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e ELle oanH B3NS4 Ha apXUTEKTYPY
e etcd

e kube-apiserver

e kube-controller-manager
kube-scheduler

e kubelet
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e PacnpepneneHHoe key-value xpaHunnuue
e OnupaeTtcsa Ha umnnemeHTaumio Raft Consensus Algorithm

etcd




Raft Consensus Algorithm

e AIFOPUTM CXOOANMOCTU U
KOHCUCTEHTHOW pennmkaunum nora
N3MEHEHU

e MoxHo notepatb (N-1)/2
Y4YaCTHMKOB (MEHbLUYIO YacCTb)

e HeuyeTHOE KOMMMYECTBO YYACTHUKOB
ny4yuwe

e B knacrtepe BuiOupaetca leader,

ocTanbHble ctaHoBaTcqa followers

https://raft.github.io/

Mail.ru "ba3bl _AaHHbIX. AIropuUtm

RAFET"



https://raft.github.io/
https://www.youtube.com/watch?v=BYMOlWAAiOQ

Kenc: backup n BocctaHoBneHue

e Pa3BepTbiBaHME KNacCTEepOB aBTOMATU3NPOBAHO 1 3aHUMaeT
MUHMMaNbHOE KO/IMYECTBO BPEMEHM

e OnncaHune Bcex pecypcoB xpaHutcs B git B Buae maHudgectos (laC)
e HMKTO He genaet kubectl run M npoyne pydHble 4ENCTBUSA

Stateful KOMMNOHEHTbI:

= PerynapHbin backup B cuctembl BHe Kubernetes
= JlaHHble XpaHATCHA BHe Kubernetes

Hy>xeH nn backup knactepa ?




Kenc: backup n BocctaHoBneHue

PeanbHbin Mup




Kenc: backup n BocctaHoBneHue

e OnuncaHue Bcex 0ObEKTOB KnacTepa XxpaHuTca B etcd

e Pasmep 6a3bl AaHHbIX OTHOCUTENIbHO HEBENK (MO3TOMY MOXHO
ObICTPO 1 Nerko caenatb ee backup)

e [1Be onunm ana pe3epBHOro KONMMpPoOBaHUS:

= spnapshot gupekTopuun ¢ AaHHbIMU
= snapshot cpeacrBamu etcd (etcdctl)




Kenc: backup n BocctaHoBneHue

KomaHpga gna cosgaHus snapshot:

etcdctl snapshot save <filename>

Hy>XHO MOMHUTbL NPO:

e ENV nepemeHHyto ana ykazaHus sepcun etcd (ETCDCTL_API=3)
e cepTudukatbl gna nogknodveHna kK etcd (ca, key, certificate)




Kenc: backup n BocctaHoBneHue

KomaHaa ona BocctaHOBMNEHUA U3 snapshot:

etcdctl snapshot restore <filename>

OcobeHHOCTn restore:

e Snapshot He 3anuBaeTcyd B pabdoTatownin etcd
e /I3 snapshot cozgaetca HOBaA ANPEKTOPUSA

e Knouom ——data-dir= MOXHO yKasaTtb npoueccy etcd rge nexar
BOCCTA@HOB/1EHHbIE AaHHbIE




Kenc: backup n BocctaHoBneHue

HioaHChbI

e Kubernetes - oueHb ObICTPO N3MEHALWAACH cpeaa. ECTb WwaHc
NONy4YnTb HeaKTyasnbHbIN state

e BO3MOXHbI HEKOTOpPbIE apTedakTbl MOC/Ie BOCCTAHOB/IEHUSA U3
snapshot

e Hago NOMHUTL NMPO cepTUdUKaThbl

e backup etcd HMKak He KacaeTcsa gaHHbIX B PV (HO xpaHuT
MHOPMAaLNIO O HUX)

e Kak ObITb ¢ Load Balancer's?




Kenc: backup n BocctaHoBneHue

Yto penarthb:

e BCNOMHWUTb ngeasibHbIVi MUP

e [10CTUIHYTb BbICOKOW OOCTYMHOCTM NyTEM CO34aHNA HECKO/IbKUNX
pennuk etcd

e AOMMHUCTPATMBHO OrpaHmn4YnTb NpaBa Ha A4oCTyn K etcd

e [10 BOSMOXHOCTU He yaanaTb Kum n3s etcd pykamm © Zalando

e Otpenuntb etcd gnsa Kubernetes ot apyrnx knacrtepoB etcd
e Backup etcd



https://youtu.be/6sDTB4eV4F8?t=585

Failure Tolerance and Majority

YeTHOEe KonunuectBo etcd HoAa

e He pgaet gononHutenobHon otkaloyctonumBocTu (Failure Tolerance)
e [loBbIlIAET PUCK OTCYTCTBMUSA KBOpyMa (Majority) npun ceteBbIX
npobnemax
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Kenc: backup n BocctaHoBneHue

e [1o ymonuaHuto yepes kaxablie 100000 3anucen snapshot
cOpacbiBaetca n3 RAM Ha guck. Hactota KoOHUrypupyeTcs.

m KMto4oM ——snapshot—-count
= ENV nepemeHHon ETCD_SNAPSHOT_COUNT




Kenc: backup n BocctaHoBneHue

Velero

e YTnnuta gna cHATMA backup n BocctaHoBMEHUA MHoOpMaL MM O
Kracrepe
e YMeeT fenaTtb pe3epBHOE KOMUPOBAHMUE:

= PecypcoB knacrtepa
= PV

AN
m":: VELERO
-



Kenc: nnaHnpoBaHue Harpysku

PekoMeHaLuum no KoHdUrypaumm BblaefnieHHbIX HOA
ana etcd

Small cluster

A small cluster serves fewer than 100 clients, fewer than 200 of requests per second, and stores no more than 100MB
of data.

