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Agenda

- The urgency for environmental sustainability

- Amazon sustainability journey

« AWS as a technology partner

- Dive deep on delivering sustainable, high-performing architectures
« Modern data architecture

« Demo
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The urgency for environmental sustainability

4

IPCC: "Now or never" on 1.5°C warming limit

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. Source: https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
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“Technology is a vital enabler of
sustainability”

“Powered by these twin engines of
growth, they're 2.5x more likely to

outperform their peers.”
Accenture (April 2021, May 2022)

Source: https://www.accenture.com/us-en/insights/technology/uniting-technolo

sustainability, https://www.accenture.com/us-en/blogs/technology-innovation/tech-
sustainability-leadership
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Amazon sustainability journey

E': PO Sustainability report published annually since 2019
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Amazon becomes largest corporate buyer of
renewable energy globally

Ordered 100,000 Rivian electric delivery vehicles

o
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HQ2: Building achieved LEED Platinum, highest
certification for sustainable development

Reduced per-shipment packaging weight by 38%
and eliminated over 1.5 million tons of packaging
since 2015

__H:ﬂ__

— &

Echo and Fire TV Low Power Mode, use of recycled
materials, investment in renewable energy

capacity equal to Echo, Fire TV, and Ring device
use by 2025

Read more: https://sustainability.aboutamazon.com/

Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Further and faster, together

September 19, 2019

Amazon and Global Optimism announced
The Climate Pledge, a commitment to meet
the goals of the Paris Agreement 10 years
early—and achieve net-zero carbon by
2040. Amazon is a co-founder and first

signatory of The Climate Pledge.
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AWS sustainability journey

d ;Q; Water stewardship: evaporative cooling,

s recycled water, and onsite water treatment

[

|
——=__ New data center construction incorporates use of
oo low-carbon concrete

@) Launch of AWS Well-Architected Sustainability
|| — Pillar; launch of AWS customer carbon

footprint tool
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Graviton processors provide better performance
per watt than any other AWS processor

Renewable energy to power data centers
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Amazon Sustainability Data Initiative (ASDI)
provides free access to satellite data and climate
models




AWS as your sustainability partner

aws,1 © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Shared responsibility model with AWS

Data design & usage

Software application design

Platform deployments and scaling

Data storage Code efficiency Utilization & scaling

Customer is responsible for
sustainability in the cloud

Servers Cooling Water Waste

AWS Global Data centers Building

Infrastructure Electricity supply materials

Customer
AWS

AWS is responsible for
sustainability of the cloud

aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Your sustainability journey and AWS

Migrate Transform Optimize
Take advantage of the cloud Leverage data, AWS professional services, Deliver sustainable,
and AWS efficiency and digital innovation high-performing architecture
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Migrate to AWS

A carbon reduction opportunity

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Carbon reduction opportunity

AWS can lower the carbon footprint of average on-premises data center workloads by nearly
80% today and up to 96% once AWS is powered with 100% renewable energy

Europe
Up to 5 times more
energy efficient

A

3.6 times more
energy efficient

Asia Pacific
5 times more
Find all the reports on https://aws.amazon.com/sustainability/resources energy efficient

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
)


https://aws.amazon.com/sustainability/resources

Transform

Access and leverage sustainability data
AWS Professional Services Sustainability Practice
Build cloud-native solutions

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Build sustainability solutions

I
3.
X

7

Carbon footprint Sustainable building Energy analytics
framework management and forecasting

Tap into industry-specific expertise, including:

Sustainable
packaging

g ﬂ
| = E >
. Retail, logistics, and
ASLE TS SR consumer packaged goods
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Sustainability data programs

Open Data Amazon Sustainability AWS Data
Program Data Initiative (ASDI) Exchange

Data to address a wide range of sustainability challenges

Image from Landsat 8 satellite,
courtesy of the U.S. Geological Survey

dws © 2022, Amazon Web Service
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Optimize workloads

