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ITepiAnyn

O Kubernetes eivat ) de facto emloyn evopxnotpwtn containers yia kd0e etatpeia mov
xpnotpomotei cloud native epappoyég, kabwg dvvatal va evopxnoTpwvel amodoTikd £va
Heyalo aptOuo containers péow ag Loxvpns dnAwtikng dtemagng dayeiplong, petwvo-

VTAG £TOL TIG AELTOVPYLKEG ETUPAPVVOELG YIa TOVG SLAXEPLOTEG TWV OVOTOLXLAYV.

H Sienagr amoBrikevong tov Kubernetes emitpénet TNy evowpatworn Sla@opeTikwy a-
TOONKEVTIKWY CLOTNUATWY, Ta OOl €V CLVEXElA HTTOPOLV va XpnotponomnBovv wg
povipol Topol and to goptio epyaciag. H xprion tomkwv povipwy TOpwv £vavtt a-
TIOUAKPVOUEVOL HOVIHOV ATTOONKEVTIKOD XWPOL TIPOCPEPEL TO TAEOVEKTNUA TWV VYN -
Awv emddoewv: ot Tomkoi Siokot Tpooépovy LYNAOTEPO aptBpd IOPS, peyakvtepoug
pLOpOVG peTddoong kat xapnAotepn kabvoTépnon oe CVYKPLON e Ta ATTOUAKPVOUEVA

ovotnpata anodnkevong.

Eni Tov mapovtog, o Cluster Autoscaler dev vtootnpilet Tnv avtopatn KAHdKwon o
OVOTOLXIEG [LE TOTIUKODG HOVIHOVG TOpOVG, eV 0 Scheduler ev Aappdvet vmoyn tov Tnv
eAeb0epn xwPNTIKOTNTA OTOVG TOTKOVG OiOKOVG TWV KOUPWVY KATA T1 XpOVOSpOUOAd-

ynon twv Pods.

H anpdokontn Aettovpyia tov Cluster Autoscaler kat tov Scheduler oe ovotoryieg Ku-
bernetes pe tomkn amofrkevon eivat TOAD onpavTikn yla TI§ etatpeies, kabwg Tovg
EMTPETEL VA £XOVV GLOTOLXES, IOV A&LOTTOLOVY Tat TAEOVEKTHHATA TNG TOTIKNG amobn-
KEVONG, EVW TTpooappoletat Suvapukd to péyefog Toug kat To optio ekteleitat adia-

A\euTa.

2ty mapovoa SITAWUATIKT epyacia TPOTEIVOVE Kat DAOTIOLODHE EMEKTAOELS YL TOV
Cluster Autoscaler kat Tov Scheduler, Tpokelpévov va Aettovpyobv anpooKoTa e TOV
TomKo anobnkevtikd xwpo. Katd tn Sidpkeia avtng, AoLmoy, eYKATAOTHOALE e ETL-
Tuxia TG emektdoelg Tov Cluster Autoscaler kat Scheduler otig ovoTtotxieg Stapdpwv
etatpetdv. Emmléov, Eexwvrjoape va ouVELOQEPOVE TUUATO TOV TIPOTELVOHEVOD OXE-

Staopov upstream.

Aé€aic-KAeidd

Kubernetes, Cluster Autoscaler, Scheduler, XpovodpopoAoynon, Tomkr AnoBnkevon,

ZvoTouyia
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Abstract

Kubernetes is the de facto container orchestrator choice for every company going cloud-
native. It can efficiently orchestrate a large number of containers via a powerful declar-

ative management interface, reducing operational burdens for the cluster admins.

The Kubernetes storage interface allows the integration of different storage systems,
which can get used as persistent volumes by the workload. The use of local persistent
volumes over remote persistent storage offers the benefit of performance: local disks of-

fer higher IOPS and throughput and lower latency compared to remote storage systems.

Currently, the Cluster Autoscaler does not support autoscaling with local storage. More-
over, the Scheduler does not consider the available capacity of local storage when schedul-

ing Pods.

Enabling the seamless operation of the Cluster Autoscaler and Scheduler on Kubernetes
clusters that use local storage systems is crucial for enterprises to reduce costs. The local
storage will enable their disk-intensive workload to complete faster, and the Scheduler
will ensure that the workload units run on nodes that have the requested storage capac-
ity. At the same time, the Cluster Autoscaler will scale the cluster at an appropriate size

for the workload to run without any excess resource waste.

In this diploma thesis, we propose and implement extensions for the Cluster Autoscaler
and the Scheduler to seamlessly operate with local storage. During this thesis, we de-
ployed the proposed extended Cluster Autoscaler and Scheduler to enterprises, and they
used it successfully at large production clusters. Moreover, we started contributing parts

of the proposed design upstream.

Keywords

Kubernetes, Cluster Autoscaler, Scheduler, Local Storage, Logical Volume Manager,

Capacity Tracking






AvtiIIpoAoyov

[Ipwv mpoxwpriow, Oa 10ela va evxaplotiiow Beppd Tov emPAénovta TnG SIMAWHATIKAG
Hov epyaoiag, kaBnyntr k. Nektapio Kolvpn, o omnoiog e evémvevoe va acxoAndw

TIEPAUTEPW [LE TOV TOUEA TOV YTIOAOYLOTIKWV ZVOTHHATWY.

Oa nbela akoun va ekQpdow TIG eVXAPLOTiEG Hov 0TOV dddkTopa K. BayyéAn Koo-
K1), yla TNV gvkaipia mov pov édwoe va ekmoviow tr SimAwyatikr oto meptBaAAov Tng

Arrikto, yta tnv kaBodrjynon kat tnv evlappuvon va eufadbvew oto ovykekpipévo 0¢-
Ha.

H Arrikto v p&e katalvTikog mapdyovTag yla T SLapopewon Tov TPOTOL OKEYNG LoV
WG UNXaVIKOG Kat YU avtd Ba nfela va evxaploTiow Ta dtopa TG eTatpeiag ylo To vmé-
poxo KAipa, TV aAAnlovmootpién, Tnv mapoTpuvor Tovg kat T Stabeon yia pudbnon.
Emunpoobétwe, Ba Beka va avagepBw Eexwplotd otovg HAia Tottowpmnr| kat Niko Tot-
PWVT], [L€ TOVG OTIOIOVG OLVEPYAOTNKA OTEVA OTO TTAAIOLO TNG TAPOVoAG SUTAWUATIKAG

kat vrnp&av enalot kaBodnyntée, pe oupPovAég oe kabe kpioto onpeio.

Téhog, BéAw va evxaploTHow TOVg YOVELG pov yia Tn Stapkr vTOoTNPLEN Kat TV aydmn
Toug, kabwg kat T adél@la pov kat Tovg gilovg pov, mov vanpEav N o evXAPLoTN

OLVTPOPLA OTNV TIOPELA OV OAa AVTA Ta XPOVLAL.

Ipnyéprog Oaviooviag
TovAio¢ 2022
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Eloaywyn

2e auTo TO KEPANALO TIEPLYPAPOVILE CUVOTITIKA TO AVTIKEIEVO TNG epyaoiag pag. ITa-
povoLalovpe pia oVVTOUN EMOKOTNON TG SOVAELAG [ag Kat eVTOTifovpe TIG OTOLES -
Suvaplieg vtapxovy OTIG TpEXOVOEG TTpoTEYYioels. Xvvexifovtag, divovpe pio Pactkn
ovvVoYT TOV pNXavIopov mov xticape. Télog, mapovoialovpe tn dopry avtrg g Ot-

TAWUATIKNG Epyaciag.

1.1 Kivntpo

O Kubernetes givau 1 de facto emhoyrn evopxnotpwtr containers yia kde etatpeia mov
avantvooet cloud native epappoyés. H dnuotikotnta tov Kubernetes mpokvntel anod
TO Yeyovog 0Tt kdvel Tn Staxeiplon Tov kOkAov {wNg Twv epappoywy, Tov Pacilovtal oe
containers, TOAD mio e0koAn yia Ta DevOps, péow evog dnlwtikod APL. Ot mpoypap-
HATIOTEG UITOPOVV Va Xprotponotioovy avtd to AP, ya va meprypayovy tnyv embu-
UNTH KATAoTAON [tag eQappoyng pe 0povg Pods, Services, KA1, Kal ot EAeYKTEG TOV
Kubernetes ekTeAoVV Qpeca eVEPYELEG, VLA VA YEPOVY TNV TIAPATNPOVHEVT] KATAOTAON
Tovg ovoTHpatog oTny embountn kataotaon. O Kubernetes pmopei va ekteleotel T000
0€ QUOLKEG EYKATAOTAOELS, 000 Kal 0TOVG TEPLO0OTEPOVG Ttapdxovg cloud vinpeaiav,
onwg ot Amazon Web Services (AWS), Google Cloud kot Microsoft Azure. To yeyovog

avtd anoteAei kaboploTiko TapdyovTa yla TV EMITVXia TOV.

Me 1o packaging tov kwdika kat Twv e§apTroewv Tov o€ containers, kb opdda ava-
TTVENG AOYLOUIKOD UTTOPEL VA XPTOLHOTIOW|OEL TUTTOTIOUEVEG HOVASEG KDOSIKA yia TNV

eKTENEOT AELTOVPYLDY, VW SLEVKOAVVETAL I KALHAKWOT) TWV EPAPUOYWYV OE OTIOLOSTTTO-
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te péyeBog. Ta containers pmopovv va xprotponomnBoiv yia to packaging oAokAnpwv
EQPAPUOYDV, £TOL WOTE VA UTTOPOLV va HeTaPepOOUV Yl eKTEAEOT] GTO VTTONOYLOTIKO
VEPOG, Xwpig va xpetdletat va vootei aldayég o kwdikag. O Kubernetes Aettovpyei
WG TAATPOPUA EVOPXNOTPWTH containers kot emTpENeL 0e peyaAo aplOuod containers va
ekTeNeiTaAL KAl Vo GLVEPYALETAL APHOVIKA, ENATTWVOVTAG TIG AELTOVPYLKES EMUPAPVVOELG

yla Tovg SLAXELPLOTEG TG oVOTOLXIAG.

O Kubernetes Scheduler xat o Cluster Autoscaler Aertovpyodv and kowvov, yla va e&a-
o@alicovv 6TL To QopTio epyaociag TnG cvoTtorxiog exteAeital adtdAenta. O Scheduler
Staopalilel 0Tt ot povddeg optiov epyaciag, Ta Pods, xpovodpopoloyodvtatl og KO-
Povg TnG cvoToLiag OV £X0VV EMAPKEIG TTOPOLG, OTIwG Pviun, CPU, anobnkevtikd xw-
po, KATL, evw o Cluster Autoscaler Statnpei Tov katdAAnlo aplOuo koupwv otn cvotol-
xla, KApakwvovTag tny mpog ta mavw (mpoobnkn kopPwv) 1 mpog Ta katw (agaipeon
KOUPWV), eMTPEMOVTAG OTIG HOVASEG POPTIOV Epyasiag va EKTEAODVTAL ATTPOCKOTITA,
Xwpig va §odevovtal Tvxov mheovalovteg mopot. Amd To TeElevTaio CLVETAYETAL OTL
o Cluster Autoscaler eivat €va oToleio, oV emTpénel OTIG eTALpeieg Va PeATioTOMOL-
|OOVV TO KOOTOG TNG VITOAOYLOTIKAG VTTOSOUNG, KAHAKWVOVTAG Suvapikd Tov aptOpo
Twv kKOUPwv 01N ovotolxia pe Baon To PopTio epyaciag, avTamokpvopevos dnAadn
otn Suvapukn (ytnon twv mopwv. Xwpig tov Cluster Autoscaler, ot etatpeieg Oa rav
VTIOXPEWUEVEG Va XpT|OLpoTolodV pia ovoTotia otabepov mAnBovg koupwy, mov Ba eixe
oav ovvémela eite TNV VIAPEN LITOXPNOLHOTOLOVHEVWY KOUPWVY OTN LOTOLX(A, e aTo-
Téeopa TN Xpéwon Twv adpavav KopPwy, eite To goptio epyaociag dev Ba eixe Tovg

ATAPAITNTOVG TOPOVG Yo VoL EKTENEOTEL

O ovvdvaopdg tov Kubernetes pe Tomkong povIpovg TOHOVG EMTPETEL OTOVG XPHOTEG
va £Xovv TPOoPact OToV TOTIKO amoBnKeVTIKO XWwpo evOG KOPPOL oTn ovaTolia, [é-
ow NG Stema@ng PersistentVolumeClaim tov Kubernetes pe évav amho kat gopnto
Tpomo. To TpwTapyLKd TAEOVEKTNUA TWV TOTIKOV HOVIHWY TOHW®Y O OXEOT] [E TNV ATTO-
Hakpvopévn poviun anobnkevon (m.x., network-attached volumes) eivau ) emidoon: ot
Tomkoi Siokot mpoo@épovy ocuvhBwg vynlotepa IOPS kat xapnAotepn kabvotépnon
o€ OVYKPLOT) L€ TA ATOHAKPLOUEVA ovoTHHata armobrkevong. Evoewktikd, pe tn xprion
Siokwv un mrntikng pviung (NVMe) o évav kopfo, o TeAkog XproTng Hmopei va enw-
@eAnOei and pia tepaotia avénon Twv emdOcEWY KATA TNV EKTEAEDT] EPAPHOYWDY, TTOV
ATUTOVV UEYAAN XPHOT TOL AmoONKEVTIKOV XWPOVL. ZTNV TEPIMTWON TWV ETALPELDY,

0 TOTIKOG ATOONKEVTIKOG XWPOG TOVG EMUTPETEL VA BEATIOTOTO|OOVY TNV TAXVTNTA UE
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TNV omoia ekTEAOVV epyacieg VYNANG anaitnong oe operations diokov, OTwWG MeEPApaTA
HNXAVIKNG pdbnong, epyacieg avdivong peydhwv dedopévav k.AT, To onoio amotelel

KpIoLpo TapdyovTa yia ta k€pdn Tovg.

QoT1600, AUTH TN OTLYUN, 1] Epyacia Pe TOTIKO HOVIHO amoOnKevTIKO XWpPOo £XEL OPLOLE-
va poPArjuata, mov Sev éxovv emAvbei: o Scheduler Sev xpovodpopoloyei To poprio
epyaoiag Aappavovrag voyn tov Slabéoipo Tomikd amobnKevTIKO XWPOo KAl EMONG, O
Cluster Autoscaler §ev umopel va KALAK®OOEL TTPOG TA KATW 1} TTPOG TA TTAVW GVOTOLYIE,
otav yivetal xpnon Tomkwv povipwyv topwv. H anpoéokontn Aettovpyia tov Cluster
Autoscaler oe ovotolyieg Kubernetes, mov xpnotponotodv tomkod anobnkevtikd Xwpo,
efvat TOAD onuavTikn ya Ti§ etatpeieg. H tomkr amobrkevon Oa tovg emtpéyet va
eKTEAODV QOpTiO gpyaciog anartnTikod oe operations 8iokov amoTeAeopaTIKA Kot Yp1i-
yopa, o Cluster Autoscaler Oa diatnpei 1o katdAAnho péyeBog tng ovotoxiag kat o
Autoscaler Oa Staopalioel 0Tt kdBe povada tov optiov epyaciag ekTeAeitat oe Ka-
TdAANAo €idog kOpPov. AvTdG 0 TPUTAGG OVVEVACHOG AELTOVPYEL EUPAVWG TIPOG TNV
KateLBVVON TNG HEIWONG TOV KOGTOVG VTTOJONG, TTPAYHA TO OTIoi0 givart emiSiwgn kdbe

etatpeiag.

Me kivntpo TN onpacia kat TOV avTiKTUTO TNG XPHONG TOTIKNG HOVIUNG amobnkevong
ot ovoTtotyieg Kubernetes, otnv mapovoa SImTAwpaTikn pyacio TpOTEIVOL|LE EMEKTATELG
yta tov Scheduler kat Tov Cluster Autoscaler, wote va kataotei Suvatr n anpdoKomnTn

Aettovpyia Tovg e Tomikn anmodrkevon. Ilo ovykekppéva, n epyacia pag eivae Sirth:

o IIpoteivovpe évav pnxaviopo, étot wote o Cluster Autoscaler va pmopei va kApa-

KWOEL TTPOG TA KATW KAL TIPOG TA TTAVW CLOTOLXIEG LLE TOTIKO HOVLHO AmoONKeVTIKO

Xwpo.

 Emexteivovpe tov Scheduler, yia va dtao@alicovpe 6TL T0 QopTio epyaciog xpo-
vodpopoloyeital oe kKOUPovG, Tov StabéTovy TNV AMAITODUEVT) TOCOTNTA TOTIL-

KOV amoOnKkevTikov Xwpov.

1.2 Awtvnwon IIpoPAnuatog

Onwg egnynoape otnv evotnrta 1.1, n mapodoa Simhwpatikr epyacia xel wg KivnTpo Ta

OPENN TIOV TIPOOPEPEL 1] TOTIKT) HOVIUN amoBnikevon oe cuvovaouo pe Tov Kubernetes.
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Qotooo, 1 Aertovpyia Tov Kubernetes Scheduler kau tov Cluster Autoscaler, pe tnv
Tomikn} anobnkevon mapovotdlel oplopéva mpoPAnuata, ta omoia Sev éxovv emAvOel

akoun:

o O Scheduler dev xpovodpopoloyei To gopTio epyaciog Aappdvovrag voyn tov
Sabéopo amoBnkevtikd xwpo. Adyw avtov, éva Pod pmopei va koAAroet xw-
pig moté va xpovodpopoloynbei oe katdAAnAo kopPo, agov o Scheduler ava-
ykaletar va emiAé€el ota TVQAG (O00V aQopd 0TV ATOONKEVTIKN XWPNTIKOTH-
Ta) KOpPo, oTov omoio, evdexopévwg, o TOpoG dev umopel va Statebei, emetdn To
VTIOKEIEVO oVOTNHA anodrkevong dev €xel eMapKn XWPNTIKOTNTA.

o O Cluster Autoscaler §ev KAlpHakwveL TPOG Ta KATW GLOTOLXIES e TOTIKO HOVIHO
anofnkevTikd xwpo, kabwg Bewpei Twg Ta Tomikd dedopéva fovv oe kdbe kOUPo
Kat 1 agaipeon evog kopBov Ba odnyovoe otnv anwleta mpocPaocng ota dedo-
péva avtd.

o O Cluster Autoscaler 6ev KAlpHAK@OVEL TTPOG T TAVW CLOTOLXES, OTAV OEV LTIAPXEL
APKETOG TOTIKOG ATOONKEVTIKOG XWPOG Yla TNV EKTEAEDT TOV QopTiov epyaoiag,
kaBwg dev Stabétel punxaviopod va evipuepwOel yla tnyv amoOnkevtikni xwpnTiko-

Ta evog kopPov, mov Ba tpoobioet.

Ztnv mapovoa SITAWHATIKY epyacio KAVove OXeSLAOTIKEG TPOTATELG KAL TIG VAOTIOLOD-
LLE, TTPOKELUEVOL va Eemepdoovpe autd Ta TpoPArLaTa Kat va KataoTtel Suvatr n anpo-
okontn Aettovpyia Tov Scheduler kat tov Cluster Autoscaler pe Tomukd povipo amobn-

KEVTIKO XWPO.

1.3 Ymdapyxovoeg Avoelg

Enti tov mapdvtog, o Cluster Autoscaler §ev vtootnpilet avTOpHATN KAUAKWOT YLt KO-
Povg mov xpnotpomolodv Tomko uovipo anodnkevtiko xwpo. O Cluster Autoscaler Oe-
wpei 6Tt k&Be TOpOG oL Paociletal oe Tomky HOVIUN anodrkevon eivat TPooPaotpog
HOVO amo avToVv Tov KOUPO Kat, wg ek TovTOL, dev Ba agatpéael Tov kKOpPo omov {ovv
Ta dedopéva. Me dANa AoyLa, 1 KALPAKWOT TIPOG Ta KATW [E TOTILKOVG TOHOVG TNV TaL-
povoa oty eivar advvatn. EmmAéov, dev vmapxet Suvatotnta KALAKW®ONG TIPOG Tal

TAVw OTaV SeV VTIAPYEL APKETOG TOTIKOG ATOONKEVTIKOG XWPOG Yl TO PopTio epyaciag
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7oL Tov {NTd, Kabwg dev Stabétel punyaviopo va evnuepwBel yla T xwpnTKOTNTA EVOG
KOppov mov Ba mpooBéoet. Tnv mapovoa otryur dev vapxovy Avoelg yia tn StopOwon

ALTWV TWV TPOPANUATWY.

Ooov agopd tov Scheduler, n xowvotnTa Tov Kubernetes €xet vhomouoet pua apxikn
vnootrpi&n ya xpovodpopoloynon e tomikd anodnkevtikd xwpo. To xapaktnplott-
KO avtd ovopaletar “Ilapakolovnon AmoBnkevtikhi XwpnmikdTnTag” Kat eMITPETEL
0Tovg 0dnyols ocvoTnudtwy armobrikevong va dnuootevovy TANPOPOPieG OXETIKA e
TNV evamopévovoa XwpntikotnTa oe kabe Tunpa Tomoloyiag TG ovotolxiog. Xtr ovvé-
xeta, o Scheduler xpnowomnotel avtég Tig MAnpo@opieg yia va emhé€et évav kataAAnlo
KOUpo ya kdBe Pod mov {nrdet tnv mapoxn topwv. QoTto00, 1] TPEXOLOA TIPOCEYYLOT

£PXETAL [LE OPLOUEVOVG TIEPLOPLOHOVG:

o Agev emixelpel va povteAomolnoetl Tov TPOTO He TOV OTOI0 Ol ATOPATELG XPOVO-
Spopoloynong emnpedlovy TNy anobnkevon XwpnTkoTTA. AVTH €lvat pia oxe-
daotikr anogaon g opadag Tov Kubernetes pe otdxo va dievkolvvel tnv a-
vantuén tov feature, dedopévov 0TL N emidpaon TwV anoPdcewv Xpovodpopo-
Aoynong otn Stabéoiun xwpnTikOTNTA Hnopel va Slagépel ONUAVTIKA avaloya
{Le TOV TPOTIO TIOL TO OVOTNHA amobrkevong Xetpiletal Ty amobrkevon. Qg ov-
VETIELQ AVTNG TNG ATTOPAONG, He ToV TpEXovTa oxedtaopo, éva Pod mov (ntd tnv
Tapoxn TOANATA®Y TOpwV propei va avatedei oe évav kOpPo 6mov vtapxeL ap-
KETOG XWPOG HOVO yla Kabéva amd Tovg TOpovg Eexwplotd, xwpis va Aappavetat
VIIOYTN 1) GLVOAIKT] TOGOTNTA TOV ATOONKEVTIKOD XWPOL TIOVL ATAULTEITAL Yl T
@Aogevia OAwv TwV TOpWV. AvTd pmopel va 00nynoeL 6To GeVAPLO OTOV 1) XPO-
vodpoporoynon avtov Tov Pod pmopei va amotoxet povipa: £vag ToOpoG pmopei
va SnuovpynOei pe emtvyia og éva TURA TOTOAOYIAG, OTO OTOIO 0TI CUVEXELX
dev Ba amopeivel apkeTn) xwpNTIKOTNTA Yia TOV dAXO TOpo. ToTe, KAOE peAhovTi-
k| tpoomntafeta xpovodpopoloynong tov Pod Ba mepropiletatl and tov tép0 MOV
SnovpynOnke fon. Ze avth TNV mEpinTWON, gival anapaitnTn n XeWPoKivnTn
TapéUPacn yla TNV avaktnon and avtr TV KaTaotaon, yio mapdderypa avgda-

VovTag T XwpnTikotnTa f Staypdgovrag Tov Topo mov eixe 10n dnpovpynOei.

« H\ewrovpyia ITapakorovOnong AmoBnkevtikng XwpntikoTnTag unopei va evep-
yormown0ei uovo oe ovotolyieg mov ektelovv €kdoon Kubernetes 1.21 1) vedte-

pn. AvTr eival pa anaitnon mov dev tkavomolobv OAeG oL GVoTOoLieg oe TepL-
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BaAlov mapaywyng. ApKeTEG eTalpeieg XPMOLHOTOLOVY TIPOTyoLpeVEG eKSOOELG
Kubernetes yia Adyovg otabepdtntag. Ztnv mepintwor pag, ot TeAATeg Hag Xpn-

otpomolovv Kubernetes 1.19 kat 1.20, 6nov i Aettovpyia eivat pn Stabéopn.

1.4 Ilpotewvopevn Avon

Onwg €xet 110n e&nynOei o€ mponyolpeveg evoTnTES, 0 0TOXOG TNG TTAPOVOAG SIMAwpATL-
KNG elval va emTpEYeL TV AmMPOCKOTITI ALTOHATN KAILAKWOT Kat Xpovodpopoloynon
o€ oVOTOLYiEG IOV AlOTOLOVY TOTIKN HOVIHN anoBrikevor. Tia va To emTd)OVHE AVTO,
0 TIPOTELVOHEVOG OXeSLAONOG Hag TTepAapBavel TNV eNEKTAOT SlaQOpwWV HEPWV: TOV
Scheduler, tov Cluster Autoscaler kat Tov 0dnyol Tomkrg anofdrkevong Rok CSI g

Arrikto.

ZuvomTiKd, Tpoteivovpe Tov akdlovbo oxediaouo:

 Emexteivovpe tov odnyo tomkng anobnkevong Rok CSI wote va avagépet
Sabéoun xwpnrikoTnTa anobrkevong oe kdbe koo TG ovoToryiag. To mpod-
ypappa odnynong Ba vtohoyilet tov Stabéotpo anobnkevtikd xwpo vroPailo-
vTag evToAég otov vmokeipevo Local Volume Manager, evw Oa Aappavet vtoyn
TOV Kal TOV XWpo Tov Xpetdletat va Seopevbei yo tnv anodrkevon twv petade-

dopévwv Tov TOpOVL.

+ Emexteivovpe tov Scheduler wote va AapPavet voyn tnv avagepopevn Stabéot-
1N xwpnTkdTnTa anodrkevong kabe kOUPoL kAT TNV XPOVOSPOUOAdYNON EVOG

Pod mov (nté tnv mapoxr TOHwV Tomkov anodnkevtikod xwpov tov Rok.

 EykaBiotobdpe otn ovotoiyia tov enektapévo Scheduler, (tov onoio egefiig a-
nokalovpe “Rok Scheduler”) padi pe éva mutating webhook, to onoio a petal-
Adooel ta Pods wote va avagépovy 0Tt pémet va xpovodpopohoynBovv amod tov

Rok Scheduler.

« Aflomolovpe Tov pnxaviopd tov odnyot amobnkevong Rok CSI yia tn dnpovp-
yia snapshots kat yta Tnv mpootacio Twv TOMKOV TOHW®Y £VOG KOHPOL dTav évag
KOpPBog NG ovoTolyiag mpoketTal va agatpedel, wWoTe va HTOPOVE Vo KAHAKD-

OOVLLE TIPOG TA KATW TT) GVOTOLXiaL.
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+ Emexteivovpe tov Cluster Autoscaler wote KAHLAK®VEL TPOG TA KATW TNV GVOTOL-
Xia pe Ta Tomikd dedopéva kat va ovuvtovifetal pe Tov pnyaviopo tov Rok CSI mov

Ta pooTatevel kat AapPavel Ta avtiypaga ac@aleiag Toug.

+ Enexteivovpe tov Cluster Autoscaler wote va Aappdvet voyn tn xpnotpomnoinon
TOL AmoBNKEVTIKOV XWPOL OTaV ano@acilel va agatpéoet évav kOuPo, kabwg kot
va eAEYYEL AV VTIAPXEL APKETOG AmOONKEVTIKOG XWPOG 0€ AANOVG KOUPOVG Yla va

@ ofevroet ta Pods twv kOpUPwv mov okoTebEL VA aPatpéoeL.

 Emexteivovpe tov Cluster Autoscaler @ote va Aappdavet vtoyn tov dtabéotpuo a-
TOONKEVTIKO XWPO 0TOVG KOBOLG TTOL TTPOTOETEL KATA TO TNV KAILAKWOT) TTPOG
Ta avw, dedopévov OTL pia ovoTolyio pumopel va €xet Slapop@wiéves opddeg

KOUPwV pe StapopeTiko amodnkevTikd Xwpo.

« Emexteivovpe tov Cluster Autoscaler wote va unv agatpei KOUPoOLG {ag ovoTtol-
xlag ov umopei va Ppiokovrtatl o€ katdotaon Unready petd and kdmoto opaipa,
dedopévov 0Tt Ta Tomka dedopéva eakolovBovv va {ovv ekel kat evEexopévwg
ATIAULTOVVTAL EVEPYELEG ATIO TO SLAXELPLOTH TNG CLOTOLYIAG Yo TV AVAKTNOT and

aUTN TNV KATAOTAOT).

1.5 Aoun Ammwpatikng Epyaociag

To eAAnvikd Tupa TG SMAWUATIKAG aVTHG epyaociag amotelel pia oOvToun mepiAn-
Y1 Twv avtiotowyv ayyAikwv kegadaiov. Eve mtpoonabovpe va dwoovpe pia emapkn
ELKOVAL Ylot TO CUVOAO TNG epyaciag pag, kamoleg Aemtopépeleg kabwg kat ot mAnpelg

alyopiBpot mapaleimovrat, kat mapatiBevtal Hovo 0To ayyAlkod TUfpa TG epyaciog.

Ta endpeva kepdhata Tov EAANVIKOD TUAHATOG TNG epyaaciag, opyavwvovtal wg e&ng:

« X210 Kegahato 2 mapéxovpe to Oewpntiko vofabpo mov eivar amapaitnto yla

Vol KATAVOTOEL O AVAYVWOTNG TNV Epyacia pag.

« 210 KegdAato 3 avalvovpe tov oxedtaoud tov Kubernetes Scheduler xat tov
Cluster Autoscaler, ekO¢Tovpe TUAHATA TOV UNXAVIOHOD TOVG Kal TPOTEIVOLLE
oxeSlaoTikég alhay£g yla va kataoTel Suvath 1 anpOOKOTTN AELTOVPYia TOVG (e

TOTUKN HOVIUN amoBnkevon.
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« Y10 KegdAaio 4 avalbovpe tnv vAomoinon tov oxeStacuol Hog.

« 210 Kegalato 5 mapéyovpe pia mepidnyn twv cuvelogopwv pag kabwg kat miba-

VEG neAovTikéG katevBvvoels.



YrnopPabpo

2e autd To KePdhalo mapabéTovpe To anapaitnto BewpnTikd vtoPabpo ya TV Kata-

VONOTN TWV KEVIPIKWV 8DV TNG SIMAWUATIKAG epyaoiag.

2.1 H E§eA&n g Apxitektovikng Twv Egapuoywv

H dnpotikétnta Twv pkpodnnpeotdv kat Tov containerization €xet ekpayei ta TeAev-
Taia xpovia. H avdykn yia KAHAKOVHEVEG EQAPUOYEG TTOV AVATITVOCOVTAL EVKOAA, £XEL
odNYNoeL 0TV £YKATAAELYT) TWV HOVOALDIKDV apXITEKTOVIKWDY, OOV OAEG ot Stadikaoi-
€6 elval oTeva ovvedepéveg Kat EKTEAOVVTAL WG [La EViaia VTN PeTia, TPog 6QeA0G TwV
pikpovmnpeotwy. Ot PKpoUTNPeieg etval [a ApXITEKTOVIKT] KAl OPYAVWTIKY TPOCEY-
yton otnv avantuén AoyLoputkov, Oov To AOYLOWKO amoTeAeital amod pikpég avelaptn-

TEG VIINPECIEG TTOV EMKOLVWVOVV UEOW KaAd oplopévwy APIs.

H tpéxovoa tdomn tng Propnyaviag avagpopikd pe TiG pKkpoimnpeoieg eivat n) xprjon Tov
containerization yLa Tnv mapoxn HKPOTEPWY, EVIAIWY AEITOVPYIKWY HOVASWY, OL OTIOLEG
ovvepyalovtat peta&d Tovg yla t Snpiovpyia eVEMKTWY EMEKTAGIUWY e@appoywy. To
containerization eivat fia HOPQT EIKOVIKOTIOINGTG OTIOV Ol EQAPHOYEG EKTEAOVVTAL OF
ATIOPOVWUEVOVG XWPOLG XPNOTWY, TToL ovopdfovtal container, evw XpNOLLOTOLOVV TO
(010 kotvoxpnoTo Aettovpytko ocvotnpa. Eva container eivat ovolaoTika €éva mApeg ov-
OKEVAGEVO Kot QopnTO LTTOAOYLOTIKO TiepaAlov. Ola doa xpetdleTal pia epappoyn
yta va ekteleotel —0 Suadikog kwdikag, PLPAtodnkeg, apxeia puBpicewv kat e§aptroeig-

elval eVowpaTwUéva Kal amopovwéva oTo container.
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Container
Monolith Microservices Containers Orchestration

!>

Ixfpa 2.1: Ao povohibikés epapuoyés, oTis pikpoinypeoics, ot containers T omoia
SwyepiCetar évag Container Orchestrator

H extetapévn xprion twv containers, £€xel 00nyNHoeL 0TNV AVAYKI QUTOUATOTOINONG TNG
avantuéng kat tng Staxeipiong tovg. H evopyxrotpwon containers givat 1 aUTOHATOTOL-
non ¢ mpoomnadelag mov amauteital yla TNV eKTEAEOT QOpPTiWY Epyaciog oe container
KaL VTN Pectwv. AvTo mepthapBavet Eva evpd PACHA EVEPYELWY TIOL XpetdfovTal oL Opd-
deg Aoylopkod yia va Staxelptotovv tov kbkho {wr|g vog container, cvpnepthapfavo-
HEVNG TNG TTAPOXNG, TNG AVATITVENG, TNG KAHAKWONG, TNG SIKTOWONG, TNG e§looppOTN-

OnNG QOPTIOV KATL.

MeTa&b twv Stapdpwy evopxnoTpwtdv containers, o Kubernetes givat ) o Snpo@iiig
Abon kat TAéov anotelei To Propnxaviko mpdtumo. Exovrag apyukd Eekivioet and tnv
Google, o Kubernetes eivat piio gopntn, eMeKTAOIN, aAvOLXTOV KWOIKA TAATQOpUA Yia
™ Stayeipion Twv containerized pOpTWYV epyaciag kaL LINPECLWV, TTOL SlEVKOADVEL TOGO

TN SNAWTIKY TAPAUETPOTIOINOT] TOVG, OCO Kal TNV AUTOHATOTOINOT) TwV SladikaoLwy.

O Kubernetes enevepyei o€ pia ovatotyia vtoAoylotwy. Mia cvoTotxia eivat €va oOvo-
Ao amd punxavég - KOPPovg yla TNy EKTENEOT) EQAPUOYWDV TTOL TIEPLEXOVTAL O€ containers.
H ovoToryia eivat n) kapdid Tov Kubernetes kat og avtiiv ogeiletat To facikd Tov mAe-
OVEKTNa: 1] SLVATOTNTA TPOYPAUUATIOHOV Ko EKTEAEOTG containers ¢ i opdda pn-
XAvVWY, eiTe AVTEG elval QUOLKEG, €ITE EIKOVIKEG, eiTe on-premise 1) 0€ KATOLO VITOAOY!L-

OTIKO VEQOG.

2.2 Kubernetes: Baokég apxég

O Kubernetes givau €vag evopxnotpwtrg container avorytod kwdika. AvantdxOnke
apylka eowteptkd and tnv Google. And to 2014, omdTe Kat £ytve AOYLOUKO avoLToV

kdStka, o Kubernetes éxet e€ehixBei o€ éva amod ta peyalvrepa kat o Snuo@ihr épya
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(I (I (I

Desired Current Desired Current
state Watch State state Watch State

loop loop

2xnua 2.2: O Bpoyos reconciliation Tov Kubernetes

avolytob kwdika oTov koopo. Exel yivet to mpoétumo API yia tn diayeipion cloud-native
eQAPUOYDV, He TTapovaia oxedov o€ kdbe vTOAOYIOTIKO VEQOG. ITapéxel To AOYLOIKO
7OV eival amapaitnTo yla TV emTuXr avantvdn kat Stayeipton aglomotwy, kKApakov-

HEVWYV, KATAVEUNUEVWY CLOTNHATWY.

O Kubernetes kaBtotd tn Staxeipton tov kukAov {wng Twv epappoywv mov Pacifovrtal
o€ containers oAV 1o €0KOAN, péow NG dnAwTikng Staxeiptong Tng emBvUNTAG KATA-
otaong NG ovototiag. ExkOétel éva oxvupo SnAwtikd API, o omoio ot mpoypappaTtt-
OTEG LTTOPODV VAL X PTOLUOTIOCOVV YL VAL TIEPLYPAYOUV TNV EMOVUNTT KATACTAOT LG
epapuoyng oe 6povg Pods, Services, k.Am. kat ot eheyktég Tov Kubernetes Oa exteAé-
O0OVV AUPECA EVEPYELEG VLA VA PEPOVV TNV TIAPATNPOVUEVT] KATACTAOT TOV CLOTHHATOG

oty embopntn Katdotaon.

2.2.1 H Apyirektovikn tov Kubernetes

Mia ovototyia Kubernetes amoteleital and éva gvvolo unxavav epyaciag, mov ovopd-
Covtat kopPot, ot omoiot ekteAovv containerized epappoyés. Kabe ovotoiyio Stabétel
ToLAdyLoTOV €vay koupo epyaciag. Ot koupot epyaoiog grlogevobdv ta Pods, Ta omoi-
a givat n pkpoTepn povada goptiov epyaociag. To eminedo eAéyyov Staxetpiletal Tovg
kopPovg epyaciag kat Ta Pods otn ovototia. Ze meptpaAAovta mapaywyng, To emi-
nedo eAéyyov exteAeital ovvhBwg o TOANOVG VTTOAOYLOTES Kat pia ovaTolyia ovvhBwg
Aettovpyei pe ToOANOVG KOUPOVG, TTapéxovTag avoxn oe opalpata kat VYnArn Stabeot-

HoTnTA.
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Kubernetes Control Plane

kube-controller
manager

cloud-controller
manager

kube-api-server

I kube-scheduler

N e e e e e e

Zxnua 2.3: H apyitektovikr Tov Kubernetes
2.2.2 To API tov Kubernetes

O nuprvag tov emmédov eAéyyov Tov Kubernetes eivat o API Server. O API Server
ek0étel éva HTTP API nov emitpénel 6tovg TeMkoDG XprioTeG, oe Stagopa THRIHTA
NG GLOTOLYIAG KAl 08 §WTEPIKOVG OTOLKELA Va ETIKOVWYOLV peTafd touvg. To API tov
Kubernetes emtpénet otov xpriotn va voPdlet epwtripata kat va xepifetat Ty Ka-
tdotaon Twv avtikelpévwv API otov Kubernetes (yia mapadetypa: Pods, Namespaces,

ConfigMaps kat Events).
O Kubernetes xpnotponotei yevika tnv kotvr) opohoyia RESTful yia va meprypdyet Tig

£¢vvoleg tov API:

« 'Evag tdmog mopov eivan to dvopa ov xpnotpomnoteitar otn StevOvvon URL (Pods,

Namespaces, Services).

OMot ot TOTTOL TOPWYV €XOVV pLa CLYKEKPIUEVT avamapdoTtact (To oxfpa Tov a-
VTIKEiPeEVO TOVG) 1) oToia ovopaletat iog.

« Mia AioTa amo instances evog TOPOUL ivat yvwoTr wg cvAloys.

Eva pepovopévo instance evog TOmov mdpov ovopdletat mdpog, Kat Emiong ov-

VIOwg avTIMPoowWTEVEL VA AVTIKEIEVO.

Zxedov OMoL oL TUTOL TOPWV AVTIKEIHEVWY VTToaTNpilovy Ta TuTtkd pripata HTTP - GET,
POST, PUT, PATCH kat DELETE. O Kubernetes xpnoipomnotei emiong ta 8ikd tov prjpata, Ta
omoia oL VA YpdpovTal fe (ukpd ypdppata ya va ta Stakpiver and ta prpata HTTP. To

Kubernetes xpnotpomnotei tov 6po “list” yla va meptypdyel Ty emoTpo@r| piag cuAAoyng
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TOPWV Kat va 1) SLakpiveL amod TNV avakTnon evOg LEHOVWIEVOL TTOPOL TTOL OVOHAGETAL

ovviBwg “get”.

OMot ot TOMoL MOpwV eivat ite cluster-scoped and eite oe £va namespace.

2.2.3 Ta Avtikeipeva tov Kubernetes

Ta avnikeipeva Tov Kubernetes eivat povipeg ovtotnteg oto ovotnua. O Kubernetes
XPNOLUOTIOLEL AVTEG TIG OVTOTNTEG YlAL VA AVATIAPLOTA TNV KATAOTAOT TNG ovoTOLXiag

00G. ZUYKEKPLHEVA, AVTA UTTOPOVY VA TIEPLYPAYOLV:

o Tloteg containerized epappoyég ektehobvTal Kat o€ TOLOVG KOUPOVG.
» Tovg mopovg mov eivat Slabéotlol oe AVTES TIG EPAPHOYES.
o Tig moATIKEG YOPW ATIO TOV TPOTIO CUUTEPLPOPAS AVTWV TWV EPAPUOYDY, OTIWG

oL TOAITIKEG emavekkiviong, avaBadpioeilg kat avoxn oe o@dApata.

Eva avtikeipevo Kubernetes eivau pia “kataypagr ¢ mpobeons”. MO évag Xpriotng
Snpovpynoet to avrtikeipevo, To ovotnua tov Kubernetes epydletat Stapkwg yla va
Stao@alilel tnv VA& TOL Kat va PépeL TO oVOTNHA 0TV EMOVUNTH KATAOTACT] TTOV

éxeL SnAwoet o xproTNg.