Example application workload: A 50-node Kubernetes cluster

Memory Max concurrent Disk bandwidth

Provid T P
rovider ype vCPUs (GB) IOPS (MB/s)

AWS m4.large 2 8 3600 56.25

n1-standard-2 + 50GB PD

E 2 7. 1 2
GC SSD 5 500 5



https://github.com/etcd-io/etcd/blob/master/Documentation/op-guide/hardware.md#example-hardware-configurations

Kenc: macwitabmpoBaHue

C yBennuyeHmnem Hopa B KnacTepe etcd yBenuumnBaercs:

e OTKa30yCTONYNBOCTb

e [1lpon3BOANTENIBHOCTb Ha YTEHUE (MOXHO YMTaTb C tOOON HOAbI)
C yBenmyeHnem Hopa B Knactepe etcd ymeHbLUaeTCs:

e [MponsBOANTENBHOCTL Ha 3anuchb (Ntobada 3annck B KacTep
pennuMpyeTcs Mexay BCeMU HoaaMNn)

OnTtumaneHbIW pa3mep knacTtepa etcd - 5 Hop (by Google).




MacwrtabupoBaHue | orpaHn4yeHus etcd

e Request size limit (1.5 MiB) - MakcumarnbHbIN pa3mep 3anpoca (napol

key:value) no ymonuaHuto. KoHdurypumpyercs:.

= Knoyom ——max-request-bytes
= ENV nepemeHHon ETCD_MAX_REQUEST_BYTES

e Storage size limit (2GB) - MakcumasnbHbIn pa3mep 6a3bl AaHHbIX MO
ymosndaHuto. KoHgurypupyertcsa:

= Knoyom ——quota-backend-bytes
= ENV nepemeHHon ETCD_QUOTA_BACKEND_BYTES

Kak npaBunno, npobnemsbl ¢ pasmepom bl HaunHatoTca Ha 1000+
HOodax B KacTtepe.

-



Keunc: reopacnpepeneHume

e [loBbIlLAEeT OTKAa30yCTONYMNBOCTb

e YCNewHOCTb 3aBMNCUT OT latency 1 NnponyCcKHOM CNOCOOHOCTU CETU
mexay AL

e B cniyyae Bbicokoro latency tpebyert TioHnHra etcd (6e3 Hero
BO3MOXHbI YacCTble nepeBbIOOpbI NMngepa n HectabunbHasa padoTa
Kflactepa)

e CTOUT NOMHUTb NpPO Raft




OCHOBHbIE UCTOYHUKU NPOOIEM:

e CeTeBble 3aepPXKN
e MegneHHble ANCKKU

MeToabl yny4ylleHns cutyaummn:

e [Npnoputnsauma ncnosb3oBaHmsa ceteBblix pecypcoB (Traffic Control)

e [IpnopuTn3aums NCrnonb30BaHUSA ANCKa (ionice)

e TIOHUHI KONM4YyecTsa cobbITU HEOOXOOUMbIX OA/IA CO34aHUA CHAMWwoTa
(ETCD_SNAPSHOT_COUNT)




Tuning: napameTpbl

e Heartbeat Interval (100ms) - yactoTa c KoTOpoOM leader paccoinaet

noATBEPXOEHNE O CBOEM NMaepcTee
e Election Timeout (1000ms) - Bpema, yepe3 kotopoe follower
nonblTaeTca cratb leader ecnu He nony4unt heartbeat
Heartbeat Interval pekomeHnpgyetca genatb paBHbiM (0.5x - 1.5x) RTT
MeXxay Hogamu

e Husknm Heartbeat Interval - ygennuenune Harpyskun Ha CPU/ceTb
e Bbicokun Heartbeat Interval - 3amegneHmne peakumm Ha oTKasbl




e Ynpouwlaet ynpaBneHue knacrepom etcd (aHanor kubeadm gnsa etcd)

e 3a060TUTCH O cepTudurkKarax
e [TogpepxmnBaer init knactepa 13 snapshot

Co3paaTtb Knacrtep:

etcdadm init

[TpncoeanHUTBLCA K KNactepy:

etcdadm join

Ypanutbcs U3 Knacrepa:.

