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Startseite » Wissen » Klima & Umwelt » Klimawandel: HeiBester Juni seit Aufzeichnungsbeginn

Copernicus-Auswertung

Heillester Juni seit Aufzeichnungsbeginn

Stand: 08.07.2024 09:06 Uhr

Auch wenn es sich in Deutschland anders anfiihlte: Der Juni war global laut
EU-Klimawandeldienst Copernicus der warmste Juni seit
Aufzeichnungsbeginn. Dies sei ein Beleg fur die "fortdauernde Veranderung
unseres Klimas".

Der vergangene Monat war - weltweit gesehen - der warmste Juni seit
Beginn der Datenaufzeichnungen. Wie der EU-Klimawandeldienst
Copernicus mitteilte [4, lagen die Temperaturen im vergangenen Monat 1,5
Grad uber dem geschatzten Juni-Durchschnitt der Jahre 1850 bis 1900, der
vorindustriellen Referenzperiode. Damit war es der zwélfte Monat in Folge,
der die 1,5-Grad-Schwelle erreichte oder iiberschritt.

Im Pariser Klimaschutzabkommen hatten sich Deutschland und viele andere
Staaten Ende 2015 das Ziel gesetzt, die Erderwarmung deutlich unter zwei
Grad zu halten, méglichst aber auf 1,5 Grad im Vergleich zur vorindustriellen
Zeit zu begrenzen.
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Climate Crisis — Responsibility of the ICT
Sector

LJ§ ICT's carbon footprint? » 2.1— 3.9 % of global GHG emissions

...... » Operation: Energy consumption

------ » Manufacturing: Embodied carbon

{ » Required for other purposes

\ _ .
g |' Renewable energies? . .
» Does not solve all environmental issues

» Drastic decrease in energy
demand and emissions necessary

b Consequence?

FBW+21
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Energy Demand of Data Centers
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Green Software Principles

Energy Efficiency

Consume the least amount
of electricity possible

Green
dj Software
Foundation

greensoftware.org

=

Hardware Efficiency

Use the least amount of
embodied carbon possible

co

Carbon Awareness

[GSF22]

Do more when the electricity is
clean and less when it’s dirty

@

creative
commons



Approach & Overview

« Comparison of cloud-based architecture styles
* Focus: Modular Monolith vs. Microservices
QCEEERUN « Metric: Energy Efficiency

« Microservices: T2-Project (implementing saga pattern)
L o Modular Monolith: Own implementation

Application

« Measurement Environments:
1. Green Metrics Tool
Measurement
& Analysis 2. Kubernetes & Kepler
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https://t2-documentation.readthedocs.io/

Modular Monolith vs. Microservices
Why Comparing These Two Architecture Styles?
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Microservices
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Distributed
big ball of mud
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Related Work

Monolith vs. Microservices in Terms of Performance

Monolith Microservices
e N e 2
Better throughput Better throughput under
under low load high load
(especially in compute-
L ) L intensive scenarios)
4 N\ 4 N\
Lower response times Better scalability
(no overhead through network (due to smaller
communication) components)
(G J - 4

Papers are listed on slide References for Related Work
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Reference Application — T2-Project
Business & System Context

31.07.2024

«person» «person»

User Researcher

Buys tea using the Ul of the Executes various tests using
store. the backend API's.

Executes
tests

«system»

\\

T2-Project

A fictitious web store that

offers tea.

envite
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Reference Application — T2-Project
Variants: T2-Microservices & T2-Modulith

T2-Microservices
[System]

Microservices

Uses
[JSON/HTTP]

V]| UlBackend
[Java, Spring MVC, JSP] [Java, Spring MVC]

Uses Uses
[USON/HTTP] \[USON/HTTP]

Uses @ @
[JSON/HTTP]

Orchestrator (oF:14¢
[Java, Spring MVC] [Java, Spring MVC]

T2-Modulith
[System]

Modulith
[Java, Spring MVC]

Uses Uses Uses
[JSON/HTTP] |[JSON/HTTP] JSON/HTTP]

2 NN K~

Inventory Order Payment

[Java, Spring MVC] [Java, Spring MVC] [Java, Spring MVC] Cart Database

[PostgreSQL] [MongoDB]

Ll '

