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4.1 Data Transformation

Data transformation is the process of converting raw data into a clean, structured, and usable format for
analysis. Its scope includes cleaning, validating, and reformatting data from various sources to improve
quality, consistency, and usability for tasks like data integration, warehousing, and machine learning

model training. Key techniques range from simple changes like standardizing date formats to complex
operations such as normalizing data, handling outliers, and enriching datasets with new information

4.1.1. Scope of data transformation in data preparation

Data Cleansing:

o Correcting errors, handling missing values, and removing outliers or irrelevant data to
improve accuracy and reliability.

o Eg: Replacing nulls with averages, fixing spelling errors, removing duplicate
transactions.

Data Standardization:

o Converting data into a consistent format. This includes normalizing numerical data to
a common range, standardizing units and abbreviations, and formatting dates and
currencies uniformly.

o Eg: Standardizing date formats (DD-MM-YYYY), converting currencies to INR,
normalizing names (e.g., “T.Nagar” — “T Nagar”).

Data Structuring:

o Changing the format or structure of the data. Examples include splitting columns,
renaming columns, or reorganizing a dataset to be more suitable for analysis or a target
system.

o Eg: Splitting a “Full Name” column into “First Name” and “Last Name,” renaming
headers, or reshaping data using pivot/unpivot operations.

Data Integration:

o Merging data from multiple, disparate sources into a single, unified view. This process
often requires transforming data to ensure compatibility between different systems.

o Eg: Merging sales data from Excel with customer details from SQL or CRM systems.

Data Enrichment:

o Adding new, related information to existing data from external sources to provide
deeper insights.

o Eg: Adding demographic or income data to customer profiles for targeted marketing.

Data Aggregation:

o Summarizing or combining data to a more general level. This can involve calculating

new metrics, creating aggregate tables, or reducing the granularity of the dataset.



o Eg: Calculating total monthly sales, average scores, or daily website visits.
o Data Validation:
o Ensuring the data meets specific quality criteria and business rules, which is a critical
step before moving the data to the next stage.
o Eg: Checking that all dates fall within valid ranges, or that no customer ID is missing.

4.1.2. Categories of Data Transformation

Data transformation can be classified into four broad categories based on the type of change applied to
the dataset — Constructive, Destructive, Aesthetic, and Structural. Each category serves a distinct
purpose, ranging from adding or removing data to modifying its format or structure.
These transformations enhance data quality, usability, and consistency, making the dataset ready for
downstream processes such as analytics, visualization, and machine learning.

1. Constructive Transformation
Definition:
Constructive transformations involve adding new data, creating derived attributes, or enriching
datasets with additional information. This type of transformation enhances the dataset’s informational
value.
Common Techniques:
e Data enrichment (adding new attributes from external sources)
e Data derivation (creating calculated fields)
e Feature engineering (creating model-ready attributes in data science)
Examples:
e Creating a new column “Total_Price” = Quantity x Unit_Price

¢ Adding a “Customer Age” field calculated from the Date of Birth
e Enriching sales data with demographic or regional information from a secondary source

Purpose: To enhance the dataset’s analytical potential and add new insights.
2. Destructive Transformation
Definition:
Destructive transformations involve removing or excluding unnecessary, irrelevant, or redundant data.
This improves data efficiency, reduces storage, and enhances processing speed.
Common Techniques:
¢ Data filtering (removing unwanted records)
e De-duplication (eliminating duplicate entries)

e Column pruning (dropping unneeded fields)

Examples:



e Deleting columns like “Middle Name” or “Temporary Address” that are not required for
analysis

e Removing duplicate transaction records from a sales dataset

e Filtering out entries where “Status = Inactive”

Purpose: To make the dataset cleaner, leaner, and more relevant to the analysis objective.
3. Aesthetic Transformation
Definition:
Aesthetic transformations modify the appearance or presentation of data without changing its
meaning or logical content. These are typically formatting operations that ensure consistency,
readability, and compliance with defined standards.
Common Techniques:
e Data standardization (consistent format conversion)
e Data normalization (scaling values to uniform ranges)
e Text formatting and case conversion
Examples:
e Changing date format from “MM/DD/YYYY” — “YYYY-MM-DD”

e Converting all names to lowercase (e.g., “‘RADHA” — “radha”)
e Correcting spelling errors or inconsistent abbreviations (e.g., “St.” vs. “Street”)

Purpose: To ensure consistent data representation across systems and reports.
4. Structural Transformation
Definition:
Structural transformations alter the organization, schema, or layout of the data.
This process changes how data is arranged, stored, or related but does not alter its meaning.
Common Techniques:
e Reshaping or pivoting data
e Merging or splitting columns/tables
e Schema alignment or field renaming
Examples:
¢ Combining “First Name” and “Last Name” into a single “Full Name” field

e Splitting a “DateTime” field into separate “Date” and “Time” columns
e Renaming column “Cust_ID” — “Customer_ID” for clarity and standardization

Purpose: To improve compatibility, readability, and integration between different datasets or
systems.



4.1.3. Process of Data Transformation

The data transformation process converts raw data into a usable, unified format through a series of steps,
most commonly including data discovery, mapping, cleaning, applying transformations like
normalization or aggregation, and finally, reviewing the transformed data. This is a crucial stage in data
integration, warehousing, and analysis, preparing data for analysis, insight, and modelling
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Steps in the data transformation process
Step 1: Data Discovery / Understanding

Purpose:
To analyze and explore the raw data in order to understand its structure, format, content, and
potential issues.

Key Activities:

e Examine data types (numeric, categorical, date/time, etc.)

e Identify missing values, duplicates, or outliers

e Analyze data distributions and relationships between variables
e  Check file formats and metadata

Example:

When examining a customer dataset, you might find missing “Email IDs” or inconsistent “Phone
Number” formats that need correction.

Outcome: A clear understanding of data characteristics and problems to address during
transformation.

Step 2: Data Mapping
Purpose:
To define how data from source systems will be transformed, matched, and integrated into the

target structure.

Key Activities:



e Map each source field to a target field

e Define transformation logic (e.g., concatenation, aggregation, standardization)
e Specify relationships between datasets

o Identify data dependencies and constraints

Example:

Mapping “Cust_ID” from a sales database to “CustomerID” in a CRM system, and combining
“First Name” and “Last Name” into “Full Name”.