To deliver sustainable, high-performing
architecture

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Sustainable high-performing architectures

Resource-efficient Impact-aware

[ AWS Well-Architected ]

[ AWS Trusted Advisor ] AWS Carbon Footprint Tool
DAWS Compute Optimize [ Amazon CloudWatch ]

[ Amazon covecurs | [l [ 65 s3storagerens ]
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AWS Well-Architected

Business need

Time to value for feature
delivery of sustainable products
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The six AWS WA pillars
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A typical cloud workload
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Focus domains of AWS WA Sustainability pillar

M M
[ [

Region User Software &
selection behavior architecture

Hardware Development &

deployment process
aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Region selection

dws

N7

© 2022, Amazon Web Ser

Assess and shortlist potential Regions for your workload based on

your business requirements (e.g., compliance, latency, cost,
and features)

Choose Region(s) near Amazon renewable energy projects or

Regions where the grid has a published carbon intensity that
is lower than others

AWS Regions powered by over 95% renewable energy

https://sustainability.aboutamazon.com/environment/the-cloud?energyType=true

vices, Inc. or its affiliates. All rights reserved.


https://sustainability.aboutamazon.com/environment/the-cloud?energyType=true

User behavior

« Scale infrastructure with user load

« Optimize resources used by users for the activities performed

« Align service level agreements (SLAs) with sustainability goals

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N7



Architectural recommendation

NEGOTIATE IMPACT-FRIENDLY SLAS

50

Small increase Reduction in
in response time overall impact

aWS, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Data

Implement a data classification policy

Use lifecycle policies to automatically delete unnecessary data

Minimize data movement across networks

Only back up data when it would be more impactful, or
impossible, to re-create

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Use hardware with least impact

@0{@ ®) ﬁgjﬁ {ic:

¥ \{:}: m
3 T 11
Switch Leverage Right-size
to Graviton specialized hardware resources
Powerful and efficient, e.g., AWS Inferentia and e.g., AWS Compute
modern applications AWS Trainium Optimizer
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

N7



Software and architecture

« Remove or refactor workload components with low or no use

« Use software patterns and architectures that best support your
data access and storage

« Enable sustainable scheduling in architecture

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Sustainable scheduling
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Provisioned
capacity
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Sustainable scheduling

aws
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Capacity
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Development and deployment process

2 %]

—_—J

Adopt more Increase the Keep your workload
automation utilization of up to date
build environments

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved
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AWS tooling to improve resource efficiency

AWS Compute Optimizer = AWS Trusted Advisor AWS CodeGuru

Finds under-utilized Makes recommendations Finds your least
compute resources to improve performance performant lines of code

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Why should architectures be impact-aware?

/

!
Improvement AWS Well-Architected ~AWS Compute Optimizer :E AT 0 Amazon CloudWatch AWS Cost and

\
1
1
1
1
1
1
1
1
q 1
Goal ! [ootRuutise. Usage Report |
! :
I 1
I 1
| 1
| 1
| 1
I 1
I 1
I 1
| 1
I 1
Amazon CodeGuru AWS Trusted Adviser .\ Amazon S3 Storage Lens Amazon Athena (AISZOL
N 2N QuickSight .~
_______________________________________________________________________________________________ /
7/
P 4
__________________________________________________ ’
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AWS customer carbon footprint tool

Track, measure, review,
and forecast the carbon
emissions generated
from your AWS usage

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved
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AWS customer carbon footprint tool

our emissions by geography

APAC [ AMER EMEA

Your AWS carbon emission statistics

Carbon emissions (MTCO2e)

aws
~—

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Calculate carbon emissions generated from
your AWS workloads

Understand historical carbon footprint and
review changes in emissions over time

Forecast changes as AWS moves forward on
a path to 100% renewable power in data
centers by 2025



Understand your impact through metrics

Jl
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Sustainability is a nonfunctional requirement

