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MepiAnyn

To avTIKEIPEVO TNG TTAPOUCAG DITTAWUATIKAG EPYACiAg ival n UAOTTOINGN KAl N JEAETN
ouptrepipopdcs evog RESTful APl o€ S1a@OpPETIKA OIKOOUCTAUATA KOl APXITEKTOVIKEG VEQPOUG.

210 TPWTO KEPAAaIo, £¢nyouvTal ol Baaikég Evvoleg Kal opoAoyieg Tou Cloud Computing kai
Serverless Computing, Y€ aTTWTEPO OKOTTO TNV KAAUTEPN KATAVONON TWV ETTOUEVWV
Ke@aAaiwv. ETTiong avag@épovTal Kal Ta ONUAVTIKG TTAEOVEKTHATA TNG EKACTOTE TEXVOAOYIOG.

2710 BeUTEPO KEPAAQIO, HEAETANE PEPOVWHEVA OAEG TIG UTTOAOYIOTIKEG UTTNPETIEG TTOU £XOUUE
OKOTTO VO XPNOIMOTIOINCOOUUE. ZKOTTOG auToU TOU KEQaAQiou gival va eEnyriooupe Ta 101QITEPQ
XOPAKTNPIOTIKA TNG EKACTOTE UTTNPECIAG KAl VO EQOPUOOOUUE KAAEG TTPAKTIKEG £TO1 WOTE TO
TENIKO TTEipapa va gival aglomoTo.

270 TPIiTO KEPAAQIO, PEAETAUE PEPOVWHEVA OAEG TIG BATEIG DEDOUEVWV TTOU EXOUNE OKOTTO va
XPNOIMOTTIOINCOUUE. ZKOTTOG aUTOU TOU KEQaAQiou ival va egnyrooupe Ta 1810iTEPA
XOPOKTNPIOTIKA KAl TTAEOVEKTAPATA TNG EKAOTOTE BACNG, VA £1I0AYOUUE Ta dEdOpEVA Kal va
EPAPPOCOUNE KOAEG TTPAKTIKEG VIO OEIOTTIOTO TEAIKO TTEipauA.

270 TETOPTO KEPAAQIO, EVWVOUNE OAEG TIG UTTNPECIES KAl T TTPOIOVTA TTOU JEAETHONKAV OTQ
TTponyouueva Kepahaia dnuioupywvtag did@opoug deployment cuvduaopuoug. ZKOTTOG Pag
gival TTPOCONOIWOOUHE Kivnan TTOAWY XpNOTWYV KAl VO JEAETACOUNE TNV CUPTTEPIPOPA TOU
ekdoToTe deployment XpnoIUOTTOIWVTAG OUYKEKPIPMEVEG HETPIKEG.

270 TTEUTITO KEQAAQIO, avapépovTal Ta CUUTTEPACGUATA TTOU TTPOKUTITOUV aTTd Tnv TTapouca
OITTAWUATIKA EPYOTia KAl TTPOTEIVOVTaI ETTOMEVA BAUATA yIa TRV OUVEXION TNG TTAPOUCOG
EPEUVNTIKAG EPYACIAG.

NECeIc KAg1d1G

Cloud, Cloud Computing, TexvoAoyieg vépoug, Serverless Computing, APls, Deployment,
Amazon Web Services, Google Cloud Platform, AWS DynamoDB, Cloud Firestore, AWS
Lambda, AWS API Gateway, Google Cloud Run, GCP Cloud Functions, Flask, Zappa,
Monolithic, Polylithic, Performance Testing



Abstract

The objective of this diploma thesis is the study of the behavior of a RESTful APl in different
ecosystems and cloud architectures.

The first chapter explains the basic concepts and terminologies of Cloud Computing and
Serverless Computing, with a view to a better understanding of subsequent chapters, and the
significant advantages of each technology are also mentioned.

In the second chapter, we study individually all the computing services that we intend to use.
The purpose of this chapter is to explain the specific characteristics of each service and to
apply best practices so that the final experiment is reliable.

In the third chapter, we study individually all the databases that we intend to use. The
purpose of this chapter is to explain the specific characteristics and advantages of each
database, bulk-write import and to apply best practices for a reliable final experiment.

In the fourth chapter, we bring together all the services and products studied in the previous
chapters by creating various deployment combinations. Our aim is to simulate multi-user traffic
and study the behavior of each deployment using specific metrics.

In the fifth chapter, the conclusions that emerge from this diploma thesis are mentioned and
the next steps for the continuation of this research paper are proposed.

Keywords

Cloud, Cloud Computing, Serverless Computing, APIs, Deployment, Amazon Web Services,
Google Cloud Platform, AWS DynamoDB, Cloud Firestore, AWS Lambda, AWS API Gateway,
Google Cloud Run, GCP Cloud Functions, Flask, Zappa, Monolithic, Polylithic, Performance
Testing
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KepaAaio 1 Eicaywyn
ZKOTTOG TNG TTapoucag SITTAWMATIKAG Epyaaciag eival va JEAETHOOUNE BATIKEG EVVOIEG KAl
TEXVIKEG TwV Cloud Services, va avaAlooupe Ta IBIAITEPA XAPAKTNPIOTIKA TWV TTPOIOVTWYV TTOU

Ba XpNOIUOTTOINCOUNE KOl VA JEAETHIOOUNE TNV CUUTTEPIPOPE TOUG EQAPUOLOVTAG KAAEG
TTPAKTIKEG.

A@oU peAetriooupe BewpnTiKA OAEG TIG UTTNPECIES TTOU PAG EVOIAPEPOUV, Ba TTPOXWPINCOUUE

o€ Kavovika deployments, Ba rpocopoiwooue traffic spikes kai 6a aglohoyrjooupe 6Aa Ta
OevApIa XPMNOIUOTTOIWVTAG EIBIKEG HETPIKEG.

1.1 Tieival To Cloud Computing;

Cloud Computing 1 aAA\ilog Web Services i aAiwg Cloud Services gival n TTapoxn diagopwv
computing services — dnAadn Servers, Storage, Databases, Networking, Advanced analytics &
Monitoring — over the Internet (“Cloud”).

Ta o yvwoTtd Web Services Platforms eivai:
1. AWS (Amazon Web Services)

2. GCP (Google Cloud Platform)
3. Microsoft Azure

Worldwide market share of leading cloud infrastructure
service providers in Q4 2021"

M
Anve I 2%
2 Google Cloud _ 10%
CAibabacioud [N 6% :
e - 4% 2021 cloud infrastructure
3% service revenue

$178 billion
¢ Tencent Cloud - 3% (+37% vs. 2020)

I 2%

Eikéva 1: Cloud providers market share

21n TTapouca epyacia Ba PeAETRoOUNE KUpiwg TTpoidvTa Tou AWS kai Tou GCP.



1.1.1 Ta mAcovekThparta Tou Cloud Computing

Ta onuavtikéTepa TTAcovekTuaTa Tou Cloud eival Ta €¢AG:
(Azure, 2022)

Koéoro¢

E¢aAcipeTal, TTAOV,
o n xpnuatikn datrdvn yia Tnv ayopd hardware & software,
o n dnuioupyia Kal Asitoupyia EMITOTTIWY KEVTPWY OEDOUEVWY — Ta rack Twv
OIOKOMIOTWV,
N NAEKTPIKA eVEPYEIQ OAO TO EIKOTITETPAWPO Yia TPOPodOTia Kal Yugn Kai
n avaykn atmo €101KoUG TTANPOPOPIKAG YIa T dIaXEIpIoN KAl CUVTHPNON TNG
UTTOOOUAG.

Amdédoon

O1 yeyaAUTepEG UTTNPETIEG AEITOUPYOUV O€ £va TTAYKOOUIO iKTUO

a0QAAWY KEVTPWY dedoPEVWY, Ta oTToia avaBabpidovTal TAKTIKG aTnv TEAEUTAIa yeVIA
YPYOPOU Kal aTTOTEAEOUATIKOU UTTOAOYIOTIKOU UAIKOU. AUuTO TTPOCPEPEI TTOAAG
TTAEOVEKTHATA O€ OXEON ME Eva HOVO ETAIPIKO KEVTPO DEDOUEVWY,
oupTTEPIAaUBavopéVnG TNG PEIwPEVNGS KaBuaTépnong SIKTUOU YIO EQAPHOYEG Kal
MEYOAUTEPEG OIKOVOIEG KAIJOKAG.

Adlomoria

OAa oxedov Ta Web Services dnuioupyouv avTiypa@a ao@aigiog dedoPEVWY yia TNV
avAaKTnon atd KaTaoTPoPES. KabioTouv TNV ETTIXEIPNUATIKA CUVEXEIQ EUKOAOTEPN Kal
Aiyétepo datravnpry, TTEIdN T dedOPEVA UTTOPOUV VA AVTIKATOTITPICOVTAI O€ TTOAATTAG
redundant sites oT1o dikTuO TOU TTaPdYOU cloud.

Mayxkoouia KAipaka

Ta 0@EAN TWV UTTNPECIWV UTTOAOYIOTIKOU VEQOUG TTEPIAaUBAvouY T duvatoTnTa
€AAOTIKAG KAigOKAg. AuTO onpaivel TRV TTapoxn TNG CWOTHG TTO0OTNTAG TTOPWY —YIa
TTapddelyua, TTEPICTOTEPN i AlyOTEPN UTTOAOYIOTIKY 10XV, aTToBrKEUON, EUPOG {WvnG—
aKPIBWG OTaV XPEIAZovTal KOl aTTd TN OWOTH YEWYPAPIKN) TOTTOBETia.

Mapaywyikornra

Ta local data centers atraitoUv ouvrBwg TTOAAEG evépyeleg OTTwG racking and stacking
—pUBpIon hardware, €mdIOPOWGON AOYICHIKOU Kal GAAEG XPOVORBOPES Epyaaieg
dlaxeipiong IT. To cloud computing agaipei Tnv avaykn yia TTOAEG ATTo AUTEG TIG
EPYOTIEG, £€TO1 WOTE 01 OUAdES IT va uTTopoUv va aPIEPWVOUV XPOVO OTNV ETTITEUEN TTIO
ONMUAVTIKWY ETTIXEIPNUATIKWY 0TOXWV. Me Aiya Aoyia ealeipovTal 0Aeg ol DevOps
O10dIKOTiEG.
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o AogdAsia

MoAAoi TTapoxol cloud TTPOCPEPOUV £va eUpU OUVOAO TTONITIKWY, TEXVOAOYIWV KAl
EAEYXWV TTOU €VIOXUOUV TNV OUVOAIKI ao@AAgia, cuuBAAAOVTaG OTnV TTPOCTOCIO TWV
OeSOUEVWY, TWV EQAPUOYWYV KAl TNG UTTOOOMNG aTTo TTIBAVES ATTEINEG.

1.2 Tieival To Serverless Computing;

(Cloudflare, What is serverless, 2022)
(Cloudflare, Why use serverless, 2022)

To Serverless Computing €ival pia Texvikn Tapoxng Back-End services aAAG e Tnv €€AG
onpavrik dlagopd: AsiToupyei on an as-used basis | aANILG on-demand, TTOU ONUAiVel TTWG O
XPNoTNG TTANPWvel Hévo yia auTd TToU XPNOIKOTIOIET KAl OTAV TA XPMNOIUOTTOIE.

AUTA N APXITEKTOVIKN £PXETAI VO AVTIKATAOTACEI TNV TTAPAdOCIOKK TEXVIKA TTOU ATTOTEAEITAI
KaTd KUplo Adyo atré dedicated servers TTou AeItoupyoUv cuvexwg 24/7 kal “akouve” yia client
requests xwpig va uttapxel katrolo traffic.

AgiCel, BEBaI, va ONUEILWOOUNE TTWG EVW TO Ovopa “serverless” TTapaTTEUTTEI € KATI TTOU eV
XPNOIYOTIOIET Servers, oTnV TTPAyUaTIKOTNTA XPNOIPOTTolIouvTal Kavovikd physical servers,
Opwg ol developers dev XpeldleTal va aoXoAnBouv Je TITToTa TTapATTAvWw TTEPA ATTO TOV KWOIKA
TOUG.

Emiong 1o Serverless Computing Bspehiwdnke €€ apxng mavw oto Cloud kaBwg BacileTal
TTadvw o€ principles 6mwg Scalability, Performance, Availability, Concurrency, Portability,
Security K.a. TTou 6a avaAUCOUUE OTNV CUVEXEIQ.

H serverless Totmik avamTuén Bewpeital anti-pattern kai dev xpnoipotroigital (McCumskey,
2021).
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1.2.1 Ta mAcovekTApaTa Tou Serverless Computing

Cost Increases

AmodoTIKoTNTA KOGTOUS

TRADITIONAL
SERVERS

SAVINGS WITI
SERVERLESS

| R

TRADITIONAL
SERVERS

=

SERVERLESS

UPFRONT
COSTS
|

SERVERLESS

(Pay as you use)

Scale of Infrastructure Increases

Eikéva 2: Serverless cost efficiency

To Serverless computing emTpétel aToug developers va akoAoubrioouv éva “pay-as-
you-go” cUOoTNHUA KAl VO TTANPWVOUV TIG UTTNPECIEG TTOU YOVO XPNOILOTTOIOUV KAl OTTOTE
TIG XpnoiyoTTolouv. O KWAIKAG EKTEAEITAI HOVO OTAV XPEIAZETAl KAl AQUEAVETAI QUTOPATA
ava@Aoya ue TIG avaykes. To provisioning gival duvapikd, akpiBEg kail real-time.
ZUYKEKPIUEVA, PEPIKOI TTAPOXOI AVAAUOUV TIG XPEWOEIG TOUG 0€ TTpocauénaelg Twv 100
XIANIOOTWYV TOU OEUTEPOAETITOU. Z€ avTiIOEDN e pia TTapadoaIaKr apXITEKTOVIKI
atroteAoupevol atré dedicated servers, TTou o1 developers TTPETTEI va EKTINACOUV TO
mBavo traffic kal va ayopdoouv Toug atrapaitTnToug TTOPOUG XPNOIKMOTTOIWVTAG TOUG 1
Oxl.

Simplified Scalability

O1 Cloud Providers xeipiCovtai €€ oAokAfpou Tnv KAIpakwaon on-demand pe Baon 1o
ekaaTore traffic xpnoipotroiwvtag Texvoloyieg 6TTwg Kubernetes. O1 developers ue
eAaxioTo configuration yTTOpOUV va xeipioToUV auto-scaling Asitoupyieg aAAGlovTag
TTAPAPETPOUG OTTWG concurrency, provision K.a.

Serverless e@apuoyEG TTopoUV va dIaxeIpIoTOUV Eva aouvhBIoTO Kal EaQVIKO uwnAo
ap1Bud amod requests 10 id10 ypriyopa Kal atrodoTiké 6TTws Ba Xeipi{dvTouoayv Eva
request atrd évav pévo xpnotn. Mia TTapadooiakr) apxITEKTOVIKN ue fixed resources
dev Ba pTTopouoe va avtatregEABel O€ TETOIEG TTEPITITWOEIG (Spikes).

1.2.2 Serverless Cloud Products

KaBe Cloud Provider €xel Ta diké Tou Serverless TrpoiovTa o€ d1A@opoug TOUEIG OTTWG
Databases, Lambda Functions, APl Gateways, Stateless Containers k.a.
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Epeig Ba kavoupue deploy kdtroia back-end services xpnoigotrolwvTag 1a €§AG, YE dIAPOPOUG
OUVOUAOHOUG:

Amazon Web Services:
1. AWS Lambda - FaaS
2. AWS API Gateway
3. AWS DynamoDB — NoSQL Database

Google Cloud:
1. GCP Cloud Functions — FaaS
2. GCP Cloud Run — Stateless Containers
3. GCP API Gateway
4. Cloud Firestore (GCP) — NoSQL Database

MapakdTw @aiveTal £vag CUYKEVTPWTIKOG TTIVAKAG JE Ta TTEipduaTta Tou Ba die§ayxBouv oT1o
Ke@AaAalo 4, deixvovTag akpIBwg TIG UTTNPETiES TTOU Ba XPNOIKMOTTOINCOUUE OTO KABE TTEipaua.

Scenario Cloud AWS AWS AWS Cloud Cloud Cloud Run
Firestore = DynamoDB Lambda API Functions Run (concurrency)
Gateway
441 ° ° 4
4.4.2 . .
44.3 ° ° .
44.4 . . .
4.4.5 ° ° 80
4.4.6 . . 4
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KepdAaio 2  Autdvopn AsiToupyia TwV UTTOAOYIOTIKWV
UTTNPECIWY - KAAEC TTPAKTIKEG

2.1 Initial Testing Setup

2 TTpWTO 0TAdIO Ba peAETNBOUV Ta services PePovVwUEVA Xwpig KATToIo integration pe k&Toia
Bdaon dedopévwy €101 WOTE va Eekabapiooupe TIG BeueAIWDEIG AsITOUpPYiEG TOUG, va
avAAUOOUNE KOAEG TTPAKTIKEG KAl VO EEAYOUNE KATTOIA CUNTTEPACTNATO CUUQPWVA UE
OUYKEKPIPEVEG JETPIKEG, Ol OTTOIEG EivVal EVOWUATWHEVEG OTA CUCTAUATA AUTA.

OT1réT1e OKOTTOG HaG ival va @TIAEoupE KATTola WeUTIKA testing APls.

21NV apxn xpnoigotoifoaue time.sleep() yia 1o testing aAAG TTapaTtnPACAUE TTWG €ival KK
TTPAKTIKN, KaBwG dev katavaAwvel CPU time aAAd repipével kamroio INTERRUPT arré tov
kernel Tou cuoTAuarog. ZTnv ouadia yivetal handle atmd 10 AsiToupyiko kal dev gival agIdToTn
TEXVIKN. Z€ auTd TO onpeio va TTpooBéooupe TTwg ol Cloud Providers xpewvouv e Baon 10
CPU time 10U Xpnoiyotrolci To ekaaToTe function / service, oTroTE KOl atrd dTrown pricing
measuring 6a Tav pia AdBog etmiAoyr).

ZUveTTWG KaTaAn&ape pe dummy for-loops mou kdvouv dummy uttoAoyiopoUg. PTiIGXTNKAY,
Aoitrév, 2 APls 1o SoftSleep kai To HardSleep.
class SoftSleep(Resource):

@configuration.measure_time
def get(self, sleep_id):

# Initialize global times keeper

configuration.times = {}

a=20
for i in range(1000):
for j in range(10000):

a+=1%3j

return {
"times': configuration.times,
'msg': sleep_id

Eikéva 3: Python code of SoftSleep function

14



class HardSleep(Resource):

@configuration.measure_time
def get(self, sleep_id):

# Initialize global times keeper

configuration.times = {}

a==0
for i in range(3000):
for j in range(10000):
a+=1%7j

return {
"times': configuration.times,
'msg': sleep_id

}

Eikéva 4: Python code of HardSleep function

Edw kdvoupe 2 TTapatnpAoEIg:
1. sleep_id: civai {ekdBapo TTwg 10 sleep_id dev xpnoiyoTroigital TTouBevd, aAAG e
QUTAV TNV TEXVIKN €§ao@aAifoupe TTwg To service dev Ba kavel katrolo URL Caching,
KaBwg kaBe request Ba £xel diagopeTikd URL. MNpo@avwig, TTopoUuE va EAEYEOUNE TO
caching kai a1ré TIG id1EG TIG TTAATPOPHES (AWS, GCP) aAAG e€aAeipoupe Kal
otrolodnTTOTE caching éxel yivel o€ eTTITTEdO DIKTUOU, £TOI WOTE VA EiNACTE Oiyoupol TTWG
o1 xpévol oTo testing gival avTITTIPOCWTTEUTIKOI.

2. measure_time wrapper: [piv xpnoiyotroin®ei katolo testing suite, 1o testing €yive
locally kai yia va e€aAeiyoupe Tov TTapdyovTa KakoU SIKTUOU @TIAXTNKE Evag wrapper
TToU “KOANGEI” o€ KABe function €101 WOTE va EEPOUNE AKPIBWG TOV XPOVO TTOU £TPEEE TO
function o1o ekaoTote Cloud Service.

def measure_time(func):
def wrap(*args, *%kwargs):
start = time.time()
result = func(xargs, *xkwargs)
end = time.time()

times[func.__name__] = end - start
return result

return wrap

Eikéva 5: Python code of measure_time wrapper

15



ZUVETTWG TO response aT1o endpoint base_url/soft_sleep/hello gival KATTWG £TO1:

“times”: {

“get”: 0.835730
3
‘msg”: “hello”

Eikova 6: Response of base_url/soft_sleep/hello

2.2 Google Cloud Run

(Google, Cloud Run, 2022)

To Cloud Run givail pia evreAwg auTo-dlaxeipi{OpeEVn TTAATQOPUA TTOU PAG ETTITPETTEI VA
Kavoupue deploy containers Ta oTToia UTTOpoUV va evepyoTToinBouyv eiTe péoa ato requests eite
Méoa atTd events.

AuTA n Aoyikr, Aoitov, pag Bupilel Tnv Serverless vooTpoTria 61rou 10 Cloud (dnAadr To GCP)
XelpieTal 6Ao 10 Hardware Infrastructure kai 6Aeg 1ig DevOps d1adiKaoieg ue OKOTTO €UEIG va
ETTIKEVTPWOOUUE OTOV KWOIKA.

2.2.1 Idiaitepa mAeovekTiuaTa Tou Cloud Run

To Serverless atmd povo Tou €xel 1IdIaiTepa xapaktnpioTikd, To Cloud Run, dpwg, €xel KATTOIO
XOPOKTNPIOTIKA TTOU TO EEXwPICouV atrd Ta UTTOAOITTA TTPOIOVTA.

e Portability

21nv oucia 6tav B€Aoupe va eTidEoupue éva Cloud Run Service @Tidxvouue éva
container.

‘Eva container £xe1 Tnv duvatotnta va yivel deploy o€ otrolodrroTte TrepIBAAAOV €iTe
auTo eival Kubernetes/GKE, eite Cloud Run (serverless and GKE), eite VM,
OTTOUBNATTOTE.

ATI6 TNV AAAN, 6Tav ypdgoupe yia éva Cloud Function, i yia otroiodritrote FaaS
TTPOIOV, UTTOBETOUUE OTI:
e Ymdpxel kamoiog Web-Server yia va kdvel route Ta requests pag péoa oTtov
KwOIKA,
M'vwpifoupe 1O TTEPIBAANOV OTO OTTOIO TPEXEI O KWOIKAG POG
To mrepIBAAAOV TTPETTEI VA UTTOOTNPICEI TNV YAWO OO OTNV OTToIa YPAPOUUE

Kai apkeToi GAAOI TTEPIOPICHOI.

Xpnoipotroiwvtag 1o Cloud Run kata@épvoupe va Peiwvouue 1o “rework” Kail To
“refactoring” ka0e @opd TTou B€Aoupe va aAAGEoupe TTEPIBAAAOV Kail TO KUPIOTEPO Eival

16



oTl gipaocTe Aiyotepo “eykAwBiopévor” oto Google Cloud, kaBwg avd TTaoa oTiyun
TTaipvoupe To container kai To kavoupe deploy o€ GAAo provider.

o Testability

> peydAa kal TrepIiTTAOKA projects A o€ projects 61mou 10 production level gival TTOAU
critical pia TTOAU onuavTikr TTapdPeTpog gival To testability. Mpogavwg yia epapuoyn
mpIv Byel oTo production level Trepvdel atod éva staging level dpwg kai TTaAI dev
MTTOpOUUE Va Kavoupe TTANPEG local testing.

ETriong, dev avagepduaoTe o€ unit tests aAAd oe end-to-end tests 1 aAAIWG
“‘integration” tests.

®driaxvovtag, Aoitrdv, containers utropoupe va Kavoupue “docker run” kai va doUpe
aKPIBWG TTWG AEITOUpYEi TO container Kal TTwG AAANAETTIOPA e didpopa events.

>¢ avtiBeon pe Cloud Function, o kwdikag TTou ypdgoupe atrAd Xelpi¢eTal To request
TToU €£X€l AON Yivel forward atrd Tov Web-Server Tou epIBAAAOVTOG EKTEAEONG.

2.2.2 Use Cloud Run Build

AkoAouBwvTag Ta emionua £yypaga NG Google:
(Google, Deploy a Python service to Cloud Run, 2022)

Ortav xpnoiyotroiouue 1o gcloud CLI kai TpExoupe Tnv evioAn gcloud run deploy,
TTOU €ival ion e :

1. gcloud builds submit --tag [IMAGE] /path/to/sourcecode &&

2. gcloud run deploy [SERVICENAME] --image [IMAGE]

161€ TO0 CLI avaAauBaver:
(Apa gival n TTpwTN @OPA TTOU TO XpnaoipoTroioUpe Ba @TiaxTei To Container Repository
avAaAoya e TO region TTOU €TTIAEYOUUE va ATTOBNKEUTEI TO container)
1. Na aveBdoel Tov kwdika (source code files) ato Cloud Build, é1rou ekei xTiCeTal T0
image mavw oTo Cloud.
2. Na dnuioupynoel 1o Cloud Run Service 1o 0110i0 XpnOIPOTIOIEI TO image TTou
ONUIOUPYRBNKE TTPONYOUUEVWG.
3. Na dpopoloyrioel 6Ao To traffic (kai To 100%) 010 VEO revision TTou dnPIOUPYHRONKE.
AuTé xpnoipevel av €xoupe TTOAAG versions evog Cloud Run Service. XpnoipoTtroigital
€0WTEPIKOG Load Balancer yia va kével handle 1o otroiodntrorte traffic.

2.2.3 Build Docker Locally & Upload it

AkohouBwvTag 1o eTTionuo documentation Tng Google:
(Google, Deploy a Python service to Cloud Run, 2022)

2nueiwon: Mg KOKKIVA ypAUUATA QaivovTal O EVIOAEG TTOU YPAPTNKAV OTNV TTPAYMATIKOTATA,
ME QTTWTEPO OKOTTO VA YiVel
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1. Tnyaivoupe apyikd otov @AkeAO Pe TOV source code Uag:

docker build -t [DOCKER-TAG] .
$ docker build -t cloud-run-test .

AuTA n evioAn waxvel éva Dockerfile oto directory oto otroio ekTeAcital (€dw gival To
current directory kaBwg Bafoupe “TeAcia”) kal @TIdy Vel Eva container e TAG TTOU TOU
divoupE gpEiG.