2.2.3.1 To Avtikeipevo Pod

‘Eva Pod avtimpoowmnevel piia ANy amod containers eQaploywy Kat TOVG TOHOVG TOVG,
Tov Tpéxovv oto idlo meptBaiiov extéleong. Ta Pods, kau dxt Ta containers, eivat n p-
KpOTEPT HOVASA POPTIOL EPYAOIAG IOV UITOPEL VO EQAPUOTEL O XPTOTNG OFE LA GLOTOL-
xia Tov Kubernetes. Avto onpaivet 6Tt OAa ta containers oe éva Pod katalniyovv mavta
oto i8to unxavnua. Kdbe container péoa ot éva Pod tpéyel oo dikd Tov cgroup, aAla
Hotpdlovrtat évav aptBud namespaces tov Linux. Ot epappoyég mov ektehodvTal 0To
i0to Pod popaovtal tny idta SievBuvon IP kat tov idto xwpo Bupwv (xwpog ovoud-
TwV SIKTVOV), £x0vV TO 1610 hostname (UTS namespace) kat pmopolv va eMKOLVWVOUV
XPTOLHOTIOLWVTAG EYYEVT) KavAALa eKovwviag ueta&d Siepyaotwv péow System V IPC
1 POSIX ovpég pnvopatwv (IPC namespace). Q0T000, 0L €QapoyEG o€ SLaQOPETIKA
Pods eivat amopovopéveg petagd toug - €xovv Stapopetikég StevBuvaoerg IP, Stagpopeti-

kd hostnames, KA.
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Mn xpovodpopoloynowa Pods O xpovodpopoloyntng Tng cvoTtotyiag eivat vmev-
Buvog ya v avaBeon evog kopPov yua to Pod, wote va tpéel oe avtov. Avtd yi-
vetat pe Tov kaboptopod tov mediov spec.nodeName tov Pod. Edv o xpovodpopoo-
YNt anotvyxavet va Ppet éva uépog yla va tpé€et to Pod, Bétel To PodScheduled
PodCondition og False kat To reason o Unschedulable. Eva pun xpovodpopohoyn-

otpog Pod mapapével otn @don Pending.

Y10 mhaioto tng Simhwpatikng epyaoiag, Oa avagepopaote oe éva Pod mov Sev unopeoe

va xpovodpopoloynOei wg “un ypovodpouoroynoiuo Pod”

Artijpata mopwv kat 0pta Ot VTOAOYLOTIKOL TTOPOL gival HETPTOLEG TTOCOHTNTEG IOV

uropovv va {ntndoby, va kataveunBovyv, kat va katavaiwdovv.

O xpriotng pmopei va kabopioet Ta artpata (requests) kat ta Opta (limits) Topwv yia
kaBe container tov Pod. O xpovoSpopoAoynTrg XpMOLHOTOLEL TAL ALTAHATA Yia Va o
nogaocioel og molov kOopPo Ba tomobetnoet To Pod. To dpia evog container, xpnotpo-
nolovvTat ano6 to kubelet, To omoio Ta emPalAel, £T0L wOTE TO TPéXOV container va un
XPTOOTIOLOEL LeYAADTEPT) TOCOTITA TOV TOPOL ATIO TO OPLO TIOV EXEL OPIOEL O XPTIOTNG
otig podtaypagég tov Pod. To kubelet e§aopalilet emiong 6Tt yia o kabe container Oa
Sabétet TNV MoodTNTA TWV TTOPWV TIOL authONKe. Edv 0 kOpPog oTov omoio ekteheital
éva Pod éxel apketn) moooTnTa VOGS TOPOL dabéatun, eivat Suvato (kat emTpémeTat) é-
va container va xprnoLomnoLoeL TepLocOTEPO TOPO amtd O, TL 0pileL TO aiTd TOV yia TOV
ev Aoyw mdpo. QoTO00, €va container dev eMITPEMETAL VA X PT|OLUOTIOOEL TEPLOCOTEPN

TOCOTNTA ATTO TO OPLO TWV TOPWYV TOV.

Listing 2.1: Aitjuata kou dpix Tov container evog Pod

apiVersion: vl
kind: Pod
metadata:

name: a-pod
spec:

containers:

- name: app

image: nginx

resources:

requests:
memory: *100M”
cpu: ~200m”

limits:
memory: 150M”
cpu: ~500m”
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2.2.3.2 To Avtikeipevo Node

O Kubernetes extelei To goptio epyaciag tonobetwvtag Pods yia va tpé€ovv oe kop-
Bovc. Evag koppog pmopel va eival pia £IKOVIKT 1) QLOLKI UNXAVT], AVAAOYA e TT) OV-
otouyia. KaBe koppog Sraxetpiletat and 1o eninedo eAEyXov, TOL TePLEXEL TIG VTN PEDIES
TIOL gival amapaitnTeg yla Tnv ektéAeon twv Pods. Evag kopfog mov €xet eyypagei o

ovototxia Tov Kubernetes avanapiotatat pe éva Node avtikeipevo.

Node taints  Ta taints kot Ta tolerations eivat £vag unxaviopog mov pmopei va xpnotpo-
nonOei ya va Stao@ariotei 6Tt Ta Pods dev tomobetovvtat oe akatdAAnlovg kopupous.
Ta taints mpootiBevtal otovg KOPPOLG, evw Ta tolerations opilovtatl oTig TpoSiaypagés
tov Pod. Otav évag xpnotng Padet taint oe évav kopfo, avtod Ba anwbei OAa ta Pods
€KTOG amd ekelva ov €xovv tolerations yia To ovykekpipévo taint. Evag kopBog pmopei

va éxet éva 1 ToANd taints ov oxetiCovrat pe avtov.

Node allocatable Qg allocatable evog kOpBov opiletat n TOCOTNTA TWV VTTOAOYLOTL-
K@V TOpwv Tov eivat dtabéatpot yia ta Pods. Ot cuvolikoi mopot (xwpnTikdTnTa) £VOG

KOpPov umopovv va katnyoptomotnovv oe:

o kube-reserved: deopevpévol mdpot yia Tovg daipoves Tov cvotrpatog kubernetes
omwc to kubelet, To container runtime, k.AT.

+ system-reserved: deopevpévol TOpOL yla Saioveg TOV AELTOVPYIKOD CLOTHA-
TO¢, Otwc To ssh, To udevd, kKA.

« eviction-threshold: kaBopilel Ta Opia mov evepyomnolovv Tig e§waoelg Pods o-
TV 0L TOPOL TWV KOUPwWV TEGOVV KATW amd Tr SeOUEVHEVT TIUT.

+ allocatable: ot evamopeivavteg mopot KOPPwv mov eivat dtabéapot yia tn xpo-

vodpopoAroynon Twv Pods.

Node status  Kd0Oe avtikeipevo Node €xet €évav subresource /status mov vrodetkvoet
Vv katdotaotn Tov koppov. H katdotaon nepiéxet moAamhég ovvOnkeg ya tov koppo

Kkat Sayelpifetat amd tov Node controller.

2to mhaioto tov Cluster Autoscaler kat Tov Scheduler, évag kopBog Oewpeital “Unready”

av:
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‘Exet o medio Pod. spec.unschedulable. Avto to medio VTOSEIKVVEL OTL O KO-

Bog dev déxetat véa Pods.

To avtikeipevo Tov kOpPov dev el kapia ovvOnKkn TOTOL Ready.

Ynapyet pa ovvOrkn TOmov Ready kat ) katdotaot g eival False.

Mia ovvOnkn tOmov DiskPressure 1} PIDPressure 1 NetworkUnavailable pe

TNV avtioTolXn KaTdoTaoT TOL va €XeL OpLOTEL 0€ True. exists.

Ot vmodoumot kopPot Bewpovvtat “Ready”

‘Evag koppog mov dev pmopei va dextei pods, Ba avagépetat wg “un ypovodpoporoyn-

o1pog” koupog.

2.2.3.3 To Avtikeipevo PodDisruptionBudget

‘Eva PodDisruptionBudget (PDB) mepiopiet tov aptBuod twv Pods piag replicated e-
Qappoyng mov puropovv va TeBovv ekToOG AetTovpyiag TaVTOXpOVA ATIO EKOVOLEG SLaKo-
nég. o to mapdaderypa, éva web front end pnopei va 0¢let va Stacpalioet 6TL o aptBuog
TWV AVTLYPAPWYV TIOL EUTINPETOVV TO POPTIO SeV TEPTEL TTOTE KATW ATIO £VAL GLYKEKPL-

LEVO TTOGOOTO TOL GLVOAO.

‘Eva PDB kaBopilet tov aptBuod twv avtypdewy mov pmopei va avexBei va éxet pa epap-
HoYT), 08 oxéom e Tov aplBpod mov mpoopifetat va €xet. Ia mapdderypa, évaDeployment
nov éxeL Béoel . spec.replicas: 5vnotiBetat ot mpémel va éxel 5 Pods ava maoa otiy-
. E&v to PDB tov emutpémet va vrapxovv 4 kabe gopd, tote 1o Eviction API Ba emi-

Tpéyel ebelovTikn Stakomr) evog (aAlhd oxt 6vo) Pod kabe gopa.

2.2.3.4 To Avtikeipevo Deployment

‘Evag avtikeipevo Deployment e§aogalile 6Tt évag ovykekpipevog aptOuog Pod replicas
ekteleital ava mdoa otrypr. Me ala AoyLa, éva Deployment Stao@alilet 0Tt éva Pod
1| €va opotoyevég ovvoAo Pods eivat mévta og Aettovpyia kat Stabéorpo. Eav vapxovv
neploootepa Pods and 6oa {nrovvtal, Ba okoTwoel ueptkd. Av vrdpxovv Atydtepa, o

Kubernetes Oa dnuiovpynoet npoécBeta Pods.
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2.2.3.5 To Avtikeipevo DaemonSet

‘Evag avtikeipevo DaemonSet (DS) Stao@alilet 6Tt OAot ot kOpBot ekTeEAOVV éva avTi-
ypago evog Pod. Kabwg ot xoppot mpootiBevtar otn ovototyia, mpootibBevrar Pods
oe avtovs. Kabwg ot kopPot agapovvtat amod tn ovotoryia, avtd ta Pods yivovtau

garbage collect. H Staypagrn evog DaemonSet 6a agatpéoet ta Pods mov dnpodpynoe.

2.2.3.6 To Avtikeipevo PersistentVolumeClaim

Eva avtikeipevo PersistentVolumeClaim (PVC, 1) ioodbvapa avagépetat wg claim)
aAvanaploTd Eva aitnpa evog xprotn yla anodnkevtikd xwpo. Ta PVCs umopoiv va {n-
TIHO0VV CUYKEKPLUEVO [EYEDOG xwpov alhd kat TpOTOVG IPOTBaong, T.X., ReadWriteOnce,

ReadOnlyMany 1} ReadWriteMany, K.Am.

2.2.3.7 To Avtikeipevo PersistentVolume

‘Eva PersistentVolume (PV, 1} .codvvapa avagépetal wg TOH0G) avamaploTd TOHO TOV
amofnkevTiKov xwpov oTn cvoTotyia Tov €xel Statebel oTaTIKA AN évav SlaxelploTn
1 Suvapuka pe ™ xpnon khdoewv anobrkevong. Ta PVs éxouv évav kvkho {wng ave-
EaptnTo and kabe pepovwpévo Pod mov xpnotpomnotei to PV. Avto o avtikeipevo API
ATOTUTIWVEL TIG AEMTOUEPELEG TOV DAOTIOINONG TOL amoBnKevTIKOD XWpov, eite TPOKeL-

Tau yra NES, iSCSI, eite yia éva ovykekpipévo ovotnua anodrikevong.

Aé¢opevon  Ta PVCseivar artiioetg yra mopovg anobnkevong - kdBe PVC deopevetan oe
éva PV mov taupradet pe to {nrodpevo moood anobkevong kat Tovg Tpomous TpdoPacng
tov PVC. Kdfe PV Seopevetat oe éva povo PVC kat avtiotpoga. H déopevon petald
Tovg eivat ap@idpopn. Eva PV Ba mapapeiver adéopevto €wg 0TOL avTioTOXIOTEL OF

¢va PVC.

Node Affinity KaBe avtikeipevo PersistentVolume €xa éva node affinity, mov vmo-
detkviel Tov KOUPOVG Ad TOVG OTOIOVG gival TPOGPACLHOG O avTioToL oG TOpoG. To
nodeAffinity medio, eivat évav emAOYEAG ETIKETWY, O OTOI0G EMAEYEL KOUBOVG e Pd-

ON TIG ETIKETEG TOVG,.



18 KED®AAAIO 2. YIIOBA®PO

Pod —>» PersistentVolumeClaim
A Unbound PV
bi-directional
binding
Y
PersistentVolume PersistentVolume

Persistent
Storage

Persistent
Storage

Exnua 2.4: Eva Pod {ntd évav 1o ypnowomoidvrag éva PVC kat 1o PVC deopevetar
oe éva PV. To avtikeipevo PV amoOyketel TiG AeMTOUEPELEG I TO VTTOKEIUEVO KOUUKT!
Uoviuns amoByxevong.

To node affinity evog PV xpnowpomnoteital pe tov akohovbo tpomo yla va vrodeifet ot

évag TOHOG elval TOTKOG o€ £vav kopupo:

1. O 0dnyodg amobrkevong opiCet oe kabe avtikeipevo Node (ua ovadikn TKETA.
2. O 0dnyog anobnkevong Bétet To avtiotoryo node affinity Tov PV va taipiadet

HOVO e TN HovadIKn eTKETA TOV KOPPOV.

2.2.3.8 To Avtikeipevo StorageClass

‘Eva StorageClass eivat évag mopog Tov Kubernetes mov emtpémnel tn) Suvapikn mapoyxr
Topwv. O Saxelptotng puBpilet Tig mapapétpovg tov StorageClass. ‘Eva StorageClass
TapéxeL Evav TPOTO 0TOVG SLAXELPLOTEG VA TTEPLYPAYOLV TIG “kAdoELs amobnkevong” mov

T(POCPEPOLYV.

2.2.4 To Eviction API

Katé ) Staypaen evog mopov otov Kubernetes, o API Server Oa Balet éva deletion-
Timestamp 010 avTikeipevo ToL TOPOV, kat av dev vrapyovv finalizers 6To avTikeipevo,

To avtikeipevo Oa agaipedei amo tov API Server.

v nepintwon twv Pods, ektdg and tnv kAaowkn Aettovpyia DELETE, o Kubernetes

npoo@épet Eva emmhéov API yia tnv évapén g Staypagrg Tov Pod: to Eviction APL
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H xOpla Stagopd pe T Aettovpyia delete, eivat 0ti ot ekdiwéels pe mpwtoPovAia tov API

o¢Povrtat ta puOuiopéva PodDisruptionBudgets kat terminationGracePeriodSeconds.

Etot, edv évag xpniotng npoomadroet va exdiwéer ! éva Pod kat to avtiototxo PodDis-
ruptionBudget Sev emtpénet tn Statdpaln tov Pod, o Pod Sev Ba Saypagei. Avtifeta,
N ekTéNeon piag KAaotkng evépyetag DELETE, Ba agatpéoet o to Pod, ave&dptnrta anod

70 Tt 0piCet To PodDisruptionBudget.

2.2.5 Ot Awdikaoieg Cordon & Drain

To CLI epyaleio kubectl tov Kubernetes, emtpénet otov Xprotn va ekTeAei eVTONEG
ot ovotolxieg Kubernetes. To epyaleio emtpénel Tnv mApn Staxeiplon Twv oLOTOLWY.
AvO amo TIG To ONUAVTIKEG OladIKAoieG IOV XPTOILOTTOLOVVTAL YLa T CLVTNPNOT piog

ovoTolxiag ivat ot Aettovpyieg cordon kat drain.

Awdikaoia cordon H Sadwkacia cordon, n onoia mpoogépetat and to CLI epyalei-
o kubectl, xapaxtnpiCet évav koupo wg un ypovodpopoloynoo. H emonuavon evog
KOUPOL wg pn xpovodpoporoynaotpov epmodifet Tov xpovodpopoloyntr va tomobetn-
oet véa Pods og avtdv Tov kOpBo, aAld Sev emmpedlet Ta vapyovta Pods oe avtov.
AvTo givatl XpriOLHO WG TIPOTAPACKEVATTIKO Pripal TPV altd TNV EMAVEKKIVIOT TOV KO-

Bov 1) &AAn epyacia ovvTrpnong.

O Suaxelplotng TG ovoTolyiag umopel va ektedéoel T Stadikacia cordon ektedwvTog
Vv evtoln kubectl cordon. To epyaleio poobétet o unschedulable taint > otov kop-

Po kat O¢tet emiong o medio nodes . spec.unschedulable o True.

Awdikaociadrain  H Stadwkacia drain xpnopomoleital yla THV amopdkpuvor Tov ¢op-
Tiov epyaciog and évav kOuPo, o€ MEPIMTWOT GLVTNPNONG TOL KOUPoL 1) Ot TepinTw-
on Tov évag Koppog mpémet va apaipedel eviedwg and éva cluster. H Aettovpyia a-
nootpdyytong Ba kavet cordon Tov kKOUPO Yl Vo TOV xapakTnpioel wg pn xpovodpo-
poloynotpo kat Ba ekduwéet pe aopdhela OAa ta Pods and tov koppo. Ot acealeig
ekdLwEelg emtpénovy ota containers tov Pod va teppatiocovv gracefully kat oé¢fovral

ta PodDisruptionBudgets mov €xel opioet o Xprjotng.

'Avagepopacte oty évvola eviction e Tov eAnviko 0po “exdiwén’
*Unschedulable taint: node. kubernetes.io/unschedulable:NoSchedule
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O Saxelptotng TG ovatotyiag pmopei va ektehéoel Tn Aettovpyia drain ektedwvTag Tnv
evToAn kubectl drain. Edv n evtohn emotpéyel emruxwg, onpaivet 0Tt OAa ta Pods
éxovv ekOuwxOei pe aopaleta, Tnpwvrag To PodDisruptionBudget mov éxet opiotei. X
OVVEXELQ, Elval ACQANEG VA TEPHATIOTEL O KOUPOG PE TNV ATEVEPYOTIOINOT| TNG PUOLKAG
TOV UNXAVAG 1), AV eKTEAEITAL € TAATPOPHA VTTOAOYLOTIKOD VEQPOUG, SlarypapovTag Tnv

ELKOVIKI] TOV UNXovn).

2.3 Kubernetes Admission Webhooks

Ta admission webhooks eivat HTTP callbacks mov Aapfavovv artripata etodoyng kot
KAVOLV KATL He avTd. Mmopovv va optotovy dvo tvmot admission webhooks: validating

admission webhook ko mutating admission webhook.

Toa mutating webhooks kaAovvtal TpwTa Kat HTOPOVV Va TPOTIOTOLTOVY AVTIKEIHEVA
nov anootéAlovtat atov API Server yia tnv entBoAn TpOCAPUOOHEVWY TIPOETIAOYWV.
A@ov oAokAnpwBohv OAeG OL TPOTOTIOLTELG AVTIKELUEVWY, KAL APOV TO ELOEPXOUEVO -
vTikeipevo emkvpwbel and tov API Server, kalovvtal Ta validating webhooks kat pmo-
POVV VA ATIOPPIYOVV AUTAHOELS YLt TNV ETILPOAT) CUYKEKPLUEVWV TIOATIKDOV AVAPOPLKA [UE

TOL AVTIKEIEVA IOV SnpovpyodvTal 0T oVOTOLXiaL.

O Suaxelptotng NG ovotolyiag pmopei va pvOpioet SuVAIKA TL TOPOL LTTOKELVTAL OE TTOLAL
webhooks péow twv avtikepévwy ValidatingWebhookConfiguration 1 Mutating-

WebhookConfiguration.

MutatingWebhookConfiguration Object KdafeMutatingWebhookConfiguration me-
ptéxet a Aiota pe webhooks, mov kaBopilovrat oto medio webhooks. Kabéva amod ta

webhooks mov opifovtat, mepthapBavet ta akohovBa media:

 rules: Mia AioTta kavévwv mov Xpnolponolovvtal yia va kaboplotel eav éva
aitnua mpog otov API Server Oa mpémnel va otaAei 6to webhook.

o failurePolicy: KaBopiCet tov tpomo pe tov omoio Ba xeipiotei o API Server
éva timeout error 1) omotodnmote dAANo o@dipa Tov webhook. Ot emitpendpeveg

TIHEG elvau Ignore 1) Fail.



2.4. KUBERNETES SCHEDULER 21

« namespaceSelector: KaBopilet eav Oa exteleotei To webhook oe éva avtikei-

evo BaoeL Tov namespace GTO OTIOLO AVIKEL.

2.4 Kubernetes Scheduler

2.4.1 Xpovodpoporoynon: Baowkég Apxég

IToAXamAoi xpovodpoporoyntés ‘Evag xpovodpopoloyntrg oe pia ovotoryia Kuber-
netes eivat €va ototyeio mov mapakolovdei yia mpoceata dnpovpynuéva Pods mov dev
éxovv avatebei oe kamotov kopPo. Ta k&be Pod mov o scheduler avaxkahvmtet, yivetat
vevOLVVOG yla TNV €VPEOT) TOL KAAVTEPOL KOUPOL yla To ovykekptuévo Pod yia va e-

KTENEOTEL

O kube-scheduler givat o mpoemileypévog xpovodpopoloyntng yia tov Kubernetes
Kat eKTeAeiTaL WG Pépog Tov emmédov eAéyxov. QoTdoo, eival mBavo va ektedovvTtal
noA\amAoi xpovoSpololoynTég o€ pia ovoTolyia. Xe avtr TNV mepintwon kabe Pod
npémnel va kabopioel 0To spec Tov To 6vopa Tov Xpovodpopoloynth ov Ba To Xetpt-
otei, 0¢Tovtag oto medio spec. schedulerName to dvopa Tov TpoTIHWeVOL scheduler.
Edv 1o Pod dev éxet opioet pntd to dvopa Tov xpovodpopohoyntr, To Pod Ba xpovo-

dpoporoynBei xpnoonoidvrag Tov mpoemAeyuévo xpovodpopoloyntr.

Eqwkroi kopuPor  Kdbe Pod €xet Stagopetikég anarrioets, m.x. CPU, pviun, mov emnn-
pedlovv o€ motovg kOuPovg pnopei va ekteleotel to Pod. Ot mapayovteg mov mpémel
va An@Bovv Loy yla TI§ AToPAcELS XpOVOSPOHOAOYNONG TtEptAapfAvovV aTOopIKOG
Kat CVANOYIKOUG TOPOVG, TEPLOPLOOL VAIKOV/AOYLOUIKOV/TTOAITIKNG, TIPOTIUNOELG Kol
un mpotnoeg KopPwy, tomkdtnTa dedopévwy, mapepfolég petaly goptiwv gpya-
otag, kAm. Ot koppotl mov MANPoLV TI§ anautnoelg xpovodpopoloynong ya éva Pod
ovopaovtat egiktoi kKOpPoL. Eav kavévag and tovg kopfoug ot cvototxia dev eiva
e@IkT0G, To Pod Oa mapapeivel uy ypovodpouoroynoipo, dnhadn dev Ba tov avatedei

KAToLoG kOpuPog yia va tpétet.

O mpoemileypévog xpovodpopohroyntrs tov Kubernetes emhéyet évav koppo ya 1o

Pod og pia dtadikacia 3 Bpdatwv:
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1. Filtering: o xpovodpopoloyntrg Bpiokel To 00VOAO Twv KOPPwV OTOVL €ival -
PIKTO va xpovodpopohroynbei to Pod. Extelei pua oetpd anod mpdobeta @idtpa-
piopartog, mov aftoloyodv av 1o Pod umopei va tonoBetndei otov e€etalopevo
kopPo. Ta to mapaderypa, to @idtpo “PodFitsResources” eAéyxet av €vag vmo-
Yoo kopPog éxet apketovg dabéatpovg mopovg (CPU, pvaun, GPU) yua va
KaAvyel Tig autnpata mopwv tov Pod. Evag kdpPog eival epiktdg eav Ola ta
npocbeta @idtpwv Bewpolv Tov kOUPO WG ePkTd yia To Pod. AvTd TO Pripa v-
moAoyiCet pa Mot kOpPwv pe katdAAnhovg (epktovg) koupovs. Av n Aiota
avTn eivat kevr), To Pod 8ev unopei va xpovodpopoloynBei oe kdmolov koupo
(un xpovodpopoloynotuo).

2. Scoring: o xpovodpopoloyntng amodidet pia fabuoloyia o kabe eikto kOpUPO
KAl TOVG KaTatdooet yia va emiAéget Tov 1o katdAAnAn tonoBétnon Pod.

3. Xt ovvéxela, o xpovodpopoloyntig avabétel o Pod otov koppo pe v vyn-
Aotepn Pabupoloyia. Edav vrapxovv meplioodtepol and évag koppot pe ion fabd-
poloyia, emAéyet Evav amod avtovg tuxaia. H avabeon to Pod o évav kopfo
yivetauw 0¢tovtag oto medio spec. nodeName tov Pod o 6vopa tov emheypévov

Koppov.

2.4.2 To IT\aicto Xpovodpoporoynong

To mAaioto xpovodpopoArdynong eivar pia pluggable apyitektovikn yia tov Kubernetes
Scheduler. ITpooBétet éva ovvolo and “npoodeta” APIs otov vapxovta xpovodpopo-
Aoyntr. Ta pooBeta petaylwttifovtal Kat givat EVOWHATWUEVA 0TOV XpOVOSpOUoAo-
ynt. Ta APIs emtpénovv Ta mePLOCOTEPA XAPAKTNPLOTIKA TNG XPOVOSPOHOAOYNONG
va vAomolovvtat wg mpdobeta, diatnpwvtag mapdAAnia Tov mupriva Tov xpovodpoyo-

Aoyntn eAa@pl Kat GuVTHPROLUO.

KokAog xpovodpoporoynong & kvkhog déapevong O xpovodpopoloyntng datnpel
ta ovpd pe Pods mov mepipuévovv va xpovodpopoloynBovv. Atakéyet éva Pod amo tnv
ovpd kat emixelpel va 1o xpovodpopoloynoel. Kabe npoonabeia xpovodpopordynong

evog Pod xwpiletar oe §vo @aoeig:

o« Kvxdog ypovoSpopoddynong: anogaciet évav koupo yia o Pod. OtkdkAot xpo-

vodpoporoynong dtagopetikwv Pods extedovvTal oglplakda.
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o Kbxlog éopevong: epapuolet avt tnyv andgaon ya to Pod ot ovotoryia. IToh-

Aamhoi kukAot déopevong ya StagopeTika Pods ektelovvtat mapdAAnia.

O kVOkA0OG XpovodpopoAdyNong Kat 0 KOUKAOG O£0UEVONG AvAPEPOVTAL GUVOALKA WG
“scheduling context”. 'Evag kbkAog xpovodpopoloynong 1 évag kvkAog déopevong pmo-
pel va Staxomei edv o Pod StamiotwOei 6Tt Sev pnopei va avatebei oe kavévay koppo
1 av vrdp&et kamolo ecwtepikd opaipa. To Pod Ba emotpéyetl oty ovpd avapovrg
Kat Oa yivel mpoomdBeta ek véov kamola emdpevn otiypn. Edv évag koklog déopevong
natatwBel, Ba evepyomowoet T péBodo Unreserve twv mpdobeTwv woTe va amelev-
BepwBovv TLXOV TOpOL oL €xoLV deopevTel Yo To Pod kal va avaoTtpagovv Tvxov

amo@acelg mov £xovv anotvnwbel oTn cvoToria.

To mhaioto xpovodpoporoynong ekBétet opiopéva onpeia enéktaong. Ta mpocbeta ey-
ypagovtat ya va kKAnBovv o€ éva 1} eplocoTepa and avtd ta onpeia enéktaons. Eva
npooeto pmopei va eyypagpel oe ToAamAd onueia enéktaong. Ta onueia eméktaong

napovotalovrat 6To Zxnpa 2.5.

|:> Extensible API

Pod Scheduling Context
Y4 N\

Bind Pod to
Node

>

Pick a Pod from
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Xxnua 2.5: Ta onueia eméktaons Tov mAaioiov ypovoSpopodoynons

To mAaioto Tov xpovodpopoloynth Tpoopépet Ta akoAovBa onueia emMéktaong, 6mov

KaBe mpoobeto umopel va kataywpnOet:

 Queue sort: Avtda ta mpocdeta xproomotovvTal yla TNy tagtvounon twv Pods
otnv ovpd tov scheduler. Eva npdoBeto ta&ivopunong ovpdg ovolaotika Oa ma-
péxeL pa less(podl, Pod2) ovvaptnon. Movo éva npocbBeto tavounong ov-

PAG UTTOPEL Va eival EVEPYOTIOLNUEVO.
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o PreFilter: Avtd ta mpdoBeta xpnoponotovvtal yia tnv npoenegepyaoio mAn-
poQopLdY oxeTikd pe o Pod, 1 yla va eAéy§ovv opiopéveg ouvOrkeg ov 1 ov-
ototxia 1 To Pod mpémnet va mAnpovv. Eva mpocbeto PreFilter 6a mpémet va vAo-
notei pua PreFilter pé@odo. Eav n PreFilter uéBodog emotpéyel opalpa, o khkhog

XPOVOSPOUOAOYNONG HATALWVETAL.

« Filter: Avtd ta mpoobBeta xpnotpomolodvTal yia To QLATpApLopa (amokAeLopo)
Twv KOUPwv Tov dev pmopovv va ektedécovy To Pod, kat tcodvvapa, yia Ty €v-
peon Twv kKOUPwv Tov propodv va @ihoevrioovv éva Pod (epiktoi koufor). Tia
k&Be kopupo, o xpovodpoporoyntrg Ba kaAéoet ta Filter mpdobeta pe n oepd
nov éxovv pvBuiotei. Eav kdmolo npdobeto Filter xapaxtnpioet Tov koéppo wg pn
eQIKTO, Ta VTOAoLa pocbeta dev Ba kKAnBovv yla Tov kopPo avtd. Ot kopPot
pmopovv va aftohoyodvtatl Tavtdxpova Kat, ovvenaws, éva Filter mpdobeto wrmo-

pei va kAnBel meploodTepeg amo ia popég oTov i61o khKAo Xpovodpopoldynong.

+ PostFilter: Avtd ta mpooBeta kalovvtal peta to Filter gdon, aAlda povo otav
dev BpéOnkav eguctoi kOuPot yia o Pod. Ta mpoobeta avtd kakovvtal pe N
puOuopévn oetpd tovg. Edv kdmoto amod ta mpdobeta PostFilter Oewprjoet tov
KopPo wg epiktd yia To Pod, ta vmoowma npocbeta dev Ba kKAnBovv. Mia Tumi-
KN epappoyn tov PostFilter eivau to preemption, mov mpoonadei va kataotnost

eQIKTN TN Xpovodpopordynon evog Pod e 1o va ekduwet dAAa Pods ano tov

Koppo.

+ PreScore: AvTo eival €va oneio EMEKTAOTG yla TO TNV EKTEAEOT) EPYACLWYV TIPO-
BaBuoroynong. Ta mpdobeta Ba kAnBovv pe pa Aiota kKOPPwv OV TEPATAV TN
@don Filter (e@uctoi koupot). Eva mpdobeto umopei va xpnotpomnotrost avtd ta
dedopéva ylo va eEVIIUEPWOEL TNV ECWTEPLKT KATAOTAOT) T} Vo Snpilovpynoet apyeia

KATAYpa@rG Kal va DTTOAOYioeL SLaQopeg HETPLKES.
e Scoring:

- H npatn @daon ovopdletal “score” kat xpnolHomoLeiTal yia TNV Katatagn
TwV KOPPwV IOV €XOVV TIEpAOEL TN P&on @LAtpapiopatog. O xpovodpoyo-
Aoyntng Ba kaAéoel T péBodo Score tov kdbe mpooBétov Pabuordynong

yta kaBe koppo.
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- H Sebtepn @don ovopdletat “normalize scoring” xat XprolloToLeiTAL Yia
Vv Tponomoinon Twv Pabuoloywv mpy o xpovodpopoloyntrg vitoAoyi-

o€t TNV TeAkn katatadn twv KOpPwv.

« Reserve: Eva mpocOeto mov vAomotel v eméktaon Reserve éxet dvo puebodovg,
ovyKekplpéva TIG Reserve kat Unreserve. Ta mpoofeta mov Statnpodv tnv ka-
taotaon ektéleong (stateful mpoobeta) Oa TpEMEL Vo XPNOLHOTIOLOVY AVTEG TIG
QACELG Yl VoL ELSOTIOLOVVTAL ATIO TOV XPOVOSPOHONOYNTN OTAVY OL TTOPOL O VA

KopPo deouebovtal kat amodeopevovtat yla €va ovuykekpuévo Pod.

H @don Reserve vmdpyel yla va anotpéyel cuvONKes avIaywvioHoy eV 0 Xpo-
vodpopoloyntng meptuével va metvxel ) déopevon. Exteleital mptv o xpovodpo-
pohoyntng Seopevoel mpaypatikd éva Pod otov kaBopiopévo koppo. H pébodog

Reserve pmopei va emitvxel 1] va amoTtOXeL.

Edv n pébodog Reserve OAwv Twv mpdobetwv ototxeiwv meTOXeL, 1) pdorn Reserve
Oewpeital eMTLYNG KAl TO VITOAOLTO TOV KUKAOVL XpOvOoSPOUOAdYNOoNG Katl 0 KO-

KAog déopevong ekTelodvVTAL.

Av pia kArjon g pedodov Reserve evog mpooBETov amoTOXEL, T EMOUEVA TIPO-
oBeta Sev extedovvTtal kat 1) don Reserve Bewpeitar anotvxnuévn. Tote, o xpo-
vodpoporoyntng Oa kaAéoel T @don Unreserve. H Unreserve @don vapyet
yla va kaBapioet Tnv katdotaon mov oxeTiCetal pe Tig deopevoels evog Pod. Otav
ovpPaivet avto, oL peBodot Unreserve OAwv Twv Reserve mpooBétwy Oa extele-

OTOVV e TNV avTioTpoQn Oelpd amod avTn Twv kKAfoewv Twv pefddwv Reserve.

o Permit: Avtd ta mpooBeta xpnotpomolodvTal yla va anotpéyouy 1 va kabvote-
prioovv 11 déopevon evog Pod. Ta mpooBeta Permit extedodvTal wg to Tedev-
Taio Pripa VoG KOKAOV XpOVOSPOHOAOYNOTG, WOTOCO 1 AVAUOVT) 0TI @AoT TNG
&detag ovpPaivel kKatd Ty apxn evog KOKAOv S¢opevong, TpLY eKTEAECTODV Ta

npooBeta PreBind.

2.4.3 ToIIpooOeto VolumeBinding

To npdobeto VolumeBinding eivan éva mpooBeto tov Kubernetes Scheduler mov Se-

opevel Tovg Topovg Pod kata tn xpovodpoporoynon. To npdobeto VolumeBinding
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eivau eyyeypappuévo ota PreFilter, Filter, PreBind, Reserve, Unreserve onueia enékta-

ong Tov MAaLgiov xpovodpopoldynong.

ISwaitepo evlagépov 0To mAaiolo TG Tapovoag SIMAWRATIKNG epyaciag Tapovotalovy
ot PreFilter, Filter, PreBind @daoeig tov mpoaBetov, enopévwg enyodue edw ev ovvtopia

TG Aettovpyieg mov Aappdvovy xwpa:

o PreFilter: eAéyxetav amd ta PVCs ov avagépet to Pod, ta PVC pe “immediate”
binding mode, eivatr deopevpéva pe kamowo PV. Edv dev ikavomoteitat avtr 1
ovvOnKN, EMOTPEPETAL TQANpAL.

o Filter: afloloyei av éva Pod pnopei va tonoBetnBei oe évav kopfo, Bacet twv

TOpWV 1oV (NTd, TO0O0 yla Ta deopevpéva 600 kat ya ta pun deopevpéva PVC:

- T ta Seopevpéva PVC, eléyxel 6t To PV tov kabe PVC eivan mpooPdotpo
(Baoet Toy node affinity mov @épet) anod tov eetalouevo kopPo.

- Ta ta un deopevuéva PVC, npoonabel va Ppet Stabéotpa PVs mov prmopodv
va IKavomoloovy Tig anattnoelg tov PVC kat mov eivatl mpooBaotpa (Pdoet
tov node affinity Toug) and tov e€etalopevo koppo. Eav dev Ppet katd-
Anha PVs, avalapfaver va evnpepwoet pe Ta kat@AAnla annotations tov
001NY0, WOTE VA Yivel SUVAULIKE TAPOXT) TWV TOHWY.

- Eav eivat evepyomomnpévn n mapakorovdnon g xwpnrikotntag amodrn-
KEVOTG, EAEYXEL €AV LTIAPXEL APKETOG XWPOG Stabéotpog amd tov kopBo yia
TOVG TOHOVG Trov TTPETeL va dnpitovpynbovv oto ovotnpa arnobrnkevong.

- To npdoBeto emoTpéel true av Ola ta deopevpéva PVC €xovv ovufatd
PV pe tov koppo kat av 6Aa ta pn deopevpéva PVC purmopodv va avtiotot-
xtotobv pe éva Stabéopo kat mpooPdoipo and tov koppo PV 1 av ta un
deopevpéva pmopovv va dnpovpynbovv duvapikd kat va avTioToLoToOV

ev ovvexeia pe 1o avriototyo PV (dynamic provision).

« PreBind: H PreBind péBodog 6a evnuepwoet tov API Server pe tig deopevoelg
(bindings) mov vtoAdytoe ota mponyovpeva Prpata kat Ba mepiuével Ewg GTov
o eAeykTr PersistentVolume oloxAnpwoet mAnpwg tn déopevon (bidirectional
binding PV-PVC). Edv n 8éopevon napovaotaoet odlpa, AnEet o xpovog 1 avai-
pebei, ToTe Oa epaviotel éva opdalpa kat to Pod Ba emotpagei otnv ovpa ya

va emavain@bei n xpovodpopoloynon.
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2.5 Kubernetes Cluster Autoscaler

Yrapyovv 3 dtagopetikoi TOMOL aTOUATNG KAldKwong oTtov Kubernetes:

o Cluster Autoscaler (Autoscaler): pvOuiCet tov aptBpo Twv kopPwv otn cvoTtoryia
otav ta Pods anmotvyxavovv va xpovodpopohroynBovv 1 6tav ot koppot voxpn-
OLHOTIOLOVVTALL.

+ Horizontal Pod Autoscaler (HPA): pvBuiCet tov aptBuo (replicas) twv avtiypd-
QWYV ULAG EQAPHIOYNG TIOL TPEXOVV 0T oLOTOLXIA.

o Vertical Pod Autoscaler (VPA): mpocappoCel Tovg artopeVovg mopovs Kat Ta

Opla Twv TOpWV Twv container evog Pod.

Zto mhaioto avtrg TG StmAwpaTikhG epyaciag ov{ntape povo yua tov Cluster Autoscaler.
O Cluster Autoscaler mpocappolet to péyeBog g ovototxiog tov Kubernetes pe Baon
TOVG OPOLG 1oV artobvTal and ta Pods kat 1o mT0coaTd aglomoinong Twv Tépwv Tov
kaBe kopPov otn ovotoryia. O Cluster Autoscaler mpooBétel 1) agaipei avtopaTA KOU-
Povg oe pa ovoTtotyia pe Paon ta artipata topwv anod ta Pods. Xe kapio mepintwon
dev petpdet {ovrava Tig Tipég xpnong e CPU kat Tng pvrpng tov Pod yia va AaPet
LI ATOPAoT] KALUAKWONG, AAAE, avT avTol Baciletal AmOKAELOTIKA 0T AULTHHAT TOV

Pod yia CPU kot pviyun.

2.5.1 Avtoparn KApdkwon: Baowkég Apxég

Edv vrapxovv Pods otn ovotoikia mov dev pndpeoav va xpovodpopoloynbovv amno
tov Scheduler, (Bpiokovtal oe katdotaon Pending), o Autoscaler Ba mpooBéoet évav
véo kopfo ot ovatotyia yia va fondnoet to Pod va tpé€el. Avtrn evépyeta ovopadetal
“kApdkwon mpog Ta mavw” (scale-up) Tng cvoTtotxiag. MoAig mpootebei o kOpPPog 0N

ovoTtotyia, o Scheduler 6a avaBéoet To Pod otov koupo avtd ka Oa tpé€et.

Edv vrapyovv kopfot otn ovatoiyia mov Sev xpetalovtal, o Autoscaler Ba agatpéoet
auTolG TOVG KOUPOVG. AT 1 evépyeta OvVopAaeTal “KAHAKWON TTPOG Ta KATw” (scale-

down) tng ovoToryiag.

TG enopeveg mapaypapoug Oa eEnynoovpe Tig faoctkés apxég Aettovpyiag tov Autoscaler.
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2.5.2 Awdwkacia Khipakwong IIpog Ta ITavw

O Autoscaler eXéyyel meplodikd yia Tvxov Pods mov dev pmopodv va xpovodpoporoyn-
Bovv (katdotaon Pending) kat, eav vapxovy, mpoonabei va Bpet évav véo koupo pe

emapkeig mopovg ov Ba propovoav va tonobetnBodv yia va tpé€ouv.

2. Cluster Autoscaler requests node

P Cluster _ﬂ

1. Pods are in a pending state / Autoscaler \\ 3. New node is provisioned

Node // \\R» Node
LN

Pod ) Pod ¥ ,-"I
Node Node /
poa1 [ posz | . | Weeat ez .

