish the grain.
It determines the level of depth, detail, and atomic truth captured by your database.

Think of the Grain of a database like the resolution (pixels) of a digital camera:

o High-Resolution (Fine Grain): If your camera has high megapixels, you can zoom in incredibly
close to see individual leaves on a tree. In a database, a fine grain means you capture the lowest
possible level of detail—such as an individual retail transaction line-item.

¢ Low-Resolution (Coarse Grain): If your camera has low resolution, zooming in makes the
picture blurry; you can only see the whole forest, not the individual leaves. In a database, a coarse
grain means data is pre-summarized or aggregated—such as storing monthly sales totals per store.

1. Transactional Grain (The Finest Detail)

This captures a row for every single individual event or transaction that occurs. It is the most
common and powerful grain type.

¢ Example row definition: "One row per item scanned on a customer's retail receipt.”

e What you can see: If a customer buys three apples and a loaf of bread, this produces separate
rows for the apples and the bread. It allows you to analyze minute details like buying patterns,
basket analysis, and exact time of day.

2. Periodic Snapshot Grain (The Time Interval)

Instead of capturing individual events, this takes a status update or "snapshot” of a business entity at
regular, predictable intervals (like daily, weekly, or monthly).

o Example row definition: "One row per product, per warehouse location, at the end of every day."

e What you can see: You won't know when or how many items were shifted out at 2:00 PM.
Instead, you get a clean record of what the exact inventory levels looked like when the warehouse
closed down for the night.

3. Accumulating Snapshot Grain (The Lifecycle)

This grain is used to track an evolving process or lifecycle that has a definite beginning, middle, and
end. A single row is created when the process starts and is continuously updated as milestones are
reached.

o Example row definition: "One row per insurance claim from initial submission to final payout."

¢ What you can see: A single row will contain multiple date keys (e.g., clain Filed Date ,
Inspection Date , Approval Date , Payout Date ). This lets analysts measure the exact duration and
operational bottlenecks between steps.

Why is Declaring the Grain So Critical?

1. It Governs Your Dimensions

A common amateur mistake is trying to mix grains. If your grain is defined as Monthly Store Sales,
you cannot include a dimension like customer Name Or Exact Time of Day . Monthly totals don't belong
to a single customer or a single minute. The grain strictly dictates which dimensions are allowed to

surround your fact table.

2. "You Can Roll Up, But You Can't Drill Down"

If you store data at a transactional level (fine grain), you can easily use SQL to group those rows
together and calculate weekly, monthly, or yearly totals. However, if you choose a coarse grain and
store data pre-aggregated at a Monthly level to save space, you can never go backward. If the CEO
asks, "What was our busiest hour last Tuesday?", your database simply won't have the answers.
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Summary

When sitting down to design a data warehouse, declaring the grain is always step number one:

Grain Type Row Represents Primary Business Use Case

. . . Retail point-of-sale transactions, web clicks, phone
Transactional A single unique event 1
0gs.

Periodic Snapshot A summary over a fixed time = Monthly financial statements, bank balances, daily

block inventory.
Accumulating An entire process lifecycle Or'der‘ fulﬁllr.ne.nt tracking, university applications,
Snapshot shipping logistics.
TL;DR

e Grain = what exactly one row in the fact table represents — defined as one sentence before any
column is added

¢ Undefined or mixed grain causes silent double-counting — queries run fine but return wrong
numbers

e Atomic grain = lowest possible detail. Always prefer it. You can aggregate up, never disaggregate
down

e Summarized grain = pre-aggregated rows. Use only when forced to — atomic is almost always
better

e Every dimension and measure added must be consistent with the declared grain — if it doesn't
exist at that level, it doesn't belong in that fact table

o Finer grain = more dimensions you can legitimately attach
e Atomic grain preserves all drill-down paths in BI tools — summarized grain cuts them off

e Multiple fact tables at different grains coexist in a warehouse — analysts pick the one matching
their question

Surrogate Keys vs Natural Keys

Natural Key — the identifier that exists in the source system. Created by the business or the
application, has real-world meaning.

Examples:

® patient id = 'PAT-2023-004'

® claim number = 'CLM-APL-00892'
® employee id = 'EMP-HR-441'

® pan number = 'ABCDE1234F'

Surrogate Key — a warehouse-generated integer with no business meaning whatsoever. Created
purely to identify a row in the warehouse.

Examples:
® patient sk =1
® patient sk = 2
® patient sk = 3
That's it. Sequential integers. No meaning outside the warehouse.

On the surface, natural keys look fine. The source system already has unique IDs — why create new
ones?

This logic breaks down in a warehouse. Here's exactly why.

Data Warehousing
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Problem 1 — Source Systems Change Their Keys

A hospital migrates from one patient management system to another. In the old system patient id =
'PAT-2023-004" . In the new system the same patient becomes patient id = 'MRN-00441" .

If your warehouse uses natural keys — you now have two rows for the same patient. Every historical
claim links to paT-2023-004 . Every future claim links to vRrn-00441 . Your patient dimension is broken
and your historical analysis is split across two identities.