Miag ka1 €xoupe local To container yTTOpOUE:

va 10 doupe TpExovTag “docker images”

va 10 TpéCoupe ypagovtag “docker run ...”

va To dou e OTI TPEXEI UE TNV EVTOAN “docker ps”

va doupe Ta logs Tou pe “docker logs <docker-tag>"

2. Tpétel va evepyotroifjooupe 1o APl Tou pag emTpéTTel va aveBAaloupe SIKA Hag
container oto GCP Container Registry. Zuvdéetal otnv oucia pe 1o dockerhub kai yia
auTO OTTWG Ba OUPE OTNV CUVEXEIQ UTTOPOUUE VA XPNOIKNOTTOIOUUE EVTOAEG OTTWG
docker push kai docker pull.

$ gcloud services enable containerregistry.googleapis.com

3. Oa mpooBécoupe éva akdua Tag oTto docker image pag pe Bdon 1o registry name,
XPNOIMOTTOIWVTOG TNV €ENG EVTOAN:

docker tag [SOURCE_IMAGE] [HOSTNAME]/[PROJECT-ID)/[IMAGE]:[TAG]
$ docker tag cloud-run-test:latest eu.gcr.io/cloud-engineering-974ea/cloud-run-test:1.1

4. TéMNog, kavoupe push To image oto GCP container registry

docker push [HOSTNAME])/[PROJECT-ID)/[IMAGE]][TAG]
$ docker push eu.gcr.io/cloud-engineering-974ea/cloud-run-test:1.1

MoAig aveBdoaue To Image pag oto Container Registry kai ytropoupe va dnuioupycoupe

Twpa 10 Cloud Run Service pag.

OuolaoTika utTdpyouv 2 TPOTIOI va Yivel auTo, €ite yéaa atrd To Console eite péoa amoé 1o CLI.
e Web Console

Eite a6 10 Cloud Run “Create a Service” €ite kal ato 10 idio 10 directory Tou container
1Tou aveRdoape oto Container Registry.
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= Filter Enter property name or value

O Name Tags Virtual size @ Created Uploaded

O 079fc5db62ff vl 47.9 MB 9 minutes ago Just now
Show pull command
Edit tags
Deploy to Cloud Run
Deploy to GKE
Deploy to GCE

Eikéva 7: Container registry console

e CLI

H povadikr TTpoUTtré8ean yia va YTTopécoupe va XpnolpoTtroifjoouue 1o CLI gival va
éxoupe @Tiagel Google Cloud Aoyapiaoud. MNa va YTTopECOUNE VA TO EYKATAOTACOUUE
apkei va akoAouBriooupe Tig etTionueg odnyieg (Google, Install the gcloud CLI, 2022)

XpnoiyoTrolouue, AoITTOV, TNV €EAG EVTOAN:
gcloud run deploy <cloud-run-service-name>
--image [HOSTNAME])/[PROJECT-IDJ/[IMAGE]:[TAG]
$ gcloud run deploy cloud-run-test
-concurrency=20
-cpu=1
-memory=1Gi
-min-instances=1
-max-instances=100
-allow-unauthenticated -image=eu.gcr.io/cloud-engineering-974ea/cloud-
run-test:1.1

Edw mmpocBEToupe KiI GAAEG onuavTIKES TTapapéTpoug yia To Cloud Service mou Ba
MEAETNOOUV oTnVv cuvéxela 6TTwg CPU, Memory, Concurrency K.a.

2.2.4 Update

21nv oucia dua BéAoupe va evnuepwaooupe éva Cloud Run Service atrAd avakdvoupe deploy
éva image (akoAouBwvTtag étTolov TPOTTO BEAOUNE) Kal aTTAd opifoupe wg dvoua To Service
TTou B€éAoupe va kKavouue update.

AuTopdTtwg, AoITTdv, dnuioupyeital éva Kaivouplo revision TTou Tou avartiBeral 100% Tou traffic.
To 1TaMié revision dev xAavertal, JTTopoUue avd TTaca oTiyun va Tou dwaooupe traffic.
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@® Name Traffic Deployed Revision URLs (tags) @ Actions
(O @ cloud-run-test-00010-xaz 100% (to latest) 17 hours ago :
O cloud-run-test-00009-ged 0% 17 hours ago E
® cloud-run-test-00008-zav 0% 2 days ago + :
O cloud-run-test-00007-cav 0% 2 days ago :
O cloud-run-test-00006-nin 0% 2 days ago §
O cloud-run-test-00005-mur 0% 2 days ago :
O cloud-run-test-00004-cix 0% 2 days ago :
O cloud-run-test-00003-beq 0% 2 days ago E
O cloud-run-test-00002-jir 0% 2 days ago :
O cloud-run-test-00001-keq 0% 2 days ago + :

Eikéva 8: Cloud Run Service revisions

ETtiong dnpioupyeital kavouplo revision 6Tav yivetal oTroladnToTe aAAayr] OTIG TTOPAPETPOUG.
CPU allocation and pricing @
@ cPUis only allocated during request processing
You are charged per request and only when the container instance processes a request.

(O cPuUis always allocated
You are charged for the entire lifecycle of the container instance.

Capacity
Memory - CPU

[ 512 MiB v ‘ l 1 v J
Memory to allocate to each container Number of vCPUs allocated to each
instance container instance.

- Request timeout

| 300 seconds ‘

Time within which a response must be returned (maximum 3600 seconds).

q per
20 ]
The maximum number of concurrent requests that can reach each container instance. What is
concurrency?

Execution environment
The i i your iner runs in. Learn More

@ Default
Cloud Run will select a suitable execution environment for you

O First Generation

O second Generation [FEIEN

File system access, full Linux compatibility, faster CPU performance, slower cold starts

Auto-scaling @

(o

Set to one to reduce cold starts. Learn more

number of * number of

‘ [100

Eikova 9: Update revision

'H aAAGlovTag ToV TPOTTO JE TOV OTTOIO YiveTal trigger To service.
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Ingress @ Authentication @

O Allow all traffic (O Allow unauthenticated invocations
Tick this if you are creating a public API or website.

(O Allow internal traffic and traffic from Cloud Load Balancing
@ Require authentication

Manage authorised users with Cloud IAM

@ Allow internal traffic only

Eikéva 10: Revision traffic

2.2.5 Tapdauerpol

‘Evag cloud engineer o€ TTpwTn @Acn, avaAoya PE TO EKAOTOTE USe case, KOAEITal va ETTIAECEI
TOoV owoTo cloud provider kal To cwoTo stack atrd emuépoug cloud products. 2Tnv ouvéxela,
OMWG, OPEIAEI va TA TTAPAPETPOTIOINCEI PE TETOIO TPOTTO £T01 WOTE VO UTTAPEEI Wi IcOpPOTTia

METAEU KOOTOUG, TaXUTNTAG, SI0BECINOTNTAG, ETTEKTACIUOTNTAG K.O.K.

2€ auTO TO onuEio, AoITTOV, Ba PEAETAIOOUUE OAEG TIG TTAPAPETPOUG TTOU ETTNPEACOUV TNV
yevikoTepn emmidoon Tou Cloud Run kai 11 aAAayEG eTTIQEPEI N KABE ia.

1. Max Instances

AuTr N TTAPAPETPOG ETTNPEALEI TNV KAIJOKWOIPOTATA KAl TNV IKAVOTNTA TOU CUCTANOTOG
va avtatregépxetal o€ katrolo traffic spike. Av fATav, ag moupe, n TiPr ion pe 1 dev Ba
MTTOpOUCaUE Va dlaxeIpIoToUUE TTOAAG TauTOXpOva requests, kabwg Ba atroTiyxavav
ASyw timeout péxpr va egutTnPETNOOUV.

2. Minimum instances

AuTA n TTapdueTpog eTnpeddel Ta Aeyopeva Cold Starts kai dpa tnv atrédoon. Qg Cold
Start opifoupe Tnv KaTdoTaonN TTOU £pXETal £va request evw To ocUoTNUA TTPIV ATAV O€
TARPN adpdveia. Auta Ta TTpwTa requests €xouv auénuévo latency KaBwg TTPETTEI va
dnuioupynBoulv Ta TTpwTa active instances, ommoTE yia autd OpiouuE KATTOIO Minimum
instances, TTapatrdvw atro 0, £€T01 WOoTE va UTTApXouv KaTrola idle containers yia va
ATTavVTACOUV PEXPI TO ouoTnua va “‘onkwaoel” KI GAAa active containers.

3. Concurrency

AuTA n TTapdueTPOG, TTPOPAvVWG, Kabopilel To Concurrency Kai ETTPETTEI OE Eva
container va XeIpIOTEI JEXPI KA TTApATTAVW atro 1 request Kal ekeivo gival PeTd
UTTEUBUVO YIa TO TTWG Ba Ta XeIPIOTEL. ZTNV BIKA pag TTepiTTwaon To Flask utrooTnpidel
multi-threading. Av Badape ico pe 1 T0TE OTNV TTPAYUATIKOTNTA Ba ATAV 0avV va giXape
Google Cloud Functions.
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concurrency = 1 concurrency = 80
.
r 3 requests
3 requests > q
or events or events
1 service
—». 1 container instance

1 service
3 container instances

Eikéva 11: Cloud Run concurrency

AUTA n TTapdPETPOG, OPWG, OTTWG Ba doUpE, eTTNPEAdEl KAl TNV aTTOdo0N Kal TO KOOTOG.
AnAadn, dua éxoupe concurrency=1 kal max-instances=100 16T¢ yia va dIAXEIPIOTOUUE
100 Tautdxpova requests Ba xpelaoToUpe 100 diagpopeTikd containers TTou auTd
onuaivel augnuévo kéoTog. Evw dua gixaue concurrency=20, vai pev 6a
xpelagopaoTav Povo 5 containers, aAAG Ba peiwvoTtav n amédoon Kabwg éva container
ME OUYKEKPIPEVOUG TTOPOUG Ba ETTPETTE va DIAXEIPIOTE TTEPICOOTEPA requests.

Memory

AUTA n TTapAPETPOG £TTNPEALEI TTPOPAVWG TNV aTTOd00N, TV AVOEKTIKOTNTA
(Resilience) kai Tnv multi-threading IkavétnTa Twv containers. 'EoTtw, dnAadn, 6T
Badoupe concurrency=100 kai threads=10, 1éT1€ £va container Ba TTpooTTabr ol va
@TIGgel 6oa processes xpeidfovtail ye 10 threads 10 kaBéva. Edv, £xoupe BAAel
memory=512Mb, avd container, kal To KA0¢e request £xel avaykn atrd HeyaAn pviun
oT0 runtime TOTE KIVOUVEUOUUE VO UTTAPEOUV apKETA 5XX errors e¢auTiag un emapkoug

HVAUNG.

CPU

Edw opifoupe Ta CPU cores emAéyovtag 1,2 1 4. AuTr) n TTAPAPETPOG £TTNPEACEI TNV
atrédoon, 6tav éxoupe uwnAd Concurrency, Kal To KOOTOG.

AnAadn, dua éxoupe concurrency=1 161 1 CPU core €ival apkeTog.

AUTA n TTapAPETPOG £xEl TIPAKTIKA agia étav ouvOudleTal CWOTA KAl JE TOUG workers.

Workers

Ag oke@TOUNE OTI 0 APIBUOG TwV workers kaBopilel Ta TTOCQ processes UTTOPEi va
yevvnoel éva container. Autr) n TTapdapeTpog opicetal atrd 1o Dockerfile kal eTTnpeddel
TTNV amédoon 6Tav BEAoUUE va £Xoupe uwnAd concurrency. ZUVETTWG Mia KA
TTPAKTIKN €ival 0 apiBudg Twv CPU Cores va TauTifeTal ge Tov apiBuo Twv workers.

Threads

Kai aut n mapduetpog kabopiletal atré 10 Dockerfile kai opilel Ta méoa threads
MTTOPEI va YEVVIOEl TO EKAOTOTE process evog Container.
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To Cloud Run, Aoirév, Trépa atrd tnv vooTpoTria Tou Stateless Containers 10 oTroio
a1ré pévo Tou TTPOoCdidel apKETA EAeUBEpia, HECT aTTO AUTEG TIG TTAPAUETPOUG HOG
EMTPETTEI VA DIAXEIPIOTOUNE OTTWG epEiG BEAoupE To Scalability kai To Concurrency
avaAoya PE TIG aVAYKEG NAG WG TTPOG TO KOOTOG KAl TAV YEVIKHA ATTOdO0N.
M.x. Av Béooupe:

e workers=1, threads=1, concurrency=1:
16T1E TTpocopoiwvoupue Ta Cloud Functions, €xoupe uwnAd Performance aAAG augdverai
Kal To KOOTOG.

e workers=4, threads=1, concurrency=4, cpu=4:
Kal €101 T0TE TTpocopolwvoupue Ta Cloud Functions, £€xovrag TTaAI £xoupe uwnAd
Performance aAAG kal upnAd k6oTog. MTTOpEi €101 va pelwvovTal Ta CUVOAIKA active
containers, OpwG KABe container KOOTICEl TTEPICOOTEPO KOBWG £Xel peyaAuTepn CPU kai
Memory.

2.2.6 [Meipaparta & ZuptrepacuaTa

Edw, Aoitrdv, Ba HEAETACOUNE TNV CUPTTEPIPOPEA TOU YEVIKOTEPOU CUCTAUATOG SOKIUALOVTAG
d14¢pOopoUG cUVOUACHOUG TWV TTAPATTAVW TTOPAUETPWY. Oa XpNOIUOTIOINCOOUNE NOVO 2
endpoints yia 1o testing. To testing/soft_sleep kai 1o testing/hard_sleep, Ta oTToia OTTWG
€XOUNE €EnynRael kavouv dummy UTTOAOYIOUOUG yia va KatavaAwvouv oviwg CPU time kai va
MNv yivetal aTTAd sleep. ‘Exovtag BaAel, Aoimmdv, measure_time wrapper ota endpoints
MTTOpOUNE va yvwpifoupe akpifwg 1o CPU time TTou KATavaAwvouv. ZUYKEKPIPEVA:

e soft_sleep: 0.899 seconds

e hard_sleep: 2.580 seconds

‘Exovtag autd Ta 2 endpoints, Aoimtov, Ba @Tidgouue TTpocouoiwaoelg atro traffic spikes, pe
didpkela 2-3 AeTrTwyv, atroteAoupeva atrd 100+ xproTeg, Kal Ba TTapaTnPOUE TIG ATTAPAITATES
METPIKEG.

MapakdTw, AoITTév, akoAouBEi o TTivaKag PE TOUG BIAPOPETIKOUG OUVOUATHUOUG TWV
TTAPAPETPWY TTOU £XOUUE OKOTTO VA OOKIUACOOUUE. 2Z€ KABE VEO OEVAPIO QAIVETAI E KOKKIVA N
TTAPAPETPOG TTOU AAAACEl KOl OTNV CUVEXEIQ Ba £ENyrOOUE:

1) yiati aAA&GZoupE TNV EKACTOTE TTOPAUETPO KAl

2) mwg Trepipévoupe va ettnpeaotei To Cloud Run Service.

Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.26.2 1 1 1 1024 20 1 100 30
2.26.3 1 1 1 1024 20 1 (1000 ) 30
2264 |[C 2 ) 1 C 2 ) 1024 20 1 1000 30
2265 | 2 1 2 1024 80 ) 1 1000 30
2.2.6.6 2 |4 )] _2 1024 80 1 1000 30
2267 |4 ) 4 (4 ) (2048) 80 _ 1 1000 30
2.2.6.8 4 C1 ) 4 2048 40 D) 1 1000 30
2.2.6.9 4 1 4 2048 40 1 1000 | (90 )

Eikéva 12: Mivakag¢ mapauérpwy Cloud Run
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2.2.6.1 EpyaAcia

Mpiv EeKIVAOOUE, va avapépoupe Ta epyaAeia TTou Ba XpnoIJOTTOINCOUE Yia Ta tests Kai yia
TO monitoring.

MNa 1o testing Ba xpnoipotroifjooupe 1o Loadium. Eivai cloud based load testing epyaAcio yia
performance tests xpnoipgotroiwvTag open-source tools, 6TTwg JMeter, Gatling k.a.
(Loadium, 2022)

MNa o monitoring Ba xpnoiyotroifjooupe 10 GCP Monitoring. Auto To TTPOidV PAG ETITPETTEN VA
@TIGXVoUulE BIKA pag dashboards atrd didgpopeg PETPIKES TTAVW o€ 60Q services
xpnoipotroioUpe oto GCP. Epeig, 6pwg, BéAoupe ouykekpipéveg peTpikEG Tou Cloud Run
oTréTe Ta BAMATA gival Ta €EAG:
1. ®nidyxvouue oTnv apxn éva Kevo dashboard.
2. KarteuBuvopuaoTe atnv oeAida Tou Cloud Run Service TTou pag evola@épel Kai
eTMIAéyou e To tab “Metrics”.
3. ZTnv ouvéxela eMAEYOUHE TO SIAYPAUUA TTOU HOG EVOIAQEPEI KAl TO TIPOCOETOUE OTO
Dashboard pag

Request count @ erting policy Q =~ : Request latencies

Download PNG

fl Download CSV

n ' Add to Custom Dashboard
UTC+3 4:00 PM 6:00 PM 3.00 PM 10:00 PM Apr 7 2:00 AM 4:00 AM 6:00 AM B:00 AM 10:00 AM 12:00 PM
—® 2xx: 0 —® 4xx: - View in Metrics Explorer
View in Trace
Rillahla ~rantainor inetanno Hima Create alertina policy a o~ o rARFaTRar DI

Eikova 13: Request count chart

Add Chart to Custom Dashboard
Where would you like to add this chart?

() Anew dashboard

(® An existing dashboard

Chart Title *
‘ Request count ‘

Dashboard *

[ = Filter F Iter dashboards -]

Cloud Run Metrics Dashboard l

Eikéva 14: Add chart to custom dashboard

4. To 1eNIkO custom dashboard pe dvoua “Cloud Run Metrics Dashboard” @aiveral Kamwg
£TO1.
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Eikéva 15: Cloud Run Metrics Dashboard

Mapakdtw yia Adyoug eukoAiag Ba opifoupe Ta didgopa cases avaloya e TIG TTAPANETPOUG,

onAadrnTo W1, T 1, CPU 1, M 512, CONC 20, MIN 1, MAX 100 onpaivel 0TI £XOUlE OpioEl

[

R

»

Z2 Monitoring & @~ Cloud Run Metrics Dashboard # soofEEDBACK @ {3 A GOF TME M 64 10 W 1M 6N CUSTOM  EEST

workers=1, threads=1, cpu=1 core, memory=512Mb, concurrency=20, min-instances=1 ka1 max-

instances=100. OTTw¢ avagEpaue Kal TTPONYoUpEVWG, ol TTapdueTpol workers kal threads
opi¢ovtal ato Dockerfile otréte Ba TTPETTEl VO dnuioupynBoUv Kal Ta avTioToIXa images.
2UYKEKPIPEVQ:

cloud-run-test

B cugcrio > [N cloud-engineering-974ea » [ cloud-runtest I

= Filter Enter property name or value

D Name Tags Virtual Size @ Created Uploaded ,

O E 8fsfe58e466a 41 70.3 MB 20 hours ago 20 hours ago E
(0 [PMfdac7e1s523es 44 70.3 MB 20 hours ago 20 hours ago :
D Eb32661cb0012 24 70.3 MB 21 hours ago 21 hours ago E
D E 8d895c2fc8f7 21 70.3 MB 22 hours ago 22 hours ago E
D E 53a70da5f83c 11 70.3 MB 1 day ago 1 day ago E

Eikéva 16: Containers versioning

Edw BAEToupe To GCP Container Registry pe ta did@opa images 1Tou @TIAauE Kal yia va Ta

Eexwpifoupe opicape 1o Tag pe Bdaon 1o workers kai 1o threads. AnAadr) 1o image e tag 4.1

onuaivel workers=4 kai threads=1 K.0.K.
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2.2.6.2 W1, T1,CPU1, M1024, CONC 20, MIN 1, MAX 100

Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
| 2.2.6.2 1 1 1 1024 20 1 100 30 |

2.2.6.3 1 1 1 1024 20 1 1000 30
2.2.6.4 2 1 2 1024 20 1 1000 30
2.2.6.5 2 1 2 1024 80 1 1000 30
2.2.6.6 2 4 2 1024 80 1 1000 30
2.2.6.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
2.2.6.9 4 1 4 2048 40 1 1000 90

To Dashboard a6 1o GCP Monitoring:

Request count Q

=3 by response code class (sum) 1 min interval (rate)

mo
UTC+3 1:02:30 PM 1:03:00 PM 1:03:30 PM 1:04:00 PM 1:04:30 PM 1:05:00 PM 1:05:30 PM 1:06:00 PM 1:06:30 PM

Eikéva 17: Request count- W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100

Request latencies Q

=3 10 sec interval (delta) <

/ __ '

UTC+3 1:02:30 PM 1:03:00 PM 1:03:30 PM 1:04:00 PM 1:04:30 PM 1:05:00 PM 1:05:30 PM 1:06:00 PM 1:06:30 PM

Eikéva 18: Request latencies- W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100
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Container instance count 2Q = 30§ ¢
=3 by service name, state (sum) 1 min interval (max)
50
L
; L —e0
UTC+3 1:02:30 PM 1:03:00 PM 1:03:30 PM 1:04:00 PM 1:04:30 PM 1:05:00 PM 1:05:30 PM 1:06:00 PM 1:06:30 PM

Eikéva 19: Container instance count- W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100

Billable container instance time 2Q = I 0§ ¢
=3 by service name (sum) 1 min interval (rate)
40sis
30sls
20sls
10s/s
. . r : . . - : : 0
uTC+3 1:02:30 PM 1:03:00 PM 1:03:30 PM 1:04:00 PM 1:04:30 PM 1:05:00 PM 1:05:30 PM 1:06:00 PM 1:06:30 PM

Eikéva 20: Billable container instance time - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100

- ~ ra — .
Container memory utilization 2 = I ] :
=3 10 sec interval (sum) <
@ 10%
n
9%
*
T T 8%
UTC+3 1:02:30 PM 1:03:00 PM 1:03:30 PM 1:04:00 PM 1:04:30 PM 1:05:00 PM 1:05:30 PM 1:06:00 PM 1:06:30 PM

Eikéva 21: Container memory utilization- W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100
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Container CPU utilization 2 =~ II®
=3 10 sec interval (sum) <
100%
50%
: ‘ ‘ : : - : = 0
UTC+3 1:02:30 PM 1:03:.00 PM 1:03:30 PM 1:04:00 PM 1:04:30 PM 1:05:00 PM 1:05:30 PM 1:06:00 PM 1:06:30 PM
Eikéva 22: Container CPU utilization - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100
To Report amé 1o Loadium:
_o_ it I it e P _O_ p e ¢ /s Hr e V’l 9 e ¢ rl ir " P’I ] _O_ Jonft-cle fenft.cle P/
100w 5 25,000 ms
80w 4 20,000 ms
36() wig 3 15,000 ms %
310 vujf \N 10,000 ms %:
0w /\/ \/\/\/ V \/\/ \\/ \J\Jw ’\r 5000ms
Ovu 1

lD 01 48 10: 01 54 10: OZ 00 10« 02 06 10 02 12 10; 02 18 10: 02 25 10 DZ 31 10 02 37 10; 02 43 10 OZ 49 104 DZ 55 10: 03 01 10; 03 07 10: 03 1310 03 19 10: 03 25 10 03 31 10; 03 37 101 03 43
I
Eikéva 23: Loadium average response graph - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100

. Avg. Avg. Resp.
Label «= 5 Total Hits = v
Throughput/RPS Time/Sec
O "soft-sleep” 942 6.83 513
O “hard-sleep” 905 6.67 6.77

Eikéva 24: Loadium total metrics - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100

Label «= % Response Code ¢ Response Code Message «= % Number of Response
O soft-sleep 200 0K 920
O soft-sleep 429 Too Many Requests 22
O hard-sleep 200 0K 884
O hard-sleep 429 Too Many Requests 21

Eikéva 25: Loadium response codes- W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100



APXIKG N TTPWTN TTAPATAPENON €ival TTWG £XOUNE KATTOIO errors Pe TiTAo “Too many requests”.
To Cloud Run d1a6étel €181K0 tab yia Logs yia KaBe dia@opeTikd service To OTT0i0 YOG ETTITPETTE
va @IATpdpoupe 0Aa Ta logs TTou TTapdyovTal avaAoya pe 1o Severity:

Severity
m Emergency J
a8 @ Alert jooe
a8 . jooe
M critical
98 jo0e
& Error
‘01 jeee
Warning
32 jooe
Notice
42 jaee
Info
42 jeee
Debug

Vit EER—. |
Eikéva 26: Cloud Run logs severity filter - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 100

OTréT1e €ival TTOAU EUKOAO va EVTOTTIOOUUE Ypriyopa TO TTPORANUa TTOU €ival To €EAG:

v 2022-04-05710:02:39.8465267 GET 429 14 B @ ms Apache-HttpClient/4.5.6 (Java/1.8.0_6..  https://cloud-run-test-bbwdilquog-ey.a.run.app/testing/hard_sleep

The request was aborted because there was no available instance. Additional troubleshooting documentation can be found at: https://cloud.google.com/run/docs/troubleshooting#abort-request

ZUVETTWG, YIa va AUOOUWE auTod TO TTPORANUA apKei va augfiooupe Ta max-instances.

2.2.6.3 W1, T1,CPU1, M 1024, CONC 20, MIN 1, MAX 1000
Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.2.6.2 1 1 1 1024 20 1 100 30
| 2263 1 1 1 1024 20 1 1000 30 |
2.2.6.4 2 1 2 1024 20 1 1000 30
2.2.6.5 2 1 2 1024 80 1 1000 30
2.2.6.6 2 4 2 1024 80 1 1000 30
2.2.6.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
2.2.6.9 4 1 4 2048 40 1 1000 90
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To Report amé 1o Loadium:

o " eep -O- eep! leeplavg I leeplavg ~O- sl ...erorsisoft-sleeplsec

21,000 ms

18000 ms

| ‘\ 15000ms 3
/ \ 12000ms i
9,000ms E

@
! ’, ‘ 6000ms %

‘V‘ “VJV VY \/MMN \/\/\r/\\/\/\ o

owu
15 04:03 16:04:09 16:0415 16:04:21 16:04:27 16:04:33 16:0439 16:04:45 16:04:51 16:0457 16:0503 16:0509 1605:15 160521 16:0527 16:05:33 16:05:39 16:0545 16:0551 16:05:57

Eikéva 27: Loadium average response graph - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000

) Avg. Avg. Resp.
Label - Total Hits
Throughput/RPS Time/Sec
O "soft-sleep” 1210 8.89 3.81
© "hard-sleep” 1170 8.80 5.21

Eikéva 28: Loadium total metrics - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000

Label - Response Code Response Code Message - Number of Response

o 0K 1210

1170

Eikéva 29: Loadium response codes - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000

To Dashboard a6 1o GCP Monitoring:

Request count 2Q = I ®

=3 by response code class (sum) 1 min interval (rate)

20/s
10/s
T \ L — 0
UTC+3 9:17:30 PM 9:18:00 PM 9:18:30 PM 9:19:00 PM 9:19:30 PM 9:20:00 PM 9:20:30 PM 9:21:00 PM 9:21:30 PM

Eikéva 30: Request count - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000
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Request latencies 2 = 0§ i
=3 10 sec interval (delta) <

N\ ) .