Resource
Usage

dws

Cost

Response time

Quallty Of result [N

nonfunctional

/\ Availability b



Proxy Metric

Business Metric

Normalize sustainability KPIs to make them comparable

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



CloudWatch metrics

Collecting metrics is time consuming; Amazon CloudWatch
allows you to collect default metrics from more than 70
AWS services, such as

« Amazon EC2

« Amazon DynamoDB
« Amazon S3

« Amazon ECS

- AWS Lambda

« Amazon API Gateway

CloudWatch Insights to get metric from logs

Custom metric for business metrics

aws
~—

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

09:00 10:00 11:00

@ TargetResponseTime

All metrics

All

> ApplicationELB >

Graphed metrics (1)

Per AppELB Metrics
LoadBalancer (13)
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c

app/Lab/af10e10dab37739¢c

app/Lab/af10e10dab37739¢c

app/Lab/af10e10dab37739c ~
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c
app/Lab/af10e10dab37739¢c

app/Lab/af10e10dab37739¢c

12:00

Graph options

Q

Source

16:00 17:00

Metric Name
HTTPCode_Target_2XX_Count
ConsumedLCUs
ActiveConnectionCount
TargetResponseTime
HTTPCode_Target_3XX_Count
HTTPCode_ELB_502_Count
RequestCount ~
HTTPCode_Target_4XX_Count
NewConnectionCount
HTTPCode_ELB_5XX_Count
ProcessedBytes
HTTPCode_ELB_4XX_Count

HTTPCode_ELB_503_Count

18:00

Graph search




Cost and Usage Report

AWS Cost and Usage Reports (AWS CUR) contain the most
comprehensive set of cost and usage data available

Deliver report files to your Amazon S3 bucket
- Update the report up to three times a day

- Create, retrieve, and delete your reports using the AWS
CUR API Reference

-

- We can use it as a data source for proxy metrics

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Architect workload to be impact-aware
with metrics

Resource Proxy metrics Source
Compute * VvCPU minutes per transaction; normalized CloudWatch or Cost and Usage
vCPU
» Example: vCPU in CloudWatch*
Storage » GB per transaction CloudWatch
» Example: BucketSizeBytes
Network » GB transferred or packets transferred CloudWatch/network logs
» Example: Networkin in CloudWatch (AWS Transit Gateway logs, for
example)

vCPU in CloudWatch: https://www.youtube.com/watch?v=6HyhV26S a0

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Evaluate improvement

@2 2oa oA e = MrS e
WW . 3. 0s 34.3ms 21.9ms 200 30, 10 e "_ﬁ | | _,c
..|||||||||| .||||||M|nIIIIII|I||h|I|||II|I| (\ ( - 'l . ‘:‘ L r '/\ z iy
= S——— o b 1.9 0,082 e
: = - == | | E== [ o o
Amazon QuickSight Amazon Managed Grafana AWS CloudWatch
dashboard
Dashboards, visualizations, and purpose-built
analyses to make sustainable decisions on
best actions and improvement
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Establish fine-grained, frequent KPlIs at
team level

—_—a
==l

AWS Cost and
Usage Report

[- . ] Amazon S3 Amazon Athena Amazon

QuickSight
Amazon +

CloudWatch metrics

Business metrics

aws
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What are the cloud intelligence dashboards?

A series of in-depth and customizable dashboards which provide the most comprehensive cost and usage details to
help you optimize cost, track usage goals, and achieve operational excellence

% Easy to use T $

» Self service

* Auto generated recommendations

» Actionable insights for entire organization in
a single place
Multi-payer customer support

g@ Secure

* No agents running
« Data stays in your organization
« All AWS native services

@ In-depth

* Resource-level granularity
* Fully customizable
* ML-driven Insights

Cost efficient

Serverless: Pay as you go and scale on demand

* No additional charges - pay only for underlying services
Amazon S3, Athena, QuickSight

