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Teaching Activities

@ Courses

* Big Data Analytics
* Cloud Computing

Target profiles

Big Data

@ Programs

* Apprenticeship track
* Research track

@ Objective
Provide students with a comprehensive
understanding of the Modern Data Stack

@ Tools
j[> aWS academy

Y Google Cloud
< databricks

University Alliance

O Education
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Analytics

Cloud Infrastructure

Storage

(1) Learning objective | intrastructure

* Raise awareness of the hyperscale infrastructure that
powers the Modern Data Stack

(2) Keyconcepts

* Cloud service model (*aaS)
* Networking (VPC)
* Pricing model (pay-as-you-go)
* Global infrastructure
* Regions
* Availability Zones
 Data Centers




Cloud Infrastructure: Activities

Azure Synapse Analytics

Upfront: $0.00 Monthly: §6,418.94

Azure Analysis Services

Upfront: $0.00 Monthly: $95.04

Power Bl Embedded

Upfront: $0.00 Monthly: $1,445,83

@ Cost Estimation

Model and serve

B —— 8=

Azure Synapse Azure Analysis

Analytics Services
Storage Accounts Dat. Upfront: $0.00 Monthly: $15,818 (Synapse SQL)
Azure Cosmos DB Sta Upfront: $0.00 Monthly: $273.36 é
Ingest Store @ Prep and train
Logs, files, and media ==
(unstructured) 4= =,

* Estimate the cost of a data pipeline

using the AWS Pricing Calculator

@ Infrastructure Deployment

* Deploy an AWS EC2 instance
within a custom VPC
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Cloud Infrastructure: Activities

* Visitto the CNRS IN2P3* Computing Center

Computing Room Mass Storage Room Computing Museum

*Institut National de Physique Nucléaire et de Physique des Particules



Analytics

Distributed Storage

Infrastructure

@ Learning objectives

* Understand the effect of data location and storage choices on
latency, redundancy, and cost

(2) Key concepts
* Block Storage vs Object Storage

e Storage classes (hot, warm, cold tiers)

* Service Level Agreements
* Availability 99.9%
* Durability 99.999999999%



Distributed Storage: Activities

@ HDFS Fault Tolerance

 Create a HDFS clusterin AWS Cloud9 to study
the HDFS fault tolerance mechanism based on
block replication

@ Amazon S3 Exploration

 Understand Amazon S3 buckets and objects,
and experiment with cross region replication and
storage classes (S3 Standard, S3 Glacier)
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Amazon EC2 Your server
instance

+ AWS Cloud9 + AWS Cloud9
environment environment

computer

AWS Cloud9

*  IDEina
web browser
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Distributed Storage: Activities

* Demo: Federated queries on Amazon S3 using Athena
* Pricing is based on data scanned (GB scanned per query)

Athena

Without High Cardinality
Partitioning Partitioning
" saubuckey | [ s3ubuckev
T andam ~ customer 1
}»j cust_1_data
T customer 1




Analytics

Distributed Processing

Storage

Infrastructure

@ Learning objective

* Understand how large-scale datasets are processed ina
distributed cluster environment

@ Key concepts
* Map > Reduce data processing

* Directed Acyclic Graph data processing

* RDDs

* Spark execution model & architecture
* Jobs > Stages > Tasks
* Driver > Executors > Slot/Core
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Distributed Processing: Activities

@ Understanding MapReduce
* MapReduce patterns by hand and with a simulated cluster

We Will Rock You Post its
Song by Queen (1977)

Node 1 Node 2 Node 3

TR S (e

Mpp' gpocess Mw'gpfces Mpp gprocess

Aoton | | 00000 | | Do000

Pel aded local
input data

[—"‘,
’! Intermediate data
L‘. from mappers

1. Buddy, you're a boy, make a big noise s exchanges

2. Playing in the street, gonna be a big man someday . §s Y S pocess

3. You got mud on your face, you big disgrace Node 1 Node 2 Node 3
4. Kicking your can all over the place, singin hmsics Lol | REEEE E?SEEE REEEEES]
5. We will, we will rock you oy