10s

uTC+3 0:17:30 PM 9:18:00 PM 9:18:30 PM 0:10:00 PM 0:10:30 PM 0:20:00 PM 9:20:30 PM 9:21:00 PM 9:21:30 pv%
Eikéva 31: Request latencies - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000
Container instance count 2Q = I8
=3 by service name, state (sum) 1 min interval (max)
15
10
™ 5
T T T T T 0
uTC+3 9:17:30 PM 9:18:00 PM 9:18:30 PM 9:19:00 PM 919:30 PM 9:20:00 PM 9:20:30 PM 9:21:00 PM 9:21:30 PM
Eikéva 32: Container instance count- W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000
Billable container instance time Q = I8

=3

by service name (sum) 1 min interval (rate)

Bsis

Bsls

4sls

_/ 2sls

0

UTC+3

T T T T T T T T T
09:17:30 PM 9:18:00 PM 9:18:30 PM 9:19:00 PM 9:19:30 PM 9:20:00 PM 9:20:30 PM 9:21:00 PM 9:21:30 PM

Eikéva 33: Billable container instance time - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000
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Container memory utilization Q = I @

=3 10 sec interval (sum) <

— %
UTC+3 9:17:30 PM 9:16:00 PM 9:18:30 PM 9:19:00 PM 9:19:30 PM 9:20:00 PM 9:20:30 PM 9:21:00 PM 9:21:30 PM

Eikéva 34: Container memory utilization - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000

Container CPU utilization 2Q x 10w

=3 10 sec interval (sum) <

\

T
UTC+3 9:17:30 PM 9:18:00 PM 9:18:30 PM 9:19:00 PM 9:19:30 PM 9:20:00 PM 9:20:30 PM 9:21:00 PM 9:21:30 PM

Eikéva 35: Container CPU utilization - W 1, T 1, CPU 1, M 1024, CONC 20, MIN 1, MAX 1000

Mapatnproeig:
o OT1wg Trepipévape, Ta errors CaAeiPONKav OTTOTE TWPA AG TTPOCTTABNCOUNE Va
augnooupe 1o performance peTpwvtag 1o Average Response Time / Sec 1Tou @aiveTal
oTo Loadium report.

2264 W2, T1,CPU2, M 1024, CONC 20, MIN 1, MAX 1000
Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.2.6.2 1 1 1 1024 20 1 100 30
2.2.6.3 1 1 1 1024 20 1 1000 30
| 2.2.6.4 2 1 2 1024 20 1 1000 30 |
2.2.6.5 2 1 2 1024 80 1 1000 30
2.2.6.6 2 4 2 1024 80 1 1000 30
2.2.6.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
2.2.6.9 4 1 4 2048 40 1 1000 90
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Mpwtn TTpooTrdbeia yivetal audvovtag Ta CPU cores kal 0TTwG avagépaue o€ multi-core
environments KaAo gival va augdvoupe avaAdywg Kal Toug workers.

To Report amé 1o Loadium:

g O Pl

100w 1 12,000 ms

o 0 | \ 10,000 ms
r | 8oooms ¢
60w 06 \ | i g
g \ | | /
= 5 I 6000ms 3
R [ Al | | 2
ZoviE 04 \ N\ !
i\ AVFALL \ A 400ms @

20w 0.2 v \ /S “\ 4 A 3 [ . : - 2,000 ms
\ - \ g —

owu

0 oms
16:33:28 16:33:34 16:33:40 16:33:46 16:3352 16:3358 16:34:04 16:34:10 16:34:16 16:34:22 16:34:28 16:34:34 16:34:40 16:34:46 16:34:52 16:34:58 16:35:04 16:35:10 16:35:16 16:35:22 16:35:28

Eikéva 36: Loadium average response graph - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000

) Avg. Avg. Resp.
Label - Total Hits
Throughput/RPS Time/Sec
O "soft-sleep” 1803 14.76 212
O "hard-sleep” 1777 14.52 3.73

Eikéva 37: Loadium total metrics - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000

Label = Response Code Response Code Message - Number of Response

Eikéva 38: Loadium response codes - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000

To Dashboard a6 1o GCP Monitoring:

ra -
Request count 2Q = I @
=3 by response code class (sum) 1 min interval (rate)
40/s
20/s
o o
uTC+3 73400 PM  7:34:30PM  7:3500PM  7:35:30PM  7:3600PM  7-3630PM  7:37.00PM  7:37:30PM  7:38:00PM  7:38:30 PM

Eikéva 39: Request count - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000
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Request latencies 2

ra
L

[

=3 10 sec interval (delta) <

158

108

L] 55

&
*

T T T T T T T T T T
7:34.00PM  7:34:30PM  7:3500PM T:3530PM T36.00PM 7:3630PM T3700PM 73T30PM T3B:00PM 7:3B:30 PM

UTC+3
Eikéva 40: Request latencies - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000
Container instance count 2 = I 8§
=3 by service name, state (sum) 1 min interval (max)
B0
60
40
20
: - - - - - . 0
UTC+3 7:34:00 PM 7:34:30 PM 7:35:.00 PM 7:35:30 PM 7:36:00 PM 7:36:30 PM 7:37:00 PM 7:37:30 PM 7:368:00 PM 7:368:30 PM
Eikéva 41: Container instance count- W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000
Billable container instance time 2Q = 1@ ¢
=3 by service name (sum) 1 min interval (rate)
40sls
20sis
o
T T T T T T T T T T 0
uUTC+3 7:34:00 PM 7:34:30 PM 7:35.00 PM 7:35:30 PM 7:36.00 PM 7:36:30 PM 7:37.00 PM 7.37:30 PM 7:38:00 PM 7:36:30 PM

Eikéva 42: Billable container instance time - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000
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ra
La

IR

Container memory utilization 2

=3 10 sec interval (sum) <

L 1]

UTC+3 7-34:00 PM 7:34-30 PM 7-35:00 PM 7-35-30 PM 7-36:00 PM 7-3530 PM 7-37-00 PM 7:37-30 PM 7-38:00 PM 7-38:30 PM

Eikéva 43: Container memory utilization - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000

ra

Container CPU utilization 2 = 10w

=3 10 sec interval (sum) <

UTC+3 7:34:.00 PM 7.34:30 PM 7:35.00 PM 7:35:30 PM 7:36:00 PM 7:36:30 PM 7:37.00 PM 7:37:30 PM 7:38.00 PM 7:38:30 PM

Eikéva 44: Container CPU utilization - W 2, T 1, CPU 2, M 1024, CONC 20, MIN 1, MAX 1000

Mapatnproeig:
e JuveXiCoupe va £XOUNE INOEVIKA errors.
e To CPU utilization peiwdnke, evw oTIG TTponyoUueveg TTepITTTwaoelg ATav opiakd 100%.

e Mewbnkav Ta active instances kabwg €va container ye 2 workers e1regepyaderai o
€UKOAa TTOANATTAG requests o€ oxéon Pe ekeivo TTou £xel 1 worker. Z€ autd To onuEio
va Troupe TTwg 10 Cloud Run katd Tnv didpkeia €10epXOUEVWYV requests yvwpicel
akpiBwg Tnv kataoTtaon (CPU, RAM k.0.k.) 0Awv Twv active instances o1roTe ekeivo e
Bdaon autd ammogaacifel eav Ba @TIALEl vEa instances 1 Ba oTeilel TTapatTavw ato 1
request aTo id10 instance, ogBduevo TTavTa TNV TTAPAUETPO concurrency. OTTOTE val PEV
TO concurrency va éueive otaBepd ato 20 aAAd o apiBudg Twy instances eTnpeddeTal
Kal a1rd AAAEG TTOPAPETPOUG.

e [lapatnpoupue 611 au¢ndnkav Ta total hits kai To Request Per Second 1rAnciace 1o 40.
Auté ouvéRn egaitiag Tou Loadium, kaBwg epeic BAAape wg TTepIopICPO To test va
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Olapkei max 2 AeTrTd, o1TéTE £QOOOV TO CUCTNUA ATTEKTNOE PHEYaAUuTEPO throughput TOTE
Kal To Loadium pmrépeoe va Kdvel TepiocdTepa requests péoa oe 2 AeTrTd.

e Maeiwbnke 1o average time response. BeATiwBnke 10 performance.

2.2.6.5 W2, T1,CPU2 M1024, CONC 80, MIN 1, MAX 1000
Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.2.6.2 1 1 1 1024 20 1 100 30
2.2.6.3 1 1 1 1024 20 1 1000 30
2.2.6.4 2 1 2 1024 20 1 1000 30
| 2.26.5 2 1 2 1024 80 1 1000 30 |
2.2.6.6 2 4 2 1024 80 1 1000 30
2.2.6.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
2.2.6.9 4 1 4 2048 40 1 1000 90

Edw Ba au¢iooupue 10 concurrency ato 20 o€ 80.

To Report amé 1o Loadium:

1707:14 170720 170726 17:07:32 17:07:38 17:07:44 170750 170757 170803 170809 170816 17:0822 170828 170834 170840 17.08:46 170852 17:0858 17:09:04 17:09:10

Eikéva 45: Loadium average response graph - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

» Avg. Avg. Resp.
Label - Total Hits
Throughput/RPS Time/Sec
"soft-sleep” 563 3.58 9.98
“hard-sleep” 530 3.41 11.35

Eikéva 46: Loadium total metrics - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
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Label <=+ Response Code ¢ Response Code Message «= % Number of Response

O soft-sleep 200 OK 563

O hard-sleep 200 oK 530

Eikéva 47: Loadium response codes - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

To Dashboard a6 1o GCP Monitoring:

Request count 2 = I &

=3 by response code class (sum) 1 min interval (rate)

10/s
Sfs
: - T 0
UTC+3 8:08:00 PM 8:08:30 PM 8:09:00 PM 8:09:30 PM 8:10000 PM 8:10:30 PM 8:11:00 PM B8:11:30 PM 8:12:00 PM 8:12:30 PM
Eikéva 48: Request count - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
Request latencies 2 = I 0§ i
=3 10 sec interval (delta) <
B0s
L]
60s
/ *
408
208
T T T T T T T T o
UTC+3 8:08:00 PM 8:08:30 PM 8:09:00 PM 8:09:30 PM 8:10:00 PM 8:10:30 PM 8:11:00 PM 8:11:30 PM 8:12:00 PM 8:12:30 PM

Eikéva 49: Request latencies - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
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R
IR
[ ]

Container instance count

=3 by service name, state (sum) 1 min interval (max)

I
r T T T T T — 0
UTC+3 8:08:00 PM 6:08:30 PM 8:09:00 PM 8:09:30 PM 8:10000 PM 8:10:30 PM 8:11:00 PM 8:11:30 PM 6:12:00 PM 8:12:30 PM

Eikéva 50: Container instance count- W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

Q = oI§ i

Billable container instance time

=3 by service name (sum) 1 min interval (rate)

10sls
Ssls
L]
T T T T T T T T T — 0
uTC+3 8:08:00 PM 6:08:30 PM 8:09:00 PM 8:09:30 PM 8:10:00 PM 8:10:30 PM 8:11.00 PM 8:11:30 PM 8:12:00 PM 8:12:30 PM

Eikéva 51: Billable container instance time - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

Container memory utilization 2Q = I @

A

=3 10 sec interval (sum)

y m

T T T T — 1%
6:08:30 PM 8:09:00 PM 8:09:30 PM 8:10:00 PM 8:10:30 PM 8:11:00 PM 8:11:30 PM 6:12:00 PM 8:12:30 PM

T
uTC+3 8:08:00 PM

Eikéva 52: Container memory utilization - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
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ra
[

5
IR

[ ]

Container CPU utilization

=3 10 sec interval (sum) <

=y

UTC+3 8:08:00 PM B:08:30 PM 8:09:00 PM 8:09:30 PM 8:10:00 PM 8:10:30 PM 8:11:00 PM 8:11:30 PM B:12:00 PM 7 B8:12:30 F‘“A
Eikéva 53: Container CPU utilization - W 2, T 1, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
Mapatnproeig:

e Ta active instances peiwBNKav. ZUYKEKPIPEVA UTTO-TETPATTAQCIACTNKAY, OTTWG ATAV
avapevopevo Kabwg augnonke To concurrency ato 20 oe 80.

e ETmiong augnbnke 10 request latency kabwg 1o €va container diaxeipifeTal TTEPICCOTEPA
requests atro OTI TIPIvV.

2.26.6 W2, T4, CPU2, M 1024, CONC 80, MIN 1, MAX 1000
Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.2.6.2 1 1 1 1024 20 1 100 30
2.26.3 1 1 1 1024 20 1 1000 30
2264 2 1 2 1024 20 1 1000 30
2.2.6.5 2 1 2 1024 80 1 1000 30
2.2.6.6 2 4 2 1024 80 1 1000 30
2.26.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
2.26.9 4 1 4 2048 40 1 1000 90

Edw Ba au¢nooupe Ta threads amod 1 og 4.
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To Report amé 1o Loadium:

p -O- o/

00w 1 60,000 ms

- 50,000 ms
2
40000ms 8
60V 06 g
2 g o
a 30000ms 3
. 2
20w 04 a
20000ms @
@

20w 02

10,000 ms

0 om:
17:2456 17:25:02 17:25:08 17:25:114 17:25220 17:25:226 17:25:32 17:25:39 17:25:145 17:25:52 17:26:00 17:26:06 17:26:12 17:26:18 17:26:24 17:26:30 17:26:36 17:26:42 17:26:48 17:26:54

Eikéva 54: Loadium average response graph - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

‘ Avg. Avg. Resp.
Label «= % Total Hits .
Throughput/RPS Time/Sec
O "soft-sleep” 464 3.34 10.21
O "hard-sleep” 430 3.1 15.18

Eikéva 55: Loadium total metrics - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

Label - Response Code Response Code Message «= % Number of Respons
soft-sleep 200 0K Lb4
hard-sleep 200 OK 430

Eikéva 56: Loadium response codes - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

To Dashboard a6 1o GCP Monitoring:

ra -
Request count 2Q = I8
=3 by response code class (sum) 1 min interval (rate)
10/s
Sis
T T T T L 0
uTCH+3 B:25:30PM B:26:00PM B:26:30PM 827.00PM 827.30PM S2800PM S2830PM S2000PM 820:30PM 8:30:00PM  8:30:30 PM

Eikéva 57: Request count - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
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Request latencies 2 = I 0§ i
=3 10 sec interval (delta) <
1.5min
L ] 1min
-
0.5min
- - - r - - - T T - - o
UTC+3 B:25:30 PM  B:26:00 PM  B26:30 PM 8:27:00PM 82730 PM 812800 PM 82830 PM 8:2000 PM  8:20:30 PM  8:30:00 PM  8:30:30 PM
Eikéva 58: Request latencies - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
Container instance count 2 = oII8§ ¢
=3 by service name, state (sum) 1 min interval (max)
15
L
10
5
T ! T T T Y L ] o
UTC+3 82530 PM B:2600PM B2630PM B2700PM B2730PM B2800PM B828:30PM B82000PM 82030 PM  8:30:00 PM  8:30:30 PM
Eikéva 59: Container instance count - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
Billable container instance time 2 = I 0§ ¢

=3 by service name (sum) 1 min interval (rate)

10sls

Ssls

T T T T T T T T T T T
UTC+3 B:25:30PM  B:126:00 PM  B:26:30 PM  8:27:00PM  8:27:30 PM  8:28:00 PM  8:28:30 PM  8:20:00 PM  8:20:30 PM  8:30:00 PM  8:30:30 PM

Eikoéva 60: Billable container instance time - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000



ra

Container memory utilization 2 = I @
=3 10 sec interval (sum) <
: 4
—
T 3 P P P P P s 0 PN PN 1} PN
Eikéva 61: Container memory utilization - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000
Container CPU utilization 2Q = II0®
=3 10 sec interval (sum) <

/—\—\—\ 50%
T T \—L. 0
25:30PM  B:126:00PM  B:26:30PM  8:2700PM 82730 PM 82800 PM 82830 PM 82000 PM  8:29:30 PM  8:30:00 PM  8:30:30 PM

Eikéva 62: Container CPU utilization - W 2, T 4, CPU 2, M 1024, CONC 80, MIN 1, MAX 1000

UTC+3 B

ApxIKa yia va Aeitoupyroel To multi-threading 6a Trpétrel va 10 utTooTNPICEI N EPAPUOYA HAG
KAl TNV BIKI YAG TTEPITITWOTN I0XUEL:

Eikéva 63: Flask multi-threading

KaBwg n TrapdapeTpog threaded Tou Flask €ival True.

Mapatnproeig:
e Meiwbnkav TTEPICCOTEPO Ta instances, OTTWGS Kal ATAV AVAUEVOUEVO.

e Maeiwbnke To Performance, kabwg au¢ABnke 1o request latency yia Toug idloug Adyoug
KOl JE TTPIV.

lMpoooxn: To multi-threading TrpéTtrel va uttooTnpileTal kai atmé TNV owaoTr) RAM, kabwg
KIVOUVEUEl TO oUOTNUa atmo 5XX Adyw pPn emapkoug run-time pvung. MNa va grropéow va
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avaTrapa&w auTo To error Peiwoa TNV Pvipn amo 1024 og 512 kai €iXape TO AVAPEVOUEVO
OTTOTEAECMQ WE TO EENG error:

Memory limit of 512M exceeded with 525M used. Consider increasing the memory limit
Emiong péoa atrd edw (eite péoa atrd 10 didypaupua Tou Memory Utilization) ptropoupe va

ekTiyooupe TNV RAM TT0U XpeiddeTal To container pag, 6mwg €dw 525 Mb, kail va opicoupe
TNV eAdx10TN duvaTh yia va £xouue cost-efficiency.

226.7 W4, T4, CPU4, M 2048, CONC 80, MIN 1, MAX 1000
Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.2.6.2 1 1 1 1024 20 1 100 30
2.2.6.3 1 1 1 1024 20 1 1000 30
2264 2 1 2 1024 20 1 1000 30
2.2.6.5 2 1 2 1024 80 1 1000 30
2.2.6.6 2 4 2 1024 80 1 1000 30
2.2.6.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
2.2.6.9 4 1 4 2048 40 1 1000 90

Edw Ba au¢nooupe Tnv CPU atd 2 o€ 4. OmoTe OTTWG £XOUNE TTEl B AUENOTOUPE KAl TOUG
workers Kal avayKaoTIKA Kal TRV JvAun, KaBwg 1o ouoTtnua dev emtpétel 4 CPU cores kai 1
Gb RAM.

To Report amé 1o Loadium:

Label Total Hit Avg. Avg. Resp.
abel “- lotal Hits

Throughput/RPS Time/Sec
"soft-sleep” 855 6.41 5.04
‘hard-sleep” 815 6.19 7.99

Eikéva 65: Loadium total metrics - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000
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Label <=5 Response Code ¢ Response Code Message «= % Number of Response

O soft-sleep 200 OK 855

O hard-sleep 200 0K 815

Eikéva 66: Loadium response codes - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000

To Dashboard a6 1o GCP Monitoring:

Request count 2 = I @
=3 by response code class (sum) 1 min interval (rate)
UTC+3 B.48 50 PM 8 49,(;0 PM 8:49:30 PM 8:50:00 PM 8:50:30 PM 8:51:00 PM 851 ;0 PM 8 52.60 PM .8152 50 PM
Eikéva 67: Request count - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000
Request latencies 2Q = I8
=3 10 sec interval (delta)
/ #
UTC+3 B:48 Z;O PM 8 49:(')0 PM 8:49 ;D PM 8:50:00 PM 8:50:30 PM ) 51:(;0 PM 851 2;0 PM ) 52:(’)0 PM 852 ;0 PM

Eikéva 68: Request latencies - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000

15/s

10/s

5's

0

40s

30s

208

108

o
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2Q = II§ i

Container instance count

=3 by service name, state (sum) 1 min interval (max)
15

/
10
(] 5
/
£ T T Y T T T 0
UTC+3 6:48:30 PM 8:49:00 PM 8:49:30 PM 8:50:00 PM 8:50:30 PM 8:51:00 PM 8:51:30 PM 8:52:00 PM 8:52:30 PM

Eikéva 69: Container instance count - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000

Q = oI §

Billable container instance time

3 by service name (sum) 1 min interval (rate)

10sls

Ssls

J L]

0
T T T T
8:51:00 PM 6:51:30 PM 8:52:00 PM 8:52:30 PM

T T T T T
UTC+3 6:48:30 PM 8:49.00 PM 8:49:30 PM 8:50:00 PM 8:50:30 PM

Eikéva 70: Billable container instance count - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000

Container memory utilization

=3 10 sec interval (sum) <
12%
*
10%
8%
r r . T T T 6%
uTC+3 8:48:30 PM 8:49:00 PM 8:49:30 PM 8:50:00 PM 8:50:30 PM 8:51:00 PM 8:51:30 PM 8:52:00 PM 8:52:30 PM

Eikéva 71: Container memory utilization - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000

A o= .
2Q =~ II0§ ¢
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ra
[

IR

=)

Container CPU utilization 2

=3 10 sec interval (sum)

)

UTC+3 6:48:30 PM 8:49:00 PM 6:49:30 PM 8:50.00 PM 6:50:30 PM 8:51.00 PM B:51:30 PM 8:52:00 PM B:52:30 PM

&0

Eikéva 72: Container CPU utilization - W 4, T 4, CPU 4, M 2048, CONC 80, MIN 1, MAX 1000

Mapatnproeig:
e Ta instances éueivav Trepitrou idia kaBwg dev GAAae To concurrency A 1o threads

e Mewbnke To CPU utilization 61mwg oupPaivel kaBe opd TTou augdvoupe Ta cores.

e BeAmiwbnke 1O performance.

2.26.8 W4, T1, CPU4, M 2048, CONC 40, MIN 1, MAX 1000

Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)

2.2.6.2 1 1 1 1024 20 1 100 30

2.26.3 1 1 1 1024 20 1 1000 30

2.26.4 2 1 2 1024 20 1 1000 30

2.2.6.5 2 1 2 1024 80 1 1000 30

2.2.6.6 2 4 2 1024 80 1 1000 30

2.26.7 4 4 4 2048 80 1 1000 30

| 2.2.6.8 4 1 4 2048 40 1 1000 30

2.2.6.9 4 1 4 2048 40 1 1000 90

Oa TpooTTabrioouUNE TWPA Va BEATIWOOUWE KI AAAO TNV €TTIOOCN TOU CUCTAUATOG PEIWVOVTAG
10 threads amo 4 o€ 1 kai 10 concurrency amo 80 o€ 40. Emiong atd 100 total users 6a
TTpooBéooupe 250 users aTo simulation yia va eAéyEoupe To scalability Tou cuoTtrpaTog.
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To Report amé 1o Loadium:

o " leep -O- e leeplavg I leeplavg -O- ft-sleepisec.. it-sleeplsec

250w 1

14,000 ms

| 12,000 ms
200w 08
| 10000ms &

1502 06
S

2 2
00viEE 0.4

/
\/\_M/\«/\AW sooome

ow 0 0ms
14:58:45 14:58:54 14:50:03 14:50:12 14:50:21 14:50:30 14:50:39 14:59:48 14:59:57 15:00:06 15:00:15 15:00:24 15:00:33 15:00:42 15:0051 15:01:00 15:01:09 1501:18 15:01:27 15:01:36 15:01:45

Eikéva 73: Loadium average response graph - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

Label - Total Hits

goooms &
g

6000ms 3

z

Avg. Avg. Resp.

