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o First: Present aspects of Green Architecture FW

The Green Architecture Framework

— A set of tactics for improving energy- e ———r
efficiency in software

« Second: Thoughts about teaching it...

— A concrete example of how | have made a major exercise on the
topic — and evaluated student’s perception

Teaching Energy-Efficient Software — An
Experience Report
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Green Architecture Framework

Part |



el 1] | Motivation

. WeII . Large and important topic !

Sustainability is a societal goal that relates to the ability of people to safely co-exist on Earth over a
long time. Specific definitions of sustainability are difficult fo agree on and have varied with literature,

« Climate crisis, green energy, reduce carbon footprint...

« Part of it is of course: Green computing

— reduce energy consumption and lower carbon emissions from the
design, use and disposal of technology products

— Encompass the full life-cycle of computing
« Materials to produce, run, dispose our computational work

Imhotep Henrik Baerbak Christensen 5



il Motivation
* | will (mostly) delimit myself to energy-efficiency

Energy conversion efficiency (1) is the ratio between the useful output of an energy conversion machine and
the input, in energy terms. The input, as well as the useful output may be chemical, eleciric power, mechanical
° or work, light (radiation). or heat. The resulting value, i (eta), ranges between 0 and 1.[1EE

Literally, it measures the rate of computation that can be delivered by a computer for every watt of power consumed.

« Ala: Patient Inger’s blood-pressure is uploaded to server
— Architecture A spends 3.1mJ; Architecture B spends 6.7mJ
— We prefer architecture A, right?

Imhotep Henrik Baerbak Christensen 6
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* We are basically interested in energy

* Energy is measured in Joule (S| unit)
« 1J work is done when a force of 1 newton o

displaces a mass 1 meter

— Newton = force accelerating 1kg by 1m/s"2

Power is measured in Watt

e Or...

— 1Jouleis1Win 1 second =1 Ws

— 1KWh =3.6 MJ

Imhotep

Henrik Baerbak Christensen

watt-seconds

kilowatt-hours

kilocalories

BTUs

electronvolts

joule
Sl
energy
J

James Prescott
Joule

Conversions
.. Isequalto .
kg-m2.s72
1 =107 erg

1W-s

=278 =107 KW-h
2.390 =107 kcaly,
{thermochemical)

948 =104 BTU
=6.24 1078 gV

Energy and Power

contans 2,965,000 J (0.82 kWh)

About 35 min sweaty bicycling...




 Gangnam Style

Imhotep

Was shown 1.7 x 1079 times
the first year

Energy to stream once is
0.19kWh e LT LT

Empirical evaluation of two best practices for

T t I 3 1 2 G W h energy-efficient software development L
u .
otal. ' o P Pl ) 250/342

PSY - GANGNAM STYLE [Original Video]

Danish average house (“parcelhus”) yearly electricity

consumption
e 44 —-50MWh Morale: None...

~ 70.000 Danish houses But it is a bit thought provoking...

Henrik Baerbak Christensen



Energy = Work Done

Hardware spends energy, because our
Software wants work to be done.



e Note Gaming Computer

Imhotep

Purpose: heavy gaming, heavy graphics editing, overclocking, moderate virtualization, web

What is using Power?

Ill_]hOtcp v ensforﬁd]ing inden fdﬁ"‘;Sofh-\fare_udvik‘lhl_g__“ ar

C P U d rives mu Ch surfing, listening to music, viewing images, watching high resolution videos

else

Components

 Heat/fan/

High End CPU (intel Core i7)

COOIing Aftermarket CPU Heatsink Fan
High End Motherboard

RAM Modules x 2

95 W
12W
80 W

High End Graphics Card ($251 to $400) 258 W
NOte Dedicated Sound Card 15 W
Solid State Drive 3w
« SSD+DRAM 3.5" Hard Disk Drive 9 W
g ’ Blu ray Drive 30W
IS Cheap Case Fans x 4 24 W
power wise...
Gaming PC Power Requirements 532 Watts

~210W

~18W

Out-of-box: Network

Devices: Screen, GPS, sensors...