Outcome: A detailed transformation plan (data map) that guides all subsequent steps.
Step 3: Data Cleaning
Purpose:
To improve data quality and reliability by correcting, removing, or standardizing inconsistent or
erroneous data.
Key Activities:
e Remove duplicates
e Handle missing values (e.g., fill, drop, or impute)
e Correct spelling or case errors
e Standardize units and codes (e.g., “IN” vs. “India”)
Example:
Replacing blank entries in the “City” column with “Unknown” or standardizing date formats to
“YYYY-MM-DD”.
Outcome: A consistent, error-free dataset suitable for transformation.
Step 4: Transformation
Purpose:
To apply specific techniques that reshape, reformat, and enhance the data according to analytical or

system requirements.

Common Techniques:

Technique Description Example

Normalization Scaling data to a common range or Scaling prices between 0—1
format

Standardization Converting values to uniform units or Changing “Kg” to “Grams”
types

Aggregation Summarizing detailed data Computing total sales per month

Feature Creating new variables from existing Deriving “Age” from “Date of

Engineering ones Birth”

Data Enrichment Adding new data from external sources | Adding weather info to sales data

Step 5: Code Generation and Execution



Purpose:
To automate the transformation process by writing scripts or using ETL/ELT tools that execute the
transformation logic defined during data mapping.

Key Activities:
e Generate SQL, Python, or ETL tool scripts
e Execute the transformation workflow

e  Monitor performance and handle exceptions

Example:
Using a Python script (Pandas) or SQL query to merge, clean, and standardize datasets automatically.

Outcome: Transformed data stored in the target database or data warehouse.
Step 6: Review and Validation
Purpose:
To verify the accuracy, completeness, and consistency of the transformed data before it is used for
reporting or analysis.
Key Activities:
e Compare transformed data with original sources
e  Check record counts, totals, and data integrity
e Validate business rules and constraints
e Review logs or error reports
Example:
Ensuring that total sales before and after transformation match, and that no customer records were lost
during merging.

Outcome: Fully validated, reliable, and analysis-ready data.

4.1.4. Importance of Data Transformation

Benefit Explanation

Improved Data Quality | Removes inconsistencies and errors, ensuring accuracy.

Enhanced Enables integration across multiple platforms and systems.
Compatibility

< Simplified Management Easier to store, search, and maintain clean datasets.

<’ Faster Analysis Optimized and structured data improves query and report speed.

~~ Broader Application Makes data suitable for machine learning, Al, and BI dashboards.

& Real-Time Insights Automated tools (e.g., Qlik) enable continuous and live data
updates.

4.1.5. Data Transformations in ETL and ELT




Data transformation plays a critical role in both ETL (Extract, Transform, Load) and ELT (Extract,
Load, Transform) processes. Both methods are used for preparing and integrating data, but they differ
mainly in where and when the transformation occurs within the data pipeline. ETL transforms data
before loading it into the target system, while ELT transforms data after it has been loaded.

4.1.5.1. ETL (Extract, Transform, Load)
ETL is a traditional data integration process in which data is extracted from multiple sources,
transformed into a clean and consistent format using a staging area or processing server, and then
loaded into a target system such as a data warehouse.
Process Flow:

1. Extract — Retrieve data from various structured sources (databases, files, APIs).

2. Transform — Clean, validate, and apply business rules on a separate server or staging area.
3. Load — Insert the transformed, ready-to-use data into the warehouse.
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Key Features:

e Transformation occurs before loading.

¢ Involves a staging area for temporary data storage.

e Typically batch-oriented (runs at scheduled intervals).

¢ Focuses on structured data that needs cleansing and conformity.

Examples of Transformations in ETL:

e Data mapping and cleansing (e.g., converting “Male” to “M”)

e Applying business rules and calculations (e.g., revenue = quantity x price)
e Formatting dates, currencies, and measurement units

e Encrypting or masking sensitive data before loading

Best Suited For:

e Smaller or moderate data volumes
e Structured, relational data
e Scenarios where data needs to be validated before reaching the target warehouse

Example:
1. A retail company uses ETL to clean sales and inventory data before loading it into its SQL-based
data warehouse for monthly reporting.



2. A bank extracts transactional data from multiple branches, cleans and validates it in a staging area,
and loads it into an Oracle Data Warehouse for financial reporting.

4.1.5.2. ELT (Extract, Load, Transform)

ELT is a modern data integration approach where data is extracted from source systems, loaded
directly into a target system (like a data lake or cloud warehouse), and then transformed within the
target environment using its built-in computing power.

Process Flow:
1. Extract — Pull data from various sources (structured or unstructured).

2. Load — Quickly load raw data into the target system.
3. Transform — Perform data transformation inside the warehouse using SQL, scripts, or

analytics tools.
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Key Features:

e Transformation occurs after loading.

¢ Eliminates the need for a separate staging area.

e Enables real-time or parallel processing.

e Ideal for large-scale, diverse, or unstructured data.

e Leverages cloud-based computing for fast transformation (e.g., Snowflake, BigQuery,
Databricks).

Examples of Transformations in ELT:

e Aggregating or filtering raw data for specific analyses

e Joining multiple datasets inside the warchouse

¢ Creating views or derived tables dynamically

¢ Running machine learning models directly on stored data

Best Suited For:

e High-volume or unstructured data (text, images, logs, [oT streams)
¢ Cloud-based or modern big data platforms
e Situations requiring scalability and rapid processing

Example:
1. A streaming company loads all raw user interaction logs into a data lake (ELT), then transforms
and aggregates them on demand to generate personalized movie recommendations.

2. An e-commerce company loads raw web logs into Google BigQuery, then transforms the data on
demand using SQL queries to generate user behavior insights.



Comparison Between ETL and ELT

Aspect ETL (Extract, Transform, Load) | ELT (Extract, Load, Transform)

Transformation Performed on a separate ETL server | Performed inside the target data

Location before loading warehouse

Data Type Structured data only Structured, semi-structured, and
unstructured data

Processing Type Batch-oriented Real-time or parallel

Storage Requirement

Requires intermediate staging area

Directly loads raw data into
warehouse

Speed Slower due to pre-loading Faster loading, uses warehouse
transformation compute power
Scalability Limited by ETL server capacity Highly scalable with cloud
systems
Maintenance More complex to maintain Easier and automated in cloud

tools

Examples of Use

Traditional enterprise reporting
systems

Modern analytics, Al, and data
lake systems

4.1.6. Improving Data in Data Transformation

Improving data is one of the objectives of data transformation.

