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ABSTRACT

Data engineering is a crucial aspect of modern organizations, transforming raw data into actionable insights. This article explores five essential data
engineering concepts that program managers should understand to effectively lead data-driven initiatives. These concepts include data architecture and
storage, data modeling and design, ETL pipelines and processes, big data technologies, and data governance and security. By gaining a solid grasp of these
concepts, program managers can better align data infrastructure with business goals, communicate effectively with stakeholders, and ensure the success
of data engineering projects. The article delves into each concept, providing definitions, examples, and best practices, empowering program managers to
navigate the complex landscape of data engineering with confidence and drive meaningful results for their organizations.
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Introduction

In today's business landscape, data serves as the lifeblood for
modern organizations, coursing through the veins of analytics and
reports to empower leaders in making informed decisions. Amid
this data deluge, the role of a data engineering program manager
is pivotal, as they play a key role in transforming raw data into
actionable insights. As someone deeply immersed in the realm
of data engineering program management, we have witnessed
firsthand the challenges that arise when dealing with terms like
"ETL pipelines," "data fabric," and "cloud infrastructure." This
unfamiliarity can create communication gaps, impede project
progress, and ultimately hinder the effectiveness of program
managers. Navigating the data landscape demands more than
just business acumen and communication skills from Program
Managers (PMs); it necessitates a solid understanding of the
engine powering it all: data engineering.

In simple terms, Data Engineering is both an art and a science,
involving the creation of infrastructure that collects, stores,
processes, and delivers data for analysis. The architects and builders
of this critical infrastructure are the data engineers, responsible
for ensuring the accuracy, reliability, and accessibility of the
delivered data. This foundation is paramount for the entire data-
driven decision-making process. Program managers play a vital
role in the success of data engineering initiatives by ensuring that
projects are delivered on time, within budget, and to specification.
However, effectively managing data engineering projects requires
a fundamental understanding of the core concepts and principles

that underpin this domain. Program Managers equipped with an
understanding of Data Engineering concepts become exceptional
in their roles as they can ensure that:

*  The data infrastructure better aligns with the business goals
prioritized by the leadership.

*  The status updates gathered and provided to stakeholders are
crisp and non-confusing.

*  The communication with the data engineering teams is
seamless as they speak the same data lingo.

This article provides an overview of five essential data engineering
concepts that can help program managers become effective data
engineering managers.

The 5 Essential Data Engineering Concepts for Program Managers
The Data Engineering projects are complex undertakings that
require careful planning, execution, and oversight. While program
management skills are essential for overseeing any project, data
engineering projects demand a deeper understanding of the
underlying data engineering concepts. By equipping themselves
with a foundational knowledge of data engineering principles and
concepts, program managers can make better decisions, collaborate
more effectively, manage risks more adeptly, and ultimately,
ensure the successful delivery of data-driven initiatives. Program
managers who are well-versed in data engineering concepts are
better equipped to lead these projects to success. The five essential
concepts critical for a data program manager are as follows:

Data Storage and Data Manipulation
Before deep diving into key data storage and complex architecture
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concepts, it is imperative to understand the different types of data.
Data comes in various types, and understanding these distinctions
is crucial for effective management and analysis. Below table

summarizes the various data types along with some examples:

Table 1: Different Types of Data

categorized

Structured *  Highly organized and Ex: Tables
Data formatted data with a in Relational
clear and fixed schema. Databases,
Spreadsheets
Unstructured |«  Data lacking a predefined | Ex: Emails, social
Data data model or structure media posts,
multimedia files
etc.
Semi *  Data that has some level | Ex: JSON
Structured of structure in forms of (JavaScript
Data tags, keys, or elements Object Notation),
XML (eXtensible
Markup
Language)
Quantitative . Numerical data that Ex: Sales figures,
Data represents measurable temperature,
quantities and can be stock prices
subjected to mathematical
operations.
Qualitative . Descriptive, non- Ex: Colors,
Data numerical data that cannot | survey responses,
be measured but can be emotions

Time-Series
Data

Data points recorded over
regular time intervals,
suitable for analyzing
trends and patterns over
time

Geo-spatial Data

properties, and context of
the primary data

Geo-spatial *  Data that includes Ex. GPS

Data geographical information | coordinates,
or spatial coordinates, maps, spatial
enabling analysis based databases
on location

Meta-Data *  Data that provides Ex: File
information about primary | timestamps,
data by describing data source

information, data
format details

Understanding the characteristics and requirements of different
types of data is essential for program managers to effectively
manage, analyze, and derive meaningful insights from their
information resources.

Data Storage Management

Once you are familiar with the basic types of data, a Data
Engineering Program Manager should understand how data
is stored and accessed. Here's a breakdown of crucial storage
concepts:

Relational Databases

Structured data organized in tables with rows and columns, with
relationships among tables established through primary and
foreign keys [1]. These are widely used in traditional business
applications ERP, CRM for maintaining customer records or
financial transactions. Examples: MySQL, PostgreSQL, Oracle
etc.

NoSQL Databases

A broad category of flexible data structures beyond traditional
relational databases designed for large, semi-structured data like
sensor readings, social media posts, or website logs [2]. The most
common types of NoSQL databases are:

¢  Document Stores: Data is stored in document-like structures
(JSON, BSON etc.); ideal for content management systems
and e-commerce applications. Examples: MongoDB,
Couchbase.

*  Key-Value Stores: Data is stored as key-value pairs, suitable
for caching and storing user sessions. Examples: Redis,
Amazon DynamoDB.

¢ Wide-Column Stores: Stores data in tables, rows, and
dynamic columns. Great for analyzing large datasets.
Examples: Cassandra, HBase.

*  Graph Databases: Designed for data whose relations are
well represented as a graph and has elements interconnected
with many relationships. Example: Neo4j, Amazon Neptune

In-Memory Databases

These databases store data in the main memory (RAM) instead of
disk, which significantly speeds up data retrieval times. Widely
used for Real-time analytics, caching, session storage, and
applications where high read and write speeds are critical [3].
Example: Redis, SAP HANA.

Time-Series Databases

Optimized for storing and managing time-stamped data or data
that changes over time, such as IoT app monitoring, real-time
analytics. Examples: Influx DB, Timescale DB [4].