etcdadm reset




Optimistic Locking

resourceVersion

Cnoco6 6/10KMPOBKK OnMncaHus pecypca B etcd npm ero NsSMeHeHuu

client client client

eted eted eted

resourceVersion: 1 resourceVersion: 1 resourceVersion: 2




Hemo. CHuUMaem
pe3epBHYIO Konuio etcd um

BOCCTaHaB/1InBaeMCH U3
Hee




kube-apiserver




TepMuHosnorus

e group - HAOOpP CBA3a@HHOIo0 (PyHKUKMOHANa, HanpuMep, rpynna apps
COAEPXUT onncaHune pecypcoB Deployment, DaemonSet,
StatefulSet, rpynna batch - Job n CronJob

e version - kaxgasa rpynna APl MOXeT MeTb HECKO/TbKO BEPCUN,
HanpumMmep onncaHne CronJob gocTtynHo B Bepcumn vibetal, B TO
BpeM4d, Korga onncaHme Job goctynHo B Bepcun vl rpynnbl batch
(0OMH OBGBLEKT MOXET UMETb HECKOJIbKO BEPCUIA, HAaNpUMep -
Deployment Haxogutca B apps/vibetal, apps/vibeta2, apps/vi,
extensions/vibetal)

e kind - Ha3BaHuMe cxeMbl 06bekTa B API

e resource - npegcraBneHne oo6bLekTa, oTrNpPaB/IEHHONO UMK
nonydeHHoro B Bnge JSON

-



[Mony4ntb cnncok pecypcos API.

kubectl api-resources

[MoNyunTb onMcaHne onpeaeneHHoro pecypca:

kubectl explain <resource> [--recursive]

[lony4nTb onmncaHme nonen pecypca, Hanpmumep:

kubectl explain pod.spec




BepcnoHnpoBaHue API

e vialphal (pyHKUMOHAN BbIKAOYEH MO YMOTYaHUIO)
e vibetal (pyHKUMOHAN BKOYEH MO YMOMYAHUIO)
e v1 (Stable)

OO1BbeKT Co34aHHbIN N3 MaHUecTa C yKa3aHUEM OL4HON BEPCUU
MOXeT ObITb BO3BpalleH B doopmarte ntobon nogaepxmnsaemon
Bepcuu (lossless conversion B API).

ona 3TOro npwu npeobpasoBaHnm MCMNOJSib3yeTcH
OOMNOMHUTENbHadA, BHYTPEHHAA Bepcua obbekTta (internal),
cogepxallasa BCe nosia BCex noaaep>XxmBaeMblx BEPCUN.

vibetal = internal = vi

-



Storage flow

POST
resource: deployments Store in etcd
group: apps (kind: Deployment)
version: v1

client

client

GET
resource: deployment
group: extensions
version: vibetal

——storage-media-type - Kakow TuUN cepuanusaunmm oOyget
ncnonb3oBaTtbcsd B etcd (Mo ymonyaHuto protobuf)



Mpumep | batch API group

1 {

2 "kind": "APIGroup",

£ "apiVersion": "v1",

4 "name": "batch",

5 "versions": |

6 {

I "groupVersion": "batch/v1",
8 "version": "v1"

9 }
10 {
11 "groupVersion": "batch/vibetal",
12 "version": "vilbetal"
13 }
14 Il 5
15 "preferredVersion": ({
16 "groupVersion": "batch/v1",
17 "version": "v1"
18 }

N
O
(S




BepcuoHunpoBaHue API

O6wme pekomeHgauum

e BHumaTtenbHo untaTb Release Notes n 65n1or Kubernetes, Hanpumep:
https.//kubernetes.io/blog/2019/07/18/api-deprecations-in-1-16/
e MurpmpoBatb 0O6BbEKTblI B MAKCUMaibHO aKTyaslbHYIO BEPCUIO nepes

OOHOB/MEHMEM K/lacTepa



https://kubernetes.io/blog/2019/07/18/api-deprecations-in-1-16/

BepcnoHnpoBaHue API

Ecnun He cnegoBaTb 06LLMM peKoOMeHAaUunsaMm

e Crapble MaHndecCTbl MOTyT CTaTb HEPAObOTOCNOCOBHbLIMM NOCNE
OOHOBNEHUS

e BO3MOXHa cuTyauua Koraa CIMWLKOM CTapblii OO beKT HEBO3MOXHO
necepunannsoBatb 13 JSON/protobuf

MoxeTt BbICTPE/INTb €C/IN BEPCUNA 00BbEKTA, KOTOpAaAdA HA MOMEHT

ero co3gaHusa cuyumTanacb Haubosiee akTyaslbHOW, B HOBOW
Bepcun Kubernetes obbvaBneHa deprecated n ee cxema yganeHa

-



'pynnbl API

3auem?

e Pa3zbuneHne MmoHonnTtHoro v1 (core) APl Ha rpynnbl 1 BO3MOXHOCTb
BK/1tOYaTh/BbIK/1tOYaTb UX NO OTAENTbHOCTH

e [logaepXxka pasHbIX BEPCUIA B pasHbIX Fpynnax (No3Bonsiet
paspaboTtyumkam pasHbix APl rpynn gBuratbCsi C pa3HoM CKOPOCTbIO)

e BO3MOXHOCTb BHEAPEHUSA SKCNEPUMEHTATbHLIX PYHKUWKA B
experimental rpynne HapaBHe C NOAOAEPXKON CTabWUNbHbIX BEPCUIA

OOBbEKTOB B X OCHOBHbIX rpynrax

bonblwe nHdpopmaunm B design proposal



https://github.com/kubernetes/community/blob/master/contributors/design-proposals/api-machinery/api-group.md

'pynnbl API

/healthz /api/v1/nodes

~ /api/v1/pods
Japint —
\ ~ /api/vi/services
/metrics T~ ,
/api/vi/...
/apis/batch/v1/jobs
/’//// .
— Japi  /apisfoatchwt /apis/batch/v1/namespaces/
. t h "/' “\‘\‘“‘
/apisioate /apis/batch/v1/watch/
/ /apis/batch/v2alphal/cronjobs
/apis/ -
~ /apis/extensions —
_——_ /apis/batch/v2alphal/jobs
/apis/batch/v2alphail :,\\\‘
— /apis/batch/v2alphal/namespaces/
/apis/... \\\\
/apis/batch/v2alphal/...