It ensures that raw, inconsistent, or incomplete data is refined into accurate, reliable, and analysis-
ready information. This step enhances data quality, consistency, and usability, allowing

core

organizations to make well-informed business decisions and develop precise analytical models. Data
improvement involves a combination of standardization, cleansing, validation, and enrichment
techniques that collectively raise the overall integrity and value of the dataset.

Goals of Improving Data

Accuracy — Ensure data reflects real-world values correctly.
Completeness — Fill in missing information where possible.
Consistency — Maintain uniform formats, naming conventions, and units.
Validity — Ensure data complies with defined business rules and formats.
Uniqueness — Eliminate duplicates to prevent redundancy.

AR AN .

Timeliness — Keep data updated and relevant for analysis.

Key Techniques for Improving Data

Technique Description Example

1. Data Cleansing Detecting and correcting errors, Removing invalid email addresses
inconsistencies, or inaccuracies in

data.

or correcting misspelled city names.

2. Standardization Converting data into a uniform format

or structure across datasets.

Converting all date formats to
YYYY-MM-DD or changing all
currency values to INR.

3. Validation Checking data against predefined
rules or conditions to ensure

correctness.

Ensuring “Age” values are within a
logical range (e.g., 0-120).




4. De-duplication

Identifying and merging duplicate
records to maintain data uniqueness.

Removing multiple entries for the
same customer with identical email
IDs.

5. Normalization

Adjusting numeric values to a
common scale for analysis
consistency.

Scaling customer income between 0
and 1 for machine learning models.

6. Data Enrichment

Adding external or supplemental data
to enhance context and depth.

Appending demographic or
geographic information to customer
profiles.

7. Error Correction

Detecting and rectifying anomalies
through rule-based or statistical
methods.

Replacing outlier sales figures with
estimated average values.

8. Data
Harmonization

Aligning data from multiple systems
with different schemas into one
consistent model.

Unifying product codes and
category names from different
regional branches.

Process of Improving Data During Transformation

1. Data Profiling
o Examine existing data to assess quality, structure, and completeness.
o Identify issues such as missing, duplicate, or inconsistent values.
o Example: Checking if “Phone Number” contains alphabetic characters.
2. Define Quality Rules
o Set standards or validation rules for what constitutes “good data.”
o Example: All email fields must contain “@” and a valid domain name.

3. Data Cleansing and Correction

o Apply cleaning functions, regex patterns, or algorithms to correct errors.

o Example: Correcting inconsistent entries such as “NYC” — “New York.”
4. Data Standardization and Normalization

o Format text, dates, and numbers uniformly to ensure consistency.

o Example: Converting all phone numbers to the same international format.
5. Data Enrichment and Augmentation
o Enhance the dataset by merging or appending relevant external data.

o Example: Adding customer income level or weather data to sales records.

6. Validation and Verification
o Recheck the transformed data to ensure that all corrections and enrichments meet
business and technical criteria.

o Example: Verifying that no duplicates exist after merging records.

7. Documentation and Monitoring

o Record the changes made during transformation for transparency and auditing.
o Implement monitoring to ensure ongoing data quality in future transformations.

Example

Before Transformation:

Name | Email

City Purchase Amount | Date

Raji S | raji@email

chennai | 2000 03-12-24

Raji S | raji@email

Chennai | 2000 03/12/2024




‘ - ‘ - - 1500 12-03-2024

After Data Improvement:

Name | Email City Purchase Amount () | Date (YYYY-MM-DD)

Raji S | raji@email.com | Chennai | 2000 2024-12-03

- -—- Chennai | 1500 2024-12-03
Improvements:

e Email format corrected.

e Duplicate record removed.

e Date standardized to YYYY-MM-DD.
e City name capitalized consistently.

Benefits of Data Improvement

¢ Enhances data reliability and trustworthiness.

e Supports accurate analytics and reporting.

¢ Improves data integration across systems.

e Boosts decision-making quality through cleaner insights.

e Ensures compliance with data governance and regulatory standards.

4.1.7. Standardization and Conforming

Standardization and conforming are essential steps in the data transformation process that ensure data
from multiple sources follows a consistent structure, format, and meaning. These processes make
it possible to integrate, compare, and analyze data efficiently across systems.

4.1.7.1. Data Standardization

Standardization involves converting data into a uniform and consistent format to eliminate
variations that can cause errors in analysis.
It ensures all datasets follow the same units, date formats, naming conventions, and data types.

Process:

¢ Convert text to consistent formats (e.g., upper or lower case).

e Standardize date formats (e.g., “DD/MM/YYYY” — “YYYY-MM-DD”).

o Use consistent measurement units (e.g., converting all weights to kilograms).
e Apply consistent naming conventions (e.g., “Cust_ID” — “Customer_ID”).

Example:
If one data source records “India” as “IN” and another as “INDIA”, standardization ensures both are
uniformly represented as “India”.

Before Standardization After Standardization
Name: raji s Name: Raji S
Date: 10/12/25 Date: 2025-10-12



mailto:raji@email.com

Country: India, IN, Bharat Country: IN

Phone: +91-9876543210 / 09876543210

Phone: +919876543210

4.1.7.2. Data Conforming

Conforming ensures that data elements representing the same concept across different systems are
made consistent in meaning and structure. It is especially important when integrating data from
multiple departments or databases.

Process:

e Align column names and definitions across systems.
e Map equivalent attributes (e.g., “Client ID” in one system — “Customer ID” in another).
e Reconcile differences in business logic or classification codes.

¢ Ensure consistent use of reference data or master data.

Example:

1. If one database uses “Gender: M/F” and another uses “Gender: Male/Female,” conforming makes
both follow the same standard representation (“Male” and “Female”).

2. Scenario: Combining data from two retail systems

Dataset A Dataset B After Conforming
Product: “Laptop” | Product: “Notebook PC” | Product: “Laptop”
Currency: “Rs.” Currency: “INR” Currency: “INR”
Region: “TN” Region: “Tamil Nadu” | Region: “Tamil Nadu”

4.1.7.3. Cleansing and quality

Data cleansing (or data cleaning) is the process of detecting, correcting, or removing inaccurate,
incomplete, duplicate, or irrelevant data to ensure the overall quality and reliability of a dataset.
Data quality management ensures that the data remains accurate, consistent, complete, and timely
throughout its lifecycle.

Process of Data Cleansing

Step

Description

Example

£} Identify Errors

Detect missing values, duplicates,
inconsistent formats, or invalid entries.