Throughput/RPS Time/Sec

O "soft-sleep” 6230 33.67 2.44

© "hard-sleep” 6154 33.02 408
Eikéva 74: Loadium total metrics - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

Label - Response Code Response Code Message - Number of Response
O soft-sleep 200 OK 6230
O hard-sleep 200 0K 6154

Eikéva 75: Loadium response codes - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

To Dashboard a6 1o GCP Monitoring:

ra
Request count 2 = I
=3 by response code class (sum) 1 min interval (rate)
100/s
50/s
T T r -
uTC+3 55000 PM  550:30PM  60000PM  6:0030PM  60100PM  GO0L30PM  60200PM  60230PM  60300PM  6O0330PM  6:0400PM  6:04:30 PM

Eikéva 76: Request count - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000
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; e e
Request latencies Qo= I
=3 10 sec interval (delta) <
20s
f "
108
.
T T T T T T T T T T T T 0
utcH3 SE00PM  550.30PM  G0000PM  6:0030PM  G0L00PM  GOL30PM  G:0200PM  60230PM  G0300PM  G0330PM  GO400PM  6:04:30PM

Eikéva 77: Request latencies - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

. ra .
Container instance count Q ’é La H
=3 by service name, state (sum) 1 min interval (max)
100
50
L]
ﬁ '
T T T T T T . T
uTC+3 550.00PM  550:30PM  G0000PM  60030PM  60100PM  GOL30PM  60200PM  60230PM  60300PM  GO330PM  G:O400PM 60430 PM

Eikéva 78: Container instance count - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

ra

Billable container instance time Q = I :
=3 by service name (sum) 1 min interval (rate)
60sls
40sls
208/s
; T ; T T T T T T T T T
uTC+3 550.00PM  550:30PM  G0000PM  6:00:30PM  60100PM  G:0L30PM  60200PM  G:0230PM  G:0300PM  60330PM  GOA00PM  6:04:30 PM

Eikoéva 79: Billable container instance time - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

i oM 3 ~ ra .
Container memory utilization Q = o
=3 10 sec interval (sum) <
m 1%
10.5%

*

T T T T T r T . 10%
uTC+3 559.00PM  559°30PM  60000PM  G00:30PM  60100PM  6O01:30PM  60200PM  60230PM  60300PM  60330PM  60400PM  6:04:30 PM

Eikéva 80: Container memory utilization - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000



IR

Container CPU utilization 2

=3 10 sec interval (sum) <

uUTC+3 5:50:00 PM 5:59:30 PM 6:00:00 PM 6:00:30 PM 6:01:00 PM 6:01:30 PM 6:02:00 PM 6:02:30 PM 6:03:00 PM 6:03:30 PM 6:04:00 PM 6:04:30 PM

Eikéva 81: Container CPU utilization - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000

Mapatnproeig:
e To oUOTNUA POG £XEl TRV KAAUTEPN £TTIOOCN YE AUTEG TIG TTOPAPETPOUG OE OXEON UE
OAeg TIG uTTOAOITTEG TrEPITTTWOEIS. MAnoIdoaue To 100 RPS dpa augrndnke to throughput
KOl KOTOQEPAWE va eEUTTNPETACOUNE TTEPITTOU Ta deKATTAACIA requests aTov idIo Xpdvo
EXOVTAG TTEPIOTATEPOUG XPOTEG.

e AmOdeIEn Tou scalability Tou cuoTAPATOG KABWGS XWPIG Kapia TTapaTTdvw EVEPYEIQ ATTO
TNV TTAeUpd Tou developer eCuTTnPETABNKAV Kavovika 250 users

e Memory & CPU utilization eival o€ kaAd eTitreda.

e Bépaia £xoupe apkeTd active instances, kabwg peiwoaue kal To threads kai T0

concurrency.
2.2.6.9 W4, T1, CPU4, M 2048, CONC 40, MIN 1, MAX 1000
Scenario | Workers Threads CPU Memory Concurrency Min- Max- Ramp-Up
(cores) (Mb) (requests) Instances Instances (seconds)
2.2.6.2 1 1 1 1024 20 1 100 30
2.2.6.3 1 1 1 1024 20 1 1000 30
2.2.6.4 2 1 2 1024 20 1 1000 30
2.2.6.5 2 1 2 1024 80 1 1000 30
2.2.6.6 2 4 2 1024 80 1 1000 30
2.2.6.7 4 4 4 2048 80 1 1000 30
2.2.6.8 4 1 4 2048 40 1 1000 30
| 2269 4 1 4 2048 40 1 1000 90 |

Mapatnpoupe TTwg To average response time ernpeddetal TTOAU atrd Ta TTPWTA SEUTEPOAETTTA
Tou simulation kaBwg eiIgépyovTal OAol o1 XxprioTeg pEaa o€ 30 eUTEPOAETITA EVW TO OUCTNUA
gival Trponyoupévwg ae TTANPN adpdveia. OTToTe UTTAPXOUV UEPIKG TTPWTA requests Je TTOAU
peydAo latency (Ta Aeydueva Cold Starts) Trou augdvouv Tov péco 6po. MNa va Aubei autd 1o
TPORANUa UTTdp)oUuV 2 TPOTTOL:

e Au&dvoupe To minimume-instances yia va peiwooupe Ta Cold Starts.
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e Autdavoupe To Ramp-Up time Tou simulation, dnAadr va ptrouv 6ol o1 xprioteg o€ 90
seconds kail 0x1 o€ 30, €101 WOoTe va TTPOAAGREl va “CeoTabei” To ocuoTnua.

EmAéyovtag Tnv deUTePN ETTIAOYH £XOUUE Ta €ENG ATTOTEAETUATA.

To Report amé 1o Loadium:

10,000 ms

0w 1

200w 08 8,000 ms

1 ™\
1 /
| A A

150 v 0.6 ,‘/w’\/ 6,000ms

ER] N/ |

- w | | ’,‘
00 v 0.4 1 11 \ H A ) I\ 2000ms 3

50w 0.2 / | \ \ A\ A A 2,000ms
\ oms

ow 0 - T T ™ ™ T
15:11:48 151157 15:12:06 15:12:15 15:12:24 1512:33 151242 151251 151300 15:13:09 151318 15:1327 151336 151345 151354 15:14:03 15:14:12 151421 15:14:30 15:14:39

Eikéva 82: Loadium average response graph - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)

Avg. Avg. Resp.
Label - Total Hits

Throughput/RPS Time/Sec
O "soft-sleep” 5743 31.66 1.98
© “hard-sleep” 5663 31.00 3.77

Eikéva 83: Loadium total metrics - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)

Label Response Code Response Code Message - Number of Response

K 574

O hard-sleep 200 OK

Eikéva 84: Loadium response codes - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)

To Dashboard a6 To GCP Monitoring:

Request count Q =~ 1
=3 by response code class (sum) 1 min interval (rate)
100/s
\
50/
®0
uTC+3 6:13:00 PM 6:13:30 PM 6:14:00 PM 6:14:30 PM 6:15:00 PM 6:15:30 PM 6:16:00 PM 6:16:30 PM

Eikéva 85: Request count - W4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)
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) .
Request latencies Qo= I
=3 10 sec interval (delta) <
20s
15s
—// \ \— 108
-
58
.
.
-
- - - - - - - - 0
UTC+3 6:13:00 PM 6:13:30 PM 6:14:00 PM 6:14:30 PM 6:15:00 PM 6:15:30 PM 6:16:00 PM 6:16:30 PM

Eikéva 86: Request latencies - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)

IR

.
ra H

Container instance count Q i

=3 by service name, state (sum) 1 min interval (max)

100

/ AN
- / '

T Y Y Y T T T
uTCc+3 6:13:00 PM 6:13:30 PM 6:14:00 PM 6:14:30 PM 6:15:00 PM 6:15:30 PM 6:16:00 PM 6:16:30 PM

Eikéva 87: Container instance count - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)

Billable container instance time 2Q
=3 by service name (sum) 1 min interval (rate)

60s/s

40s/s

208/s

T T T T T T T T
uTc+3 6:13:00 PM 6:13:30 PM 6:14:00 PM 6:14:30 PM 6:15.00 PM 6:15:30 PM 6:16:00 PM 6:16:30 PM

Eikéva 88: Billable container instance time - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)
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Container memory utilization Q = 0

=3 10 sec interval (sum)

Container CPU utilization 2 = I

=3 10 sec interval (sum)

uUTC+3 6:13:00 PM 6:13:30 PM 6:14:00 PM 6:14:30 PM 6:15:00 PM 6:15:30 PM 6:16:00 PM 6:16:30 PM

Eikéva 90: Container CPU utilization - W 4, T 1, CPU 4, M 2048, CONC 40, MIN 1, MAX 1000 (Ramp-Up)

Mapatnproeig:
e Ovrtwg 6TTwg BAETTOUUE TO average response time peiwbnke. BéBaia raA dev gival
TTANPWGS QVTITTPOCWTTEUTIKO, KABWG TTapaTnPOUUE OTI HOAIG EIGEABOUV OAOI OI XPOTEG
TO oUOTNUa OTABEPOTTOIEITAI KAl Ol XPOVOol yia To soft_sleep cival ~1 sec kai yia 10
hard_sleep cival ~2.8 sec, apiBuoi Tou TTAnaiadouv localhost emddoeig.

e 'Eva akopa optimization yia Tnv BeAtiwon Tou performance gival va aAAGEouue To
region a1ré us-central-1 va 10 pépoupe o€ eu-west-3.
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2.2.6.10 "eVIKES TTOPATNPNOEIS

Cloud Run Parameters Benchmarking

W1T1CPU1M1024 CONC20 MIN1 MAX 100 -
W1T1CPU1M1024 CONC20 MIN1 MAX 1000
W2T1CPU2M1024 CONC20 MIN1 MAX 1000

W2T1CPU2M1024 CONC80 MIN1 MAX 1000 -

Parameters

W2 T4 CPU2M1024 CONC80 MIN1 MAX 1000

W4 T4 CPU4 M2048 CONC80 MIN1 MAX 1000

W4 T1CPU4 M2048 CONC40 MIN1 MAX 1000 |

W4 T1CPU4 M2048 CONC40 MIN1 MAX 1000 -

0 5 10 15
Avg. Resp. Time (sec)

soft_sleep hard_sleep

Eikéva 91: Cloud Run parameters benchmarking graph

Ot BAETTOUNE, AoITTdV, o1 €mdooelg Tou Cloud Run emmnpeddovtal GnUAvTIKA aTtd TIg
TTOPATTAVW TTAPAPETPOUG AAAG Bev UTTAPXEI KATTOIO CUYKEKPIUEVO best-practice. YTTapxel éva
Kal povadikoé trade-off petau Performance kai Cost.

Eival apketa EekdBapo TTwg 600 TTepIcodTEPA active containers yevviouvtal pe peyadin RAM
Kal TToA& CPU Cores 1600 110 KOVTA @pTévoupe 1o Cloud Run oTig péyioTteg Tou €mdOOEIG,
OpwG €101 auaveTal dpapaTikd Kal To KOOTOG. ZKOTTOG JaG, AoITTov, gival va
TTOPAPETPOTIOINOOUUE TO EKAOTOTE Service avaloya e business case TnG epapuUoyng yia va
TETUXOUME TO pEYIOTO duvaTto Performance e 1o eAdyioto duvatd Cost.

AUTA n eAeuBepia oTIC TTAPAUETPOUG €ival TTOAU onuavTikKO XapakTnpioTiké Tou Cloud Run kai
a1Té dtroyn KOoToug, KabBwg o€ FaaS 1rpoidvTa n povadikr) TTapAPETPOG TTOU ICWG Va Jag
owaoel atro PeyaAa KOoTn o€ ampOPAETTTa spikes gival To maximum-requests, n oTroia WG
€TTNPeddel To Resilience Tou ocuoTrpaTog.

Mia e1Tiong onUaAvTIKA TTOPATAPNON €ival TTWGS T TTEPICTOTEPA KOOTN KATA THV DIAPKEIA TO
testing TpoABav a1 Idle Min-Instance CPU & Memory Allocation. ZuveTtwg o@eiloupe va
€ipaoTe TTOAU TTPOCEKTIKOI JE TNV TTAPAPETPO TWV Min-instances o€ TTEPITITWOEIG TTOU OEV
B¢éAoupe TO service pag va gival 24/7 diabEaiuo.
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2.2.3 GCP Cloud Functions

(Google, Cloud Functions, 2022)

To Google Cloud Functions (GCF) eivai éva FaaS mpoidv 1ng Google 1o o1m0i0 aviKel KI auTtd
oTnv Serverless vooTpoTTia Kol CUPMKEPICETAI OAQ TO XOPOKTNPIOTIKA AUTAG TNG APXITEKTOVIKAG
omwg Pay-Per-Use, Scalability k.o0.k. Eival event-driven mAat@oppua yia lightweight epapuoyég
TTOU UTTOOTNPI(OUV JEPOVWUEVQ Services Kal UTTopouV va evepyoTroinBouv gite yéow HTTP
eite péow background events.

To Cloud Function utrooTnpilel cuykekpipéveg YAWOOEG (Kail versions) 0TTwg JavaScript,
Python, Go k.a. Etriong o kwdikag TpéTTel va “TrakeTaploTei” wg function - kai yia autév Tov
A6yo T1o TrEpIBAAAOV uTTOOTNPICEl OUYKEKPINEVA Frameworks 61Twg T1.X. yia Python poévo Flask
kal Django - kai n Google petd avahaupdvel To deployment kai To execution Tou KW3IKA OTTOTE
XPEIACETAl.

2.3.1 Cloud Functions vs Cloud Run

To GCF, 6mmwg k@B FaaS product, utropei va diaxeipioTei yévo €va request Tn @opd o€ kKGBe
instance, o1réTe €ival KaAn etmAoyr pévo 6Tav 1o case €ival single-purpose.

>¢ avtiBeon pe 1o Cloud Run, TToUu OTTWG €idaPE TTPONYOUNEVWG, UTTOOTNPICEI TTOAAATTAG
concurrent requests o¢ éva container instance yeyovog TTou pag YAITWVE Atrd XpOvo Kal
KUpiwg K6oToG. Zuvettwg To Cloud Run givai o efficient kai 1o scalable pye Bdon v {ATnon.

Emiong, 6mmwg é€xoupe avagépel, To Cloud Function Trepiopilel Tov developer 6cov agopd 10
portability ka1 To testability, kaBuwg €xel 81k6 Tou Web-Server kai TepIBAAAOV UE CUYKEKPIUEVD
limitations.

Opweg, éva mmAeovékTnua Tou GCF €vavTi Twv UTTOAOITTWYV gival TTwg £XEl APECT CUVOETIUOTNTA
pe Triggers (xpnoiygotroiwvtag To Pub/Sub) Tmou evwvouv 6Aa Ta Google Cloud trpoiévta.

I.x. ytropei va evepyotroinBei €va Cloud Function poAig TpooTeBei éva kaivouplo object o€ éva
Bucket, 1 yoAig 1o Billing Budget &etrepdoel €va ouykekpipévo 1000, 1) 6Tav KAvel reboot Eva
virtual machine. Xdpng Ta triggers ta Cloud Functions putmopouv va Asitoupyacouv wg
orchestrator kai atroteAoUV Eva TTOAU XProIUO £pYAAEgio yia SIGPOPOUG AUTOPATIONOUG.

To Cloud Run, TTpog 10 TTOpOV, dev £XEI QUTAV TNV duvaTOTNTA.

2.3.2 Cloud Functions vs AWS Lambda

(Yongfook, 2020)

‘Eva ato Ta Mo yvwoTtd FaaS eivail 1o kai ekeivo Tng AWS. Ta benchmarks degixvouv pia
onuavTikr utrepoxr Tou AWS Lambda évavti tou GCF oT1o emitredo Tou performance, 6uwg
oUTE Kal €dw UTTApxel EekGBapn TIAOYH.

OTtréte 61V £pYeETal N OTIYUA va €MAEEOUPE PETAEU 2 “iIdiwv” TTPoidvTwY, wg TTpog functionality,
EpxovTal aTnVv em@Aaveia Katroia GAAa Kpitripia TEpa atrd To performance, Ta OTToia €ival Ta
£gNg:

54



e Cost

AuTA n TTapdueTpog eTnpedleTal Kupiwg atrd Tov idio Tov Cloud Provider. Mo
ouykekpipéva n AWS €xel OnvoTepa computation services (CPU allocation, cost per
request, storage costs K.0.K.) QWG XPEWVEI TTEPICOOTEPA Ta Monitoring tools 6TTwg T0
CloudWatch kai 1o X-Ray. H Google até tnv aAAn €xe1 akpiBoTepa services Ouwg
TTOAU @BnvoTEPa monitoring & logging epyaAcia.

e Monitoring

To Google Cloud é£xel pakpav TTOAU kaAUTepo User Experience o€ 6Aa TnG Ta TTPOIdvVTa
KAl KAT ETTEKTOON TTAPEXEI TTIO ATTAG KAl EUKOAQ OTNV Xprion monitoring epyaAsia.

Google Cloud Platform 3 Cloud Engineering v Q search Products, resources, docs (/) v

== Operations

N Logs Explorer ([CRINCR O REFINE SCOPE GD SHARELINK LAST7DAYS
T: Logging S EXpl o @D ®
= Logs Explorer Query  Recent(0) Saved(0)  Suggested (0) B Save b4
Ii!  Logs Dashboard Resource Log name Severity Q Tip: Put “searc! in quotes to search all log fields

1
il Logsbased Metrics
X Logs Router
B Logs Storage
Log fields & Histogram & [ Create met A Create alert (@ Jump to now Mo

Query results 42,640 log entries

EEST v mary P EDIT
[2022-04-08 87:34:34 +0000] [3] [INFO

run.googlespis.com  ring-974ea/revis

O Copytoclipboard | | e Copy link

[2022-84-68 ©7:34:41 +8868] [4] [INFO] Booting worker w:
[2022-04-68 ©7:34:50 +8808] [1] [INFO] Han

[2022-04-68 87:34:50 +0099] [3] [INFO] Worker exiting

B

H

W

[2022-04-68 87:34:50 +6000] [4] [INFO] Worker exiting (pis

[2022-04-68 87:34:50 +6000] [5] [INFO] Worker exiting (i
W

[2022-04-68 87:34:50 +0000] [2] [INFO] Worker exiting (pid: 2)

[2022-04-08 87:34:51 +098] [1] [INFO] Shus

[2022-04-68 ©7:35:00 +6668] 5] [INFO] Boot

[2022-04-68 ©7:48:35 +0868] [1] [INFO] Han

[2022-04-08 ©7:48:35 +8000] [4] [INFO] Wor
pid: 2)

[2022-04-08 87:48:36 +0000] (5] [INFO] Worker e

2
H
W

(2622-04-68 07:48:35 +0060] (2] [INFO] Wor!
" ng (pid: 5)
"

[2022-04-08 7:48:36 +0000] (3] [INFO] Worker e

ng (pid: 3)
[2022-04-08 7:48:36 +6808] [1] [INFO] Shutting down: Master

[2022-04-08 87:49:42 +6008] [1] [INFO] Handling signal: term

12022-04-68 ©7:49:43 +6668] [2] [INFOI Worker exiting (pid: 2)

Eikéva 92: Google Cloud logger

To AWS atré Tnv GAAN €xel 1m0 TTOAUTTAOKO CUCTAPATA TTAPAKOAOUONONG Twv services,
OHWG €XEI TTEPICCOTEPEG DUVATOTNTES KAI TTAPEXEI MEYAAUTEPO TTEPIBWPIO YIO
customization kai customized metrics. Etiong 1o X-Ray, éva Distributed Tracing
System 10U XpnoipoTToIEiTal yIa monitoring kai troubleshooting, €ival kK&t TTou dev €xel
10 GCP. To X-Ray cuAAéyel dedopuéva atrd didpopa AWS Services Kal @TIAXVEI TOV
Aeyoduevo X-Ray xdaptn mmou BonBael Toug developers va e€dyouv TTOAU onuavTiKa
oupTtrepdopara yia 1o ekdoTtoTe application, é1Twg 1010 service atroTeAei To bottleneck
yla To 6Ao aguoTnua, Trola endpoints éxouv TTepIoadTePO traffic, TTolo service £xel Ta
TTEPICOOTEPQ Errors K.d.
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AWS X-Ray Core Concepts

Service Graph

(@

/ gorest.coin \

|
SubSegments
N
Segments gﬁ Services |
\—/@;me dev-testAwsX m i

Eikéva 93: AWS X-Ray example

e Learning Curve

To Learning Curve Tou AWS Lambda gival onuavTikd peyaAlTepo atmod KeEiVo Tou
Google Cloud Function.

e Deployment Workflows

210 Google Cloud Function ta Brjparta yia 1o deployment ival TToAU AiyOTepa Kal TTI0
aTTAd o€ oxéon pe To AWS Lambda, 6pwg yia To AWS Lambda uttdpyouv didgopa 3rd
party epyaAgia TTou S1IEUKOAUVOUV Kal aTTAOTTOIOUV QUTAV TNV dladikagia 6TTwg To
Zappa yia Python kai To Serverless.com yia Node.js.

Aedopévou, Aoitrédv, Twg 1o AWS Lambda eival eupéwg yvwoTo Kal atTodeKTO OTI €ival ApKETA
o ypriyopo atré 10 Google Cloud Functions 6a HEAETACOUNE OTNV CUVEXEIQ TNV CUPTTEPIPOPA
Kal TIG TrapapéTpoug pévo tou AWS Lambda.

2.4 AWS Lambda

(AWS, AWS Lambda, 2022)

To Lambda eivail 6TTwg avagépaue éva FaaS 1poidv, dnAadr) éva compute service Tou
EMTPETTEI VO EKTEAOUPE KWOIKA XWPIG TTapoxr i diaxeipion Twv physical servers. To Lambda
EKTEAEI TOV KWOIKA pag o€ pia uTToAoyIOoTIKA uTTod0oun UWNAAG S1aBe01udTNTAG Kl EKTEAET OAN
TN SIaxEipIon TWV UTTOAOYIOTIKWY TTOPWYV, CUUTTEPIAGUBAVOUEVNG KAl TG CUVTAPNONG
OIAKOMIOTH] KAl ASITOUPYIKOU CUCTAUATOG.

Mapéxel capacity provisioning, automatic scalability, code monitoring and logging. Mg 10
Lambda, ptropoupe va ekTeEAéoOUPE KWOIKA yia oxedOv KABe TUTTO EQapPUOYAG i utTnpeaia. To
MOVO TToU XPeIAdeTal va KAVOUE €ival va YPAWOUUE TOV KWOIKO Pag o€ pia atrd TIG YAWOOEG
TToU UTTOOTNPICEl TO Lambda.
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2.4.1 Zappa

Mpiv Eekivijooupue agiCel va avagépoupe To Zappa. MNMpokeital yia éva TToAU XpAOIUO epyaAEio
TToU BIEUKOAUvel Ta deployments oe AWS Lambda xpnoipotroiwvtag Python (eite Flask eite
Django).

(Zappa, 2022), (Kazarinoff, 2020)

2Tnv oucia o developer KaAgital va ypdwel uévo Tov KWOIKA, TNV CUYKEKPIPMEVN TTEPITITWON
éva Flask Application, kai To Zappa avaAauBaver:
1. va emagel Ta amapaitnta yaml apxeia,
2. va Kavel zip Tov KwdIka Kail va To avepdoel o€ €va Storage Bucket (AWS S3 otnv
TTPOKEIPEVN),
3. va emiagel éva Lambda Function pe Ta ammapaitnta permissions,
4. va ouvdioel 1o API Gateway pe To Lambda kai va kével generate €va public URL 1Tou
Ba kdavel trigger Tnv ocuvdpTtnon.
5. Kai, TéAog, @Tidxvel Eéva Event TTou KaAei Tnv ouvaptnon KA 4 AeTTTd €101 WOTE va TNV
KpaTdel “Ce0Tr” M€ OKOTTO VA AvTIUETWTTIOTOUV Ta Aeyoueva “Cold Starts”, yia otroia 6a
MIAfjoouUlE OTNV TTOpPEIA.

2 eTéuevo Briua To Zappa:
1. pe TNV evioA “zappa tail” cou emTpéTTel va O€Ig Ta logs TTou TTApAyovTal ATTo TNV
Lambda,
2. éxel ouotnua dlaxeipiong Twy release channels, 1T.X.:

{
"dev": {
"app_function": "app.app",
"aws_region": "eu-west-3",
"profile_name": "softlab",
"project_name": "softlab-cloud-engineering",
"runtime": "python3.8",
"s3_bucket": "softlab-cloudeng-energy-apis-bucket",
"excluded": ["venv", "regs.txt", "fill_database.py"],

"slim_handler": true,
"xray_tracing": false,
"cloudwatch_log_level": "OFF",
"cloudwatch_data_trace": false,
"clouvudwatch_metrics_enabled": false,

"memory_size": 2048

Eikéva 94: Example of zappa configuration
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Edw BAETToupe €va atrAd configuration json apxeio TTou TTapaueTpoTrolei To Lambda function
TT0U B dnuIoupynael To Zappa. OTTwg TTapatnpouue, uttdpyel éva object e dvoua dev, e
TOV iB10 TPOTTO YTTOPW VA QTIALW Kal Eva Pe Ovoua prod 1 stage. ZUVETTWG PE TIG EVIOAEG
zappa update () deploy) dev/prod/stage ptropw va diaxeipiCopal Ta didpopa channels.

Autd, Aoirdv, gival Ta Bacikd TTou YTTopEi va KAavel To Zappa. Z€ TTIo TTpoXwpPnuévo aTadio
MTTOPOUE:
e va @TidEoupue dikoug pag Authorizers Tmou ptraivouv oe APl Gateway etriredo kai Oxl
Méoa OTOV KWOAIKA POG,
e va BdaAoupe environmental variables o€ Cloud etitredo (f} Secret Keys) yia va pnv
éxoupe hardcoded sensitive kwdIkoUg 1} dId@opa KAEIDIG.

KAl GAAEG QUTOUATOTTOINCEIG TTOU KaTaypaovTal oTa avtiotolxo Documentation.

2.4.2 Slow Performance, yiarti;

Z1nv apxn €yive n €€ng rapatipnon: Ta (dummy) APIs érpexav o ypriyopa (~1.5s) og local
deployment kai 1o apyd oe AWS (~4.2s). AkoAoubronke 1o €€ Debugging:

1. AveBdaoape Tov Kwdika o€ éva Google Cloud VM kai TTapatnpriocaue 0T ETPEXE TTIO
ypAyopa ato 1o local, 6TTwg Kal ATav avapevouevo, dpa emmReRaiwoaue TTwg dgv
yivétav kATl repiepyo oTo local deployment.

2. MeAetioape Ta configuration settings kai €idaue TTwg ptropei va augndei n RAM 1ToU
diatiBeTal otnv Lambda. Zopgwva e Tnv AWS, 6co auéaveral n RAM au&dvetal kal To
CPU power kai Kat’ €TTEKTACN TO KOOTOG.

3. Zmnv apxn, Aoitrdv, eixaue BEoEl auThv TNV TTOPAUETPO ion pe 512MB kai dI0TTIOTWOoaUE
TTwg dev gival apkeTr) yia To virtual environment Tou Kwdikd pag, dnAadr packages &
modules. Mpdyua mou onuaivel 611 o€ run-time n RAM &¢v gival apkeTr) Kal To instance
TToU TPEXEI TO Lambda Ba émpette va avaTtpégel o€ OkKANPO dioKO Kal KAT ETTEKTACT VA
gival TToAU apyo.

4. Augnoape Tnv RAM og 10GB, TToU €ival To YéyioTo, Kal To response time €mece 010
0.9s a1 10 4.2s.

5. Meiwoape og 1GB ka1 0 xpoOvog TTAYE OTO 2S

6. KaraAngape mwg 1a 2GB, KaBwg gixape Toug idloug XPOVOUG JE TNV ETTIAOYT TWV
10GB, civai n BéATIOTN RAM £101 WOTE va £XOUUE Kl MIKPOTEPO pricing.

2.4.3 TlapdaAAnAa Requests

(Rapes, 2019), (AWS, AWS service quotas , 2022)
O11w¢g €xoupe AN avagEpel yia TTOAU onuavTiKh TTAPAUETPOG yia To scalability Tou
OUCTAMOTOG €ival N CUUTTEPIPOPA TOU O€ CUVONKEG Pe TTOAG TTapAdAAnAa requests.
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Méxpi aTiyung, Aoitmov, To testing yivoTav pe ogipiakd requests, oTroTe TTPETTEl va EAETNOET N
OUNTTEPIPOPA TOU CUCTHATOG KAI 0€ OUVORKES pe TTOAAG TTapAAANAa requests.

2.2.3.1 AWS Lambda Concurrency

Concurrency is the number of requests that your function is serving at any given time. When
your function is invoked, Lambda allocates an instance of it to process the event. When the
function code finishes running, it can handle another request. If the function is invoked again
while a request is still being processed, another instance is allocated, which increases the
function’s concurrency. The total concurrency for all the functions in your account is subject to
a per-region quota.

