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Executive Summary

Data engineering plays a critical role in real-time analytics of designing, building, and maintaining the
infrastructure that enables the continuous flow and processing of data. Key tasks include setting up data
pipelines to ingest and process large volumes of real-time data, ensuring data quality and consistency, and
optimizing storage for quick access. Data engineers also implement frameworks for low-latency analytics,
enabling businesses to make immediate, data-driven decisions. Their work ensures that real-time insights
are actionable, accurate, and efficiently delivered across the organization.

Stream processing and batch processing are essential for various real-time analytics use cases. Stream
processing enables businesses to analyze data in real-time, providing immediate insights for critical
operations like fraud detection in banking, personalized customer experiences in e-commerce, and
equipment monitoring through loT devices in manufacturing. On the other hand, batch processing is
valuable for tasks that involve large-scale, periodic data analysis, such as regulatory reporting in financial
institutions and data warehousing for historical trends. The approaches combined empower businesses to
meet diverse analytical needs.

This white paper outlines the critical role of data engineering in real-time analytics across distinct layers:
Ingestion, processing, integration, storage, and visualization. It highlights how data is captured,
transformed, stored, and analyzed for immediate insights, emphasizing the importance of accuracy and
scalability. The paper also emphasizes the usage of modern engineering concepts like Al/ML integration,
serverless computing, and edge computing to facilitate real-time utilization of data.

The Role of Data Engineering in Real-time Analytics - Whitepaper 2



Data Engineering Fundamentals

Data engineering is a critical discipline within the broader field of data science and analytics. At its core,
data engineering focuses on the practical aspects of managing, processing, and transforming data for
analysis. It serves as the foundation upon which data scientists, analysts, and machine learning

engineers rely to obtain clean, reliable, and accessible data.

Organization Wisdom

@ The organization gains wisdom,
leveraging insight for growth.

Data Insights

¢ Actionable insights emerge, driving
informed decision making.

Data Analytics

Analytics - Data analytics unlocks patterns, trends,
and correlations.

Raw Data Chaos

& .
Unorganized data sources create

a chaotic landscape.

Overview of the layers involved in data engineering

The primary responsibilities of data engineers include data extraction, data transformation, data storage,
and data retrieval. They design and implement data pipelines that connect various data sources, such as
databases, APIls, and streaming platforms, to centralized data repositories. These pipelines ensure that
data is ingested efficiently and consistently, regardless of its source or format.
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Real-time Analytics Overview

Batch & Stream Processing

Real-time analytics represents a paradigm shift in the
way organizations extract insights from their data by
enabling the instantaneous processing and analysis of
information as it is generated. At its core, real-time
analytics involves the timely interpretation of data to
iInform decision-making processes, offering a competitive
advantage in today's fast-paced business landscape.
Unlike traditional batch processing, real-time analytics
enables organizations to respond to events as they
happen, facilitating swift and informed actions.

Stream processing approach is particularly crucial in
dynamic sectors such as finance, e-commerce, and
telecommunications, where split-second decisions can
have a significant impact. Real-time analytics
encompasses a spectrum of use cases, ranging from
monitoring social media feeds for customer sentiment to
optimizing supply chain operations in response to
changing demand patterns.

CASE STUDIES

"JPMorganChase

JP Morgan Chase, one of the largest and
most prominent banks in the world, relies on
data analytics technologies to provide more
personalized financial services to its
customers. Through advanced data analytics,
the bank has streamlined its operations and
Improved customer experiences. JP Morgan
Chase constantly monitors market trends and
economic indicators. Real-time analytics
enable the bank to provide customers with
timely advice and recommendations on
iInvestment opportunities and risk
management strategies.
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Batch Proc:«

Batch processing refers to the method of
processing large volumes of data collected
over a period and executing the processing in
groups or ‘batches' at scheduled intervals. This
approach is typically used when immediate
results are not required, and it facilitates the

efficient handling of extensive datasets.

Stream processing involves the continuous
iInput and processing of data as it is generated
or received. This method enables real-time
analytics and decision-making, making it ideal
for applications that require immediate insights
from incoming data streams.

Spotify, a leading music streaming platform,
leverages real-time data analytics to
enhance user experiences and personalize
music recommendations. With millions of
users streaming music at any given moment,
Spotify’s success hinges on its ability to
provide tailored playlists and song
suggestions in real-time. By analyzing real-
time data, Spotify can recommend new
songs, albums, and artists to users based on
their listening history and current trends.
These recommendations are crucial to
keeping users engaged with the platform.