Missing emails, incorrect dates,
or typos in names.

£) Standardize
Formats

Apply consistent formats for dates,
phone numbers, units, etc.

Convert 10/12/25, 12-Oct-2025
— 2025-10-12

E) Handle Missing
Data

Fill, remove, or estimate missing values
using logical rules.

Fill missing “Age” with average
age or median value.

3 Remove Duplicates

Identify and delete repeated records to

avoid double-counting.

Same customer entered twice
with different IDs.




B} Validate Data
Ranges

Ensure values fall within acceptable
ranges.

Age should be between 0-120.
Salary should not be negative.

3 Correct Errors

Replace incorrect spellings or invalid
codes.

“T.N.” — “Tamil Nadu”, “Inda”
— “India”.

E2 Verify Accuracy

Compare with reference or external data
sources.

Verify “PIN Code” matches
correct district.

Techniques for Data Cleansing

Technique Description Example
1. Missing Value Fill in missing fields using mean, Fill missing “Annual Income” with
Handling median, mode, or external data. average from the same city.

2. Outlier Detection

Identify extreme or abnormal values
using statistical methods.

If “Age = 5007, clearly an error.

3. Validation Rules

Set rules to ensure values meet
certain criteria.

“Email” must contain “@”, “PIN”
must be 6 digits.

4. Deduplication

Use matching algorithms to find and
remove duplicate records.

Same person with two customer
IDs.

5. String
Normalization

Clean inconsistent text entries (case,
spacing, typos).

“Rohini S.”, “rohini s”, “Rohini”
— “Rohini S”.

6. Reference
Matching

Compare data with trusted lists or

dictionaries.

Verify city names using official
postal database.

Example: Customer Data Cleaning

Before Cleaning

Name | Email Phone City Age

Raji S | raji@email 98765 43210 | Chennai | 33

Raji S. | raji@email.com | 9876543210 | chennai

R.S raji@email.com | 98765-43210 | Chennai | 33
After Cleaning

Name | Email Phone City Age

Raji S | raji@email.com | +919876543210 | Chennai | 33

Duplicates removed
City format standardized
Missing values handled

Invalid email fixed

Benefits of Data Cleansing

Improves data accuracy and trust

Enhances analysis and reporting quality




Reduces redundancy and storage cost

Ensures compliance with data governance policies
4.1.7.4. De-duplication in Data Transformation

De-duplication is the process of identifying and removing duplicate or redundant records from a
dataset to ensure that each real-world entity (such as a customer, transaction, or product) appears only
once.

It is a key part of data quality improvement and data cleansing.

4.1.7.4.1. Why De-duplication Matters
Duplicate data can lead to:

e . Inaccurate analytics — e.g., customer counts or sales figures may be inflated.

e < Wasted storage and processing costs.

Inefficient operations — duplicate emails or messages sent to the same person.

o Poor data integration — multiple versions of the same record cause mismatched joins.
By removing duplicates, organizations maintain data accuracy, consistency, and trustworthiness.
4.1.7.4.2. Steps in the De-duplication Process
a. Data Standardization:
Normalize data formats (such as names, addresses, and phone numbers) before checking for

duplicates.
¢ Example: Converting all phone numbers to “+91-XXXXXXXXXX” format.

b. Matching Records:
Use comparison rules or algorithms to detect duplicates.

e Exact matching — Identical values across key fields (e.g., same email or ID).
e Fuzzy matching — Similar but not identical values (e.g., “Raji S.” and “Raji Selvam”).

¢. Merging or Removing Duplicates:
Once identified, duplicates can be:

¢ Merged: Combine data from duplicate entries into one complete record.
¢ Removed: Delete redundant entries that add no new information.

d. Validation and Verification:
After cleaning, validate that the dataset retains integrity — no essential data is lost.

4.1.7.4.3. Techniques for Detecting Duplicates
Technique Description Example
Exact Key Compare key fields like ID or email. Two records with the same
Matching “Customer_ID.”




Fuzzy String Finds near-duplicates based on similarity “Rohini S” vs “Rohini

Matching algorithms (Levenshtein, Jaro-Winkler). Selvam.”
Phonetic Detects similar-sounding names. “Steven” vs “Stephen.”
Matching

Composite Key Uses multiple fields together for comparison. | (Name + DOB + City).
Matching

Example: A bank maintains customer data from multiple branches. During analysis, they find that
one customer appears three times with slight spelling differences in the name field.

Before De-duplication:

Customer_ID | Name City

101 Raji S Chennai
145 Raji Selvam | Chennai
309 Raji. S Chennai

After De-duplication:

Customer_ID | Name City
101 Raji Selvam | Chennai
Result:

Clean, unified data ready for analysis and customer engagement.

4.1.7.5. Enriching Data

Data enrichment is the process of enhancing existing datasets by adding new, relevant, and
valuable information from external or internal sources.

It improves the depth, accuracy, and usability of the data for analysis, reporting, and decision-making.
In short — enrichment turns basic data into context-rich and insight-ready information.

Purpose of Data Enrichment

Raw data often lacks context or key attributes needed for analysis.

Data enrichment fills these gaps by merging additional attributes such as demographic details,
geographic data, behavioral insights, or third-party information.

Goal: To make data more complete, useful, and actionable for analytics and personalization.

4.1.7.6. Techniques for Data Enrichment

Data enrichment techniques enhance the value, quality, and usability of data by creating, adding,
organizing, or transforming attributes. Each technique plays a specific role in improving data

completeness, consistency, and analytical power.

1. Derivation



Derivation involves creating new variables or attributes from existing data to uncover additional
insights or simplify analysis. It enhances analytical capability without requiring new data collection.

Examples:
Derived Attribute Source Data Example Formula / Description
Age Date of Birth Age = Current Year - Birth Year
Average Selling Price | Total Sales & Quantity Sold | ASP = Total Sales / Quantity Sold
Response Time Start Time & End Time Response Time = End Time - Start Time
Profit Margin Revenue & Cost (Revenue - Cost) / Revenue x 100
Age Group Age Classify into “18-257, “26-35”, etc.

Derived attributes add depth to analysis by converting raw data into actionable indicators. For instance,
“Age Group” derived from “Age” can help in customer segmentation or targeted marketing.