By default, poAig yivel deploy éva Lambda Service, To AWS &ivel 3 workers (VMs A aAAiwg
Instances) trou eivail dedicated otnv cuvdpTtnon. Ti yivetal, Opwg, 6Tav £€pBouv TauTdXpOova
1000 requests;

2.2.3.2 Increase Request

ZUVOAIKG €vag AWS Aoyapiaouog €xel max quota 1000 concurrent requests o€ éva common
pool per region. AnAadn évag Aoyapiaocuog utropei va éxel 1000 oTo lMapior (eu-west-3), 1000
oT1o MiIAdvo (eu-south-1) K.0.K.

Opwg, by default, To max quota yia concurrent Lambda Executions givail 50. Na va au&n@ei,
Aoitrév, TpétTel va yivel éva Increase Request Tou trepvael ammé 1o AWS Support kai
xpeladovtal TePITTou 1-2 YEPEG PEXPI Va EYKPIBEL. Aev XpeIGdeTal KATTOIO QITIOAGYNON TOU
QITAPATOG. ZTNV TTAPAKATW €IKOVA @aiveTal TO aitnua augnong atréd Ta 50 ota 100.

Concurrent executions

Details

Description

The maximum number of events that functions can process simultaneously In the current Reglon.

Quota code Quota ARN
L-B99A9384 arn:aws:servicequotas:eu-west-3:465990587373:lambda/L-B99A9384
Utilization Applied quota value AWS default quota value Adjustable

o 50 1,000 Yes

Recent quota increase requests (1) Request quota increase

1

Request date v Status Requested quota value
Dec 2, 2021 @ Quota requested 100

Eikéva 95: AWS concurrency increase request
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2.2.3.3 Reserve Concurrency

Apa, Aoittdv, uttdpyel Eva common pool ato requests.
Mwg yiveTal o dlapoIpaoudg auTwy TwWV requests Opwg;

MTropei 0TO CUOTNUA PG va €xoupe TTOAANG lambda, dpwg pepIKEG aTTO AUTEG va gival TTIO
onuavTikéG Kal To “Internal Server Error” va pnv gival atrodekTo.

OTtréte 0TV oudia BEAoupE va BLWOOUNE KATTOIO TTPOTEPAIOTNTA O€ AUTEG TIG Lambda.

Edw épxetal kAT TTOU AéyeTal Reserve Concurrency, TTOU GThV oucdia “Oe0UEUEl” CUYKEKPIUEVO
quota yia ouykekpipéveg Lambda. ‘Etol, Aoy, egaogalifetar 611 o1 o “onuavTikés” Lambda
Ba éxouv TTavTa Ta requests Tou xpeidlovTal atro 1o pool.

g

1000 Concurrent

Ervor 500 S‘”myu“ Executions for the
Executions Executions Super Busy Lambda

=

. . o
Super Busy
Lambda X
Occupied by
Lambda A
N Passrnd bt mat
50 Lambda being used by
Executions Executions Lambda A
NN NN
50 Lambda 50 Lambda
Executions Executions
150 Concurrent 150
Executions for Successfull
Lambda A Executons

T d

Eikéva 96: AWS reserve concurrency

2.2.3.5 Provisioned Concurrency

(AWS, Managing Lambda provisioned concurrency , 2022)

Av, 6pwg, éxoupe AaBog ekTiuAoel TTwg 100 quota ival apkeTd kal EpBouv Eagvika TTOAAG
TTapatrdvw requests, Ti yiveral,

Aev ptropei o developer va aAAGel cuveEXWGS aUTO TO OPIO KAl OUTE PTTOPET va BAAEI pia peyaAn
TINA KaBWG ouvoAikd €xoupe 1000.

Edw épxetal kAT TToU AéyeTal Provisioned Concurrency.
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Business case amé to documentation Tng AWS.

e 'Eotw o diaxeipi¢duacTe éva Delivery Application kai repiyévoupe €va traffic spike
oTig 20:00. ©¢éAoupe n e@appoyr va gival responsive akOua kai 6tav 1o demand KAvEl
ypAyopo scale-up & scale-down, o1roTe evepyotroioUpe To Provisioned Concurrency Kai
10 Oopifoupe ioo pe T1.x. 100 yia TNV XPOoVIKA TTEPIOdO TToU ETTIOUUOUE.

e [a Tnv akpiBeia, To Provisioned Concurrency atmmAd apxIKOTTOIET KAl £XEI ETOINO
OUYKeEKPIYEVa execution environments €T01 WOTE VA ITTOPETOUNE VO AVTATTOKPIOOUNE
auéowg oTa eTTepXOPeva Lambda invocations.

e [lpoooxn, 1o Provisioned Concurrency KooTiCel Kal €xel 8IKO Tou pricing.

Ti yivetal, 0pwg, 6tav kal TTaAI Ogv PTTopEic va TTPoRAEWEIG TO cwaTo time frame Tou mBavou
traffic spike; E&w €pxetal To Application Auto Scaling TTou diaxeipifeTal EVTEAWS QUTOUATA TO
provisioned concurrency avaAoya Pe KATTOIEG PETPIKEG.

(AWS, What is Application Auto Scaling? , 2022)

Mati va 6€Aoupe va Treplopicoupe OPwG Ta executions; MNati va unv Bécoupe o€ OAa Ta regions
TO max quota kai va gipaoTe aiyoupol; YTrépyxouv d1d@opol AGyol:
1. Cost i Security. MTTopei va pnv BéAoupe Katolog va Kavel Katé AdBog ) KakOBouAa
MEYAAO apIBud aItnudaTwy 0T0 CUCTNUA UAG.

2. Performance, kaBwg emBaAAoupe Aoyikd batch sizes.
3. Scalability, avtioToixion Tou throughput pe Toug cwWoTOUG TTOGPOUG.

4. Off Switch, oTnv oucia uTTOpOUNE, PEIWVOVTAG TO concurrency, va e£ao@aAlicoupe OTI
Oev Ba péel Kivnon oTa CUCTAPATA Pag Kal Ba gival oav va Ta OTTEVEPYOTTOIOUE.

2.2.4 Testing

‘ExovTtag, AoITrov, YeAETAOEI OAEG TIG TTAPANETPOUG TTOU ETTNPEAJOUV TO concurrency rfpde n
wpa va empeRaiwooupe OAEG TIG BEwPNTIKEG UTTOBETEIG.

‘EoTw 0TI £€xoupe BEoel wg max concurrency o€ pia Lambda ico pe 50. Ti Ba cuuBei 6tav
¢pBouv 100 TTapadAAnAa requests;

Pdniaape éva script Tou, xpnoipotroiwvtag fork, yevvael 50 mrapdAAnAa requests. OAeg ol
atravtioeig ApBav Tautdxpova Kal aTov idlo TTEPITToU Xpovo. MOAIG, duwg, BaAaue 51 10TE
NPEBe pia amravrnon pe Internal Server Error. Ométe €101 emBeBaIBNKE N CUUTTEPIPOPE TOU
concurrent invocation.

Opweg, autA dev gival “‘ocwaoTn” oupTtrepipopd. Kavovika Ba ETTpeTTe va eKTEAETTE Kal TO 510

request aTTAd pe pia kaBuoTépnon kaBwg Ba TTepipeve va atreAeuBepwBei KATTOI0G aTTd TOUG
50 workers.
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AkoAoubioaue Ta e€AG BAMaTa yia debugging:
1. Z10 script mpooBéoape éva time.sleep(0.01), dnAadr 10ms, avaueoa og kGO os.fork()

2. Omote kahéoape 60 requests kal evw Trepiuévape va doupe 10 Internal Server Error
messages pdav yovo 3 Kal Ta uTTéAoITTa 7 gixav atrAd ueyaAuTepo response time.

3. Aokiyaoape, Aoitmov, 100 TapdAAnAa requests pe time.sleep(0.1), dnAadn 100ms, kai
Nnebav povo 2 Internal Server Errors kai utrrjpxav govo 20 ammaviAoelg Je augnuévo
response time.

2€ aUTO TO onUEIo AvTIANPONKAUE TTWGS UTTAPXE! £vag pnxaviopog duuvag Twyv DDoS Attacks,
KaBwg n oupTrepipopd aAAdlel avaloya pe To timestamp Twv requests.

4. Tia va empBeBaiwaoupe, AoITTOV, autdv ToV unxavioud aveBdacaue Tov KwdIKa o€
Google Cloud VM €101 WoTe va £xel diapopeTikn IP atmé 10 local. KaAéoape 50
requests atrd local kai 50 até 1o VM pe time.sleep(0), dnAadn xwpig k&toio
evOIAueTo Xpovo.

Apa ouvolikd £xoupe 100 Tautdypova requests pe TNV povn dilagopd TTwg Epxovtal atro
olapopeTiKn IP.

Aev uttAp&e kavéva Internal Server Error kai auénuévo response time utmpée pévo oe 10
responses.

2.2.5 Zuumrepdouarta

To Lambda cUoTtnua tou AWS:
1. Mmopei va diaxeipioTei pExpr 50 requests (A 60a opioeig) TTou €xouv idlo timestamp kai
idla IP.

2. Eivail “auotnpd” yia apiBuo requests TTou {eTEPVOUV TO ETTITPETTTO OPIO KAl £XOUV TO
id10 timestamp kai IP.

3. Orav ummdpyxel Xpovikn diagopd ~10ms peTagl Twv requests 1o cUCTNPA YiveTal TTIO
eAaoTIKG aAAG Kal TTAAI UTTAPXE! KivOuvog yia Internal Server Error.

4. Mrtropei va diaxelpioTei oxedov ammeploploTa requests armmd diagopeTikn IP kal pe
dlapopd KAtTola ms, Ye average response time 1repitou T0 idI0.
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KepdAaio 3 MeAETn Twyv BAoewv deOOUEVWV O€ QUTOVONN

O1aTagN - KAAEG TTPOKTIKEG

MNa va YTTOpECOUNE VA TTPOCOUOIWOOUNE TNV AsIToupyia piag oAOKANPNG e@apuoyng dev Ba
MTTOPOUCANE VO TTAPAAEIYOUHE TO KOPUATI THG BAong Asdopévwy.
Oa peAetiooupe 2 atrd Ta Mo ywwoTd NoSQL Databases Cloud Products.

1. Cloud Firestore (GCP) — NoSQL Database
2. AWS DynamoDB — NoSQL Database

2.3.1 Cloud Firestore

To Firestore €ival pia faon dedouéviwv NoSQL 1ToU €€l dnuioupynBei yia autduaTn

KAIJAKWOT, uynAn atrédoaon Kal EUKOAia oTnv avamTuén epapuoywv. Evw n dieragn Firestore

€XEI TTOAAG KOIVA XAPAKTNPIOTIKA WE TIG TTapadooiakég Baoelg dedopévwy, we Baon
oedopévwv NoSQL diagpépel atrd auTég OTOV TPOTTO TTOU TTEPIYPAYPEI TIG OXECEIG HETAEU TWV

QVTIKEIEVWV DEDOUEVWV.

3.1.1 Firebase

Mia Firestore Baon Aedouévwy utropei va dnuioupynBei atrd 1o idio To GCP Console aAAG

onuioupyeital kai o€ éva Firebase Project.

ApkeToi vouifouv TTwg 1o Firebase gival kaT diagopeTikd atrd 10 GCP, aTnv Tpayuatikétnta
Ouwg givai 1o id10 KaBwg TO Firebase xpnaoipotroiei Google Cloud products.
MNa Tnv akpiBeia To Firebase cival éva olkooUoTNPA TTOU TTPOCGPEPE! DIGPOPA EPYAAEia Kal

TTPOIOVTA YIa va uTTopéael va uAoTToinBei kai yivel deploy pia epapuoyn eite gival web-app €ite

mobile-app.

ﬁ Firebase Cloud Engineering ~  Overview

Store and sync app data in milliseconds
“

Keep tabs on your app’s quality

&

Crashlytlcs Performance

Grow & engage your audience

Eikéva 97: Firebase project overview

o

Authentlcatlon Cloud F|restore
Auth an ge upd powerful

et insights into your app's performance

See all Release & Monitor features
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Mpoo@épel Authentication, Firestore Database, Hosting, Storage, Functions, Monitoring Tools
Kal TTOAAG GAAa.

2uveTTWG, 6Tav @TIAXVouue £va Firebase Project gTidyvetal kal éva Firestore Database. H
otroia oTo Firebase gaiveTal KATTWG £T01:

B reference_zones = B8 10

»
1

-+ Start collection <+ Add document -+ Start collection
reference_zones > + Add field
resolution_code 10 >
total_load_data

ev: "AUSTRIA_AT_SCA_SCA"

edOn: October 13,2020 at 3:09:32 PM UTC+3

"Austria / AT SCA / SCA"

fName :

ountry_FK: 41

Eikéva 98: Cloud Firestore collection overview

3.1.2 Bulk Write

Mpiv Eekivijooupe, AoITov, va aAANAemOpoUE Pe To Firestore TTpETTEl va TO YEPIOOUME HE
oedopéva. To Firestore vai pev eivai NoSQL kai Asitoupyei pe pia JSSON apxITeKTOVIKA GAAG
dev utrooTnpilel katroia “Import from File” Aeitoupyia. Apa dev uTTdpyEl KATTOIO TTPOPAVAG
oladikaoia yia Bulk Write.

Z1nv OIKN pog TrepiTTwon, €xoupe £va Dataset ammé 10.000.000 Documents (~4 GB) kai aTnv
TpooTdBeia pag yia Bulk Data Entry avTipetwTricaue 2 mpoBAfuara:

1. Meydho JSON apxeio dev ptropei va diaaoTei pe Tov KAAoIKO TpoTT0 TnNG Python 1Tou
QEpvel oTNV PVARN OAO TO apxeio Kal @TIAxVEl Eva OAIKO peydAo json object.
H AUon o€ auté 10 TTPORANMA:
o [lpétrel va diafdafoupe line by line €101 WOTE va PNV XPEIOOTE VO QOPTWOOUNE
O6Ao To apxeio.
e H kAaooikég péBodol e getline(), streamline() etc. dev Aeitoupyoulv Kabwg
atraitouv €101ké format Tou apyeiou. H Auon eivair pia €181k BIBAIOBAKN ijson
TTOU OoU eTITPETTEI va dlafddelg Oxi line by line, aAAG oTnv ouaia json by json.

2. To va Baceig ato Firestore éva-éva Ta documents Traipvel TTOAU xpovo (10M documents
estimated time ~ 11 pépeg). Auon:
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Batches. 21nv oucia ouvduddeig péxpl kai 500 operations (uévo set(), update(),
delete()) péoa o€ éva APl Request. (Estimated time ~ 7 wpeg). To KOOTOG TTAPAEVEI
10 id10. K&Be operation peTpdel KAVOVIKA.

Writing 1,000 documents to Firestore takes:

1. ~105.4s when using sequential individual write operations
2. ~ 2.8s when using (2) batched write operations

3. ~ 1.5s when using parallel individual write operations

Eikéva 99: Cloud Firestore bulk write times

(Puffelen, 2019), (Google, Best practices, 2022)

3.1.3 Indexes

To Firestore gival yvwaoTé yia TIg upnAég emdooelg Tou ammod armmoywn Performance, Availability,
Scalability, Concurrency.

e AgiCel va onueiwdei 611 TO Firestore Aeitoupyei pe €181KO replica-set TTou onuaivel 611 Ta
oedopéva pag gival atmobnkeupéva oe TToAAG instances -kai ag @aiveral 6T gival yévo
o€ €va- Kal yia autév Aoyo éxoupe uwnAo Availability kai Scalability atré tnv mpwtn
Ki6Aag pépa. To Firestore pe Tov idio TpATTO TTOU UTTOPEI Va uTTooTNPICEl 1 read/sec
ptropei kal 100.000 reads/sec xwpig kapia Tapatrdvw puBuion atod Tov developer.

e Apa dev UTTAPXEI KATTOIO0 index yia £va query ol TTEPIcCTOTEPES BATelg dEOOUEVIWIV
Wayxvouv OAa Toug dedopéva OTOIXEIO avd OToIXEio, Pia TTOAU apyry diadikaoia TTou
emBpaduveTal aKOUA TTEPICCOTEPO KABWG peyaAwvel n Baon dedopévwy. To Cloud
Firestore eyyudrai ugnAf amdédoon xpnoiyotroliwvtag indexes yia 6Aa Ta queries. Qg
atToTéAETA, TO TTapddo&o Tou Firestore, n amédoon evog query e€apTdral atrd T0
MEYEBOG TOU GUVOAOU ATTOTEAECUATWYV Kal OXI atTd ToV apIBud Twv oToIXEiwv ot Bdon
oedopévwy. AnAadn éva query Trou emmoTpEéPel 50KB dedopéva wg atravrnon Ba
XPelaoTei Tov id10 xpovo diekTrepaiwang eite €xoupe 100 documents otnv Baon pag eite
£xoupe 100 ekaTopuupia
(Google, Index types in Cloud Firestore, 2022)

O1rwg €xoupe avagépel, To Google Cloud @nuiletal yia 1o 1000 user friendly kai yia 1o TTO6o0
dieukoAuvel TIG dladikaaieg yia Toug developers. Mia akéun amédeign cival o Firestore kabwg
avTiAauBaveral amd pévo Tou Trola indexes xpeladetal va dnuioupynbouv avaAoya e Ta
queries TTou yivovTal, Kal Ta @TIGXVEl JOVO Tou.

H diadikaoia @aiveral KATTWG £TO1:
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Create a composite index

Cloud Firestore identified this index to support your recent query. Once you've created it, run
your query again.

Collection ID Fields Query scope
total_load_data entsoeAreaReference_FK: ASC DateTime: ASC Collection

CANCEL CREATE

Eikéva 100: Cloud Firestore create composite index

® 1 Collection ID Fields Query scope @

(] total_load_data entsoeAreaReference_FK: ASC DateTime: ASC Collection

Eikéva 101: Cloud Firestore composite index is created

2Tnv oudia £va composite-index atroBnkevel éva Tagivounuévo mapping 0Awv Twv documents
€vog collection Baon Twv TTediwv TTOU XpelalduaoTe oTa queries Pag. MNa autdv Tov Adyo Ta
indexes kooTiCouv, KaBWG xpelalovTal atTrodBnKeUTIKO XwpPo. YTTapxouv best practices yia va
MEIWBOUV auTd Ta KOOTN.

(Google, Reducing index costs with map fields, 2022)

3.2 AWS DynamoDB

H Amazon DynamoDB ¢ival pia TTAfjpw¢ autopaToTroinuévn, serverless, key-value NoSQL
Baon dedopévwv oxediaouévn yia atraitnTikES high-performance epappoyég kabe kAipakag. H
DynamoDB trapéxel built-in security, continuous backups, automated multi-Region replication,
in-memory caching, and data export tools.

Néyetar DynamoDB yiari £xel Tnv apxitektovikr) Tng MongoDB aAAd pe duvapuiké Scalability.

Mia eikéva yia 1o TTwg ¢aiveral To Dashboard Tng DynamoDB.

DynamoDB Tables
Tables () [ |
Q Any table tag v 1 (o)

Name A status Partition key Sort key Indexes Read capacity mode Write capacity mode size Table class
ReferenceZones @ Active 1d (N) - 1 On-demand On-demand 121 kilobytes DynamoDB Standard
ResolutionCodes @ Active 1d (N) - o On-demand on-demand 1.3 kilobytes DynamoDB Standard

TotalLoadData @ Active entsoeAreaReference_FK (N) DateTime (S) 0 On-demand on-demand 3.3 gigabytes DynamoDB Standard

Eikéva 102: DynamoDB collection overview
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Edw traparnpoupe TTwg avTi yia collections, ovopddovTal tables aAAG autd dev TTpETTEl VA
pag TTapatréuTrel o€ SQL. Xe eTOuevo oTAdIO BAETTOUNE TO overview evOg TTivaka.

Me 10 explore table items pytTopouue:
e va doupe Ta items pag péoa atrd Tnv KovooAq,

DynamoDB Tables TotalLoadData
Tables () x  TotalloadData e
Any table tag v
Indexes Monitor Global tables Backups Exports and streams Additional settings
Q e
1 A q
® General information
ReferenceZones
Partition key Sort key Capacity mode Table status
ResolutionCodes entsoeAreaReference_FK (Number) DateTime (String) On-demand © Active
© No active alarms
[+] TotalLoadData

P Additional info

DynamoDB updates the following information approximately every six hour

Item count Table size Average item size

10,645,571 3.3 gigabytes 307.63 bytes

Eikéva 103: DynamoDB explore table items

va TTpooBEgoupe €va kaivouplo item,

va TPECOUE scans Pe TTOAAG @QiATpa TTavw oTa attributes Twv dedopévwy pag,

Kal va TpéEoupe queries yia va eAEYEOUUE TNV 0pBOTNTA TOUG TTPIV TO EVOWNOTWOOUNE
aTOV KWOIKA Pag.

OAeg auTtég TIg Aeimoupyieg TIG €xel kal To Firestore Console, Tépa a1rd T0 Scan 1Tou TO £X€l TO
povo 1o DynamoDB.
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DynamoDB Items > TotalLoadData
Tables (3) « TotalLoadData © Autopreview Actions ¥ Create item Update table settings
Any table tag v
v Scan/Query items
Q
1> @
ReferenceZones Table or index
TotalLoadData v
ResolutionCodes
¥ Filters
o] TotalLoadData
Attribute name Type Condition Value
String v Equal to v
© completed Read capacity units consumed: 2
® This table has more items to retrieve. To retrieve the next page of items, choose Retrieve next page. ‘
Items returned (50)
1. > &R
entsoeAr... ¥ DateTime ¥  ActionTa.. ¥  Day v EntityCr.. v EntityM.. v Id v Month v Resoluti...
187 2015-01-0... 0 1 2021-06-2... 2021-06-2... 250209382 1 3
« >
Eikéva 104: DynamoDB table overview
Item editor [ Form [ uson
Attributes Add new attribute ¥
Attribute name Value Type
entsoeAreaReferen - Partition Number
187 New
key |/ ® e
ce_FK
DateTime - Sort key 2015-01-01 23:00:00 New String
ActionTask_FK [o] Number
Day 1 Number
EntityCreatedAt 2021-06-24 00:03:28 String
EntityModifiedAt 2021-06-24 00:03:28 String
Id 250209382 Number
Month 1 Number
ResolutionCode_FK 3 Number
RowHash 66fe97a008a6c49c20fdeaf56acaf0025fcc77b8d25b7033698a035bas5cba9b0 String
Status NULL String
TotalLoadValue 5945 Number
UpdateTime 2017-09-14 04:00:16 String

Eikéva 105: DynamoDB item editor

Emiong utrapxel kai o Item Editor 1Tou €xe1 2 emAoyég oTrTikoTroinong ite Form eite JSON.
Eite kavovikd JSON, eite DynamoDB JSON trou otnv ouaia givai 10 id1o JSON aAAG pe Ta
attributes Tou DynamoDB.
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Attributes (@ View DynamoDB JSON

1~ {f

2 “entsoeAreaReference_FK": 187,

3 "DateTime": "2015-61-01 23:00:607,

4 “ActionTask_FK": 0,

5 "Day”: 1,

6 “EntityCreatedAt™: "2021-06-24 00:03:287,
7 "EntityModifiedAt™: "2021-06-24 00:03:287,
8 "Id": 250209382,

g “Month™: 1,

10 “ResolutionCode_FK": 3,

11 "RowHash™: "66fe97a008a6c49c20fdeaf56acaf@025fcc77b8d25b7033698a035ba5chb49be™,
12 “Status™: "NULL",

13 “TotallLoadValue™: 5945,

14 “UpdateTime™: "2017-09-14 04:00:16",

15 “Year": 2015

Eikéva 106: DynamoDB view simple JSON

Attributes @ View DynamoDB JSON

 ff
~ “entsoeAreaReference_FK™: {
“N": 187"

VB W N

S+ “DateTime": {
5 "S": "2015-61-01 23:00:00"

o}
8~ ',ctior_iTgsk_FK':{

9 N": "0

10 },

11+ "pay”: {

12 N7 1T

13 },

1~ T"EntityCreatedAt™: {

15 }'S': “2021-06-24 00:03:28"
16 ,

17+ “EntityModifiedat™: {

18 "S": "2021-06-24 00:03:28"
19 ,

21 "N": 250209382
1

23iv TMonth": {

24 N7 1T

25}
26 ~ 'l,tesolutionCode_FK' : {
27 “NT: "3

}l
29~ TRowHash™: {
"S": "66fe97a008a6c49c20fdeafS6acaf0025fcc77b8d25b7633698a035ba5cha9be”

v “Status”: {
33 "S": "NULL"

1
25~ T"TotalLoadvalue™: {
36 "N": 759457

1
3%~  “UpdateTime™: {
) "S": "2017-09-14 04:00:16"

1v 'Qear': {
2 "N": "20157

Eikéva 107: View as DynamoDB JSON
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3.2.1 Firestore vs DynamoDB

O1 Baaoikég dlagopég petatu dUo NOSQL Bdoewyv dedopévwy, TTEpa ammod 1o Performance,
Scalability, Availability k.0.K., éykeITal 0TI SuvaTdTNTEG KAl OTIG EAEUBEPIEG TTOU TTAPEXOUV TA
Queries Toug aToug developers.

H DynamoDB @nuicetai 611 £x€l upnAOTEPEG £MIBOCEIC aTTd TO Firestore, Opwg autd ival KAT
TT0U B0 TO BIATTIOTWOOUUE OTNV cuvExela. Edw Ba avaAuooupe TIG BaoikéG diagopég o€ Query
ETTITTEDO.

1. To DynamoDB éxel Scans, evw 10 Firestore 6xi1. H diagopd petagu Scan kai Query
eival TTwg 10 Scan "okavdpel" oAdkAnpo To table waxvovTag yia aToixeia Tou TTAnpouv
Ta KPITAPIA, evw To Query Kavel éva €10IKO lookup o€ etmIAeypévo partition ye Baon 10
primary rj To secondary partition/hash key.

Kai edw épxeTal pia atrd TIg onUavTikoTEPES dlagopés Tou DynamoDB kai Tou Firestore. 1o
DynamoDB katd tnv didpkeia evog item kaAoupaoTe va emmAéEoupe TTo10 Ba givail To Partition
Key ka1 moio 10 Sort Key. Autd ta U0 cupfaAAouv oTnv dnuioupyia Tou TeAikou Hash Key kai
MOVO auTd Ta U0 PTTOPOUHE Va XPNOIKMOTToIoUKE Yia Ta Queries pag. Autd ouuBaivel yia va
&€pel To ouoTnua €§ apxng Trola indexes va dnuioupynoel. Ze avtibeon pe 1o Firestore 1Tou
dnuioupyei, €€ apxng yia kabe véo document, single indexes yia 6Aa Ta TTedia Kal ATTAG
METETTEITO oOU divel TNV duvaTOTNTA dnUIoupyiag TTIo oUVOETWY indexes, Twv AeyOuEVWY
composite indexes OTTwWG £€XOUNE TTPOAVAPEPEL.