H‘A-‘-'J.III--.III‘_-.J

Inventory Database Carlg and Order
[PostgreSQL] atabase

Inventory -_batabase Order Database

[MongoDB]
[PostgreSQL] [MongoDB]
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Reference Application — T2-Project
Implementation of the Saga Pattern & Messaging Middleware

T2-Microservices
[System]

Microservices

Uses
[USON/HTTP]

UlBackend
[Java, Spring MVC, JSP] [ava, Spring MVC]

Uses Uses
[USON/HTTP]

T2-Modulith
[System]

JSON/HTTP,
Orchestrator L 1

[ava, Spring MVC] K

Uses
[JSON/HTTP]

Modulith
[ava, Spring MVC]

Subscribe

Payment Order Inventory

[ava, Spring MVC] [ava, Spring MVC] [ava, Spring MVC] Saga Database Cart Database

[PostgreSQL] [MongoDB]

Subscribe Subscribe Subscribe
[TCP] [TCP]

‘ W

Order Database Inventory Database
[MongoDB] [PostgreSQL]

Kafka

[Eventuate Framework]

"ror) E!q?}j
\‘A-:J‘ -
Inventory Database Cart and Order

[PostgreSQL] Database
CDC Service [MongoDB]

Zookeeper [Eventuate  Framework]

[Eventuate Framework]
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Reference Application — T2-Project
Modularity

Modulith

[Container]

Microservices
[System]

Uses

[JSON/HTTP] UIBackend
[Microservice]

]
[Microservice]

Uses
[JSON/HTTP]

Uses Orchestrator
[JSON/HTTP] [Microservice]

[JSON/HTTP] |[JSON/HTTP]

Inventory Payment
[Microservice] [Microservice] [Microservice]
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Measurement Methodology
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Measurement Methodology
Green Software Measurement Model (GSMM) by Guldner et al. (2024)

Measurements
and Metrics

.........

............................

Measurement

Procedure
Models Measurement data
Metadata
Measurement Analysis report

Setup

--------------------------

Data Evaluation

Models - [GBC+24]
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Measurement Model — Measurements & Metrics

 Metric (“useful work”): Energy consumption of one order
* Measurement: Processing of three sequential HTTP requests

GET MONY] MONY]

product list add item to cart confirm order

31.07.2024 envite )k -



Measurement Model — Procedure

Executes API @
a requests
System under Test

(black box)
[T2-Project]

Workload Generator
[Apache JMeter]

Captures
Uses usage

data
5

ﬁ

Energy Logger
Usage Scenario

Software-based tool
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Measurement Model — Setups

e
= C O

KEPLER

<[>

Kubernetes &

Green Metrics Tool Kepler
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Measurement Setup 1

<[>

Green Metrics Tool
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Green Metrics Tool <[>

Main purpose: measure energy consumption of use case scenarios

Usage Scenario
Architecture Setup < / > o —o @
- Dockerfiles api

- Docker Compose

- Kubernetes

Flow Memaory
. AC Power
+ Shell Scripts DC Power
+ Puppeteer E2E Tests Orchestrate Measure Network Traffic

CPU %

+ Selenium E2E Tests CPU / DRAM Energy

+ Unit Tests

+ Benchmarks

\Y
+ Session Replays
+ .. Source:
https://docs.green-
coding.io/docs/prologue/
measurement-process/

31.07.2024 envite 21



https://docs.green-coding.io/docs/prologue/measurement-process/
https://docs.green-coding.io/docs/prologue/measurement-process/
https://docs.green-coding.io/docs/prologue/measurement-process/

Measurement Setup 1: Green Metrics Tool

GMT Measurement Machine

System under Test

<[> 3. Starts

flow

Green Metrics Tool 4. Executes

APl requests

Backend

2. Orchestrates
containers

usage_scenario.yml
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Green Metrics Tool — Data Evaluation
GMT Dashboard: Single Run View (Key Metrics)

A Home

Baseline @ Installation @ Boot @ Idle @ Runtime @ Remove @
I Repositories
'D Energy Timeline Runtime can contain multiple flows. By default all runtime flows are aggregated. Please select a separate flow if needed.
© Measure software
All Flows user orders 1 product 100 times in a row

I** Data Analysis

Y Eco-Cl
8 st Energy metrics
@ Power Hog B null: 1c785b076ebefe566c0562eb1fdelelfefbObce
Unit: [mJ]
CarbonDB 2,100,000
1,800,000
05 Settings 1,500,000
1,200,000
900,000
600,000
’ cp N |

M. .
3ching Enp,yy )
.mcp )

Key metrics

e e erT——

07813 M2323 = 1815.27 = 330.28
] mep @ mep @ via Formula @
d024 B 004 6014 & 0.00
via Formula @ via Formula @ via Formula @ via Formula @

» Click here for detailed metrics ...