Process of Derivation

1. Identify Useful Metrics — Determine which new insights can be derived (e.g., age, total sales).
2. Define Calculation Logic — Create formulas like Age = Current Year — Birth Year.
3. Apply Transformations — Use Excel formulas, SQL expressions, or Python scripts.
4. Generate Derived Fields — Add calculated columns (e.g., Profit Margin, CLV).
5. Validate Results — Check calculations for accuracy and logic.
Benefit:

Reveals patterns and KPIs

Improves data usability and analytical accuracy
2. Appending

Appending data means adding new fields, columns, or records from internal or external sources to an
existing dataset. This process enhances completeness and depth for better analysis.

Type Source Data Appended Data Result

Customer Data Customer Age, gender, income, More complete customer

Enrichment name, email location profiles

Marketing Data Email list Purchase history or social | Better targeting and

media interests segmentation

Product Data Product ID, Supplier details, Enhanced product catalog
name manufacturing cost

Healthcare Data Patient ID, Lab results, lifestyle data More accurate medical
diagnosis analysis

Educational Data Student ID, Attendance, Comprehensive student
marks extracurricular records performance report

Before & After Example:

Before Appending



Before Appending

Name Email City
Raji S raji@email.com | Chennai

After Appending (from Marketing Data)

Name | Email City Age | Gender | Annual Income
Raji S | raji@email.com | Chennai | 33 | Female | %7,50,000

Explanation:
Appending integrates scattered information into one comprehensive dataset — e.g., merging CRM data
with marketing or financial systems.

Process:
1. Identify Data Gaps — Find what’s missing (e.g., age, income).
2. Select External Data Sources — Choose reliable sources or APIs.
3. Match Records — Use Email ID or Customer ID for linking.
4. Append Data — Add new fields using SQL JOIN, Excel VLOOKUP, or Python merge.
5. Validate and Clean — Remove duplicates and fix inconsistencies.

Tools:
Excel (VLOOKUP), SQL (JOIN), Python (merge/concat), APIs (Clearbit, HubSpot).

Benefit:
Provides a 360° view of customers or entities

Enhances segmentation, modeling, and decision-making
3. Aggregation
Aggregation means summarizing detailed data into higher-level information for easier interpretation

and reporting. It groups multiple records based on one or more attributes and then applies summary
functions like SUM, AVERAGE, COUNT, or MAX/MIN.

Examples:
Aggregated Field Source Data Example Calculation / Description
Monthly Sales Daily Transactions SUM(Sales) grouped by Month
Total Revenue by Region Individual Sales SUM(Revenue) per Region

Records

Average Order Value Customer Purchases AVG(Total Purchase Amount)
Employee Count by HR Records COUNT(Employee ID) grouped by
Department Department
Total Working Hours Employee Timesheets | SUM(Hours Worked) per Employee

Aggregation helps convert granular data into summaries that highlight trends and insights. For instance,
rather than viewing every daily transaction, you can analyze monthly or quarterly sales performance.
It’s essential for dashboards, KPI tracking, and management reports.
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Example:
Before Aggregation (Daily Data):

Date Sales

01-Oct | 35,000
02-Oct | 8,000
03-Oct | X7,000

After Aggregation (Monthly Data):

Month | Total Sales
October | 20,000
Process:

1. Choose Aggregation Type — Group daily data by month.
2. Apply Summarization — Use Excel Pivot Table or SQL GROUP BY.
3. Calculate Totals or Averages — Compute total monthly sales.
4. Create Summary Table — Store aggregated results separately.
5. Validate Totals — Check that totals match original dataset

Tools:
Excel (Pivot Tables, SUMIFS), SQL (GROUP BY, aggregate functions), Python (pandas .groupby),
Power BI, Tableau.

Benefit:
Simplifies large datasets into meaningful summaries
Enables trend analysis and decision-making

Improves performance in analytical queries
4. Formatting Data
Formatting data ensures all values across datasets follow a consistent structure, format, and unit of

measurement. It standardizes how information is stored, displayed, and analyzed, reducing confusion
and preventing errors during integration or reporting.

Example:
Formatting Task | Before Formatting After Formatting | Purpose
Date Format 03/12/1991, 1991-12-03 | 03-Dec-1991 Uniform date standard
Currency Format 750000, X7,50,000 %7,50,000.00 Consistent currency display
Text Case raji s Raji S Proper case for readability
Measurement Units | 150 Ibs 68 kg Standardized metric system
Numeric Precision | 12.345678 12.35 Rounded for clarity

Different data sources may store the same type of information in different formats (e.g., date as
MM/DD/YYYY vs DD-MM-YYYY). Formatting harmonizes these inconsistencies, making data




integration seamless and analysis reliable. Proper formatting also improves readability and presentation
in reports and dashboards.

Example:
Before Formatting:

Name | Date Amount
rajis | 2025/10/26 | 7500 INR

After Formatting:

Name | Date Amount
Raji S | 26-10-2025 | 7,500

Process:
1. Identify Inconsistencies — Find format differences in dates, names, etc.
2. Define Standard Format —e.g., “DD-MM-YYYY,” Title Case names, X currency.
3. Apply Formatting Rules — Use Excel TEXT, Python strftime(), or SQL CONVERT.
4. Recheck Data — Ensure all values follow the same pattern.
5. Automate Rules — Apply formatting templates for future datasets.

Tools:
Excel (Text, Date, and Number formatting tools), SQL (CAST, CONVERT), Python (pandas
.astype() or string methods), and ETL tools (Talend, Power BI Query Editor).

Benefit:
Improves data quality and consistency
Reduces processing and integration errors

Enhances readability and professional presentation

Different data sources often use inconsistent formats. Formatting harmonizes them, ensuring that all
records align correctly during integration or analysis. It also reduces errors in calculations or
comparisons.

5. Sorting and Sequencing
Sorting arranges data in a specific order (ascending or descending) based on one or more fields.

Sequencing ensures the data follows a logical or chronological progression, which is crucial for
analysis, reporting, and trend observation.

Example:
Action Before After Purpose
Sort by 75, 90, 60, 85 90, 85, 75, 60 Rank students by performance
Marks
Sort by Date | 12/02/2023, 01/01/2023, Maintain chronological order
01/01/2023 12/02/2023




Sequence by EMP 3, EMP 1, EMP 1, EMP 2, Arrange logically by record
ID EMP 2 EMP 3 number

Sort by South, East, North, East, North, South, Organize regionally for
Region West West reporting

Sorting and sequencing make datasets organized, readable, and analysis-ready. When working with
time-series data, sequencing ensures trends and patterns are properly aligned. For example, sorting

sales transactions by date helps visualize monthly performance, while sequencing employees by ID

maintains database integrity.