Ina nccnegosanHmna APl oueHb yooOHO MCnosb30oBaTh postman



https://www.getpostman.com/

Mopgenb noagnMCoOK HA USMEeHEeHUsA

e KnnenTtbl noagnuckiBatoTca (watch) Ha NoTok ¢ onpeaeneHHbIMK

cobbITnamu (events)

e etcd npun nameHeHUn ob6bEKTA reHepupyet event

kubectl

2. POST
1. watch 3. update
client kube- >
(controller) P apiserver
5. update 4. notify

kubectl Takxxe MoXeT nognmcbiBaTbCA Ha coOObITUA (——watch)




Kak cnomaTtb API server

e He cnepoBaTtb pekomeHaalvam no pasmepy control-plane Hoa

e HanopoTtbcsa Ha 6aru nnm owmnbunTbLCA B KOHUrypaumm gpyrmx
CEPBUCOB UM KOMMOHEHTOB (Hanbosee yactasa NpuymnHa)



https://kubernetes.io/docs/setup/best-practices/cluster-large/

Nemo. Noagknwoyvyaemcsa K

kube-apiserver npw
nomowm Postman




kube-controller-manager




Controller

[Mpouecc oTBevalolWmnii 3a NpuUBeAeHME TEKYLLEro COCTOSAHUS
onpeaeneHHoOro pecypca K XXenaemMomy.

Xenaemoe  cocrtodHMe  OeKNapaTMBHO  OMNUCbIBAETCH B
MaHudecTax, MMbo reHepupyeTca gMHaMUYeCKu.

YnpoueHHoe onucaHne nornmkun pabotbl nwoboro controller
(reconciliation loop):

for {
desired := getDesiredState()
current := getCurrentState()
makeChanges(desired, current)

}




kube-controller-manager

e Habop KOHTpO1epPOB, BCTPOEHHbLIX B Kubernetes

o Kaxablih KOHTPONNEP noanmcaH Ha events 06 oTciexnBaemMbiX
oObeKTax

2. POST
1. watch 3. update
client d kube- >
(controller) B apiserver

5. update 4. notify




CospnaHune Deployment

1. Hepes kubectl cosgaem Deployment o6bekT (Nnepegaem

deploymentSpec kube-apiserver)

m1




CospnaHune Deployment

2. Deployment controller nognmncaHHbin Ha event Created nonyyaer

deploymentSpec

M1 kube-apiserver

Deployment

controller




CospnaHune Deployment

3. Deployment controller reHepupyet replicaSetSpec n Bo3Bpallaer
ero kube-apiserver

Deployment
controller




CospnaHune Deployment

4. ReplicaSet conttroller nognucaHHbI Ha event Created nonyvaer

replicaSetSpec

ReplicaSet
controller

M1 kube-apiserver

Deployment

controller




CospnaHune Deployment

5. ReplicaSet controller reHepupyet podSpec v Bo3BpaLwaeT ero kube-
apiserver

ReplicaSet
controller

m1

Deployment

controller




CospnaHune Deployment

6. kube-scheduler noanncaHHbI Ha event Created nony4daet podSpec

ReplicaSet
controller

Deployment
controller




CospnaHune Deployment

/. kube-scheduler genaet bind pod Ha Hoay 1 Bo3BpawlaeT podSpec

ReplicaSet
controller

Deployment
controller




CospnaHune Deployment

8. kubelet noanncaHHbI Ha event Created c ykasaHneM HOAbI Mony4vaer

podSpec 1 3anyckaert pod

ReplicaSet
controller

m1

Deployment
controller




Controller

Jlornka o6paboTku

kube-controller-manager kube-apiserver
A
Informer Queue Controller
ListWatch.ListFunc - namespace/name queue.Get * '
ListWatch.WatchFunc - if created:
namespace/name
P ObjectCreated
————»  namespace/name if updated:
ObjectUpdated
] namespace/name if deleted:
(122 AU s ObjectDeleted
UpdateFunc namespace/name
DeleteFunc
namespace/name




Controller | KOMNOHEHTbI

Informer/Sharedinformer

e OTCMIEXMBAET TEKYLLEE U XeMaeMoe COCToAHNE 0O0beKTOB (created,
modified ndeleted events)
e KawnpyeT NonyvyeHHy nHopmauuto

B otnnunm ot o6bi4HOro Informer, SharedInformer nossonaer
MCMO/Ib30BaTb €AuHbIN KW AN Pa3HbIX KOHTPO//1IepoB. Takxe
B Cny4dyae ucnonb3oBaHUa SharedInformer cos3gaeTca eanHasd
019 BCEX KOHTPO/IEPOB NognmMcka Ha events.