Vector Database

Vector Database is a powerful concept gaining huge traction in
data engineering. While traditional databases store data in rows
and columns and excel at storing and retrieving data based on
exact matches, Vector databases stores data in multi-dimensional
points in a high-dimensional space. Each point (a vector) captures
the essence of a piece of data (e.g., an image, text document, or
sensor reading) based on its unique characteristics. This unlocks
powerful capabilities like:

¢  Similarity Search: Find similar data points even if they have
different formats or structures. Perfect for recommending
music, identifying fraudulent transactions, or searching for
similar images.

e Real-time Analysis: Handle massive datasets efficiently for
tasks like anomaly detection in sensor data or personalized
recommendations in real-time.

*  Machine Learning Integration: Easily train and deploy
machine learning models that rely on vector representations
of data.

Vector databases are relatively new compared to traditional
databases and are still evolving. They might not be suitable for
all data types, especially highly structured data. However, vector
databases are a crucial component in the modern data ecosystem,
especially with the growing importance of Al and machine learning
across various industries [5]. Their ability to efficiently handle
complex, high-dimensional data makes them invaluable for
applications requiring fast and accurate similarity searches. In an
era where data analysis increasingly relies on deep understanding
of information, Program Managers can stay ahead of the curve
by learning about Vector databases such as Pinecone and Milvus.
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Data Querying and Data Manipulation

Data querying refers to the process of retrieving data from a
database or data store based on specific criteria. It involves using
query languages to specify the desired data and the conditions for
retrieval. Data manipulation, on the other hand, encompasses the
tasks of inserting, updating, and deleting data within a database.
Data querying and manipulation are essential skills for data
engineering program managers as they allow them to extract,
transform, and analyze data effectively. SQL (Structured Query
Language) and scripting languages such as Python play a crucial
role in this process.

SQL Basics

SQL is the standard language used for relational database
management systems (RDBMS). It provides a declarative way
to interact with databases, allowing users to define the desired
result set without specifying the exact steps to retrieve it [6].

Key Concepts of SQL

*  SELECT Statement: Used to retrieve data from one or more
tables based on specified criteria.

*  WHERE Clause: Filters the result set based on specified
conditions.

e JOIN Operations: Combines rows from two or more tables
based on a related column between them.

*  GROUPBY and HAVING Clauses: Used for grouping and
aggregating data based on specific columns.

e INSERT, UPDATE, and DELETE Statements: Used for
modifying data within a table.

Scripting Languages - Python

Python is a versatile and widely used programming language in
data engineering. It provides a rich set of libraries and tools for
data manipulation, analysis, and integration [7].

Key Aspects of Python for Data Engineering

*  Data Processing Libraries: Python offers powerful libraries
like pandas, NumPy, and PySpark for data manipulation,
cleansing, and analysis.

e Database Connectivity: Python provides libraries like
SQLAIchemy and psycopg2 for connecting to various
databases and executing SQL queries.

* Data Integration: Python can be used to extract data from
different sources (e.g., APIs, files, databases), transform it,
and load it into target systems.

*  SCRIPTING AND AUTOMATION: Python allows data engineering
program managers to automate repetitive tasks, such as data
pipelines, ETL processes, and data validations.

Basic knowledge of SQL and Python is crucial for data engineering
program managers for several reasons:

e Data Understanding: SQL allows program managers to
explore and understand the structure and content of databases.
They can write queries to retrieve specific subsets of data, join
tables, and aggregate information to gain insights.

* Data Validation and Quality Checks: Program managers
can use SQL to perform data validation and quality checks.
They can write queries to identify missing values, duplicates,
or inconsistencies in the data.

e Data Transformations: SQL and Python enable program
managers to transform and manipulate data. They can use
SQL to filter, sort, aggregate data, while Python can be used
for more complex transformations and data cleansing.

¢ Data Pipeline Development: Program managers with SQL
and Python skills can actively participate in the development
of data pipelines. They can write scripts to extract data from
source systems, transform it and load it into target systems.

e Collaboration With Technical Teams: Knowledge of
SQL and Python allows program managers to effectively
communicate with data engineers, analysts, and other technical
stakeholders. They can provide precise requirements, review
code, and contribute to technical discussions.

*  Performance Optimization: Understanding SQL and Python
enables program managers to identify and optimize slow-
performing queries or inefficient data processing scripts.

While data engineering program managers may not be expected to
write complex SQL queries or Python scripts daily, having a basic
understanding of these technologies empowers them to effectively
manage data engineering projects, make informed decisions,
and collaborate with technical teams. It's important for program
managers to continuously enhance their SQL and Python skills
through training, hands-on practice, and staying updated with the
latest trends and best practices in data engineering.

Cloud vs. On-Premise Deployment

For a data engineering program, when deciding between cloud
and on-prem deployment, it's crucial for data engineering program
managers to assess their organization's specific requirements,
existing infrastructure, data security needs, budget, and long-term
goals. Many a times a hybrid approach, combining both cloud
and on-prem components, can also be considered to balance
the benefits and address organization’s specific needs. Data
Engineering Program Managers need to be aware of the following
factors, which are critical in deciding between choosing cloud vs.
on-prem for deployment:

Scalability and Elasticity

Scaling resources on-prem requires physical hardware upgrades
and can be time-consuming and costly, whereas cloud platforms
allow for easy scaling of resources up or down based on demand
and quick provisioning of additional compute, storage, and
network resources as needed, offering high elasticity [8].

Infrastructure Management

With on-prem deployment, the responsibility of managing and
maintaining the entire infrastructure stack, including hardware,
networking, and security rests with the organization, requiring
dedicated IT resources and expertise, whereas in case of cloud
deployment, cloud providers handle the underlying infrastructure,
including hardware, networking, and maintenance. Cloud allows
engineering team to focus on application development instead of
infrastructure management.

Cost Structure

On-prem deployment requires upfront capital investment for
hardware, software licenses, and infrastructure setup along withs
ongoing costs for maintenance, upgrades, and support, whereas
cloud deployment follows a pay-as-you-go model, where orgs are
billed based on the resources consumed, providing the ability to
optimize costs based on usage patterns [9].

Data Security and Compliance

With on-prem deployment, organizations have full control over
their data security and can implement stringent security measures
tailored to organization's needs, which can be crucial for specific
industries such as federal government. Cloud providers also offer
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robust security measures and data encryption, which however
needs to be carefully assessed first.

Data Transfer and Latency

On-prem eliminates data transfer costs and can provide lower
latency for data access within the local network. However, it
may limit ability to integrate with cloud-based services [10].
Hybrid model will incur data transfer costs and latency issues. If
deployment is completely cloud-based data transfer and latency
costs may be minimized.