Hybrid Architecture: Lambda and Kappa

Sometimes real-time analytics involves both batch and stream processing in a hybrid mode. The Lambda
Architecture is a deployment model for data processing that organizations use to combine a traditional
batch pipeline with a fast real-time stream pipeline for data access.

The Kappa Architecture is a similar software architecture used for processing streaming data. The Kappa
Architecture is considered a simpler alternative to the Lambda Architecture as it uses a single technology
stack to handle both real-time stream processing and historical batch processing.

The integration of real-time analytics empowers businesses to not only stay abreast of evolving trends but
also to proactively address challenges and capitalize on emerging opportunities in a highly responsive
manner. As technology continues to advance, the scope and applications of real-time analytics are
expanding, reinforcing its pivotal role in shaping the agility and competitiveness of modern enterprises.
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The Intersection of Data Engineering
and Real-time Analytics

The intersection of data engineering and real-time analytics represents a critical juncture in the data-
driven decision-making process for organizations in the digital age. Data engineering serves as the
backbone of real-time analytics, enabling the seamless flow of data from various sources to the analytics
tools and platforms that generate insights in real-time. Data engineering for real-time analytics can be
broken down into four distinct layers.

B Ingestion Layer: This layer is an entry point for incoming data from various sources, such as sensors,
APls, 10T devices, web applications, social media feeds, databases, etc., ensuring it is captured and
directed into the processing pipeline. Data engineers design and implement systems that capture this
influx of data without interruption, often utilizing technologies like Apache Kafka or message queuing
systems to handle high data volumes and velocity.

B Collection Layer: This layer accommodates varying data volumes, facilitating a smooth transition
between data sources and processing.

B Processing Layer: The data processing layer is where the magic happens, with real-time data
transformation and analysis. Data undergoes intricate operations such as complex event handling,
filtering, aggregation, and pattern recognition to derive meaningful insights from the incoming data.
Data records are processed in the order they are produced, allowing for real-time analytics and event-
driven applications. This involves data engineers applying transformations, data enrichment, and
filtering to the raw data, making it suitable for analysis. This step is crucial, as real-time analytics
heavily relies on the accuracy and consistency of the incoming data.

B Storage and Aggregation Layer: Enriched data from the processing layer is stored and organized in
the storage and aggregation Layer, providing scalable and cost-effective components to store
streaming data. In real-time analytics, this often means using data warehouses or data lakes that can
handle massive amounts of data and facilitate rapid querying. This layer includes various data storage
solutions, such as time-series databases and columnar stores, and striking the right balance between
real-time and historical data storage is essential for efficiency and performance.

B Visualization Layer: The final step in real-time data processing is to leverage comprehensive
monitoring and logging tools to prepare charts, reports, or graphs and provide actionable insights.
Real-time dashboards and alerting mechanisms help track the health and performance of your
system, detect issues, optimize performance, and ensure data quality.
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In our view, brands that build the most effective, real-time customer experiences are those that master

three interrelated capabilities—through analytics and insights:

Unified customer data platforms: This capability unifies a company’s customer data from online
and offline channels to extract customer insights and shape the customer experience.

Proactive analytics (with machine learning and Al): These purpose-built data collection and
analytics capabilities incorporate insights on customers, marketing programs, and related customer-
Impacting functions such as service, operations, and support.

Contextual interactions: This capability involves using real-time insights on where a customer is in
a journey digitally (browsing product reviews) or physically (entering a retail outlet), drawing her
Into subsequent actions the brand wants her to pursue.

Delivering these capabilities will also require modernizing the underlying data infrastructure in order to

make It more robust and agile. This should happen in three key areas:

Data volume and variety: Both analytics and Al workloads rely on data—and lots of it. The data
infrastructure should be able to accommodate massive volumes of data, as well as many
different data types.

Data, analytics, and Al strategy: Without a clearly defined strategy connecting each of these
critical aspects—one that includes stringent data governance and lineage policies—the underlying
data infrastructure may never deliver on the promise of a world-class customer experience.

Unified data and analytics infrastructure: Only when data and analytics are working in lockstep
with one another is it possible to accelerate and scale analytics and Al across the organization.
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Core Technologies in Data Engineering
for Real-time Analytics

The field of data engineering for real-time analytics relies on a set of key technologies and tools to
efficiently process, integrate, store, and analyze streaming data in real-time. Here's an explanation of
some prominent technologies and tools in this domain:

Data Processing

The role of Data Engineering in Real-time Analytics extends to managing the challenges associated with the
velocity and volume of data. With the advent of technologies such as Apache Kafka and Apache Flink, data
engineers can implement scalable and efficient streaming data processing, enabling organizations to keep
pace with the continuous influx of data.

