The Architecture and

Application of

Big Data Computing

A visual primer on the mechanisms
and impact of modern data refinement.
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The Limit of Traditional Processing

The Paradigm Shift ‘

Extremely large and complex datasets Big Data Computing requires entirely new architectures
cannot be processed effectively using for scalable storage, distributed processing, and
traditional data processing tools. real-time analytics to extract meaning from chaos.

The Bottleneck 4
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The Anatomy of Big Data: The 5Vs Ecosystem

Volume

Massive scale generated every second.

Velocity

The speed of generation,
transmission, and processing.
Examples: Billions of social media posts,

IoT sensor data, Healthcare records. Examples: Real-time stock

transactions, Live GPS tracking.

Value

Meaningful insights extracted from
the noise. Data is only useful when
it yields actionable knowledge.

Examples: Predictive maintenance,
Customer behavior analysis.

Variety Veracity
Different types and formats of data The quality, reliability, and accuracy
running simultaneously. of the data.

Examples: Spreadsheets, CCTV

Challenges: Duplicate, missing,
footage, Medical images, XML.

inconsistent, or fake data.
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Dissecting Variety: The Data Taxonomy Matrix

REAL-WORLD PROCESSING
DATA TYPE FORMAT & RIGIDITY EXAMPLES COMPLEXITY
Financial ledgers, CRM ; :
Structured Tabl(elii&hsfgreig?sl;eets databases, Online L2 éi?fllz ;riggl)uzed
BICIBIGILY transactions 1
. XML, JSON Web server logs, API Moderate (Requires
Semi-structured (Medium Rigidity) payloads, Sensor outputs | parsing and formatting)

Unstructured

Images, Video, Audio, Text
(No Rigidity)

Social media posts, CCTV
footage, Medical images

High
(Requires Machine
Learning & Al analysis)

Architectural Imperative: Big Data systems must ingest, store, and cross-reference all three rigidities simultaneosl
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Managing Speed and Signal: Velocity & Veracity

Batch
Processing
(Periodic)

Velocity

=

Use Cases Pinned to Scale:

» Live GPS tracking
* Online banking fraud detection
» Real-time stock market transactions

=)

Millisecond

Real-Time

Processing

1_I_

Veracity

,-‘h a

Messy Input:
Duplicate data,
missing values,
fake/noisy data.

O

Clean Output:

High-quality, reliable,

accurate data ready
to drive decisions.
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The Big Data Economy Map (1/2)

Healthcare

Applications & Examples:

* Disease prediction & patient monitoring

» Al-assisted diagnosis & medical image analysis
* Smart wearable health devices

&

Ultimate Benefit: Faster treatment, better patient care, and
reduced healthcare costs.

A=

Education

Applications & Examples:

e Student performance & learning analytics
* Dropout prediction systems

* Personalized online learning platforms

<

Ultimate Benefit: Improved teaching strategies and
proactive academic monitoring.

/f Business & Marketing

., B2 Applications & Examples:

e Customer segmentation & sentiment analysis
* E-commerce product recommendation systems
» Sales forecasting

4

Ultimate Benefit: Personalized experiences leading to
increased revenue and satistaction.

[’ y %} Banking & Finance

Applications & Examples:

o Real-time fraud monitoring systems
o Algorithmic trading & risk analysis
* Automated credit scoring

<

Ultimate Benefit: Enhanced financial security and faster,
data-driven decision making.
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The Big Data Economy Map (2/2)

rdaﬁ

. Transportation
T & Smart Cities
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Applications & Examples:

e Traffic prediction & route
optimization

* Autonomous vehicles & smart parking

e Ride-sharing apps & smart traffic

management | |

Ultimate Benefit:
Reduced urban congestion
and vastly improved
transportation efficiency.

Applications & Examples:
e Smart farming & crop monitoring

o JoT-based irrigation & drone
monitoring

e Predictive weather & soil analysis

.