With surrogate keys — patient sk = 1 never changes. The source system can rename, renumber, or
restructure however it wants. The warehouse absorbs it cleanly.

Problem 2 — Multiple Source Systems, Colliding Keys

Your warehouse pulls patient data from three hospitals — Apollo, Fortis, Max. Each has its own
patient management system. Each starts numbering patients from 1.

Source patient_id Name

Apollo 1001 Rahul Sharma
Fortis 1001 Priya Mehta
Max 1001 Arjun Singh

Three completely different patients, same natural key. If you load all three into dim patient using
natural key as PK — you have a collision. One row overwrites another. Two patients disappear.

With surrogate keys:
patient_sk source patient id Name
1 Apollo 1001 Rahul Sharma
2 Fortis 1001 Priya Mehta
3 Max 1001 Arjun Singh

No collision. All three patients exist correctly. The surrogate key is unique across the entire
warehouse regardless of source.

Problem 3 — Natural Keys Are Strings, Joins Are Expensive

patient id = 'PAT-2023-004' is a VARCHAR. Your fact table has 500 million rows. Every query joins fact
to dimension on this VARCHAR column.

String comparison is significantly slower than integer comparison at that scale. The query engine has
to compare character by character for every single join.

patient sk = 1 is an INT. Integer joins are the fastest possible join operation — direct value
comparison, highly optimized by every query engine.

At 500 million rows the performance difference is not trivial.

Problem 4 — Natural Keys Expose Business Logic to the
Warehouse

cim-ArL-00892 tells you this is claim number 892 from Apollo. That's business information embedded
in a key.

What happens when Apollo changes their numbering format? What happens when the claim
numbering resets? What happens when the format encodes information that later becomes wrong?

Surrogate keys are intentionally meaningless — they never need to change because they carry no
information that can become outdated or incorrect.

Problem 5 — Slowly Changing Dimensions Break Natural Keys
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When a patient moves from Delhi to Mumbai — in SCD Type 2 you keep both rows, old and new, to
preserve history.

patient_id name city valid_from valid_to
PAT-001 Rahul Delhi 2020-01-01 2023-06-30
PAT-001 Rahul Mumbai 2023-07-01 NULL

Now patient id is no longer unique in the dimension table — two rows share the same natural key.
You cannot use it as a primary key anymore.

With surrogate keys:
patient_sk patient_id name city valid_from valid_to
1 PAT-001 Rahul Delhi 2020-01-01 2023-06-30
2 PAT-001 Rahul Mumbai 2023-07-01 NULL

patient sk i$ unique per row. patient id repeats — that's fine, it's just an attribute now. Historical
claims point to patient sk = 1 (Delhi version). Future claims point to patient sk = 2 (Mumbai
version). History is perfectly preserved.

This is the most critical reason surrogate keys exist in a warehouse.

The Rule — Always Use Both

Never discard the natural key. Always keep it as an attribute.

dim_patient

| patient sk | INT | PK, surrogate key — warehouse generated

| patient id | VARCHAR | Natural key — kept for traceability

| source | VARCHAR | Which system this came from

| name | VARCHAR |

| city | VARCHAR

I I |

Surrogate key — used for all joins between fact and dimension tables inside the warehouse.

Natural key — kept so you can always trace a warehouse row back to the exact source system record.
Critical for auditing, debugging, and reconciliation.

dim_date Is a Special Case

dim date surrogate keys are typically formatted integers, not sequential auto-increments.

date sk = 20260524 -- represents May 24 2026
date sk = 20260101 -- represents Jan 1 2026

Format: vvvvmipp as an integer.
Why:

o Immediately readable — you can look at date sk = 20260524 and know exactly what date it
represents

Chronologically sortable — ordering by date_sk automatically orders by date
¢ Joining on an integer is fast
e Pre-populated for all dates — no auto-increment needed

This is the one standard exception to meaningless surrogate keys — date surrogate keys intentionally
encode the date for readability and sortability.

Full Comparison
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Natural Key Surrogate Key

Source Business / source system Warehouse generated

Meaning Has real business meaning Intentionally meaningless

Data type Often VARCHAR Always INT

Uniqueness Unique in source, may collide across sources Unique across entire warehouse
Stability Can change when source system changes Never changes

SCD support Breaks with Type 2 (non-unique) Handles Type 2 perfectly

Join performance  Slower (string comparison) Fastest (integer comparison)
Role in warehouse Kept as attribute for traceability Used as PK and all FK joins

The Interview Question

"Why do we use surrogate keys in a data warehouse instead of just using the natural keys from the source
system?"

Answer:

"Natural keys are controlled by source systems — they can change on migration, collide when multiple
source systems are integrated, and break entirely when SCD Type 2 is implemented because the same
entity needs multiple rows for different time periods. Surrogate keys are warehouse-generated integers
that never change, never collide regardless of source, support SCD Type 2 cleanly, and perform faster on
joins because integer comparison is cheaper than string comparison at scale. The natural key is always
kept as an attribute for traceability — but all joins inside the warehouse use surrogate keys."