Henrik Baerbak Christensen

10




Imhotep vt ensformidling indenforSoftwar end vikIE RS

 The Lab
— Fujitsu Esprimo Q900 (2012)
— Fujitsu Primenergy TX 100 (2012)
— MSI Trident (2020)

 |nstalled with Ubuntu 22.04 LTS

— Headless
 No use for the GeForce RTX™ 2080 Ti ©

* |ldle Power Consumption

- AL~95% CPU load@Plug |ESpOMONEBANSINE0ND

Imhotep Henrik Baerbak Christensen 11




So... Green Architecting?

How do | then design my architecture
and code, so it consumes less energy?



a7 :\:‘E :. ) il ik
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The Green Architecture framework @

Green
Architecture
Framework
N I,:" )
( h 1
{{ Processes J g ’_:ractlcs |
| —1 Measure and Experiment | |
<
"~ Prioritize Effort i
ﬂ ) |
\ ~ Increase Awareness ] l'l
- |
l
‘I
By Henrik Baerbak, 2023 "

https://baerbak.cs.au.dk/papers/gaf.html

Imhotep
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1Ayl { Processes |

Ill_]hOtcp. ensformid]ing inden fdﬁ";-Sofh-\fal'eiudyik”'_lll_l___g__' ' .:' - - - p .L @ .

~—— Measure and Experiment

~ Prioritize Effort

~ Increase Awareness

Processes

How we design Green Architectures?



You Must Measure!

 Load Generator

Target Machine

— Ubuntu Server
with PowerStat

-/ JMeter”

¢ @ CaveService Load Testing Plan

;?‘|Handc:m X coordinate
. Random Y coordinate
2% Random User
2% HTTP Request Defaults

o= ¥ GET froom

o= Q0 POST /room

o= ¥ GET /roomfexits
+ Aggregate Report of all request

— And target app
e container

— And nothing else
©

 (Cabled network
— No other traffic

Imhotep 15



Increase Awareness

|
— All architects/developers/ - Processes
stakeholders informed ) =
about how to increase | ] " Measure and Experiment

energy-efficiency " Prioritize Effort

- Increase Awareness

* From my kitchen. Which one is 2W and which 40W?

Imhotep Henrik Baerbak Christensen 16
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I_mhotcp Vidensformidling indenforSoftwarendyiklig gl

Tactics

How do we then do
Green Architecting?



Imhotep " Vidensformidling inden forSoftwarendyiklifg

| (_J'—-'-_Heasure nd Experiment
. Set of tactics ([ ——

— Architectural design |

Increase Amm;mj

Quite a lot of tactics under
seven main categories

‘ \
Imhotep
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|4 Tactics |

Green
Architecture
Framework
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Independent Scaling of Modular Architecture
—m-—l— Fine-grained Service Model

Respect Device Mode

@ Reduce Bundle Size

Reduce Network Package Size

Defer Fetching/Lazy fetch

_M_ ———— Use Batch Method Pattern

Cache Data Closer to User

Co-Locate Resources

— Wiilize Geographical Sharding

Use Efficient Languages and Toaols

Use Elficient Algarithms

Use Low-footprint Data Formats

Use Efficient Databases

— Respect Sequentiality of Data

Pool Physical Machines {Cloud)

Pool Resources (Threads/Connections)

Utilize the CPU al the R/U Knee

— Set Configuration Parameters Oplimally
Lower Fidelity of Video/lmages

— Use Lossy Formalts

— Reduce Logging

~ Replace Dynamic Contents with Cyclic
~ Batch-Generated Contents

'l Aveid Feature Creep

: 18
- —— Sensor Fusion



“M;)TDM ~Av0|d Unnecessary Resources

 Reduce Bundle Size
— Example: Docker base image for Java

adopt y alpine-jre bfbba8fceb23 10 months ago 149MB
l11-jre-slim 764a04atl3eff 12 months ago 223MB

11 47a932d998b7 12 months ago 654MB

— That is: 4.3 times bigger image to transfer and load for the
“same” Java Runtime Environment for my server...