Data Modeling & Design

As a Data Engineering Program Manager, grasping the core
concepts of data modeling and design is crucial for leading
successful project as it equips to make informed decisions and
communicate effectively.

Data Modeling Basics

Data modeling is the process of creating a visual representation
of the structure and relationships within a set of data. It involves
defining how data is organized, structured, and related within a
system, and depicting it visually. The primary goal of data modeling
is to provide a clear and concise blueprint that provides consistent
information to database developers, analysts, and stakeholders
alike [11]. It’s akin to planning a city's layout, ensuring easy
access, efficiency, and flexibility.

Key Data Modeling Terminologies

* Entities: Real-world objects or concepts represented in the
system (e.g., customers, products, orders).

e Attributes: Characteristics of entities (e.g., customer name,
product price, order date).

*  Relationships: Connections between entities (e.g., a customer
places an order for a product).

*  Primary Key: A unique identifier for each record in a table
to ensure data integrity.

e Secondary Key: An attribute in one table that refers to the
primary key in another table, used to link tables.

*  Normalization: Organizing data to minimize redundancy and
ensure data integrity.

* Denormalization: Organizing data to optimize query
performance.

Types of Data Models

*  Conceptual Data Model: helps stakeholders understand
domain by represents high-level concepts and relationships
between objects. It focuses on what data should be stored
and does not concern itself with implementation details. Ex.
The below diagram shows a conceptual data model with 3
entities where a customer can place multiple orders and each
order contains multiple products.

Place Contains

CUSTOMER ORDERS ~ —— 04  PRODUCTS

Figure 1: Example of a Conceptual Data Model

e Logical Data Model: represents a structure that can be
implemented in a database management system (DBMS). It
includes entities, attributes, relationships, and contracts as
highlighted in the example below.

CUSTOMER
PRODUCTS

ORDERS

Contains

ESSEPatia

Order ID

Quantity
Total Price
Order Date

Place

!

Figure 2: Example of a Logical Data Model

Product 1D
Product Name
Buy Price

Customer ID
Contact Number
Email Sell Price
Customer ID Amount in Stock

Product ID

e Physical Data Model: provides the physical implementation
details of database by specifying technical aspects such as
tables, columns, data types, indexes etc. required for database
administrators and developers to build, optimize, and maintain
the physical database. The example below is a physical data
model for the customer, order products scenario.

PRODUCTS

ORDERS

CUSTOMER

PRODUCTID INTEGER (PK)

ORDER ID INTEGER (PK)
‘\_& QUANTITY  DECIMAL(26.7)
CUSTOMER D INTEGER(FK)

PRODUCT ID INTEGER(FK)

CUSTOMERID Integer (PK
e (B PRODUCT NAME  VARCHAR(100)

CONTACT NUMBER Integer BUY PRICE DECIMAL (26.7)

PRODUCT NAME  DECIMAL (26,7

Email Varchar(50)
AMOUNT INSTOCK DECIMAL(26,7)

Figure 3: Example of a Physical Data Model

Data Modelling Techniques

Entity-Relationship Diagram (ERD)

Visualizes entities, attributes, and relationships using symbols
and lines.

Surgery Table

PK SurgeryNumber P

Postcode

FK Council

Appointments Table
Doctor Table

PK AppointmentiD

\FK

+/’< FK
FK

— I DoctorlD

SlotiD
DoctorName

TotalCost

DoctorlD

Patients
PatientlD

PK | PatientiD

SurgeryNumber

I PatientName

Figure 4: Example of an Entity-Relationship Diagram

Dimensional Modeling
Optimizes data for data warehousing and analytics, focusing on
facts and dimensions.

Popular Data Modelling Tools

Erwin Data Modeler, IBM Infosphere Data Architect, MS Visio,
SAP PowerDesigner, Oracle SQL Developer Data Modeler, Toad,
Lucid Chart:
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Knowledge of data modeling concepts helps program managers
understand how data modeling choices affect data quality,
security, and scalability and help determine the potential modeling
complexities impacting project timelines and costs [12].

Data Warehouse, Data Lake and Data Mesh

Data Warehouse, Data Lake, and Data Mesh are all concepts
related to storing, managing, and utilizing large amounts of data
within an organization. However, they have distinct characteristics
and serve different purposes as highlighted below.

Data Warehouse

A data warehouse is a centralized repository that stores structured,
cleaned, and integrated data from various sources. It is Designed
to support analytics and business intelligence (BI) by providing a
single source of truth for reporting and decision-making. It is typically
organized in a schema-on-write approach, meaning the data is
transformed and structured before being loaded into the warehouse.

Examples: Snowflake, Microsoft Azure Synapse Analytics,
Google Big Query, Oracle Exadata, Amazon Redshift.

Data Lake

A data lake is a centralized repository that stores large volumes of
raw, unstructured, and semi-structured data in its native format. It
is Designed to be a flexible and scalable storage solution for big
data, allowing organizations to store data from diverse sources
without the need for upfront data modeling. It follows a schema-
on-read approach, where data is stored in its original format, and
the schema is applied only when the data is read or analyzed.

Examples: Apache Hadoop, Amazon S3, Microsoft Azure Data
Lake Storage, Google Cloud Storage.

Data Mesh

A Data Mesh is an architectural approach that aims to decentralize
data ownership and management across an organization. It
advocates for a domain-driven design, where data is treated as
a product and owned by the teams closest to the data (domain
teams). Data Mesh emphasizes self-serve data infrastructure,
enabling domain teams to independently manage their data while
adhering to global governance and interoperability standards [13]

Examples: Apache Kafka, Apache Pulsar, Confluent Platform,
Amazon MSK, Google Pub/Sub.

DATA WAREHOUSE DATA LAKE DATA MESH

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

=== @%N' @;;:N'

ﬂ Data Lake Data Foundation & Governance
T ——

O@){' i

e i
3 rﬁ:

EE EE

Dau‘ﬂ ,,,,uu 1 )

il < Ol A =

BlReport  Metrics Bl Reports Metrics Data Science Machine Learni

Figure 5: Comparing Data Warehouse, Data Lake & Data Mesh

Understanding the differences and nuances of Data Warehouse,
Data Lake, and Data Mesh would help a Data Engineering Program
Manager to make establish clear data ownership and foster

collaboration between domain teams in a Data Mesh architecture
ensuring alignment of business goals with the corresponding data
initiatives across the organization [14].