TL;DR
o Natural key — source system's ID, has business meaning, kept as an attribute for traceability
o Surrogate key — warehouse-generated integer, no business meaning, used for all PKs and FK
joins
o Natural keys break in warehouses because: source systems change keys, multiple sources collide
on the same ID, SCD Type 2 makes natural keys non-unique

o Surrogate keys solve all of this — stable, collision-free, SCD-compatible, faster joins

o Always keep both — surrogate key for warehouse operations, natural key for auditing and
reconciliation

e din date exception — date surrogate keys use vvyymip integer format for readability and
sortability

e Every FK in a fact table is a surrogate key — never a natural key

Slowly Changing Dimension (SCD)

In a data warehouse, data is expected to change over time, but it doesn't happen every second. A
Slowly Changing Dimension (SCD) is a design pattern used to track and manage these changes in a
dimension table.

For example, a customer might move from New York to California, or a product might be reclassified
from the "Home Office" department to the "Electronics” department. If you don't track these changes
carefully, your historical sales reports will break or become completely inaccurate.

To manage this, data architects use different SCD Types. Each type handles historical data differently
depending on what the business needs.

SCD Type 0: Retain Original (No Change)
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In Type 0, once a value is entered into the database, it is locked forever. Any changes in the real
world are completely ignored by the data warehouse.

¢ Real-world example: An employee’s original hire date, a customer's date of birth, or a product's
original manufacturing code.

o Pros: Ensures absolute historical consistency for data that should never alter.

e Cons: Completely fails if the real-world data was entered with a typo and needs a correction.

SCD Type 1: Overwrite (No History)

In Type 1, when a piece of data changes, the database overwrites the old value with the new value.
The old data is permanently erased from the disk, and no history is preserved.

e Scenario: John Doe lives in Chicago, but moves to Miami.
e Database Action: The city column for John Doe is changed from "Chicago" to "Miami".

e The Problem: If John bought $5,000 worth of winter coats while living in Chicago, a report run
today will show that Miami sold $5,000 worth of winter coats. The historical context of the sale is
completely lost.

o Best Used For: Correcting spelling mistakes, typos, or tracking data where history doesn't matter
(e.g., fixing a misspelled last name).

SCD Type 2: Add New Row (Full History Preservation)

Type 2 is the gold standard for data warehousing. Instead of overwriting a row, a brand-new row is
created for the customer or product. To manage this, the table uses special audit columns like
valid From (Start Date), valid 7o (End Date),and a current Flag (Y/N).

e Scenario: John Doe moves from Chicago to Miami.

o Database Action: * Row 1 (Chicago) gets its valid To date set to today, and its current Flag
switches to n .

o Row 2 (Miami) is created. Its valid From starts today,its valid To is set to infinity (or null),
and its current Flag issetto v.

o The Benefit: Past sales stay safely linked to Row 1 (Chicago). Future sales will map to Row 2
(Miami). Your financial and geographic reporting remains 100% accurate over time.

e Cons: The dimension table grows much larger over time because you keep multiple rows for a
single entity.
SCD Type 3: Add New Column (Current vs. Previous)

Type 3 tracks limited history by adding a dedicated column to store the previous value alongside the
current value. It only allows you to see the immediate past state and the current state.

e Scenario: John Doe moves from Chicago to Miami.

o Database Action: The table creates two columns: current city and Previous City . Current City
becomes "Miami", and Previous city becomes "Chicago".

¢ The Problem: If John moves a third time to Los Angeles, "Chicago" is completely erased to make
room for "Miami" in the previous column. You can only look back exactly one change.

o Best Used For: When a company reorganizes its internal regional boundaries and wants to easily
compare "Old Region" vs. "New Region" on a single report line.
SCD Type 4: History Table (Mini-Dimension)

Type 4 splits the data into two distinct tables: a Base Table that always holds the current active
value, and a dedicated History Table that logs every historical change as a fast record log.

o Best Used For: High-volume tables where a dimension is changing faster than usual, and
keeping all that messy historical row logic inside the main dimension table would slow down
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basic queries.

SCD Type

Type 0

Type 1

Type 2

Type 3

Type 4

Action Taken

Do nothing.

Overwrite existing
row.

Insert a brand-new
row with dates.

Update a "Previous”
column.

Keep current in
main table, log past
to history table.

Data Marts

A data mart is a subject-oriented subset of a data warehouse, scoped to a specific business unit,
department, or function.

History Preserved?

None (Locks
original).

None (Erases past).

Infinite History.

Limited History (1
change).

Full History
(Separate table).

Effect on Table
Size

Stays the same.

Stays the same.

Grows significantly.

Stays the same
(table gets wider).

Keeps main table
small and clean.

Best Use Case

Date of Birth, ID
numbers.

Fixing spelling
mistakes/typos.

Tracking customer
addresses or product
price tiers.