Example:
Before Sorting:

Student | Marks
Arjun 78
Raji 95
Kavin 82

After Sorting (Descending):

Select Sort Field — Sort by Marks.

Choose Order Type — Descending (High to Low).
Apply Sorting — Excel Sort or SQL ORDER BY Marks DESC.
Assign Rank — Add a Rank column if needed.
Review Result — Ensure order reflects performance correctly.

Excel (Sort & Filter), SQL (ORDER BY clause), Python (pandas .sort_values()), Power BI / Tableau

Rank | Student | Marks
1 Rohini 95
2 Kavin 82
3 Arjun 78
Process:

1.

2.

3.

4.

5.
€ Tools:
(Sort controls).

Benefit:

Simplifies comparison and ranking

Enhances accuracy in trend and sequence analysis

Improves clarity in reporting and visualization

6. Pivoting and De-pivoting

Pivoting restructures data by transforming rows into columns to create summarized, cross-tabulated

VIEWS.

e Pivot: Transform “Month” rows into “Monthly Sales” columns for a sales summary.




De-pivoting (Unpivoting) does the opposite — it converts columns into rows, which helps normalize
data for analysis or machine-learning models. Example:

e De-pivot: Convert multiple “Exam Score” columns (Math, Science, English) into a single
“Subject-Score” column pair.

Examples:
Action Before (Raw Data) After (Transformed Data) | Purpose
Pivoting Month, Sales Jan — 320KFeb — Summarize sales by month
R25KMar — 322K for reporting

De-pivoting Math, Science, Subject — Marks Prepare data for analysis or
English columns visualization

Pivot Table Repeated transactions | Category totals by region Simplify comparison and

(Excel) aggregation

Pivoting makes it easy to compare data across categories or time periods by converting raw data
into summarized tables.

De-pivoting is used when working with BI or ML tools that require tidy, column-based structures.
For instance, in Tableau or Power BI, de-pivoting allows easier trend visualization across multiple
variables.

Tools:
Excel (PivotTable, Power Query), SQL (PIVOT / UNPIVOT clauses), Python (pandas .pivot(),
.melt()), Power BI, Tableau.

Benefit:
Simplifies summarization and cross-tab analysis
Makes data flexible and analysis-ready

Enables better visualization and comparison

Example:
Before Pivoting (Row Format):

Month | Sales
Jan Z10,000
Feb %15,000

After Pivoting (Column Format):

Metric | Jan Feb
Sales %10,000 | 15,000

Process:

1. Decide Format Need — Choose between long (rows) or wide (columns).
2. Apply Pivot Table — Use Excel Pivot or Python pivot().
3. Reorganize Data — Move “Month” to columns.




4. Check Structure — Verify all months align properly.
5. Save Transformed File — For dashboard or analytics use.

7. Sampling and Filtering

Sampling means selecting a representative subset of data from a large dataset, while filtering extracts
specific records that meet certain criteria.
Both techniques help manage data efficiently and focus analysis on relevant portions.

Example:

Technique Example Purpose

Sampling Select 10,000 transactions from a dataset | Speeds up processing and reduces
of 1 million for testing computation cost

Filtering Retrieve only customers with “Active = | Focuses on relevant data for
Yes” marketing analysis

Stratified Divide customers into income groups | Ensures  representation  across

Sampling before sampling categories

Random Randomly pick student records from a | Avoids bias in analysis or model

Sampling database training

Sampling is useful when dealing with large datasets, making analysis faster without compromising
accuracy. Filtering is essential for focusing on specific segments, such as a time period, product type,
or demographic group. Together, they make data exploration and modeling targeted, efficient, and
manageable.

Example:
Before Sampling:
Dataset = 1,000,000 sales records.

After Sampling:
10,000 random records selected for testing.

Example:
Filter employees where Department = ""Sales" and Location = "Chennai"

Process:
1. Define Sampling Purpose — Testing or pilot analysis.
2. Choose Sampling Technique — Random or stratified.
3. Extract Subset — Use Excel RAND(), Python sample(), or SQL TOP.
4. Validate Representativeness — Check distribution of sampled data.
5. Document Selection Criteria — Record how the sample was taken.

Tools:
Excel (Filter, RAND function), SQL (WHERE, LIMIT, TOP), Python (sample(), query() in pandas),
R (subset()), Power BI filters.



Benefit:

Reduces data volume for faster analysis

Helps target relevant information

Improves model accuracy and decision-making

8. Masking Sensitive Data

Data Masking involves hiding, substituting, or encrypting sensitive information to protect privacy
while keeping data usable for analysis, testing, or sharing. It ensures confidentiality without altering
the structure or analytical value of the dataset.

Example:

Sensitive Data

Masked Version

Purpose

Credit Card — 1234-5678-9876-

XXXX-XXXX-XXXX-

Hide personal financial details

4321 4321

Aadhaar / SSN — 1234-5678- XXXX-XXXX-9012 Protect identity information

9012

Email — raji@email.com r¥**F**@email.com Maintain anonymity during
testing

Phone — 9876543210 2 akalaialoial (0] Mask phone number for
privacy

Data masking replaces identifiable data with fictional or partial values. It is commonly used in data
testing, analytics, and data sharing environments to maintain compliance with data privacy
regulations (like GDPR, HIPAA). Masking ensures that personal data cannot be reverse-engineered
or exposed, even when datasets are used outside secure environments.

Example:
Before Masking:

Customer Name

Credit Card

Aadhaar

Raji S

4567-8910-2345

1234-5678-9876

After Masking:

Customer Name

Credit Card

Aadhaar

Raji S

XXXX-XXXX-2345 | XXXX-XXXX-9876

Process:

MY

Identify Sensitive Fields — Credit card, Aadhaar.
Decide Masking Rule — Keep last 4 digits visible.
Apply Masking Logic — Use Excel formula or Python regex.

Test Data Access — Ensure masked data remains readable.

Comply with Privacy Rules — Follow GDPR or data protection acts




% Tools:
Excel (custom masking formulas), SQL (SUBSTRING, REPLACE), Python (hashlib, regex
masking), Data Governance Tools (Informatica, Talend, Delphix).