Data Warehouse Design

Data Warehouses are specialized relational databases designed and
optimized for analysis and reporting of large volumes of data. Star
Schema and Snowflake Schema are two common approaches to
designing the logical structure of a data warehouse.

Star Schema

Star Schema is a simple and intuitive design that consists of
a central fact table surrounded by dimension tables. The fact
table contains the main metrics or measures of interest, such
as sales amount or quantity, and foreign keys to the dimension
tables. Dimension tables store the descriptive attributes related
to the facts, such as customer details, product information, or
time periods. The star schema is named after its resemblance to
a star shape, with the fact table at the center and dimension tables
radiating outward.

Example: Consider a retail sales data warehouse with a star
schema design with BOOKINGS as the Fact Table and SALES,
PRODUCTS, ORDERS, TIME as Dimension Tables. The
BOOKINGS table contains the Sales bookings transactions with
foreign keys to each of the dimension tables. The dimension
tables provide additional details about each of the dimensions as
shown in figure 6.

Snowflake Schema
Snowflake Schema is an extension of the Star Schema that
normalizes the dimension tables further to reduce redundancy.

In a Snowflake Schema, dimension tables are split into multiple
related tables based on their hierarchical relationships or
dependencies. The main dimension tables are connected to sub-
dimension tables, forming a snowflake-like structure [15].

Snowflake Schema can improve data integrity and reduce data
redundancy but may require more complex queries and joins
compared to Star Schema.

Example: To illustrate the snowflake schema, let's consider
the previous retail sales retail sales data warehouse example
with BOOKINGS as the Fact Table and SALES, PRODUCTS,
ORDERS, TIME as Dimension Tables and extend it to Snowflake
schema where the PRODUCT dimension is normalized into
PRODUCTS and CATEGORY and the TIME dimension is
normalized into YEAR and QUARTER tables.

Figure 6: STAR Schema vs. SNOWFLAKE Schema

The choice between Star Schema and Snowflake Schema
depends on factors such as data complexity, query performance
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requirements, and the level of data redundancy acceptable in the
data warehouse. Star Schema is simpler and often preferred for
its ease of use and query performance, while Snowflake Schema
provides a more normalized structure and can be beneficial when
dealing with complex hierarchical relationships or when data
integrity is a primary concern.

Data Extraction, Transformation and Loading (ETL) Pipelines
and Processes

ETL Pipelines: Understand different Stages of Ingestion,
Transformation and Loading

The ETL process is a crucial component of data integration and
data warehousing workflows for decades. By developing a solid
understanding of ETL processes, Data Program Managers can
effectively manage any data integration projects and empower
themselves to make informed decisions regarding data architecture
and technology choices.

ETL involves three main steps:

e Extract: In this step, data is read and retrieved from various
sources, such as databases, flat files, APIs etc.

* Transform: This step involves cleaning, formatting,
restructuring, enriching the data to meet the requirements
of the target system or data warehouse. It may include
data validation, filtering, sorting, aggregating, joining, and
applying business rules or calculations.

e Load: In the final step, the transformed data is loaded into
the desired target data warehouse or, data mart.

The ETL process is commonly used in scenarios where
organizational data needs to be consolidated from multiple
sources, transformed to meet specific requirements, and loaded
into a centralized repository for reporting, analysis, or further
processing [16].

ETL vs. ELT (Extract, Load, Transform)

While the ETL process follows the traditional Extract, Transform,
Load sequence, the ELT approach reverses the order of the last
two steps. The key difference between ETL and ELT lies in
when and where the transformation step occurs. ETL performs
transformations before loading the data into the target system,
typically in a staging area, while ELT loads the raw data first and
then transforms it within the target system.

Table 2: Comparison between ETL and ELT

Comparison | ETL ELT

Parameter

Best Suited when the transformation | for handling large
logic is complex, and volumes of data
data needs cleansing or data with high
before loading. velocity.

Agility less Agile, as any change | more agility, as
in transformation logic transformations can
requires entire ETL be modified without
process to be updated. impacting extraction
& loading process
Skillset and requires specialized ETL | leverages the
Tools tools and expertise in processing power

and built-in
transformation
capabilities of the
target system

transformation logic and
data modeling

Top ETL Tools
There are various ETL tools available in the market, each with its
own strengths and capabilities. Here are top 5 tools:

e Talend Data Integration: An open-source ETL tool with a
comprehensive set of data integration capabilities, including
data profiling, cleansing, and transformation.

¢ Informatica PowerCenter: A widely used commercial ETL
tool known for its scalability, performance, and advanced
data integration features.

*  AWS Glue: A serverless data integration service provided by
Amazon Web Services (AWS) that simplifies the ETL process
for cloud-based data sources and data lakes.

e Stitch Data Loader: A cloud based ETL platform that
simplifies the process of extracting data from various sources
and loading it into data warehouses or data lakes.

* Apache Nifi: An open-source, web-based tool for data
integration and automation, with a focus on real-time data
flows and streaming data processing.

Pipeline Data Processing: Batch vs. Streaming

When it comes to pipeline data processing in the context of ETL
workflows, both batch and streaming processing approaches can
be used. The choice between batch and streaming ETL processing
depends on the specific requirements of the data pipeline, such as
the need for real-time insights, the volume and velocity of data,
and the complexity of the transformations required.

Batch Data Processing

Batch data processing involves extracting data from source
systems, transforming it, and loading it into a target system in
batches at scheduled intervals. The data is typically collected over
a period, such as hourly, daily, or weekly, and processed together
in a single batch. Batch processing is suitable for scenarios where
data freshness is not a critical requirement, and the data can be
processed periodically. Batch Processing is commonly used in
the following scenarios:

e Data Warehousing: To populate data warehouses by
extracting data from various source systems, transforming it
into a consistent format, and loading it into the data warehouse
for analysis and reporting.

e Historical Data Loading: To load large volumes of historical
data into a target system, such as migrating data from legacy
systems to a new platform.

e Periodic Data Synchronization: To synchronize data
between different systems or databases on a regular basis,
ensuring data consistency across multiple platforms.

Since data is processed in batches, insights and actions based on the
processed data are delayed until the next batch processing cycle.
Therefore, Batch Processing may not be suitable for applications
that require real-time or near-real-time data processing. For real-
time data processing, Stream Processing would be ideal.