Comparing
immediate soft
shifts like
department
renames.

Rapidly changing
dimension states.

Instead of giving every analyst in the company access to the entire warehouse — you carve out a
focused slice relevant to their domain and give them that.

Analogy: The warehouse is a supermarket stocking everything. A data mart is the dairy aisle — only
what the dairy team needs, organized the way they need it, accessible without walking through the

entire store.

Why Data Marts Exist

Problem 1 — The Warehouse Is Enormous

A hospital system warehouse might have 200 tables, petabytes of data, dozens of fact tables. An
analyst in the finance department needs exactly 8 of those tables. Making them navigate 200 is

inefficient and error-prone.

Problem 2 — Access Control

HR data should not be visible to the marketing team. Claims data with patient PII should not be
accessible to every analyst. Data marts enforce boundaries — each department sees only what they're

supposed to see.

Problem 3 — Performance

A mart pre-aggregates and pre-filters data for a specific domain. Finance mart queries run faster
because the mart only contains finance-relevant data — not 500 million rows of everything.

Problem 4 — Different Teams, Different Needs

Finance wants data modeled around cost centers and GL codes. Clinical wants data modeled around
diagnoses and treatment outcomes. The same underlying warehouse data needs to be shaped

differently for each consumer.

Data Mart vs Data Warehouse

Data Warehousing
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Data Warehouse Data Mart

Scope Entire organization One department or function

Size Very large Smaller, focused

Users All analysts, BI tools Specific team

Tables Hundreds Tens

Build time Months to years Weeks

Access control Broad Restricted

Query speed Slower (more data) Faster (scoped)

Source Multiple source systems Usually the warehouse
Two Types of Data Marts
Dependent Data Mart

Built from the central warehouse. The warehouse exists first — the mart is a downstream slice of it.

Source Systems - Warehouse - Data Mart

This is the correct and most common architecture. The warehouse is the single source of truth. Marts
are read-only views or subsets derived from it. All marts use the same conformed dimensions — so
numbers are consistent across departments.

Healthcare example:

Central Warehouse

}— Finance Mart (claims, costs, revenue)

}— Clinical Mart (diagnoses, treatments, outcomes)

|— Operations Mart (hospital capacity, staff, admissions)
L Compliance Mart (audit trails, regulatory reports)

Independent Data Mart

Built directly from source systems, bypassing the warehouse entirely.

Source Systems - Data Mart (no central warehouse)

Fast to build. But dangerous at scale — each mart pulls and transforms data independently. The
finance mart and clinical mart may calculate "total patients" differently. Leadership asks for a
combined report — the numbers don't reconcile. Nobody knows which number is correct.

This is called a data silo — and it's the exact problem a proper warehouse architecture exists to
prevent.

Independent marts are sometimes built as a tactical shortcut when a warehouse doesn't exist yet. The
intention is always to consolidate them into a proper warehouse later. That "later" rarely comes.

How a Dependent Mart Is Structured

A mart is essentially a smaller star schema — its own fact tables and dimension tables, scoped to the
domain.

Finance Mart — Healthcare example:

dim date —— fact claims finance —— dim cost center

dim payer
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dim provider

The finance mart only contains:

e (Claims with financial measures (claim_amount, approved amount, denied amount,
reimbursement)

¢ Finance-relevant dimensions (payer, cost center)
o No clinical detail (diagnosis codes, treatment outcomes — that's the clinical mart)

Clinical Mart:

dim date —— fact clinical outcomes

dim patient

dim treatment

dim_diagnosis

Same dim date and dim patient — conformed dimensions shared across both marts. Different fact
tables and domain-specific dimensions.

Conformed Dimensions Are What Make Marts Work Together
This is why conformed dimensions matter so much in practice.

If the finance mart uses its own version of dim patient and the clinical mart uses a different version —
a report combining financial and clinical data breaks. Patient counts don't match. Nobody can explain
the discrepancy.

When both marts share the same din patient from the central warehouse — the numbers always
reconcile. One patient is one patient in both marts, defined identically.

The rule: Conformed dimensions are built once in the warehouse and shared across all marts. Mart-
specific dimensions are built only for that mart.

Virtual Marts vs Physical Marts

Physical Mart

Data is actually copied and stored in a separate database or schema. The mart has its own tables
populated by an ETL process from the warehouse.

e TFaster queries — data is local and pre-filtered
o Higher storage cost — data is duplicated
¢ Requires ETL maintenance — mart must be refreshed when warehouse updates

e Better for heavy concurrent usage by a large team

Virtual Mart

Implemented as views on top of the warehouse. No data is physically copied — the view filters and
presents the relevant subset of warehouse tables.