4. Pods are scheduled on new node

Ixnua 2.6: Awxdikaoio kAipdkwons Tov Autoscaler

O Autoscaler vto0étet 611 1 LTOKEIEVN GVOTOL AL amoTEAEiTAL AO KATTOLAL €81 OpLAS WV
KopPwv. Méoa og pia opdda kopPwv, OAot ot kopPot £xovv TNV idta toodtnTa CPU Kat
HVIIUNG Kat éxovuv To i8to avvolo ekxwpnuévwy etiketwv. Etot, avdvovtag to péyebog
piag opadag kopPwv Ba Snuiovpynoet pia véa unxavr mov Ba eivat TapopoLa pe avTég

mov Bpiokovtat Ndn oTn ovoToLyia.

Me Baon v napanavw tapadoyxr, o Cluster Autoscaler Snuiovpyel mtpdTLTIA KOPPOVS
yta kaBe opdda kKOUPwVY Kat eXEYXeL av KATOLo amod Ta un xpovodpopoloynotpa Pods Ba
Xwpovoe oe £vav véo KOpPo g opddag. Eav petd and avtr tnv a§loAdynon vrdpyouvv
ToOANamA£G opddeg kKOpPwv Tov, eav avEnbovv, Ba Ponbodoav otny ektéleon Twv un
xpovodpopoloynopwv Pod, umopodv va e@appootody SLagopeTikég OTPATNYIKEG Yia

v emhoyn TG opadag kouPwv g onoiag to mMAN00g kOpPwv Ba avindei.
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2.5.3  Awdwkacia KAhpdxkwong Ilpog Ta Katw

O Autoscaler eAéyxet meptodikd, vmd TNy mpodnobeon OtTL dev amouteitar KApAKwon
TPOG Ta VW, Tolot kKOpPot dev eivat amapaitntot. Evag koppog Bewpeital un anapai-

TNTOG TIPOG APaALpPEDT) OTAV LOXVOVY OAEG OL TAPAKATW CLVONKEG:

« To dBpotopa twv autfoewv CPU kot pviung 6Awv twv Pods mov ektelovvtat
o€ aVTOV ToV KOUPo eival LikpdTEPO amo To 50% Twv daTibépevwy TOpwv TOv
kopBov (o koupog voxpnotponoteitat). To kKaTwPAL ALTO gival TPOCAPUOCLHO.

+ ‘OAa ta Pods mov ektedobvTat 6Ttov KOpPo Hmopovv va petaktvnBoiv oe dAlovg
kopPovg. Kata tov éheyxo avtng TG ouvOnkng, ot véeg Béoelg OAwV Twv peta-
Kivovpevov Pods amopvrnpovevovtal. Me avto tov tpomo, o Cluster Autoscaler
yvwpilet mob pmopet va petaktvnOei kabe Pod kat motot kopPot e&aptwvtal anod

molovg dAAovg koppovg doov agopd TN petakivinon Pod.

Edv évag koppog eivar un anapaitntog yla meplocodtepo and 10 Aentd (mpooapudoin
didpkela), Oa teppatiotei ka Ba apaipebei and ) ovotorgia. O Cluster Autoscaler
Teppatifet évav un kevo kOpPo kdbe popd yla va petboet Tov kivduvo Snutovpyiag un
xpovodpopoloynopwv Pods. Ot dderor koupot (koppot mov tpéxovv povo DaemonSet

Pods) pmopovv va teppatiotovv padikd.

Ortav teppatifetal £vag un kevog kopPog, omwe avapépOnke mapamdvw, Oa ta Pods
Oa mpémet va petagepBodv aklov. O Autoscaler emtvyxavel va petakiviioet ta Pods

aAlov wg e&ng:

1. Znuewwvet Tov kOpPo otov API Server wg pn xpovodpopoloyrotpo (Sev emitpé-

netal va xpovodpoporoyndovv Pods oe avtov).

2. Twa kdBe Pod tov xoppov, otéhvel aitnua ekdiwéng otov API Server.

2.6 To Container Storage Interface

To Container Storage Interface (CSI) eivau éva mpdtumo yia v €xbeon ovotnuatwv
block amobnkevong kal ovotnuatwv anobrikevong apxeiwv oe goptia gpyaciag mov

Tp€XoLV o€ containers, Ta omoia Staxetpiletat évag evopxnotpwtiig containers (Container
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Orchestrator - COs) 6nwg o Kubernetes. Xpnotpomotwvtag to CSI ot mdpoxot amodn-
KEVOTG TPITWV UITOPOVV VA YpAYOLY Kal va avantvaoovy plugins mov ekBétovv véa
ovothpata anoBnkevong otov Kubernetes xwpig moté va xpelaotei va ayyifovv tov

Paokd kwdika Tov Kubernetes.

2.6.1 Apyirektovikny CSI Odnywv

‘Evag CO alnAemdpd pe éva CSI driver Plugin péow kAnoewv amopakpuopévwyv dia-

dwaowwv (RPC). Kabe CSI driver anoteAeitat and ta akohovba plugins:

» Node Plugin: Eva gRPC endpoint mov e§unnpetei CSI RPCs mov xpetdletat va
eKTEAEOTOVV 0TOV KOpUPO O1oL Ba Snpoctevtei o TOHOG oL {nTeital.
« Controller Plugin: Eva gRPC endpoint mov e§umnpetei CSI RPCs mov pnopovv

Va EKTEAEGTOVV OTIOVSTTOTE.

CreateVolume DeleteVolume
X > CREATED >
A
Controller Controller
Publish Unpublish
Volume Volume
Y
NODE_READY
A
Node Node
Stage Unstage
Volume Volume
Y
VOL_READY
Node Node
Publish Unpublish
Volume Volume
Y
VOL_READY

Ixnua 2.7: O kvkdog (wihs evés Suvauixd Snuiovpyoduevov Topov, amd T Snuiovpyia

uéxpr ™ Siypagr] Tov

2.6.2 CSI Remote Procedure

To Container Storage Interface opiCet 1i¢ RPCs mov xpnowonotei £€vag evopxnotpwrig

containers pokelpévov va aAAnAemidpdoel pe Tov odnyo anodnkevong. Kdbe pio anod

Calls
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Ti¢ RPCs eivan pia idempotent Aettovpyia. H oepd pe tnv omoia pmopodv va ekdo-
Bovv ot kAfoelg mapovotaletal oto Xxnua 2.7. H Niota twv Stabéopuwy RPCs eival n

axkoAovOn:

» CreateVolume: O external provisioner vitopaAlet avtr) v RPC oto CSI Controller
service, {nTwvTag Tov va mapéxet Evav véo TOpo yla évav xpnotn. Eav to mpo-
oBeto Oev eivat oe B¢on va ohokAnpwoel Tnv CreateVolume pe emtvyia, Tpémet

va emotpéyet €va non-OK gRPC code.

IStaitepo evdia@épov 0To TAQICLO TNG TapovOoag SIMAWUATIKNG Epyaoiag Tapov-
o1alet 0 RESOURCE_EXHAUSTED kwdtkdg. Me avtov Tov Kwdiko, vrtodeikviel O-
Tt 8ev pmopei va mapdoxeL TOV alTovpevo TOUO He Tovg kaboplopévoug meplo-
PLOLOVG TOTIOAOYIAG, EVEEXOUEVIWG AOYW AVETIAPKOVG XWPNTIKOTHTAG amodrkev-

ongG.

« ControllerPublishVolume: O external attacher vmoPdaAAet avtr tnv RPC oto
CSI Controller service 6tav o Kubernetes 0¢\et va tomoBetnoet éva goptio ep-
yaoiag mov xpnotponotel tov (110n provisioned) topo oe éva koppo. To mpoobeto
Oa mpémel va exteAéoel TNV anapaitnTn epyaocia yla va KataoTrioel Tov Topo dia-

O¢o10 01O oLYKEKPLEVO KOUPO.

+ NodeStageVolume: To kubelet vtopdAAet avtr v RPC oto CSI Node service 6-
Tav 0 TOHOG TpOKeLTal va xprotponotndei and to mpwto Pod otov kopPo. Ilpémet
va eKTeEAeiTAL HOVO PETA TNV eTTUXT ekTéNeoT) TG NodePublishVolume. Ovota-
OTIKA XprolpomoLeitatl yia va popgomotndei o TOpog kat va mpooaptnOei oe éva

staging directory Tov koppov.

 NodePublishVolume: To kubelet vtopaAler avtr Tnv RPC oto CSI Node service
otav éva Pod &ekvd va ekteleitat og évav koppo. OvolaoTika mpooaptd Tov

Top0 oToV Katdhoyo Tov Pod.

» NodeUnpublishVolume: To kubelet vmopdAAetavti Tnv RPC oto CSI Node service
yla va avalpoeL Ty epyacia mov £xet yiveramo tnv avtiototyn NodePublishVolume.

OvoLaoTIKA ATOTPOCAPTA TOV TOHO and To katdloyo Tov Pod.

» NodeUnstageVolume: To kubelet vtofaiAet avtr) Tnv RPC mpog tov CSI Node
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service yla va avaipéoel Tnv gpyacia tov avriototyov NodeStageVolume. Ov-

OlAOTIKA, ATTOTIPOCAPTA TOV TOHO altd TOV KatdAoyo staging Tov koppov.

» ControllerUnpublishVolume: O external attacher vmoPdaAAet avt Tnv RPC
oto CSI Controller service yia va ekteAéoel TIG pyacieg Tov eival amapaitnteg
Yot Vo KATAoTIOEL TOV TOHO ETOLHO va katavalwOei amod évav dtapopetikd kopu-
Bo. Avtn 1 kArjon avaipel kdBe epyacia mov éxel yivel ano Tnv

encoControllerPublishVolume.

o DeleteVolume: O external provisioner vitopaAlet avtr) tnv RPC oto CSI Controller
service yla va Katapynoet tnv mapoxn evog topov. Eival n avtiotpoen Aettovp-

yia TG CreateVolume.

2.7 Awxeipion Aoywkwv Topwv

H Siayeipion Aoytkwv TOpwV emTpENEL TO GUVOVACHO TOAATAWY HEUOVWHEVWY OKAN-
pav diokwv fi/kal katatunoewv diokov oe pia eviaia opdda TOpWV. AvTr 1) opdda TO-
LoV propei oTn ovvéxeta va vrodiatpedel oe Aoytkovg Topovg (LV) 1y va xpnotpomornOet
WG €Vag EVIAOG TOHOG. ZTT CUVEXELR, UTTOPOLV va Snpuovpyndoly ovothpata apxeiwy,

onwg EXT3 1) EXT4, o¢ kaBe Aoyko topo.

O Swaxetptotng Aoyikwv topwv (LVM) etodyet éva emumAéov eminedo petadd Twv guot-

K@V SloKWV Kal TOV CVOTHIATOG APXEIWV EMTPETOVTOG OTA GCLOTHHATA ApXEiwWV va:

o AMalovv péyefog kat va petakivodvTal eDKoAa, Xwpig va amatteitat Stakortr
™G Aettovpyiag o€ OAo To chOTNA.

« XpnoLOTOLOVV ACVVEXT] TUNHATA XWPOL 0TO Si0KO.

+ 'Exovv ovotwdn ovopata yla Tovg TOpovG, avti yla ta ovvnOiopéva kpumtoypa-
PUEVA OVOUATA CUOKEVWYV.

« Emexteivovtat oe moAamhobg guotkovg Siokovg.

To LVM amoteleital and pepikd evvolohoytka eminmeda, OMwG 0 PUOIKOG TOHOG, O Ao-
YIKOG TOHOG Kat Ta ovoTthpata apxeiwyv. Ta evvolodoyikd emimeda amoteAovvTal e TN
O€LpA TOVG ATIO UIKPOTEPEG HOVASEG OTIWG Ol PUOLKEG EKTAOELG (OTNV TEPIMTWON TWV

QUOLIKWV TOHWV) Kol Ot AOYIKEG EKTAOELG (OTNV TEPIMTWOT TWV AOYIKOV TOUWV).
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ZuoTnua Apxeiwv ZuoTnua Apxeiwv
Noyikog Topog Noyik6g Topog
Opada Topwv
Puoikog Topog ®Duoik6g Topog LRI
Tépog
A
Alapépiopa

A

2kAnpog Aiokog 2kAnpog Aiokog 2kAnpog Aiokog

Ixnua 2.8: Ta emimeda 4G Stexyeipions Aoyikav Topwy

o Dvowkog Topog: Kabe puotkog topog umopel va eival €va Stapépiopa Siokov,

oAoxAnpog diokog, pia peta-ovokevr 1| éva loopback apyeio.

o Opada Topwv: Mia opdda TOP®Y CLYKEVTPWVEL [tat GVAAOYT amd Aoylkovg TO-
{LOVG KLl UOIKOVG TOHOVG ot pia Stotkntiky povada. H opdda topwv xwpiletat
o opadeg otabepov peyébovg mov amokalobvtal Quotkég ektaoelg. Ot opnadeg
TOUWVY AmOTEAODVTAL ATIO PUOLKOVG TOHOVG, T OTIOLA LLE TT) OELPE TOVG ATTOTEAOV-

VTAL ATO PUOIKEG EKTACELG.

o Aoykog Topog: Evag Aoykdg Topog eivatl To evvoloAoyLko looSVVAO [iag KaTd-
Tunong diokov o€ éva pun-LVM ovotnua. OtAoyikoi TOHOL eival GVOKeVEG LTTAOK
ol omoieg SnuIoVPYoLVTAL AT TIG PLOLKEG EKTAOELG TTOV LTIAPXOLY OTNV idta o-

Hada TOpWY.

2.8 To Aoyiopko Rok tng Arrikto

To Rok mapéxet éva eminedo diayeipiong dedopévav mov kabiotd duvatd yua Tovg Xpn-
0TeG va Snuovpyodv OTLyOTLTIA TWwV containers TOuG yLo TOTIKA Kat e§WTEPIKA avTi-
ypaga ac@aleiog, va Aappdavovy avarloiwTa, Opadikd CUVETT OTIYUOTUTIO TWV EQAp-
HOYWV TOVG Kat va Statnpovv auTd Ta OTIYUOTUTA 0€ éva anmofeTrplo avItypdewy a-

o@aleiag, T.X. 010 Amazon S3. Emitpénel 0Tovg XprjoTeG va SnLovpyovV OTIYULOTUTA,
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ekOO0ELG, TTAKETA, Va SLAVELOLY Kat Vo KAwVOTOLoOY To TN peg mieptaAlov Toug padi
pe ta dedopéva tov. Eival eyyevwg evowpatwuévo pe to Kubernetes wg pio anod tig

VOO TNPLLOUEVEG TTAATPOPLEG TOV.

2.8.1 O Rok Operator

Ot ovototyieg Rok ocvvodevovtal and to Rok operator, éva otolxeio mTov VAOTOLEL TOV
Kubernetes operator pattern kau Staxetpiletar tn ovotoiyia. O Rok Operator mapaxo-
AovOei To rokCluster Custom Resource kat ekTeAel 0TTOLEGONTIOTE EVEPYELEG ATTAUTOV-

VTAL yla va QEPEL TNV KATAOTAOT TNG OVOTOLXiaG 0TO emOLUNT KATAoTAO.

O xetprotng Rok eivat vmebBuvog —petadd AAAwvV- yla TNV €yKATdoTaAoT TOV TIPOYPAL-
natog odnynong Rok CSI otn ovototyia, kabwg kat ya tr Staxeiplon Tov punxaviopov
npootaciag dedopévwv Rok CSI (Rok CSI Guards), tov onoio Ba e§nyroovpe oto enod-

Hevo ke@dahaito.

2.8.2 To Xvotnpa AnoBnkevong tov Rok

To ovotnpa anoBnikevong tov Rok cvykevipwvel Tovg Stabéotpovg Tomkovg diokovg
NVMe nov eivat mpooaptnuévol o évav kOppo kat xpnoomotwvtag to LVM, tovg
OVYKEVTPWVEL O€ pia eviaia opdda TOHwY, Tov avagépetat wg “Rok VG”. To Rok VG

elvatl 0 xwpog amobnkevong am’ Tov onoio mapéxovtal ot Topot Tov Rok.

O o0dnyog amobrikevong g Rok evowpatwvetar pe tov Kubernetes vhonowwvtag to
Container Storage Interface. ®@a avagepopaote atov 0dnyd anodrikevong g Rok wg
10 “Rok CSI”. To Rok CSI akolovBei tnv apyitektovikr twv CSI plugins kat eykabiota-

Taw 0T ovoTtotyia pe Ta akolovBa avrikeipeva Tov Kubernetes:

o ¢va DaemonSet, mov extelel oe kaBe kOpBo to Mpocbeto CSI Node (oo €€rig
avagépetal wg “Rok CSI Node”). To Rok CSI Node Siaxetpiletal tnv mapoyr

(dnuovpyia) kat tn dtaxeiplon Twv TomKWV TOHWY o€ KAbe kopPo.

o ¢va StatefulSet, mov exteAei o€ évav omotovdnmote kopBo To podcbeto CSI Controller,

(o710 e&ng avagépetat wg “Rok CSI Controller”).
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Yxediaon

e autd TO KEPANALO, TTEPLYPAPOLUE TO OXESLAOHO Kal TOvg aAyopibupovg mov kabo-
pifovv ™ Aertovpyia tov Cluster Autoscaler kat tov Scheduler, emonpaivovpe Tig v-
Tapxovoeg eEANelYeLG OGOV apopd TNV TOTIKN anobnkevon dedopévwy Kal TpoTeivovle
oxedla0TIKEG PEATIOOELG Yia Vo KATAOTEL dLVATN 1 aMPOOKOTTH Xpovodpopoloynon

KAl QUTOATH KALLAKWOT) OTAV XPTOLLOTOLODVTAL TOTILKOL LOVIHOL TOUOL

3.1 Z2xedraotikn Aoywkn kat Zroxot

Ztdxog pag eivat va emekteivovpe Tov Kubernetes Scheduler kot tov Kubernetes Cluster
Autoscaler €101 OOTE Vo AELTOVPYOVV ATPOCKOTTA HE QOPTia epyaciog oV Xpnotyo-

TIOLOVV TOHOVG [E TOTIKO ATOONKEVTIKO XWPO.

[Tio ovykekpIUEVA, OKOTIEVOVE:

o Na enexteivovpe tov Kubernetes Scheduler wote va Aappdvet vtoyn tov tnv
amofnkevtikn tkavotnta kdbe kouPov kat va dpopoloyel Ta Pods oe koupovg
TIoL €x0VV emapkr] eEAevBePO amoBNKeLTIKO XWPO Yl Vo PLAOEEVIIOOVY TOVG TO-
{ovg mov {ntdet to k&be Pod.

o Na enekteivovpe Tov Cluster Autoscaler wote va ektehei KALdKwOT TPOG TA KA-
T TV KOPPwv mov ektehodv Pods mov xpnoiponolovv Tomkovg Topovg anodrn-
Kevong, e§acgalifovtag 6Tt dnpovpyodvrat avtiypaga acaleiag twv dedoué-
VoV Tpty and T dtaypa@r) Tov kOuPov amod T oVOTOLYiA, TPOKELHEVOL VoL avaL-

ktnBovv apyotepa oe évav SLapopeTiko Koupo.

37
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+ Na enexteivovpe Tov Cluster Autoscaler yia va ehéyxet av vrdpyet apketog dia-
B¢otpog anodnkevTtikdg xwpog oe AAovg kOpPoug yia ) @thoevia Twv TOUwWY
evog Pod mov ekteleitau og £vav koppo, 6tav o koupog aftoloyeitar yia peiwon
™G KAIHAKAG.

+ Naenekteivovpe tov Cluster Autoscaler doTe kKatd TV KAPAKWOT TTPOG TA TAVW
va Aappdvet vTOYN TV ATOONKEVTIKN XWPNTIKOTNTA TWV KOUPWV OV TIPOCTDE-
TeL 0€ {ia ovoTolyia Kal va emA£yel Tov KatdAAnAo tomo kopBov mov dabétet

EMOPKT) TOTIK XWPNTIKOTNTA AmoOfKevVoN.

3.2 O Mnxaviopog Tomkwv Topwv tov Rok

Ta tomkd Sedopéva mov (ovv oe €vav kopPo xpetdlovtat éva pnxaviopo ya t n-
Hovpyia avtypdewv acpaleiog edv o kOuPog mpokettal va apalpedei and tn cvoTtol-

xia, Stapopetikd ta dedopéva Ba xaBobv kat dev Ba eivat Suvatn n avaktnon Tovg.

To Rok vAomoLel €vav Unaviopo OV EMTPETEL TN HETAKIVIOT TOHWV HETAED TWV KO-
Bwv kOuPwv pag ovotorxiog. Aftomotel éva efwtepikd ovoTNA amodrikevong, OTwWS
70 S3 ™G Amazon, yia TN dnpovpyia avTypd@wv ac@aleiag TwV TOMKOV TOHWY Kat
Sbvatat va Tovg avaktioet og onolovdnmote Ao koppo, epdoov {ntndei. To Rok amno-
KaAei T Stadikaoia petakivnong evog TomikoL TOUoL 0To S3 w¢ “unpinning” TOL TOUOVL
Kat 1 Stadikacia emavagopdg Twv dedopévwy evog TopoL anod To S3 oe £vav KOpBo wg
‘pinning” tov Topov. Ieprypdpovpe avtov ToV pnxaviopd ot peyalvtepo Babog otnv

EVOTNTA TTOVL aKOAOVOEL.

3.2.1 Pinning kot Unpinning twv Tomkwv Topwv Tov Rok

Otav dnovpyeitat évag Tomikog TOHOG o€ Evav kOuPo, To avtioTolyo PersistentVolume
avtikeipevo otov API Server mov avamnaploté tov Topo Stabétet éva medio node affinity,
T0 omoio kaBopilet Tovg kOUPOVG amd TOVG OTOIOVG eivatl TTPOTPAactpog o TOUOG. Ztnv
TEPIMTWOT) TOV TOTIKOV amodnkevTikol xwpov, To node affinity Tov topov opiletar -
TOL WOTE va EMAEYEL HOVO TOV KOPBO oTOV 0Toio PpiokovTat Tomikd Ta dedopéva Tov

TOOV.

To Rok ewodyet tnv €€ opoloyia:
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o Pinned PV:'Eva PV mov avtimpoowmnevel évav Topo tov omoiov ta dedopéva {ouv
ToTKA 0Tov KOpuPo. Avto 1o PV Swabétel node affinity yia va vmodeikvoet ot
elvat mpoofaotpo poévo and Tov ovykekpLuévo kopPo.

o Unpinned PV:'Eva PV mov avtimpoownevel £vav TOHO Tov omoiov ta dedopéva
BpiokovTav mponyovpévwg Tomikd, aAld MAéov éxovv petapepOei 0to Amazon
S3. To node affinity Tov PV eivat kevo yia va vtodetkviet 0Tt eivat mpoofaotpo
and kabe kopPo g ovotoiiag. O xpovodpoporoyntng Oa Bewprioel avtd TO
PV wg mpooPdoipo and kabe koppo kat, cvvenwg, dev Oa meplopioel T xpovo-
Spopordynon tov avtiototyov Pod otov koppo omov ta dedopéva odoav mpon-

YOUHEVWG.

‘Eva pinned PV umopei va yivet unpinned pe tn diadikaoia tov unpinning. 'Eva unpinned
PV unopei va yivet pinned pe t Stadkacia tov pinning. Evag topog pnopei va aAllaket
a6 pinned o unpinned kot avTioTPOPA TOANEG QOPES, EMUTPEMOVTAG OVOLACTIKA GTOV

TOpO va peTaktvnOei oe SlagopeTikovg kOUPovg TG cvoToLxiag 00eg popeg xpetaleTat.

To Rok, kat ovykekpipéva o eheyktng Rok CSI, vAomotei Tov akolovBo punxaviopo:

1. ITapakolovBei T ovoToryia yia va Ppet kopPoug mov eivat unschedulable.

2. Bpioket Tovg TOpOVG 08 KdOe pn Xpovodpopoloynotpo koppo mov dev xpnotpo-
notovvTat anod kavéva Pod.

3. Exxuwvei tn dadikaoio unpinning twv Topwv avtwv: Snuiovpyel pe anodoTiko
Tpomo snapshots Twv dedopévwy Tov TOpHOL 0TO Amazon S3.

4. Agaipei o node affinity and to PV. Ag onpewwbei 611 To medio nodeAffinity
evog PV eivan apetdPAnto kat yia va Eemepaotel avtog o meploplopog, to Rok

daypaget o PV kat To avadnpovpyei otrypaia.
To Rok vAomotei Tov akoAovBo pnyaviopd yia to pinning evog PV:

1. Oxpovodpoporoyntngxpovodpopoloyei éva Pod mov avagépetal oto unpinned
PV (péow tov PVC tov).

2. O eleykTng attachDetach tov Kubernetes dnuiovpyei éva avtikeipevo
VolumeAttachment yia va onpatodotrioet otov external attacher va mpooapti-
O€L TOV TOHO OTOV KOpo.

3. O external attacher PAénel To VolumeAttachment kat otélvet pia kAron Con-

trollerPublishVolume otov eAeyktr Rok CSI.
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4. O eheyktng Tov Rok CSI dnpovpyei évav Aoytko topo otov Rok VG kat emava-
@épet Ta dedopéva and To Amazon S3 6Tov Aoyikod Topo.

5. O eheyktng Tov Rok CSI Bétet To katdAAnho node affinity oto PV wote va vmo-
detkvoel 0T eivau TPooPdoipo pHovo amd Tov kKOUPO 0TOV OToi0 £YLVE 1) AVAKTNON

TOV TOHOV.

3.2.2 O Mnxaviopog Ilpootaciag Tomkwv Topwv tov Rok

Ta epyaleia ovvtipnong kat avaBaduiong tov Kubernetes BaociCovtal otn Stadkacia
drain. OvolaoTikd, mpLy and omotadnmoTe evépyela yla TNV agaipeon N avaBaduion
€vog Koppov otn ovotolxia, Ta gpyaleia k&vovv drain tov kopBo (kubectl drain),
woTte va emonuavBei wg unschedulable kat va ekSiwEovv pe acpdleta OAa ta Pods tov
kopPov. O idiog o Cluster Autoscaler, xpnotpomotei emiong tn Aettovpyia drain mptv ano

Vv a@aipeorn evog koppov.

To Rok Stabétet évav unxaviopo mpokelpévov va StevkoAvvet Tig avaBaduioelg pag ov-
ototxiag kat va Stac@alioet 6Tt ot kopPol dev agatpodvTal T and TN Snuovpyia

OTIYHOTUTIWV OAWV TWV TOTIUKWY TOHWY.

O unxaviopog alomotei Pods pe kataAnAa PodDisruptionBudgets yia va pmhokapet
v ekdindn Tovg. Oco anotvyxdvet To eviction evog Pod, i Aettovpyia drain amotvy-

x&vet. O unxaviopog Aettovpyei wg e&ng:

1. O Rok Operator dnutovpyei éva avtikeipevo Deployment yia kOe kopfo ot ov-
ototxia. To Deployment tov kafe kopfov dnpovpyei axpifws éva replica Pod,
T0 omoio Stabétet node affinity mov Tauptdlet LoOvo otov ovykekpipévo kopBo. To
Rok ovopdget avtd ta Pods “CSI Guard Pod”, kabwg guldocovv tov amodnkev-
TIKO XWPO TOL KOpPov.

2. O Rok Operator dnpiovpyei éva avtikeigevo PodDisruptionBudget yia kdbe
Rok CSI Guard Deployment. To PodDisruptionBudget anattei oe kdBe otryun
va vrdpyet TovAdxiotov €va Rok CSI Guard Pod tov Deployment. Me avto tov
Tpomo, 600 vrdpxet To PodDisruptionBudget, to eviction Tov avtiotogov Rok
CSI Guar Pod 0a amotvyxavet.

3. H dwadikaoia drain yapaxtnpilet tov koupo wg unschedulable kat Eexiva tnv ex-

Siwér Twv Pods tov kouPov. H exdiwén tov CSI Guard amotvyxdvet Adoyw Tov
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PodDisruptionBudget.

4. O Rok Operator, eAéyxet av OAot ot Tomikoi topot Rok otov unschedulable képpo
gxovv yivetunpinned. Av oxvet avth n ovvOnkn, agapei to PodDisruptionBudget
nov avtiototyel oto CSI Guard tov kopPov.

5. E@ooov to PDB agaipéBnke, emtvyxavet n exdinén tov Rok CSI Guard Pod tov

KopBov kat 1 Stadikacia drain ohokAnpwveTaL EMTLXWG.

3.3 Kubernetes Scheduler

Ze auThV TNV evOTNTa, Ba TapovaLdoovpe GuVOTTIKA TN TpéXovoa oxediaon Tov Kubernetes
Scheduler, Oa emonpdvovpe Tig eAAeiyelg mov vtapxovv kat Ba mpoteivovpe PeATiwoelg

TIOV EMAVOVY TOVG TPEXOVTEG TTEPLOPLOUOVG.

3.3.1 ToIIpooBeto VolumeBinding

o AOyovg ovvTopiag, 0to EAANVIKO Turpa TNG SIMAWRATIKNAG TTapovotd{ovpe povo
oxediaon tng Filter kat tng PreBind gaong tov mpoobétov, kabwg oxetiletat dpeca
HE TIG TIPOTELVOEVEG eMeKTAOELS. [la TNV avalvTikr apovoiaon Twv voloinmwy ¢a-
OgwV TOL TIPooBETOL, Umopeite va avatpé€eTe 0TO AVTIOTOLXO ayyAKO KePAAaLo, OTNV

evotnra 3.3.1.

PreFilter ®don

Filter: afohoyei av éva Pod pmopei va tomoBetnBei oe évav kopupo, Baocet twv toOpwv

7oL {NTd, 00 yia Ta deopevpéva 000 kat yia ta pn Seopevpéva PVC:

o Tata deouevpéva PVC, eléyxet 0tLTo PV Tov kdBe PVC eivar mpooPaotpo (Baoet
toy node affinity mov @épet) ano tov e€etalopevo koupo.

o Ta ta un deopevuéva PVC, npoonadei va Ppet Stabéoipa PVs mov pmopodv va t-
Kavomotnoovy TG anatroelg Tov PVC kat mov eivat mpooBaotpa (Pdoet tov node
affinity tovg) amno tov efetalopevo kopfo. Ta PVCs yia ta onoia Sev katagepe

va Bpet katdAAnha PVs, Ba ta anokalovpe epe&ng “PVCs to provision”.
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o Tia k&Be PVC to provision, eAéyxeL av 1 StorageClass tov PVC vrootnpilet
Suvapikr Tapoxn Kat av VITAPXEL ApKeTh XwpnTKOTNTa anobikevong mpooPaoct-
un ano tov koppo. Eav oxi, o Pod dev pmopei va avatebei otov koppo. Avto

elvat o Pripa 61OV 1 YwpnTiKdTNTA amodrkevong Aappdvetat vTOY.

H tpéxovoa vAomoinon tov xpovodpoporoyntr, EAEYXEL AV LTIAPXEL APKETH XWPNTL-
kotnTa ya kdbe PVC to provision, kalwvtag tn péBodo hasEnough() pe éva povo
PVC wg eicodo. Zntéd and tov API Server oha Ta avtikeipeva CSIStorageCapacity.
Kat eEAéyyxel av kdmolo and avtd taplalel pe To StorageClass tov PVC, eivau mpo-
oPaotpo and tov e&eTalopevo KOUBO Kal 1] avVAPEPOUEVT] XWPNTIKOTNTA TOV AVTIKEL-
Hévov eival peyavtepn and ) {nrodpevn xwpntikoétnta tov PVC. Eav éva tétolo
CSIStorageCapacity vmapxet, VITapXeL APKETOG XWPOG 0TOV KOUPO yla Tr Suvapikn ma-

poxn topov ya to e€etalopevo PVC.

Eivat onpavtiko va emonpdvovpe ot dev edeyyxel av vmapyel amoOnkevtikog xwpog

ovvoAkd yta 6Aa Ta PVCs, aAlé povo av 1o kdBe PVC xwplotd xwpdet og £vav kopo.

PreBind ®aon

H ¢don PreBind exteleitat apod o xpovodpopoloyntng éxet emAéget Evav kOupo yla

70 Pod.

[a kaBe éva anod ta un Seopevpéva: PVC mov to mpoobeto Pprike éva katdAAnio PV
Katd tn Stapketa NG @aong Filter, Oa evnuepwoet tov API Server pe tn 8éopevon,
dnhadn, Ba evnpepwoet To avtiototyo PV wote va deixvel oto PVC, kat 0Tn ovvéyela,

o eheyktng Kubernetes PersistentVolume Oa ohokAnpwaoet Tnv apgidpopn déopevon.

[a kaBe éva anod ta PVCs to provision, Ba evnuepwoet ta avtiototya PVCs otov API
Server pe 1o “selected node annotation” ' yia va onpatodotroet otov external pro-
visioner 0Tt évag TOpoG Y To PVC mpémetl va SnpovpynBel duvapikd oe éva tunipa

Tomoloyiag mov eivat mpooPaotpo and Tov KOpBo mov VITodelKVLEL | ONpEiwOT).

21 ovvéxela, To Tpocbeto Ba kdvel poll tov API Server éwg 6tov OAa Ta PVCs deopev-
tovv PVs. Edv to selected node annotation kédmnotov PVC to provision agatpe0ei, Oa

AKVPWOEL TNV TpéXovoa poondbeta xpovodpopoloynong kat Ba kakéoet Ta mpdobeta

'To selected node annotation: volume.kubernetes.io/selected-node
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Unreserve.H agaipeon Tov annotation givat évag unxaviopog pe Tov onoio o external
provisioner ovolaoTikd eldomoLel TOV XpOVOSPOUONOYNTH OTL ATETVXE 1) TTAPOXT TOV

Topov kat Ba mpémet va dokipdoet ava, evdexopévwg oe aAhov koppo.

3.3.2 EX\eiyeig & I[Ipotevopeveg Enektaoerg

ZOpgwva e TV mponyodpevn avalvon twv alyopiBuwv, o tpéxwv oxedlaopog Tov

Kubernetes Scheduler éxet Tovg akdAovBovg meplopiopoe:

1. H pébodog Filter tov mpoobetov VolumeBinding xpnowpomnotel Ta avtikeipeva
CSIStorageCapacity Tov Kubernetes API yia va avtAnoet mAnpogopieg yia tov
Sabéoipo amobnkevtikd xwpo. Avto to avrtikeipevo API €yive beta otny €k-
doomn Kubernetes 1.21 kat ntav og katdotaon alpha oe mponyodueveg ekdooeis.
Ot kbhplot TAPOXOL LTINPECLOV VEPOLG BEV EVEPYOTIOLOVY TA XAPAKTNPLOTIKA O
katdotaon alpha otig vinpeoieg Tovg. Q¢ anotéAeopa, ta CSIStorageCapacity
avTikeipeva dev eival evepyomolnpuéva oe oVOTOLYieG TOL EKTEAODY ekdOTELG TTPO-
yevéotepeg NG 1.21 oTovg meploodTepovg mapodxovg cloud. Avtd eivat £va on-
pavtikd TpoPAnpa, dedopévov OtL TOANEG emiyelprioels (ovpmepthapPavopévwy
TwVv TeEAaTwV pag) Oev TpExovVv Tig TeAevTtaieg ekdoaoelg Tov Kubernetes yia Ao-
youg otafepotnrag. Xtn dikn Hag mepIinTwor, ot TEAATES Hag EKTEAODY CLOTOLY(-
e Kubernetes 1.19 kat 1.20 kau xpetalovrav tn Suvatdtnta xpovodpopordynong

Pods pe e&étaon tng Tomikng anobrnkevong.

2. Htpéyovoa oxediaotikn Aoy Tng gdong Filter Tov mpocOetov VolumeBinding
dev hapBavel vtOYN TNG TOV ATOONKEVTIKO XWPO TTOL ATTAUTELTAL YL TNV TIAPOXT|
noAamA@v PVC evog Pod. Avt’ avtov, eAéyxet av kabe pepovwpévo PVC umo-
pei va dnpovpynbel otov amobnkevtikd xwpo mov eival TpooPdotpog and Tov
KOUPo, Xwpic va Stacpalilet 6TL vIAPXEL APKETOG XWPOG YL OAa AVTA TAVTOXPO-
va. AvTo eivat €va kpiotpo mpoPAnpa: ot mepintwon mov éva Pod avagépetat
oe ToAamAd pn deopevpéva PVC kat dev vmapxet apkeTog xwpog yia OAa avtd,
éva amo avtd yivel provision kat n mapoxn twv vroloinwv Oa amotvyel, ToTE O-
Aeg ot peAhovTikéG amo@aocels xpovodpoporoynong Ba meplopifovtat and to 1dn

dnuovpynpévo topo kat To Pod Ba koAAnoet.
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Agdopévov 0TL 0 0XeSLAOUOG TOV upstream EpyeTal e TOVG TIpoavapepOEVTeg epLopt-
opovg, mpoteivovpe va emekteivovpe Tov Kubernetes Scheduler kat va eykataotrioov-
LLE TOV ETMEKTAUEVO Xpovodpopoloyntr otn ovotolxia. O TpoTeVOHEVOG OXESLAOHOG

Hmopel va xwplotel ota akoAovOa pépn:

1. Eméxtaon tov Rok CSI Node tov 0dnyov amobnkevong, wote va ava@épel TN
Sabéotun xwpnTikoTnNTa KAOE KOPPOL WG annotation 0TO AVTICTOLKO AVTIKEINEVO
Node Tov Kubernetes.

2. Emnéxtaon tov Rok CSI Controller Tov 08nyol anobnkevong wote va anavtd pe
KatdAAnAo o@dApa otny kAnjon CreateVolume 6TAV 1| EVATOUEVOVOA XWPTTL-
KOTNTA yla TNV TIAPOXT] TOL TOUOVL EiVal AVETAPKIG.

3. Enéktaon tov npdobetov VolumeBinding tov Kubernetes Scheduler wote va e-
Aéyxel av moAhamAoi topot evog Pod xwpolv oe évav kopupo, ovykpivovrag
OLVOAIKT] TOVG amaiTnon 0g XwpNTIKOTNTA pe TNV avagepbeioa dtabéoun xwpn-
TIKOTNTA.

4. EykatdoTaom Tov eneKTapéVOL XpovoSpopoloynTn 0T cuoTotyia.

5. Avdamntuvén kat eykataotaon evog webhook mov Ba petalldooet ta Pods wote va

XPTOLUOTIOLOVY TOV EMEKTAUEVO XpOVOdpopoloynTr.

3.3.2.1 Emnéxktaon tov Rok CSI Node

Agdopévov oTt Ta avTikeipeva CSIStorageCapacity dev pmopolv va yivovy back-port
oe mponyoLueveg ekdooelg Tov Kubernetes kai, emiong, n mpooOnkn evog mapdpolov
Custom Resource Oa anatrtovoe apketr mpoomddeta dvev attiag, amogacifovpe va a-
vagépovpe Tn wpnTkOTNTa kdbe kOUPOv wg annotation 6To AVTICTOL(O AVTIKEIUEVO
Node. To annotation, To omoio amokalo¥pe “annotation xwpntikdTnTAG” Ot €ivat TG

Hopeng rok.arrikto.com/capacity:<free-storage-bytes>.

To mpocBeto Rok CSI Node tov 0dnyod amobrkevong mov exteAeital o kdbe koupo
G ovoTotyiag vtohoyilet eptodikd Tov Stabéotpo amobnKkevTIKO XWPO Kal EVIUEPWVEL
To annotation xwpnTikoTnTAG. Aivel evtolég oto Logical Volume Manager (LVM) tov
KOUPoL yia va pdbet tov ehedBepo xwpo tov Rok Volume Group kat evipepwvel to

avtiotolyo Node avTikeipevo pe Ty Tipn Tng dtabéoiung xwpnTikoTnTog.
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3.3.2.2 Emnéxktaon tov Rok CSI Controler

Enexteivovpe o mpooBeto Rok CSI Controller tov 08nyod anobnkevong wote va emt-
oTpé@elL To status code GRPCResourceExhausted wg andvtnon otnv kArnon CreateVolume
Tov external provisioner 6Tav 1 TapoOx1 EVOG TOHOL AMOTVYXAVEL AOYW AVETIAPKOVG XW-

pnTikdTnTag anobnkevong.

3.3.2.3 Enéktaon tov VolumeBinding Plugin

[Tpoteivovpe v enéktaon g Filter peBddov Tov mpdobetov VolumeBidning wg

efne:

1. Katd tov éAeyyxo twv PVCs tov Pod mov xpetdfovtat va Snuovpyndovv duva-
pukd (provision) (uéBodog checkVolumeProvisions()), va emAéyet OAa ta Rok
PVCs ? (egenc avagpépovtat wg
textitRok claims to provision”) kat va eAéyxet av LITAPXEL APKETH XWPNTIKOTNTA
Yl TO OLVOALKO AOBNKEVTIKO XWPO 1oL {NTOVV.

2. Na eAéyxet av vapyel apketr xwpntikotnta yia ta Rok claims to provision wg

egne:

(@) Na vrohoyiet T ovvolikr| xwpnTikOTHTA OV (NTeitan abpoilovtag ta at-
THHATA TOVG.

(B) Na eléyxet av o e€etalopevog kopBog Stabétet annotation xwpnTkOTNTAG
Tov Rok ®.

(Y') Avtoannotation Sev vmapyer, 1) av vdpyxet aAAd Sev eivat EyKvpog aképalog
apBpog, ta Rok claims to provision 8ev pumopovv va dnpovpynbovv otov
koppo. H anovoia tng onpeiwong vrodetkviet 6Tt To mpoypappa o8rynong
Rok CSI dev ekteleitat 6Tov KOpPo.

(8") Edv vmdpyel To annotation xwpnTikdTNTaAG, va EAEYXEL AV 1] avaQePOUEVN
Sabéotun xwpnTikoTNTA £lvat peyaldTepn 1) o e T OLVOAIKT] XWPNTIKO-
nta ov {ntovv ta Rok claims to provision. E&v dev toxvet n ouvOnkn, dev

VTIAPYEL APKETT YWPNTIKOTNTA, Kat Ta Rok claims to provision dev umopovv
T T TIKOTNT Ta Rok cl t dev um

*PVCs provisioned by the rok.arrikto.com provisioner.
*To annotation xwpntikdtnTag Tov Rok: rok.arrikto.com/capacity
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va dnuovpynBovv otov kOpPo, omote kat To Pod dev umopel va mpoypap-

HaTloTel 0TOV KOpPoO.