6. We will, we will rock you
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Distributed Processing: Activities

Building a Spark Cluster

* Creating a custom spark cluster with EC2 instances

Demo: Large-Scale Processing with AWS EMR

* Implement a Word Count application
using AWS EMR and Amazon S3

il

.g Amazon EMR Cluster (on EC2)

AWS Glue
Data Catalog

& -

Amazon S3
Bucket

! ! oo Voo Spcv‘ll(\Z »-

Master Node Core Node Core Node Core Node Task Node Task Node
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EC2 EC2 EC2 EC2 EC2 EC2 @ _
Instance Instance  Instance  Instance Instance Instance Flink
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Big Data Analytics

Storage

Infrastructure

@ Learning objective

* Understand how modern analytics platforms such as Databricks work,
and how they use distributed computing for large-scale data analysis

(2) Keyconcepts

* Data Frames
 Spark SQL => Query optimizer
* Graph/stream/semi-structured processing
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Big Data Analytics: Datathon

Big Data Analytics About Staff Syllabus~ Exercises Datathon Demofest Resources

Datathon
Description
Instructions
Evaluation
Resources
Queries TODO

Teams

Analisis of Web Archives from
the Digital Humanities

Q&N

—

@ Common Crawi
Mmaintains a free,

open repository of o
webcrawlidatathat .
can be used by

anyone.

Access to the corpus hosted by Amazonis free.

Total Size

Data Type File List #Files Compressed (TiB)
Segments segment.paths.gz 100
WARC warc.paths.gz 100000 86.48
WAT wat.paths.gz 100000 14.27
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Big Data Analytics: Datathon

Collection Analysis Text Analysis Link Analysis

* ExtractALL urls * Extract text in X language « Extract link structure

* Extracttop level-domains . Extract text without boilerplate  Export to Gephi

+ + +
+ +

|domain |count |
” ) b + + + ==‘ Ko = = , -
4 ! |www. equalvoice.ca |4274 | _omawag!R = :
VL J we |www. Liberal, ca 11968 | e DER \
s (1) |www. policyalternatives.ca|588 | ' Sagent r/ \ ¢
. St |greenparty.ca 1535 | canada \
/ Tl C rane r |www. fairvote.ca |442 | Kpary - V\/\
! y |wwe.ndp. ca 1416 | boxgsss,
|www.davidsuzuki.org 1348 |
|www. canadiancrc.com |88 | oy — -
|communist-party.ca 139 | ke
|www.ccsd. ca |22 |
WARC only showing top 10 rows
VVAIKL Te AUT too l.S
WARC record
HTML Text header — T -
M HSE s Spark Node
Content
@ JPEG ) block
(imaga/jpeg binary data]

PDF Datalake - - -

WPS
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DemofFest

Big Data Analytics

s
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Lessons Learned



Public clouds offer a complementary perspective

@ Data processing at scale requires elastic
infrastructure

@ Data locality impacts performance and cost

High availability and fault tolerance are built
into modern cloud architectures

@ Environmental footprint

*" Physically

: connectivity

------------------------------------------------------------
* L4
* *

distinct

Network

hvaitability Zone

: Uninterruptible Cooling :
%, power supply AWS Region equipment

* *
. .
-------------------------------------------------------------
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Help to connect Research & Practice

* Scientific papers and blog articles provide insights into popular cloud
services internal

amazon science
N

Research Area

Cloud and systems

Developing new technologies that offer increased computing
power, expanded database storage, faster content delivery, and
other capabilities.