-- Finance mart view -- sits on top of warehouse tables
CREATE VIEW finance mart.fact claims AS
SELECT

f.claim sk

f.patient sk
f.provider sk
f.date sk
f.claim _amount

Data Warehousing
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f.approved amount
f.denied amount
FROM warehouse.fact claims f
WHERE f.claim type IN ('insurance', 'reimbursement’

e Zero storage overhead — no data duplication

o Always current — queries hit the warehouse directly

Slower at scale — no pre-aggregation benefit
e Easier to maintain — no ETL pipeline for the mart itself
e Good for smaller teams with moderate query volume

In practice: Physical marts for high-traffic, performance-critical domains. Virtual marts for smaller
teams or when storage cost is a concern.

Real World Architecture With Marts

Source Systems (MySQL, APIs, Files)
I
v
Staging Area

I
v

Central Data Warehouse

(Single source of truth)

v v v v
Finance Clinical Operations Compliance
Mart Mart Mart Mart
v v v v

PowerBI Tableau SQL Client Audit Tool

Every mart sources from the same warehouse. Conformed dimensions flow through. BI tools connect
to the mart relevant to their team.

The Interview Questions on Data Marts
"What is a data mart and how does it differ from a warehouse?"

Sol - A data mart is a department-scoped subset of the warehouse, containing only the fact tables and
dimensions relevant to that business function. The warehouse is the single source of truth for the
entire organization — the mart is a focused, access-controlled slice of it built for a specific team's
reporting needs. Dependent marts source from the warehouse and use conformed dimensions,
ensuring consistency across departments. Independent marts bypass the warehouse and risk creating
data silos where the same metric is calculated differently in different places.

"When would you choose a virtual mart over a physical mart?"

Sol - A virtual mart implemented as views is appropriate when the team is small, query volume is
moderate, and storage cost is a concern — since no data is duplicated. A physical mart is better when
query performance is critical, the team is large with heavy concurrent usage, or when pre-
aggregation provides a meaningful speed benefit. The tradeoff is storage and ETL maintenance cost
versus query performance.

TL;DR

¢ A data mart is a department-scoped subset of the warehouse — finance, clinical, operations,
compliance each get their own mart
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Dependent mart — sourced from the central warehouse, correct architecture, numbers always
reconcile via conformed dimensions

Independent mart — sourced directly from source systems, creates data silos, numbers diverge
across departments, avoid if possible

Physical mart — data actually copied, faster queries, higher storage cost, needs ETL refresh
Virtual mart — implemented as views, no duplication, always current, slower at scale
Conformed dimensions are what allow marts to coexist without contradicting each other

Full refresh vs incremental refresh — full is simpler, incremental is necessary at scale

Inmon and Kimball

When building an enterprise data warehouse, data architects almost always debate between two
foundational philosophies: the Inmon Methodology and the Kimball Methodology.

Named after their creators—Bill Inmon (often called the "Father of Data Warehousing") and Ralph

Kimball—these two approaches take completely opposite paths to solve the same problem: how to

cleanly collect corporate data and serve it up for business analytics.

Here is the breakdown of how they work, how they differ, and their real-world trade-offs.

1. The Inmon Methodology: Top-Down (Enterprise First)

Bill

Inmon's approach is top-down. He believes that an organization should first build a centralized,

massive repository containing all corporate data at the lowest possible level of detail.

The Architecture: Data is extracted from various source systems, cleaned, and loaded into a
centralized Enterprise Data Warehouse (EDW). Crucially, this central warehouse is fully
normalized (usually 3NF) to eliminate data redundancy and preserve maximum data integrity.

How users get data: Because a normalized 3NF database is too complex and slow for a business
analyst to query directly, Inmon creates smaller, specialized Data Marts downstream. Each data
mart pulls a specific slice of data from the central EDW (e.g., a Finance Data Mart or a Marketing
Data Mart) and shapes it for that specific department.

2. The Kimball Methodology: Bottom-Up (Data Marts First)

Ralph Kimball's approach is bottom-up and deeply focused on the end-user. He believes that a data

warehouse should be built iteratively, addressing immediate business needs piece-by-piece.

The Architecture: Instead of building a massive central warehouse first, Kimball starts by
identifying a specific business process (like Sales). He builds a Data Mart directly for that process
using a denormalized Star Schema (Fact and Dimension tables).

How it scales: To combine these independent data marts into a unified "Enterprise Data
Warehouse," Kimball uses Conformed Dimensions (shared lookup tables, like a universal

Dim Customer OF Dim Date ). When all your independent data marts share the exact same conformed
dimensions, they naturally fit together. In Kimball's view, the union of all these data marts is the
Enterprise Data Warehouse.

Analogy: Building a Global Library

Imagine a global corporate firm trying to build a massive internal library of knowledge.

Data Warehousing

Inmon is like building a Central Archive Vault first. You construct a high-security, massive
building. Every book brought in is cataloged perfectly, stripped of its binding, and filed by
individual pages in precise, numbered filing cabinets (3NF normalization). It takes years to build,
and normal people aren't allowed inside. Instead, if the Marketing team needs info, a librarian
goes into the vault, gathers the relevant pages, binds them into a temporary folder, and sends it
to the Marketing reading room (Data Mart).
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¢ Kimball is like building Departmental Reading Rooms first. You immediately open a small
"Sales Bookshelf" so the sales team can grab information off a flat table and start working on day
one. Next, you build a "Finance Bookshelf." To keep the library cohesive, you enforce a strict rule:
both bookshelves must use the exact same master index cards (Conformed Dimensions) for
tracking authors and dates. Over time, as you add more bookshelves, your library grows
organically.