Imhotep Henrik Baerbak Christensen 19



Bqu Fetch Data

* "Buy 50 things at the super market once, instead of

making 50 trips buying a single thing”
POSA4(2007): Batch Method

' Component
ollection of - - (
icrzlput arguments | | Gbject || Object || Object interface
1 - —
2 > put
e
. T get
Colent : 1T oro] | Collection of r
L {_)hleft Object - Joct output arguments

 lterator pattern over network is an energy anti pattern
— getNext() across the network is a chatty interface
— Use pagination instead — bulk fetch next 50 items in one chunk

Imhotep

Henrik Baerbak Christensen 20



Bqu Fetch Data

. “Buy 50 thmgs at the super market once, instead of

making 50 trips buying a single thing”

 Example
) CIassmOOls_ofte navery f/ne-gramed API

Strlng getName();
7 imnlementatinne

PEDDERSEN draws a card.

int getManaCost();

8 Implementations Henrik Beerbak Christenser

int getAttack();

7 implementations = He 2 e
int getHealth();
& implementations = Henrik Baerbak Christenser

boolean isActive();

Henrik Beerbak Christenser

Player getOwner();
}

=il k Baerbak Christensen




I

} Example of A/B Architecture

L &

L

o
-k

;ublic Séring getName() {
. return requestor.sendRequestAndAwaitReply(cardlid,
OperationNames.CARD_GET_NAME, String.class);
 The Card interface
— Two remote implementations

public interface Card extends Effectable, Identifiable, Attributable { public int getManaCost() {

return requester.sendRequestAndAwaitReply(cardId,
OperationNames.CARD_GET_MANA_COST, int.class);

7 implementations = Henrik Baerbak Christensen

String getName();

b3
7 implementations Henrik Beerbak Christensen
int getManaCost(); @Override
8 implementations = Henrik Baerbak Christensen public int getAttack() {
ink getAttack()' BrOker pattern return requestor.sendRequestAndAwaitReply(cardid,
- A o _ Classic (RMI-like) DperationNames.CARD_GET_ATTACK, int.class);
7 implementations Henrik Beerbak Christensen 1
int getHealth();
& implementations = Henrik Baerbak Christensen Broker pattern
boolean isActive(); @override
7 implementations Henrik Beerbak Christensen pm_ﬂ_'lf ?trf?gj?FN?me“ £ BatCh MEthOd

Player getOwner();

if (name != null) return name;
name = fetchCardFromCache().getName();
return name;

private Card fetchCardFromCache() {
long now = System.currentTimeMillis(); public int getManaCest() { return fetchCardFromCache().getManaCost(); T
if (cachedCard == null |l now > timestamp + FeatureFlag.CACHE_EXPIRE
cachedCard = reguestor.sendRequestAndAwaitReply(cardld,

OperationNames.CARD_GET_PODO, CardClientPODD.class); . nLHE
timestamp = now; public int getdttack() { return fetchCardFromCache().getAttack(); }
cacheRefresh++;
} else
cacheHit++;

return cachedCard;

Imhotep Henrik Baerbak Christensen 22
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* “Buy 50 things at the super market once, /nstead of
making 80 trips buying a single thing” =

« Comparison
— Classic Broker (ala Java RMI)
. 5.66W (o 0.90W)

— Batch Method Broker (5sec Caching)
« 412W (0 0.79W)
* (Reducing number of network calls to 43%)

[ — Saving 27.2% energx]

 And this is on the server side only!

Imhotep Henrik Baerbak Christensen 23
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« “Switch the 20 W halogen bulb to a4dWLED bulb”

+ Use Efficient Languages and Tools

— (This 2017 study used

rather unrealistic

benchmark
programs)

« Mandelbrot???

Energy Efficiency across Programming Languages
How Do Energy, Time, and Memory Relate?

ui Pereira Marco Couto Francisco Ribeiro, Rui Rua
HASLab/INESC TEC HASLab/INESC TEC TASLab/INESC TEC
niversidade do Minho, Portugal Universidade do Minho, Portugal Universidade do Minho, Portugal
ruipereira@di.uminho.pt marco.l.couto@inesctec.pt fribeiro@di.umi

ibeiro@di.uminho.pt
rrua@di.uminho.pt

Jacome Cunha Jodo Paulo Fernandes Jodo Saraiva
NOVA LINCS, DI, FCT Release/LISP, CISUC HASLab/INESC TEC
Univ. Nova de Lisboa, Portugal Universidade de Coimbra, Portugal ~ Universidade do Minho, Portugal
jacome@fct.unl.pt jpf@dei.uc.pt saraiva@di.uminho.pt

Imhotep

| ENERGY

(c)C 1.00
{c) Rust 1.03
(c) C++ 1.34
(c) Ada 1.70
(v) Java .98
({c) Pascal 214
(v) Erlang 42.23
(i) Lua 45.98
(i} Jruby 46.54
(i} Ruby 59.91
(i} Python 75.88
(i} Perl 79.58