Apache Kafka

Kafka is a distributed streaming platform that enables the building of real-time data pipelines and streaming
applications. It is commonly used for ingesting and processing large volumes of data in real-time.

Apache Flink

Flink is a stream processing framework that supports event time processing and exactly-once semantics.
It is designed for high-throughput, low-latency processing of real-time data streams.

Apache Storm

Apache Storm uses a parallelism model where data is processed by a set of parallel tasks. Each task
processes a subset of the input data, and they are connected by bolts together to create data streams.
This enables Storm to process distributed data using multiple machines simultaneously.

Data Integration

The role of Data Engineering in Real-time Analytics extends to managing the challenges associated with the
velocity and volume of data. With the advent of technologies such as Apache Kafka and Apache Flink, data
engineers can implement scalable and efficient streaming data processing, enabling organizations to keep
pace with the continuous influx of data.

Apache Spark

Spark is a fast and general-purpose cluster computing system that supports in-memory processing. It
includes Spark Streaming, a micro-batch processing module, which can be used for real-time data processing.
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Talend

Talend is an open-source integration tool that provides a unified platform for ETL (Extract, Transform, Load)
processes. It supports real-time data integration and can connect to various data sources and destinations.

AWS Glue

AWS Glue is a cloud-based and serverless data integration service that helps users to prepare data for
analysis through automated extract, transform and load (ETL) processes. This managed service offers a
simple and cost-effective way of categorizing and managing big data in the enterprise and using it for
various applications.

Fivetran

Fivetran offers a huge collection of fully managed connectors to automatically move data from SaaS
applications, databases, ERPs, and files to data warehouses, data lakes and, other cloud storage solutions.

Data Storage

When choosing the right storage system for data in real-time analytics, there is no one-size-fits-all solution.
Different factors, such as the volume, velocity, variety, veracity, and value of your data, as well as the
complexity, latency, and frequency of your analytics need to be taken into account. Generally speaking, you
should consider the trade-offs between consistency, availability, and partition tolerance (CAP theorem) of
different storage systems and how they affect your analytics goals.

Amazon Redshift

Redshift is a fully-managed data warehouse service by Amazon Web Services (AWS). It allows users to
analyze large datasets with high performance and scalability, making it suitable for real-time analytics.

Google BigQuery

BigQuery is a serverless, highly-scalable, and cost-effective multi-cloud data warehouse by Google Cloud.
It enables real-time analytics on large datasets using SQL-like queries.

Firebase Realtime Databas

The Firebase Realtime Database is a NoSQL database from which we can store and sync the data between
our users in real-time. It is a big JSON object which the developers can manage in real-time.

The Role of Data Engineering in Real-time Analytics - Whitepaper O



The Data Pipelines ETL/ELT
for Real-time Analytics

In the realm of Real-time Analytics, the speed at which data is ingested, processed, and made available
for analysis is of the essence. Data Engineering steps in to address this need by designing robust data
pipelines that facilitate the seamless flow of information from diverse sources to analytics platforms. The
role of Data Engineering in Real-time Analytics extends to managing the challenges associated with the

velocity and volume of data.

Streaming ETL vs ELT

salesforce -

0 - e

i u
N
Data Streams

Stream Processing Engine Destination System

(Extract) (Transform) (Load)

In traditional data environments, ETL software extracted batches of data from a source system usually
based on a schedule, transformed that data, and then loaded it to a repository such as a data warehouse
or database. Streaming ETL may be referred to as real-time ETL. A streaming ETL architecture is
fundamentally the same as a traditional ETL architecture with data sources on the left. The streaming ETL
application may extract data from the source, or the source may publish data directly to the streaming ETL
application. When a streaming ETL process is completed, it may pass data to the right to a destination
(potentially a data warehouse), or other applications or repositories. Or it may send a result back to the
original source on the left. Real-time applications like 360-degree customer view, fraud detection, loT,

edge computing, streaming analytics, and real-time payment processing require streaming ETL.
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Data Warehouse/Data Lake Data Processing Engine

(Load) (Transform)

Data Streams

(Extract)