The Core Disagreement

Both methodologies agree on the end goal — a warehouse that serves analytics reliably. They disagree
on:

e Where to start
e What to build first
e How data flows through the system

e What "done" looks like at each stage

Key Technical Comparison

Feature Inmon Methodology Kimball Methodology

Core Philosophy Top-Down (Enterprise-driven) Bottom-Up (User/Process-driven)

Central Warehouse Normalized (3rd Normal Form / 3NF) Denormalized Dimensional (Star /

Structure Snowflake Schema)

Primary Value Strict data integrity and consistency Raw query speed and ease of use

Initial Cost & Time High up-front cost; takes months or Fow up-front cost; delivers business value
years to launch in weeks

Data Marts Dependent (Created after the central Independent (Created before or as the
EDW) EDW)

Ease of Changing Highly flexible (Changes are made in Harder (Changes might require updating

Rules one normalized spot) multiple wide tables)

The Modern Reality: Hybrid Architecture

In the early days of big data, companies strictly chose one or the other. Today, modern cloud data
warehouses (like Snowflake, Databricks, or Google BigQuery) have changed the game because storage
is incredibly cheap and compute power is massive.

As a result, most top-tier big data firms use a Hybrid Architecture (often called a Hub-and-Spoke
model):

1. They use Inmon’s concept to land raw, perfectly normalized, single-source-of-truth data into a
central storage layer (sometimes called the "Silver" or "Integrated"” layer).

2. They then use Kimball’s concept to present that data to the public—transforming it into highly
denormalized Star Schemas (the "Gold" or "Presentation” layer) so business intelligence tools like
Tableau and Power BI can run blazing-fast reports.

Staging Area
Staging Area (or landing zone) is an intermediate storage buffer that sits directly between your raw

data sources and your final data warehouse.

Think of it as a temporary loading dock for data. When data is extracted from various production
databases, mobile apps, or external APIs, it doesn't get thrown directly into your clean Star or
Snowflake schemas. Instead, it lands in the staging area first so it can be safely sorted, cleaned, and
prepared.

Imagine you run a busy, high-end restaurant.

Data Warehousing
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¢ The Final Database is the pristine dining room where customers expect beautifully arranged,
perfectly cooked meals on clean plates.

e The Production Sources are the delivery trucks arriving from different farms, meat suppliers,
and fish markets.

If a truck pulls up with crates of unwashed mud-covered carrots, a sack of potatoes, and raw fish, the
delivery driver doesn't walk right into the dining room and dump the raw ingredients onto a
customer's table.

Instead, everything is dropped off at the Staging Area—the back prep counter in the kitchen. Here,
assistants wash off the mud, peel the potatoes, fillet the fish, and chop the vegetables. Only after the
ingredients are fully prepped and cooked are they arranged neatly and served to the dining room.

The staging area in a data warehouse serves the exact same purpose for raw, messy data.
Why do we need a Staging Area?

1. Minimizes Impact on Production Systems

Extracting data from an operational application (like a live bank transaction system or an e-
commerce checkout database) strains its CPU and memory. If you try to extract data, clean it,
transform it, and re-format it all while directly connected to the live system, you could slow down or
crash the app for real-world users.

¢ The Fix: You run a quick, raw copy of the data directly into your staging area as fast as possible,
and then disconnect. All the heavy computational cleaning happens safely inside your own
sandbox.

2. Resolves Data Timing Differences (Asynchronous Loading)

A big data firm pulls data from dozens of places. Your retail registers might upload transaction files
every 15 minutes, your inventory system might update once an hour, and your HR system might
update once a week.

o The Fix: The staging area acts as a waiting room. It holds onto all these pieces of data until
everything arrives and is ready to be processed together.

3. Data Cleaning and Transformation (The "T" in ETL)

Raw data from different systems rarely matches. For example, your CRM system might record a
customer's gender as "m" or "F',while your billing system records it as "Male" Or "Female" .

e The Fix: Inside the staging area, data engineers write scripts to standardize these values, handle
missing information, strip out duplicates, and convert currencies before the data enters the
permanent warehouse.

Key Characteristics of a Staging Area

o Temporary Storage: Staging areas are traditionally ephemeral. Once the data is successfully
cleaned and moved into the final data warehouse or data mart, the staging tables are usually
wiped clean or archived to make room for the next batch.

¢ No Business Logic or Indexes: To keep data loading fast, staging tables usually don't have
complex database constraints, primary key checks, or indexing. It is designed for raw dumping
and sequential reading.

e Hidden from Business Users: Business analysts and BI tools (like Power BI or Tableau) are never
allowed to connect to the staging area. They only look at the final presentation layers (like
Kimball's Star Schemas) where the data is verified and clean.