AgiCel va onueiwBei TTwg Xdpng autd To XapaktnpioTiké n DynamoDB kata@épvel va €xEl
OMOIOUOPYPN KATAVOWI] POPTIOU.
(AWS, Best Practices for Designing and Architecting with DynamoDB, 2022)

AuTO TO XOPOKTNPIOTIKO TTPOCOETE £va TTAPATTAVW aPXITEKTOVIKO BApog aTov developer kKaBwg
TIPETTEI VO OKEPTET €€ apxAG TTola Ba gival Ta TBava queries TTou Ba xpeiadeTal n EKACTOTE
EQAPMOYN KE ATTWTEPO OKOTTO va eTMAECEl owaoTd TO Partition kai Sort Key.

AuTté dev anpuaivel dpwg, BERala, 6T dev UTTOPOUV va dnuioupynBouv Kaivoupla indexes
Baoiouéva oe dlaopeTikd attributes. Ymdpyouv Ta Aeydueva Global Secondary Indexes 1mou
HOG TTPETTOUV VA ekTEAOUUE queries We attributes TTou dev atroTeAouv To primary rj sort key.

M.x. €dw BAéTToupe €va Table pe Primary key 1o 1edio pe 6voua ID.

DynamoDB Tables

Tables (3) % ReferenceZones [ ][ aons v | T

Any table tag v
Indexes Monitor Global tables Backups Exports and streams Additional settings

Q _—

General information
o ReferenceZones

Partition key Sort key Capacity mode Table status
ResolutionCodes Id (Number) - on-demand © Active

TotalLoadData

P Additional info

Eikéva 108: DynamoDB primary key

AANG €xoupe @TIAEl kKal éva kKaivoupio Index pe Bdon 1o Country FK kai To AreaRefAddedOn.
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DynamoDB Tables ReferenceZones

Tables (3) «  ReferenceZones [c ][ aons v |

Any table tag v

Overview r Monitor Global tables Backups Exports and streams Additional settings

Q

1 @ Global secondary indexes (1) info Create index

O ReferenceZones Q 1 ]

ResolutionCodes . . o o - y - .
Name a Status Partition key Sort key Read capacity Write capacity Projected at

TotalLoadData
Country_FK-AreaRefAddedOn-index @ Active Country_FK (Number) On (String) on-demand on-d d All

Eikéva 109: DynamoDB global secondary indexes

Mpogavwg n dnuioupyia kai n xprion Twv Global Secondary Indexes koaTilgl yia TOUg iBIOUG
AGyoug TTou KooTiCouv Kal Ta indexes Tou Firestore.

2. Zmnv DynamoDB T0 update i To delete utté ouvbnikn dev amaitei read oTnv apxr. Z&
avTiBeon e 1o Firestore, 61rou av BéAoupe va diaypdyoupue éva document e
OUYKEKPIUEVA XAPOAKTNPIOTIKG Ba TTpéTTel va Kavouue éva read aTnv apxn yia va
Bpoupe 10 ID TOU Kai PETA va To dlaypdyoupe. AuTO £XEl WG OTTOTEAECHUA OTNV
DynamoDB va xpeialéuaoTe povo éva operation, evw oTto Firestore BéAoupe duo.

3. Zmnv DynamoDB ptropoupue va aAAGEOUPE Ta avTIKEIMEVA PIag AioTag evog ltem og éva
single operation, o€ avtiBeon pe 10 Firestore 1Tou TTpéTTel va S1I0BACOUNE TO AVTIKEIMEVO
Kal JETA va To Eavakdvoupe update oAdkAnpo 1o document £xovtag aAAGEel TNV AioTa.

MNa mepIoooTEPES dla@opég peTatu Twv Queries Tou DynamoDB kai Tou Firestore:
e DynamoDB
(AWS, Boto3 documentation, 2022)

e Firestore
(Google, Perform simple and compound queries in Cloud Firestore, 2022)

3.2.2 Bulk Write

OT1rwg kai oTo Firestore €101 kal €dw ETTPETTE va yeUiooupe TNV BAon pe dedopéva.
>10 DynamoDB utrdpyouv 2 TpoTIOI:

1. AWS Data Pipeline
(AWS, Importing Data From Amazon S3 to DynamoDB , 2022)

Edv pmropoupe va aveBdocoupe Ta dedopéva pag oto AWS S3 (Simple Storage
Service) - KaTi TTOU €ival TTOAU TTI0 YPryopo Kail TTo ¢Onvo atrd 1o va BAAoupue Ta
oedopéva pag kateuBeiav oto DynamoDB - pytropoupue PETA va XPNOIKOTIOICOUUE TO
AWS Data Pipeline yia va kavoupe export Ta dedopéva oto DynamoDB. Z1nv ouaia 1o
Data Pipeline autopatotrolgi Tnv diadikaaoia

e dnuioupyiag evég Amazon EMR Cluster

e Kal egaywyng Twv dedopévwy atrd 1o S3 oto DynamoDB o€ popen

TTapdAAnAwv BatchWriteltem requests.
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ZUVETTWG, €4V xpnoiyotroinooupe 1o Data Pipeline dev Ba xpeidletal va ypayoupue
epeic or idlo1 Tov KwdIka yia parallel batch transfer.

Batches
(Hiltch, 2022)

‘Exouv akpifwg Tnv idia Aoyikr pe Ta Batches tou Firestore, dnAadr ToAAG single

operations o€ éva pévo request. MiTwvoupe bandwidth 6pwg 1o KGOTOG TTAPANEVEI TO
idl0.
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KepaAaio 4 TeAik ouykpITikr) agloAdynon

‘Eva atmAé Back-End piag otroiaodnmoTe eQapuoyrs Xpelaletal TouAdyioTov éva execution
environment yia Tov KWAIKA Pag Kail yia Baon dedopévwy. TNV dIKA Pag TTEPITITWON
avaAuoapue pepovwpuéva ta €€ng Cloud Products:
e Execution Environments:
1. AWS Lambda - FaaS
2. GCP Cloud Functions — FaaS
3. GCP Cloud Run — Stateless Containers

e Databases:
1. AWS DynamoDB — NoSQL Database
2. Cloud Firestore (GCP) — NoSQL Database

2KOTTOG AUTHG TNG TTPoEPYATiag ATav va diepeuvnooupe Ta best-practices €101 woTe va
KOTA@EPOUME Va KAvouue éva agiotTioTo TEAIKO benchmarking. O1roTe oav eréuevo Brua givai
VA EVWOOUWE TA TTAPATTAVW PETALU TOUG KAI VO TTPOCONOILCOUNE KaTtaoTaoelg Kai traffic
spikes kavovikwv e@appoywyv pe APIs kal Database. Ta deployments Trou dokiydoTtnkayv givai

Ta €ENG:

Cloud Firestore - AWS Lambda (monolithic)

Cloud Firestore - GCP Cloud Run (monolithic)
Cloud Firestore - GCP Cloud Functions (monolithic)
Cloud Firestore - GCP Cloud Functions (polylithic)
AWS DynamoDB - AWS Lambda (monolithic)

AWS DynamoDB - GCP Cloud Run (monolithic)

2 o

Edw Bpioketal 0 TTNyaiog KWAIKAG yia KABE TTEPITITWON;:
[https://github.com/Cloud-Engineering-Softlab-Project]

KdaBe repository mmepi€xel éva Flask Application aAAd kai Ta atrapaitnta configuration apxeia
TTOU XpeladovTal yia va ouvoeBouue aTnv eKAoTOoTE BAcn deSOUEVWYV. ZTIG TTEPITITWOEIG TTOU
éxoupe emAEEEl AWS Ba deite kal Eva zappa_settings.json apxeio Tou oTToiou 0 pOAOG gival va
TTapapeTpoTTOINOEl TO zappa. (To Zappa 0TTwg £€X0UME avagEpel gival Eva epyalEio TTou
dieukoAUvel To deployment oe AWS Lambda).

4.1 Monolithic vs Polylithic

Mpiv Tpoxwpriooupe agifel va axoAIGooupe TIG SIaPOPEG PETAEU TO JOVOAIBIKOU Kal TOU
TTOAUAIBIKOU hOVTEAOU.

MovoAIBIkO povTéAo gival 6Tav TTakeTdpoupe OAa pag Ta endpoints péoa o€ pia Lambda,
péoa o€ éva Cloud Run Service f§ péoa o€ éva Cloud Function. Autd onuaivel 0TI uTtdpyel éva
Base-URL yia 6Aa pag ta APIs kar autd onuaivel 6T pia ouvaptnon A €va container
dlaxelpiceTal 6Ao 1o logic kal OAa Ta triggers.

M.x. yia AWS Lambda
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AWS Cloud
)
oc—
[ | —
> | —
Monolithic HE=—
application DynameDB table
ANY route
> ]
API Gateway Lambda
function /-ﬁ
Z;';»fa
— 0O
| J
S3 bucket

Eikova 110: Monolithic application

MoAuAIBIkS povTéAo gival OTav xwpidouue Ta endpoints pag o€ dIAPOPETIKEG TUVAPTHOEIG i
containers aKOAOUBWVTAG TTAVTA PIO CUYKEKPIPEVN OTPATNYIKA. ANAadK €0TwW OTI QTIAXVOUNE
10 Back-End yia 1o LinkedIn, 6a xwpilaue Ta APIs Tou apopouv Toug mobile-users, Toug web-
users, Toug clients, Toug recruiters k.0.k. Kal Gua BéAape va T0 OTTACOUUE OKOUA TTEPICOOTEPO
Ba utropoucape va xwpioouue Ta APls og autd tTou ival uttelBuva yia To TTPOPIA EvOg
XPNoTn, autd yia Tnv Homepage, autd yia 1o Login K.0.K.

M.x. yia AWS Lambda

AWS Cloud
Microservice
application
o
GET route User data ]
o
O
Lambda DynamoDB table
function .
—
PUT route Binary data \ AN
'I D O'
Lambda S3 bucket
API Gateway function
DELETE ‘Ci:ia
route Binary data |AS
< > \o O\;P
Lambda S3 bucket
function

Eikéva 111: Polylithic application
Otav €xoupe Aiya endpoints pe Koivr) Aoyikr), Koivad povTéAa Kai Koivd triggers 6a ummropoUcape
va akoAouBrjooupe To JOVONIBIKO POVTEAD, aAAG ev yével Bev gival TTOAU KOAA TTPAKTIKY SIOTI:

e Package size: INa tnv Python, yia Tapddeiyua, av E€xoupe OAa Ta TTOKETA TTOU
xpeladeral To Back-End péoa o€ €va service 10Te KIvOuveUel TO TTEPIBAAAOV, TTOU
XPEIAZeTal yia va TPEEEI O KWAIKAG JAG, va gival TTOAU pueydAo Kail va XpelaleTal

74



TTapamavw RAM atrd 10 Kavoviko. AuTo €£XEl WG OTTOTEAECHA E€iTE VO QUENOOUNE TNV
RAM, 1ToU onuaivel TTapatravw KOOTOG, €iTe va gival apyd To service pag kabwg Ba
XpeladeTal va avaTpéXouue oTov okAnpod dioko ae KaBe request.

e Harder to upgrade: Ze production TrepIB&AAov Ta upgrades PTTopEi va TTPOKOAEGOUV
onuavTika mpoBAfuara. Otav £xouue, AoITTov, OAO PJag TO CUCTNPA O€ £va service Kal
aTTAd B€Aoupe va aAagoupe kAT o€ €va atrAo endpoint, TéTe Baloupe KGBE Popd o€
Kivduvo 6Ao pag 1o ouoTnua kabwg Ba TrpéTTel va yivouv deploy Eava 6Aa pag Ta
endpoints.

e Harder to maintain: Eivai 8UokoAo 6tav uttdpyouv TToAAoi developers va douAeuouv o€
éva povoAiBIkS code repository kai gival akéua 1o dUoKOAO va ypa@Touyv testing
scripts.

e Harder to reuse code: Tutrkd gival apkeTd SUOKOAO va diaxwpiooupe reusable Kwdika
o110 JOVOAIBIKA projects.

e Harder to test: O1rwg €itTape Kal TTPONYoUpEVWG gival SUOKOAO va TEOTAPOUNE KOBWG
000 peyaAwvel To project TOOO PEYOAWVEI KOl O KWAIKAG Kal €ival akOua TTIo SUOKOAO
va eA€yelg 6Aoug Toug Bavoug input kai entry point cuvduaopoug. Mevika gival
EUKOAOTEPO TO testing o€ TTOAUAIBIKA povTéAQ KaBWG UTTAPXEI Kal N TTOPAUETPOG TOU
isolation.

(AWS, The Lambda monolith , 2022)

Maparnpoupue 6T TTapaTmavw dev ava@EépOnKe To eTTIXEipnuUa TTePi “single point of failure” kai
Oev T€BnKe To epwTnUa “Ti Ba yivel edv 0To JOVOAIBIKO PovTEéAO TTETEl TO oUOTNG; Oa
KaTappeuaoel 6An n epapuoyn;” H atrévinon eival Twg vai, aAAa oto Serverless Cloud dev €ivai
QuTO TO vOnua Tou TTOAUAIBIKOU JovTEAOU.

Kavovika o1 Cloud Providers utréoxovtai 611 dev Ba TTé0el TTOTE TO OUCTNUA YOG Kal OTI TTAvVTa
Ba uttapxel uwnAo Availability kai Scalability. O pévog T1poTTOG yia va Téael To oUoThuaA €ival
va €xel Kavel AaBog o developer, omoTe TO TTOAUAIBIKO POVTEAO BEV UTTOOXETAI UPNAOTEPO
Availability oute eAaxioToTToinon Tou piokou, aTTAd UTTOOXETAI KOAUTEPEG CUVONAKES coding,
updating, testing, maintaining, monitoring, debugging. Auta Ba TTp£TTEl va pag evalapEépouv
MOVO aTnv Serverless apXITEKTOVIKI).

21nv OIKN YOG TTEPITITWON, AoITTév, EQOCoV gixaue Hovo 2 Baaikd endpoints TTou
oAANAOETTIOPOUV WE TNV BACN Kal EQOCOV XPNOIKOTIOIOUV KOIVG packages 10 TTOAUAIBIKG
MovTéAo Ba fTav overkill.

4.2 Monolithic Cloud Function

H pévn mepimtwaon oTnv otroia epapudéoaue Kai Ta dUo povTéAa eival oto Cloud Functions.
AuT £yive KaBapd yia TTEIPAPATIKOUG okoTroug kaBwg To Cloud Function gival gTiayuévo yia
va dlaxelpideTal povo Pia ouvapTnon otroTe HEAETABNKE TO TTWG yiveTal éva Cloud Function va
dlaxelpioTei éva oAOkANpo ocuoTnua. Kar TéTolo Tpogavwg Kai dev gival best practice.
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4.3 APls

Ta dedouéva TTou €xoupe lodyel atnv Bdon ival rpoépxovtal atrd 1o ENTSO-E, o
OUYKEKPIPEVA:

To ENTSO-E, 10 EupwTraikéd AikTuo AlaxeipioTwyv ZuoTnudtwy Meta@opdg HAEKTPIKAG
Evépyelag, gival n Evwon yida T CUvEPYAOia TwV EUPWTTATKWY dIOXEIPIOTWV CUCTANATWV
METAQOPAG (AZM). O1 39 AZM pEAN TTOU EKTTPOCWTTOUV 35 XWPEG gival UTTEUBUVOI yIa TV
QO@OAA KOl CUVTOVIOUEVN ASITOUPYIO TOU OUCTAMATOG NAEKTPIKNAG eVEPYEING TG EupwTTng, Tou
MEYaAUTEPOU BIACoUVOEDEUEVOU NAEKTPIKOU BIKTUOU OTOV KOOHO. EKTOG a11d ToV Baciko,
I0TOPIKG POAO TOU OTNV TEXVIKNA ouvepyaaia, To ENTSO-E €ivai emtiong n koivr) ewvn Twv AZM.
To ENTSO-E kai Ta péAn Tou, wg eupwTrdikn Koivotnta AZM, EKTTANPWVOUV JIa KOIVA
a1rooToAr: Alac@AaAion TNG ac@AAEIag TOU BIACUVOEDEUEVOU OUCTHATOG NAEKTPIKAG EVEPYEIAG
o€ O6Aa Ta XPOoVIKA dlacTAUATA O€ TTAVEUPWTTAIKS eTTiTTedO Kal Tn BEATIOTN AsiToupyia Kal
QVATITUEN TWV EUPWTTAIKWY AyopwV dIacuVvOEDEUEVNG NAEKTPIKAG EVEPYEIAG, ETTITPETTOVTAG
TAUTOXPOVA TNV EVOTTOINGN TNG NAEKTPIKNG EVEPYEIOG TTOU TTAPAYETAI OTTO AVAVEWOIUESG TTNYEG
EVEPYEIOG KAl TWV AVOBUOUEVWY TEXVOAOYIWV ZUYKEKPIPEVA XpNnoluoTTolfoapue To dataset
Actual Total Load [6.1.A] TTou opiCeTal WG TO CUVOAIKO QOPTIO TTOU €ival ioo PE TO ABpoIoua TNG
I0XUG TTOU dnUIoUpYEiTal aTTd Ta EPYOCTACIA TTAPAYWYAS Kal Twv dU0 SIKTUWYV ATTO Ta OTToid
ouvayovral.

(ENTSOE, entsoe.eu, 2022)
(ENTSOE, ENTSO-E Transparency Platform, 2022)

Mpiv Eekivijooupe ag avaAUuooupe Ta endpoints Kal TNV ax€on TToU €X0UV e Ta dedopEva:

4.3.1 Get Simple Energy Data

Auto 1o Endpoint yupvdel documents atré 1o Collection “total_load _data™
A > total_load_data > 249759197

A cloud-engineering-974ea B total_load_data = B 249759197
+ Start collection <+ Add document -+ Start collection

reference_zones 249759197 > + Add field
resolution_codes 249759198 ActionTask_FK: 0
total_load_data > DateTime: December 30,2014 at 12:00:00 AM UTC+2
Day: 29

4

4
24 EntityCreatedAt: June 24,2021 at3:01:51 AM UTC+3
4

EntityModifiedAt: June 24,2021 at 3:01:51 AM UTC+3
Id: 249759197

Month: 12

ResolutionCode_FK: 3

RowHash: "404a358fa90992032df965cadbf7729cf5222f8af34bafa710c4f22fa39a7¢
Status: "NULL

TotalloadValue: 9247

UpdateTime: September 14,2017 at 7:00:09 AM UTC+3

entsoeAreaReference_FK: 50

Eikoéva 112: total _load_data collection
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Query Parameters:

e zone_code (int): eival To avrioToixo ResolutionCode_FK oTa attributes.
e date from (string):  eivai To avtioToixo DateTime oTa attributes.
e (duration (int): QVOQEPETAI O€ NUEPEG.

Logic:
Zntape yia dedopéva mou €xouv ResolutionCode FK idio pe 1o zone_code kai 10
DateTime Toug avrkel oto range date_from + duration.

Successful Response:

1
2 "times": {
‘query_ener 884277
a 'get": 0.18
5 i,
6 "parameters": {
7 'zone_code™: "3",
‘date_from": "20-12-2014
'duration™: "20"
10 3,
11 "len_of_data": 172,
12 "data": [
13 i
14 'entsoeAreaReference_FK": 3,
15 'ResolutionCode_FK": 1,
16 'TotalLoadValue™: 674.0,
17 'DateTime”: "2015-01-04 23:00:00+00:00"
18 1,
19 > {
24 1,
5> i
0 3,
1> i
i,

37 i
Eikéva 113: Get Simple Energy Data Successful response

4.3.2 Get Advanced Energy Data

Edw é€xoupe uhotroinoel pia Mo ouvBetn popen Tou Get Simple Energy Data kaBwg ekTeAoUpE
KATI oav 10 Join TTou €xouv ol SQL Bdoeig dedopévwy. OQuuifoupe TTwG Jia aTro TIG
MEeyaAUTepeS Blapopég peTagu SQL kar NoSQL eival Twg n NoSQL dev utrooTtnpidel To Join Kai
TTPETTEI Ol TIPOYPAUMATIOTEG 0TV oXediaon Tou Database Structure va 10 AdBouv autd utréywn
yia va dwoouv Ta KatdAAnAa IDs ota documents. KATI TETOIO KAVAPE KAI EPEIG £DW:
Mapatnpoupe TTwg UTTdpXouv Ki GAAa duo collections.

e ‘reference_zones’
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A > reference_zones > 1

2 cloud-engineering-974ea

=+ Start collection
reference_zones
resolution_codes

total_load_data

e Kal “resolution codes”

ﬁ > resolution_code... > 1

A cloud-engineering-974ea

-+ Start collection
reference_zones
resolution_codes

total_load_data

B reference_zones

<+ Add document

1
10
100
101
102
103
105
106
1087
108
109

110
111
112
113
114

B resolution_codes

<+ Add document

81
-+ Start collection

+ Add field

AreaCode_eic_FK: 55325

AreaName_FK: 6

AreaRefAbbrev: "ALBANIA_ALBANIA_CTY"
AreaRefAddedOn: October 13,2020 at 3:09:32 PM UTC+3
AreaRefName: "Albania / Albania / CTY"
AreaTypeCode_FK: 2

Country_FK: 5

Id: 1

MapCode_FK: 9

eicFunctionName_FK: null

Eikéva 114: reference_zones collection

81
-+ Start collection

+ Add field

EntityCreatedAt: June 16,2020 at 9:35:16 PM UTC+3
EntityModifiedAt: June 16,2020 at 9:35:16 PM UTC+3
Id: 1

ResolutionCodeNote: null

ResolutionCodeText: "PT15M"

Eikéva 115: resolution_codes collection
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2¢ éva total_data_load document uttdpyouv Ta tredia:

entsoeAreaReference_FK 1rou avtioToixei oo ID Twv reference_zones
documents.
ResolutionCode FK 1ToU avTtigToixei ato ID Twy resolution_codes documents.

OTrérte, Aoimmov, aua BéAoupe péoa oe éva total_data_load document va evidgoupe kai TIg
TTANPOYopieg Tou ekAoToTE reference_zone 1} Tou resolution_code ¢Epoupe kateuBeiav 1o
object path yéoa otnv Baon kai dev xpelddeTal va eKTEAETOUUE queries yia va BPoUuE TO
avTioTolxo document.

Body Parameters:

Logic:

zone_codes (Array of int): eivai To avtioToixo ResolutionCode_FK oTa
attributes.
date_from (string):  €ivai 10 avtioToixo DateTime oTa attributes.

duration (int): QVOQEPETAI O€ NUEPEG.
Join (bool): €dv True ekTeAei TNV Join AEIToupyia TTOU AVOQEPALE.
light (bool): eav True TOTE yupvael Oho To total_data_load object.

Zntape yia dedopéva tmou €xouv ResolutionCode FK idio pe 1o zone_code kai 1o
DateTime Toug avikel oTo range date_from + duration.

Successful Response:

Pretty Raw Preview Visualize JSON =

i,

"parameters": {

zone_codes": [
1,
16 date_from": "20-12-2014",
11 duration®: 20,
12 join": true,
13 light": true
14 1,
15 "len_of_data": 172,
16 "data": [
17 i
18 "ResolutionCode_FK": 1,
19 ne": "2015-01-04 23:00:0
2 FK": 3
22 > 'ReferenceZoneInfo": {
3 [
34 ) "'ResolutionCodeInfo”: §
40 3

Eikéva 116: Get Advanced Energy Data Successful response
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Mapatnpouue 611 uTTdpxel 2 TTapatravw Tedia ReferenceZonelnfo kai ResolutionCodelnfo,
KaBwg 1o 1edio join ivai true.

4.3.3 Get Reference Zones

Auto 1o Endpoint yupvdel documents atréd 1o Collection “reference_zones”:

ﬁ > reference_zones > 1
7\: cloud-engineering-974ea @ reference_zones = 81
<+ Start collection + Add document + Start collection
reference_zones > 1 > + Add field
resolution_codes € Ar e_eic_FK: 55325
tal_load_data 1o AreaName_FK: 6
AreaRefAbbrev: "ALBANIA_ALBANIA_CTY"
102 Ar jedOn: October 13,2020 at 3:09:32 PM UTC+3
163 AreaRefName: "Albania / Albania / CTY"
o AreaTypeCode_FK: 2
10¢ untry_FK: 5
107 Id: 1
10¢ MapCode_FK: 9
108 eicFunctionName_FK:
11
110
.
112
113
-
Eikova 117: reference_zones collection
Query Parameters:
e time_added (string): ecivai 1o avtioToixo AreaRefAddedOn oTa attributes.
e country fk (int): eival To avrioToixo Country_FK oTa attributes.
e ref zone_id (int): avagépetal oTo id10 To ID Tou document.
Logic:

1. Edv éxel 606¢i ref _zone_id yupvdaue 1o document pe auto To id.
2. Edv éxel 606¢i country_fk yupvapue 0Aa Ta documents TTou €x0ouv auTo TO
country_fk.

3. Eav 606¢i time_added yupvaue 6Aa 6ga dnuioupyndnkav a1rd 1o time _added

KAl JETA.
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Successful Response:

Query Params

KEY VALUE
time_added 20-12-2014
Body Cookies Headers (13) Test Results
Pretty Raw Preview Visualize JSON v =)
11
2 "times": §{
3 "query_ref_zones": 0.2049715518951416,
a "get": 0.20520424842834473
5 i,
6 "len_of_data": 57,
7 "data": [
8 i
9 "MapCode_FK": 31,
10 “Country_FK": null,
11 “AreaRefAbbrev”: "_NEW_NONE_INSERTED_RUSSIAN_FEDERATION_"
12 "AreaTypeCode_FK": 2,
13 "AreaCode_eic_FK": 59596,
14 “"eicFunctionName_FK": null,
15 “AreaRefName": "[NEW] /None inserted/Russian Federation/",
16 “"AreaRefAddedOn": "2020-10-13 15:44:23.170717+00:00",
17 "Id": 237,
18 “"AreaName_FK": 236
19 1
20 I
21 "MapCode_FK": 88,
22 “Country_FK": null,
23 "AreaRefAddedOn”: "2020-10-13 18:43:22.504071+00:00",
24 "Id": 240
25 "AreaRefName": "[NEW] /None inserted/BE SCA/",
26 "eicFunctionName_FK": null,

Eikéva 118: Get Reference Zones Successful Response

4.3.4 Create Dummy Reference Zone

Query Parameters:
e ref zone_id (int): eival optional, kai av d06¢i dnuioupyei Eva dummy
reference_zone document, eav 6x1 1o ID Tou document givail Tuxaio.