Henrik Baerbak Christensen

Java (baseline)
Go (-3.5% energy)

Scala (+27% energy)

24
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o “Switch the 20 Whalogen bulb to a4dWLED bulb”

 Use Low-footprint Data Formats
« XML is much more verbose than JSON

£ wﬂ * Binary formats: ProtoBuf, Cap’n Proto
g 0% 9
E Ous

Protobuf Cap'n Proto

— Part-time students did a XML versus JSON experiment

JSON: 24.5W (0 2.5w)

XML: 27.9W (o 4.1W)
That is 12.2% saved energy by
using JSON over XML

CS@AU Henrik Baerbak Christensen 25



. “SW/tch the 20 Whalogen bulb to a4 WLED bulb”

 Use Efficient Databases

 |f only a ‘blob storage’ / key-value store is
necessary then pick one, rather than a SQL or

a MongoDB database ﬁ

— Example
 REST service (three endpoints: One POST and two GET)

« Comparing the four approaches' power

— Fake in-memory db: (~11.8W o0 0.3W (- 44.6%) )
— Redis db: ~14.7W o 0.3W (- 31.0%)
— Mongo db (naive): ~21.3W o 0.5W (baseline)
— Mongo db (optimized): 'y 20.9W o 0.2W (- 1.9%) )

Imhotep Henrik Baerbak Christensen
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* An idling computer spends between
1/4 - 2/3 power compared to a busy
computer

» The non-proportionality of energy consumption
« Which means: “

— Per-transaction energy cost is
lowering as the computer is
more heavily utilized!

POWER >>>

IIIIIIIIIIIIII

Imhotep Henrik Baerbak Christensen 27



/' From My Part-Time Students

LR

pected, the lower utilization leads to lower Power consumption, but since the throughput is Test Run 3

reduced by a factor 6, and the power is only reduced by a factor of around 2.5, the energy per
wge —an o : » sy oy oo L el - zeaame - 11 |
is between 43.3% and 43.5% of the cost for running at lower utilization(baseline). Making a re-
quest at 10% will cost more than twice (2.3) the energy compared to making it at 60% utilization.
10 4
Energy =
# Type Start =
Mean [W] Stddev [W] m] per request _E-_, 9 1
5 Utilization 10%  01:08:43 25 0.066 8.11 baseline _E
Utilization 60%  01:40:42 6.45 0.134 3.52 0.434 B 061
3 Utilization 10%  02:46:41 2.5 0.072 8.12 baseline g
Utilization 60% 02:13:41 6.47 0.137 3.53 0.434 E 7 4
=]
4 Utilization 10%  03:51:40 25 0.0735 8.1 baseline =
Utilization 60% 03:18:41 6.44 0.136 3.51 0.433 5 6 -
5 Utilization 10%  04:23:40 249 0.0665 8.08 baseline E
Utilization 60%  04:55:39 6.45 0.137 3.52 0.435 = 5
4 1 %’
) I
n 60%
r—[CDﬂdUSiﬂﬂ:j \

As the Hy hypothesis can be rejected, there is a statistically significant power sav-
ing of 56.5-56.7% per request when running at 60% utilization compared to running
at 10% utilization.

Imhotep  ° : 28



* Pool Physical Machines (Cloud)

« Host a lot of VM on same physical machine means
when A is not using the CPU, then B have it

— Cloud centers are better at that than on-premise

* Pool Resources (Threads/Connections)
— Threads and connections are expensive to create and deallocate

* Pool them
Naive: 192tps
C3PO0: 514 tps

Disclaimer: Naive had coarse-
grained locks applied...

B) C3PO ‘pool.

Pooled connection spent about 62.5% less energy.

Imhotep Henrik Baerbak Christensen



 Avoid Feature Creep

—

‘Pizzaland’ Experiment: & -
A ‘core’ REST based pizza ordering system with
ordering and inventory system in MariaDB; deployed

ona 20125 CPU @ 2.5GHz/4 core + 8GB DDR3 RAM

Handles 51,800 orders per hour!