Benefit:
Protects sensitive or confidential data
Enables safe data sharing and testing

Ensures compliance with privacy laws
9. Constructing Records (Data Imputation)
Constructing Records (or Data Imputation) refers to filling in missing or incomplete data using

estimated, derived, or synthetic values. It ensures that datasets remain complete, consistent, and
reliable for analysis or modeling.

Example:

Scenario Technique Example

Missing Salary Data Mean/Median Imputation | Replace missing salary with department’s
average salary

Missing Age Derived Imputation Estimate based on birth year or similar
records

Incomplete Synthetic Record | Create dummy records for simulation or

Transactions Construction model training

Categorical  Missing | Mode Imputation Replace missing “City” with most frequent

Values city

Time Series Gaps Forward/Backward Fill Use previous or next known value for
continuity

Incomplete data can lead to bias, inaccurate insights, or model errors. Data imputation techniques
fill these gaps logically using statistical methods or domain knowledge. Synthetic record construction
(creating realistic dummy data) is also used for testing and predictive modeling, ensuring the dataset
remains balanced and usable.

Example:
Before Imputation:

Employee | Department | Salary

Raji HR 335,000

Kavin IT —
After Imputation:

Employee | Department | Salary
Raji HR %35,000
Kavin IT 340,000 (avg. IT dept.)

Process:




1. Identify Missing Fields — Salary missing for IT employees.

2. Select Method — Use average salary of IT department.

3. Compute Replacement — Calculate mean = 340,000.

4. Update Dataset — Fill missing value with computed data.

5. Validate Accuracy — Check if imputed value fits pattern.
% Tools:

Excel (AVERAGE, IF, Fill Down), SQL (COALESCE, CASE), Python (fillna(), Simplelmputer,
KNNImputer from scikit-learn), R (mice package), SPSS.

Benefit:
Improves dataset completeness and consistency
Prevents data loss during analysis

Supports accurate and reliable predictions

4.1.8. Data Blending

Data blending is the process of combining data from multiple sources into a single, unified view
for analysis. Unlike traditional data integration, blending does not physically merge data into one
system; instead, it creates a logical connection between datasets, allowing users to analyze related

information quickly and flexibly.
It helps organizations break down data silos and gain deeper insights without the complexity of full-

scale integration or warehousing.
Purpose of Data Blending

The goal of data blending is to provide a comprehensive view of information by merging insights
from different platforms or systems. It allows analysts to:

e Combine structured and unstructured data sources.

e Enrich internal data (e.g., sales, operations) with external data (e.g., demographics, market
trends).

¢ Support faster insights without needing complex ETL pipelines.

e Facilitate cross-departmental analytics where direct database joins are not possible.

4.1.8.1. Process of Data Blending

Data blending involves combining data from multiple sources logically to create a unified view for
analysis. It does not physically merge the data but connects datasets using a common field at the
visualization or query stage.

Step 1: Identify the Data Sources
Start by identifying the primary and secondary data sources that need to be analyzed together.

e The Primary Source is the main dataset used for analysis.
e The Secondary Source(s) contain related or supplementary data.
Example:

e  Primary: Sales Data (Excel File)
e Secondary: Customer Demographics (Database)



Step 2: Connect Data Sources

Connect to all required data sources using a BI tool or integration platform (e.g., Tableau, Power BI).
Each source is loaded and recognized individually with its schema (fields, data types, etc.).

Step 3: Define Linking Fields (Keys)

Identify a common field (known as a /inking key) present in both datasets that will be used to match
records.
Typical linking fields: Customer_ID, Product Code, Date, Region.

Example:
Both Sales and Customer datasets contain a Customer_ID field.

Step 4: Choose the Primary Data Source

Select one source as the Primary Data Source, which drives the main structure and aggregation level
of the analysis.
The secondary source(s) will align or blend their data based on this primary source.

Step 5: Aggregate Each Data Source

Before blending, each data source is aggregated separately based on the linking key and the analysis
context (e.g., by month, region, or customer).

Example:
o Sales data is aggregated by Customer ID — Total Sales per Customer.
e Demographics data is aggregated by Customer ID — Age Group, City.
Step 6: Blend the Data

The BI tool or script matches the keys and logically merges the aggregated results.
This step happens in-memory or at visualization level, not in the database.

Example:
Join Sales and Demographic info only where Customer ID matches.

Step 7: Create Visualization or Combined Report

Once blending is complete, create reports or dashboards that use data from both sources
simultaneously.

Example:
A bar chart showing Total Sales by Customer Age Group using Sales (primary) + Demographics
(secondary).

Step 8: Validate the Blended Data

Finally, check for consistency and completeness:
e Verify that all expected records appear.
e Ensure values are aggregated correctly.

¢ Reconfirm that linking fields were matched accurately.



If mismatches occur (due to missing keys, inconsistent formats, etc.), adjust the linking or data
cleaning rules.

Example 1:
Customer_ID | Sales Amount | Age Group | City
101 %25,000 25-34 Chennai
102 340,000 3544 Bangalore
103 318,000 25-34 Hyderabad

Combined result through blending (Sales + Demographics)
Key Points

e Blending combines aggregated data from different sources.
Each dataset is processed independently, then merged by a common key.

Best suited for cross-platform analysis or ad-hoc reporting.

Joins — physical combination; Blending — logical combination

Example 2:
You have two different data sources:

Source 1 (Excel) — Sales Data

Customer_ID | Sales Amount
101 2500
102 1800
103 2700
Source 2 (Google Sheets / Web API) — Customer Feedback
Customer_ID | Feedback_Score
101 4.5
102 3.8
104 4.2
When you blend these sources in a BI tool:

Customer_ID

Sales_ Amount

Feedback_Score

101 2500 4.5
102 1800 3.8
103 2700 -

104 - 4.2

Diagram:




Source 1: Excel

Source 2: Google She

Source 3: CRM

1
¥

Unified View

(Sales Data)

ets (Feedback)

API (Customer Details)

in Tableau /

Power BI

Blended Logically using “Customer_ID”

Here, data is combined virtually at the visualization level — the sources remain separate. You get a

unified view without physically joining the databases.

4.1.8.2. Data Joining

Data joining is the process of combining tables or datasets from the same data source (like a
database or Excel file) using a common key field such as Customer ID or Order ID. It merges data
row by row at the database level.

Types of Joins:

e Inner Join: Returns only matching rows in both tables.

e Left Join: Returns all rows from the left table and matching rows from the right table.
¢ Right Join: Returns all rows from the right table and matching rows from the left.

e Full Outer Join: Returns all rows from both tables.