Streaming Data Processing

Streaming data processing involves continuously extracting,
transforming, and loading data as it arrives in real-time or near-
real-time. Data is processed individually or in small batches
(micro-batches) as soon as it is generated or received from the
source systems allowing for immediate insights and actions based
on the processed data.

Streaming Data Processing is commonly used in the following
scenarios:
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* Real-time Analytics: real-time analytics scenarios, such as
monitoring and analyzing sensor data, user behavior, or social
media feeds in real-time, enabling prompt decision-making
and responsiveness [17].

*  Fraud Detection: Streaming Processing is employed in
fraud detection systems to identify and respond to fraudulent
activities as they occur, such as in financial transactions or
network security.

e Real-time Data Integration: Streaming Processing enables
real-time data integration between different systems, allowing
for seamless data flow and up-to-date information across the
organization.

Streaming processing systems can be complex to design,
implement, and maintain due to the real-time nature of data
processing and need for fault-tolerant and scalable architectures.
Ensuring data consistency and handling out-of-order or delayed
data can also be challenging in streaming scenarios, especially
when dealing with multiple data sources.

Kappa and Lambda Architectures

Kappa architecture is a stream-based data processing architecture
that treats all data as a stream. It eliminates the need for separate
batch and streaming processing layers by using a single stream
processing engine for both real-time and historical data processing.

Lambda architecture combines both batch and streaming
processing approaches. It consists of three layers:

1. the batch layer for processing historical data,
2. the speed layer for real-time processing of incoming data, and
3. the serving layer for querying and exposing the results.

Kappa architecture simplifies the data processing architecture
by using a single stream processing engine, while Lambda
architecture provides a hybrid approach that combines batch and
streaming processing for comprehensive data processing and
analysis. Ultimately, for Data Engineering Program Managers
understanding the characteristics, use cases, and limitations of
batch and streaming ETL processing, along with the concepts
of Kappa and Lambda architectures, helps in designing and
implementing data pipelines that align with the specific needs
of the organization.

Pipelines Automation & Orchestration: Illustration through
Apache Airflow

The process of automating and managing the execution of ETL
workflows ensuring smooth and efficient data processing involves
defining dependencies, scheduling tasks, handling failures, and
monitoring of the overall pipeline.

Apache Airflow is an open-source platform for programmatically
authoring, scheduling, and monitoring workflows. It provides a
way to define ETL pipelines as code, allowing for version control,
collaboration, and easy maintenance [18]. Let's consider an
example where we have an ETL pipeline that extracts data from
a database, performs transformations, and loads the transformed
data into a data warehouse. ETL Pipeline can be automated and
orchestrated using Airflow following the below steps:

Define the DAG (Directed Acyclic Graph)

In Airflow, workflows are defined as DAGs, which represent a
collection of tasks and their dependencies. Each task corresponds
to a specific operation. Dependencies between tasks are defined
to ensure the proper execution order.

Define the Tasks
Each task in the DAG represents a specific operation in the ETL
pipeline. For a simple ETL pipeline, we have three tasks: extract
data, transform_data, and load_data. Each task is defined using
an operator, such as the PythonOperator, which allows executing
Python functions.

Set Dependencies

Dependencies between tasks are defined using the >> operator in
Airflow. For example, extract_task can be set as a dependency for
transform_task, and transform_task can be set as a dependency for
load_task. This ensures that the tasks are executed in the correct
order: extraction, transformation, and loading.

Schedule the Pipeline

Airflow allows scheduling the pipeline to run at specific intervals
or based on certain conditions. For example, if the pipeline needs
to be run daily, the schedule interval parameter can be set to
timedelta (days=1)

Monitor and Manage the Pipeline

Airflow provides a web-based user interface for monitoring and
managing the pipeline execution. It allows tracking the status of
tasks, handling failures, and visualizing the pipeline's progress.
Airflow also provides features like email notifications, logging,
and error handling to ensure the pipeline runs smoothly.

Airflow's modular architecture, extensive set of operators and
hooks, and the ability to define workflows as code make it a
powerful tool for ETL pipeline automation and orchestration. By
using Airflow for ETL pipeline automation and orchestration, Data
Engineering Program Managers can enable efficient and reliable
data processing, reducing manual intervention and promote
code reusability, version control, and collaboration among team
members.

Big Data Technologies

Big Data refers to extremely large and complex datasets that are
difficult to process and analyze using traditional data processing
tools and techniques. Big Data is characterized by the "5 V's":
Volume (large amounts of data), Velocity (high speed of data
generation and processing), Variety (diverse types and sources of
data), Veracity (data accuracy and reliability), and Value (extracting
meaningful insights from the data). Hadoop and Spark are two
popular frameworks used for Big Data processing.

Hadoop & Spark

Hadoop is an open-source framework designed for distributed
storage and processing of large datasets across clusters of
computers. It consists of two main components: Hadoop
Distributed File System (HDFS) for storage and MapReduce for
processing. Hadoop allows for fault-tolerant and scalable data
processing by distributing data and computations across multiple
nodes in a cluster. It is suitable for batch processing and can handle
structured, semi-structured, and unstructured data [19]. Hadoop
ecosystem includes various tools and libraries like Hive, Pig,
HBase, and Mahout for different Big Data tasks.

Key Benefits of Hadoop

e Scalability: Hadoop can scale horizontally by adding more
nodes to the cluster, allowing it to handle massive datasets.

e Fault Tolerance: Hadoop ensures data reliability by
replicating data across multiple nodes, making it resilient to
hardware failures.

e Cost-Effective: Hadoop runs on commodity hardware,
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making it cost-effective compared to traditional data
processing.

e  Flexibility: Hadoop can handle various types of data,
including structured, semi-structured, and unstructured data.

Spark is an open-source distributed computing framework designed
for fast and efficient data processing. It provides a unified engine
for batch processing, real-time streaming, machine learning, and
graph processing. Spark uses in-memory computation and a
directed acyclic graph (DAG) execution engine, which enables
it to process data much faster than Hadoop's MapReduce [20]. It
offers APIs in multiple programming languages, including Scala,
Java, Python, and R. Spark ecosystem includes libraries like Spark
SQL, Spark Streaming, MLIib (machine learning), and GraphX
(graph processing).

Key Benefits of Spark

e Speed: Spark's in-memory computation and optimized
execution engine make it significantly faster than Hadoop
for many data processing tasks.