PizzalLand Ordering

Your Name
£ i = = ‘Henrik ‘
;| Write results to file / Read from file
:| Filename |fhome/csdeviprojlevuproject/energy-pizzaland/c3p0-monolith.jt! | Browse...| |Log/Display Only: [|Errors [|Successes Topping 1 [Pancetta v
Label # Samples | Average Median 90% Line 95% Line 99% Line Min Maximum Error % | Throughput |Received K...| Sent KBfsec Topping 2 Prosciutto v |
“|GET Jorder 779170 4 1 2 3 95 0 283 0.00f Teo o) 21899 62.55 -
:|POST forder 23180 37 24 76 118 215 g 414 0.00k|  14.4/sec 4.19 3,76 SHbmic
POST ffinish 23084 6672 6514 12010 13349 15160 44 24888 0.00% e 3.43 2.62
TOTAL 825434 181 1 4 62 8371 Q 243888 0.00% 514.UISEC| 226.60 658.83
Imhotep / Henrik Baerbak
Imhotep Henrik Baerbak Christensen 30



" Green
Summa
. Framework

Processes Tactics |
o I h e re a re a I Ot Of I-I f Measure and Experiment [ Independent Scaling of Modular Architecture
BiGaics Elart . Shut Down when Idle - Fine-grained Service Model

. .-I
tl CS ] \ ease reness RESPECI Device Mode
l 2 i( : | Incr as Awﬂ 5 |
[ I ] | |

Reduce Bundle Size

 Avoid Unnecessary Resources - Reduce Network Package Size
| By Henrik Baerbak, 2023 Defer Fetching/Lazy fetch
. - Bulk Fetch m = Use Batch Method Pattern
| § .
* ... and they actually save quite
l  Fetch Data from the Proximity - Co-Locate Resources

lot of energy! | L

Use Efficient Languages and Tools

While providing the same service... |

qy - Use Low-footprint Data Formats

Use Efficient Databases

| - Respect Sequentiality of Data

Let us Change the 20W bulb to a 4W[ | Pool Physical Machines (Cloud)

_ Pool Resources (Threads/Connections)
| - — Utilize the CPU at the R/U Knee

- Set Configuration Parameters Optimally
Lower Fidelity of Video/lmages

| Use Lossy Formals

Reduce Logging

| MMFM = Replace Dynamic Conlents with Cyclic
b § Batch-Generated Contents
' : e Avoid Feature Ci
Imhotep Henrik Baerbak Christensen ~_ vold Feature Creep 31
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... and Teaching it

Part Il



T T———
« Continuing Education / Part-Time Education
— Master i IT. Students are full-time developers BLRLZEL

» Fagpakke:

— Software Arkitektur i Praksis
* One week of teaching

samarbejdende universiteter

When What
Week 13 Introduction to the advanced course. Introduction to Performance Engineering. Queue Theory. Easter.
Week 15 Performance testing and patterns for performance.

Week 16 Cloud Computing, Virtualization and Container Technology.

Energy-Efficient Software and Architecture.

Week 20 MicroServices. Architectural Conformance.

* One (large) exercise

» Mandatory 4: Performance Testing TeleMed (18/4).
» Mandatory 5: TeleMed in the Cloud. (2/5).

Imhotep » Mandatory é6: Energy Efficient TeleMed. (1/6). 33




SAiIP Weekplan 12

The learning goals for Week 18 are: To p | CS:

Energy-Efficient Software and Architecture. 'Y G A F

Literature:

 Settingupalab

s [Bass et al,, 2021] Chapter 6 (only QAS part). 3 =
S s b Statistical methods and tools

e [Sudrez et al., 2021] Cursory, but the best paper | have read so far. It is the main source of inspiration f8

¢ [Kazman et al., 2018] Cursory - focus on key learnings. On BS.

s [Cruz, 2021] Mandatory. Read it in the 'Note 1' sense to be applied in the Mé mandatory. (Onling)
« [Hussain] Optional. (Online)

» [Lago] Optional. (Online)

» [Montagliani, 2020] Optional. Relevant for App developers. [Online)

Slides:

e W12-1 Energy Efficiency (powerpoint) # (PDF)

« W12-1b Energy Efficiency Long (powerpoint) # (PDF)
e W12-2 Measuring Energy (powerpoint) // (PDF)

« W12-3 Database Experiment (powerpaoint) / (PDF)
 W12-4 Logging Experiment (powerpoint) # (PDF)

e W12-5 Language Experiment (powerpoint) / (PDE)
* W12-6 Microservice Experiment (powerpoint) # (PDF)
e W12-7 Batch Method Experiment (powerpoint) # (PDF)

Imhotep Henrik Baerbak Christensen 34
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. TeIeMed as basis system Well known to students!