Ultimate Benefit:
Increased crop productivity
and drastic reduction in
resource wastage.

@@ Social Media &
%ﬂﬁ Entertainment

o
"'-....-"'

Applications & Examples:

e Content recommendation
algorithms

e Trend & user behavior analysis
e Video streaming analytics

Ultimate Benefit:
Hyper-personalized user

experiences and maximized
audience engagement.
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The Computing Architecture Stack

Top Layer: Intelligence & Cloud

Cloud Computing platforms (AWS, GCP, Azure)
provide elastic scalability to host complex
Data Analytics and Machine Learning models.

Middle Layer: Parallel Processing

Data is processed simultaneously across
multiple nodes, ensuring faster execution
and immense fault tolerance.

Base Layer: Distributed Storage

High-capacity, redundant file systems (e.g.,
HDES) spanning across multiple servers
to hold massive datasets reliably.




Mechanics of Scale: Storage vs. Processing

Distributed Storage Parallel Processing
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High-capacity systems (e.g., HDFS, Cloud storage) take Massive computational tasks are divided into smaller
massive, single datasets an slice them into blocks. These sub-tasks. Multiple worker nodes execute these sub-tasks
are stored across vast networks of separate servers, simultaneously (e.g., via Spark clusters), turning days of
guaranteeing immense capacity and data redundancy processing time into minutes.
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The Frameworks Matrix: Choosing the Right Engine

Software Framework Processing Paradigm | Ideal Strategic Use Case

Distributed storage : Processing massive historical
Apache Hadoop & processing Batch Processing datasets over time.
- Iterative ML algorithms,
Apache Spark FaStrlg}lg g;;?l’lﬁl'y Hybrid (Fast Batch) | processing millions of records
P 5 simultaneously.
Apache Hive Data warehousin SOL-like Querying | Querving static data residing
P 5 = YIE | in massive Hadoop clusters.
Data ingestion & i3 : Capturing and moving high-
Apache Kafka routing Real-time Streaming velocity live data feeds.
Apache Flink Real-time analytics | Continuous Stream Sub-millisecond analytical

processing on live data.
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The Accelerators: Amplifying Value via Cloud and ML

& Data Analytics & ML

* Tools: Python, TensorFlow,
Spark MLIib -

The Catalyst

NZANL. The integration of limitless
RSN cloud storage scale with
| S V7 N :
} S advanced Machine
AR5 /> ® . Learning logic enables
\\y/Z2 " complex Recommendation

Systems and Predictive
Maintenance models to

\\ \ e Core Traits: Elastic e Core Traits: Predictive [UNALIC IR
scalability, immense analytics, pattern
L N\ \_cost efficiency, remote | recognition, advanced
_‘ ccessibility \\ forecasting
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Synthesis: The End-to-End Big Data Engine

Stage 1: The 5Vs Stage 2: Storage Architecture : Stage 3: Computation . Stage 4: Value Extraction
Massive volume, velocity,and :  Cloud Platforms and Distributed : Parallel Processing (Spark, Kafka) . Actionable intelligence applied
variety of messy, raw data :  Storage ﬁl{IDFS securelyingest  : and Machine Learning (TensorFlow) : directly to Healthcare, Finance,
streams enter the system. i and hold the datasets. i  organize anu.il analyzei thedata i Transportation, and Business.
: : simultaneously. :

= ha

Healthcare | i S

Transportation
=, Busi

L

The Pipeline Reality: Raw chaos enters. Intelligent, automated value exits.
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The Foundation of Digital Transformation

-

The Paradigm Shift

Big Data computing has permanently

The Architectural Necessity
The Architectural Necessity

Distributed systems and elastic cloud
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transformed how organizations
collect, process, and extract utility e
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Strategic Imperatives Enabled:

» Executing sub-millisecond real-time analytics.
* Powering overarching business intelligence.

* Deploying next-generation Al and smart
automation.

Mastering the architecture of Big Data is the prerequisite for participating in the modern digital economy.
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