* Ease of Use: Spark provides a simple and expressive
API, making it easier to write and maintain complex data
processing workflows.

e Real-Time Processing: Spark Streaming enables real-time
data processing, allowing for low-latency applications.

* Machine Learning: MLIib, Spark's machine learning
library, offers a wide range of algorithms for data analysis
and predictive modeling.

* Integration: Spark can seamlessly integrate with various
data sources, including Hadoop, databases, and cloud systems

Both Hadoop and Spark have their strengths and are widely used
in the Big Data ecosystem. Hadoop is known for its scalability
and fault tolerance, while Spark excels in fast data processing,
real-time streaming, and machine learning. The differences are
highlighted in the below table:

Table 3: Hadoop vs. Spark
Hadoop

Feature Spark

Processing Model Batch processing

using MapReduce

Batch processing,
real-time streaming,
machine learning,
graph processing.

Speed Slower due to disk Faster due to in-
I/O and MapReduce | memory computation
overhead and optimized
execution engine
Ease of Use Requires writing Provides a simple

MapReduce jobs, and expressive API,
which can be making it easier to
complex use

Machine Learning Mahout library for MLIib offers a wide

machine learning,
but limited compared
to Spark

range of machine
learning algorithms

Ecosystem

Larger ecosystem
with various tools
and libraries

Growing ecosystem
with a focus on
data processing and
analytics

The Data Engineering Program Managers should decide
between choosing Hadoop and Spark, depending on the specific
requirements of their Big Data project, considering the type of
ecosystem, processing needs, and desired performance.

Cloud-Based Big Data Solutions

Managed Big Data services, such as Amazon EMR, Google Cloud
Dataproc, and Azure HDInsight, are cloud-based offerings that
simplify the deployment, management, and scaling of Hadoop
and Spark clusters. These services are designed to abstract away
the complexities of setting up and maintaining the underlying
infrastructure, allowing Data Engineering Program Managers to
drive the data processing and analytics tasks.

Amazon EMR (Elastic MapReduce)

Amazon EMR is a fully managed Big Data platform that makes it
easy to process and analyze vast amounts of data using. Hadoop and
Spark frameworks. It provides a scalable and flexible environment
for running distributed data processing jobs, interactive querying,
and machine learning workloads.EMR takes care of provisioning
and configuring the underlying EC2 instances, installing and
managing Hadoop and Spark software, and handling cluster
scaling and fault tolerance. It integrates seamlessly with other
AWS services, such as Amazon S3 for data storage, Amazon
Kinesis for real-time data streaming, and Amazon Redshift for
data warehousing. EMR supports a wide range of Hadoop and
Spark ecosystem tools, including Hive, Pig, HBase, Presto, and
Zeppelin, enabling diverse data processing and analytics use cases.

Google Cloud Dataproc

Google Cloud Dataproc is a fully managed Hadoop and Spark
service that allows for fast and cost-effective processing of large
datasets. It enables the creation of Hadoop and Spark clusters in a
matter of seconds, with automatic configuration and management
of the underlying infrastructure. Dataproc integrates with other
Google Cloud services, such as Google Cloud Storage for data
storage, BigQuery for data warehousing, and Pub/Sub for real-time
data ingestion. It provides a familiar Hadoop and Spark ecosystem
experience, supporting tools like Hive, Pig, and Jupyter Notebooks
for data processing and analysis. Dataproc offers flexibility in
terms of cluster sizing, configuration, and scaling, allowing Data
Engineering Program Managers to optimize performance and
costs based on workload requirements.

Azure HDInsight

Azure HDInsight is a fully managed, open-source analytics service
for processing large datasets using Hadoop and Spark clusters.
HDInsight integrates with Azure storage services, such as Azure
Blob Storage and Azure Data Lake Storage, for seamless data
storage and access. It provides a user-friendly interface for cluster
creation, management, and monitoring, along with integration
with Azure Active Directory for secure access control. HDInsight
offers enterprise-grade security features, such as network isolation,
encryption, and integration with Azure Virtual Networks, ensuring
data protection and compliance. It supports a wide range of Hadoop
and Spark components, including Hive, Pig, Spark SQL, and Spark
Streaming, enabling diverse data processing scenarios.

Key Benefits of Managed Hadoop and Spark Services

*  Simplified Deployment and Management: It eliminate the
need for manual setup, configuration, and management of
the underlying infrastructure. Data Engineering Program
Managers can quickly provision clusters and focus on writing
and executing data processing jobs, rather than worrying
about the underlying complexities.

e Scalability and Flexibility: It allows for easy scaling
of Hadoop and Spark clusters based on data processing
requirements. Data Engineering Program Managers can
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dynamically adjust the number and size of nodes in the cluster
to handle varying workloads, ensuring optimal performance
and cost efficiency.

* Integration with Cloud Ecosystem: It helps seamlessly
integrate with other cloud services, such as storage, data
warehousing, and real-time data ingestion, enabling setting
up of end-to-end data processing pipelines and leveraging
the full potential of the cloud ecosystem.

*  Cost Optimization: Managed services provide cost-effective
options for running Hadoop and Spark clusters, with the
ability to pay only for the resources used. Program Managers
can optimize costs by leveraging features like autoscaling,
spot instances, and transient clusters, which automatically
adjust resources based on workload demands.

*  Focused on Data Processing and Analytics: By offloading
the infrastructure management to the cloud provider, Data
Engineering Program Managers can dedicate more time and
resources to data processing and analytics. This allows for
faster time-to-market, improved data-driven decision-making,
and accelerated innovation within the organization.

Managed Hadoop and Spark services like Amazon EMR, Google
Cloud Dataproc, and Azure HDInsight empower Data Engineering
Program Managers to harness the power of Big Data processing and
analytics in a simplified and cost-effective manner. By leveraging
these services, program managers can focus on delivering value
through data-driven initiatives, while the cloud provider takes care
of the underlying infrastructure and management complexities.

NoSQL Databases for Big Data

NoSQL databases are non-relational databases designed to handle
large volumes of unstructured, semi-structured, and structured
data. Unlike traditional relational SQL databases, NoSQL
databases provide flexible schemas, horizontal scalability, and
high performance for handling Big Data workloads. They are
particularly useful in scenarios where data is rapidly changing,
unstructured, and requires real-time processing. The two most
popular NoSQL databases are Cassandra and MongoDB

Apache Cassandra

Cassandra is a highly scalable, distributed NoSQL database
designed to handle large amounts of structured data across multiple
commodity servers. It provides high availability and fault tolerance
through its distributed architecture, with no single point of failure.
Cassandra uses a wide-column data model, where data is stored
in tables with rows and columns, but the columns can vary per
row. It offers linear scalability, allowing seamless addition of
new nodes to the cluster to handle increased data volume and
throughput. Cassandra excels in handling time-series data, such
as sensor data, logs, and metrics, making it suitable for [oT, real-
time analytics, and monitoring use cases [21].