3. Aatnpodpe TG oLUBATOTNTA TIPOG TA TOW LE TN 1N TPOTIOTIOINGCT] TOV XELPLOUOD
Twv PVCs mov ev {nrovv anobnkevtikd xwpo ano tnv khdomn anodrjkevong Rok.
O oxedlaopnog pag, dtaxwpilet ta PVCs oe tomikd Rok PVCs kat pn Rok PVCs,
KAl ETMEKTEIVEL LOVAXA TOV TPOTIO XELPLOHOV povdya yia Ta Rok PVCs. Ta PVC
7oL TtapéxovTat and aAlovg mapoxovg anobnkevong dev Ba emnpeacTovv amod

TIG aAAAAYEG pag.

3.3.2.4 Eykatdotaon tov Rok Scheduler

O kube-cheduler ekteAeitat and mpoemloyn oe kabe TAPOXO VEQOVG WG UEPOG TOV €-
munédov eAéyyov Tov Kubernetes kat eivat o mpoemheyuévog xpovodpopoloyntrg mov
Xpnotpomoteitat ya T xpovodpoporoynon twv Pods. Ot mapoyotl vépovg amokpd-
TITOLY TO £TiMeS0 EAEYXOL ATO TOV TEALKO XPTOTH TWV LTINPECIWV TOVG, OMOTE deV V-

Tapyel SLVATOTNTA AVTIKATACOTAONG KAl TTAPAUETPOTIOINONG TOL EKTEAOVEVOL XPOVO-
Spoporoynth.

Q)G OVVETELXL AVTOV TOVL TIEPLOPLOHO, eYkabloTovUE 0TN cvoToLxia —TtapdAAnAa pe Tov
TPOETAEYUEVO XpOVOSPOUOAOYNTH— TOV SIKO Hag XpovodpopoloynTr, Tov ekTeAel TO
enektapévo VolumeBinding mpoofeto. E@efng Oa avagepopaote otov Sikod pag eme-

KTapévo xpovodpopoloynti wg “Rok Scheduler”.

3.3.2.5 Eykataotaon tov Rok Scheduler Webhook

Agdopévov o1t eykabiotovpe Tov Rok Scheduler ywpig va avtikataotioovpe to mpo-
emtheypévo Kubernetes Scheduler tng ovotoryiag, kdBe Pod mpémnetl va kabopilet motog
scheduler 8a to xpovodpopoloynoet opifovtag to medio spec. schedulerName. Edv to

nedio dev €xeL 0pLOTEL, O TIPOETIAEYUEVOG XPOVOOPOUOAOYNTHG XPTOLUOTIOLEITAL

Ziyovpa dev Bélovpe kabe xprotng va opilet xetpokivita to 6vopa tov scheduler oo
10 Pod - avtd Ba emétpene 0TOVG XPHOTEG VA TAPAKAUWOVV TNV TOALTIKT} Xpovodpo-
HOAOYNONG TIOV €XOVE OpIOEL, VAL EMPPETEG € CPAANATA KL ELVAL [ KOVPAOTIKT
Sadkaoia. Xpetalopaote évav aUTOHATO TPOTIO Yia va To TTeTuXoVUE awTo. H Avon

yla Ty aUTOHATOTOINOT TNG epyaciag, eivat éva mutating webhook.
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EykaBiotobdpe éva petarlacoopevo webhook ot ovotowia, to omoio oto €& Oa a-
vagépetal wg “Rok Scheduler webhook”, To omoio déxetan o mpdo@ata Snpovpyndévra
Pods og ovykekpipuéva namespaces tng ovototyiag kat Ta HeTAANACOEL TPOTOETOVTAG

To 6vopa tov Rok Scheduler oto medio spec. schedulerName.

3.4 Kubernetes Cluster Autoscaler

2e auth TV evoTnTa, Ba ekBéoovpe Tov oxediaouod tov Cluster Autoscaler, Oa meprypd-
Youpe TI§ KUpLeG apxég Aettovpyiag Tov, Ba evtomioovpe TOvg EPLOPLOROVG TOL Kat Ba
TIPOTELVOLE EMEKTATELG TIOV Bl EMTPEYOLV TNV AMPOOKOTTH AELITOVPYIA TOV e TOTIL-

KOUG LOVIILOVG TOHOVG.

3.4.1 Baowoi Opot

[Tptv meprypdyoupe Toug akyopiBpovg Aettovpyiag tov Cluster Autoscaler, eivat apketd
OTUAVTIKO VO KATAVOTCOVUE OpLOpEVOLG OepeAiwdelg naviopovs kat TV opoloyia

TIOV X PT|OLHOTIOLEL.

3.4.1.1 Opada Koppwv

O Cluster Autoscaler ypnowpomotei Tnv agnpnuévn évvota “opdda koupwv”. Mia opada
KOpPwv dev eivau éva mpaypatiko avtikeipevo Tov Kubernetes, aAAd pua agnpnuévn
gvvola yla éva vtoovvolo kouPwv oe pa cvototyia. Ot kopPot Tov avikovy TNV idta
opdada kOpPwv avapévetal va éxovv Tovg idtovg mopovg (CPU, pvnun) kat va potpd-
{ovTat apKeTEG KOLVEG IOLOTNTEG, OTIWG ETIKETEG Kat taints. Q0TOCO, HTOPOVV aKkOUn va
SlapopoTmotobvTal og OpLOHEVEG AEMTTOUEPELEG, TL.X. UTTOPEL VO AVIIKOVY O€ SLAPOPETIKEG

(wveg StabeotpodTnTag.
Kabe opdda koppwv éxet Tig akoAovdeg onpavTikég IOLOTNTEG:
« minSize: 1o eAdxtoTO HEYEBOG TNG Opddag KOHPwV.

« maxSize: 1o puéyloto péyebog tng opadag kOUPwv.

o targetSize: to emBuuntd péyebog g opddag kOUPwY.
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3.4.1.2 H Awenagn CloudProvier

O Cluster Autoscaler Aettovpyei pe dtagopovg mapdyovg cloud, m.x. pe 1o GCE, AWS,
kAT Tl va o emiToyget avto, opifet §00 onpavTikég Stemaeg mov kabe mépoxog vEQovg
mov emBupel TNV evowpdtwon twv vinpeotwyv tov pe tov Cluster Autoscaler mpémet va

vloTotroet:

« H diemagn CloudProvider: mepiéxet mAnpogopieg Stapoppwong kat Aettovpyieg
yta TNV aAAnAemidpaon e TOV TAPOXO TOV VEPOUG.

« H diemagr NodeGroup: mepiéxet mAnpogopieg Stapopewong Kat Aeltovpyieg yla
Tov éAeyxo piag opddag kKOUPwY.

H Stemagr NodeGroup Paciletat otny évvola opdda képfwv, Tnv omoia eEnyroaue mpon-
youpévwg. Kdbe mapoxog vépoug pmopei va emhé€et n Sikry Tov epunveia yia to TLeiva

opada KOUPwWV GTNV LN PETIA TOV, APKEL VA CUHHOPPWVETAL [LE TOV OPLOHO TNG EVVOLAG.

[a mapddetypa, otny nepintworn tov AWS EKS, n vAomoinomn tov NodeGroup avTioTol-
XiCet Tnv kdOe opada kOuPwv oe pia opdda avtopatng kKApdkwong (ASG) tov AWS. O

Cluster Autoscaler 8ev yvwpilet Tnv vokeipevn vhomoinon kabe mapoxov vépous.

3.4.1.3 H Awenagr ClusterSnapshot

O Cluster Autoscaler exte\el TPOOOUOIWOEL GTN CLOTOLYIA YLt T AP ATOPATEWY.
o va To emTOXEL aAvTO, AapPdvel £va OTIYWOTVTIO TNG TPEXOLOAG CLOTOLYlAG XPNOL-
pomotwvtag TN Stemagn ClusterSnapshot, mpooBétel 1} apalpei kKOUPOVG OTO OTLYHLO-
TUTIO KAl TIPOCOUOLWVEL TIG ATTOPAOTELG XPOVOSPOHOAOYNONG OTO TPOTIOTIOLNHEVO OTLY-
totvmo. ‘Eva oTiypdtumo ovotolyiag mepLEXEL o TaywpeVn elkova Twv KOUPwv Tng
ovotolxiag wg kabwg kat Twv Pods mov ektedovvtal oe kabe kOuPo TnG. Znuewwvovpe
ot ta PVCs kat ta PVs tng ovototxiag dev mepiéxovtal otn ovotoiia, avt’ avtod To
VolumeBinding plugin ta {nta ano tov API Server kat eAéyxet av éva Pod pmopei va

tonoBetnOei oe évav kOpPo Pdoet Tov TOLWV TOL.

3.4.14 H Awenagn PredicateChecker

O Cluster Autoscaler opiCet tn Siemagn PredicateChecker, i onoia mpodiaypd@et pe-

Bodovg mov eAéyxouv av Oha Ta amairtovpeva predicates / kpLTrpLa EMTLYXAVOLY Yia
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dedopévo Pod kat kopfo. Eva predicate eivat tcodvvapo pe éva mpoodeto Filter kat
XPNOLHOTIOLEITAL YIat TO PINTPAPLOHA TWV KOUPwWV OV SV UTOPOVY VA EKTEAECOLV €-
va Pod. Ovotaotikd, pe Tov PredicateChecker o Cluster Autoscaler eAéyxet av éva Pod
umopei va tpé€et oe évav kopPo. H vAomnoinon SchedulerBasedPredicateChecker tng
Stemagng, kavet xprjon tov kwdika tov Scheduler yia va eAéyget katd TIg Tpooopow-

oeig tov Cluster Autoscaler av éva Pod pmopei va tpé€et oe évav koppo.

3.4.1.5 OiAenag@ég Esitmator & Strategy

O Autoscaler opilet SO0 Stemagég mov xpnotponotovvtal atn Stadikacio KApdkwong:

« Estimator: diema@n yla Tov vtoAoyLopo Tov aptpod Twv kOuPwv evog dedoué-
VOU TUTTOV TIOV ATTAUTOVVTAL VLA TOV TIPOYPAUHATIONO
o Strategy: Olema@n yla T Ayn andé@aong OXETIKA [e TNV KaADTEPT eMAOYT

KALLAKWOTG.

O Estimator mov xpnotgonoleital emi Tov TAPOVTOG amo Tov Autoscaler eivat o Bin-

PackingNodeEstimator kat vAomotei tov First Fit Decreasing bin packing ayoptOpo.

3.4.1.6 IIpotvmog Koppog

O Cluster Autoscaler yla va eKTENETEL TO TIPOCOUOLWTELG TOV, KATAOKEVALEL Evay TTpo-
Tumo kOuPo yia kdbe opdda kopPwv. ‘Evag mpdtumog koupog, énwg vrodniwvel to
ovopa, eivat pia avamapdotaot Tov mwg Oa épotale évag véog kOuPog TG opddag Kop-

Bwv HOALG peTd TNV TPOcbnKNn Tov 0T cvoToLXia.

O Cluster Autoscaler mpoonafei va Snuiovpyroet évav mpodTumo kOpuPo pag opadag

KOUPwv wg e&n¢:

1. Apxd, avalntda évav Ready kat xpovodpopoloynotpo koupo tng opddag kop-
Bwv 0N cvoToryia.

2. Eav 1o mponyobuevo Prjpa anétuye, avalnta éva mpotumo ot pviun cache tov.

3. Eav to mponyovpevo Prpa anétuye, kalel To peTayAwTTIOHEVO TIPOGOETO TOV
TIOPOXOL VEPOUG YLa T1) SnUtovpyia EVOG TPOTVTIO Yl TH CLYKEKPLUEVT Opdda

KOpuPwv.
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4. E&v 1o mponyolpevo Prjpa anétuye, avalntd tuxov Unready 1 pn xpovodpoypo-
Aoynoupovg kopPovg Tng opddag kOUPwv 0Tn oVOTOLKIA KAL TOV XPIOLHOTIOLEL Yiat

TN dnpovpyia Tov TPOTLTIOV.

Ot kOppol TOV KATAOKEVACUEVOL TIPOTVTIOV ATTOAVUKIVOVTAL: 1| ATOADUaVTT EVOG KOW-
Pov eival £vag pnYaviopog mov agatpel AoXeTeg 1 avemBounTeg Aemtopuépeleg amod To
KATACKEVAOHEVO TIPOTUTIO KOUPOV, OTIWG, TO OVOpA TOV KOUPOV, CLUYKEKPLHEVEG ETIKE-

TEG, KATL

3.4.1.7 Xpnowomnoinon Koppov

Ooov agopd TNV KAILAKWOT) TPog Ta K&Tw, 0 Autoscaler evepyei pe pdon tn ypyorpo-
moinon evog kopPov, n omoia VITOAOYIleTAL XPNOLHOTOLWVTAG TA ALTHHATA TOPWY TWV
Pods mov ektedovvTaL aTov KOpBO Kal OXL 0e TpAYHATIKEG ((WVTavEQ) HETPHOELS XPIONG

TIOPWV.

Kabe koppog tng ovotoryiag pmopei va Stabétet toANamAovg mopovg, onwg CPU, pviun
KA. O Cluster Autoscaler vtoloyilet T xpnotpomnoinon kafe koupov otn cvoTtoria.
[a éva ovykekppévo mOpo, 1 XPNOLHOToINoT TwV KOpPwYV eivat To dBpotopa Twv arti-
oewv Twv Pods mov ektedovvtat otov kOpPo yia tov mdpo dia Ty Stabéopn moodTnTA
Tov mopov atov kopPo. H xpnowomnoinon eivat évag aptBpog float, pe ebpog and 0 éwg

1, 6mov to 1 vmodnAwvel AR pn Xpnotpomoinon kat to 0 kabolov xpnoipomoinon.

3.4.2 O Koprog Bpoxog

O Cluster Autoscaler tpéyet Stapkwg Tov kvpro fpdyo, mov ektelei 2 Paotikég Aettovpyieg

0Tn ovoTouxia:

o Khipdkwon mpog 1 mévw: mpoodnkn véwv kopPwv otn ovotoiyia yia va fondn-
Bovv ta Pods mov dev pmopovv va xpovodpopoloynBoiv.

o Khipdkwon mpog ta k&Tw: a@aipeon un anapaitntwv KOpBwv anod tn cvuoTotyid.
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3.4.3 KMhpakwon IIpog ta Katw

2e kaOe emavainyn Tov kOpLov Ppdxov, edv dev emixelpnOnke KAIHAKWON TPOG T TAVW,

o Cluster Autoscaler ekte)ei Tn Stadikaoia afloAdynong g KAHAKWONG TPOG Tat KATW.

H a&loloynon g kApaxkwong mpog ta kdtw anmoteleitat and dvo pépn:

1. Evyuépwon mepirtwv kopPwv: vmoloyiCet motot kopPol TG cvoTtolxiag eival me-
pLTTOL Kat Yl OGO XPOoVIKO SLAoTNaL.
2. TlpooraBeix kAipdkwons mpog 1o katw: mpoomadei va Hewwoel TNV KAigaka Tng

OVOTOLYIAG TIPOG T KATW APALPWVTAG TIEPLTTOVG KOUPOVG.

[l pdate Unneeded Nod ] [ Try to Scale Down ]

L 1. Pick a node that has
1. Is utilization low? been unneeded

long enough
Update Unneeded Nodes 2.Is there enough
o N 2. Confirm that node is
PodDisruptioBudget
l for each P(F))d to mgve” URABEEEE A Mark the node
(checkPdbs) : unschedulable
[ Try to Scale Down ] FcaneachPeaBe 3. Drain the node B. Evict all Pods in

placed on another parallel
node? (findPlaceFor) £, BEEe B e

Node is Unneeded

Yxfua 3.1: Cluster Autoscaler: AiaSikaoio kKMpdkwons mpog T K& Tw

3.4.3.1 Awdwkacia Evnuépwong Iepirtwv Koppwv

H dwadkacia eviuépwons mepittav kopPwv vitohoyifet motot kouPot TG ovotoryiag ei-
ValL TEPITTOL KAl EVIUEPWVEL TNV EOWTEPIKT KATAOTAOT TOL Autoscaler pe Tn xpovikn

Sidpketa yia T omoia éxovv Tapapieivel TEPLTTOL.

‘Evag koppog Bewpeitat mepirrog edv mAnpovvtat dAa ta akdlovba kprrrpla:

o H petpikn g xpnopomnoinong twv mopwv Tov KOpBov elval KATw amd éva ov-
YKEKPLUEVO KATWPAL Zg QUTH TNV TEPIMTWOT 0 KOUPOG avagépeTal wg “viroypy-
OIUOTIOLOVUEVOG .

o Ta Pods mov extedovvtatr otov kopPo umopobvv va ekStwyBovv, Snhadr n exdiwér

Tovg Sev mepropiCetar and kamolo PodDisruptionBudget.
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+ Ta Pods mov ektedovvTat otov KOpPO pumopodv va petaktvnOovv oe SlagopeTikd

KOpPo TNG ovoTOLYiaG.

Edv évag kopfog dev IKavoToLel Ta TApamavw KPLTHPLA, ATTOKAAEITAL AVAQAIPETOG, -

@ov dev umopel va agaipedel and tn ovotoryia.

Ta va kaBopioetl av €vag vToxpNOIHOTOLODHEVOG KOpPOG eival TTepLTTdg, 0 Autoscaler

extelel Ta e§ng Prpata:

1. YnoMoyiCet ta Pods mov mpémet va petaxvnBobdv o mepintwon mov o kKopuBog
agpatpedei.

2. EXéyyereav vnapyovv PodDisruptionBudgets ov epmodiCovv tnv é§won omotov-
dnmote Pod. Eav vat, o kopPog dev pmopei va apatpedet.

3. Kalei tn uébodo FindPlaceFor() yia va Bpet 0¢on yia ta Pods og éva Sago-
petiko koppo. H FindPlaceFor () xpnotpomotei Ty Stemagn SchedulerBased-
PredicateChecker yia va kaBopicet av to Pod pmopel va eivat tomofetnbei oe
onotovdnmote dANo koppo. EXéyxet av o Pod pmopei va xwpéoel og évav kop-
Bo Aoyw onowwvdnmote AAAwv eplopopwy xpovodpoporoynong (CPU, uviun),

kabwg kat av o ot Topot Tov Pod pmopodv va mpoonedactodv anod tov koppo.

3.4.3.2 Awdwaocia IIpoonabeiag KApdxkwong Ipog Ta Katw

Edv évag Ready kopupog mapapeivel meptttdg ya Sidotnpa peyaldrepo and to scale-
DownUnneededTime 1 évag Unready xopfog mapapeivet meptttdg yla Staotnpa peya-
AVtepo amod to scaleDownUnreadyTime (Seite Tov Ilivaka 3.1 0Tto ayyAikod pépog tng
gpyaociag yla Tovg oplopons avtav Twv ovpPolikwv ovopdtwy), o Cluster Autoscaler

Oa Bewprioet Tov KOPPO WG vVTOYTPLO Yla Staypadr.

O Cluster Autoscaler kdvet StaxkpLon petagV pn KEVV Kat Kevav KOUPwv:

 Kevoi képPor: koppol mov extehovv povéya DaemonSet Pods. O Autoscaler a-
@atpei TOVG KEVOLG KOPBOLG padikd.

« Non-empty nodes: koppotmov dev ektehodv povo DaemonSet Pods. O Autoscaler
aQaLpel TOVG [N KEVOUG KOPBOVG £vay TIPOG Evay TIPOKELLEVOD Va [N Snutovpyn-

Bovv un xpovodpopoAoynotpa Pods.
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Awaypagn koupov  H Saypaen koppov exteheital wg e§ne:

1. Balet éva taint ToBeDeletedByClusterAutoscaler:NoSchedule otov koupo,
0VOLAOTIKA XapakTnpifovtag Tov kOpBo ws unschedulable.

2. Bexwvd 1 dadikaoia drain tov kopPov, exdiwkovrag mapdAAnia ola ta Pods
Tov kOpPov. Eav kamoto Pod dev pmopei va exdiwybei Adyw kdmolov PDB, ena-
valapBavel Ty mpoonddeta £wg 6tov TapéBel To xpovikd Stdotnpa MaxPodE -
victionTimeout.

3. ‘Otav 0Aa ta Pods ekSiwxBobv emtuxag, {ntd and tov mdpoxo vépovg va dia-

ypayet Tov koppo.

3.44 KMhpakwon Ilpog ta ITavw

Edv n ovotoiyia éxet Pods mov dev pmopoiv va xpovodpopoloynBovy, o Cluster Au-
toscaler Ba mpoomabnoet va ta fondnoel kKhipakwvovrag mpog Ta MAvw TN ovoTolxia,
dnhadn mpoobétovtag véovg kopPovg. H kApdkwon mpog Ta mavw piag ovotoryiag,
emrvyxavetat avfdvovrtag to embounto péyedog (targetSize) kamoiwv opddwv KO-
Bwv. Edv éxovv diapopewdel moAhamhég opddeg kOuPwv oTn ocvoTolyia, TOTE TPEMEL

va ano@aocioet ta e&ng:

o ITota opéda kOpPwv pmopei va tpé€et to pun xpovodpopoloyroo Pod.
o TIooot kopPot Tng kabe opddag kOUPwV amattovvTaL.
o TNV TEPIMTWOT IOV 1 KAIHAKWOT) TTPOG Tat TTAVW SLapOpeTIKWY Opadwv KOpBwv

elvat e@iktr), mota opada kOpPwv Oa kA pakwOei.

Otav 1o emBoupuntod péyedog piag opadag koOpPwv avEdvetart, o TaPoxog Tov vépovg Ba
dnovpynoet véoug koppovg, o omoiot Ba evraxbovv otn cvotoryia Kubernetes kat o
xpovodpopoloyntng Oa avabéoel otadiakd Ta péxpL mpoTIVOG pn xpovodpopoloynot-

ta Pods otovg véoug koppous.

Emloyég khpdkwong  Tia va amogaocioet av n avgnon g kAipakag pag opadag kop-
Bwv Ba Pondnoet ta pn xpovodpopoloyrotpa Pods, o Cluster Autoscaler extehei ta e€rig
Pripata:

1. AapPavet éva otrypdétuno tng ovotorxiag
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2. IIpooBétet évav mpdTLTO KOPPO TNG OUASAG KOUPWY OTO OTLYHIOTVTIO

3. Ilpooopowwvel, xpnowomotwvtag Tov SchedulerBasedPredicateChecker, av
10 pn xpovodpopoloynotpo Pod pmopei va xpovodpopoloynbei oto tpomomnot-
NUEVO OTIYHLOTLTIO TG CVOTOLYiagG.

4. E&v n mpooopoiwon dei&et 0Tt o Pod pnopei va xpovodpoporoynOei, o Cluster
Autoscaler 6a ypnowpomotroel tov BinPackingNodeEstimator yia va vtoloyi-

0€L TOOOL KOWUPOL TNG CUYKEKPLHEVNG OUASAG KOUBWY amattovvTal.

H Svvatdtnta ya kAipdkwon pag ovykekpipévng opadag kopfwv padi pe tov aptduod

TV KOUPWV TNG OUASAG TTOV ATATOVVTAL, AvaQEpPETAL WG “emAoyh kKA ipdkwons

Ztpatnykn kApakwong  Edv vdpyovv moAhamAég emhoyég khpakwong, o Cluster
Autoscaler Oa amo@aoiCet mowa eivat i kaAvtepn xpnotpomotwvtag t Siemagrn Strategy.
Yrapxovv SLagopeg OTPATNYIKEG Kal 0 TEALKOG XproTng umopel va puBuioet Tov Autoscaler
WOTE va va xpnotpomnotel Ty embountn, m.x. TNV EMAOYT E TO HKPOTEPO KOOTOG, TNV

Tuxaio OTPATNYIKI KA.

3.4.5 EMNAeiyeg & Ilpotevopeveg Enextaoelg
3.4.5.1 Khpdxwong IIpog ta Katw: Ot Movipot Topot tov Rok Metakivovvtat

Kata v a&loAdynon g agaipeong evog kopfov, o Autoscaler npoonabei va fpet O¢on
yta ta Pods mov ektedovvTat otov kopBo oe dAlovg kopPovg Tng ovotoiiag. Ia tov
okoo avtd, kahei tn uéBodo FindPlaceFor(), n omoia e TN oelpd TG alomoLel Tig
ne@odovg tng Stemagnig PredicateChecker yia va Stamotwoet av éva Pod tauptalet oe
évav kopPo. H vAomoinon tng diemagng SchedulerBasedPredicateChecker, ektelel
™ pébodo Filter() Tov mpoobetov VolumeBinding yia va edéyEet av oL topot tov Pod

HTTOPOVV Va TPOOTIEAAGTOVV artd dAAov kOpo.

Ta PV tng kAdong anoBrkevong tov Rok £xovv node affinity mov tapalet povo pe tov
KOppo otov omoio o Topog Ppioketal. Aedopévov 6Tt To node affinity Twv tOpwWY dev
Taptaet pe kavévav dAlo koupo otn ovotoiia, o Autoscaler Oa Oewprioet 6Tt To Pod
KaL 0 TOHOG TOL SgV HopovV va petakivnBovv oe StapopeTiko KOpPo, xapaktnpifovtag
€101 1o TpéxovTa kouPo we avagaipeto. O Autoscaler, kat 0 SchedulerBasedPredi-

cateChecker edwotepa, dev yvwpifovv 0Tt oL TopoL TG kAdong Rok StaBétovv évav
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Hnxaviopo mov Ba AdPet éva oTrypoTLo Kot Bat Umopel va Tovg avakTioet oe Stago-

peTiko kopBo (Stadikaoia unpinning & pinning, BA. evotnta 3.2.1).

[Tpoteivovpe TNV eméktaotn Tov Autoscaler wote va mpooopolwvel Tovg Topovs Rok wg
unpinned (cav va pnv €xovv node affinity) katd tnv a§loAdynon pag KALAKwong Tpog
To KATW (TOTE, KAt LOVO TOTE - 0€ AAAEG EpIMTWOELG oL TOPOL Statnpovv To node affinity
Tovg). Me avtr| TV enéktaon, o Autoscaler Oa avtidapBavetal 6Tt ot Topot Rok pmo-
povv va petaktvnovv omovdrimote ot cvoTotyia kat 0 kOpPog propei va agatpedei pe

ac@aeLa.

3.4.5.2 Khwpdkwon IIpog Ta Katw: Xvvepyaocia pe tov Mnxaviouo Rok CSI Guard

210 mAioL0 TOV Pnxaviopov mpootaciag Twv Topwv Tov Rok (BA. evotnra 3.2.2), 8-
{HLoVpyODpE éva avTikeipevo Deployment yia kdBe kopBo TG ovotolyiog, To omoio dn-
wovpyet éva Pod avé koupo (Rok CSI Guard) pe avotnpo node affinity mov tatptddet
HOvo pe Tov kKopBo mov mpootatevel. O Autoscaler Oa mpoomabnoet va Ppet kamotov
KopPo ya va petakiviioet To Pod. Qotooco, emeidr] To Pod éxel node afhinity taupid-
(el povo otov tpéxovta kopBo Sev unopei va petakvndei aAlov, kat wg ek TOLTOL O
Autoscaler Ba xapaktnpioet Tov Tpéxovta koppo wg avagaipeto. Pvoika, to Pod Ba
apatpedei evredwg and tov Rok Operator poAig o kopPog agpapedel, alléd o Autoscaler

dev o yvwpilet avto.

EmnAéov, o Autoscaler Oa eAéyEet To PDB tov Guard Pod. To PDB tov Rok CSI Guard
Pod éxet puBpiotei wote va pokalei Ty anotvyia Tuxov ekdiwEewv. O Autoscaler Ba
10 mapatnpnoet avtd, Oa Bewprioet 6TL To Guard Pod dev Ba pnopéoet va exduwyOel
He ao@dheta, kat Oa xapaktnpioet Tov kopPo avagaipeto. O Autoscaler Sev yvwpilet
ot to PDB SuayetpiCetat and tov Rok Operator kat 61t 0a apapedei pohig Eexivioet n
KALLAKWOT) TIPOG Ta KATW TOL KOMPOoV Kat ot Tomikoi Topot Tov Rok otov kdppo yivovv

unpinned.

[Tpoteivovpe tnv eméktaon tov Autoscaler £tot wote va pnv mpoomabei va Ppet O¢on
yta tnv Guard Pod. EmmAéov, emekteivovpe tnv Autoscaler wote va ayvoei to PDB
tov Guard Pod otav katd v aftohdynon g Suvatotnrag agaipeong evog koppov.
[Tapoha avtd, o Autoscaler Oa yvwpilet 6Tt 0 Pod vrdpyet kat Oa apxioet va exdiwket

(evict) To Guard Pod o0tav kavet drain Tov koppo.
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[a va yivouv Ta mpdypata o katavontd, akohovdei n Stadkacia mov Oa mpaypato-

TIOLELTAL [UE TO VEO OXESLAOUO:

1.

10.

11.
12.

O Autoscaler a&loloyei évav kopfo ya agaipeon:

(@) EMéyxet av to PDB emtpémnet v ekdiwén twv Pods mov ektelovvtan otov

KopPo, alé ayvoei to PDB tov Guard Pod.

(B") Ipoomabdei va Ppet Oéon yia kabe Pod oe Stapopetiko koppo, aAld ayvoei

70 Guard Pod.

O Autoscaler anogaoilet va agatpéoet Tov koupo.

. O Autoscaler mpocOétel To taint Staypagrg otov koppo, xapaktnpilovtag tov

OVOLAOTIKA WG WG [ XPOVOSPOLOAOYNOLHO.

O Autoscaler amootéA\et artfpata ekdiwgng ya kaBe Pod otov API Server.

. H exdiwgn 6Awv twv Pods —ext6g and to Guard Pod- eivau emttuyrg.

O Autoscaler ovveyilet va mpoomadei ek véov va ekduwet to Guard Pod, aAld o
API Server anavtd ott n ekdiwén dev emtpénetal Adyw tov pvbuopévov PDB.
O eheyktrig CSI tov Rok mapatnpei 6T1 0 kOuPog eival pn xpovodpopoloynotog
Kat 0Tt kavéva Pod dev mpooaptd Tovg TOHOVG, 0ToTE ap)ilel va TOVG TOVG KAVel
unpin.

O eheyktrg CSI Tov Rok odokAnpdvet To unpin twv oWV kat agatpei To node
affinity Twv avtiotoywv PV.

O Rok Operator agatpei o PodDisruptionBudget tov Guard Pod.

To aitnpa tov Autoscaler yia tnv é€won tov Guard Pod tehkd metvyaivet (agov
10 PDB agaipéOnke).

O Autoscaler {nta and tov mdpoxo vépovg va Staypdyet Tov koppo.

O Rok Operator agaipei To Rok CSI Guard Deployment tov k6ppov mov poAig
apatpéOnke.

3.4.5.3 Khwpdxwon IIpog ta Katw: AtaBéopog AmoOnkevtikog Xwpog

O Autoscaler Oa mpémet eAéyyel edv oL Topol TG kKAaong amobrikevong Rok evog Pod

HTTOPODV VA XWwPECOLV O€ £V KOUPO WG TTIPOG TOV AMAUTOVHEVO AmoONKeVTIKO XWPO Ka-

& TNV a&loAdynon g KApakwong mpog ta katw. Onwg éxovpe e§nynoet, o Autoscaler

xpnotpomotei t Stemagn SchedulerBasedPredicateChecker mpoketpévov va ehéyEet
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av éva Pod ywpdet og évav kopfo, n onoia —petald dAAwv- kakei tn pébodo Filter()

Tov Tpdobetov VolumeBinding.

ITpoteivovpe Vv enéktaon g pnebodov Filter tov VolumeBinding mpooBétov tov
SchedulerBasedPredicateChecker , étot wote 0tav kaleitat va eAéyet av éva Pod pmo-
pel va petaxivnOei oe StapopeTiko kOpBo va AapPavet vtoOYN av VITAPXEL APKETOG dta-

Béo1pog amobnkevTikodg xwpog oTov KOUPOo yia va petagpepBolv ekei ot Topot Tov Pod.

EmumAéov, dedopévov ot n Snpovpyia OTIYUOTUTIWY KAl ] LETAKIVIOT) €VOG TOHOV gival
ta Stadkacia ov kootilel o xpovo, Oa OéAape o Autoscaler va pnv agaipet koupovg
TIoV €x0oVV LYNAN XprolpoToinon g anodrkevong, Katd TapoUoLlo TPOTO pe TO TwWG
xepiCetat tn xpnoponoinon tg CPU kat T uvrpng. Ta va to emrvyovpe avtd, mpo-
TeiVOVE TNV eMéKTAON TOv Autoscaler pe pia véa pHeTpikr, Tov ovopaletal “yproipo-
moinon amoBnkevTiKoV YWpov”, Kaw opileTal wg 0 AOYOG TOL XPNOLUOTIOLOVHEVOL artodn-
KEVTIKOV XWPOL TPOG TN HEYLOTH amoOnKev Tk tkavoTnta Tov KopBov. O Autoscaler
Oa ovykpivel autr TN HETPIKN He Eva KATWPAL, TO omoio pmopel va dapopewbel amd
ToV SlaxelploTn NG ovoTolxiag péow piag onpaiag otov Autoscaler. Eav n xprjon tov
amoOnKevTIKOL XWPOL eival TEvw amd To KatwPAL, 0 kKOpPog Ba Bewpeitan avagaipe-

TOC.

3.4.5.4 Khpdxwon IIpog ta Katw: Ot Unready Koppot Na Mnv Agaipodvvrtat

‘Evag koppog pe karaotaon Ready umopei va yivet Unready (1] NotReady) e&v mpokvyet
kamoto mpoPAnpa. Ot ovviiBeig Adyot mepthapPdvovy Tny EXAenyn mOpwWV GTOV KO-
o, éva tpoPAnpa pe to kubelet, éva opdlpa mov oxetiletat pe tov kube-proxy 1} éva

TPOPAnHa SikTOWOTG.

O Autoscaler agaipei kabe mepitto koupo oe kataotaon Unready puoAig mapéBet to
scaleDownUnreadyTime Siaotnpa. AvTo eivat mpoPAnpa, dedopévov OTL oL Tomkoi TO-
pot mov Bpiokovtat otov kOpPo Ba xabBodv povipa. O Autoscaler Sev mpémetl va agatpei
Unready xoppovg. AvtiBétwg, ot koppol mpémel va mapapévovy ot ovaotolxia, £ToL w-
0Te £€vog SLaXELPLOTNG Va eKTEAEDEL KATAAANAEG EVEPYELEG Yl TNV AVAKAUYT] ATtO TNG

katdotaon Unready.

[Tpoteivovpe TNV eméktaon Tov Autoscaler pe pia onpaia yia T pntn anevepyomnoinon

NG pelwon NG KAHaKag Yo Toug Koppovg mov Ppiokovtal og kataotaotn Unready, Kat
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va Bewpel avTohg TOVG KOHBOVG WG AVAPAIPETOVS OTAV ATEVEPYOTIOLEITAL T KAILAKWOT)

TPoG Ta KATw Yl Toug Unready koppoug.

3.4.5.5 KApdxwon IIpog ta ITavw: Xwpnrikotnta Anodnkevong

O Autoscaler dev yvwpilet m000G TOTIKOG AmoBnkevTIKOG Xwpog Ba eivat Stabéotpog o-
Tav évag véog koupog mpoatedei otn cvototyia. O mpdTLTIOG KOUPOG TTOL SNULovpYEiTaL
and Evav {wvtavo kOuPo mepLéxet TANPOPOpies Hovaya yla Tov evamopeivavta ehevde-
po amofnkevTiko Xwpo (0 0dnyds anobrkevong avagépet TV TIHH ALTH wG annotation
oto Node avtikeipevo) . Xpetalopaote évav pnxaviopo yla va yvwpiovpe mdéoo ehed-
Oepo amoBnkevTiko xwpo Ba éxel évag véog kOpPog ag opddag kKOUPwV HOALG TpooTe-

O¢i, Tov omoio o Autoscaler Oa to AapPavel vTOYN 0TI TPOCOHOLWOELG TOV.

Avagopad peyiotng xwpnrikotntag Ymobétovrag otL 0ot ot koppol oe pa opdda
KOpPwv éxovv TNV idta Slapdpewon diokov kat TNV idla péylotn xwpntikdTnTa amodn-
KEVOT|G, LTTOPOVLE VA XPTOLHOTIOOOVE TO TIPOYpappa 0drfynong amobnikevong ya va
avagépovpe Tavw ota avtikeipeva Node mota Oa eivan n) xwpntikoTnTa aodnkevong e-
vog véov koppov. Ilpoteivovpe Tnv eméktaon Twv ototxeiwv Rok CSI Node tov 0dnyod
amoBnkevong mov Tpéxovv o€ kdbe KOpBO WOTE VA AvaQEPOVV TN HEYLOTH XWPNTIKOTN-
Ta VOGS KOUPOL WG eTkéETA 0TO avTikeipevo Node. Avt 1 eTikéta Oa avagépetat wgn

“eTkETA PEYIOTNG YWpNTIKOTTAS .

Em\éyovpe va XpnoLHOTOLOOV E Hia ETIKETA avTi yla éva oXoAlaouo, emeldr| Stagopot
T&POXOL VEPOLG SiVOLY GTOVG SLAXELPLOTEG TWV GLOTOLXLWY TNV ETUAOYT] VA TTEPVOVV ETL-
KETEG OTA TIPOTLTIA TWV OpASWV KOUP WV, dTAV ALTA kKaTaokevalovTtat anod To Tpdabeto

TOV TTAPOXOL VEQOULG.

Y& auTo To onpeio, ag dtakpivovpe TiG SVO avaPePOLEVES TTOTOTNTEG:

* annotation ywpnTIKOTHTAG: 0 evarnopeivag eAevBepog amoBnkeLTIKOG XWPOG EVOG
live koppov. O 0dnyog amobrikevong avagépet TNV Tur avTr), Kat 0 Xpovodpo-
poloyntng tn AapPdvet voyn katd Tr Xpovodpopordynon.

o ETIKETOL UEYPIOTHG XWPHTIKOTHTAG: T LEYLOTN XWPNTIKOTNTA anobrkevong tov {w-

vtavoL koppov. dnhadr), n ovvolikr xwpnTikdTnTa arobnkevong. Ilpokerrat ya

*H etkéta peyiorns ywpnrixéryrag: rok.arrikto.com/max-instance-capacity
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(L XpOVIKA apeTaPANTn TOCOTNTA TTOL e§apTdtal and Tov TOHTTO Tov KOUPOU.

I[Tpoxewpévov o Autoscaler va mpocopolwvel Ty xpovodpopordynon Aappavovtag v-
oYM TN xwpnTIKOTNTA arobnikevong, Oa etodyovpe otov SchedulerBasedPredicateChecker

to enektapévo VolumeBinding (BA. evotnta 3.3.2.3).

To enextapévo VolumeBinding pooBeto avalntd tn xwpntikotnTa Vo koupov mpo-
TOTTOV 0TO annotation XwWPNTIKOTNTAG KAl OXLOTNV £TkETA. Aedopévov 6Tt To annotation
€VOG TIPOTVTIOL KOOV TIPOKVTITEL AT AVTO £VOG live KOpBoV, avTimpoowmevEL TOV TPé-
xovta eAevBepo amoBnkevTKd Xwpo Tov {wvTavo KOpPo, avTi Tng HEYLoTnG XWPnTIKO-
rag anodnkevong. Ipémet va kabapicovpe Ty T Kat va TV opicovie TNV Tpay-
patikr péylotn xwpnrikotnra. Ia va yivel avtd, mpoteivovpe TNy enékTact Tov unxa-
VIOV amoAbpavong Tov Autoscaler woTe va avTypAaQeL TNV TIUN TNG ETIKETAG HEYLOTNG
XWPNTIKOTNTAG 0TO annotation ywpntikotntag. Me avtov Tov Tpomo, To annotation
XWPNTIKOTNTAG TOV KOpPov pothmov Ba vrodetkviel Tn pEYLoTN XWwPNTIKOTNTA ATTO-

OnKevong evog véou KOUPOL TNG OLYKEKPLUEVNG OpAdAG KOUPwV.

Edv 1 eTikéta péytotng xwpntikodtnTag 8ev vmapyel, 0 Hnxaviopog amolvpavong Bétet
To annotation XwpnTKOTNTAG O€ [ia ameipwg HeYAAn Tipn. Avtr 1 oxedlaoTikr emAoyn

TPoo@épeL Ta akOAovBa TheovekTpata:

1. O Autoscaler Oa avtipeTwmilet Tov KOPPO oav va £Xet ATeLpT) XWPNTIKOTNTA ATTO-
Onkevong kat Oa mpoaBéoel Evav kopPo g opadag kopBwv. Edv n andeaon -
tav AavBaopévn (false scale-up), Snhadn o kKOpPPog dev €xet apkeTn XwPNTIKOTHTA
anoBnkevong yta to Pod mov mpokdAeoe Tnv mpoadnkn tov kdupov, o xpovodpo-
poloyntng g ovototxiag dev Ba avabéoel To Pod otov véo kopfo, o koupog Ba
Tapapeivel TepLTTOG Kat 0 Autoscaler Oa Tov agatpéoel HeTd amd KATOLO XPOVIKO

daotnua. Xradiakd Aowmdv, Oa diopOwBei To opdApa.