Example:

You have two tables in the same database:

Table 1 — Customers

Customer_ID | Name | City
101 Raji Chennai
102 Arjun | Madurai
103 Meena | Trichy
Table 2 — Orders
Order_ID | Customer_ID | Amount
o1 101 2500
02 102 1800
03 104 3000
Inner Join on Customer_ID:
Customer_ID | Name | City Order_ID | Amount
101 Raji Chennai | Ol 2500
102 Arjun | Madurai | O2 1800

Here, only customers who placed orders appear in the result (records matching in both tables).
Joins are used when data resides in the same database and share a common schema.

Flowchart
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4.1.8.3. Data Blending vs. Join Operation

Feature

Data Join

Data Blending

Definition

Combines multiple tables within the same
database using a common key (e.g.,
Customer_ID).

Combines data from different
sources or systems into a single
view for analysis.

Data Source
Type

Same data source (e.g., all tables in MySQL).

Multiple or heterogeneous data
sources (e.g., Excel + SQL +
API).

table.

Where It Inside the database layer or data engine. At the analysis or visualization
Happens layer (outside databases).
Processing Performed using SQL operations like INNER | Performed logically or virtually
Method JOIN, LEFT JOIN, etc. during report creation (data
remains separate).
Data Data is merged physically or temporarily Data is not physically merged;
Movement within the system. only linked for viewing or
visualization.
Performance | Faster for structured data; optimized by May be slower for large data;
database engine. depends on visualization tool
performance.
Use Case Used in data warehousing, ETL, and SQL Used in BI tools (Tableau, Power
queries. BI, Matillion) for multi-source
analysis.
Example Joining Customer and Orders tables in SQL: | Blending Sales (Excel) data with
SELECT * FROM Customers JOIN Orders Customer Feedback (Google
ON Customers.Customer ID = Sheets) in Tableau using
Orders.Customer ID; Customer ID as the linking field.
Best For Combining normalized, relational data for Creating dashboards or reports
storage and structured analysis. from different data environments
without integrating physically.
Output Produces a single combined dataset or Produces a virtual combined

view used for visualization.

4.1.8.4. Data Warehousing

A Data Warehouse is a centralized repository where data from multiple sources is collected,
transformed, and stored for analysis and reporting.
It allows organizations to make data-driven decisions by providing a unified view of historical and

current data.




In simple terms —
“A data warehouse stores cleaned, structured, and integrated data from different systems (like sales,
marketing, and finance) in one place for easy analysis.”

Purpose of a Data Warehouse

e To consolidate data from various operational systems.

e To provide a single version of truth for business intelligence.

e To analyze trends, create dashboards, and support decision-making.
e To enable historical analysis — not just current data.

Example Scenario

Company: “SmartMart Retail”
Goal: Analyze total sales, customer satisfaction, and inventory turnover across branches.

Source Systems:

o Sales Database (MySQL) — daily sales records.
e 1 Customer Database (CRM) — customer information.
e & Inventory System (ERP) — stock levels and product details.

. Social Media Data — customer reviews or engagement metrics.
Process:

1. Extract: Data is pulled from each source system.
2. Transform: Clean, filter, and standardize data (e.g., convert date formats, remove
duplicates).
3. Load: Transformed data is loaded into a centralized warehouse (e.g., Snowflake, Amazon
Redshift, Google BigQuery).
Now:
Analysts can query the warehouse to find insights such as:

e “Which region had the highest sales this quarter?”
e “Is there a relationship between social media reviews and repeat purchases?”
e “Which products are low in stock but high in demand?”

Simple Data Flow Diagram

[CRM System] [ERP System] [Sales Database] [Social Media]
1 l 1 4
Extract Data Extract Data Extract Data Extract Data
1 |
| I I
{

[Transform Data]
(Clean, Filter, Standardize, Aggregate)
1
[Data Warehouse]
1
[BI Tools / Dashboards / Reports]



Key Characteristics of a Data Warehouse

Feature

Description

Subject-Oriented

Organized around key subjects (sales, inventory, customers).

Integrated

Data from different sources is merged into a consistent format.

Time-Variant

Stores historical data for trend analysis.

Non-Volatile

Once entered, data is stable and not frequently updated.

Popular Data Warehouse Tools

¢ Cloud-based: Snowflake, Google BigQuery, Amazon Redshift, Azure Synapse
e On-premises: Teradata, Oracle Warehouse, IBM Db2 Warehouse

4.1.8.5. Data Blending vs. Join vs. Data Warehousing

Feature

Join

Data Blending

Data Warehousing

Definition

Combines data from
multiple tables within
the same database
using a common key.

Combines data from
different sources (e.g.,
SQL + Excel + API)
into a single analytical
view.

Central repository that
stores, integrates, and
manages data from multiple
sources for analysis.

Data Source

Same source (e.g.,

Different sources (e.g.,

Multiple enterprise systems

Type MySQL, Oracle). Excel + Cloud DB). (CRM, ERP, Cloud).

Integration Physical integration at | Logical integration at Full physical integration

Level query level. visualization layer. into a unified storage
system.

Processing Within the database Inside BI/ETL tool (e.g., | Within ETL/ELT pipelines

Location engine. Tableau, Power BI, before storing in the

Matillion). warehouse.

Data Data combined during | Data stays in original Data extracted, transformed,

Movement query execution. source; only results are | and loaded into warehouse

combined. storage.

Performance | Fast for relational and | Moderate; depends on High; optimized for large-
structured data. tool performance and scale analytics using

network latency. parallel processing.

Storage Temporary or none None (data remains in High (centralized physical

Requirement | (virtual). original sources). storage).

Example Joining Customers and | Blending Sales (Excel) | Consolidating data from
Orders tables in SQL and Customer Reviews | CRM (Salesforce), ERP
using Customer ID. (Google Sheets) in (SAP), and Marketing DB

Tableau via into a Snowflake or
Customer ID. Redshift warehouse.

Use Case Querying related tables | Creating quick reports Building enterprise-wide
in relational databases. | and visualizations across | analytics, dashboards, and

diverse data sources. machine learning pipelines.

QOutput Type | A single combined A blended, temporary A cleaned, historical data

dataset or query result.

analytical view.

repository for long-term
use.




Best For

Structured, relational
databases.

Multi-source analytical
comparison and
visualization.

Enterprise-level data
management and advanced
analytics.