Logic:
Anpioupyei éva reference_zone document.



Successful Response:

Params @ Authorization Headers (7) Body Pre-request Script Tests Settings
Query Params
KEY VALUE
Body Cookies Headers (13) Test Results
Pretty Raw Preview Visualize JSON v )

1 {

2 "times": §

3 '‘post”: 0.12073945999145508

4 i,

5 "ref_zone_id": "484"

6 t

Eikéva 119: Create Dummy Reference Zone Successful Response

Unsuccessful Response:

Query Params

KEY VALUE
Body Cookies Headers (13) Test Results
Pretty Raw Preview Visualize JSON v =
1 d

2 "statusCode": 400,
3 "message”: "Reference Zone with ID 734 already exists."
4 3

Eikéva 120: Create Dummy Reference Zone Unsuccessful Response

Edw ommwg BAETTOUNE N TTapdueTpog ref_zone_id dev €xel emAexBei ordTe TO endpoint
TTpooTdtnaoe va dnuioupynoel éva document pe Tuxaio ID. Opwg, utmpxe Adn document pe

ID=734 ka1 yia auté eméoTpeye statusCode=400. O1oTe, Aoitrdv, oétav Ba Kavouue stress tests

Ba doupe apkeTd 4XX errors Ta oTToia Ba o@eiAovTal O€ TETOIEG KATAOTATEIG.
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4.3.5 Remove Reference Zone

Query Parameters:
e ref_zone_id (int):

eival optional, kai av 300¢i diaypAPEl TO CUYKEKPIUEVO

reference_zone document, v 6xi1 diaypda@el Eva Tuxaio.

Logic:

Alaypagel éva reference _zone document.

Successful Response:
Params @ Authorization Headers (6) Body
Query Params
KEY
Body Cookies Headers (13) Test Results
Pretty Raw Preview Visualize
1 4
2 "times": {
3 "delete": 0.14702463150024414
i,
"ref_zone_id": "746"

o0

B

Pre-request Script Tests Settings

VALUE

JSON v =

Eikéva 121: Remove Reference Zone Successful Response

Unsuccessful Response:

Params @ Authorization Headers (6) Body Pre-request Script Tests Settings
Query Params
KEY VALUE
Body Cookies Headers (13) Test Results
Pretty Raw Preview Visualize JSON v =

1 d

2 "statusCode": 400,

3 "message”: "Reference Zone with ID 671 does not exist."

4

Eikéva 122: Remove Reference Zone Unsuccessful Response
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Edw ommwg BAETTOUNE N TTapdueTpog ref_zone_id dev €xel emAexBei ordTe TO endpoint
TpooTdtnaoe va diaypdwel éva document pe Tuxaio ID. Opwg, dev utmpxe document pe
ID=671 ka1 yia auté eméoTpeye statusCode=400. O1oTe, Aoitrdv, oétav Ba Kavouue stress tests
Ba doupe apkeTd 4XX errors Ta oTToia Ba o@eiAovTal O€ TETOIEG KATAOTATEIG.

4.4 [eipapata

Av Kal oTa pepovwpéva tests maparnprioaue mwg 1o AWS Lambda €ivail 1o Tio ypriyopo
oQeINOUPE VO EAEYEOUUE TTEPITITWOEIG OTTOU TA EPYOAAEIQ TTOU XPNOIKOTTOIOUNE AVIIKOUV OTOV
id10 Cloud Provider. Mtropei 1o Cloud Run va cuvepyadetal 1o amodoTikd pe 1o Firestore atmo
611 To AWS Lambda.

MNa 1a stress tests xpnoigotroiouue Eava 1o Loadium:

> energy-data-advanced
> energy-data-simple

> get-ref-zone

> add-ref-zone

> delete-ref-zone

O o0 0 o0 0

Eikéva 123: Loadium tests overview

TO OTTOIO PE TUXAIO TPOTTO Ba KAVEI Ta TTAPATTAVW requests Pe amwTePo oKoTro va
TIPOCONOIWOOUUE TNV Kivnon 250 xpnoTwv o€ dIApKEIQ 2 AETTTWY TTOU onuaivel Tepitrou 4000
hits katd péoo 6po avd endpoint.

MapakdTw @aivetal évag CUYKEVTPWTIKOG TTivakag Twv deployments mou Ba dokipydooue. lMNa
KABE oeVAPIO £XOUNE ONUEIWOTEI TI AKPIBWG £XOUUE XpnoiyoTroinoel. [Na apddelyua:

e XT0 TTPWTO CeVApIOo yia Baon dedouévwy Ba xpnoipoTtroifjoouue To Cloud Firestore kai
yia Ta APls Ba xpnoipotroiqooupue 10 Cloud Run éxovTag opiogl max-concurrency ico
ME 4.

e 2710 TETOPTO O€VApPIO Yia Bdon dedopévwy Exoupe To AWS DynamoDB kai yia Ta APIs
xpnoigotroioupe AWS Lamba. AgiCel va onueiwooupe, BERala, OTI EQOTOV
xpnoipotroioupe AWS Lambda trpétrel va evrd&oupe ato ouoTnua pag kai éva API
Gateway kaBwg 10 AWS Lambda, o€ avtiBeon pe 10 Cloud Run kai Cloud Functions,
dev dnuioupyei public URL. Mepioadtepeg Astrropépeleg oto ekdoTote UML Deployment
Diagram.
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Scenario Cloud AWS AWS AWS Cloud Cloud Cloud Run
Firestore = DynamoDB Lambda API Functions Run (concurrency)
Gateway

Eikbva 124: ZuykevipwTiKos Tivakas 6Awv Twv deployment scenarios

Scenario UML Deployment Diagram

441

4.4.2

443
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444

445

4.4.6

Eikéva 125: Zuykevipwrikog mivakas 6Awv Twv UML Deployment Diagrams
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4.4.1 Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4

Ta dedopéva gival oe Cloud Firestore kai Ta APIs givai deployed og Google Cloud Run,
éxovtag opioel To max-Concurrency ico pe 4, wg €va container akoAouBwvTag T0 HOVOAIBIKO
povTéAo. To avTtioTolxo repository:
[https://github.com/Cloud-Engineering-Softlab-Project/Firebase-CloudRun-single]

Eikéva 126: UML Deployment Diagram of "Cloud Firestore - Cloud Run"

4.41.1 Alaypduuata

Max Users Avg. Throughput Errors Avg. Response Time
250 vu 343.6‘? HITS/SEC 23.65% 490 01 MSEC
Avg. Received Bytes/sec Avg. Sent Bytes/sec

1 7.82 MB 84.63 KB

Eikéva 127: Test stats of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"
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-O- Users -O- Hitsisec =O- Errorsisec

250 600
500
200
400
150
14 F
3 300 @
b
100
200
50
100
0 - - 2 0
11016:04  11:16:07  11116:10  11:16:13  11016:16 1111619 110116:22 1111625 11:16:28  11:16:31  11:116:34  11116:37  11:16:40  11:16:43  11:16:46  11:116:49  11:16:52  11:116:55 1111658  11:17:01  11:17:04
2 . i “* H ithi, ”
Eikéva 128: Hits & Errors of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4
~O- Users -0~ Response Time/sec -O- Latency/sec ~(O- Connect Time/sec
250 6,000 ms
5,000 ms
200
4,000 ms
-
150 ]
S
’g 3,000 ms 2
100 j
2,000ms
50
1,000 ms

0 T T T T T T T T T T T T T T —— Om
11016:04  11:16:07  110116:10  11016:13 1101616 110:16:19 11:16:22 11:16:25  11:16:28  11:116:31  11:116:34  11:16:37  11:16:40  110:16:43  110116:46 11016:49 11016:52  11:116:55  11:16:58  11:17:01  11:17:04

Eikéva 129: Timeline of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"

—| Summary Values of Session }

ns

Total Hits
20605
Percentage Error
23 65 %

Total Error Hits

4873

Avg. Response Time
490 01 msec
Total Throughput

357 50 RPS

Eikéva 130: Summary of "Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"

Max Response
6 3 8 5 00 MSEC

Avg. Connect Time

7

Min Response
3000 msec
Avg. Latency

486 .45 msec
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) Avg. Avg. Resp.
Label -+ 5 Total Hits - :
Throughput/RPS Time/Sec
O “"energy-data-advanced” 4221 70.41 1.20
O “"energy-data-simple” 4113 70.63 0.94
O "get-ref-zone” 4104 71.44 0.10
O "add-ref-zone" 4091 71.40 0.09
O “delete-ref-zone” 4076 73.63 0.09
Eikova 131: APIs metrics (1) of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"
Max Resp. Min Resp. )
Label = = v Total Error Hits <
Time/Sec Time/Sec
O "energy-data-advanced” 6.38 0.79 0
O “energy-data-simple” 5.19 0.63 0
O “get-ref-zone” 5.50 0.03 0
© "add-ref-zone” 417 0.03 2435
O “delete-ref-zone” 5.56 0.03 2438
Eikova 132: APIs metrics (2) of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"
Label «= % Response Code ¢ Response Code Message «= % Number of Response
O energy-data-advanced 200 0K 4221
O energy-data-simple 200 0K 4113
O get-ref-zone 200 0K 4104
o add-ref-zone 400 Bad Request 2435
O add-ref-zone 200 0K 1656
O delete-ref-zone 400 Bad Request 2438
O delete-ref-zone 200 OK 1638

Eikéva 133: Response codes of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"

/\M‘

6,000 ms

11:17:02 5,000 ms

® I i gy-data-..../energy-data-ad ed/avg  1,104.6

g gy-d gy-d plelavg 8755 4000ms -
f get-ref 62.1

° . favg 64.6 3,000ms

®r f f-zone/avg 58.8

2000ms

B —

o~ 1,000 ms

11:16:09 11:16:12 11:16:15 11:16:18 11:16:21 11:16:24

11:16:27

11:16:36

11:16:30 11:16:33

11:16:39 11:16:42 11:16:45 11:16:48 11:16:51

11:16:54

T T T 2 Oms
11:16:57 11:17:00 11:17:03

Eikéva 134: Average response time graph of “Cloud Firestore - Cloud Run (monolithic) — max-concurrency=4"
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4.4.1.2 XxOA\ia

BaoIkég PETPIKEG:

e Test Duration =2 min

e Average Response Time =490 ms

e Average Throughput = 343 hits/sec

e Total Hits = 20605
Mapatnproeig:

e 'Exouv uttapéel 4873 Total Error Hits kai autd ogeidovTtal ota 2 endpoints TTou
QVOQEPAUE KAl TTPONYOUUEVWG. ZUYKEKPIPEVA EIXAUE:
o 2435 errors oto add_ref zone Kai
o 2438 errors o10 delete_ref zone

e >Tnv apxn Tou test éxoupe augnuévo response time og 6Aa Ta endpoints, OTTwG
BAETTOUNE Kl OTO TeEAeUTaiO BIAYpappa, aAAG Kupiwg @aiveTal Kal oTo OeUTEPO
OIdypaPpa YE TNV WP ypauur. Autd cuuBaivel Adyw Twv cold starts kai yia autov Tov
AGyo peTd atrd Aiyo OAEG o1 PETPIKEG aTOBEPOTTOIOUVTAI

e EmBeBaiwveral To Tapddolo Tou Firestore atrd Tnv o1abepr) diagopd petagu Simple &
Advanced Energy Data. Av kail Ta 2 endpoints kataAryouv va ekTeAoUV queries 0To
id10 collection pe Ta idla indexes kai e Tov id10 dyko dedopévwy, gival EeKABAPO TTWG
10 Simple Energy Data eivai ataBepd o ypriyopo atréd 1o Advanced Energy Data, kai
auTé cuppaivel yiaTi To TTPWTO £MOTPEPEI AlyoTEPa dedouéva aTrd 6Tl To deUTEPO.

AuTA n TTapatrpnon empeBaiwvel TTwg oTo Firestore, xdpn Ta indexes, dev Tailel poAo o
OYKOG TWV aTToONKEUPEVWY OEBOPEVWY AAAG O OYKOG TWV BESOUEVWV TTOU ETTIOTPEPOUV TA

Queries.

e [a Tov idl0 AGyo, Ta endpoints TTou avagépovTal ota References Zones gival TTOAU 1110
ypriyopa.
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4.4.2 Cloud Firestore - Cloud Functions (polylithic)

Ta dedopéva gival oto Cloud Firestore kai Ta APIs gival deployed og Google Cloud Functions
akoAouBwvTag T0 TTOAUAIBIKG povTéAo. To avTioTolxo repository:
[hitps://github.com/Cloud-Engineering-Softlab-Project/Firebase-CloudFunctions-poly]

Eikéva 135: UML Deployment Diagram of "Cloud Firestore - Cloud Functions"

4.4.21 Alaypduuara

Max Users Avg. Throughput Errors Avg. Response Time
250 vu 267.36 HITS/SEC 1 9.37% 639.1»8 MSEC
Avg. Received Bytes/sec Avg. Sent Bytes/sec
13.0sm8 bbsske
Eikéva 136: Test stats of "Cloud Firestore - Cloud Functions (polylithic)"
~O- Users ~O- Response Time/sec ~O- Latency/sec ~O- Connect Time/sec
250 3,500 ms
3,000 ms
200
2,500 ms
150 E
2,000 ms§
) 100 1,500 ms §
3
1,000 ms
50
500 ms
30.05.45 20:05:48 20:0551 20:05:54 20:05:57 20:06:00 20:06:03 20:06:06 20:06:09 20:06:12 20:06:15 20:06:18 20:06:21 20:06:24 20:06:27 20:06:30 20:06:33 20:06:36 20:06:39  20:06:42 Z0.0S‘4§ "

Eikéva 137: Timeline of "Cloud Firestore - Cloud Functions (polylithic)"
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250

200

150

Users

100

50

~(O- Users =~ Hitsisec =~ Ermors/sec

600

500

400

300
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200

/\—\/\/\/\/\/\’\/\/\/\//\ .

0 0
20:05:45 20:05:48 20:05:51 20:05:54 20:05:57 20:06:00 20:06:03 20:06:06 20:06:09 20:06:12 20:06:15 20:06:18 20:06:21 20:06:24 20:06:27 20:06:30 20:06:33 20:06:36 20:06:39 20:06:42 20:06:45

Eikéva 138: Hits & Errors of "Cloud Firestore - Cloud Functions (polylithic)"

—| Summary Values of Session I

Total Hits Avg. Response Time Max Response Min Response
15902 639 418 MSE 706600MSEC 3ODCMSEC
Percentage Error Total Throughput Avg. Connect Time Avg. Latency
19.37% 27883RPS “6;:'-,,, 635.A9MSEC
Total Error Hits
3081
Eikéva 139: Summary of "Cloud Firestore - Cloud Functions (polylithic)"
Avg. Avg. Resp.
Label «= % Total Hits ¢ ¢ .
Throughput/RPS Time/Sec
O “energy-data-advanced” 3273 55.05 1.24
O “energy-data-simple” 3202 55.27 0.95
O “get-ref-zone” 3192 56.90 0.12
O "add-ref-zone” 3164 56.61 0.29
O “delete-ref-zone” 3071 55.00 0.57

Eikéva 140: APIs metrics (1) of "Cloud Firestore - Cloud Functions (polylithic)"
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Max Resp. Min Resp.

Label - Total Error Hits
Time/Sec Time/Sec
“energy-data-advanced” 7.07 0.85 0
“energy-data-simple” b.44 0.65 0
‘get-ref-zone” 4.38 0.04 0
"add-ref-zone" 4.20 0.03 2149
“delete-ref-zone” 413 0.03 932
Eikéva 141: APIs metrics (2) of "Cloud Firestore - Cloud Functions (polylithic)"
Label - Response Code Response Code Message - Number of Response
> add-ref-zone 400 Bad Request 2149
> delete-ref-zone 400 Bad Request 932

Eikéva 142: Response codes of "Cloud Firestore - Cloud Functions (polylithic)"

20:06:44

@ responsetime/energy-data-..../energy-data-advanced/avg  913.8
responsetime/energy-data-....me/energy-data-simple/avg ~ 820.5
responsetime/get-ref-zone....onsetime/get-ref-zone/avg 61.9

@ responsetime/add-ref-zone....onsetime/add-ref-zone/avg 54
\/\\ ® responsetime/delete-ref-z....etime/delete-ref-zone/avg 60.5

20:05:49  20:05:52 20:05:55  20:05:58 20:06:01 20:06:04  20:06:07 20:06:10 20:06:13  20:06:16 20:06:19  20:06:22 20:06:25 20:06:28  20:06:31 20:06:34 20:06:37  20:06:40  20:06: JEM
Eikéva 143: Average response time graph of "Cloud Firestore - Cloud Functions (polylithic)"

4.4.2.2 2x0Na

BaoIkég PETPIKEG:

e Test Duration =2 min

e Average Response Time =639 ms

e Average Throughput = 267 hits/sec

e Total Hits =15902
Mapatnproeig:

e [lapatnpoupe 611 Ta Total Hits peiwdnkav. Auté cuuBaivel yiaTi To test £xel auoTnpn
O1dpkela 2 AeTTTd Kal dua 1o ouoTnua £xel xaunAd Throughput Ba €xer kai AlyoTepa
Total Hits.



e To ouoTnua eival dlakpITé TTI0 apyd atrd To TTPonNyoUPEeVo. AUuTO TO TTEPIMEVANE YIOTI
oTta yepovwpéva tests To Cloud Run Atav oAU 110 ypriyopo a1é Ta Cloud Functions
Kal Twpa emMBERAIVETAI yIa GAAN PIa Qopd KaBwg N Bdon dedouévwy gival akpIBwgs n
idla pe TTpIV.

e [lapatnpoupue 611 dev UTTAPXEI N OTABEPATATA OTOUG XPOVOUG TTOU UTTAPXE OTO
TTponyouuevo test. 1o TTponyoupevo test 6Aa Ta endpoints, pyetd Ta cold starts, ixav
oTaBepoTroinBei evw auTo dev I0XUEI TWPA OTTWG BAETTOUUE OTO TEAEUTAIO SIAYPAUMA.
Auté cupBaivel €aitiag Tou TTOAUAIBKOU povTéAOU.

e Ta errors gival oTa idia endpoints Kai pe TTPIV yia Tov id10 akpIBwg AGyo.

4.4.3 Cloud Firestore - AWS Lambda (monolithic)

Ta dedopéva gival oto Cloud Firestore kai Ta APIs €ival deployed oe AWS Lambda wg pia
Lambda akoAouBwvTag 10 HovoAIBIKG povTéNo. To avTtioToixo repository:
[https://qithub.com/Cloud-Engineering-Softlab-Project/Firebase-AWS-single]

Eikéva 144: UML Deployment Diagram of "Cloud Firestore - AWS Lambda"
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4.4.3.1 AlaypdupaTa

Max Users Avg. Throughput Errors Avg. Response Time

250 32958 HITS/SEC 24 00 % 33924MSEC

Avg. Received Bytes/sec Avg. Sent Bytes/sec

1 7 11 MB 80 53 KB
Eikéva 145: Test stats of "Cloud Firestore - AWS Lambda (monolithic)"

~O- Users ~O- Response Time/sec =O- Latency/sec ~O- Connect Time/sec

250 5,000 ms
200 4,000 ms
-
150 3,000 ms 3
]
3 g
100 2,000ms =
50 1,000 ms
0 0ms
13:57:08 13:57:11 1357:14 13:57:17 13:57:20 13:57:23 13:57:26 13:57:29 13:57:32 13:57:35 13:57:38 13:57:41 13:57:44 13:57:47 13:57:50 13:57:53 13:57:56 13:57:59 13:58:02 13:58:05 13:58:08 13:58:11
Eikéva 146: Timeline of "Cloud Firestore - AWS Lambda (monolithic)
~O- Users =~ Hitsisec =Q~ Ermors/sec
250 700
600
200
500
150
400
. -
8 @
g g
300
100
200
50
100

13:57:08 13:57:11 13:57:14 13:57:17 135720 13:57:23 13:57:26 13:57:29 13:57:32 13:57:35 13:57:38 13:57:41 13:57:44 13:57:47 13:57.50 13:57:53 13:57:56 13:57:59 13:58:02 13:58:05 13:58:08 13:58:11

Eikéva 147: Hits & Errors of "Cloud Firestore - AWS Lambda (monolithic)"

—| Summary Values of Session “

Total Hits Avg. Response Time Max Response Min Response

20640 339 26 us: 609800 msec 2800 msec

Percentage Error Total Throughput Avg. Connect Time Avg. Latency
2400% 349 61 RPS 3 E 337LOMSEC

Total Error Hits

4954
Eikéva 148: Summary of "Cloud Firestore - AWS Lambda (monolithic)"
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Max Resp. Min Resp.
Label - = v Total Error Hits
Time/Sec Time/Sec
O “energy-data-advanced” 6.10 0.57 0
O “energy-data-simple” 5.70 0.46 0
O "get-ref-zone” 491 0.03 0
O "add-ref-zone” 5.08 0.03 2502
O “delete-ref-zone” 5.08 0.03 2452
Eikéva 149: APIs metrics (1) of "Cloud Firestore - AWS Lambda (monolithic)"
Avg. Avg. Resp.
Label Total Hits = : = : .
Throughput/RPS Time/Sec
O “energy-data-advanced” 4232 67.58 0.78
O “energy-data-simple” 4128 67.01 0.62
O "get-ref-zone” 4111 69.08 0.08
O “add-ref-zone” 4090 72.95 0.10
O “delete-ref-zone” 4079 73.00 0.1
Eikéva 150: APIs metrics (2) of "Cloud Firestore - AWS Lambda (monolithic)"
Label «= % Response Code ¢ Response Code Message «= % Number of Response

O energy-data-advanced
O energy-data-simple

O get-ref-zone

O add-ref-zone

O add-ref-zone

O delete-ref-zone

O delete-ref-zone

200

200

200

400

200

400

200

0K
0K
0K
Bad Request
0K
Bad Request

0K

Eikéva 151: Response codes of "Cloud Firestore - AWS Lambda (monolithic)"

13:58:10

or gy-data-..../energy-data-ad ed/avg
or gy-data-....me/energy-dat:

f-zone. g f-
° . i .

4232

5,000 ms

4,000 ms
938.4

7575
49.2
63.8 2,000 ms
65.8

3,000 ms

a—C) 1,000 ms
—

—
R

13:57:15 13 57:18 13 57:21  13:57:24  13:57:27  13:57:30 13 57:33 13 57:36  13:57:39  13:57:42  13:57:45 13 57:48 13 57:51  13:57:54  13:57:57

135800 135803 135806  13:58:00

0ms

Eikéva 152: Average response time graph of "Cloud Firestore - AWS Lambda (monolithic)"
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4.4.3.2 Zx0Aia

BaoIkég PETPIKEG:

e Test Duration =2 min

e Average Response Time =339 ms

e Average Throughput = 329 hits/sec

e Total Hits = 20640
Mapatnproeig:

To ouoTnua ival TTOAU TI0 ypriyopo Kabwg éxel Average Response Time TTepitrou 10
MIOG O€ OX€ON PE TO TTPpoNyouuevo. KAt TETolo To TTepipévape, kabwg To AWS Lambda
gixe amrodeixBei TToAU TTIo ypryopo kai atrd 1o Cloud Run kai atré 1o Cloud Functions.

Mapatnpouue TTOAU YeydAn oTaBepdTNTA KATI TTOU OPEIAETAI KAI GTO JOVOAIBIKO
MoVTEAO aAAG Kal OTIG UWPNAEG atTodooelg Tou Lambda. ETriong, Ta cold starts diapkouv
AlyoTEpa Kal £xouv PIKpOTEPA Latencies.

MeyaAuTtepo Throughput iIcoduvapei kal o€ TreplocoTepa Total Hits.

Ta errors TTapapévouv ota idia etireda, o1 dlaQopég HeTagu Twv endpoints
TTOPAPEVOUV Kal £BW, AAAG 0€ TTOAU PIKPOTEPN KAIPAKA.