31.07.2024 envite
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[EAWILNNY] 2seyd Buipug
15 ool it it =N NSRS SR |

Ion

~@~ Package 0 ~@- Notes

RESFUSA{BST .
e
[3101] eseyd Buipug

T e et et et it T L
.Al |||||||||||||||||||||||||||||||||||||||||||||||||||||||||

004] aseyd Bujpug

L
<

CPU Energy Consumpt

Green Metrics Tool — Data Evaluation

GMT Dashboard

CPU Energy (Package) via RAPL @

Unit: [J]

w1
o

24
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Green Metrics Tool — Data Evaluation
GMT Dashboard: CPU Utilization

~@- cart @ cdcservice inventory ~@- jmeter ~®- kafka ~@- mongo ~@- orchestrator ~@- order ~@- payment -@- postgres -0 uibackend zookeeper ~@- Notes

2
e
-
i

" “Ending phase [IDLE]
"~ Ending phase [REMOVE]

" Ending phase [RUNTIME]

time

order 3 products with long think

S BN ey

HEnding.phase 100 users

—

£
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Green Metrics Tool — Data Evaluation
GMT Dashboard: Comparison View

# Heme

P Repeositories

"D Energy Timeline
@ Measure software
= Data Analysis

% Eco-Cl

2 Status

% Power Hog

B carbonDB

UP', Settings

=/> CODING:

31.07.2024

Baseline @ Installation @ Boot @ ldle @ Runtime @ Remove @
R ca ain L& B B r & Tio 3| L] BCt 3 0 T Needed
All Flows user orders 1 product 100 times in a row
Single Phase Data
Energy metrics General component distribution
B Usage Scenario: energy-tests/gme/microservices-usage_scenario-minimal-executions- 100ymil 172 p B Usage Scenario: energy-tests/gmt/microservices-usage scenario-minimal-executions-100ymil 12 p

b
Key metrics

TS T T [ S

©-3284% M+ 2646% -78.30% -74.85 %

[ in %63 (7] (DT i ) mep O, in ) mep [ i %63 ¥ Formeia B

Machine (0, (wsage) [ug] Machine (0 [manufacturing) [ug) 501 [ugCO2eforder]

6 -7830 % 0 -74.85 % 0-8284% 0 -79.96 %

[ i %) i Fprmaia B (DT i ) wia Formuis (D in %) i Foemuia [ i %) pia Formata B

Network Transmission C0O2 [ug]

P Click here for detailed metrics ..,

envite
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Measurement Setup 2

O

KEPLER
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Kepler <

KEPLER

» “"Kubernetes-based Efficient Power Level Exporter”
* Measures/estimates power consumption of containers in real-time

1) Direct Real-Time System 2) Estimated System 3) Passthrough Estimated
Power Metrics Power Metrics for a VM VM Power Metrics
Prometheus Prometheus Prometheus
Kepler Process/Container Kepler Process/Container Kepler Process/Container
. . Power Consumption
Power Consumption Power Consumption f
1 1 [ Ratio Power Model ]
[ Ratio Power Model J { Satiofonenidodel J Passthrough Estimated
Estimated System | \_/IE/I_Iio_mze_r_l\flt_at_ri_cE ________

Power Metrics

-Ti
1 Realdime.Jystem I Power Metrics

- - - - - -y

i hyvpercalls

I

I

: o e 8 90w U v v Lo 15 ] o s o el v vt 1998 9

L [ T e e i 1

E [ RAPL J [ ACPI/Sensors } \ ! Virtual Machine (VM) | 1 Bare-metal (BM)
1 ! 1

! 1 1 I

: 1 | :

I

I

I

|
|
|
1
_____________________________ Kepler VM Power Consumption |
|
|
|
|

I
: !
Redfish/IPMI GPU (nvml) : ! Bare-metal (BM) P
Loy b Source: https://sustainable-
1 I \ ’ ’ ®.