« Estimated cost in a large AWS deployment less than $100
per month

Usage Cost Summary - Previous Month

N[ Eggr'

=

Deploy today using the Cloud Intelligence Well-Architected Labs

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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https://wellarchitectedlabs.com/cost/200_labs/200_cloud_intelligence/

The cloud intelligence dashboards framework

optional Required for associated dashboards
1. Start with your .
Cost and USage AWS Cost & e agets AWS Trusted Advisor ~ AWS Compute
Repo rtS Usage Report Organizational Report Optimizer
{ SQL Queries The CID Framework \
2. Set up the Summary View
framework Account Name Map ‘ /
KPI Views A :
\COmpute Optimizer Views Amazon Athena AWS Glue Amazon QuickSight }
3' Access your JALED 1150 0080 eatl : illrli.l: - i I_ -. i ;
dashboards The Cost B | TTT—
ntelligence CUDOS Dashboard ashboard Trends Dashboard Trustec.l Ac!wsor Compute Optimizer
DR Organizational Dashboard
ashboar (TAO)
aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved. DaSh board



Cloud intelligence dashboards customization

The aim is to update this graph:
1) CPU usage, not cost
2) Scale the Y axis by a business KPI

EC2 Family Running Hours Cost Last 90 Days

Ht3 Ht2 Em5 HEmd4 Hm3 McSa WS

$100

$20

$0

S EFEE P @ﬁﬂﬁ{@ﬁﬁﬁﬂﬂ&@ PO T ﬁﬁﬁﬁéﬁ ﬁﬁfﬁﬁﬂ

T QT G g g P ol (PP PP GNP I P g Rt PP I RS g SN e E S

aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Cloud intelligence dashboard customization

Manage permissions

1) In the dashboard, select share to bring up the manage
permissions page. Give save as permission

Name |= Permission Save as Analysis ®

v Users & Groups

[+
A AthenaAccess/tccoomb-Isengard Co-owner Allow "save as"

2) In dashboard settings; then save as at the top right. Save
as a new analysis QBB <YIkAa |

ataset

summary_view
Value

3) Switch out the cost field o

us]

for usage_quantity field

Executive: RI/SP Summary Executive: MoM Trends Compute Summary ~ 5torage Summary

Executive: Billing Summary

Controls Payer Accounts All Account Names All Linked Account IDs All

$0 $25 $50 $75 $100 $125 $150 30 $10 $20 $30

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Cloud intelligence dashboard customization

The final aim is to scale the Y axis by a unit of work

We need to change the summary view in Athena

aws 3% Services ‘ Q Search

[Option+5] ‘ J PN

@ Resource Groups & Tag Editor

cid_cur

Tables and views

Create v | (O]

v Tables (1)

ommitment_for_billing_period
double

savings_plan_net_recurring_commitme
nt_for_billing_period

di
product_productgroup st
product_equivalentondemandsku st
product_free_query_types
product_tiertype
product_api_calls
product_resource_price_group string
product_platofeaturetype string
product_snapshotarchivefeetype string
product_graphgloperation string
year string (Partitioned)

month string (Partitioned)

aws
~—

avings_pLdn_dm Zed_ r C_ COMmim neri 1g

C L 0 0 g_pe d- WHEN
-"reservation_amortized_upfront_fee_for_billing_period" ELSE @ END))

, "sum"((CASE WHEN ("line_i line_item_type" = 'SavingsPlanUpfr
(("line_item_line_item_t " = 'Fee') AND ("r ation_|
"line_item_unblended_c ' ELSE @ END)) "

43 , "sum"((CASE WHEN ("line_item_line_item_type
END)) "public_cost"

EROM

NumberOfTripsPerMonth (| Number0fTripsPerMonth.Year
Y

tn;

SQL  Ln45, Col 128

| Explain [ ‘ Clear |

Results (0)