ELT, which stands for “Extract, Load, Transform,” is another type of data integration process, similar to its
counterpart ETL, “Extract, Transform, Load”. ELT loads data directly into the destination system and
transforms it in parallel. It uses the processing power and parallelization that cloud data warehouses offer to
deliver real-time or near real-time data transformation for analytics. ELT also makes it easier to customize the
pipeline for different goals. For example, if analysts want to measure something new, they don't have to
change the whole pipeline, they can just change the transformation part at the end. ELT is a good option if
there’s the need to make real-time decisions based on data. This is because the target system can perform
data transformation and loading in parallel, which speeds up the process. ELT is generally more cost-
effective than streaming ETL, as it requires fewer specialized tools and resources to be initially implemented.
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Data Visualization and Real-time Application

Real-time data visualization is the process of presenting data through visuals in real-time, allowing users
to receive and analyze information the moment it's generated and processed. It's like a live feed for your
data showing you what’s happening as it happens.

By turning streams of incoming data into visuals, real-time data visualizations let you catch trends,

spikes, and anomalies in the moment. This instant snapshot helps you make quick decisions, keeping you
agile and informed.

Benefits of Real-time Data Visualization

Real-time data visualization offers several key benefits, including:

@ Enhanced decision-making. It enables quicker, data-driven decisions by providing up-to-
the-minute information, reducing response times to emerging situations.

@ Streamlined data analysis. Leveraging real-time data visualization you can save time and
resources by eliminating the need for manual data compilation and review.

Improved performance monitoring. Real-time data visualization facilitates continuous
@ monitoring of operational processes, systems, and performance metrics, providing for
Immediate adjustments.

@ Proactive problem-solving. Instant data visualization helps in identifying issues in real-time,
allowing for prompt intervention before problems escalate.

@ Better customer experience. Interactive dashboards and visuals support real-time tracking
of customer behavior and trends, enabling personalized responses and services.
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Future Trends and Developments

Future Trends and Developments in the realm of data engineering and real-time analytics are essential to
consider as technology continues to evolve rapidly. These trends hold the potential to reshape how
organizations collect, process, and derive insights from their data, enabling them to stay competitive and
make data-driven decisions more effectively. Here are some key points to consider:

Advanced Data Streaming

One notable trend is the advancement of data streaming technologies. As the volume and velocity of data
continue to grow, platforms like Apache Kafka and Apache Flink are likely to become even more
sophisticated. Real-time data streaming will enable organizations to process and analyze data as it's
generated, facilitating quicker responses to events and opportunities.

Al and Machine Learning Integration

The integration of artificial intelligence (Al) and machine learning (ML) into data engineering and real-time
analytics will become increasingly prevalent. These technologies can enhance predictive analytics, anomaly
detection, and automation of decision-making processes, making it easier to extract valuable insights from
real-time data streams.

Serverless Computing

Serverless computing models, such as AWS Lambda and Azure Functions, are gaining popularity. In data
engineering, this trend means that organizations can focus on building data pipelines and analytics without
the need to manage underlying infrastructure. This can lead to cost savings and greater aqility in deploying
real-time analytics solutions.

Data Governance and Privacy

With increasing concerns about data privacy and regulations like GDPR, future trends will place a stronger
emphasis on data governance and security. Organizations will need to implement robust data governance
frameworks to ensure compliance, secure sensitive data, and build trust with consumers.

Edge Computing

The rise of edge computing will influence real-time analytics. Processing data at the edge, closer to where
it's generated, can reduce latency and enable faster decision-making. Data engineers will need to adapt
their strategies to accommodate edge computing architectures.
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About Us "% Gleecus

TECHLABS

Gleecus TechlLabs Inc. is one of the fastest growing IT innovation partners for startups, SMBs, and
enterprises that help clients envision, build, and run more innovative and efficient businesses. We

envision the data engineering and governance strategy for enterprises to stay ahead of the curve

leveraging latest data for real-time decision-making.

Our team builds, integrates and manages data integration, ingestion pipelines and state-of-the-art data
engineering framework for high-speed data analytics solutions. Our expertise in handling cloud-native
services and resources helps enterprises derive significant value from their data at a nominal cost and
zero worries about maintenance.
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the consumption and processing of high P [
velocity data for real-time analytics. | =
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Gleecus TechLabs Inc. is an ISO 9001:2015 and ISO/IEC 20000-1:2018 certified Forward Thinking Digital Innovation
partner creating impactful business outcomes with Engineering & Experience. With deep focus on Cloud, Data, Product
Engineering, Al and Talent we help organizations become Digital Natives.
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