Key Benefits of Cassandra

* Real-Time Data Ingestion and Processing: Cassandra can
handle high-velocity data streams and perform real-time
analytics on the ingested data.

* Scalable Event Logging and Monitoring: Cassandra's
distributed architecture makes it suitable for storing and
analyzing large volumes of event logs and metrics.

¢ Real-Time Recommendation Engines: Cassandra can store
user profiles, preferences, and interaction data to power real-
time recommendation systems.

Key Limitations of Cassandra

¢ Limited Support for Complex Queries: Cassandra's query
language (CQL) has limited support for complex joins and
aggregations compared to SQL databases.

* Eventual Consistency: Cassandra prioritizes availability
and partition tolerance over strong consistency, which means
there may be a slight delay in data consistency across nodes.

¢ Lack of ACID Transactions: Cassandra does not support
full ACID (Atomicity, Consistency, Isolation, Durability)
transactions, which can be a limitation for certain use cases
requiring strict data consistency.

MongoDB

MongoDB is a document-oriented NoSQL database that stores
data in flexible, JSON-like documents called BSON (Binary
JSON). It provides a dynamic schema, allowing for easy
modification and evolution of data structures without requiring
predefined schemas. MongoDB supports rich queries, indexing,
and aggregation, enabling complex data retrieval and analysis. It
offers horizontal scalability through sharding, distributing data
across multiple servers to handle large data volumes and high read/
write throughput. MongoDB provides automatic failover and data
replication, ensuring high availability and data durability [22].

Key Benefits of MongoDB

¢ Content Management Systems: MongoDB's flexible
document model makes it suitable for storing and managing
unstructured content, such as articles, videos, and user-
generated content.

* Real-Time Analytics: MongoDB's aggregation framework
and indexing capabilities enable real-time analytics on large
datasets.

*  Mobile and Web Applications: MongoDB's flexible schema
and scalability make it a good fit for developing mobile and
web applications with evolving data models.

Key Limitations of MongoDB

¢ Lack of Strong Consistency: MongoDB prioritizes
availability and partition tolerance, which means there may
be a slight delay in data consistency across replicas.

* Limited Support for Transactions: While MongoDB
supports multi-document ACID transactions starting from
version 4.0, it may not be as mature as traditional SQL
databases in terms of transactional capabilities.

*  Memory Usage: MongoDB's in-memory working set can
consume a significant amount of RAM, requiring careful
capacity planning and monitoring.

From a Data Engineering Program Manager's perspective,
understanding the strengths and limitations of NoSQL databases
like Cassandra and MongoDB is crucial for making informed
decisions about data storage and processing architectures. NoSQL
databases offer scalability, flexibility, and high performance for
handling Big Data workloads, but they may not be suitable for all
use cases, especially those requiring strong consistency, complex
transactions, or strict ACID properties.

When considering NoSQL databases, Data Engineering Program
Managers should evaluate factors such as data structure, scalability
requirements, query complexity, consistency needs, and integration
with existing data processing workflows. It's essential to align
the choice of NoSQL database with the specific requirements
of the Big Data initiative and ensure that the selected database
can effectively support the desired use cases while meeting
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performance, scalability, and reliability expectations.

Additionally, Data Engineering Program Managers should consider
the skills and expertise of the team, as well as the availability of
resources and support for the selected NoSQL database. Proper
training, documentation, and best practices should be established
to ensure the effective utilization and management of NoSQL
databases within the organization's Big Data ecosystem.

Data Governance and Security

A Data Governance Framework involves a set of policies,
procedures, roles, and responsibilities that ensure the proper
management, security, quality, and use of an organization's data
assets. It provides a structured approach to defining, implementing,
and maintaining data governance practices throughout the data
lifecycle. For a Data Engineering Program Manager, understanding
and implementing a Data Governance Framework is crucial for
ensuring data integrity, compliance, and effective data management
[23]. The top 3 Areas of Data Governance are given below:

Data Audit and Quality Management

Data Audit and Quality Management are critical components
of a comprehensive data governance framework. They involve
processes, practices, and tools to ensure the accuracy, completeness,
consistency, and reliability of an organization's data assets. Data
Engineering Program Managers need to be well-versed in the
below aspects of Data Audit and Quality Management to ensure
the integrity and usability of data for downstream applications
and decision-making.

e Data Quality Assessment: Conduct regular data quality
assessments to identify data quality issues, such as missing
values, duplicates, inconsistencies, and use data profiling
techniques to analyze data patterns and distributions.

e Data Quality Rules and Standards: Establish data validation
rules to ensure data conforms to defined formats, ranges, and
create data quality scorecards or dashboards to measure and
monitor data quality metrics against defined standards.

* Data Cleansing and Transformation: Implement and
automate data cleansing processes to identify and rectify
data quality issues, such as removing duplicates, correcting
inconsistencies, and standardizing formats.

* Data Lineage and Traceability: Implement data lineage
tracking that documents the flow of data from source to target
systems, including any transformations applied, and enable
traceability of data quality issues to their root causes by
mapping data lineage and dependencies.

e Data Validation and Testing: Develop and execute data
validation tests to verify the accuracy, completeness, and
consistency of data at various stages of the data pipeline.
Implement data quality checks and controls at all points.

*  Data Quality Monitoring and Alerting: Set up data quality
monitoring dashboards and alerts to proactively identify and
address data quality anomalies. Use statistical process control
techniques to monitor data quality metrics over time

e Data Quality Reporting and Communication: Generate
regular data quality reports to communicate data quality
findings and actions to relevant stakeholders, including
business users, data stewards, and executive sponsors.

Data Engineering Program Managers should work closely with
data governance teams, data stewards, and business stakeholders to
establish and maintain robust Data Audit and Quality Management

practices and should continuously assess and optimize data quality
processes to meet evolving business needs.