------------------------------ A TSI S R . [ (SRR s == S computing.io/usage/deep dive/
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https://sustainable-computing.io/usage/deep_dive/
https://sustainable-computing.io/usage/deep_dive/

Measurement Setup 2: K8s & Kepler

Kubernetes

ﬂ Scales '

hpa deployments W

Q Autoscaler '

2. Forwards T2-Project
requests to Backend

Local Machine

1. Executes | " = D  — = \_ ____FE—-o—-_-_-_
APl requests

3. Estimates
power
consumption

of

J Met;r

Load Balancer

4. Scrapes
9 data from

Prometheus

31.07.2024 envite )k 29



Measurement with Kepler — Data Evaluation
Grafana Dashboard

Measured Object
and Measurement
Goals

Pod/Process Power Consumption (W) in Namespace: All

25
system_processes | system [/ PKG
prometheus-k8s-0 [ monitoring / PKG
alertmanager-main-0 / monitoring / PKG
alertmanager-main-1/ monitoring / PKG
alertmanager-main-2 / monitoring / PKG
blackbox-exporter-85b4fb4db68-gfm55 | monitoring / PKG
prometheus-k8s-1/ monitoring / PKG
kube-state-metrics-785cf8974b-plld2 [ monitoring [ PKG

== system_processes [ system [ DRAM

node-exporter-2kmvZ2 / monitoring / PKG
prometheus-operator-5745bf7d85-Ifpc? [ monitoring / PKG

kepler-exporter-cxdvr [ kepler / PKG
21:11:00 21:12:00 i fH 114 1:15: 1:16: 1 21:20:00 21:21:00 21:22:00 1:23:00 21:24:00

Armfann BTEARGEAD wmmmem | nanibacine |

Total Power Consumption (W) in Namespace: All Total Power Consumption (kWh per day) in Namespace: All

Mean Max Mean Max -~

107 218 == PKG (CORE+UNCORE) 0.000736  0.00148

DRAM 132 186 == DRAM 0.0000910 0.000183
OTHFR 0 0 = (THFR 0 n




Results & Discussion

envite >/«



Results — Green Metrics Tool
Energy Consumption of Boot Phase

<[>

Energy metrics

B Usage Scenario: Microservices ' P Usage Scenario: Monolith
Unit: [mJ] Machine Energy [mJ]

3,000,000

= -7/6.41 %
2,500,000
(Diff. im %) mcp @
2,000,000
1,000,000 o
-72.86 %
500,000 '
; (Diff. in %) o

‘?rhfﬂp
W (meps
SRy
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Results — Green Metrics Tool <f>
Scenario: 100 Sequential Executions

Energy metrics Machine Energy [mJ]

B Usage Scenario: Microservices P Usage Scenario: Monolith
| = -78.30 %
Urit: [mJ]
(DHFE im 9) mcp &
2,100,000
1,800,000
1,500,000 Network Transmission Energy[mJ]
1,200,000 = -74.85 %
500,000 (Diff. in 9) via Formula @
600,000
0
Machip £ O 38284 %
2
9y rr”t]::g (Diff. in %) (7]
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Results — K8s & Kepler

Scenario: 1 user, 100 executions (no scaling)

"t2-modulith" — Pod Power Consumption (W)

Oe w e
14:171:00 14:11:30 14:12:00 14:12:30

"t2-microservices" - Pod Power Consumption (W)

B L ]
offssssszezessss.,

31.07.2024

WET T
== hackend-5798b44chc-dZpap
== mongo-mongodb-8d878fcbde-pjed]

= postgres-0

Mame
inventory-744d446954-8cmd2
uibackend-6896c76b89-5688bt
kafka-2
cdeservice-7dcBed8df7-gssod
orchestrator-65f9f5c5f7-vmase
cart-5f945cf68-9gv2
order-6df8b6654f-dgfgs

postares-orchestrator-0

Mean ~
3.47
0.0218
0.00581

Max
8.24
0.0438
0.0109

KEPLER

Energy Consumption (Ws [ J)

Total
108
0.671

" 108.

Energy Consumption (Ws [/ J)




Results — K8s & Kepler

Scenario: 50 users, 10 min ramp-up, 5 min hold KEPLER

"t2-modulith" - Pod Power Consumption (W) Energy Consumption (Ws [ J)

800

Mame Mean ~ Taotal
backend-78674b8bb7-rBtng 23.0 2345
backend-76674b8bb7-rc7n2 226 2240

x backend-76674b8bb7-xjzv4 19.9 2588 L f
400 - A
g L 47N # backend-76674b8bb7-6hwpg 19.8 2040 58 { 3 kJ
i ) i1 | @ !