-



Controller | KOMNOHEHTbI

Resource Event Handler

CTpyKTypa onucbliBatoLLaa AeiCcTBUA C OO beKTaMU:

type ResourceEventHandlerFuncs struct {
AddFunc func(obj interface{})
UpdateFunc func(oldObj, newObj interface{})
DeleteFunc func(obj interface{})

e AddFunc - 4TO OO/IKHO NpPon30MnTK Npu godaBfieHUN OObEKTA
o UpdateFunc - 4to 4O/MKHO NPON30UTU NPU USMEHEHUN OO BEKTA
e DeleteFunc - 4TO 4O/MKHO NPOMN30OUTU NPU yaaneHnn oObeKTa

-



Leader Election

Master 1 Master n

f.\ Lease not acquired @ Legse not acquired

\f

Try acquire lease J Try acquire lease J

Loasa acquired ( Lease acquired
LE X ]
Try renew lease C) Exx”!:l'"g Try renew lease C E“::‘ff'"g
2in
i v

Restart Restart

KomaHga kubectl describe endpoints kube-controller-
manager —-n kube-system nokaxet kakowu controller-manager B

OAHHbI MOMEHT ABNFEeTCA NMAepoMm



Heckonbko controller-manager B knacrepe

Y10 ecnun BbIKNOUNTL leader election gnga kube-controller-manager B
HA knacTtepe?

kubectl run nginx —--image=nginx —--replicas=1

1 Events:

2 LAST SEEN  TYPE REASON OBJECT MESSAGE

3 62s Normal SuccessfulCreate replicaset/nginx-7bb7cd8db5 Created pod: nginx-Tbb7cd8db5-rcrgm
4 62s Normal SuccessfulCreate replicaset/nginx-7Tbb7cd8db5 Created pod: nginx-T7Tbb7cd8db5-hwk6z
5 62s Normal SuccessfulCreate replicaset/nginx-7Tbb7cd8db5 Created pod: nginx-Tbb7cd8db5-z5rpq
6 61s Normal SuccessfulDelete replicaset/nginx-Tbb7cd8db5 Deleted pod: nginx-Tbb7cd8db5-hwk6z
7 61s Normal SuccessfulDelete replicaset/nginx-Tbb7cd8db5 Deleted pod: nginx-Tbb7cd8db5-rcrgm
8 61s Normal SuccessfulDelete replicaset/nginx-Tbb7cd8db5 Deleted pod: nginx-T7Tbb7cd8db5-rcrgm
9 61s Normal SuccessfulDelete replicaset/nginx-Tbb7cd8db5 Deleted pod: nginx-Tbb7cd8db5-z5rpq
10 61s Normal SuccessfulDelete replicaset/nginx-Tbb7cd8db5 Deleted pod: nginx-T7Tbb7cd8db5-rcrgm
11 61s Normal SuccessfulDelete replicaset/nginx-Tbb7cd8db5 Deleted pod: nginx-Tbb7cd8db5-hwk6z
12 60s Normal SuccessfulCreate replicaset/nginx-Tbb7cd8db5 Created pod: nginx-T7Tbb7cd8db5-wpkdc
13 62s Normal ScalingReplicaSet deployment/nginx Scaled up replica set nginx-

TbbT7cd8db5 to 1




kube-scheduler




kube-scheduler

e [1naHnpoBLWMK NO ymMon4daHuio B Kubernetes

e [ToaonuceiBaeTcsd Ha cobbiTna B kube-apiserver n ynpaBngaert
pacrnpegeneHnem pod Ha HOAbI




SIG Scheduling

e OTBEYaeT 3@ KOMMOHEHTHI, NMPMHNUMAKLWnMeE peeHne O pacrosioxXeHnm

pod
e YyacTteyerT B pa3padoTtke kube-scheduler n aHanornmyHblx NpoekTos,

Hanpumep descheduler, kube-batch nnm poseidon
e [logoepxnBaeT MeEXaHN3MbI, MO3BO/IAOLME NOSIb30BATE/IO

ynpaBnaTh pacnpenenennem pod (Hanpumep Node Affinity)

OnucaHue SIG



https://github.com/kubernetes-incubator/descheduler
https://github.com/kubernetes-sigs/kube-batch
https://github.com/kubernetes-sigs/poseidon
https://github.com/kubernetes/community/tree/master/sig-scheduling

Npouecc 3anycka pod

% APl Server etcd Scheduler Kubelet Docker

create Pod

watch(néw pod)

bind pod
write ﬁ
""""""""" 1:'“““““““':'3":'
E watch(bound pod) E '
- - am docker run
\ update pod status | AR R ;
write ’Jj




Anroputm pab6otbl kube-scheduler

e [TomelleHne pod B ouepeab nNaHMpoBaHUS
e [lnga kaxkgoro pod B o4vepeau.

s OuneTpaumnsa Hoa (computing predicates)

= [Ipnoputnzauyma Hopg

= BbiGop HOAbI AN 3anycka

= Bind o6pabaTbiBaeMoro pod Ha BbIOpaHHYO HOAaY

OObLee BEPXHEYPOBHEBOE ONMUCaAHNE



https://github.com/kubernetes/community/blob/master/contributors/devel/sig-scheduling/scheduler_algorithm.md

Predicates policies

[MTonnTnkn No punbTpaumm Hod, Ha KOTOPbIX MOryT ObiTb 3anyLlEeHbl
pod. NpoBepka Ha coOoTBETCTBME AaHHbIM MO/INTUKAM NMPON3BOANTCA B
onpegeneHHoM, 3alaHHOM nopsaake.