— A'scaled down’ system for tele medicine
 Knud measures his blood pressure; uploads to central medical

information system for review by general practitioner

* Prerequisites o ,\
— Build a two machine lab E— 1 %
— Enhance a JMeter load script

. E ttttttttt @ g ttttttttt
« EXxercises

— A/B of MongoDB / Redis Myl
— A/B of Logging / No Logging
— Free exercise

Imhotep Henrik Baerbak Christensen 35



JmT il Examples of Work

. Redis uses: (104 -9.69)/ 104 = 6.9% less power than MongoDB for CPU
e DB Choice ( ) ° P J
measurements.

Redis is the better choice Power [W]

300

B MongoDB x70 (antal) [l Redis x70 (antal)

2 200
n n [
E
o L /[ No L E
ogging / No Loggin
£ 100
5
2
Test Run 3
g nBgoesisseBIREgReIREeRY e
75 - SRR EEE R EE-RE R R e
watts
= Ly Figure 2-2: MongoDB and Redis CPU power distribution (1440 measurements).
=]
(=]
)
g 6.5
g
[E]
B — Conclusion: ~
@ 6.0
&
As Hj hypothesis is rejected, there is a statistically significant power increase of
KK 20-21% in m] per request when enabling logging. There is still a difference in mem-
ory usage, which might impact the result, even though none of the present data in-
dicates it.

Without log With log

Imhotep Henrik Baerbak Christensen 36



. Energy Proportionality: Try to run TeleMed at two different points on the energy curve, for instance loading
the target machine at 10% and at 20%; and compare the energy-per-transaction cost.
. Docker virtualizatior: Compare TeleMed running as a Gradle task versus running it as a docker container

{multistage) or as a stack using Docker Swarm.

. JVM ar Not: Compile TeleMed using GraalVM to get a native image and compare that with running using the
standard JVM.

. Choice of Measurement Data Format: Write a new Builder implementation in another format than HL7/XML,
and compare that to the given one.

. Choice of package size: Rewrite client-server communication so instead of sending a measurement right away,
they are cached at the client side and only transmitted when N measurements have been made (N = 5 or 10
or 7). Compare to the given TeleMed.

. 5Q1 Storage Engine: Write an implementation of xpseackend that stores measurements in a classic SQL
database like MySQL, MariaDB, or similar. Compare that implementation to the MongoDB (or Redis)
implementation. Any SQL wizards are free to share an implementation on the Forum.

. Choice of language: Compare the Java based TeleMed (configured for in-memory storage) to an alternative
TeleMed written in your favorite language.

. Any other energy-efficiency experiment that you may come up with; also experiments on other code bases
than TeleMed. It must, however, be approved by me before you start.

Power [W]
W JSON (count) [l XML (count)

. i ]l
m e o v = -
o o ae @ M-

|Il|.
we o eTe - v Lo nDBeT®E oW e
—a@fqaca=-qaa mH N A= T oa
aaaaa R EEEEE R K
mmmmmmmmmmmmmmmmmmmmmmmmmm

Free Exercise

JSON: 24.5W (o 2.5w)
XML: 27.9W (o 4.1W)