Indexing and Partitioning
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As database tables scale into millions or billions of rows, simple queries can begin to crawl. To
combat this performance degradation, database administrators use two powerful physical
optimization strategies: Indexing and Partitioning.

While both are designed to accelerate queries, they approach the problem from completely different
angles.

Part 1: Indexing (The Database Map)

An Index is a separate, hidden data structure that the database engine builds to find specific rows
instantly without having to scan the entire table.

Analogy

If you are looking for information about "Slowly Changing Dimensions" in a 1,000-page data
warehousing textbook, you don't turn to page one and read every sentence until you find it (this is a
Full Table Scan). Instead, you flip to the alphabetical Index at the back of the book, find the term,
see it says "Page 412," and flip straight to that page.

How It Works Technically

Most databases use a structure called a B-Tree (Balanced Tree) for indexing. When you create an
index on a column (like customer 10 ), the database extracts all those IDs, sorts them in a highly
optimized tree structure, and attaches a hidden pointer pointing back to where the full row actually
sits on the disk. When a query filters by that ID, the engine navigates the tree in microseconds to grab
the row.

Core Types of Indexes

1. Clustered Index: This determines the physical, sequential order in which rows are actually
written to the disk. Because data can only be physically sorted one way, a table can have only
one clustered index (usually automatically assigned to the Primary Key).

2. Non-Clustered Index: A separate structure entirely. It leaves the table data alone but builds an
independent lookup pointer map. You can have hundreds of non-clustered indexes on a single
table (e.g., searching by Email, Last Name ,Or Phone Number ).

Part 2: Partitioning (Divide and Conquer)

Partitioning is the process of physically chopping a single, massive table into smaller, independent,
more manageable pieces (called partitions) behind the scenes, based on a specific column value (the
Partition Key).

Analogy

Imagine you have millions of customer receipts stuffed into one giant, bottomless box. Finding a
specific receipt takes forever. Partitioning is like buying a large filing cabinet and labeling the drawers
by Year (2024, 2025, 2026). When a new receipt comes in, you drop it in the correct drawer.

The Magic Benefit: Partition Pruning

If an analyst writes a query asking for "Total sales for May 2026," the database engine looks at the
partition key. It instantly ignores the drawers for 2024 and 2025. It targets only the 2026 drawer. This
act of ignoring irrelevant segments is called Partition Pruning, and it dramatically cuts down disk
read times.

Common Ways to Partition Data

¢ Range Partitioning: Splitting data by a range of continuous values, most commonly Dates (e.g.,
one partition per month or per year).

o List Partitioning: Splitting data based on an explicit list of discrete categories (e.g., partitioning
a global customer table by country , creating separate slices for us, vk, and 1n).
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o Hash Partitioning: The database applies a mathematical formula (a hash function) to a column
(like user 10 ) to evenly scatter rows across a pre-defined number of buckets. This ensures an
even distribution of data to prevent any single partition from becoming bloated.

Key Summary: Indexing vs. Partitioning

Though both optimize performance, they solve different scaling bottlenecks:

Feature

Core Concept

Best For

Data Footprint

Impact on Writes

Indexing

Creates a separate pointer map to
pinpoint individual records.

Finding a needle in a haystack (fetching
1 or a few rows quickly, like a user profile).

Increases storage size because it builds a
secondary index tree.

Slows down updates/inserts because the
database must update the index tree every
time data changes.

How They Work Together

In a large data warehouse, engineers don't choose between them—they use them together! A massive

Partitioning

Physically chops the table into smaller
sub-tables.

Scanning large blocks of data (fetching
millions of rows for a specific time range).

Does not increase storage size; it simply
restructures the existing rows.

Improves maintenance because old data
slices (like a partition for the year 2010)
can be dropped or archived instantly
without locking the table.

sales table will often be partitioned by Month (so reporting queries only read relevant months),

and then indexed by Product_ID inside each partition (so the engine can instantly locate specific

items within that month's drawer).

ELT and Modern Cloud Warehouses

1. The Paradigm Shift: ETL vs. ELT

In traditional data warehousing, the process was always ETL (Extract, Transform, Load). Today,

modern architectures almost exclusively use ELT (Extract, Load, Transform).

The change seems subtle—just swapping two letters—but it completely alters how data flows.

Traditional ETL (The Old Way)

¢ How it worked: Data was Extracted from sources, moved to an external, specialized
"Invention/Transformation Server" (like Informatica or Talend) where it was Transformed
(cleaned, normalized, aggregated), and finally Loaded into the target data warehouse.

e Why it was built this way: On-premise databases were historically weak and storage was
incredibly expensive. Database engines couldn't handle raw, messy data and analytical queries at
the same time. The heavy computational lifting had to happen outside the database before

loading.