[Mpnmepsi:
e CheckNodeConditionPred - npoBepka, 4To HOAA:

= /IMeeT cTtaTtyc Ready

» He Haxogutca B coctoaHunnm NetworkUnavailable

e PodToleratesNodeTaintsPred - npoBepka, 4To HOAE HE

MNPUCBOEHbI onpefeneHHble taints, Hanpumep NoExecute nnu
NoSchedule

bBonblie npumepoB n ncxogHbli kog Ha GitHub

-


https://kubernetes.io/docs/concepts/configuration/taint-and-toleration/
https://github.com/kubernetes/kubernetes/blob/release-1.15/pkg/scheduler/algorithm/predicates/predicates.go

Priority policies

[lonnTMKM no npuopetnsaumm Hopad, Ha KOTOPpbIX MOryt OblITb
3anyLeHbl pod.

[Mpnmepsi:

o LeastRequestedPriority - anroputm, pacumtbiBatoWwWmMin NPUOPUTET

(score) Ha OCHOBe CyMMapHbIX requests pod, 3anyLeHHbIX Ha HOOE U
ee ooLwen MOLWHOCTH

e ImagelocalityPriority - anroputm, pacuntbiBatoLWmii MPUOPUTET HA
OCHOBE Ha/IM4ns Ha Hogax oOpa30B KOHTEMHEPOB N X pPa3Mepa

Bonblue npumMepoB n ncxoaHbin kog Ha GitHub

He BCe nNOAuUTUKM BKAKOYEHbI MO YMOAYaHUO. AKTyaslbHbIN
cnucok ansa sepcun 115 MOXXHO NMOCMOTPETb 34eCh


https://github.com/kubernetes/kubernetes/blob/release-1.15/pkg/scheduler/algorithm/priorities/
https://github.com/kubernetes/kubernetes/blob/release-1.15/pkg/scheduler/algorithmprovider/defaults/defaults.go

HepocTtaTtkum

e Queue-based scheduling - MOXeT NnpmnBeCTU K HEI HEKTUBHOM

yTUIn3aumm pecypcon

e Hnskaa ckopocTb 06paboTKKM 3arnpocoB (NponyckHaa CNOoCOOHOCTD)

e CratnyHoe pacnpegeneHune pod (HET BCTPOEHHbLIX BO3MOXHOCTEN
npomnseecTu rescheduling)




MnaHbl Ha 6yayulee

Poseidon-Firmament (Alpha, Release 0.8)

e Firmament - ctopoHHuin flow-based scheduler

e Poseidon - cepBuc gna nHrerpaunn Firmament ¢ Kubernetes

e YBennumBaeT Npon3BoanTEIbHOCTb MNSTAHNPOBAHNA B HEKOTOPbIX
Kencax, pesyabratbl benchmark

Ha Tekywunn momeHT Poseidon-Firmament npourpbiBaet kube-
scheduler B cnyyae, ecnn y pod yka3saHbl npasunia affinity



https://github.com/kubernetes-sigs/poseidon/blob/master/docs/benchmark/README.md

MnaHbl Ha 6yayulee

Poseidon-Firmament (Alpha, Release 0.8)

OcHoBHbIe oTinunga ot kube-scheduler:

Bulk Scheduling
Scheduling Ha ocHOBe peanbHOW 3arpy3kn Hog™

Rescheduling

e bonblle OoTAnYnNn



https://kubernetes.io/docs/concepts/extend-kubernetes/poseidon-firmament-alternate-scheduler/#features-comparison-matrix

MnaHbl Ha 6yayulee

Scheduling Framework (Alpha B 1.15)

e [lpuBepeHne nnaHnpoBLMKA K pluggable apxutekrype
e DTanbl PpaboTbl N1aHNPOBLLMKA Ppa3bmMBatOTCA Ha YacTun
o Kaxxgaa 4acTb MOXeET ObITb peann3oBaHa B BUAE NOAK/IIOYAEMbIX

naarnHoB
1Be OCHOBHbIX ha3bl:
e Sheduling cycle
e Binding cycle

EP



https://github.com/kubernetes/enhancements/blob/master/keps/sig-scheduling/20180409-scheduling-framework.md

Scheduling Framework

Kaxpasa ¢asa pa3buBaeTtcs
pacLlnpeHnS):

/

Pick a Pod from
scheduling

Ha extension points (To4kwK
Pod Scheduling Context
N [ ™
Reserve a .
Node for the E'c':gepc}d 2
Pod in Cache

queue

Scheduling Cycle

OnuncaHuve extension points

—
RLLTTITR

Post-Bind

Binding Cycle



https://kubernetes.io/docs/concepts/configuration/scheduling-framework/#extension-points

Heckonbko scheduler B knacrepe

1. BO3MOXHO ABHOE yKasaHune cobctBeHHOro scheduler, kotopbin 6yaer
NpPon3BOANTL 00PAaBOTKY 3arnpoOCoB:

podSpec:

schedulerName: custom-scheduler

2. Te scheduler, koTOpble €CTb MO YMOYaHUIO, BbIOUpPAIOT Nnaepa:

kubectl describe ep kube-scheduler -n kube-system

Events:
Type Reason Age From Message

Normal LeaderElection 72m default-scheduler kind-control-plane_24798f04-0cdd-
45e'7-8a8a-b128a814398e became leader

-



Heckonbko scheduler B knacrepe

Split Brain

Y10 ecnu BbIKNtOUYNTL leader election gna default scheduler B HA
Knacrepe?