No results

Run a query

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

S0L Queries

Surmmary View
Account Mame Map
KP1 WViews

@ N. Virginia ¥

ation_a_r_n"

e_
"ri_sp_trueup"
ntFee') THEN "line_item_unblended_cost"
<= "")) THEN

Compute Optimizer WViews

*Athena

The CID Framework

k| k| |

.I
A
Amazon Athena

AWS Glus Amazon QuickSight

Admin-OneClick/tccoomb-Isengard @ 3223-2869-449¢

WHEN

We join on the business
data, adding that to the
dataset

Then change the select
to divide the resource
value by this



Modern data architecture

aws,1 © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Pillars within modern data architecture

Data Arcp;

oée((\ h/tecf
<

7~

Zo

%

On AWS

O @ @ @

Scalable data lakes Purpose-built Seamless data Unified governance  Performance
analytics services movement and cost

effectiveness

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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AWS Glue

SERVERLESS DATA INTEGRATION FOR COMPLEX WORKLOADS USING APACHE SPARK

Serverless

No infrastructure to maintain; allocate needed compute power and run jobs

Data integration for every user

Development environments catered to different skillsets — visual ETL development
for data engineers, notebook styled development for data scientists, and no code
development for data analysts

Cost-effective

All-in-one pricing model is 55% cheaper than other cloud data
integration options

Handles complex workloads

Connect to 30+ data sources, process petabytes of data in real time; includes
batch- and event-driven modes

No lock-in

Develop data integration pipelines in open source SparkSQL, PySpark, and Scala

aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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We will Use NYC taxi trip data

Taxi trip data Taxi zone mapping data

Registry of Open Data on AWS aWS.,
Home Data Aboutv Learnv Alerts ContactUs Blog
New York City Taxi and Limousine Commission (TLC) Trip Record

Data
[ ces [uroan |

he NYC Taxi Zones, which correspond to the pickup and drop-off zones, or

Montclair

Description Resources on AWS

Data of trips taken by taxis and for-hire vehicles in New York City. Note: access to this Desc
dataset is free, however direct 53 ac oes require an AWS account. Anonymous

Melville

downloads are accessible from the dataset's documentation webpage listed below. 135)

Westbury

Update Frequency < 2 - s
Newark J rden City Farmingdale

As soon as new data is available to be shared publicly. " v X 2 6

License Uniondale . —=—

Amityville

Bedminster Elizabeth s . > < . Stream

Warren Plainfield
Linden

495
South 7 Long Beach

Plainfield
i3 | Piscataway

Managed By

City of New Yark Taxi and Limousine Comi Woodbridge
See all datasets managed by City rk Taxi and Limousin
Edison
Contact

Ne
Brunst

https://registry.opendata.aws/nyc-tlc-trip-records-pds/ https://data.cityofnewyork.us/Transportation/NYC-
Taxi-Zones/d3c5-ddqgc

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Data transformation in AWS Glue

Amazon S3
Taxi trip data

Average fare per taxi zone

against Jun 2016 taxi ride data

dropped_at

Amazon S3

average_total_amount

On
> :;. —

Marin;

AWS Glue




Improvement process — Reminder

V|
7 K() Improvement Process

Review | Identify Prioritize | Validate Deploy | Replicate

/
/

1
1
1
1
1
1
1
! 1
Improvement AWS Well-Architected ~AWS Compute Optimizer ! AWS customer carbon Amazon CloudWatch AWS Cost and |
" footprint tool .
Goal " Usage Report
I 1
; :
I 1
I 1
Iy 1
I 1
I 1
I 1
I 1
! :
1
\. Amazon CodeGuru AWS Trusted Adviser /. Amazon S3 Storage Lens Amazon Athena GUETLID
\ N JU AN QuickSight .’
\ ________________________________________ < N e o L L L N E—————
\ /7
\ \ __________________________________________________ ’ ,
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Step 1
Start with sustainability goal