600

backend-76674b8bb7-s5csp 19.7 2560
backend-76674b8bb7-ckchw 19.6 1936 T

| 1 I
o | i

backend-78674b8bb7-18ct8 18.5 291
backend-78674b8bb7-v4fd8 18.0 2827

"t2-microservices" - Pod Power Consumption (W) Energy Consumption (Ws [ J)

2500 MNarme
inventory-7d9b5b5478-f7xcr

inventory-7d9bsb5478-scntr

1500 " inventory-7d9bsb5478-frE2r
¥ - ' inventory-7d9b5b5478-v5dhb p
1000 " alP A ; '

inventory-7d9b5b5478-14jpz

2000

500 Y 2P inventory-7d9b5b5478-98sfw . '-
e\ W inventory-7d9b5b5478-4w996 .
15:25 : : inventory-7d9b5b5478-vwsdr
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Results — K8s & Kepler

Scenario: Compute-intensive (~1 sec per order), 50 users, 10 min ramp-up, 5 min hold KEPLER

"t2-modulith" - Pod Power Consumption (W) Energy Consumption (Ws [ J)

Mame

backend-Sc76ddbefB-nif2k

backend-5c76ddbefE-nShbjx .
backend-5c76ddbef8-vki 5l
backend-5c76ddbef8-Ir84d 2 9 8HkJ
backend-5c76ddbcf8-gcbzx I
backend-5c76ddbef8-6fmbx ;. '

backend-5c76ddbef8-6fz9t
backend-5c76ddbef8-wlzzo

MNarne Mean ~ Total

computation-simulator-754444d565-g5wrg 531 8132

computation-simulator-754 4 44d565-9d7bw 489 7631

computation-simulator-754 4 44d565-4/4b4 459 6608

computation-simulator-754 444d565-6vE7f 457 6587

computation-simulator-754444d565-56pbm 45.5 10965

computation-simulator-754444d565-k2 kb4 439 7639

) g computation-simulator-754444d565-crgev 43.0 7488

16:30 16:35 16:40 16:45 1 computation-simulator-754 4 44d565-tviwy 43.0 7524
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Results — K8s & Kepler

Energy Consumption in Idle (30 min)

KEPLER

"t2-modulith" - Pod Power Consumption (W) Energy Consumption (Ws [ J)

1 MName Mean -
:' == packend-55dfcc4469-nvfvf 0150
Q == mongo-mongodb-6d878fcbdc-hzx27 0.0143

I & & = postgres-0 0.00533
2

&
y 7
. Q‘ r .
0 QQ’QQMX‘-’ ﬁ.‘-‘ad"

10:45 10:30 10:55 11:00 11:05 11:10 11:1

Energy Consumption (Ws [ J)

MName
cdcservice-667db4d459-bréhj
uibackend-6f5ff8787-4xmk7

inventory-6b86d657d-bnrbw
cart-67f676cc8-kdf29 J
A [l '
|

order-59644875d7-JbxI8

orchestrator-/9869¢c9d55-z8wfr
12:45 12:50 3: : : ui-ccB87d879b-bkbdl

r'|

Wk
. 'r|

payment-68cd944745-dwwdw L, |I l,(|
W I-'ull |
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Discussion

Energy Efficiency — Modular Monolith vs. Microservices

Modular monolith

No overhead through network
communication

Only one runtime environment

Local transactions

31.07.2024

Microservices

Fain-grained scalability

Potential for better utilization of

resources due to smaller size

Hibernate of individual components

envite

(not tested)

Symbols by [Fer22]
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Learnings

<f>

D

KEPLER

©

il

¢
4
-0

GMT: Good for measuring usage scenarios and comparing different versions

Kepler: Good for monitoring workloads over longer time in K8s environments

Different philosophies of measurement tools:
Measurement/Estimation? Metrics provider? Per-process measurement? Virtualized environments?

Energy consumption of network transfer? Quantification is challenging

Saga is quite slow and inefficient (but ensures data integrity and scalability)

envite



Conclusions

Modular Monolith is easier to handle than a microservices system

“' Monoliths are more energy efficient in scenarios with low or constant load

|

:E|—- Microservices have advantages in compute-intensive scenarios with high load

E r E There is no general recommendation, it depends on your scalability needs

envite
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