2. HAavBaopévn mpoabnkn tov koppov, Oa emtpéyel otov Autoscaler va pabet tnv
TPAYHATIKT] LEYLOTH XWPNTIKOTNTA ToL kopPov. O odnyog amobrkevong Rok
CSI Ba AaPet Tnv evkatpia va tpé€et otov kKOUPO Kat o Autoscaler Oa Snuovpyn-
o€l évav TpOTLTIO KOpPo amod to {wvtavod kopPo, o omoiog Ba mepLéxet akpiPeig
TAnpo@opieg yla T péytotn dabéoun xwpnTikdTnTA TOL Avagépel 0 08NYOG
Rok CSIL.
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Avapovn yua to Rok CSI' Eav éva Pod mpokahéoetl kAipdkwon mpog ta mavw Adyw
TOL AOBNKELTIKOV XWPOL TIOL {NTdel, evOEXETAL Va XPELAOTEL Eva €DAOYO XPOVIKO SLd-
oTnNua ano TNy mpocdnkn Tov véov atov kouPo. Oco to mpoypappa odriynong Rok CSI
dev exteleitat otov kOpPo, To annotation xwpnrikdTNTAG SeV Bt VITAPYEL OTO AVTIKEI-
evo Node. O xpovodpopoloyntnig tng ovotoixiog dev Ba avadétet to Pod otov koo,
kabwg n amovoia Tov annotation YwWPNTIKOTNTAG VTOONAWVEL EXAELYT XWPTTIKOTNTAG.
To Autoscaler Oa Aafet éva oTtypdoTLNO TWV KOPPWY, O ekTEAETEL TNV TTIPOTOOIWON
™G xpovodpopoloynong kat Oa amogacioet 6Tt To Pod dev xwpdel 6Tovg LITAPXOVTEG
KOUPoVG (kaBwg 0 Lwvtavdg —mAéov— kOuPog Tov LOALG TTPOOEBETE 0TI TPOTOUOLWOELG
TOV QaiveTal va €XeL UNOEVIKY XwPNTIKOTNTA), ONOTE kot Oa exTeléoel ek VEOL KALUA-

KWOT) TIPOG Ta avw Yo va fondroet to pn xpovodpoporoynotpo Pod.

Ta va emlvBei avtod to mpodPAnua, o Autoscaler mpémet va meptuévet va Tpéget To Tpo-
ypappa odrynong Rok CSI otov véo koppo- 6co to mpoypappa odfnynong Oev ekte-
Aeital, (dnhadn, dev vapxel kouPog mov va €xet TNV capacity label set), n Autoscaler
avtikadiota tov kopPo pe éva avtiypago Unready. Ot Unready kopupot avtipetwmnilo-
vTal wg enepyopevol kopPot: avtikabiotavtat and mpoTLIO TNG OpAdSAG KOUBWY TNV
OTIoi0L AVI|KOLV OTIG TPOCOUOLWOELS Tov Autoscaler. To mpoTumo g opadag kopPov
Ba dtabétel To annotation xwpnTIKOTNTAG KAt 1) Tpocopoiwarn Tov Autoscaler Oa xpo-
vodpopoloynoet To Pod mov xpetalotav Porfeta o avtdv. AvTOG 0 UNXAVIOUOG a-
TOTPETEL OTIOLASNTIOTE TiEpALTEPW avENOT TNG KAipakag €éwg 6Tov 0 0dnydg apyioel va

ekteleital oTov koppo.

Edv o 0dnyog Rok CSI Driver 8ev ekteleotel oTov kOuPo péoa oe 15 hentd, o Cluster
Autoscaler 8a otapatroet va avtikabiotd tov kopPo pe to pn €towo avrtiypago. H
Sidpkela Twv 15 Aemtwv eivat €va ebAoyo Xpovikod Stdotnua ya To mpdypappa odi-
ynong CSI va apxioet va ekteleital - edv Sev 1o kavel, anotelei évdelfn ot vtapyet

TPOPAnHa pe Tov kopPo.



YAomoinon

Y& aUTO TO KEPANALO TIEPLYPAPOVIE CLVOTITIKA TV DAOTIOINOT) TWV TPOTELVOUEVWY AN~

Aayadv oxedtaopol kal Tig TEXVOAoyieg Tov XpnotpomnoOnkay.

4.1 Aoylopko

O mpotetvopevog oxedlaopodg mepthapBavet ToAG SLaQopeTikd pépn MOV EMpeme va

enektabovv:

« Kubernetes Scheduler, ypappévo oe Go.
» Kubernetes Cluster Autoscaler, ypapuévo oe Go.

 Rok CSI driver, ypappévo oe Python.

Ewodyel emiong €va véo ototxeio , To webhook tov scheduler, to onoio avantoape &

olokAnpov otn YAwooa Go.

Xtifovpe ta Soptkd pépn pe avamapdéipo tpodmo, xpnotponowwvtag Docker containers
KatdAAnAa yia T yAwooa mov eivat ypappévo to kdbe pépog. Tia va meprypdypovpe
Kat va avTtopatomotjoovpe Tn dtadikaoio xtioiparog xpnotponotoape Dockerfiles kot

Makefiles.

[Ipokepévov va eykataotnoovpe ta dopukd pépn (Cluster Autoscaler, Rok Scheduler,
Rok Scheduler webhook) ot cvototyia, ypdyape YAML manifests mov xpnotponotody

1o SnAwTikd API tov Kubernetes yia va meprypdyovv Toug amapaitnta avTikeigeva mov
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npémnel va SnuovpynBovv. Ta va Stevkolvvovpe TN Staxeipion Twv manifests, xpn-
owomnooape to epyaleio Kustomize . To Kustomize eivat éva epyaleio Siaxeipiong
manifests ov a&lomotei tn StaoTpwudtwon ya tn datrpnon twv Pacikwv pubpicewv
TWV EQAPHOYWYV Kal TwV SOUIKDOV OTOLXEIWY, EVW UTOPEL Va EMIKAADYEL KOUUATLA TWV
YAML manifests (dnuiovpywvtag patches) mov mapakdunTovy eMAEKTIKA TIG TPOETIL-

Aeypéveg puluioeig xwpic va aAAG{ovv oTNY TPAYHATIKOTNTA Ta apXLkd apXeia.

Kabwg oto TpéXov ke@alalo TepLypaQOLE CUVOTITIKA TNV DAOTIOINOT) HaG, LTOPELTE Va

deite TV mARpn VAOTIOINGT OTO AVTIOTOLKO Ay YALKO KeQAAaLo 4.



Eniloyog

2e avTo To keQAlato, Oa eMavadIaATVTIWOOVLE TIG TUVELCPOPES Hag Kat Yo cuVOyicovEe
TL IPOOPEPEL O PNXAVIONOG pag. Télog, Ba kAeioovpe avth T SUMAWHATIKY gpyacia
ava@épovTag Tt HEANOVTIKO £pyo UTOpEl Va Yivel WOTE Vo EUTAOVTIOTEL O UNXAVIOHOG

HAG KAl VO TACEL GTO GUVOAO TwV SLVATOTATWYV TOV.

5.1 Zvumnepacpatika XxoAa

ZUVOAIKA, 0 TPWTAPXIKOG OTOXOG AVTAG TNG SIMAWUATIKAG TV 1) VAOTIOINOT £VOG O)E-
daopov mov Ba emTPEYEL TNV ATPOCKOTTI AVTOUATH KALHAKWOT) Kat XpoVOSpopoAd-
ynomn o€ ovotolxieg pe Tomkn povipn anodrkevon. O 01ox0G avtog emtevxOnke. H
vlomoinor| pag mapadodnke oe apkeTég eTalpeieg Kal eykatactadnke 0Tng cvoTOLYiEg
napaywyng tovs. H vhomoinor pag eivat dlaitepng onpaociag yla Tig etatpeieg avTeg,
kaBwg Tovg emiTpémeL va emwPeAnBovV amd OAa Ta TAEOVEKTAHATA TNG TOTILKAG arodr)-
KEVONG, eV TO péyeBog TG ovoTotyiag mpooappoletal SuVAKA OTIG ATALTOEL TOV

@opTiov epyaciog yLa VTOAOYLOTIKOVG TOPOVG KAl TOTIKI XWPNTIKOTNTA.

O oxedtaoudg mov vAoTotoale gival dpecH CLVVQAOHEVOG pe TO Aoyloutko Rok tng
Arrikto, kaBwg to Rok xabiotd duvatn tn petakivinon twv Tomkwv TOpwv and koppo
oe kopPo xdpn otov anodotikd pnxaviopd snapshots mov Swabétel. ITapola avtd, n
AVon pag Umopel va yEVIKELTEL Kat va TPOOAPUOOTEL Kat o€ dAAa CLOTNHATA TOTIKNG
anoBnkevong. O pakpompobeopog 0TOX0G Hag, TOV eKTelvETAL TEPA ATO TO TAAUCLO V-

TG TNG SIMAWHATIKTG, ELVAL VO YEVIKEVOOVUE TO OXESLAOUO KAl VA TOV EVOWHATWTOVLE
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oto upstream project Tov Kubernetes. Avtn eivau pia Stadikacia otnv omnoia apxioa-
He Vo gpmAekOpacTte mapakolovBwvTag Tig cuvavtioels Twv Kubernetes Storage ' kat
Autoscaling * Special Interest Groups kat GKOTEDOVE VA EUTAAKODLE EVEPYA TIPOKEL-
HEVOL Va OLVELOQEPOVUE TO GVUVONO TOV oxedlaopol upstream. Tn oTiypn mov avtd TO

Kelpevo ypagetat, £xovv yivel merge kdmnota apxikd Pull Requests * * mov vtofalaye.

5.2 MeXovtiko Epyo

[Tapoho mov vAomotroape apkeTég feAtiwoeig otov Kubernetes Scheduler kau to Cluster
Autoscaler, vtapyovv axoun neptl@wpia avantvéng. Aedopévov Ot mpdketTat yia pia e-
navaAnmtikn Stadikaoia, oTig emopeveg emavalnyelg Oa Oéhape va mpoo@épovpe avTég

TG BeATiwoelG:

o+ Na enexteivovpe Tov Scheduler wote va deopevel Tov amodnkevTiko xwpo katd
™ xpovodpoporoynon evog Pod (oto otddio Reserve tov khkAov xpovodpopo-

AOYNoNG), Tpokepévou va anotpénovtat mavég oLVOnKeG avTaywWVIoHOD.

+ Na enekteivovpe tov Cluster Autoscaler va Aappdvet vtoyn Tov amobnkevTiKo
Xxwpo mov anatteital yia Ta PVCs moAamAwv Pods katd Tnv kApdakwon mpog ta
katw. O tpéxwv oxedlaopnog eAéyxet povo av ta PVs evog povo Pod pmopovv va
Xwpéoovv oe évav koppo, ald oxt ta PVs moAamhwv Pods. ITapolo mov pia
AavBaouévn andeaon yla TNV KAHAKWON TPog Ta KATWw AOYw avTng NG EANeL-
ynG Oa SopBwOei pe pia emdpevn KAHAKWOT TIPOG Ta Tavw, N AfYN TNG WO TN

andgaong &’ apyng Oa nrav moAv Mo anoTeAeopATIK.

« Naemnekteivovpe TV TpéYovoa bAomoinon tng diemagn Estimator Tov Autoscaler,
dnAadn tov BinPackingEstimator wote va AapPdvet vmoyn v amoOnkevtikn
XWPNTIKOTNTA KAt va vitoloyilet, €Tot, mdoot kouPot anartobvtar 6oov agopd
Ta artnpata arodnkevtikod xwpov mToAanA@v Pods evog StatefulSet. O tpéxwv
oxedLaopog mpoobEtel évav évav Tovg kopPovg péxpt Oha ta Pods va Aapovv tov
(ntovpevo amoBnkevtikd xwpo. Oa frav moAd 1o armodotikd av Eépape €& ap-

X1§ mooot kopPot xpetdlovtat wote va mpootefody HoVoLAg 0T ovaToLyid.

'https://github.com/kubernetes/community/blob/master/sig-storage/README.md
*https://github.com/kubernetes/community/blob/master/sig-autoscaling/README.md
*https://github.com/kubernetes/autoscaler/pull/4877
*https://github.com/kubernetes/autoscaler/pull/4842
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Télog, omwg éxovpe 0N avapépel, 0 HakpOTPOOBETUOG OTOXOG [AG ELVAL VA GUVELOPE-

pove To 0xedLaoo [ag 0To upstream project Tov Kubernetes.
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Introduction

In this first chapter, we outline the scope of our work. We provide a brief overview of the
task at hand, and we illustrate the gap that there is to fill. Then, we review the existing
approaches, highlighting their offerings and drawbacks. Moving on, we give a high-level

overview of the mechanism we built. Finally, we present the structure of this thesis

1.1 Motivation

Kubernetes is the de-facto container orchestrator choice for every company going cloud-
native. The popularity of Kubernetes arises from the fact that it makes application life-
cycle management for container-based applications a lot easier for DevOps via a declar-
ative desired state-based management approach. It exposes a powerful declarative API
that developers can use to describe the desired state of an application in terms of Pods,
Services, etc. Kubernetes controllers take immediate actions to bring the observed state
of the system to the desired state. Kubernetes can run on-premises and on most major
cloud providers such as Amazon Web Services (AWS), Google Cloud, and Microsoft

Azure, which is also key to its success.

By packaging code and dependency into containers, the development teams can use
standard code units that start and terminate quickly to allow applications to scale to any
size. They can use containers to package entire applications and move them to the cloud
without needing to undergo code changes. Kubernetes act as an orchestrator platform
to let large numbers of containers work harmoniously together and reduce operational

burdens.
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The Kubernetes Scheduler and Cluster Autoscaler (Autoscaler) work together to ensure
the cluster’s workload is running. The Scheduler ensures that the workload units (Pods)
are assigned to cluster nodes with sufficient resources, i.e., memory, CPU, and storage.
At the same time, the Cluster Autoscaler maintains an appropriate number of nodes
in the cluster that allows the workload to run seamlessly without wasting any excess
resources. The latter implies that the Cluster Autoscaler is a component that enables
enterprises to optimize costs by dynamically scaling the number of nodes in the cluster
in response to the current cluster workload and, thus, meet dynamic demand. Without
the Cluster Autoscaler, the enterprises are bound to use a fixed-size cluster, which leads
to either being charged for unneeded resources in the cluster, or the necessary resources

would not be enough for the workload to run.

Combining Kubernetes with local persistent volumes allows users to access the local
storage of a node in the cluster through the standard Kubernetes PersistentVolume-
Claiminterface in a simple and portable way. The primary benefit of local persistent vol-
umes over remote persistent storage (e.g., network-attached volumes) is performance:
local disks usually offer higher IOPS, higher throughput, and lower latency than re-
mote storage systems. For instance, by attaching non-volatile memory express (NVMe)
disks to a node, the end-user can benefit from a huge performance boost when exe-
cuting applications that demand heavy storage utilization. For instance, in the case of
enterprises, local storage can enable them to optimize the speed that they run the disk-
intensive workload, such as machine learning, big data analysis tasks, etc., which is a

crucial factor for revenue.

Enabling the seamless operation of the Cluster Autoscaler on Kubernetes clusters that
leverage local storage is of high importance for enterprises. Local storage will enable
them to run disk-intensive workload efficiently and fast, the Cluster Autoscaler will
maintain the appropriate size of the cluster and the Autoscaler will ensure that workload
runs on the right kind of node. This triple combination works towards infrastructure

cost reduction, which is highly important for enterprises.
However, working with local persistent storage has a few implications that Kubernetes

has not yet resolved:

« The Scheduler does not consider the available local storage when scheduling the

workload units.
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o The Cluster Autoscaler does not scale down (remove nodes) the cluster if local
volumes are provisioned on the nodes since the removal would lead to data loss.
o The Cluster Autoscaler does not scale up the cluster (add nodes) when the nodes

do not have enough local storage for the workload requests.

Motivated by the significance and the impact of using local persistent storage on Kuber-
netes clusters, in this thesis, we propose extensions for the Kubernetes Scheduler and the
Cluster Autoscaler to enable seamless operation with local storage. More specifically,

our work is two-fold:

» We propose a extensions so that the Cluster Autoscaler can scale down and up

clusters with local persistent storage.

» We propose extensions for the Scheduler to schedule the workload on nodes with

the required amount of local storage available.

1.2 Problem Statement

As stated in section 1.1, this thesis is motivated by local persistent storage’s benefits.
However, the integration of the Kubernetes Scheduler and the Cluster Autoscaler with

local storage has a few implications that are not yet resolved:

o The Scheduler does not schedule the workload considering the available storage.
Without considering the available storage, it may schedule a Pod onto an unsuit-
able node where the storage driver cannot provide the requested volumes because
the underlying storage system does not have sufficient capacity.

o The Cluster Autoscaler does not scale down clusters with local persistent storage
since the local data reside on each node, and removing the node would lead to
losing access to these data.

o The Cluster Autoscaler does not scale up clusters, i.e., it does not add nodes in

the cluster when there is not enough local storage for the workload to run.

In this thesis, we make design proposals and implement them to overcome these prob-
lems and enable the seamless operation of the Kubernetes Scheduler and the Cluster

Autoscaler with local persistent storage.
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1.3 Existing Solutions

Currently, the Cluster Autoscaler does not support autoscaling for cluster nodes that use
local persistent storage. Each volume that is leveraging local storage will be considered
by the Autoscaler to be only accessible by that node, and, thus, it will not remove the
node where the data live; in other words, scaling down with local volumes is infeasible.
Moreover, there is no option to scale up when there is not enough local storage for the

workload that requests it. There are no existing solutions to fix these problems.

Regarding the Kubernetes Scheduler, the Kubernetes community has currently imple-
mented preliminary support for scheduling with storage consideration. They call the
feature “Storage Capacity Tracking” Scheduling a Pod with Capacity storage capac-
ity tracking allows the storage (CSI) drivers to publish information about the remaining
capacity on each topology segment of the cluster. The Scheduler then uses that informa-
tion to pick a suitable node for a Pod that requests volumes to be provisioned. However,

the current approach comes with a few limitations:

o It does not attempt to model how scheduling decisions affect storage capacity.
The Kubernetes SIG Storage team took this design decision to ease the develop-
ment of the feature, since the effect can vary considerably depending on how the
storage system handles storage. As a consequence of this decision, a Pod request-
ing multiple volumes to be provisioned might get scheduled on a node where
there is only enough space for each of the volumes individually, without consid-
ering the total amount of storage needed to accommodate all the volumes. As a
consequence, the scheduling of a Pod can fail permanently: one volume might
get created successfully in a topology segment that does not have enough capac-
ity left for the other volume. Then, the already provisioned volume will restrict
future attempts to schedule the Pod. Manual intervention is necessary to recover
from this state, for example, by increasing capacity or deleting the already created

volume.

o The feature is only available on clusters running Kubernetes version 1.21 or later.
Running Kubernetes 1.21 or later is a requirement that not all production clusters
currently meet. In our case, a few enterprises are still using older versions of

Kubernetes; thus, the Capacity Tracking feature not available.
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As it comes for the Cluster Autoscaler, there are no reported solutions to overcome its

current limitations.

1.4

Proposed Solution

Asalready explained in previous sections, this thesis aims to enable seamless autoscaling

and scheduling on clusters that leverage local persistent storage. Our proposed design

involves the extension of various components, namely, the Scheduler, the Cluster Au-

toscaler, and the controller of the local storage driver (CSI driver).

In a nutshell, we propose the following design:

Extend the Rok CSI storage driver to report the available storage capacity on each
cluster node on the Kubernetes Node objects. The driver will calculate the avail-

able storage by issuing commands to the underlying Local Volume Manager.

Extend the Kubernetes Scheduler to consider the reported storage capacity of
each node when scheduling a Pod that requests RoKk’s local volumes to be pro-

visioned. We call the extended scheduler “Rok Scheduler”.

Integrate the Cluster Autoscaler with the Rok CSI mechanism to snapshot and
protect local volumes when a node is removed, enabling the cluster’s seamless

scale-down.

Extend the Kubernetes Cluster Autoscaler to consider the storage utilization when
deciding whether to scale down a node and check if there is enough storage on

other nodes to accommodate the Pods of the node.

Extend the Kubernetes Cluster Autoscaler to scale up the cluster when there is

insufficient storage.

Extend the Kubernetes Cluster Autoscaler not to remove nodes of a cluster that
are in the Unready state since the local volumes still live on the Unready nodes,

and the removal of the node will lead to data loss.

In the context of this thesis, we use the “Rok” data management system by Arrikto, which

integrates with Kubernetes using the Container Storage Interface (see section 2.8) and
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exposes the local storage of a node as volumes for the workload to consume. Although
the design implementation focuses on Rok, it can be easily generalized to any other local

storage systems.

1.5 Outline
The rest of this thesis is organized as follows:
« In chapter 2 we provide the theoretical background necessary for the reader to

understand our work.

« In chapter 3 we analyze the design of the Scheduler and the Cluster Autoscaler,
expose parts of their mechanism and propose design changes for enabling their

seamless operation when local persistent storage is involved.
o In chapter 4 we analyze the implementation of our design.

« In chapter 5 we provide a summary of our contributions and possible future work

directions.



Background

In this chapter, we provide the theoretical background necessary for understanding the

core practical ideas of the rest of the thesis.

2.1 Architectural Evolution

The popularity of microservices and containerization has exploded in recent years. The
need for scalable, easily deployable applications has led to abandoning monolithic ar-
chitectures, where all processes are tightly coupled and run as a single service, in favor
of microservices. Microservices are an architectural and organizational approach for
software development where software is composed of small independent services that

communicate over well-defined APIs.

The current industry trend for microservices is to use containerization to deliver smaller,
single-function modules, which work together to create more agile, scalable applica-
tions. Containerization is a form of virtualization where applications run in isolated
user spaces, called containers, while using the same shared operating system. A con-
tainer is essentially a fully packaged and portable computing environment. Everything
an application needs to run —its binaries, libraries, configuration files, and dependencies-

are encapsulated and isolated in their container.

The extensive use of containers has driven the need to automate containers’ deployment
and management. Container orchestration automates the operational effort required

to run containerized workloads and services. Container orchestration includes various

73



74 CHAPTER 2. BACKGROUND

Container
Monolith Microservices Containers Orchestration

!>

Figure 2.1: Architectural evolution: From monolithic applications to containerized mi-
croservices that are managed by a container orchestrator

actions software teams need to manage a container’ lifecycle, including provisioning,

deployment, scaling (up and down), networking, load balancing, and more.

Kubernetes is the most popular solution among various container orchestrators and has
become the industry standard. Initially launched by Google, Kubernetes is a portable,
extensible, open-source platform for managing containerized workloads and services

that facilitates declarative configuration and automation.

Kubernetes operates on a cluster. A Kubernetes cluster is a set of node machines for run-
ning containerized applications. The cluster is the heart of Kubernetes’ key advantage:
the ability to schedule and run containers across a group of machines, be they physical

or virtual, on-premises or in the cloud.

2.2 Kubernetes Fundamentals

Kubernetes is an open-source orchestrator for deploying containerized applications. It
was initially developed by Google, inspired by a decade of experience deploying scalable,
reliable systems in containers via application-oriented APIs. Since its introduction in
2014, Kubernetes has grown to be one of the world’s largest and most popular open-
source projects. It has become the standard API for building cloud-native applications
in nearly every public cloud. Kubernetes is a proven distributed system infrastructure
suitable for cloud-native developers of all scales. It provides the software necessary to

build and deploy reliable, scalable distributed systems.

Kubernetes makes application lifecycle management for container-based applications
much more effortless for DevOps via a declarative desired state-based management ap-

proach. It exposes a powerful declarative API that developers can use to describe the
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desired state of an application in terms of Pods, Services, etc., and Kubernetes controllers

will take immediate actions to bring the observed state of the system to the desired state.

2.2.1 Kubernetes Architecture

A Kubernetes cluster consists of a set of worker machines, called nodes, that run con-
tainerized applications. Every cluster has at least one worker node. The worker nodes
host the Pods, which are the components of the application workload. The control plane
manages the worker nodes and the Pods in the cluster. In production environments, the
control plane usually runs across multiple computers, and a cluster usually runs multi-

ple nodes, providing fault tolerance and high availability.
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2.2.2 Kubernetes Control Plane Components

The control plane’s components make global decisions about the cluster (for example,
scheduling), as well as detecting and responding to cluster events (for example, starting

up a new Pod when a deployment’s replicas field is unsatisfied).

The main control plain components are:

 kube-apiserver: The APIserver is a component of the Kubernetes control plane
that exposes the Kubernetes API. The API server is the front end of the Kuber-
netes control plane. The primary implementation of a Kubernetes API server
is kube-apiserver. Kube-apiserver is designed to scale horizontally, i.e., it
scales by deploying more instances. A cluster may run several instances of kube-

apiserver and balance traffic between those instances.

« etcd: A consistent and highly-available key-value store that is used as Kubernetes’
backing store for all cluster data. Distributed and fault-tolerant, etcd is an open-
source, key-value store database that stores configuration data and information
about the state of the cluster. Etcd may be configured externally, although it is

often part of the Kubernetes control plane.

Etcd stores the cluster state based on the Raft consensus algorithm. This helps
cope with a common problem in the context of replicated state machines and
involves multiple servers agreeing on values. Raft defines three different roles:

leader, candidate, and follower, and achieves consensus by electing a leader.

In this way, etcd acts as the single source of truth (SSOT) for all Kubernetes cluster
components, responding to queries from the control plane and retrieving various
parameters of the state of the containers, nodes, and Pods and other cluster com-

ponents, in general.

 kube-scheduler: Control plane component that watches for newly created Pods
with no assigned node and selects a node for them to run on. Factors consid-
ered for scheduling decisions include individual and collective resource require-
ments, hardware/software/policy constraints, affinity, and anti-affinity specifica-

tions, data locality, inter-workload interference, and deadlines.
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 kube-controller-manager: Control plane component that runs controller pro-
cesses. Logically, each controller is a separate process, but to reduce complexity,
they are all compiled into a single binary and run in a single process. Some types

of these controllers are:

- Node controller: Responsible for noticing and responding when nodes go
down.

- Job controller: Watches for Job objects that represent one-off tasks, then
creates Pods to run those tasks to completion.

- Endpoints controller: Populates the Endpoints object (that is, joins Ser-
vices & Pods).

- Service Account & Token controllers: Create default accounts and API ac-

cess tokens for new namespaces.

 cloud-controller-manager: Kubernetes control plane component that embeds
cloud-specific control logic. The cloud controller manager lets a user link their
cluster into their cloud provider’s API, and separates out the components that
interact with that cloud platform from components that only interact with their
cluster. The cloud-controller-manager only runs controllers that are specific to
your cloud provider. If a Kubernetes cluster runs on a user’s premises, the cluster

does not have a cloud controller manager.

2.2.3 Kubernetes Node Components
Node components run on every node, maintaining running Pods and providing the
Kubernetes runtime environment.

Every node runs the following components:

« kubelet: An agent that makes sure that containers are running in a Pod.

o kube-proxy: kube-proxy is a network proxy implementing part of the Kuber-
netes Service concept. Kube-proxy maintains network rules on nodes. These
network rules allow network communication to the user’s Pods from network

sessions inside or outside of their cluster. Kube-proxy uses the operating system
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packet filtering layer if there is one and it’s available. Otherwise, kube-proxy for-
wards the traffic itself.

o Container Runtime: The container runtime is the software that is responsible
for running containers. Kubernetes supports container runtimes such as con-
tainerd, CRI-O, and any other implementation of the Kubernetes CRI (Container

Runtime Interface).

2.2.4 'The Kubernetes API

The core of Kubernetes’ control plane is the API server. The API server exposes an
HTTP API that lets end-users, different cluster parts, and external components commu-
nicate. The Kubernetes API lets the user query and manipulate the state of API objects
in Kubernetes (for example, Pods, Namespaces, ConfigMaps, and Events). Kubernetes

generally leverages common RESTful terminology to describe the API concepts:

o A resource type is the name used in the URL (Pods, Namespaces, Services).

« All resource types have a concrete representation (their object schema) which is
called a kind.

o A list of instances of a resource is known as a collection.

« A single instance of a resource type is called a resource and usually represents an

object.

Almost all object resource types support the standard HTTP verbs - GET, POST, PUT,
PATCH, and DELETE. Kubernetes also uses its own, often written lowercase, to distin-
guish them from HTTP verbs. Kubernetes uses the term “list” to describe returning a
collection of resources to distinguish from retrieving a single resource, usually called a
“get”. All resource types are scoped either to the cluster or to a namespace. A namespace-
scoped resource type will be deleted when its namespace is deleted, and access to that

resource type is controlled by authorization checks on the namespace scope.

2.2.5 Kubernetes Objects

Kubernetes objects are persistent entities in the Kubernetes system. Kubernetes uses

these entities to represent the state of the cluster. Specifically, they can describe:
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« What containerized applications are running and on which nodes.
o The resources available to those applications.
« The policies around how those applications behave, such as restart policies, up-

grades, and fault-tolerance.

A Kubernetes object is a “record of intent”; once a user creates the object, the Kubernetes
system will constantly work to ensure that the object exists. By creating an object, a user
is effectively telling the Kubernetes system what they want their cluster’s workload to

look like.

2.2.5.1 The Pod Object

Pods are the smallest deployable artifact in a Kubernetes cluster. A Pod represents a
collection of application containers and volumes running in the same execution envi-
ronment. This means all of the containers in a Pod always land on the same machine.
Each container within a Pod runs in its own cgroup, but they share several Linux names-
paces. Applications running in the same Pod share the same IP address and port space
(network namespace), have the same hostname (UTS namespace), and can communi-
cate using native interprocess communication channels over System V IPC or POSIX
message queues (IPC namespace). However, applications in different Pods are isolated
from each other; they have different IP addresses, different hostnames, etc. Containers

in different Pods running on the same node might also be on different servers.

O @Q

Creating POD Pod is Running g Pod completed
Stat: Pending Stat: Running \ @ Stat: Terminated

Pod Failed

Stat: Failed

Figure 2.4: The lifecycle of a Pod
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Phase The phase of a Pod is a simple, high-level summary of where the Pod is in its
lifecycle. Each Pod follows a defined lifecycle, starting in the Pending phase, moving
through Running if at least one of its primary containers starts OK, and then through
either the Succeeded or Failed phases depending on whether any container in the Pod

terminated in failure.

More specifically, the phase of a Pod can be:

 Pending: the Pod has been accepted by the system, but one or more of the con-
tainers has not been started. This includes time before being bound to a node, as
well as time spent pulling images onto the host.

e Running: the Pod has been bound to a node and all of the containers have been
started. Atleastone container is still running or is in the process of being restarted.

o Succeeded: all the containers of the Pod have voluntarily terminated with a con-
tainer exit code of 0, and the system is not going to restart any of these containers.

 Failed: all the containers of the Pod have terminated, and at least one container
has terminated in a failure (exited with a non-zero exit code or was stopped by
the system).

« Unknown: for some reason the state of the Pod could not be obtained, typically

due to an error in communicating with the host of the Pod.

Status A Pod has a PodStatus, which has an array of PodConditions through which

the Pod has or has not passed:

PodScheduled: the Pod has been scheduled to a node.

« ContainersReady: all containers in the Pod are ready.
o Initialized: all init containers have completed successfully.
« Ready: the Pod is able to serve requests and should be added to the load balancing

pools of all matching Services.

Unschedulable Pods The cluster scheduler is responsible for assigning a node for the
Pod to run on. It assigns a node by setting the spec.nodeName field of the Pod. If the
scheduler fails to find a place to run the Pod, it sets PodScheduled PodCondition to
False and reason to Unschedulable. An unschedulable Pod will remain in Pending

phase.
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In the context of this thesis, we will refer to a Pod that could not be scheduled as “un-

schedulable Pod” or, equivalently, “Pending Pod’.

Resource requests and limits Compute resources are measurable quantities that can
be requested, allocated, and consumed. For instance, but not limited to, CPU and mem-

ory are some types of computing resources.

The user can specify resource requests and limits for each container of the Pod. The
scheduler uses the requests to decide which node assign to the Pod. The kubelet uses
the limits for a container and enforces them so that the running container cannot use
more of that resource than the limit a user has set. The kubelet also reserves at least the
requested amount of that system resource specifically for that container to use. If the
node where a Pod is running has enough of that resources available, it is possible (and
allowed) for a container to use more than requested. However, a container cannot use

more than the limit of that resource.

Listing 2.1: Requests and limits of a Pod’s container

apiVersion: vl
kind: Pod
metadata:
name: a-pod
spec:
containers:
- name: app
image: nginx
resources:
requests:
memory: “100M”
cpu: ~200m”
limits:
memory: “150M”
cpu: ~500m”

2.2.5.2 The Node Object

Kubernetes runs the workload by placing Pods to run on nodes. Depending on the clus-
ter, a node may be a virtual or physical machine. The control plane manages each node
and contains the services necessary to run Pods. A node registered in the Kubernetes

cluster is represented using a Node object on the API Server.

Node taints Taints and tolerations are a mechanism that users can use to ensure that
Pods are not placed on inappropriate nodes. Taints are added to nodes, while tolerations

are defined in the Pod specification. A node can have one or many taints associated with
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it. When a user taints a node, it repells all the Pods except those that have a toleration

for that taint.

A taint can produce three possible effects:

NoSchedule: The scheduler will only allow scheduling Pods that have tolerations
for the tainted nodes.

PreferNoSchedule: The scheduler will try to avoid scheduling Pods that don’t
have tolerations for the tainted nodes.

NoExecute: Kubernetes will evict the running Pods from the nodes if the Pods

don’t have tolerations for the tainted nodes.

Node status Each Node object has a /status subresource that indicates the status of

the node. The status contains multiple conditions for the node and is managed by the

node controller. Some conditions that are often encountered include:

MemoryPressure: If True, it indicates that the node is running out of memory.
DiskPressure: A True value in this field indicates that the node lacks enough
space.

PIDPressure: If too many processes are running on the node, this field will be
True.

NetworkUnavailable: If the network for the node is not correctly configured,
this will be True.

Ready: If the node is healthy and ready to accept Pods, this will be True. In this
field, a False is equivalent to the NotReady status in the get nodes output. It can
also have the Unknown value, which means the node controller has not heard

from the node in the last node-monitor-grace-period.

In the context of the Cluster Autoscaler and the Scheduler, a node will be considered as

“Unready” if:

It has Pod. spec.unschedulable field. This field indicates the node shall not ac-
cept Pods.
The Node object does not have any condition of type Ready.

A condition of type Ready exists and the its status is False.
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Figure 2.5: Node resources: capacity and allocatable

+ A condition of type DiskPressure or PIDPressure or NetworkUnavailable

with its corresponding status set to True. exists.

The rest of the nodes shall be considered as Ready.

A node that cannot accept Pods will be referred to as “unschedulable” node.

Node allocatable Allocatable on a Kubernetes node is defined as the amount of com-
puting resources that are available for Pods. The total resources (capacity) of a node are

categorized into:

» kube-reserved: resource reservation for kubernetes system daemons like the
kubelet, container runtime, node problem detector, etc. It is not meant to reserve

resources for system daemons that are run as Pods.

+ system-reserved: resource reservation for OS system daemons like sshd, udev,
etc. system-reserved should reserve memory for the kernel too since kernel mem-

ory is not accounted to Pods in Kubernetes at this time.

 eviction-threshold: specifies limits that trigger evictions when node resources

drop below the reserved value.

« allocatable: the remaining node resources available for scheduling of Pods.
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2.2.5.3 The PodDisruptionBudget Object

Pods do not disappear until someone (a person or a controller) destroys them or there

is an unavoidable hardware or system software error.

The unavoidable cases are called involuntary disruptions and include:

A hardware failure of the physical machine backing the node.

Cluster administrator deletes VM (instance) by mistake.

Cloud provider or hypervisor failure makes VM disappear.

A kernel panic.
« The node disappears from the cluster due to cluster network partition.

« Eviction of a Pod due to the node being out-of-resources.

All other cases are called voluntary disruptions. These include both actions initiated by
the application owner and those initiated by a Cluster Administrator. Typical voluntary

disruptions include:

Deleting the deployment or other controller that manages the Pod.

Updating a deployment’s Pod template causing a restart.
o Directly deleting a Pod.

+ Draining a node for repair or upgrade.

« Draining a node from a cluster to scale the cluster down.

« Removing a Pod from a node to permit something else to fit on that node.

A PodDisruptionBudget (PDB) limits the number of Pods of a replicated application
that are down simultaneously from voluntary disruptions. For example, a web front end
might want to ensure that the number of replicas serving load never falls below a certain

percentage of the total.

A PDB specifies the number of replicas that an application can tolerate having, relative to
how many it is intended to have. For example, a Deployment thathasa . spec.replicas:
5 is supposed to have 5 Pods at any given time. If its PDB allows for there to be 4 at a
time, then the Eviction API will allow voluntary disruption of one (but not two) Pods

at a time.



2.2. KUBERNETES FUNDAMENTALS 85

Involuntary disruptions cannot be prevented by PDBs; however they do count against
the budget. Pods which are deleted or unavailable due to a rolling upgrade to an appli-

cation do count against the disruption budget.

2.2.5.4 TheDeployment Object

A Deployment resource ensures that a specified number of Pod replicas are running at
any time. In other words, a Deployment ensures that a Pod or homogeneous set of Pods
are always up and available. If there are too many Pods, it will kill some. If there are too

few, the Deployment will start more.

2.2.5.5 The DaemonSet Object

A DaemonSet (DS) resource ensures that all Nodes run a copy of a Pod. As nodes are
added to the cluster, Pods are added to them. As nodes are removed from the cluster,

those Pods are garbage collected. Deleting a DaemonSet will clean up the Pods it created.

2.2.5.6 ThePersistentVolumeClaim object

A PersistentVolumeClaim (PVC, or equivalently referred to as “claim”)) is a request
for storage by a user. Claims can request specific size and access modes, e.g., they can

be mounted ReadWriteOnce, ReadOnlyMany or ReadWriteMany, etc.

Phase The Phase of a PVC can be one of the following:

1. Pending: the PVC is not yet bound.
2. Bound: the PVCis bound to a PV.
3. Lost: the PVC lost its underlying PV. The claim was bound to a PV and this

volume does not exist any longer and all data on it was lost.

2.2.5.7 ThePersistentVolume object

A PersistentVolume (PV, or equivalently referred to as “volume”) is a piece of storage

in the cluster that has been provisioned by an administrator or dynamically provisioned
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using Storage Classes. It is a resource in the cluster. PVs have a lifecycle independent
of any individual Pod that uses the PV. This API object captures the details of the im-
plementation of the storage, be that NFES, iSCSI, or a cloud-provider-specific storage

system.
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Figure 2.6: The lifecycle of a PVC and PV in the case of static provisioning

Phase A PV can be in one of the following phases:

 Available: the PV is not yet bound; it is available to be matched to a PVC.

« Bound: the PV is bound to a PVC.

 Released: the PVs must be recycled before becoming available again. This phase
is used by the persistent volume claim binder to signal to another process to re-
claim the resource.

 Failed: the PV has failed to be correctly recycled or deleted after being released

from a claim.

Binding PVCs are requests for storage resources; each PVC gets bound to a PV that
matches the PVC’s requested storage amount and access modes. Each PV gets bound
to one PVC only, and vice versa. The binding between them is bidirectional. A PV will

remain unbound till it is matched to a PVC. The binding is illustrated in Figure 2.7.

The interaction between PVs and PVCs follows this lifecycle:
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Pod —>»| PersistentVolumeClaim
A Unbound PV
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Figure 2.7: A Pod requests a volume using a PVC and the PVC gets bound to a PV. The
PV object stores the details for the underlying persistent storage piece.

1. Provisioning: There are two ways PVs may be provisioned: statically or dynam-

ically.

« Statically: A cluster administrator creates some PVs. They carry the details
of the actual storage, which is available for use by cluster users. They exist

in the Kubernetes API and are available for consumption.
« Dynamically: When none of the static PVs the

« Dynamically: When none of the static PVs the administrator created matches
a user’s PersistentVolumeClaim, the storage system may try to dynamically
provision a volume for the PVC. This provisioning relies on storage classes:
the PVC must request a storage class, and the administrator must have cre-
ated and configured that class for dynamic provisioning. Claims that do not
specify a storage class effectively disable dynamic provisioning for them-

selves.

2. Binding: A user creates a PersistentVolumeClaim with a specific amount of stor-
age requested and with certain access modes. A control loop (the PersistentVol-
umeController) in the Kubernetes control plane watches for new PVCs, finds a
matching PV (if possible), and binds them together. If a PV was dynamically pro-
visioned for a new PVC, the loop binds that PV to the PVC. Otherwise, the user
will get at least what they asked for, but the volume may be more than what was

requested. Once bound, PersistentVolumeClaim binds are exclusive, regardless
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of how they were bound. A PVC to PV binding is a one-to-one mapping, using a
ClaimRef which is a bidirectional binding between the PersistentVolume and the
PersistentVolumeClaim. Claims will remain unbound indefinitely if a matching
volume does not exist. Claims will be bound as matching volumes become avail-
able. For example, a cluster provisioned with many 50Gi PVs would not match a
PVC requesting 100Gi. The PVC can be bound when a 100Gi PV is added to the

cluster.

3. Using: Pods use claims as volumes. The cluster inspects the claim to find the
bound volume and mounts that volume for a Pod. For volumes that support
multiple access modes, the user specifies which mode is desired when using their
claim as a volume in a Pod. Once a user has a claim and that claim is bound,
the bound PV belongs to the user for as long as they need it. Users access their
claimed PVs by including a persistentVolumeClaim section in a Pod’s volumes

block.

In the context of this thesis, a PVC will be also referred to as a “claim”

Node affinity A PV can specify node affinity to define constraints that limit what
nodes this volume can be accessed from. The nodeAffinity field of the PV is a la-
bel selector that matches nodes with the appropriate labels. Labels are key/value pairs

that are attached to objects.

The node affinity of a PV is used in the following way to indicate a volume is local to a

node:

1. The storage driver sets on each Node object a unique label.
2. The storage driver sets the corresponding node affinity of the PV to match only
the unique label of the node.