Improve workload resource efficiency by 50%

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Step 2
Review and identify targets
for improvement



Review best practices

(] ]

Region
selection

Hardware

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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User
behavior

Data

Software &
architecture

Development &
deployment process



Identify targets for improvement

M M g
m m Use Auto Scaling
Regiqn Use( Software &
selection behavior architecture
Change JOIN mechanism .
Upgrade Spark version
Hardware Development &

Deployment process

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Step 3

Prioritize targets for improvement




Prioritize targets for improvement

Improvement target Potential Effort Risk

Use Auto Scaling High Medium Medium

Upgrade Spark version Medium Low Low

Very High Low

Change JOIN mechanism

Change file format

aws © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Improvement targets after prioritization

1. Upgrade Spark version

2. Change file format

3. Use Auto Scaling

4. Change JOIN mechanism

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Step 4

Validate specific improvements




Proxy Metric

Business Metric

Normalize sustainability KPIs to make them comparable

aW% © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



DPU Hours
Taxi Rides

Normalize sustainability KPIs to make them comparable

dws
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Collect and visualize metrics for validation

Taxi rides

Amazon S3

DPU hours g_-*’:

AWS Cost &
Usage Report

Supplementary

Hourly
export

Amazon S3

metrics

Amazon CloudWatch

Metrics

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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QuickSight dashboard for the demo workload

KPI

Metrics
aws -

N7

E QUiCkSight <% nw taxi improvement dashboard / [] Original dashboard

D

DPU Hours per taxi rides

not
scenariol
scenario2
scenario3

scenariod4

glue.ALL.system.cpuSystemLoad per taxi rides

base case
scenariol
scenario3 2.75
scenario2
scenariod

60.58

glue.driver.aggregate.elapsedTime per taxi rides

base case

scenariol 57.21K
scenario2 137.85K
scenario3
scenariod 104.56K
(1] S0K 100K 150K 200K 250K 300K

© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

glue.ALL.s3 filesystem.read_bytes per taxi rides

base case
scenariol 33.76B
scenario2 | 0.24B
scenario3
scenariod4 | 0.23B
0 108 208 30B 408

glue.driver.aggregate.shuffleBytesWritten per taxi
rides

base case

scenario2 166.36M

scenariod 636.11M
(1] 200M A00M G00M BOOM

-]
Ll

HNueB<a

0.1

01

glue.ALL .jvm.heap.used per taxi rides

base case 3.41
scenariol 8.04
scenario2 142
scenario3
scenariod 0.65
1] 2 a4 6 B 10

glue.driver.aggregate.shuffleLocalBytesRead
per taxi rides

base case
scenario2

scenario4

(1] 0.58 1B 1.5B 2B



Scenario 1: Upgrade Spark version

scenariol change glue version

Script Runs Schedules Version Control

gluarole

lype
he type of ETL

o . This b ot Attt e e e e ey P splinci P e i

Glue 3.0 (Spark 3.1)

Glue 3.0 - Supports spark 3.1, Scala 2, Python 3

Glue 1.0 - Supports spark 2.4, Scala 2, Python 2

Glue 2.0 - Supports spark 2.4, Scala 2, Python 3

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Scenario 1: Upgrade Spark version

Outcome

DPU Hours per taxi rides

 Sustainability KPI dropped by
2(:)0/0 base case

scenariol

Why

« New feature in Apache Spark 3 glue.driver.aggregate.elapsedTime per taxi rides

optimize query plan dynamically Inasmm=
scenariol 1K
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Scenario 2: Change file f

CSV

Text format without any schemas
and metadata

VendorID, tpep_pickup_datetime, tpep_dropoff_datetime,passenger_count,trip_distance,pickup_longitude,pickup_la
titude,RatecodelD,store_and fwd_flag,dropoff_longitude,dropoff_latitude, payment_type, fare_amount,extra,mta_t
ax, tip_amount, tolls_amount, improvement_surcharge, total_amount