That is 12.2% saved energy by
using JSON over XML

37



Questionnaire

-

Green

* Questionnaire to part-time students Famewors

|

Question 3 E T \ 5 I § “
Kursets artikler samt obligatorisk opgave omkring energi-effektiv arkitektur ‘Pmcesses ‘ { _Tacm:s
forskellige arkitekturer og implementationsvalg har stor betydning for energ | T Measure and Experiment T Independent Scaling of Modular Architecture
< v
| meget hgj grad I———— 6 (42,86 %) Prioritize Effort | M- - Fine-grained Service Model
i I 86 % ‘
| haj grad 6 (42,86 %) \ T ——— ‘ Respect Device Mode
| middel grad _— 2 (14,29 %) - ‘ Reduce Bundle Size
| mindre grad 0 (0 %) ‘ m o8 Reduce Network Package Size
I lav grad 0 (0 %) By Henrik Baerbak, 2023 ' | | Defer Fetching/Lazy fetch
Ved ikke 0 (0 %) [  Bulk Fetch Data - Use Balch Method Pattern
Question 4 Cache Data Closer to User
Kursets fokus pa energi-effektiv arkitektur vil indg3 i, og vajle inspiration til, mit fremtidige arkitektur og | | Fetch Data from the Proximity - - Co-Locate Resources
softwareudviklingsarbejde, saledes at energiforbruget spges¥® SO I _ ergi ‘ Utilize Geographical Sharding
besparelse (brug af teorien). Use Efficient Languages and Tools
| meget haj grad — 1 (7,14 %) ' Use Efficient Algorithms
| hgj grad [ ] 2 (14,29 %) ‘ W - Use Low-footprint Data Formats
I middel grad I 8 (57,04 %) R
| mindre grad —_— 2 (14,29 %) [ Respect Sequentiality of Data
I lav grad 0 (0 %) ‘ Pool Physical Machines (Cloud)
Ved ikke —_— 1 (7,14 %) | - — Pool Resources (Threads/Connections)
oy Rasauns KGR - Utilize the CPU at the RIU Knee
Question 5 Set Configuration P: Optimally

. g r |
Jeg forventer, at fremtidige projekter som jeg matte indgd i, | hejere gihd vil forsgge at lave konkrete malinger og Lower Fidelity of Video/lmages

eksperimenter med energi forbrug (brug af praktiske eksperimenter). | Use Lossy Formals

| meget hgj grad 0 (0 %) . Reduce Logging

i grad —_ 2 1429% W . Fajcs et ol it

I middel grad F— 6 (42,86 %) Avoid Feature Creep

| mindre grad I 5 (3571%) Sensor Fusion

I lav grad - 1 (7,14 %) J
Ved ikke 0 (0 %)
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— It has been an eye-opener for me to do experiments
— All students report the same ‘Aha’ experience
« 21% energy increase, just spent on logging ??7?
» Labor intensive to do concrete work ®

— You need two ‘raw’ machines to do serious work
« And preferably on a cabled network

— You need to control all parameters (load, temperature, ...

— You need to do a lot of measurements (~20 minutes)
« ... and often have a ‘ups, | forgot ...” and have to repeat it

Imhotep Henrik Baerbak Christensen
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Experience

* When comparing architecture/design A and B
— You have to design and implement both Aand B ®

. .
. hich takes time to d
e W IC a eS I e O O e Spark - A micro framework for
creating web applications in
Kotlin and Java 8 with minimal
effort

. Scalatra.
Example Gin Web Framework
— | have my CaveService coded in .

« Java Waitress

« Go

« Scala Each one required learning a language

« Python PLUS learning a WebServer framework

. (Rust) (SparkJava, Gin, Scalatra, Waitress)!
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Experience

. Reproducnble Lab P

' : »% Random Y coordinat
How to run an experiment 1.000 times in % rrdomveer
controlled manner? J¢ HTTP Request Defauts

o ¥ GET froom

« Load Generators, like Apache JMeter + |y FoasT oo
o= & GET /room/exits

|Oad SCFiptS + Aggregate Report of all request
| was fortunate that the course already ¢ & rostiroom
had introduced that... oL BT

ﬁxm Assert 201 OK or 201 CREATED or 403 FORB
) Gaussian Random Timer

Gaussian Random Timer

* Tooling is heavy

— Getting to know JMeter, powerstat, fRmme ik ine
T . . . Thread Delay Properties
statistics tools, plotting libraries,

Name: |Gau55ian Random Timer

Deviation (in milliseconds): |50

Constant Delay Offset (in milliseconds): [100
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Expeﬁence

* |T people do not know how to make experlments ®
— This is physics: Measuring variables in a system

« Central limit theorem (= do many experiments)

* Do statistics analysis
— Std dev, violin plots, Welch T-tests, ...

Energy consumption (W)

34.1%| 34.1%

00 01 02 03 04

Without log With log
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7P “35@ R e _
i ] Conclusion
Imhotep Vidensformidling indenfoF Softwarendyikiingg 9 e s =
* | think my main points are
— It is important!
 The house is on fire!
» And software has to contribute
— It is an eye-opener

« Don't do Python if you love your
kids &)

— It has a quite labor intensive do to well... ®
+ |deally, you will benefit from a dedicated lab
— But a room, two old PC’s and a switch, and a booking plan will do...
— ... and | would be happy to exchange ideas
* hbc@cs.au.dk
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