1 Events:

2 Type Reason Age From Message

3 ———y —_— e

4 Warning FailedScheduling 3s default-scheduler Binding rejected: Operation cannot be
fulfilled on pods/binding "nginx": pod nginx is already assigned to node "kind-worker3"

5 Warning FailedScheduling 3s default-scheduler Binding rejected: Operation cannot be
fulfilled on pods/binding "nginx": pod nginx is already assigned to node "kind-worker3"

6 Normal Scheduled 3s default-scheduler Successfully assigned default/nginx to kind-

worker3




Kak >Xxutb co scheduler

Performance tuning

e Percentage of Nodes to Score - onuus, nossonatowas ykasaTb
NPOLEHT HO, KOTOPbIN TpebyeTca HaWTKM Ha aTtane dunetTpaunm anis
Hayasia npuopeTnsauymm

He OygoeT paboTtaTbh, MOKa KO/IMYEeCTBO NOAXOAALMX HOL
MeHble 50, umeeT cMbICc Npu 60MbLLUMX pa3Mepax
Knacrtepa

e Predicates ordering - pacnonoxeHue npasun puabTpauun Hoa B
oonee noaxoasilem s KOHKPETHOro Knacrtepa nopsigke

-



demo. 3anyckaem v

MCNO/Ib3yeM CBOM
scheduler




YnpaBnsaem peLueHnem
kube-scheduler




nodeSelector

Ecnn He HYXHO CNOXHbIX MpaBun COOTHeceHua pod/node -
JOCTaToOuHO™ ncnonb3oBaTb hodeSelector:

[lpncBamBaeM XOCTy METKY:.

$ kubectl label node fast-node kubernetes.io/disk=ssd

YKasblBaeM MeTKYy B cneumngpunkaumu.

apiVersion: vi
kind: Pod
metadata:
spec:
nodeSelector:
kubernetes.io/disk: ssd

~N O O b W N =




MuHyTKa 6e3o0nacHOCTH

OO6blYHbIE METKM XOCTOB MOTYyT ObiTb MOAMUUMPOBaHbI kubelet.

Hanpumep, oH ynpaBniaeT BCTPOEHHbIMU METKaAMMU:

e kubernetes.io/arch

e kubernetes.io/hostname
e etc...

Ncnonb3yem NodeRestriction admission controller gna cosgaHus
rapaHTUPOBAHHO HEN3MEHAEMbIX METOK:

$ kubectl label node fast—-node node-restriction.kubernetes.io/disk=ssd

OnucaHne NodeRestriction



https://kubernetes.io/docs/reference/access-authn-authz/admission-controllers/#noderestriction

Affinity and anti-affinity

bonee yoobHbli cnocob ynpaeneHusa peweHmnem Scheduler:

e [MOKNIN A3bIK ONMCAHNA NPaBU/I
e BO3MOXHOCTb yKa3sbiBaTb hard n soft affinity

e [logagepxka affinity Ha ypoBHe pod (inter-pod affinity)

OnepaTtopsbl, UCMoOfib3yeMble B npasuniax affinity:

e In & Notln

e Exists & DoesNotExist
o Lt &Gt




Affinity and anti-affinity

Tunel affinity:

e requiredDuringSchedulinglgnoredDuringExecution - xocT gonxeH
yAOBMETBOPATb yCioBmnaM, 4Tobbl scheduling npowen ycnewHo (Hard)

o preferredDuringSchedulinglgnoredDuringExecution - xoct gonxeH
YOOBNETBOPATL YCNOBUAM, UTOObI BbIMIpPaTh SCOring Npu npo4vmx

paBHbIX (Soft)
e requiredDuringSchedulingRequiredDuringExecution - xoct gomxeH
yAOBMETBOPATL yCcnoBuam, 4tobbl scheduling npowen ycnewHo v pod

MOXET ObITb BbITECHEH, €C/TN YTO-TO n3MeHunnock (Future)

-



Node affinity

Ecnn He yganocb nogobpaTtb NOAXOAALLMN XOCT - He genaemMm bind :

1 apiVersion: vi

2 kind: Pod

3 metadata:

4 name: hard-node-affinity

5 spec:

6 affinity:

I nodeAffinity:

8 requiredDuringSchedulingIgnoredDuringExecution:
9 nodeSelectorTerms:
10 — matchExpressions:
11 — key: node-restriction.kubernetes.io/disk
12 operator: In
13 values:
14 — ssd

Node affinity and NodeSelector design proposal



https://github.com/kubernetes/community/blob/master/contributors/design-proposals/scheduling/nodeaffinity.md

Node affinity

Ecnn He yganocb nogo6paTtb nogxoddawmnm XocT - genaem bind Ha
HenoaxoA4sALnn.

1 apiVersion: vi

2 kind: Pod

3 metadata:

4 name: soft-node-affinity

O spec:

6 affinity:

7 nodeAffinity:

8 preferredDuringSchedul ingIgnoredDuringExecution:
9 - weight: 100
10 preference:
11 matchExpressions:
12 — key: node-restriction.kubernetes.io/disk
13 operator: In
14 values:
15 — ssd




Inter-pod affinity and anti-affinity

[1lpaBuna pasmeweHns pod B cootBeTCcTBUM € topology domain wu

PacnoioXeHneMm gpyrmx pod.