Eivail ekdBapo, Aoimmov, TTwg o€ autd To ocuoTnua 1o Firestore atroteAei bottleneck

KaBwg Ta endpoints £xouv xwpioTei o€ 2 BacikéG ouddeg, auTd TTOU aPopPoUV TO
collection total load_data ka1 o€ autd 1ToU agopouv 1o collection reference_zones.
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444 AWS DynamoDB - AWS Lambda (monolithic)

Ta dedopéva eival oe AWS DynamoDB kai Ta APls gival deployed oe AWS Lambda wg pia
Lambda akoAouBwvTag 10 HovoAIBIKG povTéNo. To avTtioToixo repository:
[https://github.com/Cloud-Engineering-Softlab-Project/DynamoDB-AWS-single]

Eikéva 153: UML Deployment Diagram of "AWS Lambda - AWS Lambda"

4441 Alaypduuara

Max Users Avg. Throughput Errors Avg. Response Time
250w 478 81 nirsssec 2391% 182.13msec
Avg. Received Bytes/sec Avg. Sent Bytes/sec
2411 120.6ks
Eikéva 154: Test stats of "AWS DynamoDB - AWS Lambda (monolithic)"
~O- Users -O- Response Timelsec ~O~ Latencyisec ~O- Connect Time/sec
250 3,000 ms
2,500 ms
200
2,000 ms
P
150 %’
E 1,500 ms %
100 5
1,000ms
50
500 ms
S
l;3:40 57 13:41:00 13:41:03 13:41:06 13:41:09 13:41:12 134115 1341118 13:41:21 13:41:24 13:41:27 13:41:30 13:141:33  13:41:36  13:141:39  13:41:42 1314145 13:41:48 134151 134154 134157 1342:08 "
— - I —— |

Eikéva 155: Timeline of "AWS DynamoDB - AWS Lambda (monolithic)"
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Users

~(- Users =0~ Hitsisec ~O~ Errors/sec

800

600

13:40:57 13:41:00 13:41:03 13:41:06 13:41:09 13:41:12 134115 131410118 1314121 13:41:24  13:41:27 13:41:30 13:41:33  13:41:36  13:41:39 1341142 1341145 13:41:48 13:41:51 13:141:54 1314157 13:42:00

Eikéva 156: Hits & Errors of "AWS DynamoDB - AWS Lambda (monoalithic)"

—{ Summary Values of Session }

Total Hits Avg. Response Time Max Response Min Response
30066 1 82 3 MSEC 25.% SEC 20 00 MSEC
Percentage Error Total Throughput Avg. Connect Time Avg. Latency
23.91% 49807RPS 4~ MSE 1 7932MSEC
Total Error Hits
7189
Eikéva 157: Summary of "AWS DynamoDB - AWS Lambda (monolithic)"
Avg. Avg. Resp.
Label «= 5 Total Hits v ¢ = ¢ .
Throughput/RPS Time/Sec
O “energy-data-advanced” 6052 96.40 0.51
O “energy-data-simple” 6022 96.90 0.23
O “get-ref-zone” 6009 100.37 0.05
© “add-ref-zone” 5998 102.19 0.06
O "delete-ref-zone” 5985 102.20 0.06
Eikéva 158: APIs metrics (1) of "AWS DynamoDB - AWS Lambda (monolithic)"
Max Resp. Min Resp.
Label -3 ¢ v Total Error Hits
Time/Sec Time/Sec
O “energy-data-advanced” 25.94 0.23 2
O “energy-data-simple” 3.39 0.18 0
O “get-ref-zone” 3.17 0.02 0
O "add-ref-zone” 3.12 0.02 3592
O “delete-ref-zone” 3.22 0.02 3595

Eikéva 159: APIs metrics (2) of "AWS DynamoDB - AWS Lambda (monolithic)"
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energy-data-advanced 500 Internal Server Error

setime/energy-data-..../energy ivanced/avg  266.5

avg 2667

esponsetime/get-ref-zone....onsetim 35.9

onsetime/add-ref-zone/avg 99.7

responsetime/delete-ref-z....etime/delete-ref-zone/avg 39

1,500 m

1,000 ms

NP m";M s
- ~ A B . 7 - = s - s om

Eikéva 161: Average response time graph of "AWS DynamoDB - AWS Lambda (monolithic)"

4.4.4.2 2x0Na

BaoIkég PETPIKEG:

e Test Duration =2 min

e Average Response Time =182 ms

e Average Throughput = 478 hits/sec

e Total Hits = 30066
Mapatnproeig:

o O OuyKeKPIPEVOG OUVOUAO OGS Eival O TTIO YPAYOPOG TTOU £XOUME OEI HEXPI OTIVUNAG
QTAVOVTAG VA €ival TTEPITTOU 2 YOPEG TTIO YPAYOPOGS ATTO TOV TTponyouuevo. Asdopévou,
Aoirév, TTwg To AWS Lambda atré pdvo Tou gival Mo ypAyopo atd Ta utroAoITTa,
TTEPINEVOUPE QUTOG 0 CUVOUAOUOG va KATaAREEl va gival o TTI0 atrodoTIKOG atrd OAoUG.

e Eivai &ekdBapo Tmwg 10 DynamoDB eival apkeTd Tio ypriyopo atré 1o Firestore, kabBuwg
TO average response time 0Awv Twv endpoints PeIONKE SPAUATIKG TTOAU O€ OXEON PE

TO TTPONYOUNEVO TTOU ATAV TO TTIO Ypriyopo Tou Firestore.

e [lapartnpoUue TTOAU peydAn oTaBepdTNTa KAl OpIakd Undevikda cold starts k@t TTou
onAwvel TTwg Kai 1o Firestore ouvéBale ota Tponyoupeva cold starts.
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e TéAog, Tapatnpoupe 2 internal server errors TTou Ogv gixape Eavadei HEXPI OTIVUAG.
Auté cupBaivel, 810TI TO £xoupe opioel 0TI Lambda wg maximum concurrency ico e
100 ka1 €dw BAETTOUNE IO TTPWTN Popd Ta Requests Per Second va ayyifouv 10 100.

Auté cupBaivel Adyw uwnAou Throughput Tou DynamoDB kai kat’ €rékTacn 6Aou Tou
OUCTHPATOG, Pe atToTéAeopa To Loadium va kdvel TTOAG TTepioodTepa requests péoa ota 2
AeTITd. MNa autdv ToV Adyo, £xoupe Trepitrou 30000 total hits, evw oTIG GANEG TTEPITITWOEIG
gixape trepitrou 15000 - 20000.

445 AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80

Ta dedopéva gival oe AWS DynamoDB kai Ta APls gival deployed og Google Cloud Run,

£€xovTag opioel To max-concurrency ioo pe 80, wg éva container akoAouBwvTag To HOVOAIBIKO
povTéAo. To avTtioTolxo repository:

[https://qithub.com/Cloud-Engineering-Softlab-Project/DynamoDB-CloudRun-single]

Eikéva 162: UML Deployment Diagram of "AWS DynamoDB - Cloud Run"

4.4.5.1 Alaypduuara

Max Users Avg. Throughput Errors Avg. Response Time
1 82 VU 1 73,83 HITS/SEC 23.54% 469 07 MSEC
Avg. Received Bytes/sec Avg. Sent Bytes/sec

8.87 MB 45.59 KB

Eikéva 163: Test stats of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"
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~O- Users ~O- Response Time/sec ~O- Latencylsec ~O- Connect Time/sec

210 1,400 ms
180 1,200 ms
150 1,000 ms
120 800 ms g
- 90 600 ms ?
60 400 ms
30 200 ms
gS 00:28 13:00:32 13:00:36 13:00:40 13:00:44 13:00:48 13:00:52 13:00:56 13:01:00 13:01:04 13:01:08 13:01:12 13:01:16 13:01:20 13:01:24 13.01:28 13:01:32 ome
Eikéva 164: Timeline of “AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"
~O- Users =O- Hitsisec =O~ Errorsisec
210 400
180
300
150
120
§ 200 VE
I g
60
100
30
23 00:28 13:00:32 13:00:36 13:00:40 13:00:44 13:00:48 13:00:52 13:00:56 13:01:00 13:01:04 13:01:08 13:01:12 13:01:16 13:01:20 13:01:24 13:.01:28 13:01:32
Eikéva 165: Hits & Errors of “AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"
—| Summary Values of Session I
Total Hits Avg. Response Time Max Response Min Response
11381 469 7 MSEC 6407GDMSEC 40 00 MSEC
Percentage Error Total Throughput Avg. Connect Time Avg. Latency
23,54% 17615RPS 4,' SEC 46618MSEC
Total Error Hits
2679
Eikéva 166: Summary of “AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"
) Avg. Avg. Resp.
Label «= % Total Hits s | _
Throughput/RPS Time/Sec
O “energy-data-advanced” 2336 35.69 0.77
O “energy-data-simple” 2291 35.39 0.64
O “get-ref-zone” 2275 35.30 0.31
O "add-ref-zone" 2257 35.13 0.31
O "delete-ref-zone” 2222 34.65 0.30

Eikoéva 167: APIs metrics (1) of “AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"
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Max Resp. Min Resp. )

Label - Total Error Hits
Time/Sec Time/Sec

O “energy-data-advanced” 6.41 0.27 0

O “energy-data-simple” 5.58 0.21 0

O "get-ref-zone” 5.61 0.04 0

O "add-ref-zone" 6.00 0.04 1346

O “delete-ref-zone” 3.83 0.04 1333

Eikéva 168: APIs metrics (2) of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"

Label - Response Code Response Code Message - Number of Response

O energy-data-advanced 200 Ok 2336

O energy-data-simple 200 OK 22

O get-ref-zone 200 0K 2275

O add-ref-zone 400 Bad Request 1346

O add-ref-zone 200 OK 911

O delete-ref-zone 400 Bad Request 1333
delete-ref-zone 200 OK 88

Eikéva 169: Response codes of “AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"

13:01:02

@ responsetime/energy-data-..../energy-data-advanced/avg
® responsetime/energy-data-....me/energy-data-simple/avg

.

ref-zone....on:

respc time/get-r ]
® respe d-ref-zone. id-ref-zone/avg
® respor dell f-z... f une/avg

f\\A/\/\
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2139
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2,000 ms
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13:00:30 13:00:34
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Eikéva 170: Average response time graph of “AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=80"

4452 2x6Na

BaoIkég PETPIKEG:

e Test Duration

e Average Response Time

e Average Throughput

e Total Hits
MapaTtnpAoeig:

=2 min
=469 ms

= 173 hits/sec

=11381
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e Eo@dboov cidaue TTOAU uynAég atroddocig ammo To DynamoDB toApyAcape va
dokipdooupe 1o Cloud Run Service pe concurrency ico pe 80 avri yia 4 TTou gixaue
opioel oTo test ye 10 Firestore. Atd 611 gaivetal autr N aAAayr) TNG TTOPAPETPOU
ETTNPEACE TO CUCTNHA JOG TTEPICTOTEPO ATTO OTI vouifaue. KaBuwg TTAéov €yive
bottleneck To Cloud Run ka1 TrapaTtnpoUpe yeviké XaunAdTepeg atrodO0EIg O€ OXEON UE
10 Firestore - CloudRun (max-conc=80).

Mvwpilaue o011 auédvovTag 1o concurrency Ba éme@Ttav o1 amodoéoelg Tou Cloud Run, aAAd
Bewpnroaue 611 Ba avrioTabuiféTav amo 1o uwnAod throughput Tou DynamoDB. Kéarti 1€1010
TENIKG Oev ouvéRNn kabwg 1o Average Throughput émeoe oto 173 hits/sec evw Firestore -
CloudRun (max-conc=80) €ixe 343 hits/sec.

KaTi TETOIEG TTOPAUETPOTTOINCEIG Eival APKETA ONUAVTIKEG WG TTPOG To cost efficiency. AnAadn
&€poupe Twg 10 max-concurrency oto Cloud Run emrnpeddel apketd 10 TEAIKO KOOTOG, OTTOTE
Ba Tav TTOAU onNUAvTIKG va PITTOPOUHE VA TO AUEACOUUE OTTOU UTTOPOUE.

e [lapartnpouue yeydAn aotdbela. evikd Ta endpoints @aiveTal va unv
otaBepotroimnkav ToTé KaBoAn Tnv diIdpKela Tou test kal autd ogeileTal oTnNV
TTAPAUETPO TOU Max concurrency.

4.4.6 AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4

Ta dedopéva eival oe AWS DynamoDB kai Ta APls gival deployed oe Google Cloud Run,
£€XOVTag opioel TO max-concurrency ico pe 4, wg éva container akoAouBwvTag To JOVOAIBIKO

MovTéNo. To avTtioTolXo repository:
[https://github.com/Cloud-Engineering-Softlab-Project/DynamoDB-CloudRun-single]

Cloud Run Service

Dymamadt Daatase S g
<<component>>
<<artifact>> (] flask application EI
Collection reference_zones
Sod <<artifac>> [
<<artifact>> (] NS <<lib>>
Collection resolution_codes S | S oo DynamoDB_sdk
N | I L
<<artifact>> (] "~ AT <<artifact>> [
Collection total_load_data Ss AN python code
e
=7 8080

- S~ - <<component>> El
AU N Container 2

<<device>> ~3IA L -
client computer PRI N <<component>> g]
. e EF flask application

S5

. NN
<<component>> @ 000 |ftccceemmeeeeeeeeeoeeeooos ST
Data consumer gl 8080 ~._ <<an|i_;an» ]
RN <<lib>>
RN DynamoDB_sdk
S s

S <<artifact>>
S~_| python code

.
l

o

80

8

Eikéva 171: UML Deployment Diagram of "AWS DynamoDB - Cloud Run"
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4.4.6.1 AlaypdupaTa

Max Users Avg. Throughput Errors Avg. Response Time
250 38‘] 58 HITS/SEC 24 06 % 293 97 MSEC
Avg. Received Bytes/sec Avg. Sent Bytes/sec
1 9 26 MB 9 9 89 KB
Eikéva 172: Test stats of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"
~O- Users O Response Timelsec. ~O Latencysec. ~O- Connect Tmelsec

5,000 ms

4,000 ms

100 2,000 ms =

1,000 ms

A "

0 0
13:21:26 13:21:30 13:21:34 13:21:38 13:21:42 13:21:46 13:21:50 13:21:54 13:21:58 13:22:02 13:22:06 13:22:10 13:22:14 13:22:18 13:22:22 13:22:26 13:22:30

Eikéva 173: Timeline of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"

~(O- Users -O- Hitsisec =~ Ermrors/sec

1,000
200 800
150 600
2 T
‘ g
100 400

W/\,\/\/\ -

0 0
13:21:26 13:21:30 13:21:34 13:21:38 13:21:42 13:21:46 13:21:50 13:21:54 13:21:58 13:22:02 13:22:06 13:22:10 13:22:14 13:22:18 13:22:22 13:22:26 13:22:30

Eikéva 174: Hits & Errors of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"

—| Summary Values of Session I

Total Hits Avg. Response Time Max Response Min Response

24899 29397u 512600 msec 39 00 sec

Percentage Error Total Throughput Avg. Connect Time Avg. Latency
2406% 38781 RPS é SEC ZQOLA!\ASEC

Total Error Hits

5990
Eikéva 175: Summary of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"
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Avg. Avg. Resp.

A

Label «= % Total Hits = =
Throughput/RPS Time/Sec

O “energy-data-advanced” 5031 77.10 0.51
O “energy-data-simple” 4987 77.47 0.41
O “get-ref-zone” 4973 77.81 0.18
O “add-ref-zone” 4963 77.76 0.18
O “delete-ref-zone” 4945 77.67 0.18

Eikéva 176: APIs metrics (1) of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"

Max Resp. Min Resp. )

Label -3 v v Total Error Hits
Time/Sec Time/Sec

O "energy-data-advanced” 5.13 0.26 0

O “energy-data-simple” 4.65 0.20 0

O “get-ref-zone” 414 0.04 0

O "add-ref-zone" 3.88 0.04 3007

O “delete-ref-zone” 443 0.04 2983

Eikéva 177: APIs metrics (2) of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"

Label <= % Response Code ¢ Response Code Message «= % Number of Response
O energy-data-advanced 200 0K 5031
O energy-data-simple 200 0K 4987
O get-ref-zone 200 0K 4973
O add-ref-zone 400 Bad Request 3007
O add-ref-zone 200 0K 1956
O delete-ref-zone 400 Bad Request 2983
O delete-ref-zone 200 0K 1962

Eikéva 178: Response codes of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"

5,000 ms

13:22:31
o i gy-data-... lenergy-data-advanced/avg 4206 4,000ms
or i gy-data- / gy-data-simpl 2743
) . ) .
( ref or T 52.9 3,000ms
®r i dd-ref-zone. d-ref-zone/avg 56.2
o ime/ds ref- ime/delete-ref 54.7

2,000 ms

1,000 ms
——— i e AT ey

13:21:28 13:21:32 13:21:36 13:21:40 13:21:44 13:21:48 13:21:52 13:21:56 13:22:00 13:22:04 13:22:08 13:22:12 13:22:16 13:22:20 13:22:24 13:22:28

Eikova 179: Average response time graph of "AWS DynamoDB - Cloud Run (monolithic) — max-concurrency=4"
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4.4.6.2 Zx0Na

BaoIkég PETPIKEG:

e Test Duration =2 min

e Average Response Time =293 ms

e Average Throughput = 381 hits/sec

e Total Hits = 24899
Mapatnproeig:

e Meiwoape 1o concurrency atrd 80 o€ 4, oTTOTE TWPA TO EKACTOTE container diaxelpieTal
TO TTOAU 4 requests Tautoxpova. OTTwg ATav avauevouevo, BEATIWONKE To cUCTAUA Kal
au&nonke trepitrou oTo dITTAGCIo To Throughput. Auté aTTodeIkvUEl yia akOun pia eopd
1TTwg 10 Cloud Run €ivail 1o bottleneck Tou cuoTtipaTog 6tav eutrAékeTal To DynamoDB.

e Emriong, empBefaiwveral Twg n aotddela oTa endpoints o@eIAGTAV GTO UYPNAO
concurrency Trou gixaue B€oel, Kabwg Twpa TTapatTnEouue 0Aa Ta endpoints va éxouv
oTaBepoTroinBEi.

e TéAog, TTapatnpoupe 011 dgv uttdpyouv cold starts kal autd cuuBaiver dIOTI TO
TTPoNyouUuEvo test To gixaue Kavel akpIBwg Trpiv atd auto kail £1a1 To Cloud Run

Service cixe @povTioel va dnuioupynoel katroia Idle Containers 1mou xpnaoipeuoav ev
TéNEI o€ AQUTO TO test.

4.5 [evIKEC TTAPATNPACEIS

Final Benchmarking Result

AWS DynamoDB - Cloud Run (conc=80)
AWS DynamoDB - AWS Lambda

Cloud Firestore - AWS Lambda

Cloud Firestore - Cloud Functions

Cloud Firestore - Cloud Run (conc=4)

I

o

100 200 300 400 500 600 700

M Avg. Response Time (ms) m Avg. Throughput (Hits/Sec)

Eikéva 180: General results or each deployment scenario
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Final Benchmarking Result

AWS DynamoDB - Cloud Run (conc=4)
AWS DynamoDB - Cloud Run (conc=80)
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Eikéva 181: Results of each deployment scenario (grouped by endpoint)

ZUpQwva Pe Ta TTapatrdvw diaypduuaTa gival EEKABapo TTwS 0 KAAUTEPOG CUVOUACHOG aTTo
atroyn Performance eivai o AWS DynamoDB — AWS Lambda.

AUTOG 0 oUVBUOOPOG £Xel TO HeyaAuTepo Average Throughput, kai KT €TTEKTAON TO
MIKpOTEPO Average Response Time (Eikéva 180), kGt TTou €gnyeital kai otnv Eikéva 181
KaBwg €xel To piIkpoOTEPO Average Response Time o€ kGBe endpoint.

A&iCel va onuelwBei TTwWG AUECWG ETTOPEVOG TTIO YPAYOPOS OUVOUAC UGG gival

10 AWS DynamoDB — Cloud Run (conc=4), o o1mmoiog cupTreEPIAANBAVEI KI QUTOG

10 AWS DynamoDB. 210 ke@dAaio 3 dev eAéyEape To throughput Twv Baoewv dedouévwy,
oAAG TWpa ouykpivovTag Ta oevapia 4.4.1 kal 4.4.6 ytropouue va amo@avouue

TTwG 10 DynamoDB eivai mio ypriyopo amo ro Cloud Firestore kaBwg n pévn diagopd Twv
2 gevapiwy eival n Baon dedouévwy.

2710 0evapIo 4.4.5 BAETTOUNE YIa GAAN pia @opd TTOGO TTOAU £TTNPEAdEl TO CUCTNHA OGS N
TTapdapeTpog Tou Cloud Run concurrency. Mapatnpoupe, AoImmov, TTwg TEPa aTTd auTo TO
oevapio 1o bottleneck sivai n Baon dedouévwy pag. Auto gival avaueVOUEVO KaBWG

Ta APls dgv ekTeAOUV KATTOIO BlEPYATia e HEYAAO UTTOAOYIOTIKO POPTO, KUPIWG

ekTeAOUV queries oTnv ekAoTOTE BACN, OTTOTE €ival AoyIKO To performance va eTnpeddeTal wg
€TTi TO TTACIOTWYV aTTd TNV BACN dESOUEVWVY.

EmpBeBaiwvovTal Ta atroteAéopaTa Tou KEQaAaiou 2. Av Kai n Baon dedouévwy eTnpeadel
KaTd KUpIo AGyo To performance TOU GUCTHPOTOG TTAPATNPOUME TNV UTTEPOXN

Tou AWS Lambda évavti Tou Cloud Runcuykpivovtag Ta oevapia 4.4.4 kai 4.4.6. TEAOG
OuykpivovTag Ta oevapia 4.4.1 kai 4.4.2 kai 4.4.3 emBeRaivoupe yia GAAn yia @opd tnv
IEpapyia TwV UTTOAOYIOTIKWY UTTNPECIWV 6aov agopd 1o performance.

ZUVETTWG, Ta TTPOIOVTA TTOU PEAETHOAUE, UE BATIKO KpPITHPIO TO performance, TagIivopouvTal WG
£gNg:
o  YTTOAOYIOTIKEG UTTNPETIEG:
o AWS Lambda
o Google Cloud Run
o Google Cloud Functions
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o Bdoeig dedopéEvwv:
o AWS DynamoDB
o Google Cloud Firestore

109



KepdAaio 5 2uutrepdopata Kal JEAAOVTIKHA epyaacia

5.1 ZuveloQopa Kal TTAEOVEKTAUATA

To Cloud Engineering €ival £€vag TTOAU peyAAOG TEXVOAOYIKOG TOPEAG TTOU YVWPICEl APKETA
MEYAAN avayvwplion Ta TEAEUTaia Xpovia. TNV TTapouca SITTAWUATIKNA TO JEAETACAUE aTTd TNV
OTITIKI) EVOG XPAOTN 1) VOGS KATAVAAWTH, OUwG agiel va onueIwBEei TTwG OTO TTAPATKIVIO
XPNOIMOTTOIOUVTAI TEXVOAOYIEG KO aAyOpIOuol SIKTUWY, KATAVEUNUEVWY CUOTNHATWY,
AEITOUPYIKWV CUCTANATWY K.d.

MeTd TNV OAOKANPWON TNG EPYOCIAG AUTNAG, EXOUNE HEAETAOEI dUO aTTd TIG TTIO

yvwoTég NoSQL Bdoeig dedopévwy Tou Cloud Kail TPEIG aTrd TIG TTIO

YVWOTEG serverless UTTOAOYIOTIKEG UTTNPETIEG XPNOIUOTTOIWVTAG dUO aTTO TOUG

peyaAuTepoug Cloud providers oTtov k6ouo: Amazon kal Google. ‘ExovTtag avagépel Ta
IDINITEPA XAPOKTNPIOTIKA, TA TTAEOVEKTAUATA KAl TA JEIOVEKTHHATA TNG EKACTOTE UTTNPECIAG, O
avayvwaoTnG UTTOPEI va TTPOCavaTOAIOTE! TTIO YPryopa OTNV UTTNPECia TTou XpeldleTal ue Baon
TIG OVAYKEG TOU.

2uveEIoQOPA TNG TTOPOUCAG EPYACIag EVTOTTICETAI ETTIONG OTAV UAOTTOINGN KAl OTO
deployment Tou ekdoTOTE GEVAPIOU KABWG avTILETWTTICOVTAI TTPORARMATA TTOU dEV
avagépovtal oTa eTTionua documentations, evw TaUTOXPOVA QVAPEPOVTAI TEXVIKEG
a&loAdynong Pe TNV XpAon S1aQopwy PETPIKWY

O0TTwg performance, concurrency, scalability, cost k.a.

TNV OUVEXEIQ, TTAPABETOUUE Wia TEAIKA OUYKPION TWV UTTNPECIWY TTOU HEAETHBNKAY PE BaCikd
KpiThplo 1o performance. E¢ac@alicape Tnv aglomoTia authg TG oUyKpIonG EQapUOlovTag
KOAEG TTPAKTIKEG WG TTPOG TNV UAOTTOINGN OAAG KOl WG TTPOG TNV agioAdynaon Twv
atroteAeapaTwy. Agicel, BEBaia, va onueiwdei TTwg To performance dgv €ival T0 povadiko
KpiThplo €mAoYAG evog Cloud TTpoidvTog Kal TTwG TTPETTEI va AN@BoUV uTTOWIV KI AAAOI
TTAPAYOVTEG OTTWG KAl avaQEPOVTAl OTA avAAoyd KEQAAAIQ.

TENOG n ouyypo@r] Twv TTPOYPAUMATWY o¢ Python atroTteAei xprioipyo template yia 6coug
B¢éAouv va ulottoifoouv Back-End services pe Ta TTpOIiOVTa TTOU HEAETABNKAV.

5.2 MeAAovrTikég MNpoTaoeig

5.2.1 EkTignon k6oToug

O1 Serverless Cloud utrnpeaieg £€xouv apkeTa BETIKA XOPAKTNPIOTIKA, OTTWG £€XOUV avapePDEi
oTo KepdAaio 1.2.1, 61Twg cost-efficiency, scalability, security k.a.

‘Exel avagpepBei 1o cost-efficiency wg BeTIKO xapakTNPIOTIKO KAl OVTWG gival, KaBwg To KOGTOG
uttoAoyiCeTal ue pay-per-use TTOAITIKR, OJwG auTd KpUREl apkeToug Kivouvougs. OTav,
xpnoiyotroloupe dedicated servers vai pev dev £xoupe autopaToTroinuéVo scalability kai
oiyoupa €XOUNE TTEPIOPICHEVOUG TTOPOUG, OUWG EEPOUNE AKPIBWGS TTOCO TTANPWVOULE.

Z1nv mrepirtwaon Tou Cloud, Aoimmdv, av kai uttdpyouv pricing calculators éTTw¢ otnv Amazon
[https://calculator.aws/#/] eival BUOKOAO va eKTIUACOUME TO AKPIBEG TEANIKO KOOTOG. AUTO
oupBaivel yioTi XpnoIJoTToIoUVTal SIAPOPES UTTNPECIEG TTOU UTTOPEI va PNV €XOUpE AGBEl
UTTOYIV.
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N.x. Eotw o1 xpnoigotroloupe 1o stack AWS API Gateway — AWS Lambda — AWS
DynamoDB. Z1nv mpayuaTikotnTa xpeialopacte kai o AWS CloudWatch yia va €xoupe logs,
B¢éAoupe kai To AWS X-Ray yia kaAUTtepo health monitoring Tng eQapuoyng, UTTopEi va
XpelaoToupe secondary indexes oto DynamoDB kai d1d@opeg AANEG UTTNPEDIES
TTAPAPETPOTTOINCEIG TTOU KOOTICOUV TTOAU TTEPICOOTEPO ATTO T TTPWTA 3 BACIKA TTPOIOVTA.

Ev katakAgidl, 6Aa gival Bépa kAipakag. Otav xpelaldpacTe Evav server va OOUAEUEI CUVEXWG
24/7 167¢ vai, o dedicated server gival KaAUTEPN AUON atrd ammown K6oTouG. Opwg av 1o
ouoTnua pag dgv €XEl avaykn yia ouveXOuevn AsiToupyia TOTE n serverless apxITEKTOVIKA €ival
KaAuTepn Auon.

O1oTE UTTAPYXEI AvAYKN YIa Eva EpYaAEio TTou:
e O TIPWTO OTAdIO, va KAVEI KAAUTEPN KAl TTIO AKPIPR EKTIMNON TOU CUVOAIKOU KOGTOUG
MIOG serverless apXITEKTOVIKAG Kal
o€ 0eUTEPO OTABIO, AapBAvovTag UTTOWN TIG AVAYKES TNG EKAOTOTNG EQAPHOYNG, VO ATTOPaVOEi
€av oup@épel n serverless apxitektovikr 1 n full dedicated server apxiTekTovikn.
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