Listing 2.2 presents a PV with node affinity that matches node having the label node : node -
1.

Listing 2.2: A PV with node affinity

f 1
| apiversion: vi1
| kind: PersistentVolume |
| metadata:

ces

BN —
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name: a-pv
spec:

nodeAffinity:
required:

nodeSelectorTerms:

- matchExpressions:
- key: node
operator: In
values:
- node-1

2.2.5.8 The StorageClass Object

A StorageClass is a Kubernetes resource that enables dynamic storage provisioning.
A StorageClass provides a way for administrators to describe the “classes” of storage

they offer. The administrator configures the StorageClass, which can then no longer be

modified.

A storage class can specify a volumeBindingMode, which is either Immediate or Wait-

ForFirstConsumer:

» Immediate: Indicates that volume binding and dynamic provisioning occur once
the user creates the PersistentVolumeClaim. For storage backends that are topology-
constrained and not globally accessible from all nodes in the cluster, PersistentVol-
umes will be bound or provisioned without knowledge of the Pod’s scheduling

requirements, possibly resulting in unschedulable Pods.

» WaitForFirstConsumer: The binding and provisioning of a PersistentVolume
will be delayed until a Pod using the PersistentVolumeClaim is created. Persis-
tentVolumes will be selected or provisioned conforming to the topology that is

specified by the Pod’s scheduling constraints.

2.2.6 The Eviction API

When deleting a resource on Kubernetes, the API server will put a deletionTimestamp
on the resource object. Unless there are any finalizers on the object, the object will be

removed from the API Server.

In the case of Pods, apart from the classic DELETE operation, Kubernetes offers an extra

API to initiate the deletion of the Pod: the Eviction API. The main difference with the
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delete operation is that API-initiated evictions respect the configured PodDisruption-
Budgets and terminationGracePeriodSeconds. So, if a user tries to evict a Pod and
the corresponding PodDisruptionBudget does not allow the disruption of the Pod, the
Pod will not be deleted. Instead, issuing a classical DELETE operation will remove the

Pod, no matter what the PodDisruptionBudget specifies.

2.2.7 The Cordon & Drain Operations

The Kubernetes command-line tool, kubectl, allows a user to run commands against
Kubernetes clusters. The tool allows the complete management of the cluster. Two es-
sential operations used for the maintenance of the cluster are the cordon and the drain

operations.

Cordon operation Cordon is an operation offered by the kubect1 CLI tool that marks
the node as unschedulable. Marking a node as unschedulable prevents the scheduler
from placing new Pods onto that node but does not affect existing Pods running on it.

This is a preparatory step before a node reboot or other maintenance.

The admin of the cluster can execute the cordon operation by running kubectl cordon.
When cordoning a node, the tool adds the unschedulable taint * on the node and also

sets the nodes. spec.unschedulable field to True.

We will refer to the action of marking the node as unschedulable as “cordoning the node”

and the node as “cordoned”.

Drain operation The drain operation is used to remove workload from a node. It is
run in case the node needs maintenance, or it needs to be removed from a cluster. The
drain operation cordons the node to mark it as unschedulable, and evicts all the Pods
from the node. Evictions allow the Pod’s containers to terminate gracefully and will

respect the PodDisruptionBudgets the user has specified.

The admin of the cluster can execute the drain operation by running kubectl drain.

If kubectl drain returns successfully, it indicates that all the Pods have been safely

Unschedulable taint: node.kubernetes.io/unschedulable:NoSchedule
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evicted (respecting the desired graceful termination period and the PodDisruptionBud-
get that is defined). It is then safe to bring down the node by powering down its physical

machine or deleting its virtual machine if it runs on a cloud platform.

2.3 Kubernetes Controllers

In Kubernetes, controllers are control loops that watch the state of the cluster, then make
or request changes where needed. Each controller tries to move the current cluster state
closer to the desired state. A controller tracks at least one Kubernetes resource type.
These objects have a spec field representing the desired state. The controllers for that

resource are responsible for making the current state come closer to that desired state.

In this section, we will describe some of the controller that play a significant role in the

storage system of Kubernetes.

2.3.1 The PersistentVolume Controller

The PersistentVolumeControllerisa controller that synchronizes PersistentVolume-
Claims and PersistentVolumes. It binds PVs and PVCs and manages their lifecycles. If
the PVC references a StorageClass with static provisioning, the control loop attempts to
find a matching PV and then binds it to the PVC. In the case of dynamic provisioning,
as soon as the PV gets provisioned for the PVC, the control loop binds them together.

2.3.2 The AttachDetach Controller

The AttachDetach controller manages volume attach and detach operations. It looks
for any Pods that get scheduled on a node and triggers the attach operation, i.e., it cre-
ates a VolumeAttachment object to signal the external attacher that it shall issue a Con-
trollerPublish call to the CSI driver. Similarly, when no Pods use a volume on a
node, the controller executes a detach operation: deletes the VolumeAttachment object
to signal the external attacher it shall issue a ControllerUnpublish request to the CSI

driver.
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2.3.3 Kubernetes Admission Controllers

An admission controller is a piece of code that intercepts requests to the Kubernetes
API server prior to the persistence of the object but after the request is authenticated
and authorized. Admission controllers may be validating, mutating, or both. Mutating
controllers may modify related objects to the requests they admit; validating controllers

may not.

The admission control process proceeds in two phases. In the first phase, it runs the
mutating admission controllers. In the second phase, it runs the validating admission
controllers. If any controller in either phase rejects the request, the entire request is

rejected immediately and an error is returned to the end-user.

Various admission controllers come compiled into the kube-apiserver binary, and out
of them, there are two controllers of particular interest, the MutatingAdmissionWeb-

hook and ValidatingAdmissionWebhook:

o MutatingAdmissionWebhook: This admission controller calls any mutating web-
hooks which match the request. Matching webhooks are called serially; each one
may modify the object if desired.

 ValidatingAdmissionWebhook: This admission controller calls any validating
webhooks which match the request. Matching webhooks are called in parallel; if

any of them rejects the request, the request fails.

The admission controller phases are shown in Figure 2.8.

API Jory : Object - ]
APl request HTTP .l:\u.llthhenrzlcat:lonn I\dﬂ ::iau?gn S e V::::atuing Ptersntségd
handler Morazta s Validation Sl 2
A A
Y Y
Webhook || Webhook Webhook

Figure 2.8: Admission controller phases
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2.4 Kubernetes Admission Webhooks

Admission webhooks are HT TP callbacks that receive admission requests and do some-
thing with them. Two types of admission webhooks can be defined: validating admis-

sion webhook and mutating admission webhook.

Mutating admission webhooks are invoked first, and can modify objects sent to the API
server to enforce custom defaults. After all object modifications are complete, and after
the incoming object is validated by the API server, validating admission webhooks are
invoked and can reject requests to enforce custom policies.The admin of the cluster can
dynamically configure what resources are subject to what admission webhooks via vVal-

idatingWebhookConfiguration or MutatingWebhookConfiguration API objects.

MutatingWebhookConfiguration Object EachMutatingWebhookConfiguration con-
tains a list of webhooks, specified at webhooks field. Each of the webhooks defined, may
specify the following fields:

o rules: A list of rules used to determine if a request to the API server should
be sent to the webhook. Each rule specifies one or more operations, apiGroups,
apiVersions, and resources, and a resource scope.

o failurePolicy: Defines how unrecognized errors and timeout errors from the
admission webhook are handled. Allowed values are Ignore or Fail.

» namespaceSelector: Defines whether to run the webhook on a request for a
namespaced resource (or a Namespace object) based on whether the namespace
labels match the selector. If the object is a cluster scoped resource other than a

Namespace, namespaceSelector has no effect.

2.5 The Kubernetes Operator Pattern

A Kubernetes operator is a custom application-specific controller that extends the func-
tionality of the Kubernetes API to create, configure, and manage instances of complex
applications on behalf of a Kubernetes user. It builds upon the fundamental Kubernetes
resource and controller concepts but includes domain or application-specific knowledge

to automate the entire life cycle of the software it manages. It uses custom resources to
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manage applications and their components. The user within a custom resource provides
high-level configuration and settings. The Kubernetes operator translates the high-level
directives into low-level actions based on best practices embedded within the operator’s

logic.

A CustomResourceDefinition object (CRD) defines a custom resource and lists out
all the configurations available to users of the operator. The Kubernetes API can handle
custom resource definitions just like built-in objects, including interaction via kubect1

and inclusion in role-based access control (RBAC) policies.

a ™ e
[ Custom Resource Watch Update | Managed Objects
3 - -~ ~ < 'R
f \\\v / N\ f I\ Deployment
/ \ . )
Spec / \
( Operator \
“.‘ Control Loop .‘ ConfigMap
\ J !
Status

Update Watch

Figure 2.9: The Kubernetes operator pattern

2.6 The Kubernetes Scheduler

A scheduler on a Kubernetes cluster is a component that watches for newly created Pods
that have no node assigned. For every Pod the scheduler discovers, the scheduler be-
comes responsible for finding the best node for that Pod to run on. In this section, we

will present the background needed to understand how scheduling occurs.

2.6.1 Scheduling Fundamentals

Multiple schedulers A scheduler is a component on a Kubernetes cluster that assigns
a node for each Pod to run on. Kubernetes clusters ship with the default scheduler,
namely kube-scheduler, which runs as part of the control plane. However, multiple
schedulers may run on a cluster; in this case, each Pod must specify the scheduler’s name

that shall handle it by setting its spec. schedulerName field to the name of the preferred
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scheduler. If a scheduler name is not explicitly specified, the Pod will be scheduled using

the default scheduler.

Listing 2.3: A Pod to be scheduled by another-scheduler

apiVersion: vl
kind: Pod
metadata:
name: a-pod
spec:
schedulerName: another-scheduler
containers:
- name: a-container
image: nginx

Feasible nodes Each Pod has different requirements, e.g., CPU, memory, and node
affinity, which affect which nodes the Pod can run on. Factors that need to be taken
into account for scheduling decisions include individual and collective resource require-
ments, hardware / software / policy constraints, affinity and anti-affinity specifications,
data locality, and inter-workload interference. The nodes that meet the scheduling re-
quirements for a Pod are called feasible nodes. If none of the nodes in the cluster are
feasible, the Pod will remain unscheduled, i.e., it will not be assigned any node to run

on.

The kube-scheduler The Kubernetes default scheduler, kube-scheduler selects a

node for the Pod in a 3-step operation:

1. Filtering: The scheduler finds the set of nodes where it is feasible to schedule the
Pod. It executes a series of filtering plugins that evaluate whether the Pod can be
placed on the examined node. For example, the PodFitsResources filter checks
whether a candidate node has enough resources (CPU, RAM, GPU) to meet the
Pod’s specific resource requests. A node is feasible if all the filter plugins consider
the node as feasible for the Pod. This step calculates a node list with suitable
nodes; if the list is empty, the Pod is unschedulable.

2. Scoring: The scheduler ranks the feasible nodes to choose the most suitable Pod
placement. The scheduler assigns a score to each feasible node based on the active
scoring rules.

3. The scheduler assigns the Pod to the node with the highest ranking. If there is

more than one node with equal scores, it randomly selects one of these. The
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scheduler assigns the Pod to a node by setting the spec.nodeName field of the

Pod to the name of the selected node.

2.6.2 The Scheduling Framework

The scheduling framework is a pluggable architecture for the Kubernetes scheduler. It
adds a set of plugin APIs to the existing scheduler. Plugins are compiled into the sched-
uler. The APIs allow most scheduling features to be implemented as plugins while keep-

ing the scheduling core lightweight and maintainable.

Scheduling &binding cycles The scheduler stores a queue of Pods waiting to be sched-
uled. It picks a Pod from the queue and attempts to schedule it. Each attempt to schedule

a pod is split into two phases:

o Scheduling cycle: Selects a node for the Pod. The scheduling cycles of different
Pods are run serially.
« Binding cycle: Applies that decision for the Pod to the cluster. Multiple binding

cycles for different Pods are run concurrently.

A scheduling cycle and binding cycle together are referred to as the “scheduling con-
text”. A scheduling cycle or binding cycle can be aborted if the Pod is determined to
be unschedulable or if there is an internal error. The Pod will be returned to the queue
and retried. If a binding cycle is aborted, it will trigger the Unreserve method in the

Reserve plugin.

The scheduling framework exposes some extension points. The plugins are registered to
be called at one or more of these extension points. One plugin may register at multiple

extension points. The extension points are illustrated in Figure 2.10.

Scheduler framework extension points  The scheduler framework offers the following

extensions points where each plugin can be registered:

* Queue sort: The scheduler uses these plugins to sort Pods in the scheduling
queue. A queue sort plugin essentially will provide a less(podl, Pod2) func-

tion. Only one queue sort plugin may be enabled at a time.
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Figure 2.10: The extension points of the scheduling framework

o PreFilter: The scheduler uses these plugins to pre-process info about the Pod

or to check certain conditions that the cluster or the Pod must meet. A PreFilter
plugin should implement a PreFilter function. If PreFilter returns an error,

the scheduler will abort the scheduling cycle..

Filter: The scheduler uses these plugins to filter out nodes that cannot run the
Pod. For each node, the scheduler will call the filter plugins in their configured
order. If any filter plugin marks the node as infeasible, the scheduler will not call
the remaining plugins for that evaluated node. The scheduler may evaluate nodes
concurrently, and thus, it may call a Filter plugin more than once in the same

scheduling cycle.

PostFilter: The scheduler calls these plugins in their configured order after the
Filter phase, but only if it did not find any feasible nodes for the Pod. If any
of them marks the node as schedulable, the scheduler will not call the remaining
plugins. A typical PostFilter implementation is the preemption plugin, which

tries to make the Pod schedulable by preempting other Pods.

PreScore: This is an informational extension point for performing pre-scoring
work. The scheduler will call the plugins with a list of nodes that passed the filter-
ing phase. A plugin may use this data to update the internal state or to generate

logs or metrics.

o Scoring: This extension point has two phases:
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- The first phase is called “score” and is used to rank nodes that have passed
the filtering phase. The scheduler will call the Score method of each scoring

plugin for each node.

— The second phase is “normalize scoring” and is used to modify scores before

the scheduler computes a final ranking of nodes.

+ Reserve: A plugin thatimplements the Reserve extension has two methods, namely
Reserve and Unreserve. Plugins that maintain runtime state, i.e., stateful plug-
ins, should use these phases to reserve and unreserve any resources in the internal

state of the scheduler.

The Reserve phase exists to prevent race conditions while the scheduler waits for
the bind to succeed. The scheduler executes it before it binds a Pod to its desig-

nated node. The Reserve method of each Reserve plugin may succeed or fail.

If the Reserve method of all plugins succeeds, the scheduler considers the Re-
serve phase to be successful and executes the rest of the scheduling cycle and the

binding cycle.

If one Reserve method call fails, the scheduler will not execute the subsequent
phases and will run the Unreserve phase instead. The Unreserve phase exists
to clean up the state associated with the reserved Pod. The scheduler calls the
Unreserve method of all the Reserve plugins in the reverse order of Reserve

method calls.

» Permit: The scheduler uses these plugins to prevent or delay the binding of a
Pod. It executes them as the last step of a scheduling cycle; however, it waits for
the permit phase to execute successfully at the beginning of a binding cycle, before

executing the PreBind plugins.

The CycleState struct The various plugins running in the scheduling context of a
single Pod share a common CycleState struct. CycleState provides a mechanism
for plugins to store and retrieve arbitrary data. Data stored in the CycleState by one
plugin can be read, altered, or deleted by another. CycleState does not provide any

data protection, as all plugins are assumed to be trusted.



2.7. THE KUBERNETES CLUSTER AUTOSCALER 99

2.6.3 The VolumeBinding Plugin

The VolumeBinding plugin of the Kubernetes Scheduler binds Pod volumes in schedul-
ing. The VolumeBinding plugin is registered on the PreFilter, Filter, PreBind, Re-
serve, and Unreserve extension points. The PreFilter, Filter, and PreBind phases
of the plugin are of particular interest in the context of this thesis. We explain here

briefly the operations that take place:

o PreFilter: Checks if a Pod has all its immediate (PVCs that request a storage
class with Immediate binding mode) PVCs bound. If not all immediate PVCs
are bound, the plugin returns an UnschedulableAndUnresolvable error.

o Filter: Evaluates if a Pod fits a node due to the volumes it requests:

- For bound PVCs, it checks that the corresponding node affinity of the PV of
each PVC is satisfied by the given node.

- For each unbound PVC, it tries to find an available PVs that satisfies the
PVC requirements (access mode, requested capacity) and has node affinity
that matches the given node.

- For each unbound PVC that did not find a matching PV (hereafter referred
to as the “PVCs to provision”), it checks if there is enough space on the node
to provision a volume.

- The Filter method returns true if the following conditions hold:
1. he PVs the (bound) PVCs are bound to are accessible from the node
2. the unbound PVCs can be matched to an existing available PV that is

accessible from the node or have the storage driver dynamically provi-

sion such a PV, if there is enough storage.

 PreBind: PreBind updates the API Server with the assumed bindings and waits
until the PersistentVolume controller has wholly finished the binding operation.
If binding errors, times out or gets undone, then an error will be returned to retry

scheduling.

2.7 'The Kubernetes Cluster Autoscaler

There are three different types of autoscaling in Kubernetes:
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o Cluster Autoscaler (Autoscaler): adjusts the number of nodes in the cluster when
Pods fail to schedule or when nodes are underutilized.

» Horizontal Pod Autoscaler (HPA): adjusts the number of replicas of an applica-
tion.

« Vertical Pod Autoscaler (VPA): adjusts the resource requests and limits of the

containers of a Pod.
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Figure 2.11: Kubernetes Horizontal Pod Autoscaling
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Figure 2.12: Kubernetes Vertical Pod Autoscaling

In the context of this thesis, we only discuss the Cluster Autoscaler. We will refer to it

as the “Autoscaler”, and we will imply that we talk about the Cluster Autoscaler.

2.7.1 Cluster Autoscaling Fundamentals

The Cluster Autoscaler is a component that automatically adjusts the Kubernetes clus-
ter size. It automatically adds or removes nodes based on the Pods’ resource requests
compared to the nodes’ available resources (see section 2.2.5.1); it does not measure the

live CPU and memory usage.
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Figure 2.13: Kubernetes Cluster Autoscaling

If the scheduler could not schedule any Pods, the Autoscaler will add new nodes in the
cluster to help the Pods get scheduled. This action is called scale-up of the cluster (or,
equivalently, scale-out). If any nodes in the cluster are not needed, the Autoscaler will
remove these nodes. This action is called scale-down of the cluster (or, equivalently,

scale-in).

The following paragraphs explain the basic principles of scaling up and down a cluster.

2.7.2 Scale-Up Procedure

The Autoscaler periodically checks for any unschedulable Pods on the cluster and tries

to find a new place for them to run.

The Autoscaler assumes that the underlying cluster runs on top of some node groups.
Inside a node group, all machines have the same capacity and assigned labels. Increasing
the size of a node group will create a new node that will be similar to those already in

the cluster.

Based on the above assumption, the Autoscaler creates template nodes for each node
group and checks if any unschedulable Pod would fit on a new node. If there are mul-
tiple node groups that, if increased, would help some Pods to run, the administrator

can specify different strategies for the Autoscaler to choose which node group it shall
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increase. This procedure may require multiple iterations before all the Pods are eventu-

ally scheduled.

2.7.3 Scale-Down Procedure

The Autoscaler periodically checks which nodes are unneeded, provided that no scale-

up is needed. A node is considered for removal if all the following conditions hold:

+ The sum of CPU and memory requests of all Pods running on this node is less
than 50% of the node’s allocatable resources. This threshold is configurable.
o All Pods running on the node (except Pods created by Daemons) can be moved

to any other node in the cluster.

The Autoscaler removes a node if it remains unneeded for more than 10 minutes (con-
figurable duration). It terminates one non-empty node at a time to reduce the risk of cre-
ating new unschedulable Pods. On the other hand, it terminates Empty nodes (nodes
that run only DaemonSet Pods) in bulk. When a non-empty node is terminated, as
mentioned above, all Pods should be migrated elsewhere. It achieves this by marking
the node unschedulable and then evicting the Pods that run on it. As soon as each Pod

is successfully evicted, the scheduler shall schedule it on a different node.

2.8 The Container Storage Interface

The Container Storage Interface (CSI) is a standard for exposing arbitrary block and file
storage systems to containerized workloads on container orchestration systems (COs),
such as Kubernetes. Using CSI, third-party storage providers can write and deploy plu-
gins exposing new storage systems in Kubernetes without ever having to touch the core

Kubernetes code.

2.8.1 CSI Driver Architecture

Kubernetes interacts with a CSI driver plugin through Remote Procedure Calls (RPCs).

Each CSI driver consists of the following plugins:
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Node Plugin: A gRPC endpoint serving CSI RPCs that must run on the node
where the provisioned volume will be published. It consists of the CSI driver that
implements the CSI Node service and one or more sidecar containers. The kubelet
of every node is responsible for issuing the CSI Node service calls. The kubelet
issues the calls to the Node service of the driver through a UNIX domain socket
on the host shared via a HostPath volume. The node plugin has direct access to

the host for making block devices and filesystem mounts available to the kubelet.

Controller Plugin: A gRPC endpoint serving CSI RPCs that may run on any node
of the cluster. It consists of the CSI driver that implements the CSI Controller
service and one or more sidecar containers. These controller sidecar containers
typically interact with Kubernetes objects and make calls to the driver’s CSI Con-
troller service by sharing a UNIX domain socket through an emptyDir volume
between the sidecars and CSI driver. It generally does not need direct access to

the host.

The Google Remote Procedure Call We mentioned earlier that a container orches-

trator

interacts with the driver through RPCs. The most widely used RPCs are Google

Remote Procedure Calls (gRPC). gRPC is an open-source, high-performance Remote

Procedure Call (RPC) framework that can run in any environment. It uses HTTP/2 for

transport, Protocol Buffers as the interface description language, and provides authen-

tication, bidirectional streaming and flow control features, blocking or non-blocking

bindings, and cancellation and timeouts. It generates cross-platform client and server

bindings for many languages. gRPC clients and servers can run and talk to each other

in various environments and can be written in any of gRPC’s supported languages.

2.8.2

The CSI Remote Procedure Calls

The Container Storage Interface defines the RPCs a container orchestrator uses in order

to interact with the storage driver. Each of the RPCs is an idempotent operation. The

order the calls can be issued is show in Figure 2.15. The list of available RPCs is the

following:
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Figure 2.14: The architecture of gRPC

CreateVolume: The external provisioner issues this RPC to the CSI Controller
service, asking it to provision a new volume on behalf of a user. If the plugin is
unable to complete the CreateVolume call successfully, it must return a non-OK

gRPC code in the gRPC status.

Of particular interest in the context of the thesis is the RESOURCE_EXHAUSTED
code; If the controller plugin responds with this code, it indicates that it cannot
provision the requested volume with the specified topology constraints, possibly

due to insufficient storage capacity.

ControllerPublishVolume: The external attacher issues this RPC to the CSI
Controller service when Kubernetes wants to place a workload that uses the (al-
ready provisioned) volume onto a node. The plugin should perform the necessary

work to make the volume available on the given node.

NodeStageVolume: The kubelet issues this RPC to the CSI Node service when the
volume is to be used by the first Pod on the node. It should be issued only after
NodePublishVolume has succeeded. It is essentially used to format the volume

and mount it on a staging directory on the node.

NodePublishVolume: The kubelet issues this RPC to the CSI Node service when
a Pod starts to run on a node. It essentially mounts the volume to the directory

of the Pod.

NodeUnpublishVolume: The kubelet issue this RPC to the CSI Node service to
undo the work done by the corresponding NodePublishVolume. It essentially

unmounts the volume from the directory of the Pod.
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Figure 2.15: The lifecycle of a dynamically provisioned volume, from creation to destruc-
tion.

« NodeUnstageVolume: The kubelet issues the RPC to the CSI Node service to undo
the work by the corresponding NodeStageVolume. It essentially unmounts the

volume from the staging directory of the node.

e ControllerUnpublishVolume: The external attacher issues this RPC to the CSI
Controller service to perform the work necessary for making the volume ready
to be consumed by a different node. It essentially undoes any work done by the

ControllerPublishVolume.

o DeleteVolume: The external provisioner issues this RPC to the CSI Controller

service to deprovision a volume. It is the reverse operation of the CreateVolume.

2.8.3 Kubernetes CSI Sidecars

The Kubernetes CSI sidecars containers are a set of standard containers that aim to sim-
plify the development and deployment of CSI drivers on Kubernetes. These contain-
ers contain common logic to watch the Kubernetes API, trigger appropriate operations
against the CSI driver container, and update the Kubernetes API as appropriate. The

containers are intended to be bundled with third-party CSI driver containers and de-
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ployed together as Pods.

2.8.3.1 CSI External Provisioner

The CSI external provisioner is a sidecar container that watches the Kubernetes API
server for PersistentVolumeClaim objects. If a PVC requests for dynamic provision-
ing of a volume and has the selected node annotation ?, the external provisioner issues a
CreateVolume RPC against the CSI Controller service to provision a new volume acces-
sible from the selected node. Suppose the Controller service responds with a Resource-
Exhausted status code. In that case, the external provisioner will remove the selected
node annotation from the PVC, to signal back to the scheduler that the provisioning of
the volume has failed, and it shall retry the scheduling. Once the external provisioner
successfully provisions the volume, it creates a Kubernetes PersistentVolume object

to represent the volume and binds it to the PVC.

The deletion of a PersistentVolumeClaim object bound to a PersistentVolume cor-
responding to this driver with a delete reclaim policy causes the external provisioner
to trigger a DeleteVolume operation against the CSI Controller service to delete the
volume. Once the volume is successfully deleted, the sidecar container deletes the Per-

sistentVolume object representing the volume.

2.8.3.2 CSI External Attacher

The CSI external attacher is a sidecar container that watches the Kubernetes API server
for VolumeAttachment objects and triggers ControllerPublishVolume and Controllerun-

publishVolume operations against a CSI endpoint.

2.8.3.3 CSI Node Driver Registrar

The CSI node driver registrar is a sidecar container that fetches driver information by
issuing a NodeGetInfo) to the CSI Node service and registers the driver with the kubelet
on that node. The registration is necessary because the kubelet is responsible for issuing
CSINodeGetInfo, NodeStageVolume, NodePublishVolume calls. By registering the CSI

driver, the kubelet learns which Unix domain socket to issue the CSI calls on.

2Selected node annotation: volume.kubernetes.io/selected-node: <node-name>
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2.8.4 Kubernetes CSI: An End-to-End Story

In this section, we aim to combine all the information by describing an end-to-end story
for the CSI. We present the timeline of actions that take place under the hood in order

to provision a volume dynamically.

The timeline of actions is the following:

1. The cluster administrator creates a StorageClass (in our case, the Rok storage class)

that specifies the CSI plug-in name (provisioner:rok.arrikto.com):

apiVersion: storage.k8s.io/v1l
kind: StorageClass
metadata:

name: rok
provisioner: rok.arrikto.com
parameters:

rok/allow-auto-recovery: “false”
reclaimPolicy: Delete
volumeBindingMode: WaitForFirstConsumer
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2. A user creates a PersistentVolumeClaim that requests a volume of at least 10 Gi

with access mode ReadWriteOnce from the Rok storage class.

apiVersion: v1
kind: PersistentVolumeClaim
metadata:
name: rok-pvc
spec:
accessModes:
- ReadWriteOnce
resources:
requests:
storage: 10Gi
storageClassName: rok
volumeMode: Filesystem

o
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Since the Rok StorageClass has volumeBindingMode: WaitForFirstConsumer,
the volume for the PVC will not be provisioned as long as a Pod requesting the

PVC is not scheduled on a node. he PVC to be provisioned.

»

A user creates a Pod that uses the PVC:

apiVersion: vl
kind: Pod
metadata:
name: my-pod
spec:
containers:
- image: nginx
name: container
volumeMounts:
10 - mountPath: /home/
11 name: my-vol
12 volumes:
13 - name: my-vol
14 persistentVolumeClaim:
15 claimName: rok-pvc

OO\ VT W —

4. The VolumeBinding plugin of the scheduler does not find any PV to match the
PVC. It signals the driver to provision the volume dynamically: it annotates the

PVC with the selected node annotation..
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5. The external provisioner sidecar that runs along with the Rok CSI driver sees
the annotation on the PVC and issues a CreateVolume call against the Rok CSI
Controller service to provision the volume.

6. The Rok CSI controller provisions the volume and returns a successful response
to the external provisioner.

7. The external provisioner creates a PersistentVolume object on the API Server
and binds it (the PV) to the PVC.

8. The PersistentVolume controller completes the bidirectional binding of the PV
and the PVC (by binding the PVC to the PV).

2.9 Logical Volume Management

Logical Volume Management enables combining multiple individual hard drives and
disk partitions into a single volume group (VG). That volume group can then be subdi-
vided into logical volumes (LV) or used as a single large volume. Regular file systems,

such as EXT3 or EXT4, can then be created on a logical volume.

Logical volume manager (LVM) introduces an extra layer between the physical disks

and the file system, allowing file systems to:

« Beresized and moved with ease and online without requiring a system-wide out-
age.
« Use discontinuous space on disk.

 Have meaningful names to volumes, rather than the usual cryptic device names.

Span multiple physical disks.
The Logical Volume Management consists of the following conceptual layers:

o Physical Volume: Each Physical Volume can be a disk partition, whole disk,

meta-device, or a loopback file.

 Volume Group (VG): A Volume Group gathers a collection of Logical Volumes
and Physical Volumes into one administrative unit. A volume group is divided
into fixed-size physical extents. VGs are made up of Physical Volumes, which, in

turn, are made up of physical extents (PEs).
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Figure 2.16: The Logical Volume Management layers

+ Logical Volume (LV): A Logical Volume is the conceptual equivalent of a disk
partition in a non-LVM system. Logical volumes are block devices that are cre-

ated from the physical extents present in the same volume group.

2.10 Arrikto’s Rok

Rok provides an enterprise data management layer that allows users to instantly snap-
shot their containers for local and offsite backup, take immutable, consistent snapshots
of their apps and keep them in a backup store, e.g., Amazon S3. It allows users to snap-
shot, version, package, distribute, and clone their entire environment along with its data.

It is natively integrated with Kubernetes as one of its supported platforms.

Figure 2.17: A Rok Cluster
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2.10.1 The Rok Operator

Rok clusters ship with the Rok operator, a component that implements the Kubernetes
operator pattern (see section 2.5) and manages the Rok cluster. Rok Operator watches
the rokCluster Custom Resource and takes any actions required to bring the state of

the cluster to the desired state.

The Rok operator is responsible —among others- for deploying the Rok CSI driver on
the cluster and managing the Rok CSI data protection mechanism (Rok CSI Guards),

which we will explain in the next chapter.

2.10.2 The Rok Storage System

The Rok storage system gathers the available local NVMe disks attached to a node and,
using LVM, aggregates them into a single Volume Group, hereafter referred to as the
“Rok VG”. The Rok VG is the storage place where Rok dynamically provisions the re-

quested volumes.

Rok’s storage driver integrates with Kubernetes by implementing the Container Storage
Interface. We will refer to the Rok’s storage driver as the “Rok CSI”. The Rok CSI follows
the CSI plugins architecture and is deployed on the cluster as the following Kubernetes

resources:

« A DaemonSet, running on every node the CSI Node plugin, hereafter referred
to as the “Rok CSI Node”. The Rok CSI Node handles the provisioning and the
management of the local volumes on each node. The Pod of the Rok CSI Node

consists of the CSI Node service container and the Node Driver Registrar sidecar.

« A StatefulSet, running the Controller plugin on an arbitrary node, hereafter re-
ferred to as the “Rok CSI Controller”. The Pod of the Rok CSI Controller consists
of the CSI Controller service container, the external attacher, and the external

provisioner sidecars.

The architecture of the Rok CSI storage system is illustrated in Figure 2.18.
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Design

In this chapter, we describe the design and algorithms that discipline the operation of
the Cluster Autoscaler and the Scheduler; we point out their shortcomings concerning
local data storage and propose design enhancements to enable seamless scheduling and

autoscaling with local persistent volumes.

3.1 Design Rationale & Goals

As explained in section 1.2, our goal is to extend the Scheduler and the Cluster Au-
toscaler so that they operate seamlessly with workloads that use volumes backed by local

storage. More specifically, we aim to:

« Extend the Scheduler to consider the storage capacity of the nodes when schedul-
ing Pods.

» Extend the Autoscaler to scale-down nodes where local volumes live, ensuring
that Rok’s mechanism snapshots the data before removing the node from the clus-
ter.

 Extend the Autoscaler to check if the Pod’s volumes can be placed on any other
node (with regards to storage capacity) when evaluating (for a possible scale-
down) if a Pod can be moved elsewhere.

« Extend the Autoscaler to consider the storage capacity of nodes, and, when scal-

ing up, add a node with enough storage capacity.

113
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« Extend the Autoscaler to not remove unready nodes in case local volumes live on

these nodes.

3.2 Rok’s Local Volume Mechanism

Local data on a node need a mechanism to be backed up if the node gets removed from
the cluster; otherwise, the data will be permanently lost, and the user will not be able to

recover them.

Rok provides a mechanism that enables the functionality of moving volumes around
the nodes of a cluster. It leverages an external storage system, such as Amazon’s S3,
where it snapshots the local volumes and can restore them on a different node. Rok
refers to moving a local volume to Amazon S3 as “Unpinning” and restoring the volume
to a different node as “Pinning”. We describe this mechanism in greater depth in the

following section.

3.2.1 Rok Volume Pinning and Unpinning

When a local volume is provisioned on a node, the corresponding PersistentVolume
object on the API Server that represents the volume has node affinity on it (see section
2.2.5.7). In the case of local storage, the Rok CSI driver sets the node affinity of the PV

to match only with the node where the local volume is provisioned.

Rok introduces the following terms:

 Pinned PV: A PV representing a node’s local volume. This PV has node affinity
to indicate that it is accessible only from that particular node.
o Unpinned PV: A PV representing a local volume migrated to S3. The PV has an

empty node affinity to indicate that it is accessible from every cluster node.

A pinned PV can become unpinned with the process of “unpinning”. An unpinned PV
can become pinned with the process of “pinning”. The process can be repeated multiple
times, essentially allowing the volume to move around the cluster nodes as many times

as needed.
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The Rok CSI Controller implements the following mechanism for the unpinning of a

PV:

1. Watches for nodes that are marked unschedulable.

2. Findsvolumes on the unschedulable node that are not currently used by any Pods.

3. Starts the unpinning process of the unused PV: it takes snapshots of the volume
on Amazon S3.

4. Removes the node affinity from the PV. Note that the nodeAffinity field of a PV
is immutable, i.e., it is not allowed to change. To overcome this restriction, Rok

deletes the PV and instantaneously recreates it.

Rok implements the following mechanism for the pinning of a PV:

1. The Scheduler schedules the Pod that references the unpinned PV (through a
PVC).

2. The Kubernetes attachDetach controller creates a VolumeAttachment object to
signal the external attacher to attach the volume on the node.

3. The external attacher sees the VolumeAttachment and issues a ControllerPub-
lishVolume call to the Rok CSI controller.

4. The Rok CSI controller creates a logical volume on the Rok VG and restores the
data of the PV from the Amazon S3 to the logical volume.

5. The Rok CSI controller sets the appropriate node affinity on the PV to indicate its

only accessible from the node the volume was restored to.

3.2.2 RoK’s Local Volume Protection Mechanism

The Kubernetes maintenance and upgrade tools rely on the drain operation (see 2.2.7).
Essentially, before taking any actions to remove or upgrade a node in the cluster, the
tools drain the node (kubectl drain) in order to mark the node unschedulable and
safely evict all the Pods. The Cluster Autoscaler also uses the drain operation before

removing a node.

Rok deploys a mechanism to facilitate the upgrades of a cluster and ensure that the nodes

are not removed before Rok snapshots all their local volumes.
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The mechanism leverages Pods with properly configured PodDisruptionBudgets to block
their eviction. It relies on the fact that the drain operation fails as long as the eviction

of a Pod fails. The mechanism works as follows:

1. The Rok Operator creates a Deployment resource for each node in the cluster. The
Deployment of each node creates exactly one replica Pod with node affinity that
matches only the specific node. Rok names these Pods “CSI Guard Pod”, since
they protect the node’s local volumes.

2. The Rok Operator creates a PodDisruptionBudget object for each Rok CSI Guard
Deployment. The PodDisruptionBudget demands at any time to exist at least one
Rok CSI Guard Pod of the Deployment. This configuration causes any evictions
of the Rok CSI Guard Pod to fail.

3. The drain operation marks the node unschedulable and starts evicting the Pods
on the node. The eviction of the CSI Guard fails because of the configured Pod-
DisruptionBudget.

4. The Rok Operator checks if the Rok CSI has unpinned all the volumes of the
unschedulable node; if this condition holds, it removes the PodDisruptionBudget
that corresponds to the CSI Guard of the node.

5. Since the PodDisruptionBudget does not exist anymore, the eviction of the Rok

CSI Guard Pod finally succeeds, and the drain operation completes.

The mechanism is illustrated in Figure 3.1.
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3.3 Kubernetes Scheduler

In this section, we will unveil the Kubernetes Scheduler’s design. More specifically, we
will expose the rationale of its VolumeBinding plugin and understand how it decides
whether a node is appropriate to run a Pod or not, based on the volumes it requests.
Moreover, we will identify the current design’s problematic parts and propose enhance-

ments to resolve these shortcomings.

3.3.1 The VolumeBinding Plugin

In this section, we describe the algorithms of the VolumeBinding plugin. Of particular
interest in the context of this thesis are the PreFilter, Filter, and PreBind phases of
the VolumeBinding plugin (see section 2.6.2), so we will omit the rest of the phases in

our analysis.

PreFilter Phase

The VolumeBinding plugin’s PreFilter() method takes as input a Pod to be scheduled

and retrieves the PVCs it references. It splits them into three categories:

« Bound claims: PVCs that are already bound to a PV. If a PVC is bound, the Ku-
bernetes -by definition- considers that the underlying storage has already been
provisioned. Thus it is not taken into consideration when checking for the storage
capacity.

« Claims to bind: Unbound PVCs with WwaitForFirstConsumer (delayed) binding
mode. The scheduler must bind these PVCs, either with an existing unbound PV
or a new, dynamically provisioned PV. In the case of dynamic provisioning, since
they specify delayed binding mode, it will occur after the scheduler selects a node
for the Pod. The scheduler must select a node with enough storage capacity to
accommodate them.

« Unbound claims immediate: PVCs with Immediate binding mode that are still
unbound. PVCs that specify the Immediate binding mode must be bound to a PV

by the PersistentVolume controller as soon as the PVC is created and before the
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scheduler schedules the Pod. If unbound immediate claims exist, the scheduler

will abort the current scheduling attempt for the Pod.

For the sake of completeness, we expose the algorithm of the PreFilter() method in

Algorithm 2.

Unbgund Claims
Claims to Bind
Immed|qte (WaitForFirstConsumer)

Bound
Claims

Figure 3.2: VolumeBinding plugin’s PreFilter method splits the PVCs a Pod references
into 3 categories

Filter phase

The VolumeBinding plugins Filter() method takes as input a Pod to be scheduled,
the bound and unbound claims the Pod references and a node. It checks if the claims of

the Pod are compatible with the node. In particular:

o For each bound claim, it checks if the bound PV is accessible from the node, ac-
cording to its node affinity. If a PV is not accessible, the Pod can not be scheduled
on the examined node.

o For each claim to bind, it checks if there is any unbound PV that matches the
claim requests. If such a PV exists, it creates a binding for the claim with the PV
in its cache. The remaining claims to bind, for which the plugin did not manage
to find a matching PV, are claims that must be dynamically provisioned (hereafter
referred to as “claims to provision”).

o For each claim to provision, it checks if the StorageClass the PVC requests sup-

ports dynamic provisioning and if there is enough storage capacity accessible
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from the node. If not, the Pod can not be scheduled on the node. At this step, the

VolumeBinding plugin considers the storage capacity.

The current implementation of the scheduler checks if there is enough capacity for each
claim to dynamically provision by calling the hasEnough () method with a single claim
as input. It lists from the API Server all CSIStorageCapacity objects and checks if
any of them matches the StorageClass of the PVC, is accessible from the examined
node, and the reported capacity on the object is greater than the requested capacity of
the PVC. If such a CSIStorageCapacity exists, the node has enough space for the given

claim to be dynamically provisioned.

For the sake of completeness, we expose the algorithm of the Filter() method in Al-

gorithm 3.

PreBind phase

As we explained, the VolumeBinding plugin’s Filter phase tries to find PVs for the un-

bound PVCs of the Pod; otherwise, it tries to dynamically provision volumes for them.

During the PreBind phase, the VolumeBidning plugin executes the following actions:

1. For each PVC it found a matching PV, writes to the API Server the binding, i.e.,
it updates the PV to point to the PVC.

2. For each PVC that needs provisioning, it updates the PVC on the API Server
with the “selected node annotation” ! to signal the external provisioner that a
volume for the PVC must be dynamically provisioned on a topology segment

that is accessible from the selected node.

3. It then polls the API Server till all the unbound PVCs become fully bound. If the
selected node annotation of any claim that needs provisioning is removed, the

PreBind phase fails, and the scheduler cancels the current scheduling attempt.

4. The scheduler will retry scheduling the Pod later.

'The selected node annotation: volume.kubernetes.io/selected-node
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We shall point out that removing the selected node annotation from a dynamically pro-
visioned claim is a mechanism for the external provisioner to signal back to the sched-

uler that the volume provisioning failed, and the scheduler shall retry scheduling the

Pod.

Here is an example of how the mechanism of the selected node removal proves useful:

1. The reported storage capacity information on the node is outdated: it indicates a
reasonable quantity of storage, but the actual capacity is zero.