Modern ELT (The New Way)

e How it works: Data is Extracted from sources and immediately Loaded directly into the cloud
data warehouse in its raw, uncleaned state (often sitting in a Staging Area or Data Lake). Only
after the data is safely inside the cloud warehouse does the engine use its own computing muscle
to Transform it into clean, dimensional tables.

e Why it rules today: Modern cloud data warehouses possess virtually infinite storage and
decoupled, massive computing power. It is faster and cheaper to let the warehouse transform the
data itself.

2. The Mechanics of Modern Cloud Data Warehouses

Data Warehousing
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To understand why ELT became possible, you have to look at the architectural breakthrough that
defines modern cloud data platforms: The Separation of Storage and Compute.

In traditional databases, if you ran out of storage space or your queries became too slow, you had to
buy a bigger physical server. You were forced to scale storage and processing power together.

Modern cloud warehouses split these apart completely:

Infinite, Cheap Storage

The storage layer relies on highly compressed, low-cost cloud object storage (like AWS S3 or Google
Cloud Storage). You can dump petabytes of raw JSON, CSV, or transactional logs into the warehouse
for pennies.

Elastic, On-Demand Compute

The compute layer consists of isolated clusters of virtual machines (often called "Warehouses" or
"Compute Clusters") that do the actual work of running queries or transforming data.

¢ Elasticity: If you need to run a massive, complex ELT transformation job at midnight, you can
spin up an ultra-powerful compute cluster, finish the job in 2 minutes, and immediately shut it
down so you stop paying for it.

e Zero Contention: The marketing team can run heavy Tableau dashboards on one compute
cluster, while data engineers run heavy ELT transformation pipelines on a separate compute
cluster. Because they pull from the same central storage but use different processing brains, they
never slow each other down.

3. The Modern Data Stack (MDS) Ecosystem

Because of the ELT model, an entire ecosystem of modular, cloud-native tools has emerged to handle
each letter of the acronym:

1. Extract & Load (The Connectors)

Tools like Fivetran or Airbyte specialize in the "E" and "L'". They act as data pipelines that
automatically log into your company’s Salesforce, Google Ads, or Shopify accounts, extract the raw
data, and dump it directly into your cloud warehouse without changing a single thing.

2. Transform (The Modeling Brain)

Once the raw data is sitting inside the warehouse, a tool called dbt (Data Build Tool) has become
the industry standard for the "T". dbt allows data analysts and engineers to write clean, modular SQL
statements to turn that raw staging data into Kimball Star Schemas, handle slowly changing
dimensions, and build out the finalized reporting tables.

Summary Comparison: Why ELT Wins in the Cloud

Feature Traditional ETL Modern ELT

Only clean, transformed data enters the

Data Cleanliness at Load Raw, messy data is loaded immediately.

warehouse.

Requires an expensive, dedicated Leverages the internal, scalable power
Hardware Dependency d P V_ verag pow

external Transformation Server. of the Cloud Warehouse.

Low. If you realize you need a column High. Since raw data is saved forever
Flexibilit you deleted during the "T" phase, you inside the warehouse, if business logic

v have to rewrite the pipeline and reload = changes, you just run a new SQL query
everything from scratch. over the existing raw data.
N Slower to ingest data because Blazing-fast ingestion; data is available

Pipeline Speed : o . .

transformation happens mid-flight. in raw format instantly.

The Modern Data Stack (MDS) Ecosystem

The modern data industry has commoditized the data pipeline into a standard four-layer stack:

Data Warehousing
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. Ingestion (Extract & Load): Tools like Fivetran or Airbyte use pre-built connectors to

automatically pull raw data from source systems (Salesforce, MySQL, Stripe) without custom
code.

. Storage & Compute (The Warehouse): Platforms like Snowflake, BigQuery, or Redshift act as the

central repository.

. Transformation (The "T"): dbt (data build tool) is the industry standard. It runs SQL seLecT

statements (models) to build clean Fact and Dimension tables directly inside the warehouse,
managing dependencies, data quality testing, and Git version control.

. Business Intelligence (BI): Tools like PowerBI, Tableau, or Looker sit on top for dashboards and

reporting.

The Three Dominant Cloud Platforms

Data Warehousing

Key Innovation: Complete separation of storage and compute. Data lives in cheap cloud
storage (like AWS S3). Compute clusters ("Virtual Warehouses") spin up, scale, or shut down
independently on demand.

Major Benefit: Zero resource contention. The finance team can run heavy reports on one
compute cluster without slowing down the data engineering team's pipelines running on another
cluster.

Best For: Multi-cloud flexibility and elastic scaling.

Key Innovation: Fully serverless query execution. There are no compute clusters to manage at
all; you just submit a SQL query and Google dynamically allocates resources.

Pricing Model: Charges based on the number of terabytes (TB) scanned per query (on-demand).

Best For: Google Cloud shops and highly unpredictable, spiky analytical workloads.

Key Innovation: Massively Parallel Processing (MPP) architecture. Data and queries are
distributed across multiple physical compute nodes to process massive jobs simultaneously in
parallel.

Best For: AWS-heavy enterprise environments with predictable workloads.
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