Pod moryT TpeboBaTtb 3anyck:

e B ogHom topology domain
e B pa3Hbix topology domain

Topology domain onpegensatoTtcs knto4vom topologyKey

Inter-pod topological affinity and anti-affinity design proposal



https://github.com/kubernetes/community/blob/master/contributors/design-proposals/scheduling/podaffinity.md

Inter-pod anti-affinity

Pacnonoxutb Bce pod B deployment Ha pa3HbIX XOCTax:

1 apiVersion: apps/vi

2 kind: Deployment

8 oo

4 spec:

D oo

6 replicas: 4

T template:

8 metadata:

9 labels:
10 app: nginx
11 spec:
12 affinity:
13 podAntiAffinity:
14 requiredDuringSchedulingIgnoredDuringExecution:
15 — labelSelector:
16 matchExpressions:
17 - key: app
18 operator: In
19 values:
20 - nginx
21 topologyKey: "kubernetes.io/hostname"

22




Inter-pod affinity

Pacnonoxutb Bce pod B deployment Ha ogHOM XxocCTe:

1 apiVersion: apps/vi

2 kind: Deployment

8 oo

4 spec:

D oo

6 replicas: 4

T template:

8 metadata:

9 labels:
10 app: nginx
11 spec:
12 affinity:
13 podAffinity:
14 requiredDuringSchedulingIgnoredDuringExecution:
15 — labelSelector:
16 matchExpressions:
17 - key: app
18 operator: In
19 values:
20 - nginx
21 topologyKey: "kubernetes.io/hostname"

22




Taints (mcnop4yeHHOCTL®)

[loxoXxm Ha MeTKM gnd  XoCToB, HO UMEKT  cyxXebHoe
npegHasHaveHne. Yka3bliBatoTCHa B hopmare:

key=value:effect
complex/key="":effect

S dekTbl taints:

e NoSchedule - He pacnonaraTtbe pod Ha xocTe

* PreferNoSchedule - He pacnonaratb pod Ha xocTe (HO eC/i OYEeHb
Hago, TO MOXHO)

e NoExecute - BbiTecHATb pod € xocCTa (B 00LEM C/iyyae)

Hanpumep, taint Ha control-plane xocrax:

node-role.kubernetes.io/master :NoSchedule




Taints, rosopswune o npobaemax C XOCTOM:

e node.kubernetes.io/not-ready
e node.kubernetes.io/out-of-disk
e node.kubernetes.io/memory-pressure

Ha ocHoBaHuun gaHHbIX taints NodeController MmoxeT BbICTaBNATb
xocTy taint NoSchedule, koTopbIn yuntbiBaeTca kube-scheduler
(TaintNodesByCondition).

BO3MOXHO, JOKYMEHTALUMA HE COBCEM KOPPEKTHA B OMUCaHuu
TOro, yuntbiBaeT nu kube-scheduler node conditions ?

-



Tolerations (tepnumocTb®)

YKazaHue pod 3arnyckaTbCs Ha XOCTax, NOMEUYEHHbIX
onpepeneHHbiMun taints:

apiVersion: extensions/vibetal
kind: DaemonSet
metadata:

name: toleration-ds
spec:

template:

spec:
tolerations:

9 — effect: NoExecute
10 operator: Exists
11 — effect: NoSchedule
12 operator: Exists

0 N O Ol b W N =




Hemo. YnpaBnsaem

pewueHnem kube-scheduler







kubelet | BZBanmogencreue

Ncnonb3yetca HECKObKO NPOTOKOMOB U UHTepdencos. B nx uncne:

e CRI (Container Runtime Interface):

» KOMMyHMKaUmMa ¢ container engine (runtime)
= CTaHOapTHbIM MHTEPMENC, NO3BONAOLWMK NOAK/IOYaTh Pa3Hble

runtime
= gRPC + protobuf

e CNI (Container Network Interface):

= KOMMYHUKaLNA C CETEBLIMU MiarMHamm
= CeTeBble naruHbl Bbi3biBatoTcs kubelet n npepocrasnstoT IPAM,

a TaK>XKe HaCTpamBaloT ceTeBble UHTeEpPMenchbl gna pod

-



kubelet | BZBanmogencreue

Master etcd (key-value DB, SSOT)
Controller Manager I Scheduler
User (Controller Loops) API Server (REST API) (Bind Pod to Node)

i A 41/\4 }

Legend: Networking ' Networking Networking

CNI > Kubelet Kubelet KUbe|et

gRPC  <4—p Runtime Runtime Runtime




e Pod'bl, kOTOpbIE ynpaBnatTca kubelet n He npuBasaHbl K kube-
apiserver/kube-scheduler/kube-controller-manager

e Kak npaBunno, CUCTEMHbIE KOMMOHEHTbI, 3aMyCK KOTOPbIX HY>XEH A0
3anycka control-plane (cam control-plane)

e He pekomeHayeTCs UCMOoNb30BaTb A/1A Lenei, KoTopble MOryT
3aKpbITb DaemonSets

——pod-manifest-path=</etc/kubernetes/manifests>
——manifest-url=<URL>




Cnacun6o 3a BHUMaHue!

Bpema ana Bawmx sonpocos!