Version Control

Version control is a critical aspect of data governance that ensures
the integrity, traceability, and reproducibility of data assets and
related artifacts. It involves tracking and managing changes to data,
code, and documentation over time. GitHub, a popular web-based
platform built on top of Git, provides a powerful version control
system that can be leveraged for data governance purposes [24].
GitHub allows for version control in data governance through:

¢ Data and Code Versioning: GitHub allows to store and
version data files, such as CSV, JSON, or Parquet files, along
with the code that processes and analyzes the files. Each
version of a data file is tracked through commits, which are
snapshots of the repository at a specific point in time. With
GitHub, changes made to data files can be tracked including
who made the changes, when they were made, and what
specifically was modified.

* Data Pipeline Versioning: GitHub can be used to version
control data pipeline code, including scripts, configuration
files, and workflow definitions. By storing data pipeline
code in GitHub repositories, a single source of truth for
data pipelines can be maintained ensuring transparency and
reliability.

*  Documentation and Metadata Management: GitHub
provides features such as readme files and data dictionaries for
storing and versioning documentation and metadata related
to the data assets.

¢ Collaboration and Access Control: GitHub facilitates
collaboration among team members through features like
pull requests, code reviews, and issue tracking. Access control
can be managed through GitHub's user roles and permissions,
ensuring that only authorized individuals can view, modify,
or contribute to specific data repositories.

* Branching and Merging: GitHub's branching and
merging capabilities allow for parallel development and
experimentation without affecting the main data or code
repository. Branches can be created to work on new features,
bug fixes, or data updates independently. This enables a
controlled approach to making changes to data pipelines.

¢ Auditing and Traceability: GitHub provides a detailed audit
trail of all activities and changes made to data and code
repositories. Each commit in GitHub includes information
about the author, timestamp, and a description of the changes
made, allowing for traceability and accountability.

¢ Integration with Data Governance Tools: GitHub can be
integrated with other data governance tools and platforms
to extend its capabilities. For example, you can integrate
GitHub with data cataloging tools to automatically extract
and synchronize metadata from data files stored in GitHub
repositories.

Implementing version control with GitHub as part of the data
governance strategy helps Data Engineering Program Managers
in ensuring the integrity, reliability, and transparency of data
assets and provides a structured approach to managing changes,
collaborating with team members, and maintaining a single source
of truth for the data ecosystem.

Data Security, Access Control, and Compliance
Data Security, Access Control, and Compliance are the final critical
component of a comprehensive Data Governance framework. They
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focus on protecting sensitive data, ensuring authorized access,
and adhering to legal and regulatory requirements. As a Data
Engineering Program Manager, understanding these concepts is
crucial to safeguarding data assets and maintaining the trust of
stakeholders.

Data Security

Data security involves protecting data from unauthorized access,
theft, misuse, and damage. It includes implementing technical,
administrative, and physical controls to ensure the confidentiality,
integrity, and availability of data.

Key aspects of Data Security Include:

*  Encryption: Encrypting sensitive data both at rest and in
transit to protect it from unauthorized access.

e Access Controls: Implementing stringent access controls to
ensure that only authorized individuals can access specific
data assets.

*  Network Security: Securing the network infrastructure to
prevent unauthorized intrusions and data breaches.

e Data Backup and Recovery: Regularly backing up data
and having robust disaster recovery plans to protect against
data loss.

Access Control

Access control involves managing and restricting access to data
assets based on the principle of least privilege. It ensures that
individuals can only access the data they need to perform their
job functions and prevents unauthorized access.

Key Aspects of Access Control Include:

Role-Based Access Control (RBAC): Defining user roles
and permissions based on job functions and granting access
accordingly.

*  Authentication and Authorization: Implementing strong
authentication mechanisms (e.g., multi-factor authentication)
and authorization processes to verify user identities and
permissions.

*  Auditing and Monitoring: Regularly auditing and monitoring
user access to detect and investigate any suspicious activities
or access violations.

*  Data Masking and Anonymization: Applying data masking
or anonymization techniques to protect sensitive data while
allowing authorized access for specific purposes.

Compliance

Compliance refers to adhering to legal, regulatory, and industry-
specific requirements related to data protection and privacy. It
involves understanding and implementing the necessary controls
and processes to meet compliance obligations.

Key Compliance Frameworks and Regulations Include:

*  GDPR (General Data Protection Regulation): A European
Union regulation that sets strict requirements for the collection,
processing, and protection of personal data of members of
the European Union [25].

* SOX (Sarbanes-Oxley Act): A U.S. federal law that
establishes requirements for financial reporting and internal
controls. It includes provisions related to data accuracy,
integrity, and retention.

e HIPAA (Health Insurance Portability and Accountability
Act): A U.S. law that sets standards for protecting sensitive
patient health information. It enables appropriate strict access
controls for healthcare data.

e PCI DSS (Payment Card Industry Data Security
Standard): A set of security standards for organizations that
handle credit card data. It mandates specific security controls
and practices to protect cardholder information.

By prioritizing Data Security, Access Control, and Compliance
as part of the Data Governance framework, Data Engineering
Program Managers can protect sensitive data, maintain the trust of
stakeholders, and avoid costly legal and reputational consequences.
It is essential to collaborate closely with cross-functional teams
and stakeholders to implement robust security measures, access
controls, and compliance processes throughout the data lifecycle.

Conclusion

In today's data-driven world, the role of data engineering program
managers is increasingly critical. By understanding and applying
the seven essential data engineering concepts discussed in this
article, program managers can effectively lead and manage data
engineering initiatives. From data architecture and storage to
data governance and security, each concept plays a vital role in
ensuring the success of data-driven projects.

Program managers who are well-versed in these concepts can make
informed decisions, communicate effectively with stakeholders,
and collaborate seamlessly with data engineering teams. They can
ensure that data infrastructure aligns with business objectives,
data quality is maintained, and data security and compliance
requirements are met. Moreover, staying current with the latest
trends and best practices in data engineering is crucial for program
managers. As big data technologies continue to evolve, program
managers must adapt and leverage new tools and techniques to
optimize data processing, storage, and analysis.

By combining a strong understanding of data engineering concepts
with effective project management skills, program managers can
drive innovation, improve decision-making, and create tangible
business value through data-driven initiatives. They can help
their organizations harness the power of data, gain competitive
advantages, and achieve strategic goals. In conclusion, data
engineering program managers play a pivotal role in bridging
the gap between technical expertise and business objectives. By
mastering the essential data engineering concepts and applying
them effectively, program managers can lead their organizations
towards a data-driven future, unlocking the full potential of data
and driving meaningful insights and outcomes.
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