2,2016-06-09 21:06:36,2016-06-09 21:13:08,2,.79,-73.983360290527344,40.760936737060547,1,N,—73.9774627685546
88,40.753978729248047,2,6,0.5,0.5,0,0,0.3,7.3

2,2016-06-09 21:06:36,2016-06-09 21:35:11,1,5.22,-73.981719970703125,40. 736667633056641,1,N,-73.981636047363
281,40.678242309570313,1,22,0.5,0.5,4,0,0.3,27.3

2,2016-06-09 21:06:36,2016-06-09 21:13:18@,1,1.26,-73.994316101074219,40.751071929931641,1,N,-74.004234313964
844,40.742168426513672,1,6.5,0.5,0.5,1.56,0,0.3,9.36

2,2016-06-09 21:06:36,2016-06-09 21:36:10,1,7.39,-73.98236083984375,40.773891448974609,1,N,—73.9294662475585
94,40.851539611816406,1,26,0.5,0.5,1,0,0.3,28.3

2,2016-06-09 21:06:36,2016-06-09 21:23:23,1,3.10,-73.987106323242187,40.733173370361328,1,N,-73.985908508300
781,40.766445159912199,1,13.5,0.5,0.5,2.96,0,0.3,17.76

2,2016-06-09 21:06:36,2016-06-09 21:19:21,1,2.17,-73.995201110839844, 40. 739490509033203,1,N,-73.993202209472
656,40.762641906738281,1,10.5,0.5,0.5,2.36,0,0.3,14.16

2,2016-06-09 21:06:36,2016-06-09 21:30:13,5,6.02,-73.980476379394531,40. 741680145263672,1,N,-73.902961730957
831,40.748741149992344,2,21.5,0.5,0.5,0,0,0.3,22.8

1,2016-06-09 21:06:37,2016-06-09 21:16:47,1,1.40,-73.985702514648437,40.746742248535156,1,N,-73.982505798339
844,40.762771606445313,1,8.5,0.5,0.5,1.95,0,0.3,11.75

1,2016-06-09 21:06:37,2016-06-09 21:15:44,1,1.20,-73.984275817871094,40. 775009155273438,1,N,-73.96849822998¢
469,40.766429901123047,2,8,0.5,0.5,0,0,0.3,9.3

1,2016-06-09 21:06:37,2016-06-09 21:23:57,2,1.90,-73.977920532226563, 40. 750091552734375,1,N, -73. 987236022949
219,40.749359130859375,1,12,0.5,0.5,3.33,0,0.3,16.63

1,2016-06-09 21:06:37,2016-06-09 21:10:51,1,.70@,-73.991203308105469,40.739662170410156,1,N,—73.9829406738281
25,40.745871411132812,1,5,0.5,0.5,1.55,0,0.3,7.85

2,2016-06-09 21:06:37,2016-06-09 21:27:12,5,3.12,-73.967498779296875, 40. 763149261474609,1,N,-73.992439270019
531,40.724838256835938,1,15,0.5,0.5,3.26,0,0.3,19.56

2,2016-06-09 21:06:37,2016-06-09 21:08:27,2,.44,-73.976333618164062,40.785850524902344,1,N,—73.9717330932617
19,40.791969299316406,2,3.5,0.5,0.5,0,0,0.3,4.8

2,2016-06-09 21:06:37,2016-06-09 21:17:33,1,2.09,-73.993583679199219, 40. 724590301513672,1,N, -74. 008049011230
469,40.740341186523438,1,10,0.5,0.5,2.26,0,0.3,13.56

2,2016-06-09 21:06:37,2016-06-09 21:17:35,1,1.86,-73.977958679199219, 40. 748809814453125,1,N, -74. 000762939453
125,40.738880157470703,1,9,0.5,0.5,2,0,0.3,12.3