] [ Big data ] [ Hardware ] + 2more
Agentic simulacra for sy
s:l‘;ﬁ::tions management data gener

r 1 Construction management sys
View all ‘ capturing complex stakeholde
: dependencies, yet accessing re

Automated reasoning

eve® Mv <«

allthingsdistributed.com

ALL THINGS DISTRIBUTED

AWS Lambda turns 10: A rare look at the doc

that started it

November 14, 2024 - 5460 words

»

One of our strengths at AWS has always been our ability to get

primitives into the hands of our customers and observe what they do. In

nearly every instance, someone uses these building blocks in

(

The Story of AWS Glue

Mohit Suxema’, Renjusain Soaell, Daya Alimgis Niti Babisdar, Sijay sht, Sansoc
Chandrachood, CTist Kevwaal. G2 Kridamamosethry, Aastis Lee. fiohow 14, Zach Mitchet, Vablay
Pocwal Maberdhar Reddy Chappida, ieian Roks, Nortaka Sekiyatne, Over Zaki Lnchi Zung.
Mebi A Shabf
Amazon Web Services
Fue prperipanatn com

.
~

‘Ill i
v | [ TS

P 1 Eable e by s v (o AN Gl i g

AWS Glue
tis all about spark)

Using Lightweight Formal Methods to Validate a
Key-Value Storage Node in Amazon $3

Juuses Becsbok Faires Joshi Vytauras Asaeskas
Amaro, e Sermer T Zrarch

Sardar Toasran Jacsh Vs Geflen
" — Unnsraty of Wobtagm

AWS S3
(key-value sharding stores)
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Example S3 Architecture™ ., ....someenoe

Region T L e

Metadata
manager

Object I Control
8 ShardStore
Plane

User

ShardStore

Amazon S3
/1 2 2

_____________________________________________________

* Shards objects
* Replicates shards for durability

i ShardStore

b o o o e e e = e = e - - - ——

____________________________________________________________________________________________________________________________________________________________________________

“Using Lightweight Formal Methods to Validate a Key-Value Storage Node in Amazon S3. SOSP’21, 2021 29



Practical exercises are “simplified”

@ Students only require a web browser

@ Students can experiment with administrative privileges

@ Extensive documentation, tutorials, and |8 LocalStack
service simulators are available

cloud development &
L

@ Infrastructure is accessible 24/7 from anywhere
* If AWS goes down, half the Internet starts panicking!!
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Students feedback

@ Experience with cloud platforms provides a
competitive advantage on the job market

@ Certification vouchers are a plus+ & & ki
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Why AWS for teaching ?

Credits Certification Provided Material | Ecosystem
Benefit

50$ 4examvouchers < Slides AWS build
(prof. enroll students * Readytouse
on demand) projects
 MCQs
e Multilingual
GCP 50$ 50% discount  Slides Skills boost +
(prof. request 5000 credits

coupons in advance)

Azure 100$ Varies by program Microsoft Learn
(student redeem (free)
his/her own credits

yearly)
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Conclusions

(1) Teaching with AWS works well, but keep it simple
* Focus on concepts, avoid replicating production environments

* Design exercises that can be completed within a course session

@ Academic programs evolve continuously

* Prefer free-tier or always-free services

* Ensure exercises remain viable even if educational programs change

> - GCP temporarily suspended educational credits outside the US in 2025
- GitHub Education reduced its Codespaces offering in July 2026
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Recommended Resources

Free

=R
8 o

| ' Douglas £ Comer

MPUTING i

AL OF COUFRITRG XPLAINED

COMPUTER
ARCHITECTURE

OREILLY R
Learning . Designing

E i Spd rk p DataIntensive

Applications
Free Free (formerly)

Martin Kieppmann

Free

DISTRIBUTED
SYSTEMS

The Definitive Guide

&

Spark

The Definitive Guide

wane s

B4 Chambers & Matei Zahana

Lectures

e @GhislainFournyslLectures

* YouTube
m.‘ L ) :
E.\ Ghislain Fourny's lectures

L ! (@ChslsinFournyslectures b . vide

-ie
-’

and 2 more links

Playlists

Information Retrieval - ETH Big Data for Engineers - ETH Information Systems for
Zurich - Spring 2026 Zurich - Spring 2026 Engineers - ETH Zurich - Fal...
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