2. The scheduler decides to schedule the Pod on that node based on the outdated
capacity report.

3. The scheduler decides to provision the PVC on the node and sets the selected
node annotation.

4. The external provisioner tries to provision the volume but fails since the available
storage capacity is zero. It responds to the external provisioner with a Resource-
Exhausted status code.

5. The external provisioner handles the ResourceExhausted status code and re-
moves the selected node annotation from the PVC.

6. The VolumeBinding plugin fails, and the scheduler cancels the scheduling at-
tempt.

7. The scheduler retries later, taking into consideration the possibly updated storage

capacity information.

For the sake of completeness, we expose the algorithm of the PreBind() method in

Algorithm 1.

3.3.2 Shortcomings & Proposed Extensions

According to the previous analysis of the algorithms, the current design of the Scheduler

has the following limitations:

1. The VolumeBinding plugin’s Filter method uses the CSIStorageCapacity ob-
jects to fetch information for the available storage capacity. This API object was
introduced as an alpha feature in Kubernetes 1.19 and became beta on Kuber-

netes version 1.21. The major cloud providers follow the policy not to enable
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alpha features on their services. As a result, the CSIStorageCapacity object is
not available on clusters that run Kubernetes versions earlier than 1.21 on most
cloud providers. That is a significant problem since many enterprises do not run
the latest Kubernetes versions for stability reasons. In our case, our clients are
running Kubernetes 1.19 and 1.20 clusters and, despite that, need to schedule

Pods with local storage consideration.

2. The current design rationale of the VolumeBinding plugin’s method does not con-
sider the total capacity required for provisioning multiple PVCs of a single Pod.
Instead, it checks if there is enough capacity for each PVC separately. That is
a crucial problem: if a Pod references multiple unbound PVCs and there is not
enough space for all of them, some of them will get provisioned, and the rest
will fail. Then all future scheduling decisions will be limited by the already provi-
sioned volumes, and the Pod will be stuck. Considering the total storage required
for all the PVCs would minimize the possibility of bumping onto the previous

problem (yet, some race conditions may cause this).

Since the upstream design comes with the aforementioned limitations, we propose ex-
tending the Kubernetes Scheduler and deploying our extended scheduler on the clusters.

The proposed design consists of the following parts:

« Extend the Rok CSI Node component to report the available capacity of each
node.

+ Extend the Rok CSI Controller component to respond with an ResourceEx-
hausted error status code to the Createvolume request when the provisioning
of a volume fails due to insufficient storage.

 Extend the Kubernetes Scheduler’s VolumeBinding plugin to consider the total
storage required by multiple PVCs and compare it against the reported free ca-
pacity of each node.

« Deploy the extended scheduler on the cluster.

 Deploy a webhook to mutate Pods to be scheduled by our custom scheduler.

We analyze each part of the design in the following paragraphs.
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3.3.2.1 Extend Rok CSI Node

The CSIStorageCapacity objects for the capacity report can not be back-ported to
previous Kubernetes versions; moreover, adding a similar object using a Custom Re-
source would be too much of a hassle. For these reasons, we decide to report the ca-
pacity of each node as an annotation on the corresponding Node object. We use the
rok.arrikto.com/capacity key for the annotation. Hereafter we refer to it as the “ca-

pacity annotation’.

The Rok CSI Node on each cluster node calculates the available storage and updates the
capacity annotation. It issues commands to the Logical Volume Manager (LVM) of the
node to fetch the free space of the Rok Volume Group and updates the Node object on
the API Server.

An illustration of the mechanism is shown in Figure 3.3.

3.3.2.2 Extend Rok CSI Controller

We extend the Rok CSI Controller to return the GRPCResourceExhausted status code
in response to the CreateVolume call of the external provisioner when the creation of a

volume fails due to insufficient storage capacity.

3.3.2.3 Extend the VolumeBinding Plugin
We propose the extension of the VolumeBidning plugins Filter phase as follows:

1. When checking the PVCs of the Pod that need provisioning (checkVolumeProvisions()
method), select all the Rok PVCs ? (hereafter referred to as the “Rok claims to pro-
vision”) and check if there is enough capacity for the total storage they request.

2. Check if there is enough capacity for the Rok claims to dynamically provision, as

follows:
(a) Calculate the total capacity requested for Rok claims that need dynamic pro-
visioning by summing their requests.

(b) Check if the examined node has the Rok capacity *> annotation.

*PVCs provisioned by the rok.arrikto.com provisioner.
*The Rok capacity annotation: rok.arrikto.com/capacity



124 CHAPTER 3. DESIGN

(c) If the annotation does not exist, or if it exists but is not a valid integer num-
ber, the Rok claims can not be provisioned on the node. The absence of the
annotation indicates that the Rok CSI driver is not running on the node;
consequently, the claims can not be provisioned there.

(d) If the annotation exists, check if the reported available capacity is greater or
equal to the total capacity the Rok claims request. If the condition holds,
there is enough capacity, and the Rok claims of the Pod can be provisioned
on the node. Otherwise, there is insufficient capacity; the Rok claims can

not be provisioned, and the Pod can not be scheduled on the node.

3. Maintain backward compatibility by not modifying the handling of non-Rok PVCs,
which may not be local. Our design splits the PVCs into local Rok PVCs and
non-Rok PVCs; it only extends how the scheduler handles the Rok PVCs. PVCs

provisioned by other storage providers will not be affected by our changes.

3.3.2.4 Deploy the Custom Rok Scheduler

The kube-cheduler runs by default on each cloud provider as part of the Kubernetes
control plane and is the default scheduler used for scheduling Pods. The cloud providers
hide the control plane from the end-user of their services, so there is no option to replace

the instance of the running scheduler.

Due to this limitation, we deploy our scheduler on the cluster that runs the extended
VolumeBinding plugin. Hereafter we refer to our custom scheduler as the “Rok Sched-

uler”.

3.3.2.5 Deploy the Rok Scheduler Webhook

Since we deploy the Rok Scheduler without replacing the default Kubernetes Scheduler
of the cluster, each Pod shall specify which scheduler shall schedule it by setting its

spec.schedulerName field. If the field is not set, the default scheduler is used.

We do not want each user to manually set the name of the scheduler on the Pod; this
would allow users to bypass the scheduling policy we set, is prone to errors, and is a
tedious process. We need an automatic way to achieve this. The solution for automating

the task is a mutating webhook.
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We deploy a mutating webhook on the cluster, hereafter referred to as the “Rok Sched-

uler webhook”, which admits newly created Pods in specific namespaces of the cluster

and adds the name of the Rok Scheduler on the Pod’s spec. The proposed design is

illustrated in Figure 3.4.

3.3.2.6 End-to-End Story of the Proposed Design

With the new design, this is the succession of interactions that will take place between

the various components:

10.

. A user creates a Pod that references unbound Rok PVCs.

. The Kubernetes MutatingAdmissionWebhook admission controller sends a re-

quest to the Rok Scheduler webhook to mutate the Pod.

. The Rok Scheduler webhook adds the name of the Rok Scheduler on the spec of

the Pod and responds to the API Server with the mutated Pod.

. The Rok Scheduler sees the Pod’s spec specifies scedhulerName: rok-scheduler

and handles its scheduling.

. The VolumeBinding plugin Filter method of the Rok Scheduler calculates the

total capacity requested by the unbound Rok PVCs. It compares it against the
value of the capacity annotation of the node it examines. It considers feasible

nodes only these with enough capacity for the total requested storage.

. The Rok Scheduler selects a node to place the Pod and adds the selected node

annotation on the PVCs of the Pod to be provisioned.

. The external provisioner of the Rok CSI sees the selected node annotation on

the unbound Rok PVC and submits a CreateVolume GRPC call to the Rok CSI

Controller component to provision a volume accessible from the selected node.

. The Rok CSI Controller handles the request and submits a job for volume cre-

ation.

. The Rok CSI Node component on the selected node executes the job. To provision

a logical volume, it issues a lvcreate command to the LVM.
If there is not enough space on the Rok Volume Group, the lvcreate command
will fail with ResourceExhausted status code, the job will fail, and the Rok CSI

Node will report the reason and message of failure of the job to Rok.
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The Rok CSI Controller component sees that the job failed and parses the error
message; it determines that it is due to insufficient storage capacity and responds
with ResourceExhausted code status to the external provisioner’s CreateVolume
call.

The external provisioner handles the ResourceExhausted error by removing the
selected node annotation from the Rok PVC.

The PreBind method of the VolumeBinding plugin of the Rok Scheduler notices
that the selected node annotation was removed from the PVC and aborts the cur-
rent scheduling attempt.

The Rok Scheduler will attempt to scheduler the Pod again in the future.
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Figure 3.3: Rok CSI Node’s capacity report mechanism
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‘spec.schedulerName’ has been created, so it tries to schedule it.
It sets the selected node name on the Pod's “spec.nodeName’ field
and writes it back to the API Server.

Figure 3.4: Deployment of Rok Scheduler along with its webhook
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Algorithm 1: The scheduler’s VolumeBinding plugin: PreBind() method

Input: pod: the Pod to be scheduled

claimsToBind: PVCs to bind

claimsToProvision: PVCs to provision

node: the selected node

Result: Binds unbound PVCs of the Pod with PVs.

1. Initiate the binding of claimsToBind by updating the API Server with the binding
of the PV to its matching PVC.

2. Trigger the provisioning of claimsToProvision by updating the API Server object
of each PVC with the selected node annotation.

3. Wait for PVCs to be completely bound by the PV controller:

(a) For each claim in claimsToProvision:
i. Check its selected node annotation.
ii. if the annotation was removed then cancel the scheduling attempt.

(b) For each claim in claimsToProvision, check if the bidirectional binding of
the claim to the corresponding PV has completed.
(c) if the operation times out then return error.

Algorithm 2: The scheduler’s VolumeBinding plugin: PreFilter() method
Input: pod: the Pod to be scheduled

Result: Update the CycleState of the scheduler with the PVCs the Pod uses.
1. if the Pod does not reference any PVCs then return nil.
2. Otherwise, split the PVCs into 3 categories:

(a) boundClaims: PVCs bound with a PV.
(b) claimsToBind: Unbound PVCs with WaitForFirstConsumer (delayed)
binding mode.

(c) unboundClaimsImmediate: Unbound PVCs with Immediate binding mode.

3. if unboundClaimsImmediate is non-empty then return error; abort the scheduling
attempt.

4. Store the boundClaims and claimsToBind in the CycleState of the scheduler.
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Algorithm 3: The scheduler’s VolumeBinding plugin: Filter() method
Input: pod: the Pod to be scheduled
claimsToBind: PVCs of the Pod to bind
boundClaims: PVCs of the Pod that are bound
node: the Node to check against.
Result: Checks if the PVCs of the Pod are compatible with the node
1. Call FindPodVolumes(pod, state.boundClaims, state.claimsToBind,
node) to check if all of the Pod’s PVCs can be satisfied by the node:

(a) For each (bound) PVC in boundClaims:

i. Getthe PV itisbound to.
ii. if the PV'’s node affinities do not match the node then the node is not
feasible for the Pod.

(b) For each (unbound) PVC in claimsToBind:

i. if the PVC has the selected node annotation and the selected node is not
equal to the name of the examined Node then return false (pod cannot be
scheduled on the node.).

ii. Try to find a matching PV for the PVC, to bind it to (by calling
findMatchingVolumes().
iii. if any matching PV was not found then add the claim in list of volumes
that must be provisioned (by calling claimsToProvision()).

2. Call checkVolumeProvisions(claimsToProvision), to check the claims that
need provisioning:

(a) For each claim in claimsToProvision:

i. Getthe StorageClass that the PVC requests.
ii. if the StorageClass does not support dynamic provisioning then return
error.
iii. Check if there is enough capacity on the node, by calling
hasEnoughCapacity().
iv. if there is not enough capacity then return error.
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Algorithm 4: The scheduler’s VolumeBinding Plugin: hasEnough() method

Input: claim: the PVC to check

node: the Node to examine

Result: Checks if there is enough capacity for PVC on the node.

1. request <—Storage size (in bytes) the PVC requests.

2. Get the name of the provisioner from StorageClass the PVC requests.

3. Get the CSIDriver object with the same name as the provisioner.

4. if no such CSIDriver object exists then return true (capacity tracking is not
enabled).
capacities «List all the CSIStorageCapacity objects from the API Server.
. For each capacity in capacities:

o v

(a) if capacity.StorageClassName != storageClass.Name then go to the next
capacity.

(b) if request > capacity.Capacity then go to next capacity.

(c) Check if node has access to the specific topology, by checking the
capacity.NodeTopology against the node’s labels.

(d) if node does not have access to the topology then go to next capacity.

(e) Return true (the node has access to enough capacity for the volume to be
provisioned).

7. Return false, no CSIStorageCapacity with enough capacity for the PVC accessible
from the node was found.
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3.4 Kubernetes Cluster Autoscaler

In this section, we are going to expose the design of the Cluster Autoscaler (Autoscaler),
describe its main principles of operation, identify its limitations and propose extensions

that will enable its seamless operation with local persistent volumes.

3.4.1 Fundamental terms

Before we describe the algorithms of operations of the Autoscaler, it is essential to un-

derstand some fundamental structures and terminology it uses.

3.4.1.1 The Node Group Abstraction

The Autoscaler uses the abstraction of a “node group”. A node group is not an actual
Kubernetes resource but rather an abstraction for a group of nodes within a cluster. The
Autoscaler expects that nodes found within a single node group have the same resources
(CPU, memory, storage) and share several common properties such as labels and taints.
However, they can still differentiate in some details, e.g., they may consist of more than

one availability zone.

Each node group has the following important properties:

o minSize:minimum size of the node group.
» maxSize: maximum size of the node group.

« targetSize: the target size of the node group.

3.4.1.2 The CloudProvider Interface

The Autoscaler operates with various cloud providers, e.g., GCE, AWS. To achieve this,
it specifies two important interfaces that each cloud provider that aims to integrate its

services with the Autoscaler must implement:

 The CloudProvider interface: it contains configuration info and functions for

interacting with the cloud provider.
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« The NodeGroup interface: it contains configuration info and functions to control

a node group.

The NodeGroup interface builds upon the node group abstraction. Each cloud provider
may choose its interpretation of what is a node group on its service, as long as it conforms

with the abstraction’s definition.

For example, in the case of AWS EKS, the implementation of the NodeGroup interface
maps each node group to an AWS Auto Scaling Group (ASG). An Auto Scaling group
contains a collection of Amazon EC2 instances that are treated as a logical grouping
for automatic scaling and management purposes. An EC2 instance is a virtual server in
Amazon Web Services terminology. A cluster administrator configures the Auto Scaling
groups of the EKS cluster and sets their minSize, maxSize accordingly. The Autoscaler
interacts with the AWS cloud provider through the CloudProvider interface, which
(the CloudProvider interface) lists the configured Auto Scaling groups and maps each
of them to a node group. Only the CloudProvider interface knows about ASGs; the
rest components of the Autoscaler are unaware of the underlying implementation and

only see node groups.

3.4.1.3 The ClusterSnapshot Interface

The Autoscaler runs simulations on the cluster to make decisions. It takes a snapshot of
the current cluster, adds or removes nodes in the snapshot, and simulates the scheduling
decisions on the modified snapshot. A cluster snapshot contains a fixed view of the
cluster’s nodes and the Pods that run on each node. The ClusterSnapshot interface

describes methods for taking a snapshot of the cluster nodes and their Pods.

Note that the cluster’s PVCs and PV's are not contained in the snapshot. Instead, they are
fetched from the API Server by the VolumeBinding plugin when the PredicateChecker

checks if a Pod can be placed on a node. We will explain more about this later on.

3.4.1.4 The PredicateChecker interface

The Autoscaler defines the PredicateChecker interface, which offers methods to check

whether all required predicates pass for a given Pod and node.
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A Predicate is equivalent to a Filter plugin (see section 2.6.2) and it is used to filter out

nodes that can not run a Pod.

These are the methods of the interface:

o CheckPredicates(): checks if the given Pod can be placed on the given node.
+ FitsAnyNode(): checks if the given Pod can be placed on any of the given nodes.
« FitsAnyNodeMatching(): checks if the given Pod can be placed on any of the

given nodes matching the provided function.

The Autoscaler implements this interface. The implementation is called Scheduler-
BasedPredicateChecker and leverages the Kubernetes Scheduler code. In particular,
the Autoscaler imports the code of the Kubernetes Scheduler and constructs a list of
predicates from the Filter plugins of the Scheduler. The Autoscaler uses the Sched-
ulerBasedPredicateChecker in its simulations to determine whether a Pod can be
placed on a node or not. The methods of the interface it implements follow this basic

flow:

1. Create a new scheduler CycleState.

2. Run the preFilter method of all the plugins. Note that in the case of the Vol-
umeBinding plugin, this step fetches the PVCs and PV of the Pod from the API
Server and stores them in the CycleState.

3. Runs all the Filter plugins to determine if the Pod can be placed on the node.

At this point, we shall highlight the fact that the Autoscaler imports the code of the
Kubernetes Scheduler and uses the Filter plugins it provides in the SchedulerBased-
PredicateChecker to run a simulation. However, it never interacts with the live in-

stance of the Kubernetes Scheduler that runs on the cluster.

3.4.1.5 TheEstimator & Strategy Interfaces

The Autoscaler specifies two interfaces that are used in the scale-up procedure:

 Estimator: interface for calculating the number of nodes of a given type needed

to schedule Pods.
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« Strategy: interface for selecting the best option to scale up.

The estimator currently used by the Autoscaler is BinPackingNodeEstimator. This

estimator implements the First Fit Decreasing bin packing approximation algorithm.

3.4.1.6 Template Nodes

As we have explained, the Autoscaler assumes that every node in a node group will have
the same resources (CPU, memory, storage) and labels. It constructs a template node for
each node group to add it to the cluster snapshot and run its simulations. As the name
suggests, a template node represents the details of a new node of the given node group.
A template node is a NodeInfo struct and contains the details of a real Node object and
information about the DaemonSet Pods that would run on the node if it was an actual
node in the cluster. The Autoscaler tries to build a template node of a node group as

follows:

1. First, look for a ready and schedulable node of the node group in the cluster and
use it to generate the template.

2. If the previous step failed, look for a template in the Cluster Autoscaler’s cache.

3. If the previous step failed, call the cloud provider’s compiled plugin to generate a
template for the given node group.

4. If the previous step failed, look for any unready or unschedulable node of the

given node group in the cluster and use it to generate the template.

The constructed template nodes are sanitized: the sanitization is a mechanism that re-
moves irrelevant or undesired details from the constructed node template, such as the

name of the node, specific labels, etc.

The complete algorithm for template node creation is shown in Algorithm 5 and the
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algorithm for the node template sanitization in Algorithm 6.

Algorithm 5: Cluster Autoscaler: GetNodelnfoForGroup() method
Input: node group: A NodeGroup struct.

Output: A template node for the Node Group (Nodelnfo struct).

1. if a ready and schedulable node of the node group exists in the cluster then
(a) Build the template from that node.
(b) Store the template in the template’s cache.
(c) Return the template.

end

2. if a template node for the node group exists in the Autoscaler’s cache then

(a) Return the cached template node.

end

3. Call TemplateNodeInfo() of the NodeGroup interface to get the cloud provider
defined template for the node group.

4. if the TemplateNodeInfo() generated the template successfully then

(a) Return the template.

end
5. if an unready or unschedulable node of the node group exists in the cluster then
(a) Build the template from that node.
(b) Return the template.

end

6. Return error, the template node could not be constructed.
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Algorithm 6: Cluster Autoscaler: sanitizeNodeInfo() method

Input: node: A template node (NodeInfo struct)

Output: A sanitized template node (NodeInfo struct).
1. nodeName <—“template-node-for-<nodegroup-name>-<random-suf>".
2. Set the kubernetes.io/hostname label of the node to nodeName

3. Remove the following taints of the node:

e ToBeDeletedByClusterAutoscaler

o DeletionCandidateOfClusterAutoscaler

« any taints that indicate the node’s condition, e.g,
node.kubernetes.io/not-ready

« taints starting with the

ignore-taint.cluster-autoscaler.kubernetes.io/ prefix.

4. Remove any taints of the node, as specified by the -ignore-taints flag of the
Cluster Autoscaler.

5. Return the sanitized node.

3.4.1.7 Node Utilization

As for scale-down, the Autoscaler acts based on a metric called the utilization of a node;
it calculates this metric using the resource requests of the Pods that run on the node

instead of any actual (live) resource metrics.

Each Kubernetes node may have multiple resources, such as CPU, memory, etc. The
cluster Autoscaler computes the utilization of every node in the cluster. For a given
resource and node, the utilization is the ratio of the total resource requests from the
Pods running on the node over the resource allocatable of the node. The utilization is a

float number ranging from 0 to 1, where 1 indicates full utilization and 0 no utilization.

For example, the CPU utilization is defined as:

total CPU requests of Pods running on the node

node_cpu_utilization =
—Pi- allocatable cpu of the node
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The steps for calculating the utilization of a node are shown in Algorithm 7.

Algorithm 7: Cluster Autoscaler: CalculateUtilization() method
Input: node: A Node API object

pods: the Pods running on the node

resource: a specific resource type, e.g, cpu, memory, etc

Output: The utilization of node for a given resource

1. Get the node allocatable resource from the Node object:
nodeAllocatable <— node.Status.Allocatable[resource].

2. if nodeAllocatable == 0 then return 0.

3. Initialize: daemonSetRequests <0, podRequest <—0.

4. Calculate the Pods’ total resource requests. For each pod in pods:

(a) request <—Calculate the resource request of the Pod by summing the
container.Resources.Requests[resourceName] of each container of the
pod.

(b) if Autoscaler is configured to ignore DaemonSet Pods in node utilization AND
the Pod is a DaemonSet Pod then daemonSetRequests+= request.

(c) if the Pod is long terminating then continue to next Pod.

(d) podRequest += request.

5. Calculate the utilization:

podRequest — daemonSet Requests

tilization =
UHIEanon = 3 ode Allocatable — daemonSet Requests

6. return utilization

3.4.2 'The Main Loop

The Autoscaler runs continuously a loop, called the main loop, which executes two basic

operations on the cluster:

o Scale-up: adding new nodes to cluster to help unschedulable Pods.

o Scale-down: removing unneeded nodes from a cluster.

The steps of the Autoscaler’s main loop are shown in Algorithm 5.



3.4. KUBERNETES CLUSTER AUTOSCALER 139

Algorithm 8: Cluster Autoscaler: The main loop - RunOnce() method

—

® N ok R

10.

11.

12.

13.
14.

unschedulablePods < Select Pods that do not have spec.nodeName set.
scheduledPods <Select Pods that have spec.nodeName set.

allNodes <—List all the nodes of the cluster, by calling ObtainNodesList().
readyNodes <—List the Ready nodes of the cluster, by calling ObtainNodesList().
nodeGroups <—List the registered node groups of the cluster from the cloud provider.
Take a snapshot of the cluster.

For every node group in nodeGroups, generate its template node.

For each node group in nodeGroups calculate the number of upcoming nodes (nodes
that the Autoscaler has asked to be added but are not yet in the cluster) and add the
same number of the node group’s template nodes in the cluster snapshot.

Run a scheduling simulation with the current cluster snapshot to determine if any of
the unschedulablePods can be scheduled on the upcoming nodes.

if any Pod in unschedulablePods is considered as schedulable in the simulation then
disable the scale-down for the current loop.

unschedulablePodsToHelp <—Pods from unschedulablePods that remained
unschedulable in the simulation.

if unschedulablePodsToHelp is empty then do not scale-up.

Else, try to scale-up, by calling ScaleUp().

if no scale-up was attempted then proceed with the scale-down evaluation.
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ain Loop
Start

List unschedulable pods, scheduled pods,
nodes of the cluster

¥

Take a snapshot of the state of the pods & nodes of
the cluster

7
Get the Node Groups from the Cloud Provider

2

Generate template node for the Node Groups
GetNodelnfosForGroups()

v

Get the number of upcoming nodes per Node Group
from the Cluster State and add a template node in
the cluster snapshot to represent them

v

Run a simulation on the current cluster snapshot to
check if the currently unschedulable pods might be
scheduled in the upcoming nodes.

This step uses the binpacking algorithm and the
PredicateChecker interface.

Is there any
nschedulable pod that was
determined as schedulable jn
the simulation?

Are there any
unschedulable pod that
remained unschedulable
in the simulation?

YES YES

Disable scale-down for the
this loop

Compute how long have any
nodes been unneeded
UpdateUnnededNodes()

* ScaleDownInCoolDown: If scale-down for this loop has been disabled

OR “scale-down-delay-after-add’ has not elapsed after last node addition

OR '--scale-down-delay-afterOfailure' has elapsed after a scale down fail

OR '-scale-down-delay-after-delete” has not elapsed since the last node deletion

Is
ScaleDownInCoolDown*?

Is non empty
node deletion
in progress?

Try to scale-down the cluster
TryToScaleDown()

YES Y

Scale-up the cluster
ScaleUp()

END

Figure 3.5: Cluster Autoscaler:The main loop
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3.4.3 Scale-Down

The Autoscaler tries to scale down the cluster if it did not attempt any scale-up in the
current run of the main loop. The scale-down procedure consists of two distinct proce-

dures:

1. Update unneeded nodes: calculates which nodes have been unneeded and for how
long.
2. Try to scale down: attempts to scale down the cluster by removing unneeded

nodes.

[lr' unr led Nod ] [ Try to Scale Down ]

. 1. Pick a node that has
1. Is utilization low? been unneeded

long enough
Update Unneeded Nod

2. Is there enough
9 2. Confirm that node is

PodDisruptioBudget A. Mark the node

l for each Pod to move? UTEEEEE] L:mscheduloble
(checkpPdbs)

[ Try to Scale Down ] 3. Can each Pod be 3. Drain the node B. Evict all Pods in

placed on another parallel
node? (findPlaceFor) 4. Delste the node
Node is Unneeded

Figure 3.6: Cluster Autoscaler: Scale-down procedure

We will use symbolic names to refer to various parameters of the Autoscaler in our

analysis, presented in Table 3.1.

3.4.3.1 Update Unneeded Nodes Procedure

The update unneeded nodes procedure calculates which nodes of the cluster have been
unneeded and updates the Autoscaler’s internal state with the duration they have been
unneeded. The Autoscaler considers a node unneeded if it meets all the following crite-

ria:

o Itis underutilized, i.e., it has resource utilization below a specific threshold.
o The Pods that run on the node can be evicted (see section 2.2.6), i.e., their eviction

is not blocked by any PodDisruptionBudgets.
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Symbolic Name Description

scanInterval How often cluster is reevaluated for
scale up or down.

scaleDownDelayAfterAdd How long after scale up that scale down

evaluation resumes. Defaults to 10
minutes. Configurable via the
-scale-down-delay-after-add flag.

scaleDownDelayAfterDelete How long after node deletion that scale
down evaluation resumes. Defaults to
scanInterval. Configureable via the
-scale-down-delay-after-delete
flag.

scaleDownDelayAfterFailure How long after scale down failure that
scale down evaluation resumes. Defaults
to 10 minutes. Configurable via the
-scale-down-delay-after-failure

flag.

scaleDownUtilizationThreshold Utilization threshold below which a
node can be considered for scale down.
Defaults to 0.5. Configurable via the -
scale-down-utilization-threshold
flag.

scaleDownUnneededTime How long a ready node should be
unneeded before it is eligible for scale
down. Defaults to 10 minutes.
Configurable via the
-scale-down-unneeded-time flag.

scaleDownUnreadyTime How long an unready node should be
unneeded before it is eligible for scale
down. Defaults to 20 minutes.
Configurable via the
-scale-down-unready-time flag.

Table 3.1: Symbolic names for various parameters of the Autoscaler used in our analysis
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o The Pods that run on the node can be moved to a different cluster node.

If a node does not meet the criteria, it is considered unremovable.

To determine if an underutilized node is unneeded, the Autoscaler runs these steps:

1. Calculate the Pods that must be moved if it removes the node.

2. Check if any PodDisruptionBudgets block the eviction of any Pod. If so, the node
is unremovable.

3. Call FindPlaceFor() to find place for the Pods on a different node. FindPlace-
For() uses the SchedulerBasedPredicateChecker interface to determine if the
Pod can be placed on any other node. It checks if the Pod can fit a node due to
other scheduling constraints (CPU, memory), as well as if the Pod’s volumes can

be accessed from the node.

The steps for calculating the unneeded nodes are shown in Algorithm 10.

3.4.3.2 Try to Scale Sown Procedure

If a Ready node remains unneeded for longer than scaleDownUnneededTime, or an Un-
ready node remains unneeded for longer than scaleDownUnreadyTime (see Table 3.1
for the symbolic names) the Autoscaler will consider the node as a candidate for dele-

tion.

The Autoscaler makes a distinction between non-empty and empty nodes:

o Empty nodes: nodes that run only DaemonSet Pods. The Autoscaler removes
them in bulk
o Non-empty nodes: nodes that do not run only DaemonSet Pods. The Autoscaler

removed them one by one to ensure that no Pods would be made unschedulable.

The algorithm for TryToScaleDown() is shown in Algorithm 11.

Node removal The node removal is executed as follows:

1. Add the ToBeDeletedByClusterAutoscaler:NoSchedule taint on the Node,

essentially marking the node as unschedulable.
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2. Start draining the node by evicting in parallel all the Pods of the node. If any Pod

can not be evicted due to a configured PDB, retry until the MaxPodEviction-

Timeout exceeds.

3. When all Pods are successfully evicted, ask the cloud provider to delete the node

instance.

The algorithm for the node removal is shown in Algorithm 12.
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Algorithm 9: Cluster Autoscaler: Scale-down evaluation procedure

1.

Take a snapshot of the cluster Nodes, Pods, and PodDisruptionBudgets.
allNodes < List all the Node objects from the API Server.
scaleDownCandidates < Select nodes from Al1lNodes that belong to node groups
that have not reached their minimum size.
podDestinations <— AllNodes; podDestinations represents the nodes that that may
accept Pods in case a node is removed.
Call UpdateUnneededNodes () with podDestinations, and scaleDownCandidates as
input, to calculate which nodes are unneeded an which ones are unremovable.
if

the scale-down has been disabled for this loop

OR scaleDownDelayAfterDelete interval has not elapsed

OR scaleDownDelayAfterAdd interval has not elapsed

OR scaleDownDelayAfterFailure interval has not elapsed

then
| Don’t scale-down the cluster. Autoscaler Status: ScaleDownInCooldown

else if there is non empty node deletion in progress

then
| Don’t scale-down the cluster. Autoscaler Status: ScaleDownInProgress

else Try to scale down the cluster..
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Algorithm 10: Cluster Autoscaler: UpdateUnneededNodes() method

Input: scaleDownCandidates: a list of nodes that belong to node groups that
have not reached their minimum size
Result: Update the state of the Autoscaler with information about which nodes
are unneeded
1. For each node in scaleDownCandidates, call checkNodeUtilization():

(a) if node has the “ToBeDeletedByClusterAutoscaler” taint then it is currently
deleted, continue to next node.

(b) if node has ‘cluster-autoscaler.kubernetes.io/scale-down-disabled: true”
annotation then continue to next node.

(c) Calculate the utilization of the node.

(d) if utilization is above threshold then continue to next node.

(e) Add the node currentlyUnneededNodes.

2. currentlyUnneededNonEmptyNodes <—From currentlyUnneededNodes select
nodes that are not empty, i.e., they do not run only DaemonSet Pods.

3. Call findNodesToRemove(currentlyUnneededNonEmptyNodes) to determine
nodes that can be removed. For each node:

(a) Get the Pods that are running on the node and for each Pod:

i. if the Pod has a Pod disruption budget that prevents its eviction then the
node is unremovable.
ii. Call findPlaceFor(pod) to determine if it can be moved elsewhere.
iii. if the Pod can not be moved elsewhere then the node is unremovable else
the node can be removed, add it to nodesToRemove.

4. For each node in nodesToRemove update the state of the Autoscaler with the
duration the node has been unneeded.
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Algorithm 11: Cluster Autoscaler: TryToScaleDown() method

Input: A list of unneeded nodes, as computed by UpdateUnneded() method
Result: Scales-down the cluster

1. For each node in the unneeded nodes:

(a)

(b)

(c)

(d)

(e)

if If the node has the
cluster-autoscaler.kubernetes.io/scale-down-disabled then mark the
node unremovable, reason ScaleDownDisabledAnnotation, go to next node..
if the node is Ready, and it has been underutilized for less than
ScaleDownUnneededTime then mark the node unremovable, reason
NotUnneededLongEnough, continue to next node.

if the node is Unready, and it has been underutilized for less than
ScaleDownUnreadyTime then mark the node unremovable, reason
NotUnreadyLongEnough, continue to next node.

Get the NodeGroup the node belongs to, get its minSize and current size, the
number of node deletions in progress for the node group
(deletionsInProgress).

if size - deletionsInProgress < minSize then mark the node unremovable,
reason NodeGroupMinSizeReached, continue to next node.

2. candidates +All the unneeded node that were not marked unremovable

3. From candidates, try to scale-down as many as possible empty nodes.

4. nodesToRemove < From the remaining candidates find nodes to remove (call
FindNodesToRemove()).

5. Pick a node from nodesToRemove and delete it (call deleteNode()) .
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Algorithm 12: Cluster Autoscaler: deleteNode() method

Input: An unneeded Node of the Cluster to be deleted
Result: Deletes the Node from the cluster and the Cloud Provider

1.

2.

N

Add ToBeDeletedByClusterAutoscaler:NoSchedule taint on the Node to make
the Node unschedulable.

Drain the node; For each Pod (except for the DaemonSet Pods), in parallel:

(a) Send Eviction request

(b) while the Eviction fails and for duration up to MaxPodEvictionTimeout do
retry the Eviction.
Note: MaxPodEvictionTimeout is a hard-coded value equal to 2 minutes.

if any of the Pods was not evicted successfully then return error.

if the node has any annotation with prefix
delay-deletion.cluster-autoscaler.kubernetes.io/ then wait for up to
nodeDeletionDelayTimeout for the annotation to be removed.

Request from the Cloud Provider to delete the Node.

if the Cloud Provider deletion fails then return error.
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3.4.4 Scale-Up

If the cluster has unschedulable Pods, the Autoscaler will try to help them by adding
new nodes to the cluster (scale-up). A scale-up, essentially, is the increase of the target
size of one or more node groups. If multiple node groups exist in the cluster, the cluster

has to decide the following:

« Which node groups can help the unschedulable Pod run.
« How many nodes of the node group do the Pods need.

o If different node group scale-ups are feasible, which node group shall scale up.

As soon as the Autoscaler increases the target size of a node group, the cloud provider
will spin up new node instances, the new nodes will join the Kubernetes cluster, and the

scheduler will gradually scheduler the so far unschedulable Pods to the new nodes.

The full algorithm for the ScaleUp() method is shown in Algorithm 13.

Scale-up options To decide whether the scale-up of a node group would help the un-

schedulable Pod, the Autoscaler runs the (roughly) following steps:

1. Take a snapshot of the cluster.

2. Add a template node of the node group to the snapshot.

3. Run a simulation, using the SchedulerBasedPredicateChecker, whether the
unschedulable Pod can be scheduled on the modified snapshot of the cluster.

4. Ifthe simulation determines that the Pod can be scheduled on the modified snap-
shot, use the BinPackingNodeEstimator to calculate how many nodes of that

node group are needed.

The option to scale up a specific node group with the number of needed nodes is referred

to as a “scale-up option”.

The complete algorithm to calculate a scale-up option is shown in Listing 14.

Scale-up strategy If multiple scale-up options, i.e., different node group scale-ups,
can help the unschedulable Pods, the Autoscaler decides which one is best using the
Strategy interface. There are various strategies, and the administrator can configure

the Autoscaler to use a desired one, e.g., the least cost option, random strategy, etc.



150 CHAPTER 3. DESIGN

Algorithm 13: Cluster Autoscaler: ScaleUp() method

Input: pods: the unschedulable Pods

snapshot: the cluster snapshot

Result: Adds extra nodes to accommodate the unschedulable Pods

1. Build Pod equivalence groups - each Pod equivalence group consists of Pods that
are managed by the same controller (same UUID) and have the same spec and
labels.

2. For each node group registered:

(a) Get its target size.

(b) If the target size > max size, go to the next node group.

(c) Create a template node for the node group.

(d) Compute the expansion option for the node group, see
ComputeExpansionsOption().

(e) If any unschedulable Pod can be helped by adding a new node of the node
group, add the node group in the expansion options list.

3. If there are not any expansion options list, then do not trigger any scale-ups.

4. Else, from the expansions options select one, according to the configured expansion
strategy.

5. Execute the selected scale up option: increase the target sizes of the corresponding
node groups.

Algorithm 14: Cluster Autoscaler: ComputeExpansionsOption() algorithm

Input: pods: the unschedulable Pods

snapshot: the cluster snapshot

template: the template node of the node group

Result: Computes if the scale-up of the node group would help any of the
unschedulable Pods.

1. For each Pod equivalence group:

(a) Get the sample Pod of the Pod equivalence group.

(b) Add the template node in the cluster snapshot.

(c) Call the Predicate Checker to check if any of the unschedulable Pods can be
scheduled in the new cluster snapshot.

(d) If the sample Pod fits the new node in the cluster simulation, append all the
equivalent Pods in the list of Pods that got helped (options.Pods).

2. Call the bin-packing estimator to estimate how many nodes of the node group
would be needed to help all the equivalent Pods.
3. Return the option: a struct that indicates how many nodes of the node group are

needed and which Pods would be helped.
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3.4.5 Shortcomings & Proposed Extensions

In previous sections, we described the algorithms that govern the operations of the Au-

toscaler; we will now identify their shortcomings.

3.4.5.1 Scale-Down: Rok Volumes Can Be Migrated

When evaluating the scale-down of a node, the Autoscaler tries to find a place for the
Pods that run on the node in other cluster nodes. To do so, it calls the FindPlace-
For() method, which in turn leverages the PredicateChecker interface methods to
determine if a Pod fits a node. The SchedulerBasedPredicateChecker implementa-
tion of the interface runs the VolumeBinding plugin’s Filter () method to check if the

volumes of the Pod can be accessed from another node.

The PVs of the Rok storage class have node affinity that matches only with the node
where the volume was provisioned. Since the node affinity of the volumes does not
match any other in the cluster, the Autoscaler considers that the Pod and its volume can
not be moved on a different node, thus, marking the current node as unremovable. The
SchedulerBasedPredicateChecker does not know that the Rok volumes have a mech-
anism to snapshot and recover them on a different node [by unpinning them (snapshot
+ remove volume’s node affinity, see section 3.2.1) and then pinning them (restoring

the data) on another node |.

We propose the extension of the Autoscaler to simulate the Rok volumes as unpinned
(as if they do not have node affinity) when evaluating a scale-down (and only then;
in other cases, the volumes are retaining their node affinity). With this extension, the
Autoscaler will comprehend that the Rok volumes can move anywhere in the cluster,

and it can remove the node safely.

3.4.5.2 Scale-Down: Coordinate With the Rok CSI Guard Mechanism

As part of the Rok volume protection mechanism (see section 3.2.2), we deploy a De-
ployment object for each node of the cluster, which creates a Pod per node (Rok CSI
Guard) with strict node affinity that matches only the node it protects. The Autoscaler

tries to find place to move this Pod. Since the Pod has strict node affinity that matches
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only the current node, SchedulerBasedPredicateChecker assumes that the Pod cannot
be moved to a different node. Because of that, the Autoscaler marks the node as unre-
movable. Of course, the Rok Operator will remove the Pod after the Autoscaler removes

the node, but the Autoscaler is unaware of this fact.

Moreover, the Autoscaler checks the PDB of the Guard Pod. The PDB of the Guard Pod
is configured to cause any evictions to fail. The Autoscaler notices that and assumes that
the Guard Pod will not be able to get safely evicted, thus, marking the node unremovable.
It is unaware that the Rok Operator will remove them as soon as the scale-down starts

and the Rok CSI unpins all the local volumes of the node.

We propose the extension of the Autoscaler so that it does not try to find a place for
the operator-managed ephemeral Guard Pods. Moreover, we extend the Autoscaler to
ignore the PDB of the Guard Pod. Still, the Autoscaler will be aware that the Guard Pod
exists, evicting it when it drains the node. This eviction will fail as long as the PDB exists

and the Autoscaler will retry, delaying the deletion of the node.

To make things more obvious, here is the procedure that will take place with the new

design:

1. The Autoscaler evaluates a node for removal:

(a) It checks if the PDB allows the eviction of the Pods running on the node,
but it ignores the PDB of the Guard Pod.

(b) It tries to find a place for each Pod on a different node, but it ignores the
Guard Pod.

2. The Autoscaler decides to remove the node.

3. The Autoscaler adds the deletion taint on the node, effectively marking it as un-
schedulable for Pods.

4. The Autoscaler sends eviction requests for each Pod to the API Server.

5. The eviction of all the Pods —except for the Guard Pod- succeeds.

6. The Autoscaler keeps retrying to evict the Guard Pod, but the API Server responds
that the eviction is not allowed due to the configured PDB.

7. The Rok CSI Controller notices that the node is unschedulable and that no work-
load mounts the volumes, so it starts unpinning them.

8. The Rok CSI Controller finishes the unpinning of the PVs.
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9. The Rok Operator removes the PodDisruptionBudget of the Guard Pod.
10. The Autoscaler’s request to evict the Guard Pod succeeds since the PDB was re-
moved.
11. The Autoscaler asks the cloud provider to delete the node.
12. The Rok Operator removes the Rok CSI Guard Deployment object that corre-

sponds to the removed node.

Let us notice that the Autoscaler keeps retrying the eviction of the Guard Pod for up to 2
minutes. That duration is a hard-coded timeout that might not be enough in most cases.
Taking a snapshot of the volume may last more than 2 minutes, depending on the size
of the volume. It would be wise to use more sane values and allow the user to cluster’s
admin to configure the value when deploying the Autoscaler. To do so, we propose the

extension of the Autoscaler with a flag to configure the max pod eviction timeout.