1.2016-06-09 21:06:38.2016-06-09 21:27:14.1.3.70.-73.994224548339844.40.751262664794922.1.N.-73.952278137207
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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ormat

Parquet

Compressed with schema and various
metadata for performance efficiency

Magic Mumber (4 bytes): "PAR1"

Row group 0

Column a
FileMetaData (ThriftCompactProtocol)

Page header (ThriftCompactProtocol) - Version (of the format)
— - Schema
Repetition levels - extra key/value pairs
Definition levels

Row group O meta data:

- num values

values Column a meta data:
- type / path / encodings / codec
Page 1 '

- offset of first data page

- offset of first index page

- compressed/uncompressed size
- extra key/value pairs

Magic Number (4 bytes): "PAR1"




Scenario 2: Change file format

Outcome

DPU Hours per taxi rides

« Sustainability KPI dropped by bace cace
another 30% compared to base case

scenariol
scenario2
Why
ey ly th € Necessd ry d ata was scann ed glue.ALL.s3.filesystem.read_bytes per taxi rides

using metadata with proper
compression

base case 54B

scenariol 76B

scenarioZ | 0.24B
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Scenario 3: Use auto-scaling

Adjust the number of

workers as needed

-

s G o e

Worker nodes

Automatically scale the number of workers

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Scenario 3: Use auto-scaling

Outcome DPU Hours per taxi rides
« Sustainability KPI dropped by base case
another 10% compared to base

case scenariol

scenario2

Wh\ / scenario3

« AWS Glue auto-scaling adjusts
capacity in real-time which
reduced idle resources

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Scenario 4: Change JOIN mechanism

Sort merge join Broadcast join
Efficient if both datasets are » Efficient if one of the two datasets
large is small

trip_with_area = trip_df \

.join(brogdcast(taxi_zones), trip_df.PULocationlID == taxi_zones.lLocationlD)

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
)



Scenario 4: Change JOIN mechanism

DPU Hours per taxi rides

Outcome
 Sustainability KPI dropped by pase case
another 30% compared to base scenario1
case
scenario2
scenario3
W_hy scenariod4

« Changes to the join mechanism

have minimized network transfers
b etween wo rke IS glue.driver.aggregate.shuffleBytesWritten per

taxi rides
= 166.36M

scenario3

scenariod
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Step 5

Measure results and replicate success
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Overall improvement

* 90% reduction in Sustainability KPI

DPU Hours per taxi rides

base case

scenariol

scenario?

scenario3

scenariod
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Key takeaways

‘ How AWS can help you in your Sustainability journey

architectures

a AWS Frameworks and Tooling to deliver sustainable high-performing

Improvement process to deliver sustainable high-performing
architectures

dws
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Sustainability breakout sessions

SUS204: Sustainability in AWS Global Infrastructure

SUS205: Architecting sustainably and reducing your AWS carbon footprint
SUS206: Sustainability and AWS Silicon

SUS208: Utilizing sustainability data at scale

SUS210: Modeling climate change impacts and risks at scale

SUS211: Water stewardship and renewable energy at scale

SUS212: Accelerating decarbonization & sustainability transformation
SUS301: Sustainable machine learning for protecting natural resources
SUS303: Delivering sustainable, high-performing architectures

SUS312: How innovators are driving more sustainable manufacturing

STP213: Scaling global carbon footprint management
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Sustainability workshops and chalk talks

SUS201: Detecting deforestation with geospatial images and Amazon SageMaker
SUS202: Using Amazon SageMaker, AutoGluon, and ASDI to predict air quality
SUS203: Carbon emissions reporting using modern data architecture on AWS
SUS207: Patterns for obtaining insights from sustainability data

SUS302: Optimizing architectures for sustainability

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved
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Thank you!

Dr. Sam Mokhtari Thomas Coombs Chie Hayashida

ghm@amazon.com tccoomb@amazon.ch haychie@amazon.co.jp

[waeres] Please complete the session
T8

survey in the mobile app
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