3.4.5.3 Scale-Down: Consider Storage Capacity

The Autoscaler shall check if the Rok volumes of a Pod can fit a node concerning their
requested storage capacity when evaluating a scale-down. As we have explained, the
Autoscaler used the SchedulerBasedPredicateChecker interface in order to check if
a Pod fits a node, which —among others- calls the VolumeBinding plugin’s Filter()

method.

We propose the extension of the SchedulerBasedPredicateChecker’s VolumeBinding
plugin’s Filter method: When evaluating if a Pod can be moved to a different node,

check if there is enough available storage on the node to move the volumes.

Moreover, since the snapshotting and migration of a volume is a procedure that costs
in terms of time, the Autoscaler shall not remove nodes with high storage utilization,
similarly to how it handles the CPU and memory resources. To achieve this, we propose
the extension of the Autoscaler with a new metric, called the (Rok) “storage utilization”,
defined as the ratio of the used storage over the max storage capacity of the node. The
Autoscaler will compare this metric against a threshold configurable by the admin via
a corresponding flag; if the storage utilization exceeds the threshold, the node will be

considered unremovable.
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3.4.5.4 Scale-Down: Do Not Remove Unready Nodes

A node that with status Ready can become Unready (or NotReady) if a system problem
on the node arises. Common reasons include lack of resources on the node, a problem

with the kubelet, an error related to kube-proxy, or a networking problem in general.

The Autoscaler removes any unneeded Unready node after the scaleDownUnreadyTime
elapses. In the case of local volumes, we assume that the node will always be in good
condition, with all the systems up and running and having network access, so Rok snap-
shots the local volumes to Amazon’s S3 remote storage. If that does not hold, removing

a node will probably cause any local data to be permanently lost.

The Autoscaler must not remove Unready nodes. The Unready nodes shall remain in the
cluster so that an administrator takes action to recover them from the Unready state. We
propose the extension of the Autoscaler with a flag to explicitly disable the scale-down

for nodes in Unready state and consider them unremovable.

3.4.5.5 Scale-Up: Consider Storage Capacity

The Autoscaler does not know how much local storage is available when a new node
is spanned up and added to the cluster. The template node it creates from a live node
contains information only for the currently free storage (of the live node), reported on
the capacity annotation by the storage driver (see the proposed scheduler design, section
3.3.2.1). We need a mechanism to know how much free storage a new node of a node

group will have, and the Autoscaler shall consider it in its simulations.

Report max capacity Assuming that all the nodes in a node group have the same disk
configuration and max storage capacity, we can use the storage driver to report what the
new node’s storage capacity would be on the Node objects. We propose the extension
of the Rok CSI Node component to report the max capacity of a node as a label on the

Node object. This label will be referred to as the “max capacity label” *.

We use a label instead of an annotation because various cloud providers give the cluster
admins the option to pass labels to the node group node templates the cloud provider

plugin constructs. In case no live node for the node group exists, the Autoscaler will

*The Rok max capacity label: rok.arrikto.com/max-instance-capacity
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construct the template from the cloud provider plugin and have the configured admin

labels on it.

At this point, let us distinguish the two reported quantities:

e capacity annotation: the remaining free storage of a live node. The storage driver
reports it, and the scheduler considers it when scheduling Pods.
 max capacity label: the max storage capacity of the live node. i.e., the total storage

capacity. That is a time constant value that depends on the node’s disks.

For example, a node might have 200 Gi total storage (reported on the max capacity

label), and only 100 Gi out of them are free (reported on the capacity annotation).

Pass the max capacity information to the template For the Autoscaler to simulate the
scheduling with capacity considerations, we will import in the SchedulerBasedPredicat-

eChecker the extended VolumeBinding (see section 3.3.2.3).

The extended VolumeBinding plugin will look for the capacity of a template node on
the capacity annotation and not on the label. Since the template will get the annotation
from a live node, it will represent the currently free storage on the live node instead of the
max storage capacity. We need to sanitize the value and set it to the actual max capacity.
To do so, we propose the extension of the sanitization mechanism of the Autoscaler to
copy the max capacity label’s value to the capacity annotation. In this way, the template
node’s capacity annotation will indicate the max capacity (total) storage of the new node

of the node group.

The sanitization mechanism shall set the capacity annotation to an infinitely large value
if the max capacity label does not exist. This design choice offers the following advan-

tages:

1. The Autoscaler treats the node as if it had infinite storage capacity and will add a
live node of the node group (scale-up). If the decision was wrong (false scale-up),
i.e., the added node does not have enough storage capacity for the Pod that trig-
gered the scale-up, the scheduler of the cluster will not assign the Pod to the newly
added node. As a result, the node will remain unneeded, and the Autoscaler will

remove it after some time. The system will gradually fix the wrong decision.
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2. The wrong node addition allows the Autoscaler to learn the actual max capacity
of the node. The Rok CSI driver gets the chance to run on the node, and the
Autoscaler generates a template node from the live node, which contains accurate

information for the max available capacity reported by the Rok CSI driver.

Wait for Rok CSItorun Ifa Pod triggers a scale-up because of the storage it requests, it
may take a reasonable time from the node addition till the Rok CSI driver starts running
on the node. As long as the Rok CSI is not running on the node, the corresponding
capacity annotation is not set on the Node object. The scheduler does not schedule the
Pod on the node since the absence of the annotation indicates the storage is unavailable
(see Section 3.3.1). The Autoscaler runsthe scheduling simulation and decides that the
Pod does not fit the newly added node (since the live node has no capacity annotation),

so it triggers a new scale-up.

To resolve this issue, the Autoscaler must wait for the Rok CSI driver to run on the newly
added node. As long as the driver does not run on a new node (i.e., the node does not

have the capacity label set), the Autoscaler shall replace the node with an Unready copy.

The Autoscaler treats Unready nodes as upcoming nodes (for a duration of up to 15
minutes): it replaces them with template nodes of the node group they belong to in its
simulations. The template node will have the capacity annotation set as if the Rok CSI
was running. The Autoscaler’s simulation will assume that Pod will be scheduled on the

node when the Rok CSI is ready and running and will not trigger any further scale-up.

We mentioned that the Autoscaler treats Unready node as upcoming for up to 15 min-
utes. That needs a bit of explanation. The Autoscaler gives the nodes a reasonable
amount to become fully Ready; after this duration, it will stop replacing the Unready
nodes with their template and will consider them unschedulable in the simulation. If
any Pods that relied on the node becoming ready (in order to run there) still exist, they
will now trigger another scale-up. Of course, in the case of Rok, 15 minutes are more

than enough for the Rok CSI driver to become ready and start running.



Implementation

In this chapter, we describe the implementation of the proposed design changes and the

technologies used.

4.1 Software Stack

The proposed design involves many parts that we had to extend:

o Kubernetes Scheduler, written in Go.
o Kubernetes Cluster Autoscaler, written in Go.

« Rok CSI driver, written in Python.

It also introduces a new component, the Rok Scheduler webhook, which we wrote in

Go.

We build the components in a reproducible manner, using Docker containers for the
target language of each component. To describe and automate the build process, we

used Dockerfiles and Makefiles.

In order to deploy the components (Cluster Autoscaler, Rok Scheduler, Rok Scheduler
webhook) on the cluster, we write YAML manifests that use the declarative API of Ku-
bernetes to describe the necessary resources. To ease out the manifests management,
we use the Kustomize tool. Kustomize is a configuration management solution that

leverages layering to preserve the base settings of the applications and components by
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overlaying declarative YAML artifacts (called patches) that selectively override default

settings without changing the original files.

4.2 Extending the Rok CSI driver

In order to extend the Rok CSI driver’s node component with the capacity reporting
functionality, we introduce a new thread that periodically calculates the capacity and
updates the capacity on the Node object on the API Server. The Python thread issues
commands to the underlying Logical Volume Manager to fetch the Rok VG size. We

introduce an argument -capacity-poll-interval to configure how long the thread
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waits before updating the storage capacity.

Listing 4.1: The thread of Rok CSI driver that updates the available capacity

class CSINodeStorageCapacityThread(threading.Thread):

def run(self):
timeout = self.ctx.args.capacity_poll_interval
while True:
try:
capacity, max_instance_capacity = self.get_storage_capacity()
self.add_capacity_info(capacity, max_instance_capacity)
except Exception as e:
log.exception(”Failed to update capacity info: %s”, str(e))

try:
self.event_queue.get(timeout=timeout)
except six.moves.queue.Empty:

pass
else:

return

def add_capacity_info(self, capacity, max_capacity):

node = self.ctx.args.node_name
label_key = ”rok.arrikto.com/max-instance-capacity”
annotation_key = ”rok.arrikto.com/capacity”

patch = {
”metadata”: {
Zannotations”: {
annotation_key: str(capacity)

s
?labels”: {

label_key: str(max_capacity)
¥

}

n = self.node_client.get(node)
annotations = n.metadata.annotations or {}
current_capacity = annotations.get(annotation_key, None)
if current_capacity:
try:
current_capacity = int(current_capacity)
except ValueError:
log.warning(”Annotation ’%s’ on node ’%s’ is not an integer”
»” value: ’%s’”, annotation_key, node,
current_capacity)
current_capacity = None
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labels = n.metadata.labels or {}
current_max_capacity = labels.get(label_key, None)
if current_max_capacity:
try:
current_max_capacity = int(current_max_capacity)
except ValueError:
log.warning(”Value of label ’%s’ on node ’%s’ is not an”
»” integer value: ’%s’”, label_key, node,
current_max_capacity)
current_max_capacity = None

if (((capacity != current_capacity)
or (max_capacity != current_max_capacity))):
log.info(”Updating capacity information on Node ’%s’: %s”, node,
str(patch))
self.node_client.update(node, patch)
log.info(”Successfully updated capacity information on Node ’%s”,
node)
else:
log.info(”Capacity information on Node ’%s’ is up to date”, node)

4.3 Extending the Kubernetes Scheduler

The VolumeBinding plugin of the Kubernetes Scheduler imports and uses the schedul-
ing packagelocated at pkg/controller/volume/scheduling/scheduler_binder.go,

in the Kubernetes repo '. We extend the package as follows:

o IntroduceahasRokEnoughCapacity(claims []*vl.PersistentVolumeClaim,
node *v1.Node) method, which checks if there is enough capacity on the given
node to provision all the specified Rok PVCs (claims). This method executes the

following steps:

1. Iterate through the given claims, and sum their storage requests in total-
RequestedCapacity

2. Check if the given node has rok.arrikto.com/capacity annotation.

3. If the annotation does not exist, or if it exists but is not a valid int, returns
false, which indicates the PVCs can not be provisioned on the examined
node.

4. If the annotation exists, fetch its value as nodeCapacityInBytes.

5. If totalRequestedCapacity < nodeCapacityInBytes return true, other-

wise false.

The implementation of the method is exposed in listing 4.2.
 Extend the checkVolumeProvisions() method of the VolumeBinding plugin

to gather all the Rok PVCs, (PVCs provisioned by rok.arrikto.com), and pass

'https://github.com/kubernetes/kubernetes
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them to hasRokEnoughCapacity(), in order to check if there is enough capacity
for all of them to be provisioned on a selected node. The implementation is show
at Listing 4.3.

o Treat the case that the rok.arrikto.com/capacity does not exist as zero ca-

pacity, i.e., the volumes can not be provisioned.

Listing 4.2: Implementation of the hasRokEnoughCapacity() method

// hasRokEnoughCapacity checks whether Rok has enough capacity left for all the

provided volumes on the given node.

func (b *volumeBinder) hasRokEnoughCapacity(claims []*v1l.PersistentVolumeClaim, node *v1.Node)<

(bool, error) {
// Rok specific capacity tracking
claimNames := []string{}

// Sum the requested capacities
totalRequestedCapacity := int64(0)
for _, claim := range claims {
pvcName := getPVCName(claim)
quantity, ok := claim.Spec.Resources.Requests[vl.ResourceStorage]
if lok {
// If lok no capacity requested
klog.V(4).Infof(”PVC %q has no capacity request”, pvcName)
continue

sizeInBytes := quantity.Value()

klog.V(4).Infof(”PVC %q capacity request: %d bytes”, pvcName, sizeInBytes)

claimNames = append(claimNames, pvcName)

// Check for overflow

if (totalRequestedCapacity + sizeInBytes) < totalRequestedCapacity {
klog.V(4).Infof(”0Overflow while calculating total requested capacity for Rok PVCs <>

%q”, strings.Join(claimNames, , ”))

return false, fmt.Errorf(”integer overflow”)

}
totalRequestedCapacity += sizeInBytes

}
// Get the free space from the node API object
nodeCapacity, ok := node.ObjectMeta.Annotations[RokCapacityAnnotation]
if lok {
// No annotation found, treat this as no available capacity
klog.V(4).Infof(”Node %q has no ’%s’ annotation: Assuming Rok is not available on this<—
node”, node.ObjectMeta.Name, RokCapacityAnnotation)
return false, nil
}
nodeCapacityInBytes, err := strconv.ParseInt(nodeCapacity, 10, 64)
if err I= nil {
klog.V(4).Infof(”Error while converting capacity string %q to bytes: invalid format”, <=
nodeCapacity)
return false, err
}

klog.V(4).Infof(”Rok PVCs %q total capacity request: %d bytes, free storage capacity on <>
node %q: %d bytes”, strings.Join(claimNames, *”, ), totalRequestedCapacity, node.<>
ObjectMeta.Name, nodeCapacityInBytes)

if nodeCapacityInBytes >= totalRequestedCapacity {
// Enough capacity found.
klog.V(4).Infof(”Sufficient free storage capacity for PVCs %q on node %q”, strings.<>

Join(claimNames, ”, ”), node.ObjectMeta.Name)

return true, nil

}

klog.V(4).Infof(”Insufficient free storage capacity for PVCs %q on node %q”, strings.Join(<+>
claimNames, ”, ), node.ObjectMeta.Name)

return false, nil

Listing 4.3: Extension of the checkVolumeProvisions() method

func (b *volumeBinder) checkVolumeProvisions(pod *v1.Pod, claimsToProvision []*vl.<>

PersistentVolumeClaim, node *v1.Node) (provisionSatisfied, sufficientStorage bool, <
dynamicProvisions []*vl.PersistentVolumeClaim, err error) {

podName := getPodName(pod)

dynamicProvisions = []*vl.PersistentVolumeClaim{}

// Rok PVCs

rokClaims := []*vl.PersistentVolumeClaim{}
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for _, claim := range claimsToProvision {
class, err := b.classlLister.Get(className)

provisioner := class.Provisioner

if provisioner == RokProvisioner {
klog.V(4).Infof(”Unbound claim %q is provisioned by ’rok.arrikto.com’”, pvcName)
rokClaims = append(rokClaims, claim)
continue

sufficient, err := b.hasEnoughCapacity(provisioner, claim, class, node)
if lsufficient {

return true, false, nil, nil

dynamicProvisions = append(dynamicProvisions, claim)

}
sufficient, err := b.hasRokEnoughCapacity(rokClaims, node)
if err I= nil {

return false, false, nil, err
if lsufficient {

return true, false, nil, nil

}
dynamicProvisions = append(dynamicProvisions, rokClaims...)
klog.V(4).Infof(”Provisioning for %d claims of pod %q that has no matching volumes on node<>
%q ...”, len(claimsToProvision), podName, node.Name)
return true, true, dynamicProvisions, nil
}
const (

RokCapacityAnnotation = ”rok.arrikto.com/capacity”

RokProvisioner = ”rok.arrikto.com”

We compile the Rok Scheduler and build its Docker image using the Makefile the up-
stream project provides. We use YAML manifests and the Kustomize tool to deploy the
Rok Scheduler as a Deployment along with any other RBAC resources it needs for its

operation.

4.4 Implementing the Rok Scheduler Webhook

We implement the Rok Scheduler webhook that will mutate the Pods to use the Rok

Scheduler, in a manner it can be reused and easily configured.

We expose the following configuration options:

« -annotation-optout: Annotation key thatif present on the Pod, the Pod will not

be mutated. The default value is arrikto.com/skip-rok-scheduler-webhook.
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This parameters allows the user to skip the mutation of a Pod in the webhook
server, even though the API server admitted that Pod for mutation. We will refer

to it as the “opt-out annotation”.

« -namespaces-optin: A comma-separated list of namespaces or namespaces globs.
If a Pod matches against one of these namespaces it will get mutated. The default
value is “*”, which matches against all namespaces. We will refer to it as the

“opt-in namespaces”.

e —scheduler-name: The name of the scheduler that will be set on the Pod. The

default value is rok-scheduler.

For a complete list of arguments, see the main() method of the webhook in Listing 4.4.

The Handle() method of the webhook handles a single admission request as follows:

1. If the Pod it has the opt-out annotation, do not mutate it.

2. Check the namespace of the Pod against each namespace glob. If the namespace
does not match any glob, do not mutate it.

3. In all other cases, mutate the Pod by adding the scheduler name on its

spec.SchedulerName field.

For the full implementation of the method, see Listing 4.5.

We implement the Rok Scheduler Webhook using the webhook package of the controller-
runtime library of Go. The Kubernetes controller-runtime is a set of go libraries for
building controllers. For implementing the glob functionality of the -namespaces-

optin flag, we used the glob module of Go.

Finally, in order for the Pods to be admitted and sent to the webhook, we instruct the
API Server to do so by creating a MutatingWebhookConfiguration object (see List-
ing 4.6). The MutatingWebhookConfiguration we specify admits any newly created
Pods in namespaces that match the specific namespace selector. The namespace se-
lector matches against any namespaces that have the label control-plane: kubeflow.
We chose to admit Pods only in this namespace since the workload we want to admit is
created in that namespace, but of course, the Pods in any other namespace can be ad-

mitted. The MutatingWebhookConfiguration specifies that the API server contacts the
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webhook server at the /mutate endpoint. It also specifies a Fail failure policy so that
if the webhook crashes or stops responding, the creation of new Pods will fail. That is

important to ensure every single Pod is admitted and mutated with the scheduler name.

Listing 4.4: The main() method of the Rok Scheduler Webhook

func main() {

// Get command line parameters
var port int
var tlsDir, certName, keyName, optOutAnnotation, optInNamespaces, schedulerName string

flag.IntVar(&port, ”port”, 443, ”Webhook server port.”)

flag.Stringvar(&tlsDir, ”tls-dir”, ”/etc/webhook/certs”, ”Folder containing the X509 certs<—
for the webhook.”)

flag.StringVar(&certName, ”cert-name”, “cert.pem”, ”File containing the x509 Certificate <>
for HTTPS.”)

flag.StringVar(&keyName, “key-name”, “key.pem”, *”File containing the x509 private key.”)

flag.StringVar (&optOutAnnotation, ”annotation-optout”, ”arrikto.com/skip-rok-scheduler-<—
webhook”, ”Annotation key that if present, the pod will not get mutated.”)

// Default namespaces-optin: ”*” allows mutation in all namespaces

flag.StringVar (&optInNamespaces, “namespaces-optin”, »*”, ”A comma separated list of <>
namespaces. If a pod matches against these namespaces it will get mutated. Globs can <
be provided.”)

flag.StringVar(&schedulerName, ”scheduler-name”, ”rok-scheduler”, ”The name of the <>
scheduler that will be set on the pod.”)

flag.Parse()

// Compile globs from the namespaces-optin comma separated list

optInNamespacesGlobs, err := compileGlobsFromCommaSeparatedList(optInNamespaces)
if err I= nil {

logger.Error(err, ”failed to parse the namespace globs list”)

os.Exit(1)

// Setup webhooks

logger.Info(”setting up webhook server”) hookServer := mgr.GetWebhookServer()
hookServer.Port = port

hookServer.CertDir = tlsDir

hookServer.CertName = certName

hookServer.KeyName = keyName

logger.Info(”registering webhook to the webhook server?”)
handler := &podHandler{
Client: mgr.GetClient(),
optOutAnnotation: optOutAnnotation,
optInNamespaces: optInNamespacesGlobs,
schedulerName: schedulerName,

hookServer.Register(”/mutate”, &webhook.Admission{Handler: handler})

logger.Info(”starting manager?”)

}
Listing 4.5: The Handle() method the Rok Scheduler Webhook
/*
* This file is part of Rok.
*
* Copyright © 2022 Arrikto Inc. All Rights Reserved.
*

package main

const LoggerName = ”rok-scheduler-webhook”
const PodMutatedLabel = ”rok-scheduler-webhook.arrikto.com/mutated”

// podHandler handles Pods

type podHandler struct {
Client client.Client
decoder *admission.Decoder
optOutAnnotation string
optInNamespaces []glob.Glob
schedulerName string

¥

// podHandler implements admission.DecoderInjector.
// A decoder will be automatically injected.
// InjectDecoder injects the decoder.
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func (p *podHandler) InjectDecoder(d *admission.Decoder) error {
p.decoder = d
return nil

}

func (p *podHandler) Handle(ctx context.Context, req admission.Request) admission.Response {
pod := &corevl.Pod{}
err := p.decoder.Decode(req, pod)
if err I= nil {
return admission.Errored(http.StatusBadRequest, err)

// Set Pod namespace to AdmissionRequest namespace as Pod namespace might be empty.
pod.Namespace = req.Namespace

podName := pod.Name

podGenerateName := pod.GenerateName

if p.skipAdmission(pod) {
log.Log.WithName(LoggerName).WithvValues(”namespace”, pod.Namespace,
”name”, podName, “generateName”, podGenerateName).Info(”skipping pod mutation”)
return admission.Allowed(”Admission skipped”)

}

// Mutate the pod
addSchedulerName(pod, p.schedulerName)
addLabel(pod, PodMutatedLabel, ”true”)
log.Log.WithName(LoggerName).WithValues(”namespace”, pod.Namespace,
”name”, podName, generateName”, podGenerateName).Info(”adding scheduler name to pod”,<—
”schedulerName”, p.schedulerName)

marshaledPod, err := json.Marshal(pod)
if err I= nil {

return admission.Errored(http.StatusInternalServerError, err)
}

// JSON patches are generated automatically
return admission.PatchResponseFromRaw(req.Object.Raw, marshaledPod)

}

// skipAdmission checks if admission should be skipped for the specific Pod.
// This can happen because:
// - The Pod has an opt-out annotation
// - The Pod is not in the opt-in namespaces
func (p *podHandler) skipAdmission(pod *corevl.Pod) bool {
podName := pod.Name
podGenerateName := pod.GenerateName
if hasAnnotationKey(pod, p.optOutAnnotation) {
log.Log.WithName(LoggerName).WithvValues(”namespace”, pod.Namespace, “name”, podName,
”generateName”, podGenerateName).Info(”pod has skip mutation annotation key”, 7<=
annotation”, p.optOutAnnotation)
return true

}
if matchesAnyGlob(p.optInNamespaces, pod.Namespace) {
return false

log.Log.WithName(LoggerName).WithValues(”namespace”, pod.Namespace,
”name”, podName, “generateName”, podGenerateName).Info(”pod’s namespace didn’t match <
any of the namespaces the webhook mutates”)
return true

Listing 4.6: The Rok Scheduler’s MutatingWebhookConfiguration

apiVersion: admissionregistration.k8s.io/v1l
kind: MutatingWebhookConfiguration
metadata:
name: rok-scheduler-webhook
webhooks:
- admissionReviewVersions:
- vl
clientConfig:
caBundle: ””
service:
name: rok-scheduler-webhook
namespace: rok-system
path: /mutate
failurePolicy: Fail
name: kubeflow.rok-scheduler-webhook.arrikto.com
namespaceSelector:
matchLabels:
control-plane: kubeflow
reinvocationPolicy: IfNeeded
rules:
- apiGroups:
)

apiVersions:
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- vl

operations:

- CREATE

resources:

- pods
sideEffects: None

To build the Rok Scheduler Webhook and its Docker image, we create a Dockerfile that
instructs the docker to build the binary inside a container that has the required Golang

dependencies.

We deploy the Rok Scheduler and the Rok Scheduler as Deployment resources (see
2.2.5.4). The manifests also specify other necessary resources, such as Roles, RoleBind-

ings, ServiceAccounts, ConfigMaps.

4.5 Extending the Cluster Autoscaler

4.5.1 Scale-Down: Rok Volumes Can Be Migrated

As explained in the design proposal (see 3.4.5.1), we extend the Cluster Autoscaler to
treat the local volumes of the Rok Storage class as unpinned, i.e., as if they have no
affinities, when evaluating a possible scale-down. In all other cases, the local volumes

shall be evaluated as is, pinned, i.e., having their existing node affinities.

To implement the design, we extend the CheckPredicates interface’s method with an
extra boolean argument, called simulateUnpinnedvolumes. We pass down informa-
tion from the PredicateChecker methods to the VolumeBinding plugin’s checkBound-
Claims() method. The SchedulerBasedPredicateChecker creates a cycleState (see
section 2.6.2 struct that the plugins it runs can use for storing data. We extend the cy-
cleState with the same boolean simulateUnpinnedVolumes field to pass down to the
VolumeBinding plugin information. The full flow of the information whether to simu-

late unpinned volumes or not is illustrated in Figure 4.1.

We extend the checkBoundClaims () method, so that if the Rok volumes are simulated
as unpinned (simulateUnpinnedVolumes is set to true), it gathers all the Rok local vol-

umes, and appends them to claimsToProvision, i.e, it treats them as if they were un-

bound volumes, in order to check if there is enough capacity (see (checkVolumeProvision())

for the volumes to be provisioned on the examined node. Of course, this approach only
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PredicateChecker Interface

FitsAnyNode(clusterSnapshot, pod, simulateUnpinnedVolumes bool)
FitsAnyNodeMatching(clusterSnapshot, pod, nodeMatches, simlateUnpinnedVolumes bool)
CheckPredicates(clusterSnapshot, pod, nodeName, simulateUnpinnedVolumes bool)

Y
SchedulerBasedPredicateChecker implementation

1. state := schedulerframework.NewCycleState()
2. state.SimulateUnpinnedVolumes = simulateUnpinnedVolumes
3. framework.RunFilterPlugins(context. TODO(), state, pod, nodelnfo)

RunfFilterPlugins() method

1. Call VolumeBinding plugin's Filter() method:
pl.Filter(ctx, state, pod, nodelnfo)

Y

1. Call FindPodVolumes() of the volume binder, passing info from the cycleState:
FindPodVolumes(pod, state.boundClaims, state.claimsToBind,
node, state.SimulateUnpinnedVolumes)

A 4

Volume binder's FindPodVolumes() method

1. Call checkBoundClaims() method:
checkBoundClaims(boundClaims, node, podName, simulateUnpinnedVolumes)

Figure 4.1: The flow of simulateUnpinned Volumes information

checks if the Rok volumes of a Pod alone can be moved to a different node; it does not
ensure that all the Pods of the node can fit on a different node with regards to their lo-
cal storage requests. Listing 4.7 presents the code lines that extend the functionality of

checkBoundClaims.

Listing 4.7: Extending the logic of checkBoundClaims() when volumes are simulated as

unpinned

func (b *volumeBinder) FindPodVolumes(pod *v1.Pod, boundClaims, claimsToBind []*vl.<>
PersistentVolumeClaim, node *vl1.Node, simulateUnpinnedVolumes bool) (podVolumes *<—
PodVolumes, reasons ConflictReasons, err error) {
rokClaimsSimulatedUnpinned := []*vl.PersistentVolumeClaim{}

if len(boundClaims) > @ {

if simulateUnpinnedVolumes {

boundClaimsFiltered := []*vl.PersistentVolumeClaim{}
for _, claim := range boundClaims {
if isRok, _ := b.isRokClaim(claim); isRok {

rokClaimsSimulatedUnpinned = append(rokClaimsSimulatedUnpinned, claim)
klog.V(4).Infof(”Bound claim %q is provisioned by ’rok.arrikto.com’ and <>
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simulated as unpinned: adding it to the list of volumes that need <+
provisioning”, getPVCName(claim))

} else {
boundClaimsFiltered = append(boundClaimsFiltered, claim)
}
boundClaims = boundClaimsFiltered
}
boundVolumesSatisfied, boundPVsFound, err = b.checkBoundClaims(boundClaims, node, <>
podName)
if err I= nil {
return
}
}
if (len(claimsToBind) > @) || (len(rokClaimsSimulatedUnpinned) > @) {
if len(claimsToFindMatching) > 0 {
var unboundClaims []*vl.PersistentVolumeClaim
unboundVolumesSatisfied, staticBindings, unboundClaims, err = b.<>
findMatchingVolumes(pod, claimsToFindMatching, node)
if err I= nil {
return
claimsToProvision = append(claimsToProvision, unboundClaims...)
}
claimsToProvision = append(claimsToProvision, rokClaimsSimulatedUnpinned...)
if len(claimsToProvision) > 0 {
unboundVolumesSatisfied, sufficientStorage, dynamicProvisions, err = b.<>
checkVolumeProvisions(pod, claimsToProvision, node)
}
}
return

4.5.2 Scale-Down: Coordinate With the Rok CSI Guard Mechanism

To implement the design proposal (see section 3.4.5.2) we implement the following

changes, according to the proposed design:

« Extend the findPlaceFor() method to ignore the Rok CSI Guard Pods and not
try to find a place for them on a different node.

« Extend the checkPdbs () method to not check the PodDisruptionBudgets of the
Rok CSI Guard Pods.

» We introduce a flag -max-pod-eviction-time so that the cluster admins can

configure the maximum time Autoscaler tries to evict a Pod before giving up.

Listing 4.8: Ignore Rok CSI Guard Pods and their PDBs in scale-down evaluation

func findPlaceFor(removedNode string, pods []*apivl.Pod, nodes map[string]bool,
clusterSnapshot ClusterSnapshot, predicateChecker PredicateChecker, oldHints map[string]<«
string, newHints map[string]string, usageTracker *UsageTracker,
timestamp time.Time) error {

for _, podptr := range pods {

klog.V(5).Infof(”Looking for place for %s/%s”, pod.Namespace, pod.Name)
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csiGuardSelector, _ := labels.Parse(”app=rok-csi-guard”)
if csiGuardSelector.Matches(labels.Set(pod.Labels)) {
klog.V(2).Infof(”Skipping findPlaceFor for %s pod”, pod.Name)
continue
}
return nil
}
func checkPdbs(pods []*apivl.Pod, pdbs []*policyvl.PodDisruptionBudget) (*drain.BlockingPod, <
error) {
for _, pdb := range pdbs {
csiGuardSelector, err := labels.Parse(”app=rok-csi-guard”)
if err I= nil {
return nil, err
}
if csiGuardSelector.Matches(labels.Set(pdb.Labels)) {
klog.V(2).Infof(”Ignoring pod disruption budget %s/%s”, pdb.Namespace, pdb.Name)
continue
}
}

4.5.3 Scale-Down: Consider Storage Capacity

We already covered in section 4.5.1 how we extended the Autoscaler to simulate the Rok
volumes as unpinned when scaling down and also check if there is enough capacity for

each Pod on a different node.

We also extend the Autoscaler to calculate storage utilization and take it into considera-
tion when scaling down, by introducing a new flag “~scale-down-rok-storage-utilization-
threshold” flag with default value “0.5” and a CalculateUtilizationOfRokStorage()
method. This method fetches the values from the capacity annotation and the max ca-
pacity label of the Node object and calculates the storage utilization. Moreover, we ex-
tend the checkNodeUtilization() method of the Autoscaler to mark any nodes that
have storage utilization over the storage threshold as unremovable. The implementation

can is shown in Listings 4.9 and 4.10.

Listing 4.9: Calculate Rok storage utilization

func CalculateUtilizationOfRokStorage(node *apivl.Node) (utilInfo UtilizationInfo, err error) <=

{
capacity, foundCapacity := node.ObjectMeta.Annotations[rok.RokCapacityAnnotation]
maxCapacity, foundMaxCapacity := node.Labels[rok.RokInstanceCapacitylLabel]
if !foundCapacity || !foundMaxCapacity {
klog.V(3).Infof(”Rok doesn’t run on node %s”, node.Name)
return UtilizationInfo{RokStorageUtil: @, ResourceName: rok.RokStorageResource, <
Utilization: @}, nil

}
nodeCapacityInBytes, err := strconv.ParseInt(capacity, 10, 64)
if err I= nil {
klog.V(4).Infof(”Error while converting capacity string %q to bytes: invalid format”, <
capacity)

return UtilizationInfo{}, err
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nodeMaxCapacityInBytes, err := strconv.ParseInt(maxCapacity, 10, 64)
if err I= nil {
klog.V(4).Infof(”Error while converting max capacity string %q to bytes: invalid <>
format”, maxCapacity)
return UtilizationInfo{}, err

}

util := (float64(nodeMaxCapacityInBytes) - float64(nodeCapacityInBytes)) / float64(<+
nodeMaxCapacityInBytes)

return UtilizationInfo{RokStorageUtil: util, ResourceName: rok.RokStorageResource, <>
Utilization: util}, nil

Listing 4.10: Mark nodes with high Rok storage utilization as unremovable

func (sd *ScaleDown) checkNodeUtilization(timestamp time.Time, node *apivl.Node, nodeInfo *<—
schedulerframework.NodeInfo) (simulator.UnremovableReason, *simulator.UtilizationInfo) {

if !sd.isNodeBelowUtilizationThreshold(node, utilInfo) {
klog.V(4).Infof(”Node %s is not suitable for removal - %s utilization too big (%f)”, >
node.Name, utilInfo.ResourceName, utilInfo.Utilization)
return simulator.NotUnderutilized, &utilInfo

}

klog.V(4).Infof(”Node %s - %s utilization %f”, node.Name, utilInfo.ResourceName, utilInfo.<>
Utilization)

if rok.NodeHasRokStorageCapacity(node) {

utilInfo, err := simulator.CalculateUtilizationOfRokStorage(node)
if err = nil {
klog.Warningf(”Failed to calculate Rok storage utilization for %s: %v”, node.Name,<>
err)

klog.V(4).Infof(”Node %s - %s utilization %f”, node.Name, utilInfo.ResourceName, <
utilInfo.Utilization)

if !sd.isNodeRokStorageBelowUtilizationThreshold(utilInfo) {
klog.V(4).Infof(”Node %s is not suitable for removal - %s utilization too big (%f)<«
»”, node.Name, utilInfo.ResourceName, utilInfo.Utilization)
return simulator.NotUnderutilized, &utilInfo

return simulator.NoReason, &utilInfo

4.5.4 Scale-Down: Do Not Remove Unready Nodes

To implement the proposed design and configure the Autoscaler to not removed un-
ready nodes, we extend the -scale-down-unready-time of the Autoscaler to accept
negative values; if a negative value is provided, then the scale-down of unready nodes

will be disabled.

4.5.5 Scale-Up: Consider Storage Capacity

Pass the max capacity information to the template To implement the scale-up design,
we introduce a method sanitizeRokStorageAnnotations() that copies the value of

the max capacity label of the Node object to its capacity annotation. If the label does
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not exist, it set the capacity annotation to the max 64 bit number.We extend the sani-
tizeTemplateNode () method to call sanitizeRokStorageAnnotations as part of the

sanitization process.

The implementation of this functionality is shown in Listings 4.11 and 4.12.

Listing 4.11: sanitizeRokStorageAnnotations() method

const (
RokCapacityAnnotation = ”rok.arrikto.com/capacity”

RokInstanceCapacitylLabel = ”rok.arrikto.com/max-instance-capacity”

NodeMaxCapacity = math.MaxInt64

func sanitizeRokStorageAnnotations(labels map[string]string, annotations map[string]string, <>
nodeName string) map[string]string {
capacity := strconv.Itoa(NodeMaxCapacity)
if val, found := labels[RokInstanceCapacitylLabel]; found {
klog.V(6).Infof(”Found label ’%s: %q’ on template node %q”, RokInstanceCapacitylLabel, <
val, nodeName)
capacity = val
} else {
klog.V(6).Infof(”Label %q not found on template node %q: Setting capacity to maximum <>
possible node capacity”, RokInstanceCapacitylLabel, nodeName)

}
klog.V(6).Infof(”Setting annotation ’%s: %q’ on template node %q”, RokCapacityAnnotation, <>
capacity, nodeName)

if annotations == nil {
annotations = map[string]string{}

annotations[RokCapacityAnnotation] = capacity
return annotations

Listing 4.12: Extend sanitizeTemplateNode() to sanitize the Rok storage annotations

func sanitizeTemplateNode(node *apivl.Node, nodeGroup string, ignoredTaints taints.<—
TaintKeySet) (*apivl.Node, errors.AutoscalerError) {
newNode := node.DeepCopy ()
nodeName := fmt.Sprintf(”template-node-for-%s-%d”, nodeGroup, rand.Int63())

newNode.Name = nodeName

newNode.Spec.Taints = taints.SanitizeTaints(newNode.Spec.Taints, ignoredTaints)

newNode.ObjectMeta.Annotations = sanitizeRokStorageAnnotations(newNode.Labels, newNode.<—
ObjectMeta.Annotations, newNode.Name)

return newNode, nil

Wait for Rok CSI to run  We implement this design change by introducing a Filter-
OutNodesWithUnreadyCSI() method to checkifanode has the capacity annotation set.
If not, it is implied that the Rok CSI driver is not running on the node, and it replaces
the node with an unready copy. We extend the obtainNodeLists() method, to call the

FilterOutNodesWithUnreadyCSI.

Listings 4.13 and 4.14 present the code lines that implement this functionality.
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Listing 4.13: FilterOutNodes WithUnreadyCSI() method

const (

RokCapacityAnnotation = ”rok.arrikto.com/capacity”

func FilterOutNodesWithUnreadyCSI(allNodes, readyNodes []*apivl.Node) ([]*apivl.Node, []*apivi<—

.Node) {
newAllNodes := make([]*apivl.Node, 90)
newReadyNodes := make([]*apivl.Node, 9©)
nodesWithUnreadyCSI := make(map[string]*apivl.Node)
for _, node := range readyNodes {
hasCapacityAnnotation := false
if node.Annotations != nil {

_, hasCapacityAnnotation = node.Annotations[RokCapacityAnnotation]

}

if !hasCapacityAnnotation {
klog.V(3).Infof(”Overriding status of node %v, which seems to have unready CSI”, <>
node.Name)
nodesWithUnreadyCSI[node.Name] = kubernetes.GetUnreadyNodeCopy(node)
} else {
newReadyNodes = append(newReadyNodes, node)

}
for _, node := range allNodes {
if newNode, found := nodesWithUnreadyCSI[node.Name]; found {
newAllNodes = append(newAllNodes, newNode)
} else {
newAllNodes = append(newAllNodes, node)
}
}

return newAllNodes, newReadyNodes

Listing 4.14: Extend ObtainNodesLit() method to return nodes with unready Rok CSI

func (a *StaticAutoscaler) obtainNodelLists(cp cloudprovider.CloudProvider) ([]*apivl.Node, []*¢«>
apivl.Node, errors.AutoscalerError) {
allNodes, err := a.AllNodelLister().List()
readyNodes, err := a.ReadyNodelLister().List()

allNodes, readyNodes = gpu.FilterOutNodesWithUnreadyGpus(cp.GPULabel(), allNodes, <
readyNodes)

allNodes, readyNodes = taints.FilterOutNodesWithIgnoredTaints(a.ignoredTaints, allNodes, <>
readyNodes)

allNodes, readyNodes = FilterOutNodesWithUnreadyCSI(allNodes, readyNodes)

return allNodes, readyNodes, nil
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Conclusion

Our journey has finally reached its end. In this chapter, we will restate our contribu-
tions and summarize what our mechanism offers. Finally, we will close this thesis by
mentioning future work that can be done to enrich our mechanism and bring it to its

full potential.

5.1 Concluding Remarks

All in all, the primary goal of this thesis was to implement a design that would enable
seamless cluster autoscaling and scheduling with local persistent storage. Not only did
we achieve this goal, but our implementation was successfully deployed to large pro-

duction clusters of enterprises that requested the feature.

Although the design we implemented is coupled with the Rok software —since it pro-
vides an efficient mechanism for migrating local volumes around a cluster—, the con-
cepts and the design can be generalized to work with any other local storage system.
Our long-term goal, which extends beyond the context of this thesis, is to generalize
the design and push it upstream. That is a process that we started to be involved in;
we attend the meetings of the Kubernetes Storage ' and Autoscaling > Special Interest
Groups, interacted with them on GitHub and plan to contribute the whole design up-

stream actively. At the moment this text is written, we have a few first Pull Requests

'https://github.com/kubernetes/community/blob/master/sig-storage/README.md
*https://github.com/kubernetes/community/blob/master/sig-autoscaling/README.md
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merged * *.

5.2 Future Work

So far, we have implemented various enhancements for the Kubernetes Scheduler and

the Cluster Autoscaler, but there is always room for improvement. Since this is an iter-

ative process, in next iterations, we would like to offer these enhancements:

« Extend the Scheduler to reserve the storage (in the Reserve phase of the schedul-

ing cycle) when scheduling a Pod to prevent race conditions.

Extend the Cluster Autoscaler to consider the storage needed for the PVCs of
multiple Pods when scaling down. The current design only checks if a single
Pod’s PVs can fit a node, but not if the PVs of multiple Pods fit a node. Although
a wrong decision to scale down will be reverted by a subsequent scale-up, taking

the decision would be much more effective.

Extend the current implementation of the Estimator interface, i.e., the Bin-
PackingEstimator, to consider the storage and calculate how many nodes are
needed for the storage requests of multiple Pods of a StatefulSet. The current de-
sign adds nodes one by one till all the Pods get the requested storage. It would be
much more efficient to know the number of nodes needed beforehand and add

them to the cluster all at once.

Finally, as we already mentioned, our high-priority goal is to merge this work upstream.

*https://github.com/kubernetes/autoscaler/pull/4877
*https://github.com/kubernetes/autoscaler/pull/4842
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